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(Note1)

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use of
these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or
other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home
electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.
Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space system;
undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims
any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is
inconsistent with any Renesas Electronics data sheet, user’s manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but not
limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user’s manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products
are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury,
injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety
design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for aging
degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

"High Quality":

“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.

(Note2)

Corporate Headquarters
TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan
www.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property
of their respective owners.

“Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage
notes on the products covered by this document, refer to the relevant sections of the document as well as any technical updates that have
been issued for the products.

1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and measurement
tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor devices must not be
touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.

2. Processing at power-on
The state of the product is undefined at the time when power is supplied. The states of internal circuits in the LSI are indeterminate and the states of
register settings and pins are undefined at the time when power is supplied. In a finished product where the reset signal is applied to the external reset
pin, the states of pins are not guaranteed from the time when power is supplied until the reset process is completed. In a similar way, the states of pins
in a product that is reset by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power reaches the
level at which resetting is specified.

3. Input of signal during power-off state
Do not input signals or an 1/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/O
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal elements.
Follow the guideline for input signal during power-off state as described in your product documentation.

4. Handling of unused pins
Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the LSI, an associated shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal
become possible.

5. Clock signals
After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an external oscillator
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal produced
with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.

6. Voltage application waveform at input pin
Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between V,_(Max.)
and V| (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the input level
is fixed, and also in the transition period when the input level passes through the area between V,_(Max.) and V| (Min.).

7. Prohibition of access to reserved addresses
Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these
addresses as the correct operation of the LSI is not guaranteed.

8. Differences between products
Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-
evaluation test for the given product.
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1. Overview

1.1 Features of This LSI

This LSI is a single-chip microcontroller that includes an Arm Cortex®-A9 processor along with the integrated

peripheral functions required to configure a system.

This LSI includes a 32-Kbyte L1 instruction cache, a 32-Kbyte L1 data cache, and a 128-Kbyte L2 cache. This LSI also
includes on-chip peripheral functions necessary for system configuration, such as a 3-Mbyte (RZ/A1L and RZ/A1LU) or
2-Mbyte (RZ/A1LC) large-capacity RAM (128 Kbytes are shared by the data-retention RAM), data-retention RAM,
multi-function timer pulse unit 2, OS timer, realtime clock, serial communication interface with FIFO, serial
communication interface, I2C bus interface, serial sound interface, media local bus (RZ/A1L only), SCUX, CAN
interface, [IEBus™* controller (RZ/A1L only), Renesas SPDIF interface, Renesas serial peripheral interface, SPI multi
/O bus controller, CD-ROM decoder (RZ/A1L only), A/D converter, LIN interface (RZ/A1L only), Ethernet controller,
EthernetAVB (RZ/A1LU only), USB 2.0 host/function, video display controller 5, JPEG codec unit (RZ/A1LU only),
capture engine unit, SD host interface, MMC host interface, interrupt controller modules, and general I/O ports.

The features of this LSI are listed in Table 1.1.

Note: * 1EBus (Inter Equipment Bus) is a trademark of Renesas Electronics Corporation.

RO1UH0437EJ0600 Rev.6.00 RENESAS 1-1
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 1. Overview

Table 1.1 Features of RZ/A1L, RZ/A1LU, and RZ/A1LC

Items

Specification

CPU

o Arm Cortex-A9 processor

e Maximum operating frequency: 400 MHz

e Instruction cache size: 32 Kbytes

» Data cache size: 32 Kbytes (write-back algorithm)

o TLB entries: 128 entries

o Jazelle® architecture extension: Full implementation
e Media processing engine with NEONTM technology

L2 cache memory

o Arm CoreLink™ Level 2 Cache Controller L2C-310
e Operating frequency: 133 MHz
e Cache size: 128 Kbytes

Interrupt controller

o Arm PrimeCell® Generic Interrupt Controller (PL390)

o External interrupt pins (NMI, IRQ7 to IRQO, and TINT121 to TINTO)
e On-chip peripheral interrupts: Priority level set for each module

o 32 priority levels available

Bus state controller

e Address space divided into six areas (0 to 5), each a maximum of 64 Mbytes
* The following features settable for each area independently
—Bus size (8, 16, or 32 bits): Available sizes depend on the area.
—Number of access wait cycles (different wait cycles can be specified for read and write access
cycles in some areas)
—Idle wait cycle insertion (between the same area access cycles or different area access cycles)
—Specifying the memory to be connected to each area enables direct connection to SRAM, SRAM
with byte selection, SDRAM, and burst ROM (clocked synchronous or asynchronous). The
address/data multiplexed 1/0 (MPX) interface is also available. .
* Outputs a chip select signal (CS0 to CS5) according to the target area (CS assert or negate timing
can be selected by software)
o SDRAM refresh
Auto refresh or self refresh mode selectable
o SDRAM burst access

Direct memory access
controller

« Sixteen channels; external requests are available for one of them.

e Can be activated by on-chip peripheral modules.

» A specific DMA transfer interval can be specified to adjust the bus occupancy.
e Link mode (DMA transfer under descriptor control) supported

* Transfer information can be automatically reloaded.

Clock pulse generator

e Clock mode: Input clock can be selected from external input (EXTAL or USB_X1) or crystal
resonator.
o Input clock can be multiplied by 32 (max.) by the internal PLL circuit.
Peak values of EMI noise can be reduced by the on-chip SSCG circuit.
Five types of clocks generated:
—CPU clock (l¢): Maximum 400.00 MHz
—Internal bus clock (Bg): Maximum 133.33 MHz
—Peripheral clock 1 (P1¢): Maximum 66.67 MHz
—Peripheral clock 0 (POg): Maximum 33.33 MHz

Watchdog timer

e On-chip one-channel watchdog timer
e A counter overflow can reset the LSI.

Power-down modes

e Four power-down modes provided to reduce the power consumption in this LSI
—Sleep mode
—Software standby mode
—Deep standby mode
—Module standby mode

RO1UH0437EJ0600 Rev.6.00 RENESAS 12

Jan 29, 2021



RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 1. Overview

Items

Specification

Multi-function timer pulse unit
2

Maximum 16 lines of pulse inputs/outputs based on five channels of 16-bit timers
18 output compare and input capture registers
Input capture function
Pulse output modes
Toggle, PWM, complementary PWM, and reset-synchronized PWM modes
Synchronization of multiple counters
Complementary PWM output mode
—Non-overlapping waveforms output for 3-phase inverter control
—Automatic dead time setting
—0% to 100% PWM duty value specifiable
—A/D converter start request delaying function
—Interrupt skipping at crest or trough
Reset-synchronized PWM mode
Three-phase PWM waveforms in positive and negative phases can be output with a required duty
value.
Phase counting mode
Two-phase encoder pulse counting available

OS timer

Two-channel 32-bit counters
Two operating modes:
—Interval timer mode
—Free-running comparison mode
DMA transfer request or interrupt request can be issued when a compare match occurs.

Realtime clock

Internal clock, calendar function, alarm function
Interrupts can be generated at intervals of 1/64 s by the 32.768-kHz on-chip crystal oscillator.

Serial communication
interface with FIFO

Five channels

Clock synchronous mode or asynchronous mode selectable

Simultaneous transmission and reception (full-duplex communication) supported
Dedicated baud rate generator

Separate 16-byte FIFO registers for transmission and reception

Modem control function (channels 0 to 2 in asynchronous mode)

Serial communication
interface

Two channels

Clock synchronous mode, asynchronous mode, or smart card interface mode is selectable.
Simultaneous transmission and reception (full-duplex communication) supported

Dedicated baud rate generator

LSB first/MSB first selectable

Modem control function

Encoding and decoding of IrDA communications waveforms in accord with version 1.0 of the IrDA
standard (on channel 0)

Renesas serial peripheral
interface

Three channels

SPI operation

Master mode and slave mode selectable

Programmable bit length, clock polarity, and clock phase can be selected.
Consecutive transfers

MSB first/LSB first selectable

Maximum transfer rate: 33.33 Mbps

SPI multi I/O bus controller

One channel
Up to two serial flash memories with multiple 1/O bus sizes (single/dual/quad) can be connected.
External address space read mode (built-in read cache)
SPI operating mode
Clock polarity and clock phase can be selected.
MSB first/LSB first selectable
Maximum transfer rate:
533.33Mbps (SDR transfer, with two serial flash memories connected)
1066.66Mbps (DDR transfer, with two serial flash memories connected) (RZ/A1LU only)

12C bus interface

Four channels

Master mode and slave mode supported

Support for 7-bit and 10-bit slave address formats
Support for multi-master operation

Timeout detection

RO1UH0437EJ0600 Rev.6.00 RENESAS 1-3
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Items Specification

Serial sound interface e Four-channel bidirectional serial transfer
e Duplex communication (channels 0, 1, and 3)
o Support of various serial audio formats
e Support of master and slave functions
e Generation of programmable word clock and bit clock
e Multi-channel formats
e Support of 8, 16, 18, 20, 22, 24, and 32-bit data formats
o Support of eight-stage FIFO for transmission and reception
e Support of TDM mode
o Support of WS continue mode in which the SSIWS signal is not stopped.
o Support of direct transfer to the SCUX module
* A change of the sampling frequency can be detected.

Media local bus e Conforms with version 2.0 of the MedialLB standard. Data transfer at up to 50 Mbps is possible.
(RZ/A1L only)
SCUX e Sampling rate conversion

—Asynchronous or synchronous sampling rate conversion is possible.
—Sampling rate (synchronous mode)
Note: The selectable sampling rates depend on the number of used channels and rate ratio.
Input [kHz]: 8, 11.025, 12, 16, 22.05, 24, 32, 44.1, 48, 64, 88.2, or 96 is selectable.
Output [kHz]: 8, 16, 24, 44.1, 48, or 96 is selectable.
—Sampling rate (asynchronous mode)
Note: The selectable sampling rates depend on the number of used channels and rate ratio.
Input/output [kHz]: 1 to 96
—Data format: 16 or 24 bits
Digital volume and mute functions
—The digital volume can be set within the range from a multiple of 0 to 8 (=120 to 18 dB)
—Volume ramping supports soft mute, fade-in, and fade-out.
—The zero crossing mute function can apply muting at zero-crossing points.
e Mixer
—Data of two to four source systems can be mixed (added together) into one system.
—The ratio to add the sources can be set.
Direct transfer to the serial sound interface module is supported.

CAN interface e Two channels

1SO11898-1 compliant

Message buffer:
—Up to 64 2-channel receive message buffers: shared among all channels.
—16 transmit message buffers per channel

IEBus™ controller e Conforms with the IEBus protocol (communication modes 1 and 2).
(RZ/A1L only) * Transfer rates: approximately 18 kbps (in communication mode 1),
approximately 27 kbps (in communication mode 2)
e Maximum numbers of bytes for transfer: 32 bytes/frame (in communication mode 1),
128 bytes/frame (in communication mode 2)
e Operating clock: 8 MHz
Note: Input of peripheral clock 0 (PO¢) running at 32 MHz is required.

Renesas SPDIF interface Support of IEC60958 standard (stereo and consumer use modes only)
Sampling frequencies of 32 kHz, 44.1 kHz, and 48 kHz

Audio word sizes of 16 to 24 bits per sample

Biphase mark encoding

Double buffered data

Parity encoded serial data

Simultaneous transmit and receive

L]
L]
L]
L]
L]
L]
L]
e Receiver autodetects IEC 61937 compressed mode data.
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Items Specification
CD-ROM decoder e Support of five formats: Mode 0, mode 1, mode 2, mode 2 form 1, and mode 2 form 2
(RZ/A1L only) e Sync codes detection and protection

(Protection: When a sync code is not detected, it is automatically inserted.)
Descrambling
ECC correction
—P, Q, PQ, and QP correction
—PQ or QP correction can be repeated up to three times.
EDC check
Performed before and after ECC
Mode and form are automatically detected.
Link sectors are automatically detected.
Buffering data control
Buffering CD-ROM data including Sync code is transferred in specified format, after the data is
descrambled, corrected by ECC, and checked by EDC.

LIN interface (RZ/A1L only)

Conforms with revisions 1.3, 2.0, 2.1, and 2.2 of the LIN protocol and SAEJ 2062.
Master mode selectable

Ethernet controller

Conforms with the Ethernet or the IEEE802.3 MAC (Media Access Control) layer standard

MAC function

Constructs/deconstructs data frames (frame format conforming to IEEE802.3, 2000 Edition)
Supports transfer at 10 and 100 Mbps

Supports full-duplex mode

Flow control conforming to IEEE802.3x

Supports an MIl (Media Independent Interface) for connection to a PHY interface in conformance
with IEEE 802.3

Upward protocol support (checksum) function

E-DMAC (Direct Memory Access Controller for Ethernet controller) function

EthernetAVB (RZ/A1LU only)

Conforms with the Ethernet or the IEEE802.3 MAC (Media Access Control) layer standard

MAC function

Constructs/deconstructs data frames (frame format conforming to IEEE802.3, 2000 Edition)
Supports transfer at 100 Mbps

Supports full-duplex mode

Flow control conforming to IEEE802.3x

Supports an Ml (Media Independent Interface) for connection to a PHY interface in conformance
with IEEE 802.3

Upward protocol support (checksum) function

AVB-DMAC (DMAC dedicated to EthernetAVB) function

AVB-DMAC conforms with the following 3 standards; IEEE802.1AS (Clock Synchronization
Protocol), IEEE802.1Qav (Realtime Transfer Protocol) and IEEE802.1Qat (Bandwidth Reservation
Protocol)

USB 2.0 host/function module

Two channels

Conforms to the Universal Serial Bus Specification Revision 2.0
480-Mbps, 12-Mbps, and 1.5-Mbps transfer rates provided (host mode)
480-Mbps and 12-Mbps transfer rates provided (function mode)
On-chip 8-Kbyte RAM as communication buffers

Video display controller 5

Video input interface
BT601, BT656 format (NTSC/PAL) input: Input clock: 27 MHz/54 MHz
Digital pin input (channel 0):
YCbCr422, YCbCr444, RGB888, RGB666, RGB565
Digital pin input size:
Maximum input video image size to be set*: 1440 pixels x 1024 lines (horizontal x vertical)
Note:*Depends on the AC characteristics of the connected device.
Examples of input video image size :
XGA (1024 x 768),
SVGA (800 x 600),
WVGA (800 x 480),
VGA (640 x 480),
WQVGA (480 x 240),
QVGA (320 x 240, 240 x 320)
Input video control
Horizontal noise reduction (NR) and brightness and gain adjustment using matrix operation
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 1. Overview

Items Specification

Video display controller 5 e Scaling control
Vertical and horizontal scaling up or down of input video possible at a desired ratio (scaling up of
graphics also possible)
Scaling up ratio: 1 to 8; scaling down ratio: 1/8 to 1
Interpolation: Hold or linear selectable
2D IP conversion: 2D IP conversion through separately setting the initial phases
for the top and bottom fields

Video recording
Output pixel format: YCbCr444, YCbCr422, RGB888, RGB565
Output field rate: 1/1, 1/2, 1/4, 1/8
Rotation: Horizontal mirroring and 90/180/270 degree rotation for YCbCr422 and RGB565
Maximum video image size to be stored: x1 size of input video image
Output video control
Black stretch: Black area stretched according to Y signal state
Enhancer capability: LTI (transient improvement) and sharpness (contour emphasis) for Y signal
Three graphics layers (one of them also for input video)
Available input pixel formats
1 bit/pixel: CLUT1
4 bits/pixel: CLUT4
8 bits/pixel: CLUT8
16 bits/pixel: YCbCr422 (graphics layers 0 and 1), RGB565, ARGB1555, RGBA5551, ARGB4444
32 bits/pixel: ARGB8888, RGBA8888, RGB888, YCbCr444 (graphics layer 0)
Superimposition
Alpha blending in a rectangular area:
Input video, layer 1, and layer 2 blended according to the transparency percentage a
(fade-in and fade-out function available)
Chroma key function:
Mixing based on transparency percentage a using the specified RGB and CLUT value
Pixel-base alpha blending:
Alpha blending for each pixel based on transparency percentage a
Panel output control
Panel output correction:
Brightness adjustment and contrast adjustment, gamma correction, panel dithering
TCON:
Various timing output for LCD panel driving provided by a total of seven vertical and horizontal
panel driver signals
Panel output pixel format: RGB888, RGB666, RGB565, serial RGB
Output video image size:
Maximum output video image size to be set*:
1999 pixels x 2035 lines (horizontal x vertical)
Note:*Depends on the AC characteristics of the display panel.
Examples of output video image size:
XGA (1024 x 768),
SVGA (800 x 600),
WVGA (800 x 480),
VGA (640 x 480),
WQVGA (480 x 240),
QVGA (320 x 240, 240 x 320)

JPEG codec unit e Compression and decompression method conforming to the JPEG baseline standard within the
(RZ/A1LU only) range described in this document.

Operational precision: Conforming to JPEG Part 2, ISO-IEC10918-2

o Pixel format:

Compression: YCbCr422

Decompression: YCbCr444, YCbCr422, YCbCr411, YCbCr420

Output pixel format to the buffer: YCbCr422, ARGB8888, RGB565

Four quantization tables provided

Four Huffman tables provided (two tables for AC coefficients and two tables for DC coefficients)
Markers supported: SOI, SOF0, SOS, DQT, DHT, DRI, RSTm, and EOI

Image data rate: Max. 133.33 Mbytes/s (at 66.67-MHz operation)
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1. Overview

Items

Specification

Capture engine unit

Examples of input video image size :
5 megapixels (2,560 x 1,920),
3 megapixels (2,048 x 1,536),
2 megapixels (1,632 x 1,224),
UXGA (1,600 x 1,200),
SXGA (1) (1,280 x 1,024),
SXGA (2) (1,280 x 960),
WXGA (1,280 x 768),
XGA (1,024 x 768),
SVGA (800 x 600),
WVGA (800 x 480),
VGA (640 x 480),
WQVGA (480 x 240),
QVGA (320 x 240, 240 x 320)
Note: Depends on the AC characteristics of the connected device, frame rate of the connected
device, and transfer speed to the destination RAM.

e Input format: 8-bit YCbCr422 binary data

Memory output format: YCbCr422, YCbCr420

Note: The captured data cannot be displayed via the video display controller 5 because the Y data

and CbCr data are split when written to memory.

SD host interface

Two channels
SD memory I/O card interface (1-/4-bit SD bus)
Error check function: CRC7 (command), CRC16 (data)
Interrupt requests

—Card access interrupt

—SDIO access interrupt

—Card detect interrupt
DMA transfer requests

—SD_BUF write

—SD_BUF read
Card detection function, write protect supported

MMC host interface

Interface to multi-media card (MMC)

Data bus: 1-/4-/8-bit MMC mode

Interrupt requests: card detection, error/time-out, and normal operation
DMA transfer requests: CE_DATA write and CE_DATA read

Card detection function

General I/O ports

176-pin QFP or BGA: 78 I/Os, 8 inputs with open-drain outputs, and 14 inputs (input only)
208-pin QFP: 100 /O pins, 8 input pins with open-drain outputs, and 14 inputs (input only)
Input or output can be selected for each bit.

A/D converter

12-bit resolution

Eight input channels

Minimum conversion time: 5.0 ps

A/D conversion request by the external trigger or timer trigger

Debugging interface

Arm CoreSight™ architecture
JTAG-standard pin assignment

On-chip RAM e 3-Mbyte (RZ/A1L and RZ/A1LU) or 2-Mbyte (RZ/A1LC) large capacity memory for video display/
recording and work (128 Kbytes are used for data retention)
* 128-Kbyte memory for data retention
(16 Kbytes x 2, 32 Kbytes x 1, 64 Kbytes x 1)
Boot modes e Four boot modes

Boot mode 0: Booting from memory (bus width: 16 bits) connected to CSO area
Boot mode 1: Booting from a serial flash memory

Boot mode 2: Booting from a NAND flash memory with SD controller

Boot mode 3: Booting from a NAND flash memory with MMC controller

Power supply voltage

Vce: 1.10t0 1.26 V
PVcc: 3.0t0 3.6 V
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Items Specification

Package e PLBGO176KA-A

176-pin BGA, 8-mm square, 0.5-mm pitch
JEITA package code: P-LFBGA176-8x8-0.50
RENESAS code: PLBG0176KA-A

¢ PLQP0176KB-A
176-pin QFP, 24-mm square, 0.5-mm pitch
JEITA package code: P-LFQFP176-24%24-0.50
RENESAS code: PLQP0176KB-A

o PLQP0208KB-A
208-pin QFP, 28-mm square, 0.5-mm pitch
JEITA package code: P-LFQFP208-28%28-0.50
RENESAS Code : PLQP0208KB-A

e PRBG0233GA-A
233-pin BGA, 15-mm square, 0.8-mm pitch
JEITA package code: P-FBGA233-15x15-0.80
RENESAS Code : PRBG0233GA-A
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1. Overview

1.2 Product Lineup

Table 1.2 Product Lineup
Group Part Number Temperature Range Quality Level Package
RZ/A1L R7S721020VCBG -40 to +85°C Industry usage etc. PLBG0176KA-A
R7S721020VCFP Industry usage etc. PLQPO0176KB-A
R7S721020VLFP Car Accessories
R7S721021VCFP Industry usage etc. PLQP0208KB-A
R7S721021VLFP Car Accessories
RZ/A1LU R7S721030VCBG -40 to +85°C Industry usage etc. PLBG0176KA-A
R7S721030VCFP Industry usage etc. PLQP0176KB-A
R7S721030VLFP Car Accessories
R7S721031VCFP Industry usage etc. PLQPO0208KB-A
R7S721031VLFP Car Accessories
R7S721031VCBG Industry usage etc. PRBG0233GA-A
R7S721031VLBG Car Accessories
RZ/A1LC R7S721034VCBG -40 to +85°C Industry usage etc. PLBG0176KA-A
1.3 Block Diagram
See section 5, LSI Internal Bus.
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1.4 Pin Assignment

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
A Vss Vee P5 2 P5 0 P4 5 P4 3 Vss Vss DMO DP1 Vss USB_X1 P2 8 P3_15 Vss A
Bl P53 Vss Vee P5_1 P4 6 P4 4 P4_1 REFRIN DPO DM1 USB_X2 P2 9 P2 6 Vss P17 |B
c|l P56 P5 4 Vss Vee P4 7 P4 2 P4 0 |USBAVcc| VBUSO | VBUST Vss P2 7 Vss P16 P15 fc
D P5_7 P5_5 P5_8 PVce Vce Vce Vce Vss Vss USBAPVcc| PVcc Vss PVce P1_4 P1_3 D
Efl P5.10 P5_11 P5 9 PVce PVce P12 P10 P11 |E
Fl P5.15 P5 12 P5 14 P5 13 PVce P3_14 P3_13 P3 12 |F
G| P62 P6_1 P6_0 Vss P3 8 P39 P3 11 P3 10 |G
H P6_5 P6_4 P6_3 Vss Vss P3_6 P3_7 P3_5 H
J P6_7 P6_9 P6_8 P6_6 Vss P3_2 P3_4 P3_3 J
K| Ps_10 P6_11 P6_12 PVce P3_1 P3_0 TCK Vss K
L Vss P6_13 P6_15 PVce ™S TRST JPO_1 JPOo 0 L
M| ckio P6_14 P7_1 Vss PVce PO_3 PO_0 PO_2 PLLVce PVce PVce Vee P25 P2_4 Vss M
N[ P72 P7_0 Vss P7_5 P7_8 P7_11 PO_1 Vss NMI P1_9 P1_11 P1_14 Vee BSCANP |AUDIO_X2| N
Pl Pvce Vss P7_3 P7_6 P7_10 P2_0 P2 2 RTC_X1 XTAL P1_8 P1_13 P1_12 AVce Vec  |AuDIO X1} P
R Vss P7_4 Vss P7_7 P7_9 P2_1 P2 3 RTC_X2 | EXTAL RES P1_10 P1_15 AVss Avref Vee R

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Figure 1.1 Pin Assignment of the 176-pin BGA (Upper Perspective View)
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Figure 1.2

Pin Assignment of the 176-pin QFP (Top View)
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Figure 1.3

Pin Assignment of the 208-pin QFP (Top View)
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il 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Al Vs Vee P52 P50 P4 6 P4 5 Vss P4 2 P40 Vss DMO DP1 Vss USB_X1 P2 6 P3_15 vss | A
B| P53 Vss Vee P5_1 P8 5 P8 2 P8 1 P4 3 vss REFRIN DPO DM1 UsB X2 | P28 P27 Vss Pvec | B
cl| ps7 P54 Vss Voo P4 7 P8 4 P4 4 P8 0 P4 1 | USBAVcc | VBUSO | VBUS1 PVce P29 Vss PVce P17 |c
D P5_10 P5_8 P5_6 Vss Vee Vce P8_3 PVcc PVcc Vss Vss USBAPVce Vss Vss PVce P1_6 P15 D
el P5_12 P5_11 P59 P55 PVce P14 P13 P12 |E
Fl pP5_15 P5_14 P5_13 PVce PVce P1_1 P10 P3_14 | F
G P6_1 P6_2 P6_0 PVce VSsSs VSS VSs VsSs VSS P3_10 P3_13 P3_12 P3_11 G
H P6_5 P6_4 P6_3 Vee VSs VSS VSs VSs Vss P3_9 P3_8 P9 5 P9_4 H
J| Pss P8_7 P8_6 Vee VsS VSS VSS Vss Vss Vee P36 P37 Vss J
K P8_9 P6_6 P6_7 P6_8 Vss VSS VSss VB VSsS Vee P9_3 P3_5 P9_2 K
L P8_10 P8_11 P6_9 PVce Vss VSS VSs Vss VSS Vee P3_2 P3_4 Vss L
Ml vss P6_11 P6_10 PVce TRST ™S P31 P33 M
N CKIO P6_12 P6_13 PVce BSCANP | JPO_1 TCK P3 0 N
P PVce P6_14 P7_1 Vss P7_3 P79 P7_11 PVce PVce PLLVce Vss PVce PVce Vcee P2_4 JPO_O Vss P
Rl Ps_15 P70 Vss P75 P77 P8_13 P8_15 P2 2 PO_0O P0_3 NMI P1_10 | P1_14 P1_15 Vee P25 |AUDIO_X2| R
T P72 Vss P76 P78 P8_12 P21 P9 0 P23 RTC X1 | PO_2 XTAL P18 P1_11 P1_13 AVce Vec  [Aubio x1] T
u Vss P7_4 Vss P7_10 P20 P8_14 P9_1 PO_1 RTC_X2 Vss EXTAL RES P1_9 P1_12 AVss AVref Vee U

1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17

Figure 1.4

Pin Assignment of the 233-pin BGA (Upper Perspective View)
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1.5 Pin Functions

Table 1.3

Classification

Pin Functions

Symbol

1o

Name

Function

Power supply

Vce

Power supply

Power supply pins. All the Vcc pins must
be connected to the system power
supply. This LSI does not operate
correctly if there is a pin left open.

Vss

Ground

Ground pins. All the Vss pins must be
connected to the system power supply (0
V). This LSI does not operate correctly if
there is a pin left open.

PVcc

Power supply for 1/0
circuits

Power supply for I/0O pins. All the PVcc
pins must be connected to the system
power supply. This LSI does not operate
correctly if there is a pin left open.

PLLVcc

Power supply for PLL

Power supply for the on-chip PLL
oscillator.

Clock

EXTAL

External clock

Connected to a crystal resonator. An
external clock signal may also be input to
the EXTAL pin.

XTAL

Crystal

Connected to a crystal resonator.

CKIO

System clock output

Supplies the system clock to external
devices.

AUDIO_CLK

External clock for
audio

Input pin of external clock for audio. A
clock input to the divider is selected from
an oscillation clock input on this pin or
pins AUDIO_X1 and AUDIO_X2.

AUDIO_X1

AUDIO_X2

Crystal resonator/
external clock for
audio

Pins connected to a crystal resonator for
audio. An external clock can be input on
pin AUDIO_X1. A clock input to the
divider is selected from an oscillation
clock input on these pins or the
AUDIO_CLK pin.

AUDIO_XOUT

AUDIO_X1 clock
output

Output for the on-chip crystal oscillator on
AUDIO_X1 or the external clock signal.

AUDIO_XOUT2

AUDIO_X1 divided-
by-two clock output

Output for the on-chip crystal oscillator on
AUDIO_X1 or the external clock signal
after frequency division of the selected
signal by two.

AUDIO_XOUT3

AUDIO_X1 divided-
by-three clock output

Output for the on-chip crystal oscillator on
AUDIO_X1 or the external clock signal
after frequency division of the selected
signal by three.

Operating mode
control

MD_BOOT1,
MD_BOOTO

Mode set

Sets the operating mode. Do not change
the signal levels on these pins while the

RES pin is asserted or until the mode is

fixed, after the negation.

MD_CLK

Clock mode set

Sets the clock operating mode. Do not
change the signal levels on this pin while
the RES pin is asserted or until the mode
is fixed, after the negation.

MD_CLKS

SSCG clock mode set

Switches the SSCG circuit on or off. Do
not change the signal levels on this pin
while the RES pin is asserted or until the
mode is fixed, after the negation.

BSCANP

Boundary scan set

Boundary scan setting pin.

This pin is set to the high level for a
boundary scan and to the low level for
normal operation.

RO1UH0437EJ0600 Rev.6.00
Jan 29, 2021

RENESAS 1-14



RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group

1. Overview

Classification Symbol /0 Name Function
System control RES | Power-on reset This LSI enters the power-on reset state
when this signal goes low.

WDTOVF (0] Watchdog timer Outputs an overflow signal from the

overflow watchdog timer.

Interrupts NMI Non-maskable Non-maskable interrupt request pin. It is
interrupt handled as an FIQ exception. Fix it high
when not in use.

IRQ7 to IRQO Interrupt requests 7 to  Maskable interrupt request pins.

0 Level-input or edge-input detection can
be selected. When the edge-input
detection is selected, the rising edge,
falling edge, or both edges can also be
selected.

TINT121 to TINTO Interrupt requests 121  Maskable interrupt request pins.

to0 High-level-input or rising edge-input
detection can be selected.

Address bus A25 to AO O Address bus Outputs addresses.

Data bus D31 to DO /O Data bus Bidirectional data bus.

Bus control CS5 to CS0 (0] Chip select 5 to 0 Chip-select signals for external memory
or devices.

RD O Read Indicates that data is read from an
external device.

RD/WR (0] Read/write Read/write signal.

BS O Bus start Bus-cycle start signal.

AH O Address hold Address hold timing signal for the device
that uses the address/data-multiplexed
bus.

WAIT Wait Inserts a wait cycle into the bus cycles
during access to the external space.

WEO (0] Byte select Indicates a write access to bits 7 to 0 of
data of external memory or device.

WEA1 O Byte select Indicates a write access to bits 15 to 8 of
data of external memory or device.

WE2 (0] Byte select Indicates a write access to bits 23 to 16 of
data of external memory or device.

WE3 O Byte select Indicates a write access to bits 31 to 24 of
data of external memory or device.

DQMLL (0] Byte select Selects bits D7 to DO when SDRAM is
connected.

DQMLU (6] Byte select Selects bits D15 to D8 when SDRAM is
connected.

DQMUL (0] Byte select Selects bits D23 to D16 when SDRAM is
connected.

DQMUU (6] Byte select Selects bits D31 to D24 when SDRAM is
connected.

RAS O RAS Connected to the RAS pin when SDRAM
is connected.

CAS (6] CAS Connected to the CAS pin when SDRAM
is connected.

CKE (0] CK enable Connected to the CKE pin when SDRAM
is connected.
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Classification Symbol /0 Name Function
Direct memory DREQO | DMA-transfer request  Input pin to receive external requests for
access controller DMA transfer.
DACKO O DMA-transfer request  Output pin for signals indicating
accept acceptance of external requests from
external devices.
TENDO 0 DMA-transfer end Output pin for DMA transfer end.
output
Multi-function timer TCLKA, Timer clock input External clock input pins for the timer.
pulse unit 2 TCLKB,
TCLKC,
TCLKD
TIOCOA, /O Input capture/ The TGRA_0 to TGRD_0 input capture
TIOCOB, output compare input/output compare output/PWM output
TIOCOC, (channel 0) pins.
TIOCOD
Note: TIOCOB pin is not present on
products in the 176-pin
package.
TIOC1A, /O  Input capture/ The TGRA_1 and TGRB_1 input capture
TIOC1B output compare input/output compare output/PWM output
(channel 1) pins.
TIOC2A, /O Input capture/ The TGRA_2 and TGRB_2 input capture
TIOC2B output compare input/output compare output/PWM output
(channel 2) pins.
TIOC3A, /O Input capture/ The TGRA_3 to TGRD_3 input capture
TIOC3B, output compare input/output compare output/PWM output
TIOC3C, (channel 3) pins.
TIOC3D
TIOC4A, /O Input capture/ The TGRA_4 to TGRD_4 input capture
TIOC4B, output compare input/output compare output/PWM output
TIOCA4C, (channel 4) pins.
TIOC4D
Realtime clock RTC_X1 | Crystal resonator for Connected to 32.768-kHz crystal
realtime clock/ resonator.
RTC_X2 © external clock The RTC_X1 pin can also be used to
input an external clock.
Serial TxD4 to TxDO (0] Transmit data Data output pins.
communication - - -
interface with FIFO RxD4 to RxD0O | Receive data Data input pins.
SCK4 to SCKO /O  Serial clock Clock input/output pins.
RTS2 to RTS0O /O Transmit request Modem control pins.
CTS2 to CTSO /O Transmit enable Modem control pins.
Serial SCI_SCK1, /O Serial clock Clock input/output pins.
communication SCI_SCKO0
interface SCI_TXD1, (0] Transmit data Data output pins.
SCI_TXDO
SCI_RXD1, Receive data Data input pins.
SCI_RXDO0O
SCI_CTS1/RTST, /O Transmit and receive  1/O pins for controlling the start of
SCI_CTS0/RTSO start control transmission and reception.
Renesas serial MOSI2 to MOSIO /O Data Data I/O pins.
peripheral interface ) <510 MISOO /O Data Data /0 pins.
RSPCK2 to RSPCKO /0 Clock Clock /O pins.
SSL20, SSL10, SSL00 I/O  Slave select Slave select I/O pins.
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group

1. Overview

Classification Symbol /0 Name Function
SPI multi /0O bus SPBCLK_0 (6] Clock Clock output pins.
controller SPBSSL_0 O Slave select Slave select output pins.
SPBMOO0_0/SPBIO00_0, /O Data Data I/O pins for channel.
SPBMIO_0/SPBIO10_0,
SPBIO20_0,
SPBIO30_0,
SPBMO1_0/SPBIO01_0,
SPBMI1_0/SPBIO11_0,
SPBIO21_0, SPBIO31_0
12C bus interface RIIC3SCL to RIICOSCL /O Serial clock pin Serial clock I/O pins.
RIIC3SDA to RIICOSDA /O Serial data pin Serial data I/O pins.
Serial sound SSITxD3, SSITxD1, SSITxD0O O Data output Serial data output pin.
interface SSIRxD3, SSIRxD1, SSIRxDO | Data input Serial data input pin.
SSIDATA2 /O  Datal/O Serial data I/O pins.
SSISCKS to SSISCKO /O  SSlclock /O I/O pins for serial clocks.
SSIWS3 to SSIWS0 /O SSlclock LR I/O I/O pins for word selection.
Media local bus MLB_CLK | Clock input MediaLB clock input pin.
(RZ/ATL only) MLB_SIG I/O  Signal information I/O  MedialLB signal information I/O pin.
MLB_DAT /O Datal/O MedialB data I/0O pin.
CAN interface CAN_CLK | Clock source for CAN  Clock source for CAN communication.
communication
CAN1TX, CANOTX O CAN bus transmit data Output pins for transmit data on the CAN
bus.
CAN1RX, CANORX CAN bus receive data Input pins for receive data on the CAN
bus.
IEBus™ controller IETXD O IEBus™ controller Output pin for transmit data on IEBus™
(RZ/A1L only) transmit data controller.
IERXD IEBus™ controller Input pin for receive data on IEBus™
receive data controller.
Renesas SPDIF SPDIF_OUT O Output data Transmit data output pin.
interface SPDIF_IN | Input data Receive data input pin.
LIN interface RLIN30TX O Output data Transmit data output pins.
(RZ/A1L only) RLIN30RX | Inputdata Receive data input pins.
Ethernet controller, ET_TXCLK | Transmit clock Clock pin for transmission.
EthemetAVB (RZ/ ET_TXEN O Transmit enable Transmit data enable pin
A1LU only)
Note: Regarding the ET_TXD3 to ET_TXDO O Transmit data MII transmit data pins.
swﬂchmg of pin ET_COL | Collision detection Collision detection pin.
functions between
Ethernet controller ET_TXER O Transmit error Transmit error output pin.
and EthemetAVB, g1 RxCLK | Receive clock Receive clock pin
refer to section 41,
Ports. ET_RXDV | Receive enable Receive data enable pin
ET_RXD3 to ET_RXDO | Receive data MIl receive data pins.
ET_RXER | Receive error Receive error input pin.
ET_CRS | Carrier detection Carrier detection pin.
ET_MDC O Management data Clock pin for information transfer via
clock MDIO.
ET_MDIO /O Management data I/O  Bidirectional pin for exchange of
management data
EthernetAVB AVB_CAPTURE Timer capture Capturing input pin for AVTP presentation
(RZ/A1LU only) timer
AVB_GPTP_EXTERN gPTP timer external External clock pin for gPTP timer
clock
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group

1. Overview

Classification Symbol /0  Name Function
USB 2.0 host/ DP1, DPO /O USB 2.0 host/function D+ data pins for USB 2.0 host/function
function module module D+ data module bus.
DM1, DMO /O USB 2.0 host/function D- data pins for USB 2.0 host/function
module D- data module bus.
VBUS1, VBUSO VBUS input Connected to Vbus on USB 2.0 host/
function module bus.
REFRIN Reference input Connected to USBAPVss via
5.6-kQ + 1% resistance. (QFP package)
Connected to Vss via 5.6-kQ + 1%
resistance. (BGA package)
USB_X1 | Crystal resonator/ Connected to a crystal resonator for USB
USB X2 o external clock for USB 2.0 host/function module. An external
- 2.0 host/function clock signal may also be input to the
module USB_X1 pin.
USBAPVcc Power supply for Power supply for pins.
transceiver analog
pins
USBAPVss | Ground for transceiver  Ground for pins.
Note: This pin is not present on analog pins
products in the BGA package.
USBDPVcc | Power supply for Power supply for pins.
Note: This pin is not present on transceiver digital pins
products in the BGA package.
USBDPVss | Ground for transceiver  Ground for pins.
Note: This pin is not present on digital pins
products in the BGA package.
USBAVcc | Power supply for Power supply for core.
transceiver analog
core
USBAVss | Ground for transceiver  Ground for core.
Note: This pin is not present on analog core
products in the BGA package.
USBDVcc | Power supply for Power supply for core.
Note: This pin is not present on transceiver digital core
products in the BGA package.
USBDVss | Ground for transceiver  Ground for core.
Note: This pin is not present on digital core
products in the BGA package.
USBUVcc | 480-MHz power Power supply for 480-MHz sections
Note: This pin is not present on supply for USB 2.0
products in the BGA package. host/function module
USBUVss | 480-MHz ground for Ground for 480-MHz sections
Note: This pin is not present on USB 2.0 host/function
products in the BGA package. module
Video display LCDO_DATA23 to LCDO_DATAQO O Output data Data output pins for panel.
controller 5 LCDO_TCONG to LCDO_TCONO O Panel timing Output pins for panel timing adjustment
adjustment output
LCDO_CLK O Panel clock Panel clock output pins.
LCDO_EXTCLK | Panel clock source Panel clock source input pins.
DV0O_DATA23 to DVO_DATAO | Input data Data input pins for graphics data.
DVO_VSYNC | VSYNC input VSYNC input pins.
DVO_HSYNC | HSYNC input HSYNC input pins.
DVO_CLK | Input clock Clock input signal pins for graphics data.
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group

1. Overview

Classification Symbol /0 Name Function
Capture engine unit  VIO_D7 to VIO_DO | Input data Graphics data input pins.
VIO_CLK | Input clock Graphics data clock input pin.
VIO_VD | VSYNC input VSYNC input pin.
VIO_HD | HSYNC input HSYNC input pin.
VIO_FLD | FIELD input Input pin for field information
SD host interface SD_CLK_ 0, SD_CLK_1 (0] SD clock Output pins for SD clock.
SD_CMD_0, SD_CMD_1 /O SD command SD command output and response input
signals.
SD_D3 0toSD_DO_0, /O SD data SD data bus signals.

SD_D3_1to SD_DO_1

SD_CD_0,SD_CD_1 | SD card detection

SD card detection.

SD_WP_0, SD_WP_1 | SD write protection

SD write protection signals.

MMC host interface MMC_CLK O MMC clock Output pin for MMC clock.
MMC_CMD /O MMC command MMC command output and response
input signal.
MMC_D7 to MMC_DO /0 MMC data MMC data bus signals.
MMC_CD | MMC card detection MMC card detection.
A/D converter AN7 to ANO | Analog input pins Analog input pins.
ADTRG | A/D conversion trigger  External trigger input pin for starting A/D
input conversion.
AVcc | Analog power supply  Power supply pin for A/D converter.
AVss | Analog ground Ground pin for A/D converter.
AVref | Analog reference Reference voltage pin for A/D converter.
voltage
General I/O ports P2_0to P2_9, /0 General port 78 general I/O port pins in 176-pin QFP
P3_0to P3_15, and 176-pin BGA products.
P4 0toP4_7, 100 general I/O port pins in 208-pin QFP
P5 0to P5_15, products.
P6_0 to P6_15,
P7_0to P7_11,
P8_0 to P8_15 (208-pin QFP
products only),
P9_0 to P9_5 (208-pin QFP
products only)
P1_ 0toP1_7 /O General port 8 input port pins with open-drain output.
JPO_0,JP0O_1,P0_0toPO_3,P1_8 |1 General port 14 general input port pins.
toP1_15
Debugging interfface  TCK/SWDCLK Test clock Test-clock input pin.
Also used as the input clock pin for serial
wire debugging
TMS/SWDIO I, 1/ Test mode select Test-mode select signal input pin.
O Also used as the I/O data pin for serial
wire debugging
TDI | Test data input Serial input pin for instructions and data.
TDO O Test data output Serial output pin for instructions and data.
TRST | Test reset Initialization-signal input pin.

Note: When the chip is in CoreSight
debugging mode, do not negate the
TRST signal while the RES signal
is at the high-level.

TRACEDATA3 to TRACEDATAO O Data output Trace data output pins.

TRACECLK O Clock output Trace clock output pin.

TRACECTL O Enable output Trace enable output pin.
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1.6 List of Pins
Table 1.4 List of Pins

176 176 208 233 Port function/ . " " " " " .
QFP BGA QFP | BGA | dedicated function Mode function Function 1 Function 2 Function 3 Function 4 Function 5 Function 6 Function 7 Function 8 D(;rgcg:n
No. No. No. No. | Symbol 1o Symbol o Symbol 110 Symbol /o] Symbol 110 Symbol 110 Symbol 1o Symbol 110 Symbol 1o Symbol 110 | Figure 1.5
1 B1 1 B1 P53 I(s))0 — — D3 I(s)/O | MMC_D7| I(s)/O ET_ o DVO_ I(s) LCDO_ (0] — — — — — — (8)
TXD3 DATA19 TCON3
2 c2 2 c2| P54 | Isp0 | — — D4 | Ks)O | RSPCK2| I(s)/O | SSISCK1| Isyo | DvO_ | Is) — — — — — — — — ®)
DATA20
3 D2 3 E4 P55 I(s))o - — D5 I(s))O| SSL20 | I(s)/O | SSIWS1| I(s)O| DVO_ I(s) — — - — — — — — 8)
DATA21
4 c1 4 D3 P5_6 I(s))0 — — D6 I(s))O | MOSI2 | I(s)/O | SSITxD1 o DVO_ I(s) SCK2 | I(s)ylo — — — — — — (8)
DATA22
5 D1 5 c1| P57 | Isp0 | — — D7 | Ksyo | miso2 | Isyo| SSIRxDT| Is) | DvVO_ | Is) [ TxD2 o — — — — — — ®)
DATA23
6 D3 6 D2 P5_8 I(s))o — — D8 I(s)/O | CANORX| I(s) | TIOC4A | I(s))O IRQ3 I(s) — — - — — — — — 8)
7 — 7 — Vee
8 E3 8 E3 P5_9 I(s)O — — D9 I(s))O | CANOTX o TIOC4B | I(s)/O IRQ4 I(s) — — — — — — — — )
9 el 9 — Vss
10 E1 10 D1 | P5_10| Is)O — — D10 I(s))O | IERxD'3 | I(s) | TIOC4C | I(s)O IRQ5 Is) — — — — — — — — 8)
1" — " — PVce
12 E2 12 E2 | P5_11]| I(s)O — — D11 I(s)yO | IETxD (0] TIOC4D | I(s)/O IRQ6 I(s) — — - — — — — — 8)
13 F2 13 | E1| P5_12| Isyo | — — D12 | I(s)O | SSISCK2| Is)O| SCK4 | Iisyo | AuDIO_| O — — — — — — — — ®)
XOuT2
14 F4 14 F3 | P5_13| I(s)O — — D13 I(s)O | SSIWS2| I(s)/O | AUDIO_ [o] AUDIO_ [o] — — — — — — — — )
Xxout XOUuT3
15 F3 15 F2 | P5_14| Is)O - — D14 I(s)/O Ssi I(s))O | RxD4 I(s) | TIOC2A| I(s)O — — - — — — — — 8)
DATA2
16 F1 16 F1 | P5.15| I(s)O — — D15 I(s)O SD_ I(s) TxD4 (o] — — — — — — — — — — 8)
WP 1
17 G3 17 G3 P6_0 I(s)O — — D16 I(s)yO| LCDO_ o RSPCKO| I(s))O| TCLKA I(s) | WDTOVF| O — — — — — — 8)
DATA8
18 el 18 — Vss
19 G2 19 G1 P6_1 I(s)O — — D17 I(s)O | LCDO_ o SSLO0 | I(s)yO| TCLKB I(s) — — — — — — — — 8)
DATA9
20 G1 20 G2 P6_2 I(s)O — — D18 I(syO| LCDO_ o MOSIO | I(s)O| TCLKC I(s) — — — — — — — — )
DATA10
21 el 21 — Vee
22 H3 22 H3 P6_3 I(s)O — — D19 I(s)O | LCDO_ o MISOO0 | I(s)O| TCLKD Is) — — — — — — — — 8)
DATA11
23 — 23 — Vss
24 H2 24 H2 P6_4 I(s))o - — D20 I(s)/O | LCDO_ O [ SSISCK3| I(s)O| MLB_ I(s) — — - — — — — — 8)
DATAT2 CLK'T
AB_ | Is)
CAPTURE?)
25 — 25 — PVee
26 H1 26 H1 P6_5 I(s))0 - — D21 I(s))O | LCDO_ (0] SSIWS3 | I(s)yO| MLB_ | I(s)O — — - — — — — — 8)
DATAT3 SIGT
AB_ | Is)
GPTP_
EXTERN'2
— — 27 | 3| Pe6 | Kspo | — — | eoo_ | o ET_ o IR6 | Is) | cTs1 | Isyo| Tococ | Isyo| — — — — — — )
DATA6 TXEN
— — 28 J2 P8_7 I(s))o0 — — LCDO_ [} ET_ I(s) IRQ7 I(s) RTS1 I(s)/O | TIOCOD | I(s)/O . — — — — . (7)
DATA7 RXDO
— — 29 J1| P88 [ Is)yo — — LCDO_ (o} ET_ Is) | AUDIO_| O SCK2 | I(s)O | AUDIO_| O — — — — — — 7
TCONO RXD1 Xout XOUuT3
— — 30 K1 P8_9 I(s)o — — LCDO_ [o] ET_ I(s) | CAN1TX (o] RxD2 I(s) | AUDIO_ (] — — — — — — (7)
TCON1 RXD2 XOuT2
27 Ja 31 K2 P6_6 I(s))o - — D22 I(s)/O | LCDO_ (0] SSITxD3 o MLB_ | I(s)/O — — - — — — — — 8)
DATA14 DAT3
28 Nl 32 K3 P6_7 I(s)O — — D23 I(s)O | LCDO_ O | SSIRxD3| Is) IRQO I(s) | TIOC3A | I(s)/O | RLIN30 I(s) — — TRACE o (8)
DATA15 RX'3 DATA0*
29 J3 33 | k4| P68 | Isy0| — — D24 | Isyo| Lcpo_ | O | ssiscko| Isyo| IRQt | Is) | TIOC3B| I(syO| RLN30| O — — | TRACE| © ®)
DATA16 TX3 DATA1*
— — 34 — Vss
— — 35 L1 | P8_10| Is)O — — LCDO_ (o] ET_ I(s) | CANTRX| I(s) TxD2 (o] — — - - - — — — (7)
TCON2 RXD3
— — 36 — PVee
— — 37 L2 | P8_11| Is)O - — LCDO_ [} - — | SSISCK2| I(s))O| SCK4 | I(s)O — — - — — — — — 7)
TCON3
30 J2 38 L3 | P69 [ Is)yO — — D25 | I(syO| LCDO_ O | SSwWso| IsyO| IRQ2 I(s) | TIOC3C | I(s)O — — — — | TRACE o 8)
DATAT7 DATA2*
31 — 39 — Vss
32 K1 40 | M3| Pet0| Kspo | — — D26 | I(syo| Lcpo_ [ O | ssmxpo| o IRQ3 | Is) | TiocaD | Isyo | CAN1 o — — | TRACE| O ®)
DATA18 ™ DATA3*
33 K2 4 M2 | Pe_11| Is)yo | — — D27 | Isyo| LCDO_ | O | SSIRxDO| I(s) ssl | Isyo| scKo | Isyo| CANT [ Is) — — | TRACE| © ®)
DATA19 DATA2 RX CTL™
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176 176 208 233 Port function/ " " " " " " :
QFP BGA QFP | BGA | dedicated function Mode function Function 1 Function 2 Function 3 Function 4 Function 5 Function 6 Function 7 Function 8 D(ilau;;c:anrtn
No. No. No. No. | Symbol 110 Symbol 1o Symbol 10 Symbol 1o Symbol 110 Symbol 110 Symbol 1o Symbol 10 Symbol [l[e} Symbol /0 | Figure 1.5
34 - 42 — Vee
35 K3 43 N2 | P6_12| I(s)O — — D28 I(s))O | LCDO_ (0] RSPCK1| I(s)O Ssi I(s))O| RTSO | I(s)yo| DVO_ I(s) — — — — (8)
DATA20 SCK2 DATAO
36 — 44 — Vss
37 M1 45 N1 CKIO [} — — — — — — — — —_ — — — — — — — — (5)
38 L2 46 N3 | P6_13| I(s)O — — D29 I(s))O | LCDO_ (0] SSL10 | I(s)yo Ssi I(s))O| CTSO | I(syo| DVO_ I(s) — — — — (8)
DATA21 Ws2 DATA1
39 — 47 — PVce
40 M2 48 P2 | P6_14| I(s)O - — D30 I(s))O | LCDO_ (0] MOSI1 | I(s)O Ssi I(s)/0 RxDO I(s) DVO_ I(s) - - — - (8)
DATA22 DATA2 DATA2
4 L3 49 R1 | P6_15| I(s)O — — D31 I(s))O | LCDO_ (0] MISO1 | I(s)/O — — TxDO (0] DVO_ I(s) — — — — (8)
DATA23 DATA3
42 N2 50 R2 P70 I(s)/0 — — LCDO_ I(s) MMC_ I(s) SD_ I(s) | SPDIF.O] O TIOC2A | I(s)O | DVO_ I(s) SCI_ I(s))O| TRACE o (7
EXTCLK CcD CD_1 ut DATA4 SCKO CLK™
43 M3 51 P3 P7_1 I(s)/0 - — cst [} AUDIO_ (0] SD_ I(s) TxD2 [} — DVO_ I(s) SCI_ I(s) — - (7)
Xout WP_1 DATAS RXDO/
IrRXD
44 N1 52 T P72 I(s))0 - - cs4 o MMC_D1]| I(s)/O SD_ I(s)/O IRQ4 I(s) | CANORX| I(s) DVO_ I(s) SCI_ o - - (7)
D1_1 DATA6 TXDO/
I'TXD
45 P3 53 | ps| P73 | spo | — — Css o | mmcoo| isyo]| so_ [ isyo| ras | us) | canotx| o | ovo_ | ws) | sc_ | wspo] — — |
DO_1 DATA7 CTS0/
RTSO
46 - 54 — Vss
47 R2 55 | U2| P74 | Isp0 | — — WAT | Is) | MmMC_ | © SD_ o — — | E™WD?| o | LeDo_ | o sc | Isyo| — — @
CLK CLK_1 CLK SCK1
48 N4 56 R4 P75 I(s)O — — BS [o] MMC_ | I(s)/O SD_ I(s)O TxDO [o] IERXD"3 I(s) LCDO_ [o] SCI_ I(s) — — (7)
CMD CMD_1 TCON4 RXD1
49 P4 57 | 13| P76 | Is)0 | — — WE2/ O | MmcD3| Isyo| SD_ | Isyo| IRae | Is) | cTS2 | Isyo| Lcpo_ | O SCI_ o] — — )
DQMUL D3_1 TCON5 TXD1
50 — 58 — PVce
51 R4 59 | Rs| P77 | sp0 | — — | wear | o [wmmcoz| ispo| so_ [ isyo| ras | i) | R7s2 | uwsyo| Leoo | o | sol | wspo] — — |
DQMUU/ D2_1 TCON6 CTs1/
AH RTS1
52 N5 60 T4 P7_8 I(s))o — — cs2 O | SSISCK1| I(s)l0 DVO_ I(s) IRQ3 I(s) TxDO (0] . — — — — . (7)
CLK
53 R5 61 P6 P79 I(s))0 - - A25 o SSIWS1 | I(s)/0 DVO_ I(s) IRQ5 I(s) SCK3 | I(s))O| TIOC1A | I(s)O - - - - (7)
VSYNC
54 P5 62 U4 | P7_10| I(s)yO — — TENDO [o] SSITxD1 o DVO_ I(s) — — RxD3 I(s) — — — — — — (7)
HSYNC
55 N6 63 | P7| PT11| IO | — — | DACKO | O | SSIRxD1| Is) | CAN_ | Iss) | Sck2 | isyo| TxD3 o | AuDIO_| O | AuDIO_| © — — @
CLK Xout XOUT3
- - 64 T5 | P8_12| I(s)O — — LCDO_ o SPDIF_ I(s) | SSIWs2| I(s)O RxD4 I(s) — — — — — — — ]
TCON4 IN
— — 65 — Vss
. — 66 R6 | P8_13| I(s)O - — LCDO_ [} SPDIF_ (0] Ssi I(s)/0 TxD4 [} — — — — — — — 7)
TCON5 out DATA2
- - 67 — PVce
56 P6 68 | us| P2O| IO | — — Cs3 O | RUN30| Is) | SPDIF_| Is) | IRQ7 | 1) — — — — — — — — )
RX3 IN
57 R6 69 T6 P2_1 I(s))o — — RAS [} RLIN30 (0] SPDIF_ (¢} IRQ6 I(s) — — — — — — — 7)
X3 out
- - 70 U6 | P8_14| I(s)O — — LCDO_ 0 ET_COL| I(s) SD_ I(s) SCK1 I(s)/0 — — — — — — — 7
TCON6 CD_0
— — 71 | RT| P8A5| KsyO | — — — — | ETCRS| Is) | sD_ | Is) | RxD1 | s — — — — — — — — )
WP_0
. — 72 7 P9_0 I(s))o - — - — | ET_MDC (0] SD_ I(s)O TxD1 [} — — — — — — — 7)
D10
- - 73 u7 P9_1 I(s))o — — — — ET_ I(s)/0 SD_ Isyo| CTSO I(s)/0 — — — — — — — ]
MDIO D0_0
58 — 74 — Vee
59 P7 75 | RS| P22 | Isi0 | — — CAS O | CANIRX| Is) | TIOCOC | IsyO| IRQS | I(s) — — — — — — — @)
60 R7 76 T8 P23 I(s))o — — CKE [0} CAN1TX 0] TIOCOD | I(s)/O — — — — — — — — — ]
61 — 7 — Vss
62 - 78 — PVce
63 M7 79 R9 P0_0 I(s) MD_ I(s) - - RxDO I(s) IRQ4 I(s) — — — — — — — — — (3)
BOOTO
64 N7 80 us PO_1 I(s) MD_ I(s) — — RxD2 I(s) | SSIRxD3| I(s) | ADTRG I(s) — — — — — — — — (3)
BOOT1
65 M8 81 T10| P02 I(s) MD_ I(s) — — RxD1 I(s) IRQ7 I(s) - - — — — — — — — (3)
CLK
66 M6 82 R10| P03 I(s) MD_ I(s) — — RxD3 I(s) SPDIF_ I(s) — — — — — — — — — (3)
CLKs IN
67 P8 83 | To [RTCX1[ I — — — — — — — — — — — _ _ _ _ —_ _ N
68 R8 84 U9 | RTC_X2| o — — — — — — —_ —_ — — — — — — — — —
69 M9 85 P10 | PLLVcc
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176 176 208 233 Port function/ " " " " " " .
QFP BGA QFP | BGA | dedicated function Mode function Function 1 Function 2 Function 3 Function 4 Function 5 Function 6 Function 7 Function 8 D(ilau;;c:anrtn
No. No. No. No. | Symbol 110 Symbol 1o Symbol 10 Symbol [l[e} Symbol 110 Symbol [l[e} Symbol 1o Symbol [l[e] Symbol 1o Symbol /0 | Figure 1.5
70 RO 86 | Ut1| EXTAL| I — — — — — — — — — — — — — — — — _ — | o
il P9 87 T11| XTAL o — — — — — — — — — — — — — — — — — —
72 — 88 — Vss
73 - 89 — Vss
74 N9 9 | R11[ NMI i(s) — — — — — — — — — — — — — _ _ _ _ _ 3
75 — 91 — Vss
76 Rio | @ |[ut2| Res | 1) — — — — — — — — — _ _ _ _ _ _ _ _ N B
7 — 93 — PVce
78 P10 94 T12| P18 I(s) — — ANO I(a) IRQ0 I(s) RxD0O I(s) DV0_ Is) — — — — — — — - (4)
DATA4
79 N10 95 ut3| P19 I(s) — — AN1 I(a) IRQ1 I(s) RxD1 I(s) DVO_ I(s) — — — — — — — — )
DATAS
80 R11 9% R12| P1_10 I(s) - - AN2 I(a) IRQ2 I(s) RxD2 I(s) DVO_ I(s) — — — — — — — — 4)
DATA6
81 N11 97 T3 | P1_11 I(s) — — AN3 I(a) IRQ3 I(s) RxD3 I(s) DVO_ I(s) — — — — — — — — 4)
DATA7
82 P12 98 Ut4| P1_12 I(s) — — AN4 I(a) IRQ4 I(s) ET_ I(s) | VIO_D4 | I(s) — — — — — — — — )
RXDO
83 P11 99 T14| P1_13 I(s) - - AN5 I(a) IRQ5 I(s) ET_ I(s) | VIO_D5| I(s) — — — — — — — — 4)
RXD1
84 N12 | 100 | R13| P1_14| I(s) — — AN6 | I(a) | IRQE | Is) ET_ Is) | vio_D6 | 1Is) — — — — — — — — )
RXD2
85 R12 101 R14| P1_15 I(s) — — AN7 I(a) IRQ7 I(s) ET_ I(s) | VIO_D7 | I(s) — — — — — — — — )
RXD3
86 P13 102 T15| Avee
87 R13 103 U15| Avss
88 R14 104 U16 | Avref
89 N14 105 N14 | BSCANF  I(s) — — — — — — — — —_ — — — — — — — — — (1)
90 — 106 — PVee
9 P15 107 T17 | AUDIO_| | — — — — — — — — — — — — — — — — — — (10)
X1
92 N15 108 R17 | AUDIO_| [0} — — — — — — - - — — — — — — — — — —
X2
93 — 109 — Vss
9% M14 110 | P15 P24 | Is)0 | — — WEO/ o) — — | TocaA| Isyo |  — — — — — — — — _ _ @)
DQMLL
95 — 11 — Vee
9% | M3 | 112 [Ri6| P25 | g0 | — — |wenwe| o — — | mocaa| ispo| — — — — _ _ _ _ _ N T
DQMLU
97 L13 113 M14 | TRST I(s) — — — — — — — — — — — — — — — — — — 3)
98 L14 114 N15| JPO_1 | — — TDO o] — — — — — — — — — — — — — — (6)
99 L15 115 | P16 | JPO_O | — — 0! | — — — — — — — — — — — _ _ _ @
100 L12 116 M15( TMS | — — — — — — — — — — — — — — — — — — 2
101 K14 17 N16| TCK | — — — — — — — — —_ — — — — — — — — — v
102 — 118 — Vss
103 K13 119 N17| P30 I(s))0 - — A1 [} SD_ I(s))O | LCDO_ (¢} ET_ I(s) — — — — — — — — 7)
D2 0 DATAO TXCLK
104 K12 120 M16 | P3_1 I(s))0 — — A2 0 SD_ I(s))O | LCDO_ o ET_ o} — — — — — — — — ]
D3 0 DATA1 TXER
105 — 121 — Vee
106 J13 122 L15 | P3_2 I(s))o - — A3 [} SD_ I(s))O | LCDO_ (¢} ET_ [} — — — — — — — — 7)
CMD_0 DATA2 TXEN
107 — 123 — Vss
108 J15 124 M17 | P3_3 I(s)O — — A4 [o] SD_ o LCDO_ (o] ET_ I(s) — — — — — — — — (7)
CLK 0 DATA3 RXCLK
109 - 125 — PVce
110 J14 126 L16 | P3_4 I(s))0 — — A5 0 SD_ I(s))O | LCDO_ o ET_ I(s) — — — — — — — — ]
D0_0 DATA4 RXER
— — 127 K17 | P92 I(s)O — — RSPCK2| I(s)/O ET_ I(s) SD_ (o] RTSO | I(s)O| TIOC1A| I(s)O — — — — — — (7)
RXCLK CLK_0
— — 128 — Vss
— - 129 K15| P93 I(s))0 — — SSL20 | I(s)O ET_ I(s) SD_ I(s)O| SCKO | I(s)O| TIOC1B | I(s)/O — — — — — — (7)
RXER CMD_0
— — 130 — PVce
m H15 131 K16 | P35 I(s))o - — A6 [} SD_ I(s))0 | LCDO_ (¢} ET_ I(s) — — — — — — — — 7)
D10 DATAS RXDV
112 H13 132 J15 [ P3_6 I(s))0 — — A7 0 SD_ I(s) LCDO_ o ET_ I(s) — — — — — — — — ]
WP_0 DATA6 coL
113 H14 133 J16 | P3_7 I(s)O — — A8 [o] SD_ I(s) LCDO_ (o] ET_ I(s) — — — — — — — — (7)
CD_0 DATA7 CRsS
— — 134 — Vss
— - 135 H17| P94 I(s)y)o — — MOSI2 | I(s)/O ET_ I(s) SD_ I(s))O | RxDO I(s) | TIOC2A | I(s)O — — — — — — (7)
RXDV D30
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176 176 208 233 Port function/ " " " " " " .
QFP BGA QFP | BGA | dedicated function Mode function Function 1 Function 2 Function 3 Function 4 Function 5 Function 6 Function 7 Function 8 D(ilau;;c:anrtn
No. No. No. No. | Symbol 110 Symbol 1o Symbol 10 Symbol 1o Symbol 10 Symbol 110 Symbol [l[e]} Symbol 10 Symbol 10 Symbol /0 | Figure 1.5
— — 136 — PVce
— - 137 H16| P95 I(s))0 — MISO2 | I(s)/O — — SD_ I(s)y)O | TxDO o} TIOC2B | I(s)/O — — — — — — (7)
D20
114 G12 138 | H15| P3.8 [ I(s)O — — A9 0o — — [ AUDIO_C| I(s) DVO_ I(s) SCK3 | I(s)O — — — — — — (7)
LK DATA8
115 G13 139 H14| P39 I(s)/0 - A10 [} - — SPDIF_ (¢} DVO_ I(s) TxD3 (0] - - - - — - (7)
out DATA9
116 — 140 — Vss
"7 G15 141 G14| P3_10 [ Is)O — — A1 [o] SPBIO | I(s)/O| TIOC3B | I(s))O| DVO_ I(s) RxD3 I(s) — — — — — — (7
01_0 DATA10
118 G14 142 G17 | P3_11| Is)O - A12 [} SPBIO | I(s)O| TIOC3A | I(s)O| DVO_ I(s) — — - — — — — — 7)
1.0 DATAN
119 — 143 — Vee
120 F15 144 G16| P3_12 | Is)O — — A13 [o] SPBIO | I(s)/O| TIOC3C| I(s))O| DVO_ Is) — — — — — — — — (7
21.0 DATA12
121 - 145 — Vss
122 F14 146 G15( P3_13| I(s)O — A4 O |SPBIO31| I(s)/O| TIOC3D | I(s)O| DVO_ I(s) — — — — — — — — 7
0 DATA13
123 — 147 — PVee
124 F13 148 F17 | P3_14 [ I(s)/O - A15 O | VIO_CLK| I(s) | SPDIF_| I(s) DVO_ I(s) SCK1 I(s))O | AUDIO_ (¢} - - — - (7)
IN DATA14 XouT2
125 E14 149 F16 | P1.0 [ I(s)/O(o) - RIICOSCL] I(s)/ IRQ4 I(s) ET_ I(s) DVO_ I(s) — — — — — — — — 9)
O(o) RXDO DATAO
126 | E15 | 150 | F15| P11 |ls)0@) — — |RicospA Isy | Ras | Is) | ET_ | Is) | Dvo_ | s — — — — — — — — |
0(0) RXD1 DATA1
127 E13 151 E17| P1_.2 | I(s)/O(0) — RIIC1SCL] I(s)/ IRQ6 I(s) ET_ I(s) DVO_ I(s) — — - — — — — — 9)
O(o) RXD2 DATA2
128 D15 152 E16| P13 | I(s)/O(0) - RIIC1SDA[ I(s)/ IRQ7 I(s) ET_ I(s) DVO_ I(s) — — — — — — — — 9)
O(o) RXD3 DATA3
129 D14 153 E15| P1_4 | I(s)/O(o) — — | RlC2SCL| I(s) IRQ0 I(s) DREQO I(s) | VIO_DO| I(s) — — — — — — — — 9)
0(0)
130 C15 154 D17 | P15 | I(s)/O(o) — RIIC2SDA[ I(s)/ IRQ1 I(s) . . VIO_D1 I(s) — — - — — — — — 9)
0(0)
131 C14 155 D16 | P1.6 | I(s)/O(o) - RIIC3SCL] I(s)/ IRQ2 I(s) | SSIRxDO| I(s) | VIO_D2 | I(s) — — — — — — — — 9)
0(0)
132 B15 156 C17| P17 | I(s)/O(o) — — | RIC3SDAl I(s)/ IRQ3 I(s) RxD2 I(s) | VIO_D3| I(s) — — — — — — — — 9)
0(o)
133 A4 157 A16 | P3_15| I(s)O - A16 o VIO_ I(s) - - DVO_ I(s) TxD1 (0] - - - - — - (7)
FLD DATA15
134 B13 158 A15( P26 I(s))O — RDWR O | SSIRxD3| I(s) | TIOC2A | I(s)/O — — — — — — — — — — ]
135 [ c12 | 159 | BI5| P27 | Kspo | — — ©s0 0 | ssisck3| Isyo| TIOCIA| Isyo| 1RQ2 | Is) — — — — — — — — )
136 A13 160 B14| P28 I(s)/O - RD [} SSITxD3 (0] TIOCOA | I(s)lO - — | CANOTX (0] - - - - — - (7)
137 B12 161 C14| P29 I(s))0 - A0 [0} SSIWS3 | I(s))O| SCKO | I(s)O IRQ1 I(s) | CANORX| I(s) - - - - - - (7)
138 — 162 — Vss
139 A12 163 A14 | USB_X1 | - — — — — — — — — — — — — — — — — (10)
140 B11 164 B13 | USB_X2| [0} — — — — — - — — — — — — — — — — —
141 — 165 — | usBDP
Vee
142 - 166 — | USBDP
Vss
143 B10 167 B12| DM1 1o — — — — — — — — — — — — — — — — —
144 A10 168 A12 | DP1 1o — — — — — — — — — — — — — — — — — —
145 C10 169 C12 | vBUS1 | — — — — — — — —_ — — — — — — — — —
146 — 170 — | UsBD
Vee
147 — 17 — | UsBD
Vss
148 - 172 — | USBDP
Vee
149 — 173 — | USBDP
Vss
150 A9 174 A1 Dm0 [l[e] — — — — — — — — — — — — — — — — — —
151 B9 175 B11 DPO 1o — — — — — — — —_ — — — — — — — — —
152 C9 176 C11 | VBUSO | — — — — — — — — — — — — — — — — —
153 — 177 — | UsBD
Vee
154 - 178 — | UsBD
Vss
155 B8 179 B10 | REFRIN — — — — — — — - — — — — — — — — — —
156 — 180 — | USBAP
Vss
157 D10 181 D12 | USBAP
Vee
158 c8 182 C10 [ USBA
Vee
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176 176 208 233 Port function/ " " " " " " .
QFP BGA aFP | BGA | dedicated function Mode function Function 1 Function 2 Function 3 Function 4 Function 5 Function 6 Function 7 Function 8 D(il;;c:anrtn
No. No. No. No. | Symbol 110 Symbol 1o Symbol 10 Symbol [l[e} Symbol 110 Symbol 110 Symbol [l[e} Symbol 10 Symbol 1o Symbol /0 | Figure 1.5
159 - 183 — | USBA
Vss
160 — 184 — | UsBU
Vee
161 — 185 | — [ USBU
Vss
162 - 186 — Vss
163 — 187 — Vss
164 c7 188 A9 P40 I(s)o — — A17 (o] VIO_VD| I(s) | TIOC1B | I(s))O ET_ [o] CTs1 I(s)yo — — — — — — (7
MDC
165 B7 189 o] P4_1 I(s))o - — A18 [} VIO_HD | I(s) | TIOC2B | I(s)O ET_ I(s))0| RTS1 I(s)/O - - - - — - (7)
MDIO
166 Cé 190 A8 P4 2 I(s))o — — A19 [0} SPBIO | I(s)O | TRACE o — — — — — — — — — ]
200 DATA23
167 A6 191 B8 P43 I(s)0 — — A20 [o] SPBIO | I(s)/O| TRACE (o] — — — — — — — — — — (7
30_0 DATA33
— — 192 c8 P8_0 I(s))0 - — LCDO_ [} ET_ O [ SSISCK1| I(s)O| SCK3 [ I(s)/O — — - — — — — — 7)
DATAO TXDO
— — 193 - Vss
— — 194 B7 P8_1 I(s)O — — LCDO_ [o] ET_ o SSIWS1 | I(s)O| RxD3 I(s) — — — — — — — — (7)
DATA1 TXD1
— — 195 — PVce
168 B6 196 c7 P4_4 I(s))0 — — A21 O |SPBCLK| O TRACE o — — — — — — — — — ]
0 CLK™3
169 A5 197 A6 P4_5 I(s)O — — A22 O |sPBssL| O TRACE o] — — — — — — — — — — (7)
0 CTL3
— — 198 B6 P8_2 I(s))o - — LCDO_ [} ET_ (0] SSITxD1 ¢} TxD3 [} — — - — — — — — 7)
DATA2 TXD2
— - 199 D7 P8_3 I(s))0 — — LCDO_ o ET_ O | SSIRxD1| I(s) — — — — — — — — — ]
DATA3 TXD3
— — 200 | c6| P84 | Ispo | — — | eoo_ | o ET_ | 1Is) — — | cts2 | isyo| TOCOA | Isyo| — — — — — — )
DATA4 TXCLK
— — 201 B5 P8_5 I(s))0 - — LCDO_ [} ET_ (0] - - RTS2 | I(s)/O| TIOCOB | I(s)/O - - - - — - (7)
DATAS TXER
170 B5 202 A5 P4 6 I(s))0 — — A23 [0} SPBIO | I(s)O | TRACE o — — — — — — — — — ]
00_0 DATAQ3
17 — 203 — Vss
172 C5 204 C5 P4_7 I(s))o - — A24 [} SPBIO | I(s)O | TRACE (¢} - — — — — — — — — 7)
100 DATA1?3
173 Ad 205 Ad P50 I(s))0 — — Do I(s)/O | MMC_D4| I(s)/O ET_ o DVO_ I(s) LCDO_ (0] — — — — — — (8)
TXDO DATA16 TCONO
174 — 206 — PVee
175 B4 207 B4 P5_1 I(s))o - — D1 I(s)/O | MMC_D5| I(s)/O ET_ (¢} DVO_ I(s) LCDO_ (0] - - - - — - (8)
TXD1 DATA17 TCON1
176 A3 208 A3 P52 I(s))o — — D2 I(s)/O | MMC_D8| I(s)/O ET_ o DVO_ I(s) LCDO_ (0] — — — — — — (8)
TXD2 DATA18 TCON2
[Legend]
(s): Schmitt
(a): Analog

(0): Open drain

Note: < Pins to which the PVcc, Vcc, and Vss functions can be allocated on 176-pin BGA products are listed below.

PVcc: D4, D11, D13, E4, E12, F12, K4, L4, M5, M10, M11, P1

Vcc: A2, B3, C4, D5, D6, D7, M12, N13, P14, R15

Vss: A1, A7, A8, A11, A15, B2, B14, C3, C11, C13, D8, D9, D12, G4, H4, H12, J12, K15, L1, M4, M15, N3, N8, P2, R1, R3
Note: < Pins to which the PVcc, Vcc, and Vss functions can be allocated on 233-pin BGA products are listed below.

PVcc: B17, C13, C16, D8, D9, D15, E14, F4, F14, G4, L4, M4, N4, P1, P8, P9, P12, P13

Vcce: A2, B3, C4, D5, D6, H4, J4, J14, K14, L14, P14, R15, T16, U17

Vss: A1, A7, A10, A13, A17, B2, B9, B16, C3, C15, D4, D10, D11, D13, D14, G7, G8, G9, G10, G11, H7, H8, H9, H10, H11, J7,

Jg, J9, J10, J11, J17, K7, K8, K9, K10, K11, L7, L8, L9, L10, L11, L17, M1, P4, P11, P17, R3, T2, U1, U3, U10

Note 1. RZ/A1L only. "-" for the RZ/A1LC.

Note 2. RZ/A1LU only. "-" for the RZ/A1LC.

Note 3. RZ/A1L only. "-" for the RZ/A1LU and RZ/A1LC.
Note 4. RZ/A1LU and RZ/A1LC only. "-" for the RZ/A1L.
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1. Overview

PAD

—b— Schmitt input data

Figure 1.5 (1) Simplified Circuit Diagram (Schmitt Input Buffer)

PAD

ETTL input data
TTL input enable

Figure 1.5 (2) Simplified Circuit Diagram (TTL AND Input Buffer)

PAD

Schmitt input data
Schmitt input enable

Figure 1.5 (3) Simplified Circuit Diagram (Schmitt AND Input Buffer)

A/D analog input data

A/D analog input enable
PAD
1
| I—|

Schmitt input data

T

Schmitt input enable

Figure 1.5 (4) Simplified Circuit Diagram (Schmitt OR Input and A/D Input Buffer)

Latch enable

Output enable

| \ PAD
Output data

Figure 1.5 (5) Simplified Circuit Diagram (Output Buffer with Enable, with Latch)
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Latch enable
Output enable
\I PAD
Output data
TTL input data 4C
TTL input enable _|
Figure 1.5 (6) Simplified Circuit Diagram (Bidirectional Buffer, TTL AND Input, with Latch)
Latch enable
Output enable
\I PAD
Output data
Schmitt input data 4€
Schmitt input enable _|
Figure 1.5 (7) Simplified Circuit Diagram (Bidirectional Buffer, Schmitt AND Input, with Latch)
Latch enable
Qutput enable
PAD
Output data {\
TTL input data {
L—|
TTL input enable
Schmitt input data { 7
]
Schmitt input enable
Figure 1.5 (8) Simplified Circuit Diagram (Bidirectional Buffer, TTL AND Input, Schmitt AND Input,
with Latch)
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! PAD
Output data
Schmitt input data —QT

Schmitt input enable

Figure 1.5 (9) Simplified Circuit Diagram (Open Drain Output and Schmitt OR Input Buffer)

XOuT & 4 g {>C Input clock
(XTAL, AUDIO_X2, USB_X2)
] \

XIN & -

(EXTAL, AUDIO_X1, USB_X1)

Input enable

Figure 1.5 (10) Simplified Circuit Diagram (Oscillation Buffer 1)

XOuT ° °
(RTC_X2) g :)O— Input clock

XIN
(RTC_X1) & -

Input enable
Figure 1.5 (11) Simplified Circuit Diagram (Oscillation Buffer 2)
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2. CPU

This product incorporates the Arm single-core Cortex-A9 MPCore, where the IP version is r3p0.

2.1 Features™

e Instruction cache size: 32 Kbytes

e Data cache size*2: 32 Kbytes

e TLB entries: 128 entries

e Jazelle architecture extension: Full

e Maedia processing engine with NEON technology: Included

e FPU: Included

e PTM interface: Included

e  Wrappers to support for power off and dormant mode: Not included
e Preload engine: Not included

e Number of interrupts: 0 (On-chip interrupt controller is not used.)

e Accelerator Coherence Port: Not included

Note 1.  For details, refer to Cortex-A9 MPCore Technical Reference Manual issued by Arm Ltd.
Note 2. Contents of memory regions which are set as write-through are not cached even if data caching is enabled.
For details, refer to Cortex-A9 Technical Reference Manual issued by Arm Ltd.
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2.2 Configuration Signals

Table 2.1 shows the Cortex-A9 configuration signals and the settings.

Table 2.1 Cortex-A9 Configuration Signal Settings

Configuration Signal Setting Values

CFGEND 1’b0

CFGNMIF 1'b1

CLUSTERID 4'h0

FILTEREN*1 1'b1

FILTERSTART[31:20]*1 12’hEOO

FILTEREND[31:20]*1 12’hFFF

PERIPHBASE[31:13]*2 19'b111_1000_0000_0000_0000

TEINIT 1'b0

VINITHI NOR, SRAM boot: 1’b0; on-chip ROM boot: 1'b1

Note 1. Do not change the initial settings of these signals by software.

Note 2. The base address for the private memory area in the Cortex-A9 processor is H'FO000000. For details and overview of the
registers located in the addresses relative to this base address, refer to Cortex-A9 MPCore Technical Reference Manual issued
by Arm Ltd.
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3. Boot Mode

This LSI can be booted from the memory connected to the CS0O space and the serial flash memory.
Note 1. Booting from the NAND flash memory with an SD controller and the NAND flash memory with an MMC
controller are not currently supported.

3.1 Features

¢ Four boot modes
Boot mode 0: Boots the LSI from the memory (bus width: 16 bits) connected to the CSO space
Boot mode 1: Boots the LSI from the serial flash memory connected to the SPI multi I/O bus space
Boot mode 2: Boots the LSI from the NAND flash memory with the SD controller*'
Boot mode 3: Boots the LSI from the NAND flash memory with the MMC controller*2

Note 1. It is possible to boot the LSI from the embedded SD (eSD) defined by the SD specification part 1 eSD
addendum version 2.10 standard.

Note 2. It is possible to boot the LSI from the eMMC device corresponding to the boot operating mode of the JEDEC
standard JESD84 A44 (MMCA 4.4) Standard. (It is not possible to boot the LS| from the MMC card.)

3.2 Boot Mode and Pin Function Setting

This LSI can determine the boot mode using external pins when RES is low. The external pin settings for selecting the
boot mode are shown in Table 3.1.

Table 3.1 External Pin (MD_BOOT1 and MD_BOOTO0) Settings and Corresponding Boot Modes

MD_BOOT1 MD_BOOTO Boot Mode

0 0 Boot Mode 0 (CS0-space 16-bit booting)
Boots the LSI from the memory (bus width: 16 bits) connected to the CSO0 space.

1 0 Boot Mode 1 (serial flash booting)
Boots the LSI from the serial flash memory connected to the SPI multi I/0 bus space.
0 1 Boot Mode 2 (eSD booting)

Boots the LSI from the NAND flash memory with the SD controller. The only way of booting
this LSI chip is from channel 0 (P3_0 to P3_5) in this mode.

1 1 Boot Mode 3 (eMMC booting)
Boots the LSI from the NAND flash memory with the MMC controller.
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3.3 Hardware Used in Each Boot Mode

Table 3.2 gives information about the hardware used in each boot mode.

Table 3.2 Hardware Used in Each Boot Mode

Boot Mode Peripheral Module Pins Used Remarks
Boot Mode 0 Bus state controller A[20:1] —
(CS0-space 16-bit booting) D[15:0]
CSo0
RD
CKIO
Boot Mode 1 SPI multi 1/0O bus controller SPBCLK_0 The internal baud rate generator generates
(Serial flash booting) SPBSSL_0 SPBCLK_0 by dividing B¢ by 8.
SPBMOO_0
SPBMIO_O
Boot Mode 2 SD host interface SD _CLK 0 The SD clock frequency (SD_CLK_0) is
(eSD booting) SD_CMD_0 generated by dividing P1¢ by 4.
SD_DI[3:0]_0
Boot Mode 3 MMC host interface MMC_CLK The MMC clock frequency (MMC_CLK) is
(eMMC booting) MMC_CMD generated by diving P1¢ by 4.
MMC_D[3:0]
RO1UH0437EJ0600 Rev.6.00 -zENESAS 3-2
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3. Boot Mode

3.4 Exception Vector Address at a Reset in Each Boot Mode

In this LSI, the exception vector address at a reset differs depending on the boot mode.
In this LSI, the exception vector at a reset starts from H'0000_0000 (low vector) in boot mode 0 and from H'FFFF_0000

(high vector) in boot modes 1 to 3.

In this LSI, an on-chip ROM is allocated in area HFFFF 0000 to HFFFF _FFFF. The on-chip ROM has a boot program
which executes processing corresponding to the boot mode set by the MD BOOT1 and MD BOOTO external pins.

Table 3.3 lists the exception vector address at a reset for each boot mode.

Table 3.3 Exception Vector Address at a Reset in Each Boot Mode

Memory Allocated at the Exception

Boot Mode Exception Vector Address at a Rest Vector Address

Boot Mode 0 H'0000 0000 (low vector) Memory connected to the CS0 space
(CSO0-space 16-bit booting)

Boot Mode 1 H'FFFF 0000 (high vector) On-chip ROM (boot program)

(Serial flash booting)

Boot Mode 2 H'FFFF 0000 (high vector) On-chip ROM (boot program)

(eSD booting)

Boot Mode 3 H'FFFF 0000 (high vector) On-chip ROM (boot program)

(eMMC booting)
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3.5 Operation
3.5.1 Boot Mode 0

In boot mode 0, this LSI is booted from the memory connected to the CSO space. In these modes, this LSI operates as
follows:

After the power-on reset is canceled, program execution is started from H'0000_0000 in the memory connected to the
CSO0 space.

352 Boot Mode 1

In boot mode 1, booting up is from the serial flash memory connected to the SPI multi I/O bus space. In this mode, this
LSI operates as follows: After the power-on reset is canceled, the boot program stored in the on-chip ROM (starting from
H'FFFF_0000) is executed.

The boot program configures the SPI multi I/O bus controller in external address space read mode. With this
configuration, this LSI converts reads from the SPI multi I/O bus space to SPI communications and is ready to read
directly from the connected serial flash memory. The boot program configures a read command (opcode: 03H, address: 3
bytes, dummy cycle: none) as the command to the serial flash memory used for SPI communication conversion. Figure
3.1 shows the control signals output to the serial flash memory through SPI communication conversion.

— Bl
SPBMOO_0 %@mmand* Addreif E E

SPBCLK_0

3H 3 bytes |

SPBMIO_0 ( Read data )
1 1
+— 8/16/32/64 bits —»,|
Figure 3.1 Control Signals Output to the Serial Flash Memory Through SPI Communication Conversion

The boot program uses the area at H'2002_0000 to H2002_3FFF as work memory. It branches to H'1800_0000 (SPI
multi I/O bus space) at the end of the processing. At this time, the I bit, F bit, T bit and bits Mode[4:0] in CPSR are set to
the initial states with the I bit set to 1'b1 (IRQ masked state), the F bit set to 1'b1 (FIQ masked state), the T bit set to 1'b0
(Arm state) and bits Mode[4:0] set to 5610011 (supervisor mode).
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353 Boot Mode 2

In boot mode 2, booting up is from the NAND flash memory with the SD controller, which is connected to channel 0 of
the SD host interface. The flow of operation of this LSI in boot mode 4 is as described below.

After a power-on reset, this LSI executes the boot program stored in the on-chip ROM (starting from H'FFFF_0000).
The boot program transfers 28 Kbytes of program from the NAND flash memory with the SD controller connected to
channel 0 of the SD host interface to the address range from H'2002_ 4000 to H2002 AFFF of the large-capacity on-chip
RAM.

The program (28 Kbytes) that the boot program transfers to the large-capacity on-chip RAM is called a loader program.

The boot program uses an area from H'2002 0000 to H'2002_3FFF as work memory. Note that the loader program must
be stored in the NAND flash memory with the SD controller according to the loader program storage specifications.*1
Note 1. For the storage specifications of the loader program, contact Renesas Electronics Corporation's sales office.

After the boot program finishes processing, it branches to H2002_ 4000 (large-capacity on-chip RAM). At this time, the
I bit, F bit, T bit and bits Mode[4:0] in CPSR are set to the initial states with the I bit set to 1'b1 (IRQ masked state), the
F bit set to 1'b1 (FIQ masked state), the T bit set to 1'b0 (Arm state) and bits Mode[4:0] set to 5'b10011 (supervisor
mode).

The size of the loader program that the boot program transfers to the large-capacity on-chip RAM is fixed to 28 Kbytes.
If your loader program exceeds this limit, use the loader program to transfer your program (application program) from
the NAND flash memory with the SD controller to the large-capacity on-chip or external RAM using channel 0 of the SD
host interface. Note that you must design a loader program.
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3. Boot Mode

Figure 3.2 is a schematic view of the specification for boot mode 2.

This LSI NAND flash memory
1) Run the boot program with SD controller
HFFFF_0000 SD host interface, Read Loader program
; >
On-chip ROM »1 Channel 0 > (28 KB)
| (2) Loading into
Large-capacity on-chip RAM / large-capacity Application
0 e
H'2002_4000 (page 0) on-chip RAM program
Loader program Read -
H'2002_AFFF (EINE) g
- Large-capacity on-chip RAM
(page 0)
H'2002_0000
Work memory for | @1 (3) Loading into external External RAM
H2002_3FFF | boot process (16 KB) on-chip RAM

(the other pages)

Application
program

Large-capacity on-chip RAM

p

/

Application
program

Figure 3.2

Schematic View of Specification for Boot Mode 2
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354 Boot Mode 3

In boot mode 3, booting up is from the NAND flash memory with the MMC controller, which is connected to the MMC
host interface. The flow of operation of this LSI in boot mode 5 is as described below.

After a power-on reset, this LSI executes the boot program stored in the on-chip ROM (starting from H'FFFF_0000).
The boot program transfers 28 Kbytes of program from the NAND flash memory with the MMC controller connected to
the MMC host interface to the address range from H'2002 4000 to H'2002 AFFF of the large-capacity on-chip RAM.
The program (28 Kbytes) that the boot program transfers to the large-capacity on-chip RAM is called a loader program.

The boot program uses an area from H'2002_0000 to H'2002_3FFF as work memory. Note that the loader program must
be stored in the NAND flash memory with the MMC controller according to the loader program storage specifications.*
Note 1. For the storage specifications of the loader program, contact Renesas Electronics Corporation's sales office.

After the boot program finishes processing, it branches to H2002 4000 (large-capacity on-chip RAM). At this time, the
1 bit, F bit, T bit and bits Mode[4:0] in CPSR are set to the initial states with the I bit set to 1'b1 (IRQ masked state), the
F bit set to 1'b1 (FIQ masked state), the T bit set to 1'b0 (Arm state) and bits Mode[4:0] set to 5'b10011 (supervisor
mode).

The size of the loader program that the boot program transfers to the large-capacity on-chip RAM is fixed to 28 Kbytes.
If your loader program exceeds this limit, use the loader program to transfer your program (application program) from
the NAND flash memory with the MMC controller to the large-capacity on-chip or external RAM using the MMC host
interface. Note that you must design a loader program.
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Figure 3.3 is a schematic view of the specification for boot mode 3.
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Schematic View of Specification for Boot Mode 3
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3.6 Notes
3.6.1 Boot Related Pins

The initial states and output states in deep standby mode of the pins related to CSO space memory read, SPI multi I/O bus
space memory read, channel 0 of the SD host interface, and the MMC host interface are different in each boot mode.
For details, refer to section 8, Bus State Controller, section 41, Ports, and section 42, Power-Down Modes.

3.6.2 Operation when an Exception Occurs with the Exception Vector
Set to the High Vector Address

In this LSI, the program counter loops to its own address (exception vector address) in the on-chip ROM if an exception
(except for a reset) occurs when the exception vector is set to the high vector address. In boot mode 1, 2, or 3, set the V
bit in SCTLR to 0 to set the exception vector to the low vector address before an exception (except for a reset) occurs.
For the details about the CP15 system control register (SCTLR), refer to the Arm Architecture Reference Manual.

3.6.3 Notes on Serial Flash Booting (Boot Mode 1) after This LS| is Reset

In booting up from serial flash memory (boot mode 1), read commands (opcode: 03H, address: 3 bytes, dummy cycles:
none) are set for sending to the serial flash memory. Therefore, if this chip enters the reset state while the serial flash
memory cannot accept read commands, correct booting up of the chip may not be possible. For example, if the chip is
reset while the serial flash memory is being erased (placing it in the busy state), the serial flash memory will not accept
read commands. In such cases, that is, in system configurations where the chip may be reset while the serial flash
memory is unable to accept read commands, ensure that the serial flash memory is able to accept read commands after
the chip is released from the reset state by using serial flash memory that has its own reset pin or cutting off power to the

serial flash memory when a reset occurs.
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4. Secondary Cache

This product incorporates Arm's PL310 as a secondary cache. The IP version is r3p2.

4.1 Features

e Total cache size: 128 Kbytes
e Number of cache ways: 8 ways

e Number of master ports : 2

e Number of slave ports: 2

e Lockdown by master: No

e Lockdown by line Defined

e Speculative read: No

e Sideband signal from CA9: No

For details, see CoreLink™ Level 2 Cache Controller L2C-310 Technical Reference Manual issued by Arm Ltd.

4.2 Configuration Signals

The setting values of the configuration signals are shown in Table 4.1.

Table 4.1 Setting Values of Configuration Signals
Configuration Signals Setting Values
ASSOCIATIVITY*! 1'b0 (8 ways)
CACHEIDI5:0] 6'b000000
CFGADDRFILTEN*1 1'b1
CFGADDRFILTENDI[11:0]*1 12'h3FF
CFGADDRFILTSTART[11:0]*1 12'h180
CFGBIGEND 1'b0
DATAREADLAT[2:0]*1 3'b000
DATASETUPLAT[2:0]*1 3'b000
DATAWRITELAT[2:0]*1 3'b000
REGFILEBASE[19:0]*2 20'h3FFFF
TAGREADLAT[2:0]*1 3'b000
TAGSETUPLAT[2:0]*1 3'b000
TAGWRITELAT[2:0]*" 3'b000
WAYSIZE[2:0]*" 3'b001 (16 Kbytes)

Note 1. Do not change the initial settings of these signals by software.

Note 2. The base address for the PL310 registers is H'3FFFF000. For the details and overview of the registers, see CoreLink™ Level 2
Cache Controller L2C-310 Technical Reference Manual issued by Arm Ltd. The external ROM/RAM mirror area (0x4000_0000
to Ox5FFF_FFFF) is mirrored before the secondary cache. Accordingly, when a cache maintenance operation is to be executed
for the external ROM/RAM mirror area, treat this as the normal external ROM/RAM area in the physical addresses range from
0x0000_0000 to Ox1FFF_FFFF.
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5. LSI Internal Bus
51 LSI Internal Bus

5.1.1 Configuration

This LSI has two main buses: the north main bus where peripheral modules are connected and the south main bus where
on-chip RAM and external ROM and RAM are connected. Figure 5.1 is a schematic diagram of the internal buses.

This LSI
Cortex-A9 Bus masters
- Northmainbus
A A A A A
, } '
Peripheral modules v v
Bus bridge
Bus masters A Iy
A A A
Y 17 Vt Vt Y \
- Southrmainbus
A A A
t t wt \i '
Bus controller On-chip RAM
A
\i
External ROM/RAM
Figure 5.1 Schematic Diagram of LSl Internal Bus

51.2 Operation

Cortex-A9 has separate interfaces for the north main bus and south main bus. The addresses assigned to the north main
bus are accessed through the north main bus interface, and those assigned to the south main bus are accessed through the
south main bus interface.

When a bus master connected to the north main bus, except for Cortex-A9, accesses the on-chip RAM or external ROM
or RAM, access is executed through the bus bridge for access from the north main bus to the south main bus. The bus
masters connected to the south main bus cannot access an address assigned to the north main bus. The internal bus of this
LSI operates in little endian.

RO1UH0437EJ0600 Rev.6.00 RENESAS 5-1
Jan 29, 2021



RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 5. LSl Internal Bus

52 North Main Bus

5.2.1 Configuration

Various peripheral modules are connected to the north main bus. Figure 5.2 shows the configuration of the north main
bus.

Direct
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controller uni s*!
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unit
Write Write
buffer*! buffer

| North main bus
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AHB32IC3 bus bridge 1 | | bridge 2
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a a
Peripheral | | Peripheral | | Peripheral | | Peripheral Peripheral
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| South main bus I
module module Note 2. RZ/A1LU only
Figure 5.2 North Main Bus Configuration
5.2.2 Features

Table 5.1 shows the features of the north main bus.

Table 5.1 North Main Bus

Item

Description
Bus protocol AMBA® AXI protocol
Bus system configuration AXI interconnect with multi-layer configuration for all channels
Bus clock frequency Bo
Bus width 64 bits
Arbitration Round robin
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5.2.3 Peripheral Buses

Table 5.2 is a list of the peripheral buses connected to the north main bus.

Table 5.2 List of Peripheral Buses

Item Description
Peripheral bus 1

Bus clock frequency POo

Bus width 32 bits

Connected peripheral modules

Multi-function timer pulse unit 2

Realtime clock

Video display controller 5

Peripheral bus 2

Bus clock frequency

POo

Bus width

32 bits

Connected peripheral modules

Clock pulse generator

Interrupt controller

Direct memory access controller

OS timer channels 0 and 1

I2C bus interface channels 0 to 3

IEBus controller (RZ/A1L only)

LIN interface (RZ/A1L only)

General I/O ports

Peripheral bus 3

Bus clock frequency

P1o

Bus width

32 bits

Connected peripheral modules

CAN interface

Media local bus (RZ/A1L only)

SD host interface channels 0 and 1

MMC host interface
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Table 5.2 List of Peripheral Buses

Item Description
Peripheral bus 4

Bus clock frequency P1o

Bus width 32 bits

Connected peripheral modules

Serial communication interface with FIFO channels 0 to 4

Serial communication interface channels 0 and 1

Renesas serial peripheral interface channels 0 to 2

Renesas SPDIF interface

CD-ROM decoder (RZ/A1L only)

A/D converter

USB2.0 host/function module channel 0

JPEG codec unit (RZ/A1LU only)

AXI164IC2 bus

Bus protocol

AMBA AXI protocol

Bus system configuration

AXl interconnect with multi-layer configuration for all channels

Bus clock frequency Bo
Bus width 64 bits
Arbitration Round robin

AHB32IC3 bus

Bus protocol

AMBA AHB protocol

Bus clock frequency Bo
Bus width 32 bits
Peripheral bus 5

Bus clock frequency P1e
Bus width 32 bits

Connected peripheral modules

Serial sound interface channels 0 to 3

USB2.0 host/function module channel 1

SCUX
Peripheral bus 6
Bus clock frequency Bo
Bus width 32 bits

Connected peripheral modules

Ethernet controller

Capture engine unit

EthernetAVB (RZ/A1LU only)

Peripheral bus 7

Bus clock frequency P1¢
Bus width 32 bits
Connected peripheral modules CoreSight
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53 South Main Bus

5.3.1

On-chip RAM and external ROM and RAM are connected to the south main bus. Figure 5.3 shows the configuration of

Configuration

the south main bus.

Cortex-A9

Video display
controller 5
1V1-, 3-, 5-BUS

Video display
controller 5
1V6-BUS

| Axnasicabus | | Axit2sicabus |

!

Ethernet
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I North main bus |

Bus Bus
bridge 1 | | bridge 2

South main bus

SLvo t t SLV1 tSLVZ tSLV3 tSLVll tSLVS 3 SLVé ¢SLV7
L2 cache memory On-chip On-chip On-chip On-chip On-chip On-chip
(L2¢-310) data large-capacity | | large-capacity | | large-capacity | | large-capacity | | large-capacity
retention RAM RAM RAM RAM RAM*2
i 3 RAM page 0 page 1 page 2 page3 page 4
Bus state SPImulti 1/0
controller bus controller Note 1. RZ/A1LU only
Note 2. RZ/A1L and RZ/A1LU only
Figure 5.3 South Main Bus Configuration
5.3.2 Features
Table 5.3 shows the features of the south main bus.
Table 5.3 South Main Bus
Item Description

Bus protocol

AMBA AXI protocol

Bus system configuration

AXl interconnect with multi-layer configuration for all channels

Bus clock frequency Bo
Bus width 128 bits
Arbitration Round robin
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533 Connected Buses

Table 5.4 is a list of the buses connected to the south main bus and their features.

Table 5.4 List of Buses Connected to South Main Bus and their Features

Item

Description

AXI128IC2 and AXI128IC3 buses

Bus protocol

AMBA AXI protocol

Bus system configuration

AXl interconnect with multi-layer configuration for all channels

Bus clock frequency Beo
Bus width 128 bits
Arbitration Round robin
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54 Address Map
Table 5.5 shows the address map of this LSI.

Table 5.5 Address Map
Slave Area Viewed Slave Area Viewed
from North Main Bus from South Main Bus
Address Area Masters Masters
OxFFFF_0000 to 1/O area ROM in SLV4™ —

OXFFFF_FFFF

0xFD00_0000 to
OXFFFE_FFFF

Reserved area

O0xFCFF_0000 to I/O area SLVO *1
OxFCFF_FFFF
OxFCFE_0000 to I/O area SLv1™
OxFCFE_FFFF
0xFCO08_0000 to Reserved area —
OxFCFD_FFFF
0xFCO00_0000 to I/O area SLV6™2, "4
0xFCO7_FFFF
0xF000_2000 to Reserved area —
OxFBFF_FFFF
0xF000_0000 to Cortex-A9 private area —
0xF000_1FFF
0xE823_0000 to Reserved area —
OXEFFF_FFFF
0xE820_0000 to I/O area SLv4 1.3
0xE822_FFFF
0xE805_0000 to Reserved area —
OxE81F_FFFF
0xE803_0000 to I/O area SLv2 ™1
0xE804_FFFF
0xE802_0000 to Reserved area —
0xE802_FFFF
0xE800_0000 to I/O area SLV3 ™1 —
0xE801_FFFF
0xE000_0000 to Reserved area —
OXE7FF_FFFF
0x6030_0000 to Reserved area —
OxDFFF_FFFF
0x6020_0000 to On-chip large-capacity RAM page 4 SLV7 SLV7
0x602F _FFFF mirror area (1 Mbyte) (RZ/A1L and RZ/A1LU only)
0x6018_0000 to On-chip large-capacity RAM page 3 SLV6
0x601F_FFFF mirror area (512 Kbytes)
0x6010_0000 to On-chip large-capacity RAM page 2 SLV8 SLV5
0x6017_FFFF mirror area (512 Kbytes)
0x6008_0000 to On-chip large-capacity RAM page 1 SLV4
0x600F_FFFF mirror area (512 Kbytes)
0x6002_0000 to On-chip large-capacity RAM page 0 SLV3
0x6007_FFFF (including on-chip data retention RAM) mirror area
0x6000_0000 to (512 Kbytes) SLV2
0x6001_FFFF
0x5C00_0000 to Reserved area — —
Ox5FFF_FFFF
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Table 5.5 Address Map
Slave Area Viewed Slave Area Viewed
from North Main Bus from South Main Bus
Address Area Masters Masters
0x5800_0000 to SPI multi I/0 bus area SLvV7 SLV1
Ox5BFF_FFFF mirror area (64 Mbytes)
0x5400_0000 to CS5 space mirror area (64 Mbytes) SLVO
0x57FF_FFFF
0x5000_0000 to CS4 space mirror area (64 Mbytes)
0x53FF_FFFF
0x4C00_0000 to CS3 space mirror area (64 Mbytes)
Ox4FFF_FFFF
0x4800_0000 to CS2 space mirror area (64 Mbytes)
0x4BFF_FFFF
0x4400_0000 to CS1 space mirror area (64 Mbytes)
0x47FF_FFFF
0x4080_0000 to CS0 space mirror area (64 Mbytes)
0x43FF_FFFF
0x4000_0000 to —'5
0x407F_FFFF
0x3FFF_CO000 to 1/O area SLV8
Ox3FFF_FFFF
0x3FEF_B000 to Reserved area — —
Ox3FFF_BFFF
O0x3FEF_A000 to I/O area SLV8 SLV1
Ox3FEF_AFFF
0x2030_0000 to Reserved area — —
Ox3FEF_9FFF
0x2020_0000 to On-chip large-capacity RAM page 4 SLvV7 SLV7
0x202F_FFFF (1 Mbyte) (RZ/A1L and RZ/A1LU only)
0x2018_0000 to On-chip large-capacity RAM page 3 SLV6
0x201F_FFFF (512 Kbytes)
0x2010_0000 to On-chip large-capacity RAM page 2 SLV8 SLV5
0x2017_FFFF (512 Kbytes)
0x2008_0000 to On-chip large-capacity RAM page 1 SLV4
0x200F_FFFF (512 Kbytes)
0x2002_0000 to On-chip large-capacity RAM page 0 SLV3
0x2007_FFFF (including on-chip data retention RAM) (512
0x2000_0000 to Kbytes) SLV2
0x2001_FFFF
0x1C00_0000 to Reserved area — —
Ox1FFF_FFFF
0x1800_0000 to SPI multi I/O bus area SLV8 SLV1
O0x1BFF_FFFF (64 Mbytes)
0x1400_0000 to CS5 space (64 Mbytes) SLVO

Ox17FF_FFFF

0x1000_0000 to
Ox13FF_FFFF

CS4 space (64 Mbytes)

0x0C00_0000 to
OXOFFF_FFFF

CS3 space (64 Mbytes)

0x0800_0000 to
OXOBFF_FFFF

CS2 space (64 Mbytes)

0x0400_0000 to
O0x07FF_FFFF

CS1 space (64 Mbytes)

0x0000_0000 to
OxO3FF_FFFF

CSO0 space (64 Mbytes)
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Note 1. Only Cortex-A9, the direct memory access controller, and CoreSight can access this area. If any other north main bus master
accesses this area, a decode error will occur.
Note 2. Only Cortex-A9 and CoreSight can access this area. If any other north main bus master accesses this area, a decode error will
occeur.
Note 3. If any address from 0xE821_4800 to OxE822_FFFF is accessed, a decode error or slave error will occur.
Note 4. A slave error may occur depending on the CoreSight state.
Note 5. Modules which are connected to the north main bus and capable of operating as bus masters are as follows.
* Direct memory access controller
* Ethernet controller
* Media local bus
* CoreSight
* Capture engine unit
These modules do not have access to addresses 0x4000_0000 to 0x407F_FFFF. If they attempt access, a decode error will
occur. (RZ/A1L only)
Modules which are connected to the south main bus and capable of operating as bus masters are as follows.
* Cortex-A9
* Video display controller 5
These modules can access the address range shown above.
Note 6. If the on-chip large-capacity RAM is accessed while access is disabled, a slave error will occur.
Note 7. If the area indicated as "—" is accessed, a decode error or a slave error will occur.
Note 8. 1/O areas should be accessed in the size specified for each slave module.
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5.5 Address Remapping

55.1 Overview

Execution in Cortex-A9 jumps to an exception vector placed in addresses 0x0000_ 0000 to 0x0000_001C when an
exception such as a reset or an interrupt occurs. The interrupt response time depends on the time to access the memory
connected to this area, and when low-speed memory is connected, the overhead is large. To avoid this, the exception
vectors can be remapped to the on-chip high-speed RAM by using the MMU or vector base address register, or the
address remapping function can be used to allocate the addresses where the exception vectors are placed to the on-chip
high-speed RAM.

Figure 5.4 show the address maps before and after address remapping.

0x43FF_FFFF O0x43FF_FFFF
0x4000_0000 0x4000_0000
0x202F_FFFF[~on_chip large-capacity Address 0x202F_FFFF On-chip large-capacity
RAM remapping RAM #1
0x2000_0000|_P3ges 0 to 4 (3 Mbytes)

: 0x2000__0000 pages 0 to 4 (3 Mbytes)

O0X07FF_FFFF OXO7FF_FFFF

0x0400_0000
OXO3FF_FFFF

0x0400_0000
OxO3FF_FFFF
0Xx00A0_0000
0X009F_FFFF

0x002F_FFFF [~ on-chip large-capacity
RAM 2

0x0000_0000 0x0000_0000|_Pages 0 to 4 (3 Mbytes)

Note 1. The address range from 0x2020_0000 to 0x202F_FFFF (page 4) is reserved in the RZ/A1LC.
Note 2. The address range from 0x0020_0000 to 0x002F_FFFF (page 4) is reserved in the RZ/A1LC.

Figure 5.4 Address Remapping

55.2 Operation

Addresses are remapped by setting the AXI128 bit in the remap register to 0. After address remapping, pages 0 to 4
(pages 0 to 3 in the RZ/A1LC) of the on-chip large-capacity RAM are allocated to addresses 0x0000 0000 to

0x009F FFFF. Note that the address range from 0x0030 0000 to 0x009F FFFF (0x0020 0000 to 0x009F FFFF in the
RZ/A1LC) is reserved. Do not access this area. To access the CS0 space after address remapping, use the mirror area for
the CSO space.

During address remapping, access to addresses 0x0000 0000 to 0x009F FFFF is prohibited. Accordingly, to modify the
remap register, use the following steps.

(1) Stop the bus masters except for Cortex-A9,
or make settings so that addresses 0x0000 0000 to 0xO09F FFFF are never accessed.
(2) Execute a program outside addresses 0x0000 0000 to 0x009F FFFF.
(3) After modifying the value of the remap register, execute a dummy read of the remap register.
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56 AXI Interconnect

5.6.1 Configuration

The AXIT interconnect in this LSI has a multi-layer configuration in all channels (five channels).
Figure 5.5 shows a conceptual diagram of the AXI interconnect configuration.

Bus master 0 Bus master 1

A A

AXI interconnect
Arbiter \ v Arbiter

[ o

Arbiter \ v Arbiter

A A

A Y

Bus slave 0 Bus slave 1

Figure 5.5 Conceptual Diagram of AXI Interconnect Configuration

5.6.2 Operation

In the AXI interconnect, the necessary wiring is prepared for connection between all bus masters and all bus slaves in all
channels. When bus masters and slaves access bus slaves and masters, transfer will proceed after bus arbitration by the
arbiter. The bus mastership priority changes in a round-robin manner. When multiple bus masters or slaves access
different bus slaves or masters, multiple accesses can be executed in parallel. However, when multiple bus masters or
slaves access a single bus slave or master at the same time, the bus arbiter executes bus arbitration. When a bus master or
slave cannot obtain the bus mastership, it enters a wait state until the bus master or slave that has the bus mastership
completes transfer unless the access destination bus master or slave cannot accept multiple transfers. When the
destination bus master or slave can accept multiple transfers, bus arbitration is done again with the next transfer timing.

5.7 Bus Bridges

Access from the north main bus to the south main bus is executed through a bus bridge. There are two bus bridges and
which bus bridge is used is determined depending on the slave area to be accessed. For assignment of the slave areas to
be accessed, see Table 5.5, Address Map.

Each bus bridge can accept up to eight transfers at the same time. Out-of-order transfer is also supported. Therefore,
when access to low-speed external ROM and access to on-chip high-speed RAM from different bus masters occur
sequentially in this order, the on-chip RAM access can be done without waiting for completion of the previous external
ROM access completion.
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5.8 AXI Protocol Control Signals

The AXI protocol control signals can be set as desired for each bus master. For details of the AXI protocol control
signals, refer to the AMBA AXI Protocol Specification prepared by Arm Ltd.

5.8.1 Bus Masters other than Cortex-A9, CoreSight, and the Direct Memory Access
Controller

(1) Cache Control Signals (ARCACHE[3:0] and AWCACHE[3:0])

Use the AXI bus control register (AXIBUSCTL) to make settings of the ARCACHE[3:0] and AWCACHE]J3:0] signals
for each bus master. Be sure to make settings while the target bus master does not use the AXI bus.

(2) Response Signals (RRESP[1:0] and BRESP[1:0])

Use the AXI bus response error status register (AXIRERRST) to read the RRESP[1:0] and BRESP[1:0] signals received
by each bus master. The register value is updated when a response error occurs. The status register value can be cleared
to 00 through the AXI bus response error clear register (AXIRERRCLR).

In addition, enabling interrupts through the AXI bus response error interrupt control register (AXIRERRCTL) allows an
interrupt to be generated when a response error occurs.

This interrupt should be used only for debugging purposes. Make sure that no response error occurs during system
operation.

(3) Protection unit information (ARPROTI[2:0], AWPROT[2:0])

Signals ARPROT[2:0] and AWPROT][2:0] are fixed as follows and cannot be modified.
ARPROT][2], AWPROT]J2]: 0 (data access)

ARPROT[1], AWPROTJ[1]: 1*(non-secure access)

ARPROT[0], AWPROTJO0]: 0 (normal access)

Note: * For the EthernetAVB, signals ARPROT[1] and AWPROTI1] are fixed to O (secure access).

(4) Atomic access (ARLOCK][1:0], AWLOCK]1:0])

Signals ARLOCK]1:0] and AWLOCK]1:0] are fixed as follows and cannot be modified.
ARLOCK]1:0], AWLOCK]1:0]: 00 (normal access)

58.2 Cortex-A9

For details on the Cortex-A9, refer to the Arm Architecture Reference Manual.

5.8.3 CoreSight

For details on CoreSight, refer to the technical reference manual issued by Arm Ltd.

The bus master side (AHB access port) of CoreSight is connected to the main bus via the AHB-AXI bus conversion
circuit.

The signals are converted as follows for connection to the AXI bus.

(1) Cache control (ARCACHE[3:0], AWCACHE[3:0])

ARCACHEJ[3], AWCACHE[3]: 0 when HPROT][3] is 0, 1 when HPROTJ[3] is 1.
ARCACHE][2], AWCACHE[2]: 0 when HPROT([3] is 0, 1 when HPROTJ[3] is 1.
ARCACHE[1], AWCACHE]1]: Value of HPROT[3] (cacheable)
ARCACHE[0], AWCACHE][O0]: Value of HPROT|2] (bufferable)
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(2) Response unit (RRESP[1:0], BRESP[1:0])

OKAY is returned when RRESP[1:0] and BRESP[1:0] are 00 or 01.
ERROR is returned when RRESP[1:0] and BRESP[1:0] are 10 or 11.

(3) Protection unit information (ARPROT[2:0], AWPROTI[2:0])
ARPROT][2], AWPROT]2]: Inverse of HPROTJ[0] (data/opcode)
ARPROT([1], AWPROT][1]: Fixed to 1 (non-secure access)

ARPROT[0], AWPROTJO0]: Value of HPROT[1] (privileged)

(4) Atomic access (ARLOCK][1:0], AWLOCK]1:0])
ARLOCK]1:0], AWLOCK]1:0]: Fixed to 00 (normal access)

5.84 Direct Memory Access Controller

For details on the direct memory access controller, refer to section 9, Direct Memory Access Controller.

585 Slave Area

The control signals are handled as follows by the modules in the slave area.

(1) Cache control (ARCACHE[3:0], AWCACHE[3:0])

The L2 cache memory and write buffer refer to these signals. Other modules in the slave area do not refer to them.

(2) Response unit (RRESP[1:0], BRESP[1:0])
See Table 5.5, Address Map.

(3) Protection unit information (ARPROT[2:0], AWPROT][2:0])

ARPROT][2], AWPROT]2] (instruction/data): The modules in the slave area do not refer to these signals.

ARPROT[1], AWPROT(1] (non-secure/secure): The interrupt controller and L2 cache memory refer to these signals.
Other modules in the slave area do not refer to them.

ARPROT[0], AWPROT]O] (privileged/user): The modules in the slave area do not refer to these signals.

(4) Atomic access (ARLOCK][1:0], AWLOCK]1:0])

This LSI does not support atomic access. Signals ARLOCK[1:0] and AWLOCK][1:0] should be fixed to 00 for normal
access by the bus master.”
Note: * This restriction means that instructions for exclusive access (LDREX, STREX, LDREXB, STREXB, LDREXD,

STREXD, LDREXH, STREXH) and semaphore instructions (SWP, SWPB) cannot be used by the Cortex-A9 in the

internal non-cacheable areas.

59 Write Buffers

A write buffer is provided at each connection between the north main bus and a peripheral bus and at each connection
between the media local bus and the north main bus, and CoreSight and the north main bus. When the AWCACHE[1:0]
cache control signals are set to cache-enabled or buffer-enabled (either of the AWCACHEJ1:0] signals is set to 1), the
write buffer sends a write completion response to the bus master before accessing the slave area under the write buffer.
At this time, even if a slave error response is returned from the slave area to be accessed, it is ignored.
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5. LSI Internal Bus

5.10

Register Descriptions

Table 5.6 shows the registers related to the internal bus.

Table 5.6 Register Configuration
Access
Register Name Abbreviation R/W Initial Value Address Size
Remap register RMPR R/W H'0000_0003 H'FCFE_1A00 32
AXI bus control register 0 AXIBUSCTLO R/W H'0000_0000 H'FCFE_1A04 32
AXI bus control register 2 AXIBUSCTL2 R/W H'0000_0000 H'FCFE_1A0C 32
AXI bus control register 5 AXIBUSCTL5 R/W H’0000_0000 HFCFE_1A18 32
(RZ/A1L only)
AXI bus control register 6 AXIBUSCTL6 R/W H’0000_0000 H'FCFE_1A1C 32
AXI bus control register 7 AXIBUSCTL7 R/W H’0000_0000 H'FCFE_1A20 32
AXI bus response error interrupt AXIRERRCTLO R/W H’0000_0000 H'FCFE_1A30 32
control register 0
AXI bus response error interrupt AXIRERRCTL2 R/W H’0000_0000 H'FCFE_1A38 32
control register 2
AXI bus response error status AXIRERRSTO R/W H’0000_0000 H'FCFE_1A40 32
register 0
AXI bus response error status AXIRERRST2 R/W H’0000_0000 H'FCFE_1A48 32
register 2
AXI bus response error clear register AXIRERRCLRO R/W H’0000_0000 H'FCFE_1A50 32
0
AXI bus response error clear register AXIRERRCLR2 R/W H’0000_0000 H'FCFE_1A58 32
2
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5.10.1 Remap Register (RMPR)

This register controls the address remapping function.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
RW: R R R R R R R R R R R R R R RW R
Initial
Bit Bit Name Value R/W Description
31to 2 — All O R Reserved
These bits are always read as 0. The write value should always be 0.
1 AXI128 1 R/W AX1128 Address Remapping
This bit enables or disables allocation of addresses H'0000_0000 to H'009F_FFFF
to on-chip RAM pages 0 to 4 (pages 0 to 3 in the RZ/A1LC).
0: Address remapping is enabled.
1: Address remapping is disabled.
0 — 1 R Reserved

This bit is always read as 1. The write value should always be 1.
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5. LSI Internal Bus

5.10.2

AXI Bus Control Register 0 (AXIBUSCTLO)

This register controls the cache operation for the JPEG codec unit (RZ/A1LU only) and Ethernet controller.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| — | — | — | — | JCUARCACHE[3:0]* | — | — | — | — | JCUAWCACHE[3:0]* |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R RW RW RW RW R R R R RW RW RW RW
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| — | — | = | — | ETHARCACHE[3:0] | — | — | — | — | ETHAWCACHE[3:0] |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R RW RW RW RW R R R R RW RW RW RW
Initial
Bit Bit Name Value R/W Description
31t028 — AllO R Reserved
These bits are always read as 0. The write value should always be 0.
27to24 JCUARCA 0000 R/W ARCACHE][3:0] Signals for JPEG Codec Unit
CHE[3:0]* These bits specify the system cache operation when the JPEG codec unit performs
read access. The values of these bits are used as the ARCACHE[3:0] signals for the
JPEG codec unit. Modify the values of these bits only while the JPEG codec unit
does not use the internal bus.
23t020 — AllO R Reserved
These bits are always read as 0. The write value should always be 0.
19to16 JCUAWCA 0000 R/W AWCACHE[3:0] Signals for JPEG Codec Unit
CHE[3:0]* These bits specify the system cache operation when the JPEG codec unit performs
write access. The values of these bits are used as the AWCACHE[3:0] signals for
the JPEG codec unit. Modify the values of these bits only while the JPEG codec unit
does not use the internal bus.
15t012 — AllO R Reserved
These bits are always read as 0. The write value should always be 0.
11t08 ETHARCA 0000 R/W ARCACHE([3:0] Signals for Ethernet Controller
CHE These bits specify the system cache operation when the Ethernet controller
[3:0] performs read access. The values of these bits are used as the ARCACHE[3:0]
signals for the Ethernet controller. Modify the values of these bits only while the
Ethernet controller does not use the internal bus.
7to4 — AllO R Reserved
These bits are always read as 0. The write value should always be 0.
3to0 ETHAWCA 0000 R/W AWCACHE[3:0] Signals for Ethernet Controller
CHE These bits specify the system cache operation when the Ethernet controller
[3:0] performs write access. The values of these bits are used as the AWCACHE[3:0]

signals for the Ethernet controller. Modify the values of these bits only while the
Ethernet controller does not use the internal bus.

Note: * These bits are only present in the RZ/A1LU. For the RZ/A1L and RZ/A1LC, the write value should always be 0.
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5.10.3 AXI Bus Control Register 2 (AXIBUSCTL2)

This register controls the cache operation for the capture engine unit.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I I S =
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R RW RW RW RW
Initial
Bit Bit Name Value R/W Description
31to4 — All0 R Reserved
These bits are always read as 0. The write value should always be 0.
3to0 CEUAWCA 0000 R/W AWCACHE[3:0] Signals for Capture Engine Unit

CHE
[3:0]

These bits specify the system cache operation when capture engine unit performs
write access. The values of these bits are used as the AWCACHE[3:0] signals for
capture engine unit. Modify the values of these bits only while capture engine unit
does not use the internal bus.

5.10.4 AXI Bus Control Register 5 (AXIBUSCTLS5)

This register is only provided in the RZ/A1L.
This register controls the cache operation for the media local bus.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MLBAXCACHE
— — — — — — — — — — — — — | — [1:0]
=[] -] |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R RW RW
Initial
Bit Bit Name Value R/W Description
31t02 — All0 R Reserved
These bits are always read as 0. The write value should always be 0.
1,0 MLBAXCA 00 R/W AWCACHE[3:0] and ARCACHE[3:0] Signals for Media Local Bus
CHE These bits specify the system cache operation when the media local bus performs
[1:0] read or write access. The values of these bits are used as the AWCACHE[3:0] and

ARCACHE[3:0] signals for the media local bus.

The MLBAXCACHE[0] value is used as ARCACHE[0] and AWCACHE[0] without
change.

When MLBAXCACHE[1] = 0, the ARCACHE[3:1] and AWCACHE[3:1] signals are all
set to 0.

When MLBAXCACHE[1] = 1, the ARCACHE[3:1] and AWCACHE[3:1] signals are all
setto 1.

Modify the values of these bits only while the media local bus does not use the
internal bus.
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5.10.5 AXI Bus Control Register 6 (AXIBUSCTLS)

This register controls the cache operation for video display controller 5.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| —_ | —_ —_ | —_ | VDC501ARCACHE[3:0] | - | —_ | — | —_ | VDC501AWCACHE[3:0] |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R RW R/W RW R/W R R R R RW R/W RW R/W
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[~ — ] — | — [ voosoaancacremor | — | — | — ] — | — | — | — | — |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R RW R/W RW R/W R R R R R R R R
Initial
Bit Bit Name Value R/W Description
31t028 — All0 R Reserved
These bits are always read as 0. The write value should always be 0.
27to24 VDC501AR 0000 R/W ARCACHE[3:0] Signals for Video Display Controller 5 IV3-BUS
CACHE These bits specify the system cache operation when the IV3-BUS of video display
[3:0] controller 5 performs read access. The values of these bits are used as the
ARCACHE[3:0] signals for the IV3-BUS of video display controller 5. Modify the
values of these bits only while video display controller 5 does not use the internal
bus.
23t020 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
19to 16  VDC501AW 0000 R/W AWCACHE[3:0] Signals for Video Display Controller 5 IV1-BUS
CACHE These bits specify the system cache operation when the IV1-BUS of video display
[3:0] controller 5 performs write access. The values of these bits are used as the
AWCACHE[3:0] signals for the IV1-BUS of video display controller 5. Modify the
values of these bits only while video display controller 5 does not use the internal
bus.
15t012 — AllO R Reserved
These bits are always read as 0. The write value should always be 0.
11to08 VDC502AR 0000 R/W ARCACHE][3:0] Signals for Video Display Controller 5 IV5-BUS
CACHE These bits specify the system cache operation when the 1V5-BUS of video display
[3:0] controller 5 performs read access. The values of these bits are used as the
ARCACHE][3:0] signals for the IV5-BUS of video display controller 5. Modify the
values of these bits only while video display controller 5 does not use the internal
bus.
7t00 — All0 R Reserved

These bits are always read as 0. The write value should always be 0.
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5.10.6 AXI Bus Control Register 7 (AXIBUSCTLY7)

This register controls the cache operation for video display controller 5.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[T =] -] woomccmma | -] —] || —]—] ]|
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R RW RW RW RW R R R R R R R R
Initial
Bit Bit Name Value R/W Description
31to12  — All O R Reserved
These bits are always read as 0. The write value should always be 0.
11to08 VDC504AR 0000 R/W ARCACHE[3:0] Signals for Video Display Controller 5 IV6-BUS
CACHE These bits specify the system cache operation when the 1V6-BUS of video display
[3:0] controller 5 performs read access. The values of these bits are used as the
ARCACHE([3:0] signals for the 1V6-BUS of video display controller 5. Modify the
values of these bits only while video display controller 5 does not use the internal
bus.
7to0 — All 0 R Reserved

These bits are always read as 0. The write value should always be 0.
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5. LSI Internal Bus

5.10.7

AXI Bus Response Error Interrupt Control Register 0 (AXIRERRCTLO)

This register controls AXI bus response error interrupts.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
JCUR ETHR
L= o] [ —Jowa] - [ -] -] -[-]-[-]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R RW R R R RW R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CEUR
-l -T-[-l-[&[-[-[-1-[-1-[-1-]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R RW R R R R R R R R
Initial
Bit Bit Name Value R/W Description
31029 — All0 R Reserved
These bits are always read as 0. The write value should always be 0.
28 JCURERR 0 R/W Response Error Interrupt Enable for JPEG Codec Unit
EN* Enables or disables interrupt requests when access from the JPEG codec unit
generates a response error.
0: Interrupt requests are disabled.
1: Interrupt requests are enabled.
27t025 — All0 R Reserved
These bits are always read as 0. The write value should always be 0.
24 ETHRERR 0 R/W Response Error Interrupt Enable for Ethernet Controller
EN Enables or disables interrupt requests when access from the Ethernet controller
generates a response error.
0: Interrupt requests are disabled.
1: Interrupt requests are enabled.
23t09 — All0 R Reserved
These bits are always read as 0. The write value should always be 0.
8 CEURERR 0 R/W Response Error Interrupt Enable for Capture Engine Unit
EN Enables or disables interrupt requests when access from capture engine unit
generates a response error.
0: Interrupt requests are disabled.
1: Interrupt requests are enabled.
7t00 — All0 R Reserved

These bits are always read as 0. The write value should always be 0.

Note: * This bit is only present in the RZ/A1LU. For the RZ/A1L and RZ/A1LC, the write value should always be 0.
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5. LSI Internal Bus

5.10.8

AXI Bus Response Error Interrupt Control Register 2 (AXIRERRCTLZ2)

This register controls AXI bus response error interrupts.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
|_ _|_VDC501_|_|_VDCSOZ_|_|_|_|_|_| VDC504
RERREN RERREN RERREN
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R RW R R R RW R R R R R R R RW
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R
Initial
Bit Bit Name Value R/W Description
31029 — All0 R Reserved
These bits are always read as 0. The write value should always be 0.
28 VDC501 0 R/W Response Error Interrupt Enable for Video Display Controller 5 IV1/3-BUS
RERREN Enables or disables interrupt requests when access from the IV1-BUS or IV3-BUS
of video display controller 5 generates a response error.
0: Interrupt requests are disabled.
1: Interrupt requests are enabled.
27t025 — All0 R Reserved
These bits are always read as 0. The write value should always be 0.
24 VDC502 0 R/W Response Error Interrupt Enable for Video Display Controller 5 IV5-BUS
RERREN Enables or disables interrupt requests when access from the IV5-BUS of video
display controller 5 generates a response error.
0: Interrupt requests are disabled.
1: Interrupt requests are enabled.
23to17 — All0 R Reserved
These bits are always read as 0. The write value should always be 0.
16 VDC504 0 R/W Response Error Interrupt Enable for Video Display Controller 5 IV6-BUS
RERREN Enables or disables interrupt requests when access from the IV6-BUS of video
display controller 5 generates a response error.
0: Interrupt requests are disabled.
1: Interrupt requests are enabled.
15t0 0 — All0 R Reserved

These bits are always read as 0. The write value should always be 0.
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5. LSI Internal Bus

5.10.9

AXI Bus Response Error Status Register 0 (AXIRERRSTO)

This register indicates occurrence of AXI bus response errors.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
JCURRESP JCUBRESP ETHRRESP ETHBRESP _ | _
| (1.0 | [1:01* | [1:0] | [0l |_|_| | |_|_|_|_|
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CEUBRESP
- T=F - -[-]-]-[-[-[-]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R
Initial
Bit Bit Name Value R/W Description
31, 30 JCURRESP 00 R RRESPI[1:0] Signals for JPEG Codec Unit
[1:0]* These bits indicate the RRESP[1:0] signals received by the JPEG codec unit. The
values of these bits are updated when a response error occurs.
00: OKAY
10: SLVERR
11: DECERR
29, 28 JCUBRESP 00 R BRESP[1:0] Signals for JPEG Codec Unit
[1:0]* These bits indicate the BRESP[1:0] signals received by the JPEG codec unit. The
values of these bits are updated when a response error occurs.
00: OKAY
10: SLVERR
11: DECERR
27, 26 ETHRRES 00 R RRESPI[1:0] Signals for Ethernet Controller
P[1:0] These bits indicate the RRESP[1:0] signals received by the Ethernet controller. The
values of these bits are updated when a response error occurs.
00: OKAY
10: SLVERR
11: DECERR
25,24 ETHBRESP 00 R BRESP[1:0] Signals for Ethernet Controller
[1:0] These bits indicate the BRESP[1:0] signals received by the Ethernet controller. The
values of these bits are updated when a response error occurs.
00: OKAY
10: SLVERR
11: DECERR
23t010 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
9,8 CEUBRES 00 R BRESP[1:0] Signals for Capture Engine Unit
P[1:0] These bits indicate the BRESP[1:0] signals received by capture engine unit. The
values of these bits are updated when a response error occurs.
00: OKAY
10: SLVERR
11: DECERR
7t00 — AllO R Reserved
These bits are always read as 0. The write value should always be 0.
Note: * These bits are only present in the RZ/A1LU. For the RZ/A1L and RZ/A1LC, these bits are always read as 0. The write

value should always be 0.
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5. LSI Internal Bus

5.10.10  AXI Bus Response Error Status Register 2 (AXIRERRST2)

This register indicates occurrence of AXI bus response errors.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
VDC501RRESP | VDC501BRESP | VDC502RRESP VDC504RRESP
e il el I I I I I I i I
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R
Bit:|15|14|13|12|11|10|9|8|7|6|5|4|3|2|1|0|
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R
Initial
Bit Bit Name Value R/W Description
31,30 VDC501RR 00 R RRESPI[1:0] Signals for Video Display Controller 5 IV3-BUS
ESP These bits indicate the RRESP[1:0] signals received by the 1V3-BUS of video
[1:0] display controller 5. The values of these bits are updated when a response error
occurs.
00: OKAY
10: SLVERR
11: DECERR
29, 28 VDC501BR 00 R BRESP[1:0] Signals for Video Display Controller 5 IV1-BUS
ESP These bits indicate the BRESP[1:0] signals received by the IV1-BUS of video
[1:0] display controller 5. The values of these bits are updated when a response error
occurs.
00: OKAY
10: SLVERR
11: DECERR
27,26 VDC502RR 00 R RRESPI[1:0] Signals for Video Display Controller 5 IV5-BUS
ESP These bits indicate the RRESP[1:0] signals received by the 1V5-BUS of video
[1:0] display controller 5. The values of these bits are updated when a response error
occurs.
00: OKAY
10: SLVERR
11: DECERR
25020 — All0 R Reserved
These bits are always read as 0. The write value should always be 0.
19, 18 VDC504RR 00 R RRESPI[1:0] Signals for Video Display Controller 5 IV6-BUS
ESP These bits indicate the RRESP[1:0] signals received by the 1V6-BUS of video
[1:0] display controller 5. The values of these bits are updated when a response error
occurs.
00: OKAY
10: SLVERR
11: DECERR
17100 — All 0 R Reserved

These bits are always read as 0. The write value should always be 0.
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5. LSI Internal Bus

5.10.11

AXI Bus Response Error Clear Register 0 (AXIRERRCLRO)

This register clears the AXI bus response error status.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
JCU JCU ETH ETH
|—|RRESP —|BRESP —|RRESP|—|BRESP|—|—|—|—|—|—|—|—|
CLR* CLR* CLR CLR
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R RW R RW R RW R RW R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
=l [-[- - fe]-[-J-[-[-]-[-]-]
. — — - — . — CLR — - — — — —
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R RW R R R R R R R R
Initial
Bit Bit Name Value R/W Description
31 — 0 R Reserved
This bit is always read as 0. The write value should always be 0.
30 JCURRESP 0 R/W JCURRESP[1:0] Clear
CLR* Writing 1 to this bit clears the JCURRESP[1:0] bits to 00.
This bit is always read as 0.
29 — 0 R Reserved
This bit is always read as 0. The write value should always be 0.
28 JCUBRESP 0 R/W JCUBRESP[1:0] Clear
CLR* Writing 1 to this bit clears the JCUBRESP[1:0] bits to 00.
This bit is always read as 0.
27 — 0 R Reserved
This bit is always read as 0. The write value should always be 0.
26 ETHRRESP 0 R/W ETHRRESP[1:0] Clear
CLR Writing 1 to this bit clears the ETHRRESP[1:0] bits to 00.
This bit is always read as 0.
25 — 0 R Reserved
This bit is always read as 0. The write value should always be 0.
24 ETHBRESP 0 R/W ETHBRESP[1:0] Clear
CLR Writing 1 to this bit clears the ETHBRESP[1:0] bits to 00.
This bit is always read as 0.
23t09 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
8 CEUBRESP 0 R/W CEUBRESP[1:0] Clear
CLR Writing 1 to this bit clears the CEUBRESP[1:0] bits to 00.
This bit is always read as 0.
7to0 — All 0 R Reserved

These bits are always read as 0. The write value should always be 0.

Note: * This bit is only present in the RZ/A1LU. For the RZ/A1L and RZ/A1LC, the write value should always be 0.
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5. LSI Internal Bus

5.10.12

AXI Bus Response Error Clear Register 2 (AXIRERRCLR2)

This register clears the AXI bus response error status.

Bit: 31 30 29 28 27 26 25 24 23 22 2] 20 19 18 17 16
VDC501 VDC501 VDC502 VDC504
|—|RRESP|—|BRESP|—|RRESP|—|—|—|—|—|—|—|RRESP|—|—|
CLR CLR CLR CLR
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R RW R RW R RW R R R R R R R RW R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R
Initial
Bit Bit Name Value R/W Description
31 — 0 R Reserved
This bit is always read as 0. The write value should always be 0.
30 VDC501 0 R/wW VDC501RRESP[1:0] Clear
RRESP Writing 1 to this bit clears the VDC501RRESP[1:0] bits to 00.
CLR This bit is always read as 0.
29 — 0 R Reserved
This bit is always read as 0. The write value should always be 0.
28 VDC501 0 R/W VDC501BRESPI[1:0] Clear
BRESP Writing 1 to this bit clears the VDC501BRESP[1:0] bits to 00.
CLR This bit is always read as 0.
27 — 0 R Reserved
This bit is always read as 0. The write value should always be 0.
26 VDC502 0 R/wW VDC502RRESP[1:0] Clear
RRESP Writing 1 to this bit clears the VDC502RRESP[1:0] bits to 00.
CLR This bit is always read as 0.
25t019 — All O R Reserved
These bits are always read as 0. The write value should always be 0.
18 VDC504 0 R/wW VDC504RRESP[1:0] Clear
RRESP Writing 1 to this bit clears the VDC504RRESP[1:0] bits to 00.
CLR This bit is always read as 0.
17to 0 — All 0 R Reserved

These bits are always read as 0. The write value should always be 0.
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5.11 Interrupt Request

When a decode error or a slave error occurs, an AXI bus response error interrupt request (PRRI) is issued.

An interrupt request is issued when a response is returned from the bus for which interrupt requests are enabled through
the AXI bus response error interrupt control register (AXIRERRCTL). To check the response error type, read the AXI
bus response error status register (AXIRERRST). To clear the interrupt request, clear the AXI bus response error status
register through the AXI bus response error clear register (AXIRERRCLR).

This interrupt should be used only for debugging purposes. Make sure that no response error occurs during system

operation.
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6.

Clock Pulse Generator

This LSI has a clock pulse generator that generates a CPU clock (I¢), internal bus clock (Beg), peripheral clock 1 (P1o),
and peripheral clock 0 (POg). The clock pulse generator consists of a crystal oscillator, PLL circuits, and divider circuits.

6.1

Features

Clock types
A CPU clock (Ip); an internal bus clock (Bo); peripheral clock 1 (P1¢ = CKIO) for the external bus interface;
peripheral clock 0 (POg) for the on-chip peripheral modules

Frequency change function
The CPU clock frequency can be changed using the PLL (phase locked loop) circuits and divider circuits within this
module. The frequency is changed by software using frequency control register (FRQCR) setting.

Power-down mode control

The clock can be stopped in sleep mode, software standby mode, and deep standby mode, and specific modules can
be stopped using the module standby function. For details on clock control in the power-down modes, see section
42, Power-Down Modes.

SSCG function
The CPU's internal PLL (phase locked loop) circuit includes an SSCG (spread spectrum clock generator).
The SSCG can be used to decrease the peak value of EMI (electromagnetic interference) noise by frequency
modulation, that is, by slightly modulating the output frequency.
The specification of the SSCG for this LSI is as follows.
—Specification of SSCG

(1) Modulation waveform (modulation profile): Triangle wave

(2) Type of spreading: Down-spreading

(3) Modulation rate: -3.3% (clock mode 0), -3.1% (clock mode 1)

(4) Modulation frequency: 20.00 to 26.67 kHz (frequency on the EXTAL pin + 500)

24.00 kHz (frequency on the USB_X1 pin x (1/4) + 500)
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6. Clock Pulse Generator

Figure 6.1 shows a block diagram of the clock pulse generator.
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Figure 6.1 Block Diagram
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The blocks of this module function as follows:

(1) Crystal Oscillator

A crystal oscillator is connected to the XTAL and EXTAL pins or to the USB_X2 and USB_X1 pins. Either the EXTAL
or USB X1 pin is selected by the clock mode settings.

(2) PLL Circuit

The PLL circuit is capable of multiplying the frequency of the input clock signal from the EXTAL pin by 30. If the input
clock signal from the USB_X1 pin is selected, the frequency is multiplied by 32.

(3) Divider 1 and Divider 2

The ratio for frequency division by divider 1 is fixed to 1/1 for the input from the EXTAL pin and 1/4 for the input from
the USB_X1 pin.

Divider 2 generates a clock signal whose operating frequency can be used for the CPU clock, internal bus clock,
peripheral clock 1, and peripheral clock 0. The division ratio of the CPU clock is set by the frequency control register
(FRQCR). The division ratios for peripheral clocks 1 and 0 are fixed to 1/6 and 1/12, respectively.

(4) Clock Frequency Control Circuit

The clock frequency control circuit controls the clock frequency using the frequency control register (FRQCR).

(5) Standby Control Circuit

The standby control circuit controls the states of the on-chip oscillation circuit and other modules during clock switching,
or, software standby or deep standby mode.

In addition, the standby control register is provided to control the power-down mode of other modules. For details on the
standby control register, see section 42, Power-Down Modes.

(6) Frequency Control Register (FRQCR)

The frequency control register (FRQCR) has control bits assigned for the following functions: clock output/non-output
from the CKIO pin during software standby mode or deep standby mode and the frequency division ratio of the CPU
clock (Ig).

(7) SSCG Circuit

Operation of the SSCG circuit is switched on or off (enabled or disabled) by the MD CLKS pin. When the SSCG
function is disabled, all of the internal clock frequencies are fixed, i.e. not modulated. When the SSCG function is
enabled, the frequencies of clock signals supplied to peripheral modules other than those listed below are modulated.

Peripheral modules to which non-modulated clock signals are supplied:
[EBus™ controller (RZ/A1L only), multi-function timer pulse unit 2, serial communications interface with FIFO, CAN
interface, OS timer, LIN interface (RZ/A1L only), and serial communication interface.
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6.2 Input/Output Pins

Table 6.1 lists the clock pulse generator pins and their functions.

Table 6.1 Pin Configuration and Functions of the Clock Pulse Generator

Pin Name Symbol 110 Function

Mode control pin MD_CLK Input Switches between the EXTAL input and the USB_X1 input.
MD_CLKS Input Enables or disables the SSCG circuit.

Crystal input/output pins XTAL Output Connected to the crystal resonator. (Leave this pin open when the

(clock input pins) crystal resonator is not in use.)
EXTAL Input Connected to the crystal resonator or used to input external clock.
USB_X2 Output Connected to the crystal resonator. (Leave this pin open when the

crystal resonator is not in use.)

USB_X1 Input Connected to the crystal resonator or used to input external clock.

Clock output pin CKIO Output Clock output pin.
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6.3 Clock Mode

Table 6.2 indicates the input/output clock frequency. Table 6.3 shows the usable frequency ranges.

Table 6.2 Input/Output Clock Frequency
Mode MD_CLK Clock 110
Pin Setting  Source Output Divider 1 PLL Circuit CKIO Frequency
0 0 EXTAL/crystal CKIO 1 ON (x30) (EXTAL/crystal
resonator resonator) x5
1 1 USB_X1/crystal CKIO 1/4 ON (x32) (USB_X1/crystal
resonator resonator) x5

In clock mode 0, the clock signal is the input from the EXTAL pin or the crystal oscillator. The PLL circuit shapes
waveforms and multiples the frequency, and then supplies the clock to the LSI. The oscillating frequency for the crystal
resonator and EXTAL pin input clock ranges from 10 to 13.33 MHz. The frequency range of CKIO is from 50 to 66.67
MHz.

In clock mode 1, the clock signal is the input from the USB_X1 pin or the crystal oscillator. The PLL circuit shapes
waveforms and multiples the frequency, and then supplies the clock to the LSI. The oscillating frequency for the crystal
resonator and USB_X1 pin input clock is 48 MHz. The frequency of CKIO is 64 MHz.

When changing the frequency, be sure to set the standby mode_en bit of the power control register in the PL310. For
details on the register, see CoreLink Level 2 Cache Controller L2C-310 Technical Reference Manual issued by Arm Ltd.

After the setting of IFC[1:0] in the frequency control register is changed, the hardware automatically stops the bus master
and starts changing the frequency following the wait for completion of the issuing-finished request from the bus master.
Since processing to change the frequency cannot start if completion of the issuing-finished request is not possible at this
time, do not proceed with access to the registers of modules in the module-standby state and so on. Furthermore, as the
issuing of unintended requests by the bus master is inhibited, using software to stop all bus masters in preparation for

proceeding to change the frequency is also effective.

Table 6.3 Settable Frequency Ranges

PLL
Frequency
Multiplier Selectable Frequency Range (MHz)
FRQCR Ratio of Internal Clock Output Internal Peripheral Peripheral
Setting Frequencies Input Clock CPU Clock Bus Clock Clock 1 Clock 0
Mode 1 PLL Circuit (1: B:P1:P0)2 Clock™3 (CKIO Pin) (lp) (Bo) (P19) (POg)
0 H'x035 ON (x 30) 30:10:5:5/2 10.00 to 50.00 to 300.00 to 100.00to  50.00 to 25.00 to
13.33 66.67 400.00 133.33 66.67 33.33
H'x135 20:10:5:5/2 200.00 to
266.67
H'x335 10:10:5:5/2 100.00 to
133.33
1 H'x035 ON (x 32) 8:8/3:4/3:2/3 48.00 64.00 384.00 128.00 64.00 32.00
H'x135 16/3:8/3:4/3:2/3 256.00
H'x335 8/3:8/3:4/3:2/3 128.00

Note 1. x in the FRQCR register setting depends on the set value in bits 12, 13, and 14.

Note 2. The ratio of clock frequencies, where the input clock frequency is assumed to be 1.

Note 3. In clock mode 0, the frequency of the EXTAL pin input clock or the crystal resonator.
In clock mode 1, the frequency of the USB_X1 pin input clock or the crystal resonator.

Caution: Do not use this LSI for frequency settings other than those in Table 6.3.
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The clock source of the chip is switched by the setting of the MD_CLK pin while the RES pin is being held low. The
following table shows the correspondence between clock source and pin settings.

Table 6.4 Clock Source Selection
MD_CLK Pin Setting Clock Source
0 EXTAL/crystal resonator
1 USB_X1/crystal resonator

The SSCG function of the chip is switched on or off by the setting of the MD_CLKS pin while the RES pin is being held
low. The following table shows the correspondence between SSCG operation and pin settings. Note that the pin setting
does not affect the PLL frequency multipliers and division ratios for individual clock signals.

Table 6.5 SSCG Operation Setting

MD_CLKS Pin Setting SSCG Operation
0 Off
1 On
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6.4 Register Descriptions

Table 6.6 shows the register configuration of the clock pulse generator.

Table 6.6 Register Configuration

Register Name Abbreviation R/W Initial Value Address Access Size
Frequency control FRQCR R/wW H'0335 H'FCFE0010 16
register

6.4.1 Frequency Control Register (FRQCR)

FRQCR is a 16-bit readable/writable register used to specify whether a clock is output from the CKIO pin during normal
operation mode, change of gain of crystal oscillator for the XTAL pin, software standby mode, deep standby mode, and
standby mode cancellation. The register specifies the frequency division ratio for the CPU clock (I¢). FRQCR can be
accessed in 16-bit units.
Bt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ - [ &S] oroenpioy [ - | - | gt |- ] - [ -] -] -] -] -] -]
Initial value: 0 0 0 0 0 0 1 1 0 0 1 1 0 1 0 1
RW: R RW RW RW R R RW RW R R R R R R R R

Initial
Bit Bit Name Value R/W Description
15 — 0 R Reserved
This bit is always read as 0. The write value should always be 0.
14 CKOEN2 0 R/W Clock Output Enable 2

Specifies whether the CKIO pin outputs clock signals or is fixed to the low
level when the gain of the crystal oscillator for the XTAL pin is changed.
If this bit is set to 1, the CKIO pin is fixed to the low level when the gain of
the crystal oscillator for the XTAL pin is changed. Therefore, the
malfunction of an external circuit caused by an unstable CKIO clock while
changing the gain of the crystal oscillator for the XTAL pin can be
prevented.

0: Unstable clock output

1: Low-level output

13,12 CKOEN[1:0] 00 R/W Clock Output Enable
These bits specify whether the CKIO pin outputs clock signals, or is set to
a fixed level or high impedance (Hi-Z) during normal operation mode,
deep standby mode, software standby mode, or cancellation of standby
mode.
If these bits are set to 01, the CKIO pin is fixed at low during deep
standby mode, software standby mode, or cancellation of software
standby mode. Therefore, the malfunction of an external circuit caused by
an unstable CKIO clock during cancellation of software standby mode
can be prevented.
Table 6.7 lists CKOEN][1:0] settings.

11,10 — 00 R Reserved
These bits are always read as 0. The write value should always be 0.
9,8 IFC[1:0] 11 R/W CPU Clock Frequency Division Ratio

These bits specify the frequency division ratio of the CPU clock with
respect to the output frequency of PLL circuit. Note: See section 6.5.1.
00: 1/1 time

01: 2/3 time

10: Reserved (setting prohibited)

11: 1/3 time

7,6 — 00 R Reserved
These bits are always read as 0. The write value should always be 0.

RO1UH0437EJ0600 Rev.6.00 RENESAS 6-7
Jan 29, 2021



RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 6. Clock Pulse Generator

Initial

Bit Bit Name Value R/W Description
54 — 11 R Reserved

These bits are always read as 1. The write value should always be 1.
3 — 0 R Reserved

This bit is always read as 0. The write value should always be 0.
2 — 1 R Reserved

This bit is always read as 1. The write value should always be 1.
1 — 0 R Reserved

This bit is always read as 0. The write value should always be 0.
0 — 1 R Reserved

This bit is always read as 1. The write value should always be 1.

Table 6.7 CKOENI[1:0] Settings

Setting Normal Operation Software Standby Mode Deep Standby Mode*

00 Output Output off (Hi-Z) Output off (Hi-Z)

01 Output Low-level output Low-level output

10 Output Output (unstable clock output) Low-level or high-level output
11 Output off (Hi-Z) Output off (Hi-Z) Output off (Hi-Z)

Note: * Note that the first cycle of the output CKIO clock may be missing after release from deep standby.
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6.5 Changing the Frequency

The frequency of the CPU clock (I) can be changed by changing the division rate of divider. The division rate can be
changed by software through the frequency control register (FRQCR).

6.5.1 Changing the Division Ratio

The division rate of divider can be changed by the following operation.

1. In the initial state, IFC[1:0] = B'l1.
2. Set the desired value in the IFC[1:0] bits. Note that if the wrong value is set, this LSI will malfunction.
3. After the register bits (IFC[1:0]) have been set, the clock is supplied of the new division ratio.

Note: When executing the WFI instruction after changing the frequency, be sure to read the frequency control register
(FRQCR) to confirm that the new setting is in place and read the ISBUSYO bit in the CPU status register
(CPUSTYS) to confirm that it is set to 0 beforehand.

For the CPUSTS register, see section 42, Power-Down Modes.
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6.6 Usage of the Clock Pins

For the connection of a crystal resonator or the input of a clock signal, this LSI circuit has the pins listed in Table 6.8.
With regard to these pins, take care on the following points. Furthermore, Xin pin and Xout pin are used in this section to
refer to the pins listed in the table.

Table 6.8 Clock Pins

Xin Pins
(Used for Connection of a Crystal Resonator and Input of Xout Pins
External Clock Signals) (Used for Connection of a Crystal Resonator)
EXTAL XTAL
USB_X1 USB_X2
AUDIO_X1 AUDIO_X2
RTC_X1 RTC_X2
6.6.1 In the Case of Inputting an External Clock

An example of the connection of an external clock is shown in Figure 6.2. In cases where the Xout pin is left open state,
take the parasitic capacitance as less than 10 pF.

This LSI
External clock input I | I | I | ——Pq Xin
Open state ——— ] Xout
Figure 6.2 Example of the Connection of an External Clock
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6.6.2 In the Case of Using a Crystal Resonator

An example of the connection of crystal resonator is shown in Figure 6.3.

Place the crystal resonator and capacitors (CL1 and CL2) as close to pins Xin and Xout as possible. Furthermore, to
avoid inductance so that oscillation is correct, use the points where the capacitors are connected to the crystal resonator
in common and do not place wiring patterns close to these components.

Since the design of the user board is closely connected with the effective characteristics of the crystal resonator, refer to
the example of connection of the crystal resonator that is introduced in this section and perform thorough evaluation on
the user side as well. The rated value of the crystal resonator will vary with the floating capacitances and so on of the
crystal resonator and mounted circuit, so proceed with decisions on the basis of full discussions with the maker of the
crystal resonator. Ensure that voltages applied to the clock pins do not exceed the maximum rated values.

Although the feedback resistor is included in this LSI, an external feedback resistor may be required in some cases. This
depends on the characteristics of the crystal resonator.

Set the parameters (of resistors and capacitors) with thorough evaluation on the user side.

This LSI
CL1

1 J_ D3
Crystal

resonator
CL2
11 A xXout AAA : 'l>" o To internal

LA} v vy vy sections

Xin

AAA

py
o
T
AA
Yvy
ey
T

Rop Rip
™
Figure 6.3 Example of the Connection of a Crystal Resonator
6.6.3 In the Case of Not Using the Clock Pin

In cases where the pins are not in use, fix the level on the Xin pin (pull it up or down, or connect it to the power-supply or
ground level), and leave the Xout pin open state.
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6.7 Oscillation Stabilizing Time
6.7.1 Oscillation Stabilizing Time of the On-chip Crystal Oscillator

In the case of using a crystal resonator, wait for the oscillation stabilizing time of the on-chip oscillation circuit at the
following cases, to keep the oscillation stabilizing time of the on-chip crystal oscillator (in the case of inputting an
external clock input, it is not necessary).

e Poweron

¢ Releasing the software standby mode or deep standby mode by RES pin

e Changing from halting oscillation to running oscillation by power-on reset or register setting (AUDIO_X1)

¢ Changing from halting oscillation to running oscillation by register setting (RTC_X1)

e Changing the gain of the on-chip crystal oscillator by RES pin (EXTAL)

6.7.2 Oscillation Stabilizing Time of the PLL circuit

The clock from EXTAL is supplied to the PLL circuit. So, regardless of whether using a crystal resonator or inputting an
external clock from EXTAL, wait for at least the oscillation stabilizing time at the following cases, to keep the oscillation
stabilizing time of the PLL circuit.

e Power on (in the case of using the crystal resonator)/start inputting external clock (in the case of inputting the
external clock)

e Releasing the software standby mode or deep standby mode by RES pin

[Remarks]
The oscillation stabilizing time is kept by the counter running in the LSI at the following cases.

e Releasing the software standby mode or deep standby mode by the other than RES pin
¢ Changing the gain of the on-chip crystal oscillator by the register setting (EXTAL)
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6.8 Notes on Board Design
6.8.1 Note on Using a PLL Oscillation Circuit

In the PLLVcce connection pattern for the PLL, signal lines from the board power supply pins must be as short as possible
and pattern width must be as wide as possible to reduce inductive interferences.

Since the analog power supply pins of the PLL are sensitive to the noise, the system may malfunction due to inductive
interference at the other power supply pins. To prevent such malfunction, the analog power supply pins and the digital
power supply pins Vce and PVec should not supply the same resources on the board if at all possible.
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6. Clock Pulse Generator

6.9 Definition of Modulation Rate and Frequency in the SSCG Specification

The SSCG circuit can be used to decrease the peak value of electromagnetic interference noise by frequency modulation,

i.e. by slightly modulating the output frequency. In this case, the rate of change in the frequency and the size of the

change to the input clock frequency are defined as the modulation rate and modulation frequency, respectively. Figure

6.4 shows the modulation rate and modulation frequency.

Frequency

A

Center frequency (f0)

1/modulation frequency

Output signal

0 - 3.3% (clock mode 0),
0 -3.1% (clock mode 1)

\

Modulation rate

Figure 6.4 Definition of SSCG Modulation Rate and Frequency
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6.10 Clock Signals
6.10.1 Clock Signals for the System and Realtime Clock
Clock pulse generator
P e e e e e e e e e e e e e e e = ——— -
1 ]
! Divider 1 Divider 2 !
: x 1 PLL circuit X < CPU clock
1 _> Lol
H x 1/4 (x30,32) [ > ]x 2/3 p-[ ! (I9 max. 400.00 MHz)
' x1/3 '
, SSCG !
: circuit > !
, 1 Internal bus clock
i 1 (B¢ max. 133.33 MHz)
10.00 to : !
13.33 MHz 1 Crvetal «1/6 1y Peripheral clock 1
= ! | Crysta 1 (P1¢ max. 66.67 MHz
XTAL 1 |oscillator > . (P10 )
1 > ' External bus clock
EXTAL |z|-:—f—> — (CKIO max. 66.67 MHz)
1 ]
! x1/12  |—————p Peripheral clock 0
i 1 (PO$ max. 33.33 MHz)
Crystal (
USB_X2 g—.—' ! =] 1
- , [oscillator > x1/6 |——— g Peripheral clock 1C
1 = 1
UsB X1 & s t ; (P1¢ max. 66.67 MHz)
1 x1/12 |—————pp Peripheral clock 0C
48 MHz ' (PO max. 33.33 MHz)
i ‘
L 1
Realtime clock Peripheral clocks 0C and 1C:
y - TTTTTTTTTTTTT T T T T These clock signals are not frequency-modulated even
R | ifthe SSCG function is enabled.
: '
1 ]
1 ]
! p| Divider [—128Hz |
32.768 KHz c : 1 1
rysta ! !
RTC_x2 [ oscillator e : _ :
Lol 1
1 1

RTC_X1 IZI—f—>

Figure 6.5

Clock Signals for the System and Realtime Clock
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6.10.2 Audio and USB Clock Signals

Max. 50.00 MHz
Crystal
AUDIO_X2 g_oscillator_>

AUDIO_X1 IZI—‘—»

»[X] AUDIO_XOUT

Serial sound interface channels 0 to 3

— =X AUDIO_XOUT2

_ — X AUDIO_XOUT3
o o Oversampling
1 Divider [ > ¢jock SCUX
! kil
Renesas SPDIF
Max. 50.00 MHz
AUDIO—CLKE > Oversampling P
clock
> Chamnels0to3 ___________ i}
L |
T > I
I - ]
1 » :
Lg T
: Divider . !
) X > Input \
Media local bus (RZ/A1L only) : > > timing !
I ]
I
Max. 49.2544 MHz : SSIWS0 :
Oversampling — 1
MLB_CLK X > ! to i
- clock ! SSIWS3 !
E > —> |
12 MH jili |
y4 : ! L 1
Crystal USB2.0 host/function interface Peripheral, |
XTAL oscillator| ™| - clock1 | > |
= ; ». P> Divider Output !
X 3 » 112 ming !
EXTAL : timing H
1
aal® 1P0LL40) -3 Divider oM . > :
Crystal ’ communicgtipn ! !
USB_X2 B——occillator [ ™| o lock e - !
USB_X1 E—*—>
48 MHz
Figure 6.6 Audio and USB Clock Signals
6.10.3 Video Image Clock Signals
Video display controller 5
Max. 87 MHz
DVO_ CLK [X = Video input clock
Max. 87 MHz - Pixel clock
LCDO_EXTCLK X B> Divider|—»
Peripheral clock 1 —»-
Capture engine unit
VIO_CLK BR—"—>
Figure 6.7 Video Image Clock Signals
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6.10.4 Other Clock Signals

CAN interface

Peripheral 1/2 )
4.00 to 33.33 MHz clock 1C Oversampling

CAN CLK [ > clock

IEBus™ Controller (RZ/A1L only)

Peripheral clock 0C »
Fixed to 32 MHz

Debugger interface (CoreSight)

TKE——>

Ethernet controller

ET_TXCLKB———
ET_RXCLK——«———p»

EthernetAVB (RZ/A1LU only)

ET_TXCLKB——
ET_RXCLKB———p
AVB_GPTP_EXTERNK———p>

Figure 6.8 Clock Signals for Other Modules
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6.10.5 Internal Clock Signals (1)

CPU clock

(I max. 400.00 MHz) Module standby signals

4 \

Internal bus clock
(B max. 133.33 MHz)

J

Module standby signals

~

CPU

Secondary cache

SPI multi I/0 bus controller
Ethernet controller

EthernetAVB (RZ/A1LU only)
Media local bus (RZ/A1L only)
Video display controller 5

JPEG codec unit (RZ/A1LU only)
Capture engine unit

Internal buses (north main bus, AX164IC2 bus,
AHB32IC3 bus, peripheral bus 6, south main bus,
AX1128IC2 bus, AXI1128IC3 bus)

Interrupt controller

Direct memory access controller

Large-capacity on-chip RAM

- ' ! Debugger interface (CoreSight)
F:;f:gj_l glg_(ék?l/le) ' D ,: USB 2.0 host/function interface, 2 channels
_________ A/D converter
CD-ROM decoder (RZ/A1L only)
SD host interface
MMC host interface
Serial sound interface, 4 channels
SCUX
Renesas serial peripheral interface, 3 channels
Renesas SPDIF
Media local bus (RZ/A1L only)
Video display controller 5
JPEG codec unit (RZ/A1LU only)
Internal buses (peripheral buses 3, 4, 5, and 7)
General input/output port
Bus state controller
Figure 6.9 Distribution of Internal Clock Signals (1)
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6.10.6 Internal Clock Signals (2)

Peripheral clock 1C
(P14 max. 66.67 MHz)

Peripheral clock 0

’

(PO max. 33.33 MHz)

1
'
'
\

\

g

Peripheral clock 0C
(PO max. 33.33 MHz)

/o

.

Serial communication interface with FIFO, 5 channels

Serial communication interface, 2 channels
CAN interface, 2 channels

Internal bus (peripheral buses 3 and 4)
Interrupt controller
Direct memory access controller

Realtime clock
I2C bus interface, 4 channels
Video display controller 5

Internal bus (peripheral buses 1 and 2)
Interrupt controller

Direct memory access controller
Watchdog timer

General input/output port

OS timer, 2 channels
Multi-function timer pulse unit 2
IEBus™ controller (RZ/A1L only)
LIN interface (RZ/A1L only)

Internal buses (peripheral buses 1 and 2)
Interrupt controller
Direct memory access controller

Figure 6.10 Distribution of Internal Clock Signals (2)
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6.11 Usage Note

6.11.1 Notes on the SSCG

When the SSCG is to be used, secure the SSCG stabilizing time (tggcg) shown in Table 47.5, Clock Timing in section
47, Electrical Characteristics. Furthermore, avoid deep standby while the SSCG is in use.
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7. Interrupt Controller

The interrupt controller ascertains the priority of interrupt sources and controls interrupt requests to the CPU. The
interrupt controller registers set the order of priority of each interrupt, allowing the user to process interrupt requests
according to the user-set priority.

71 Features
e 32 levels of interrupt priority can be set.

By setting the interrupt priority registers, the priorities of IRQ interrupts, on-chip peripheral module interrupts, and
pin interrupts can be selected from 32 levels for request sources.

e NMI noise canceler function
An NMI input-level bit indicates the NMI pin state. By reading this bit in the interrupt exception service routine, the
pin state can be checked, enabling it to be used as the noise canceler function.

e Arm PrimeCell® generic interrupt controller (PL390)*

Note: * The PL390 supports version 1 of the specification for the architecture of the Arm generic interrupt controller
(GIC).
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Figure 7.1 shows a block diagram.

Peripheral bus

Interrupt request

|
,
NMI ——]

L

Input

'
' control
IRQ7 to IRQ0 ——#

Direct memory access controller ! (Interrupt request;
USB 2.0 host/function module —(Interrupt request)
Video display controller 5 —-(Nterrupt request)
JPEG code unit (RZ/ALU only) —-{Interrupt request)
0s timer —{Interrupt request)
Interrupt request
Bus state controller —-{ upt request)
Watchdog timer _(_: Interrupt request)
Multi-function timer pulse unit2 —* (Interrupt request)
12-bit A/ID converter —L(Interrupt request)
0
Serial sound interface —(Interrupt request)
'
Renesas SPDIF interface —u(Interrupt request)
I2C bus interface _MM@]—>
Serial communication interface with FIFO _._('“irrupt request)
CAN interface Interrupt request;
Renesas serial peripheral interface ! (Interrupt request’
IEBus™ controller (RZ/A1L only) —{interrupt request
CD-ROM decoder (RZ/A1L only) —-{lnterrupt request)
MMC host interface " (interrupt request
SD host interface Jlnﬁm‘p‘ request)
Realtime clock Jlr\irrupt request)
SCUX | (Interrupt request)

YYvyvyvyvy

Yy

Media local bus (RZ/A1L only) —1(nterrupt request)
LIN interface (RZ/A1L only) —:—('”‘ﬂp‘ﬁ@)—b
Serial communication interface —{Interrupt request)
EthernetAVB (RZ/ATLU only) —-(Nterrupt request)
Ethernet controller —(Interrupt request)

Capture engine unit _'_(Inﬁrrup( request)

On-chip RAM ! (Interrupt request)

Internal bus 1 (Interrupt request)

fYyvvy

Pin interrupts

TINT121 to TINTO

GIC - CPU

Priority
identifier

L

Figure 7.1

Block Diagram

7.2 Input/Output Pins

Table 7.1 shows the pin configuration.

Table 7.1

Pin Name

Pin Configuration

Symbol 110

Function

Nonmaskable interrupt input pin NMI Input

Input of nonmaskable interrupt request signal

Interrupt request input pins

IRQ7 to IRQO Input

Input of maskable interrupt request signals

TINT121 to TINTO Input

Input of maskable interrupt request signals
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7.3 Register Descriptions

Table 7.2 shows the register configuration. These registers are used to set the interrupt priorities and control detection of
the external interrupt input signal.

For a description of the registers other than interrupt control register 0, interrupt control register 1, and IRQ interrupt
request register, see the Arm Generic Interrupt Controller Architecture Specification and the PrimeCell® Generic
Interrupt Controller (PL390) Technical Reference Manual from Arm.

Table 7.2 Register Configuration

Access
Register Name Abbreviation R/W Initial Value Address Size
Interrupt control register 0 ICRO R/W i H'FCFEF800 16
Interrupt control register 1 ICR1 R/W H'0000 H'FCFEF802 16
IRQ interrupt request register IRQRR R/(W)™2 H'0000 H'FCFEF804 16
Distributor control register ICDDCR RW H'00000000 H'E8201000 32
Interrupt controller type register ICDICTR R H'0000FC31"3 H'E8201004 32
Distributor implementer identification register ICDIIDR R H'0000043B H'E8201008 32
Interrupt security register 0 ICDISRO R/W H'00000000 H'E8201080 32
Interrupt security register 1 ICDISR1 R/W H'00000000 H'E8201084 32
Interrupt security register 2 ICDISR2 R/W H'00000000 H'E8201088 32
Interrupt security register 3 ICDISR3 R/W H'00000000 H'E820108C 32
Interrupt security register 4 ICDISR4 R/W H'00000000 H'E8201090 32
Interrupt security register 5 ICDISR5 R/W H'00000000 H'E8201094 32
Interrupt security register 6 ICDISR6 R/W H'00000000 H'E8201098 32
Interrupt security register 7 ICDISR7 R/W H'00000000 H'E820109C 32
Interrupt security register 8 ICDISR8 R/W H'00000000 H'E82010A0 32
Interrupt security register 9 ICDISR9 R/W H'00000000 H'E82010A4 32
Interrupt security register 10 ICDISR10 R/W H'00000000 H'E82010A8 32
Interrupt security register 11 ICDISR11 R/W H'00000000 H'E82010AC 32
Interrupt security register 12 ICDISR12 R/W H'00000000 H'E82010B0 32
Interrupt security register 13 ICDISR13 R/W H'00000000 H'E82010B4 32
Interrupt security register 14 ICDISR14 R/W H'00000000 H'E82010B8 32
Interrupt security register 15 ICDISR15 R/W H'00000000 H'E82010BC 32
Interrupt security register 16 ICDISR16 R/W H'00000000 H'E82010CO 32
Interrupt set-enable register 0 ICDISERO R/W H'00000000 H'E8201100 32
Interrupt set-enable register 1 ICDISER1 R/W H'00000000 H'E8201104 32
Interrupt set-enable register 2 ICDISER2 R/W H'00000000 H'E8201108 32
Interrupt set-enable register 3 ICDISER3 R/W H'00000000 H'E820110C 32
Interrupt set-enable register 4 ICDISER4 R/W H'00000000 H'E8201110 32
Interrupt set-enable register 5 ICDISER5 R/W H'00000000 H'E8201114 32
Interrupt set-enable register 6 ICDISER6 R/W H'00000000 H'E8201118 32
Interrupt set-enable register 7 ICDISER7 R/W H'00000000 H'E820111C 32
Interrupt set-enable register 8 ICDISER8 R/W H'00000000 H'E8201120 32
Interrupt set-enable register 9 ICDISER9 R/W H'00000000 H'E8201124 32
Interrupt set-enable register 10 ICDISER10 R/W H'00000000 H'E8201128 32
Interrupt set-enable register 11 ICDISER11 R/W H'00000000 H'E820112C 32
Interrupt set-enable register 12 ICDISER12 R/W H'00000000 H'E8201130 32
Interrupt set-enable register 13 ICDISER13 R/W H'00000000 H'E8201134 32
Interrupt set-enable register 14 ICDISER14 R/W H'00000000 H'E8201138 32
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Table 7.2 Register Configuration

Access
Register Name Abbreviation R/W Initial Value Address Size
Interrupt set-enable register 15 ICDISER15 R/W H'00000000 H'E820113C 32
Interrupt set-enable register 16 ICDISER16 R/W H'00000000 H'E8201140 32
Interrupt clear-enable register 0 ICDICERO R/W H'00000000 H'E8201180 32
Interrupt clear-enable register 1 ICDICER1 R/W H'00000000 H'E8201184 32
Interrupt clear-enable register 2 ICDICER2 R/W H'00000000 H'E8201188 32
Interrupt clear-enable register 3 ICDICERS3 R/W H'00000000 H'E820118C 32
Interrupt clear-enable register 4 ICDICER4 R/W H'00000000 H'E8201190 32
Interrupt clear-enable register 5 ICDICERS R/W H'00000000 H'E8201194 32
Interrupt clear-enable register 6 ICDICER6 R/W H'00000000 H'E8201198 32
Interrupt clear-enable register 7 ICDICER7 R/W H'00000000 H'E820119C 32
Interrupt clear-enable register 8 ICDICERS R/W H'00000000 H'E82011A0 32
Interrupt clear-enable register 9 ICDICER9 R/W H'00000000 H'E82011A4 32
Interrupt clear-enable register 10 ICDICER10 R/W H'00000000 H'E82011A8 32
Interrupt clear-enable register 11 ICDICERM R/W H'00000000 H'E82011AC 32
Interrupt clear-enable register 12 ICDICER12 R/W H'00000000 H'E82011B0 32
Interrupt clear-enable register 13 ICDICER13 R/W H'00000000 H'E82011B4 32
Interrupt clear-enable register 14 ICDICER14 R/W H'00000000 H'E82011B8 32
Interrupt clear-enable register 15 ICDICER15 R/W H'00000000 H'E82011BC 32
Interrupt clear-enable register 16 ICDICER16 R/W H'00000000 H'E82011CO 32
Interrupt set-pending register 0 ICDISPRO R/W H'00000000 H'E8201200 32
Interrupt set-pending register 1 ICDISPR1 R/W H'00000000 H'E8201204 32
Interrupt set-pending register 2 ICDISPR2 R/W H'00000000 H'E8201208 32
Interrupt set-pending register 3 ICDISPR3 R/W H'00000000 H'E820120C 32
Interrupt set-pending register 4 ICDISPR4 R/W H'00000000 H'E8201210 32
Interrupt set-pending register 5 ICDISPR5 R/W H'00000000 H'E8201214 32
Interrupt set-pending register 6 ICDISPR6 R/W H'00000000 H'E8201218 32
Interrupt set-pending register 7 ICDISPR7 R/W H'00000000 H'E820121C 32
Interrupt set-pending register 8 ICDISPR8 R/W H'00000000 H'E8201220 32
Interrupt set-pending register 9 ICDISPR9 R/W H'00000000 H'E8201224 32
Interrupt set-pending register 10 ICDISPR10 R/W H'00000000 H'E8201228 32
Interrupt set-pending register 11 ICDISPR11 R/W H'00000000 H'E820122C 32
Interrupt set-pending register 12 ICDISPR12 R/W H'00000000 H'E8201230 32
Interrupt set-pending register 13 ICDISPR13 R/W H'00000000 H'E8201234 32
Interrupt set-pending register 14 ICDISPR14 R/W H'00000000 H'E8201238 32
Interrupt set-pending register 15 ICDISPR15 R/W H'00000000 H'E820123C 32
Interrupt set-pending register 16 ICDISPR16 R/W H'00000000 H'E8201240 32
Interrupt clear-pending register 0 ICDICPRO R/W H'00000000 H'E8201280 32
Interrupt clear-pending register 1 ICDICPR1 R/W H'00000000 H'E8201284 32
Interrupt clear-pending register 2 ICDICPR2 R/W H'00000000 H'E8201288 32
Interrupt clear-pending register 3 ICDICPR3 R/W H'00000000 H'E820128C 32
Interrupt clear-pending register 4 ICDICPR4 R/W H'00000000 H'E8201290 32
Interrupt clear-pending register 5 ICDICPR5 R/W H'00000000 H'E8201294 32
Interrupt clear-pending register 6 ICDICPRG6 R/W H'00000000 H'E8201298 32
Interrupt clear-pending register 7 ICDICPR7 R/W H'00000000 H'E820129C 32
Interrupt clear-pending register 8 ICDICPR8 R/W H'00000000 H'E82012A0 32
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Table 7.2 Register Configuration
Access
Register Name Abbreviation R/W Initial Value Address Size
Interrupt clear-pending register 9 ICDICPR9 R/W H'00000000 H'E82012A4 32
Interrupt clear-pending register 10 ICDICPR10 R/W H'00000000 H'E82012A8 32
Interrupt clear-pending register 11 ICDICPR11 R/W H'00000000 H'E82012AC 32
Interrupt clear-pending register 12 ICDICPR12 R/W H'00000000 H'E82012B0 32
Interrupt clear-pending register 13 ICDICPR13 R/W H'00000000 H'E82012B4 32
Interrupt clear-pending register 14 ICDICPR14 R/W H'00000000 H'E82012B8 32
Interrupt clear-pending register 15 ICDICPR15 R/W H'00000000 H'E82012BC 32
Interrupt clear-pending register 16 ICDICPR16 R/W H'00000000 H'E82012C0 32
Active bit register 0 ICDABRO R/W H'00000000 H'E8201300 32
Active bit register 1 ICDABR1 R/W H'00000000 H'E8201304 32
Active bit register 2 ICDABR2 R/W H'00000000 H'E8201308 32
Active bit register 3 ICDABR3 R/W H'00000000 H'E820130C 32
Active bit register 4 ICDABR4 R/W H'00000000 H'E8201310 32
Active bit register 5 ICDABR5 R/W H'00000000 H'E8201314 32
Active bit register 6 ICDABR6 R/W H'00000000 H'E8201318 32
Active bit register 7 ICDABR7 R/W H'00000000 H'E820131C 32
Active bit register 8 ICDABR8 R/W H'00000000 H'E8201320 32
Active bit register 9 ICDABR9 R/W H'00000000 H'E8201324 32
Active bit register 10 ICDABR10 R/W H'00000000 H'E8201328 32
Active bit register 11 ICDABR11 R/W H'00000000 H'E820132C 32
Active bit register 12 ICDABR12 R/W H'00000000 H'E8201330 32
Active bit register 13 ICDABR13 R/W H'00000000 H'E8201334 32
Active bit register 14 ICDABR14 R/W H'00000000 H'E8201338 32
Active bit register 15 ICDABR15 R/W H'00000000 H'E820133C 32
Active bit register 16 ICDABR16 R/W H'00000000 H'E8201340 32
Interrupt priority register 0 ICDIPRO R/W H'00000000 H'E8201400 32
Interrupt priority register 1 ICDIPR1 R/W H'00000000 H'E8201404 32
Interrupt priority register 2 ICDIPR2 R/W H'00000000 H'E8201408 32
Interrupt priority register 3 ICDIPR3 R/W H'00000000 H'E820140C 32
Interrupt priority register 4 ICDIPR4 R/W H'00000000 H'E8201410 32
Interrupt priority register 5 ICDIPR5 R/W H'00000000 H'E8201414 32
Interrupt priority register 6 ICDIPR6 R/W H'00000000 H'E8201418 32
Interrupt priority register 7 ICDIPR7 R/W H'00000000 H'E820141C 32
Interrupt priority register 8 ICDIPR8 R/W H'00000000 H'E8201420 32
Interrupt priority register 9 ICDIPR9 R/W H'00000000 H'E8201424 32
Interrupt priority register 10 ICDIPR10 R/W H'00000000 H'E8201428 32
Interrupt priority register 11 ICDIPR11 R/W H'00000000 H'E820142C 32
Interrupt priority register 12 ICDIPR12 R/W H'00000000 H'E8201430 32
Interrupt priority register 13 ICDIPR13 R/W H'00000000 H'E8201434 32
Interrupt priority register 14 ICDIPR14 R/W H'00000000 H'E8201438 32
Interrupt priority register 15 ICDIPR15 R/W H'00000000 H'E820143C 32
Interrupt priority register 16 ICDIPR16 R/W H'00000000 H'E8201440 32
Interrupt priority register 17 ICDIPR17 R/W H'00000000 H'E8201444 32
Interrupt priority register 18 ICDIPR18 R/W H'00000000 H'E8201448 32
Interrupt priority register 19 ICDIPR19 R/W H'00000000 H'E820144C 32
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Table 7.2 Register Configuration
Access
Register Name Abbreviation R/W Initial Value Address Size
Interrupt priority register 20 ICDIPR20 R/W H'00000000 H'E8201450 32
Interrupt priority register 21 ICDIPR21 R/W H'00000000 H'E8201454 32
Interrupt priority register 22 ICDIPR22 R/W H'00000000 H'E8201458 32
Interrupt priority register 23 ICDIPR23 R/W H'00000000 H'E820145C 32
Interrupt priority register 24 ICDIPR24 R/W H'00000000 H'E8201460 32
Interrupt priority register 25 ICDIPR25 R/W H'00000000 H'E8201464 32
Interrupt priority register 26 ICDIPR26 R/W H'00000000 H'E8201468 32
Interrupt priority register 27 ICDIPR27 R/W H'00000000 H'E820146C 32
Interrupt priority register 28 ICDIPR28 R/W H'00000000 H'E8201470 32
Interrupt priority register 29 ICDIPR29 R/W H'00000000 H'E8201474 32
Interrupt priority register 30 ICDIPR30 R/W H'00000000 H'E8201478 32
Interrupt priority register 31 ICDIPR31 R/W H'00000000 H'E820147C 32
Interrupt priority register 32 ICDIPR32 R/W H'00000000 H'E8201480 32
Interrupt priority register 33 ICDIPR33 R/W H'00000000 H'E8201484 32
Interrupt priority register 34 ICDIPR34 R/W H'00000000 H'E8201488 32
Interrupt priority register 35 ICDIPR35 R/W H'00000000 H'E820148C 32
Interrupt priority register 36 ICDIPR36 R/W H'00000000 H'E8201490 32
Interrupt priority register 37 ICDIPR37 R/W H'00000000 H'E8201494 32
Interrupt priority register 38 ICDIPR38 R/W H'00000000 H'E8201498 32
Interrupt priority register 39 ICDIPR39 R/W H'00000000 H'E820149C 32
Interrupt priority register 40 ICDIPR40 R/W H'00000000 H'E82014A0 32
Interrupt priority register 41 ICDIPR41 R/W H'00000000 H'E82014A4 32
Interrupt priority register 42 ICDIPR42 R/W H'00000000 H'E82014A8 32
Interrupt priority register 43 ICDIPR43 R/W H'00000000 H'E82014AC 32
Interrupt priority register 44 ICDIPR44 R/W H'00000000 H'E82014B0 32
Interrupt priority register 45 ICDIPR45 R/W H'00000000 H'E82014B4 32
Interrupt priority register 46 ICDIPR46 R/W H'00000000 H'E82014B8 32
Interrupt priority register 47 ICDIPR47 R/W H'00000000 H'E82014BC 32
Interrupt priority register 48 ICDIPR48 R/W H'00000000 H'E82014CO0 32
Interrupt priority register 49 ICDIPR49 R/W H'00000000 H'E82014C4 32
Interrupt priority register 50 ICDIPR50 R/W H'00000000 H'E82014C8 32
Interrupt priority register 51 ICDIPR51 R/W H'00000000 H'E82014CC 32
Interrupt priority register 52 ICDIPR52 R/W H'00000000 H'E82014D0 32
Interrupt priority register 53 ICDIPR53 R/W H'00000000 H'E82014D4 32
Interrupt priority register 54 ICDIPR54 R/W H'00000000 H'E82014D8 32
Interrupt priority register 55 ICDIPR55 R/W H'00000000 H'E82014DC 32
Interrupt priority register 56 ICDIPR56 R/W H'00000000 H'E82014E0 32
Interrupt priority register 57 ICDIPR57 R/W H'00000000 H'E82014E4 32
Interrupt priority register 58 ICDIPR58 R/W H'00000000 H'E82014E8 32
Interrupt priority register 59 ICDIPR59 R/W H'00000000 H'E82014EC 32
Interrupt priority register 60 ICDIPR60 R/W H'00000000 H'E82014F0 32
Interrupt priority register 61 ICDIPR61 R/W H'00000000 H'E82014F4 32
Interrupt priority register 62 ICDIPR62 R/W H'00000000 H'E82014F8 32
Interrupt priority register 63 ICDIPR63 R/W H'00000000 H'E82014FC 32
Interrupt priority register 64 ICDIPR64 R/W H'00000000 H'E8201500 32
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 7. Interrupt Controller

Table 7.2 Register Configuration

Access
Register Name Abbreviation R/W Initial Value Address Size
Interrupt priority register 65 ICDIPR65 R/W H'00000000 H'E8201504 32
Interrupt priority register 66 ICDIPR66 R/W H'00000000 H'E8201508 32
Interrupt priority register 67 ICDIPR67 R/W H'00000000 H'E820150C 32
Interrupt priority register 68 ICDIPR68 R/W H'00000000 H'E8201510 32
Interrupt priority register 69 ICDIPR69 R/W H'00000000 H'E8201514 32
Interrupt priority register 70 ICDIPR70 R/W H'00000000 H'E8201518 32
Interrupt priority register 71 ICDIPR71 R/W H'00000000 H'E820151C 32
Interrupt priority register 72 ICDIPR72 R/W H'00000000 H'E8201520 32
Interrupt priority register 73 ICDIPR73 R/W H'00000000 H'E8201524 32
Interrupt priority register 74 ICDIPR74 R/W H'00000000 H'E8201528 32
Interrupt priority register 75 ICDIPR75 R/W H'00000000 H'E820152C 32
Interrupt priority register 76 ICDIPR76 R/W H'00000000 H'E8201530 32
Interrupt priority register 77 ICDIPR77 R/W H'00000000 H'E8201534 32
Interrupt priority register 78 ICDIPR78 R/W H'00000000 H'E8201538 32
Interrupt priority register 79 ICDIPR79 R/W H'00000000 H'E820153C 32
Interrupt priority register 80 ICDIPR80 R/W H'00000000 H'E8201540 32
Interrupt priority register 81 ICDIPR81 R/W H'00000000 H'E8201544 32
Interrupt priority register 82 ICDIPR82 R/W H'00000000 H'E8201548 32
Interrupt priority register 83 ICDIPR83 R/W H'00000000 H'E820154C 32
Interrupt priority register 84 ICDIPR84 R/W H'00000000 H'E8201550 32
Interrupt priority register 85 ICDIPR85 R/W H'00000000 H'E8201554 32
Interrupt priority register 86 ICDIPR86 R/W H'00000000 H'E8201558 32
Interrupt priority register 87 ICDIPR87 R/W H'00000000 H'E820155C 32
Interrupt priority register 88 ICDIPR88 R/W H'00000000 H'E8201560 32
Interrupt priority register 89 ICDIPR89 R/W H'00000000 H'E8201564 32
Interrupt priority register 90 ICDIPR90 R/W H'00000000 H'E8201568 32
Interrupt priority register 91 ICDIPR91 R/W H'00000000 H'E820156C 32
Interrupt priority register 92 ICDIPR92 R/W H'00000000 H'E8201570 32
Interrupt priority register 93 ICDIPR93 R/W H'00000000 H'E8201574 32
Interrupt priority register 94 ICDIPR94 R/W H'00000000 H'E8201578 32
Interrupt priority register 95 ICDIPR95 R/W H'00000000 H'E820157C 32
Interrupt priority register 96 ICDIPR96 R/W H'00000000 H'E8201580 32
Interrupt priority register 97 ICDIPR97 R/W H'00000000 H'E8201584 32
Interrupt priority register 98 ICDIPR98 R/W H'00000000 H'E8201588 32
Interrupt priority register 99 ICDIPR99 R/W H'00000000 H'E820158C 32
Interrupt priority register 100 ICDIPR100 R/W H'00000000 H'E8201590 32
Interrupt priority register 101 ICDIPR101 R/W H'00000000 H'E8201594 32
Interrupt priority register 102 ICDIPR102 R/W H'00000000 H'E8201598 32
Interrupt priority register 103 ICDIPR103 R/W H'00000000 H'E820159C 32
Interrupt priority register 104 ICDIPR104 R/W H'00000000 H'E82015A0 32
Interrupt priority register 105 ICDIPR105 R/W H'00000000 H'E82015A4 32
Interrupt priority register 106 ICDIPR106 R/W H'00000000 H'E82015A8 32
Interrupt priority register 107 ICDIPR107 R/W H'00000000 H'E82015AC 32
Interrupt priority register 108 ICDIPR108 R/W H'00000000 H'E82015B0 32
Interrupt priority register 109 ICDIPR109 R/W H'00000000 H'E82015B4 32
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Access
Register Name Abbreviation R/W Initial Value Address Size
Interrupt priority register 110 ICDIPR110 R/W H'00000000 H'E82015B8 32
Interrupt priority register 111 ICDIPR111 R/W H'00000000 H'E82015BC 32
Interrupt priority register 112 ICDIPR112 R/W H'00000000 H'E82015C0 32
Interrupt priority register 113 ICDIPR113 R/W H'00000000 H'E82015C4 32
Interrupt priority register 114 ICDIPR114 R/W H'00000000 H'E82015C8 32
Interrupt priority register 115 ICDIPR115 R/W H'00000000 H'E82015CC 32
Interrupt priority register 116 ICDIPR116 R/W H'00000000 H'E82015D0 32
Interrupt priority register 117 ICDIPR117 R/W H'00000000 H'E82015D4 32
Interrupt priority register 118 ICDIPR118 R/W H'00000000 H'E82015D8 32
Interrupt priority register 119 ICDIPR119 R/W H'00000000 H'E82015DC 32
Interrupt priority register 120 ICDIPR120 R/W H'00000000 H'E82015E0 32
Interrupt priority register 121 ICDIPR121 R/W H'00000000 H'E82015E4 32
Interrupt priority register 122 ICDIPR122 R/W H'00000000 H'E82015E8 32
Interrupt priority register 123 ICDIPR123 R/W H'00000000 H'E82015EC 32
Interrupt priority register 124 ICDIPR124 R/W H'00000000 H'E82015F0 32
Interrupt priority register 125 ICDIPR125 R/W H'00000000 H'E82015F4 32
Interrupt priority register 126 ICDIPR126 R/W H'00000000 H'E82015F8 32
Interrupt priority register 127 ICDIPR127 R/W H'00000000 H'E82015FC 32
Interrupt priority register 128 ICDIPR128 R/W H'00000000 H'E8201600 32
Interrupt priority register 129 ICDIPR129 R/W H'00000000 H'E8201604 32
Interrupt priority register 130 ICDIPR130 R/W H'00000000 H'E8201608 32
Interrupt priority register 131 ICDIPR131 R/W H'00000000 H'E820160C 32
Interrupt priority register 132 ICDIPR132 R/W H'00000000 H'E8201610 32
Interrupt priority register 133 ICDIPR133 R/W H'00000000 H'E8201614 32
Interrupt priority register 134 ICDIPR134 R/W H'00000000 H'E8201618 32
Interrupt processor target register 0 ICDIPTRO R H'00000000 H'E8201800 32
Interrupt processor target register 1 ICDIPTR1 R H'00000000 H'E8201804 32
Interrupt processor target register 2 ICDIPTR2 R H'00000000 H'E8201808 32
Interrupt processor target register 3 ICDIPTR3 R H'00000000 H'E820180C 32
Interrupt processor target register 4 ICDIPTR4 R H'00000000 H'E8201810 32
Interrupt processor target register 5 ICDIPTRS R H'00000000 H'E8201814 32
Interrupt processor target register 6 ICDIPTR6 R H'00000000 H'E8201818 32
Interrupt processor target register 7 ICDIPTR7 R H'00000000 H'E820181C 32
Interrupt processor target register 8 ICDIPTRS8 R/W H'00000000 H'E8201820 32
Interrupt processor target register 9 ICDIPTR9 R/W H'00000000 H'E8201824 32
Interrupt processor target register 10 ICDIPTR10 R/W H'00000000 H'E8201828 32
Interrupt processor target register 11 ICDIPTR11 R/W H'00000000 H'E820182C 32
Interrupt processor target register 12 ICDIPTR12 R/W H'00000000 H'E8201830 32
Interrupt processor target register 13 ICDIPTR13 R/W H'00000000 H'E8201834 32
Interrupt processor target register 14 ICDIPTR14 R/W H'00000000 H'E8201838 32
Interrupt processor target register 15 ICDIPTR15 R/W H'00000000 H'E820183C 32
Interrupt processor target register 16 ICDIPTR16 R/W H'00000000 H'E8201840 32
Interrupt processor target register 17 ICDIPTR17 R/W H'00000000 H'E8201844 32
Interrupt processor target register 18 ICDIPTR18 R/W H'00000000 H'E8201848 32
Interrupt processor target register 19 ICDIPTR19 R/W H'00000000 H'E820184C 32
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 7. Interrupt Controller

Table 7.2 Register Configuration

Access
Register Name Abbreviation R/W Initial Value Address Size
Interrupt processor target register 20 ICDIPTR20 R/W H'00000000 H'E8201850 32
Interrupt processor target register 21 ICDIPTR21 R/W H'00000000 H'E8201854 32
Interrupt processor target register 22 ICDIPTR22 R/W H'00000000 H'E8201858 32
Interrupt processor target register 23 ICDIPTR23 R/W H'00000000 H'E820185C 32
Interrupt processor target register 24 ICDIPTR24 R/W H'00000000 H'E8201860 32
Interrupt processor target register 25 ICDIPTR25 R/W H'00000000 H'E8201864 32
Interrupt processor target register 26 ICDIPTR26 R/W H'00000000 H'E8201868 32
Interrupt processor target register 27 ICDIPTR27 R/W H'00000000 H'E820186C 32
Interrupt processor target register 28 ICDIPTR28 R/W H'00000000 H'E8201870 32
Interrupt processor target register 29 ICDIPTR29 R/W H'00000000 H'E8201874 32
Interrupt processor target register 30 ICDIPTR30 R/W H'00000000 H'E8201878 32
Interrupt processor target register 31 ICDIPTR31 R/W H'00000000 H'E820187C 32
Interrupt processor target register 32 ICDIPTR32 R/W H'00000000 H'E8201880 32
Interrupt processor target register 33 ICDIPTR33 R/W H'00000000 H'E8201884 32
Interrupt processor target register 34 ICDIPTR34 R/W H'00000000 H'E8201888 32
Interrupt processor target register 35 ICDIPTR35 R/W H'00000000 H'E820188C 32
Interrupt processor target register 36 ICDIPTR36 R/W H'00000000 H'E8201890 32
Interrupt processor target register 37 ICDIPTR37 R/W H'00000000 H'E8201894 32
Interrupt processor target register 38 ICDIPTR38 R/W H'00000000 H'E8201898 32
Interrupt processor target register 39 ICDIPTR39 R/W H'00000000 H'E820189C 32
Interrupt processor target register 40 ICDIPTR40 R/W H'00000000 H'E82018A0 32
Interrupt processor target register 41 ICDIPTR41 R/W H'00000000 H'E82018A4 32
Interrupt processor target register 42 ICDIPTR42 R/W H'00000000 H'E82018A8 32
Interrupt processor target register 43 ICDIPTR43 R/W H'00000000 H'E82018AC 32
Interrupt processor target register 44 ICDIPTR44 R/W H'00000000 H'E82018B0 32
Interrupt processor target register 45 ICDIPTR45 R/W H'00000000 H'E82018B4 32
Interrupt processor target register 46 ICDIPTR46 R/W H'00000000 H'E82018B8 32
Interrupt processor target register 47 ICDIPTR47 R/W H'00000000 H'E82018BC 32
Interrupt processor target register 48 ICDIPTR48 R/W H'00000000 H'E82018C0 32
Interrupt processor target register 49 ICDIPTR49 R/W H'00000000 H'E82018C4 32
Interrupt processor target register 50 ICDIPTR50 R/W H'00000000 H'E82018C8 32
Interrupt processor target register 51 ICDIPTR51 R/W H'00000000 H'E82018CC 32
Interrupt processor target register 52 ICDIPTR52 R/W H'00000000 H'E82018D0 32
Interrupt processor target register 53 ICDIPTR53 R/W H'00000000 H'E82018D4 32
Interrupt processor target register 54 ICDIPTR54 R/W H'00000000 H'E82018D8 32
Interrupt processor target register 55 ICDIPTR55 R/W H'00000000 H'E82018DC 32
Interrupt processor target register 56 ICDIPTR56 R/W H'00000000 H'E82018E0 32
Interrupt processor target register 57 ICDIPTR57 R/W H'00000000 H'E82018E4 32
Interrupt processor target register 58 ICDIPTR58 R/W H'00000000 H'E82018E8 32
Interrupt processor target register 59 ICDIPTR59 R/W H'00000000 H'E82018EC 32
Interrupt processor target register 60 ICDIPTR60 R/W H'00000000 H'E82018F0 32
Interrupt processor target register 61 ICDIPTR61 R/W H'00000000 H'E82018F4 32
Interrupt processor target register 62 ICDIPTR62 R/W H'00000000 H'E82018F8 32
Interrupt processor target register 63 ICDIPTR63 R/W H'00000000 H'E82018FC 32
Interrupt processor target register 64 ICDIPTR64 R/W H'00000000 H'E8201900 32
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 7. Interrupt Controller

Table 7.2 Register Configuration

Access
Register Name Abbreviation R/W Initial Value Address Size
Interrupt processor target register 65 ICDIPTR65 R/W H'00000000 H'E8201904 32
Interrupt processor target register 66 ICDIPTR66 R/W H'00000000 H'E8201908 32
Interrupt processor target register 67 ICDIPTR67 R/W H'00000000 H'E820190C 32
Interrupt processor target register 68 ICDIPTR68 R/W H'00000000 H'E8201910 32
Interrupt processor target register 69 ICDIPTR69 R/W H'00000000 H'E8201914 32
Interrupt processor target register 70 ICDIPTR70 R/W H'00000000 H'E8201918 32
Interrupt processor target register 71 ICDIPTR71 R/W H'00000000 H'E820191C 32
Interrupt processor target register 72 ICDIPTR72 R/W H'00000000 H'E8201920 32
Interrupt processor target register 73 ICDIPTR73 R/W H'00000000 H'E8201924 32
Interrupt processor target register 74 ICDIPTR74 R/W H'00000000 H'E8201928 32
Interrupt processor target register 75 ICDIPTR75 R/W H'00000000 H'E820192C 32
Interrupt processor target register 76 ICDIPTR76 R/W H'00000000 H'E8201930 32
Interrupt processor target register 77 ICDIPTR77 R/W H'00000000 H'E8201934 32
Interrupt processor target register 78 ICDIPTR78 R/W H'00000000 H'E8201938 32
Interrupt processor target register 79 ICDIPTR79 R/W H'00000000 H'E820193C 32
Interrupt processor target register 80 ICDIPTR80 R/W H'00000000 H'E8201940 32
Interrupt processor target register 81 ICDIPTR81 R/W H'00000000 H'E8201944 32
Interrupt processor target register 82 ICDIPTR82 R/W H'00000000 H'E8201948 32
Interrupt processor target register 83 ICDIPTR83 R/W H'00000000 H'E820194C 32
Interrupt processor target register 84 ICDIPTR84 R/W H'00000000 H'E8201950 32
Interrupt processor target register 85 ICDIPTR85 R/W H'00000000 H'E8201954 32
Interrupt processor target register 86 ICDIPTR86 R/W H'00000000 H'E8201958 32
Interrupt processor target register 87 ICDIPTR87 R/W H'00000000 H'E820195C 32
Interrupt processor target register 88 ICDIPTR88 R/W H'00000000 H'E8201960 32
Interrupt processor target register 89 ICDIPTR89 R/W H'00000000 H'E8201964 32
Interrupt processor target register 90 ICDIPTR90 R/W H'00000000 H'E8201968 32
Interrupt processor target register 91 ICDIPTR91 R/W H'00000000 H'E820196C 32
Interrupt processor target register 92 ICDIPTR92 R/W H'00000000 H'E8201970 32
Interrupt processor target register 93 ICDIPTR93 R/W H'00000000 H'E8201974 32
Interrupt processor target register 94 ICDIPTR94 R/W H'00000000 H'E8201978 32
Interrupt processor target register 95 ICDIPTR95 R/W H'00000000 H'E820197C 32
Interrupt processor target register 96 ICDIPTR96 R/W H'00000000 H'E8201980 32
Interrupt processor target register 97 ICDIPTR97 R/W H'00000000 H'E8201984 32
Interrupt processor target register 98 ICDIPTR98 R/W H'00000000 H'E8201988 32
Interrupt processor target register 99 ICDIPTR99 R/W H'00000000 H'E820198C 32
Interrupt processor target register 100 ICDIPTR100 R/W H'00000000 H'E8201990 32
Interrupt processor target register 101 ICDIPTR101 R/W H'00000000 H'E8201994 32
Interrupt processor target register 102 ICDIPTR102 R/W H'00000000 H'E8201998 32
Interrupt processor target register 103 ICDIPTR103 R/W H'00000000 H'E820199C 32
Interrupt processor target register 104 ICDIPTR104 R/W H'00000000 H'E82019A0 32
Interrupt processor target register 105 ICDIPTR105 R/W H'00000000 H'E82019A4 32
Interrupt processor target register 106 ICDIPTR106 R/W H'00000000 H'E82019A8 32
Interrupt processor target register 107 ICDIPTR107 R/W H'00000000 H'E82019AC 32
Interrupt processor target register 108 ICDIPTR108 R/W H'00000000 H'E82019B0 32
Interrupt processor target register 109 ICDIPTR109 R/W H'00000000 H'E82019B4 32
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 7. Interrupt Controller

Table 7.2 Register Configuration

Access
Register Name Abbreviation R/W Initial Value Address Size
Interrupt processor target register 110 ICDIPTR110 R/W H'00000000 H'E82019B8 32
Interrupt processor target register 111 ICDIPTR111 R/W H'00000000 H'E82019BC 32
Interrupt processor target register 112 ICDIPTR112 R/W H'00000000 H'E82019C0 32
Interrupt processor target register 113 ICDIPTR113 R/W H'00000000 H'E82019C4 32
Interrupt processor target register 114 ICDIPTR114 R/W H'00000000 H'E82019C8 32
Interrupt processor target register 115 ICDIPTR115 R/W H'00000000 H'E82019CC 32
Interrupt processor target register 116 ICDIPTR116 R/W H'00000000 H'E82019D0 32
Interrupt processor target register 117 ICDIPTR117 R/W H'00000000 H'E82019D4 32
Interrupt processor target register 118 ICDIPTR118 R/W H'00000000 H'E82019D8 32
Interrupt processor target register 119 ICDIPTR119 R/W H'00000000 H'E82019DC 32
Interrupt processor target register 120 ICDIPTR120 R/W H'00000000 H'E82019E0 32
Interrupt processor target register 121 ICDIPTR121 R/W H'00000000 H'E82019E4 32
Interrupt processor target register 122 ICDIPTR122 R/W H'00000000 H'E82019E8 32
Interrupt processor target register 123 ICDIPTR123 R/W H'00000000 H'E82019EC 32
Interrupt processor target register 124 ICDIPTR124 R/W H'00000000 H'E82019F0 32
Interrupt processor target register 125 ICDIPTR125 R/W H'00000000 H'E82019F4 32
Interrupt processor target register 126 ICDIPTR126 R/W H'00000000 H'E82019F8 32
Interrupt processor target register 127 ICDIPTR127 R/W H'00000000 H'E82019FC 32
Interrupt processor target register 128 ICDIPTR128 R/W H'00000000 H'E8201A00 32
Interrupt processor target register 129 ICDIPTR129 R/W H'00000000 H'E8201A04 32
Interrupt processor target register 130 ICDIPTR130 R/W H'00000000 H'E8201A08 32
Interrupt processor target register 131 ICDIPTR131 R/W H'00000000 H'E8201A0C 32
Interrupt processor target register 132 ICDIPTR132 R/W H'00000000 H'E8201A10 32
Interrupt processor target register 133 ICDIPTR133 R/W H'00000000 H'E8201A14 32
Interrupt processor target register 134 ICDIPTR134 R/W H'00000000 H'E8201A18 32
Interrupt configuration register 0 ICDICFRO R H'AAAAAAAA H'E8201C00 32
Interrupt configuration register 1 ICDICFR1 R/W H'55555555 H'E8201C04 32
Interrupt configuration register 2 ICDICFR2 R/W H'55555555 H'E8201C08 32
Interrupt configuration register 3 ICDICFR3 R/W H'55555555 H'E8201C0C 32
Interrupt configuration register 4 ICDICFR4 R/W H'55555555 H'E8201C10 32
Interrupt configuration register 5 ICDICFR5 R/W H'55555555 H'E8201C14 32
Interrupt configuration register 6 ICDICFR6 R/W H'55555555 H'E8201C18 32
Interrupt configuration register 7 ICDICFR7 R/W H'55555555 H'E8201C1C 32
Interrupt configuration register 8 ICDICFR8 R/W H'55555555 H'E8201C20 32
Interrupt configuration register 9 ICDICFR9 R/W H'55555555 H'E8201C24 32
Interrupt configuration register 10 ICDICFR10 R/W H'55555555 H'E8201C28 32
Interrupt configuration register 11 ICDICFR11 R/W H'55555555 H'E8201C2C 32
Interrupt configuration register 12 ICDICFR12 R/W H'55555555 H'E8201C30 32
Interrupt configuration register 13 ICDICFR13 R/W H'55555555 H'E8201C34 32
Interrupt configuration register 14 ICDICFR14 R/W H'55555555 H'E8201C38 32
Interrupt configuration register 15 ICDICFR15 R/W H'55555555 H'E8201C3C 32
Interrupt configuration register 16 ICDICFR16 R/W H'55555555 H'E8201C40 32
Interrupt configuration register 17 ICDICFR17 R/W H'55555555 H'E8201C44 32
Interrupt configuration register 18 ICDICFR18 R/W H'55555555 H'E8201C48 32
Interrupt configuration register 19 ICDICFR19 R/W H'55555555 H'E8201C4C 32
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 7. Interrupt Controller

Table 7.2 Register Configuration

Access

Register Name Abbreviation R/W Initial Value Address Size
Interrupt configuration register 20 ICDICFR20 R/W H'55555555 H'E8201C50 32
Interrupt configuration register 21 ICDICFR21 R/W H'55555555 H'E8201C54 32
Interrupt configuration register 22 ICDICFR22 R/W H'55555555 H'E8201C58 32
Interrupt configuration register 23 ICDICFR23 R/W H'55555555 H'E8201C5C 32
Interrupt configuration register 24 ICDICFR24 R/W H'55555555 H'E8201C60 32
Interrupt configuration register 25 ICDICFR25 R/W H'55555555 H'E8201C64 32
Interrupt configuration register 26 ICDICFR26 R/W H'55555555 H'E8201C68 32
Interrupt configuration register 27 ICDICFR27 R/W H'55555555 H'E8201C6C 32
Interrupt configuration register 28 ICDICFR28 R/W H'55555555 H'E8201C70 32
Interrupt configuration register 29 ICDICFR29 R/W H'55555555 H'E8201C74 32
Interrupt configuration register 30 ICDICFR30 R/W H'55555555 H'E8201C78 32
Interrupt configuration register 31 ICDICFR31 R/W H'55555555 H'E8201C7C 32
Interrupt configuration register 32 ICDICFR32 R/W H'55555555 H'E8201C80 32
Interrupt configuration register 33 ICDICFR33 R/W H'55555555 H'E8201C84 32
PPI status register ppi_status R H'00000000 H'E8201D00 32
SPI status register 0 spi_status0O R H'00000000 H'E8201D04 32
SPI status register 1 spi_status1 R H'00000000 H'E8201D08 32
SPI status register 2 spi_status2 R H'00000000 H'E8201D0C 32
SPI status register 3 spi_status3 R H'00000000 H'E8201D10 32
SPI status register 4 spi_status4 R H'00000000 H'E8201D14 32
SPI status register 5 spi_status5 R H'00000000 H'E8201D18 32
SPI status register 6 spi_status6 R H'00000000 H'E8201D1C 32
SPI status register 7 spi_status7 R H'00000000 H'E8201D20 32
SPI status register 8 spi_status8 R H'00000000 H'E8201D24 32
SPI status register 9 spi_status9 R H'00000000 H'E8201D28 32
SPI status register 10 spi_status10 R H'00000000 H'E8201D2C 32
SPI status register 11 spi_status11 R H'00000000 H'E8201D30 32
SPI status register 12 spi_status12 R H'00000000 H'E8201D34 32
SPI status register 13 spi_status13 R H'00000000 H'E8201D38 32
SPI status register 14 spi_status14 R H'00000000 H'E8201D3C 32
Software generation interrupt register ICDSGIR w H'00000000 H'E8201F00 32
CPU interface control register ICCICR R/W H'00000000 H'E8202000 32
Interrupt priority mask register ICCPMR R/W H'00000000 H'E8202004 32
Binary point register ICCBPR R/W H'00000002 H'E8202008 32
Interrupt acknowledge register ICCIAR R H'000003FF H'E820200C 32
End-of-interrupt register ICCEOIR w - H'E8202010 32
Running priority register ICCRPR R H'000000FF H'E8202014 32
Highest pending interrupt register ICCHPIR R H'000003FF H'E8202018 32
Aliased binary point register ICCABPR R/W H'00000003 H'E820201C 32
CPU interface implementer identification ICCIIDR R H'3901043B H'E82020FC 32
register

Note 1. When the NMI pin is high, becomes H'8000; when low, becomes H'0000.

Note 2. Only 0 can be written after reading 1, to clear the flag.

Note 3. Use the following expression to calculate the maximum number of interrupt IDs from the number of IT lines.

(17+1) x 32 + 1 to (17 + 2) x 32: 577 to 608
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 7. Interrupt Controller

7.3.1 Interrupt Control Register 0 (ICRO)

ICRO is a 16-bit register that sets the input signal detection mode for the external interrupt input pin NMI, and indicates
the input level at the NMI pin.

Bt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
fwa] - [ - [ -] -[ - -fowef -J -] -F-]-]-[we]- |
Initialvalue:  ** o o0 ©0 0 0 O 0 O 0O 0 O 0 0 0 0

R/W: R R R R R R R R/W R R R R R R R/(W)*2 R

Notes: 1. 1 when the NMI pin is high, and 0 when the NMI pin is low.
2. Only 0 can be written after reading 1, to clear the flag.

Initial
Bit Bit Name Value R/W Description

15 NMIL *1 R NMI Input Level
Sets the level of the signal input at the NMI pin. The NMI pin level can be
obtained by reading this bit. This bit cannot be modified.
0: Low level is input to NMI pin
1: High level is input to NMI pin

14t09 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.

8 NMIE 0 R/W NMI Edge Select
Selects whether the falling or rising edge of the interrupt request signal on
the NMI pin is detected.
0: Interrupt request is detected on falling edge of NMI input
1: Interrupt request is detected on rising edge of NMI input

7to2 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.

1 NMIF 0 R/ NMI Interrupt Request
(W)*2 This bit indicates the status of the NMI interrupt request. This bit cannot be
modified.
0: NMI interrupt request has not occurred
[Clearing conditions]
e Cleared by changing NMIE of ICRO
e Cleared by reading NMIF while NMIF = 1, then writing 0 to NMIF
1: NMI interrupt request is detected
[Setting condition]
e Edge corresponding to NMIE of ICRO has occurred at NMI pin

0 — 0 R Reserved
This bit is always read as 0. The write value should always be 0.

RO1UH0437EJ0600 Rev.6.00 RENESAS 7-13
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7.3.2 Interrupt Control Register 1 (ICR1)

ICR1 is a 16-bit register that specifies the detection mode for external interrupt input pins IRQ7 to IRQO individually:
low level, falling edge, rising edge, or both edges.

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|IRQ71 S|IR07OS|IR061 S|IRQGOS|IRQ51 S|IRQSOS|IRQ41 S|IRQ4OS|IRQ31 S|IRQSOS|IR021 S|IRQZOS|IRQ1 1S|IRQ1OS|IRQO1 S|IHQOOS|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
15 IRQ71S 0 R/wW IRQ Sense Select
RS 0 W e e e e e
13 IRQ61S 0 R/W 00: Interrupt request is detected on low level of IRQn input
12 IRQ60S 0 R/W 01: Interrupt request ?s detected on ff.-ll!ing edge of IRQn.input
10: Interrupt request is detected on rising edge of IRQn input
" IRQ51S 0 R/W 11: Interrupt request is detected on both edges of IRQn input
10 IRQ50S 0 R/W
9 IRQ41S 0 R/IW
8 IRQ40S 0 R/IW
7 IRQ31S 0 R/IW
6 IRQ30S 0 R/W
5 IRQ21S 0 R/W
4 IRQ20S 0 R/W
3 IRQ11S 0 R/IW
2 IRQ10S 0 R/IW
1 IRQO1S 0 R/W
0 IRQO0S 0 R/W
[Legend]
n=7to0
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7.3.3 IRQ Interrupt Request Register (IRQRR)

IRQRR is a 16-bit register that indicates interrupt requests from external input pins IRQ7 to IRQO. If edge detection is set
for the IRQ7 to IRQO interrupts, writing 0 to the IRQ7F to IRQOF bits after reading IRQ7F to IRQOF = 1 cancels the
retained interrupts.

Bt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | - | - | - | - | - | - | - | IRQ7F| IRQ6F | IRQ5F | IHQ4F| IRQ3F| IRQ2F | IRQ1F | IHQOFl

Initialvalve: 0 0 0 0O O ©O0 0 O O O ©0 0 0 0 0 O
RW. R R R R R R R R RAW*RI(W)?*RAW)*RI(W)* RIW)* RI(W)* R/(W)* RI(W)*

Note: * Only 0 can be written to clear the flag after 1 is read.

Initial

Bit Bit Name Value R/W Description

15t0 8 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.

7 IRQ7F 0 R/(W)* IRQ Interrupt Request

5 IRQGF 0 R/(W)* These bits |qd|cate the status of the IRQ7 to IRQO interrupt requests.
Level detection:

5 IRQ5F 0 R/(W)* 0: IRQn interrupt request has not occurred

4 IRQ4F 0 RI(W)* [Clearing conqitiqn]
¢ IRQn input is high

3 IRQ3F 0 R/(W)* 1: IRQn interrupt has occurred

2 IRQ2F 0 RI(W)* [Setting condition]
¢ IRQn input is low

1 IRQ1F 0 RI(W) Edge detection:

0 IRQOF 0 R/(W)* 0: IRQn interrupt request is not detected
[Clearing condition]
e Cleared by reading IRQnF while IRQnF = 1, then writing 0 to IRQnF
1: IRQn interrupt request is detected
[Setting condition]
e Edge corresponding to IRQn1S or IRQNOS of ICR1 has occurred at

IRQnN pin
[Legend]
n=7to0
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 7. Interrupt Controller

7.4 Interrupt Sources

There are four types of interrupt sources: NMI, IRQ, on-chip peripheral modules, and pin interrupts. Each interrupt has a
priority level (0 to 31), with 0 the highest and 31 the lowest.

7.4.1 NMI Interrupt

The NMI interrupt with the highest priority is accepted by the CPU as an FIQ exception all times. NMI interrupt requests
are edge-detected, and the NMI edge select bit (NMIE) in ICRO selects whether the rising edge or falling edge is
detected. The status of the interrupt request can be checked by reading the NMI interrupt request bit (NMIF) in the ICRO.
When the NMIE bit is changed, the NMI interrupt request that is retained is cleared.

When deep standby mode is entered, deep standby mode is canceled by the NMI interrupt.

7.4.2 IRQ Interrupts

IRQ interrupts are input from pins IRQ7 to IRQO. For the IRQ interrupts, low-level, falling-edge, rising-edge, or both-
edge detection can be selected individually for each pin by the IRQ sense select bits (IRQ71S to IRQ01S and IRQ70S to
IRQO0S) in interrupt control register 1 (ICR1).

When using low-level sensing for IRQ interrupts, an interrupt request signal is sent to the interrupt controller while the
IRQ7 to IRQO pins are low. An interrupt request signal is stopped being sent to the interrupt controller when the IRQ7 to
IRQO pins are driven high. The status of the interrupt requests can be checked by reading the IRQ interrupt request bits
(IRQ7F to IRQOF) in the IRQ interrupt request register (IRQRR).

When using edge-sensing for IRQ interrupts, an interrupt request is detected due to change of the IRQ7 to IRQO pin
states, and an interrupt request signal is sent to the interrupt controller. The result of IRQ interrupt request detection is
retained until that interrupt request is accepted. Whether IRQ interrupt requests have been detected or not can be checked
by reading the IRQ7F to IRQOF bits in the IRQ interrupt request register (IRQRR). Writing 0 to these bits after reading
them as 1 clears the result of IRQ interrupt request detection.

When returning from IRQ interrupt exception service routine, execute the return instruction after confirming that the
interrupt request has been cleared by the IRQ interrupt request register (IRQRR) so as not to accidentally receive the
interrupt request again.
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7.4.3

On-chip peripheral module interrupts are generated by the following on-chip peripheral modules:

Direct memory access controller
USB 2.0 host/function module
Video display controller 5

JPEG codec unit (RZ/A1LU only)
OS timer

Bus state controller

Watchdog timer

Multi-function timer pulse unit 2
12-bit A/D converter

Serial sound interface

Renesas SPDIF interface

I2C bus interface

Serial communication interface with FIFO
CAN interface

Renesas serial peripheral interface
IEBus™ controller (RZ/A1L only)
CD-ROM decoder (RZ/A1L only)
MMC host interface

SD host interface

Realtime clock

SCUX

Media local bus (RZ/A1L only)
LIN interface (RZ/A1L only)
Serial communication interface
EthernetAVB (RZ/A1LU only)
Ethernet controller

Capture engine unit

On-chip RAM

Internal bus

On-Chip Peripheral Module Interrupts

When returning from the interrupt exception service routine for an interrupt request at the peripheral-module level,

execute the return instruction after clearing the source flag at the source of the request and reading the source flag so that

the interrupt request is not accidentally received again.

RO1UH0437EJ0600 Rev.6.00
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744 Pin Interrupts

Pin interrupts are input from pins TINT121 to TINTO. Signals input on pins TINT121 to TINTO are conveyed as
interrupt signals regardless of mode settings and pin function settings for the general-purpose 1/O port pin.

Accordingly, if pin interrupts are to be used in port mode, set the pin as an input port pin. Alternatively, if an alternative
mode is selected, the alternative pin with an input function can only be used for pin interrupts. For the settings of general-
purpose I/O port pins, see section 41., Ports.

For the pin interrupts, high-level or rising-edge detection can be selected individually for each pin by the interrupt
configuration registers (ICDICFRn). For a description of the interrupt configuration registers (ICDICFRn), see the GIC
architecture specification.
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7.5 Interrupt IDs

Table 7.3 lists the interrupt sources and their interrupt IDs, and the registers for setting the interrupt sources. Do not

make settings other than those in table 7.3, otherwise, the operation cannot be guaranteed.

Each interrupt source is allocated a different interrupt ID. To control notification of the interrupt source to the CPU and

reference its status, it is necessary to set and reference the following registers which correspond to given interrupt IDs.
ICDISRn

ICDISERn
ICDICERn
ICDISPRn
ICDICPRn
ICDABRn
ICDICFRn
ICDIPRn

ICDIPTRn

e Interrupt security register

e Interrupt set-enable register

e Interrupt clear-enable register
¢ Interrupt set-pending register

e Interrupt clear-pending register
e Active bit register

e Interrupt configuration register
e Interrupt priority register

e Interrupt processor target register

For the procedure for the initial settings of the registers, see section 7.6.1 Initial Settings. For details on individual
registers, see the Arm Generic Interrupt Controller Architecture Specification and the PrimeCell® Generic Interrupt
Controller (PL390) Technical Reference Manual from Arm.

Table 7.3 List of Interrupt IDs

Interrupt Source

Register Allocation

ICDISRNn
ICDISERN
Interrupt ICDICERN
Request Inter ICDISPRn
Request Source Edge/ -rupt ICDICPRn ICDIPRNn
Module Channel Name Level ID ICDABRn Bit ICDICFRn Bit ICDIPTRn Bit
GIC - - - 0 0 0 0 1t00 0 7to0
software 1 1 3t02 15108
interrupt - R -
2 2 5t04 23t0 16
3 3 7to6 31to024
4 4 9to 8 1 7to0
5 5 11 to 10 15t0 8
6 6 13to 12 23t0 16
7 7 15to 14 31to24
8 8 17t0o16 2 7t00
9 9 19to 18 15t0 8
10 10 2110 20 23to 16
11 11 23 to 22 31to 24
12 12 25t024 3 7t00
13 13 27 to 26 15t0 8
14 14 29 to 28 23t0 16
15 15 31to 30 31to 24
CPU 0 PMUIRQO Level 16 16 1 1to 0 4 7to0
COMMRXO0 Level 17 17 3to2 15t0 8
COMMTXO0 Level 18 18 5to4 23t0 16
CTIIRQO Level 19 19 7t06 31to24
R01UH0437EJ0600 Rev.6.00 -ZENESAS 7-19
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Table 7.3 List of Interrupt IDs
Interrupt Source Register Allocation
ICDISRNn
ICDISERN
Interrupt ICDICERN
Request Inter ICDISPRn
Request Source Edge/ -rupt ICDICPRn ICDIPRNn
Module Channel Name Level ID ICDABRn Bit ICDICFRn Bit ICDIPTRn Bit
IRQ - IRQO Level 32 1 0 2 1t00 8 7t00
IRQ1 Level 33 EN 3to2 15t08
IRQ2 Level 34 2 5t04 2310 16
IRQ3 Level 35 3_ 7t06 31to 24
IRQ4 Level 36 4 9to8 9 7100
IRQ5 Level 37 5 11to10 15108
IRQ6 Level 38 6 131012 231016
IRQ7 Level 39 7 151014 31to24
Secondary - PL310ERR Level 40 e 17t0o16 10 7to0
cache
Direct 0 DMAINTO Edge 41 9— 19to 18 15t0 8
;“Cec'::;y DMAINT1 Edge 42 I 210 20 2310 16
controller 2 DMAINT2 Edge 43 11 23t0 22 31to 24
3 DMAINT3 Edge 44 7 25t024 M 7to0
4 DMAINT4 Edge 45 7 27 to 26 15t0 8
5 DMAINT5 Edge 46 T 2910 28 23t0 16
6 DMAINT6 Edge 47 T 311030 31to 24
7 DMAINT7 Edge 48 16 3 1to0 12 7t00
8 DMAINT8 Edge 49 T 3to2 15t0 8
9 DMAINT9 Edge 50 ? 5to4 23t0 16
10 DMAINT10 Edge 51 7 7t06 31to 24
11 DMAINT11 Edge 52 T 9to 8 13 7t00
12 DMAINT12 Edge 53 7 11to 10 15t0 8
13 DMAINT13 Edge 54 ? 13to 12 23to 16
14 DMAINT14 Edge 55 ? 15to 14 31to 24
15 DMAINT15 Edge 56 7 17t0o 16 14 7to0
- DMAERR Edge 57 ? 1910 18 15t0 8
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Table 7.3 List of Interrupt IDs

Interrupt Source Register Allocation
ICDISRn
ICDISERN
Interrupt ICDICERN
Request Inter ICDISPRn
Request Source Edge/ -rupt ICDICPRn ICDIPRNn
Module Channel Name Level ID ICDABRn Bit ICDICFRn Bit ICDIPTRn Bit
Reserved 58 1 26 3 21t020 14 23to 16
59 27 2310 22 310 24
60 28 251024 15 7100
61 29 271026 15t08
62 30 29t028 23t016
63 31 311030 31t024
64 2 0 4 1t00 16 7100
65 1 3t02 15108
66 2 510 4 2310 16
67 3 7to6 31t024
68 4 9to8 17 7100
69 5 11t010 15t08
70 6 13t 12 23t016
71 7 151014 31t024
72 e 17t016 18 7100
USB20 0 USBIO Level 73 9 19t018 15t08
;‘uonséiion USBI1 Level 74 10 211020 231016
module
Video ; SO_VI_VSYNCO Level 75 KT 231022 31t024
gfrft'ra’ler 5 SO_LO_VSYNCO  Level 76 E 251024 19 7100
SO_VSYNCERRO  Level 77 13 2710 26 15t0 8
GR3_VLINEO Level 78 14 291028 231016
SO_VFIELDO Level 79 15 3110 30 310 24
IV1_VBUFERRO Level 80 16 5 1100 20 7100
IV3_VBUFERRO Level 81 17 3to2 15108
IV5_VBUFERRO Level 82 18 5to4 231016
IV6_VBUFERRO Level 83 19 Tto6 31t024
SO_WLINEO Level 84 20 9to8 21 7100
Reserved 85 7 m m
86 22 13to12 23t016
87 23 15t0 14 31to24
88 24 17t016 22 7100
89 25 19t018 15t08
90 26 211020 23016
91 27 2310 22 31 to 24
92 28 25t024 23 7100
93 29 271026 15t08
94 30 29t028 23t016
95 31 31t030 31t024
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Table 7.3 List of Interrupt IDs

Interrupt Source

Register Allocation

ICDISRn
ICDISERN
Interrupt ICDICERN
Request Inter ICDISPRn
Request Source Edge/ -rupt ICDICPRn ICDIPRNn
Module Channel Name Level ID ICDABRn Bit ICDICFRn Bit ICDIPTRn Bit
Reserved 96 3 0 6 1t00 24 7t00
97 1 3t02 15108
98 2 510 4 2310 16
99 3 7to6 31t024
100 4 9to8 25 7100
101 5 11t010 15t08
102 6 13t 12 23t016
103 7 151014 31t024
104 e 17t016 26 7100
105 9 19t018 15t08
106 10 21t020 23t016
107 o 23t022 31t024
108 12 25t024 27 7100
109 13 271026 15108
110 14 2910 28 2310 16
11 15 31t030 31t024
112 16 7 1t00 28 7100
113 17 3to2 15t08
114 18 5tod 23t016
15 19 Tto6 31t024
116 20 9to8 29 7100
17 21 1to10 15t08
118 22 13to12 23t016
119 23 15t 14 31to24
120 24 17t016 30 7100
121 25 191018 15108
122 26 211020 23016
123 27 23t022 31to24
124 28 25t024 31 7100
125 29 27t026 15t08
JPEG - JEDI Level 126 30 29t028 23t016
f;g’f: 1‘:_”8} JDTI Level 127 31 311030 3Mto24
only)
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Table 7.3 List of Interrupt IDs
Interrupt Source Register Allocation
ICDISRNn
ICDISERN
Interrupt ICDICERN
Request Inter ICDISPRn
Request Source Edge/ -rupt ICDICPRn ICDIPRNn
Module Channel Name Level ID ICDABRn Bit ICDICFRn Bit ICDIPTRn Bit
Reserved 128 4 0 8 1t00 32 7t00
129 1 3t02 1510 8
130 2 5t04 2310 16
131 3 7106 310 24
132 4 9to8 33 7100
133 5 1110 10 1510 8
OS timer 0 OSTMOTINT Edge 134 6— 13t0 12 23to 16
1 OSTMATINT Edge 135 7_ 15to 14 31to 24
Bus state - CMI Level 136 8_ 17t0 16 34 7to0
controller WTOUT Level 137 9 1910 18 15108
Watchdog - ITI Level 138 T 211020 23t0 16
timer
Multi- 0 TGIOA Level 139 4 11 2310 22 31to 24
I::]‘Z:igzlse TGIOB Level 140 12 25t024 35 7t00
unit 2 TGIOC Level 141 13 27 to 26 15t0 8
TGIOD Level 142 T 2910 28 23t0 16
TGIOV Level 143 T 311030 31to 24
TGIOE Level 144 16 9 1to0 36 7t00
TGIOF Level 145 T 3to2 15t0 8
1 TGI1A Level 146 ? 5to04 23t0 16
TGI1B Level 147 W 7t06 31to 24
TGI1V Level 148 T 9to 8 37 7t00
TGI1U Level 149 7 11to 10 15t0 8
2 TGI2A Level 150 ? 13to0 12 23to 16
TGI2B Level 151 ? 15to 14 31to 24
TGI2V Level 152 7 17to 16 38 7to0
TGI2U Level 153 ? 1910 18 15t0 8
3 TGI3A Level 154 ? 211020 23t0 16
TGI3B Level 155 7 2310 22 31to 24
TGI3C Level 156 ? 25t024 39 7t00
TGI3D Level 157 ? 27 t0 26 15t0 8
TGI3V Level 158 30 2910 28 2310 16
4 TGI4A Level 159 T 311030 31to 24
TGl4B Level 160 5 0 10 1t00 40 7t00
TGl4C Level 161 1— 3to2 15t0 8
TGI4D Level 162 2— 5to4 23to 16
TGl4V Level 163 3_ 7t06 31to 24
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Table 7.3 List of Interrupt IDs

Interrupt Source Register Allocation
ICDISRNn
ICDISERN
Interrupt ICDICERN
Request Inter ICDISPRn
Request Source Edge/ -rupt ICDICPRn ICDIPRNn
Module Channel Name Level ID ICDABRn Bit ICDICFRn Bit ICDIPTRn Bit
Reserved 164 5 4 10 9to 8 41 7t00
165 5 11t0 10 15t0 8
166 6 13to 12 23t0 16
167 7 15to0 14 31to 24
168 8 17t0 16 42 7t00
169 9 19to 18 15t0 8
12-bitAID - ADI Level 170 10 211020 23to 16
converter LMTI Level 171 1 23 t0 22 31t024
Serial 0 SSII0 Level 172 12 25t024 43 7to0
sound SSIRXI0 Level 173 13 2710 26 15t0 8
interface - . -
SSITXIO Level 174 14 29 to0 28 23to 16
1 SSIi Level 175 15 3110 30 31to 24
SSIRXI1 Level 176 16 1 1t00 44 7t00
SSITXI1 Level 177 17 3to2 15t0 8
2 SSli2 Level 178 18 5t04 23t0 16
SSIRTI2 Level 179 19 7t06 31to 24
3 SSII3 Level 180 20 9t0 8 45 7t00
SSIRXI3 Level 181 21 11to 10 15t0 8
SSITXI3 Level 182 22 13to0 12 23t0 16
Reserved 183 23 15t0 14 31to 24
184 24 17to 16 46 7t00
185 25 19to 18 15t0 8
186 26 211020 23to 16
187 27 2310 22 31to 24
Renesas - SPDIFI Level 188 28 25t0 24 47 7t00
SPDIF
interface
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Table 7.3 List of Interrupt IDs
Interrupt Source Register Allocation
ICDISRn
ICDISERN
Interrupt ICDICERN
Request Inter ICDISPRn
Request Source Edge/ -rupt ICDICPRn ICDIPRNn
Module Channel Name Level ID ICDABRn Bit ICDICFRn Bit ICDIPTRn Bit
2Cbus 0 INTIICTEIO Level 189 5 29 11 271026 47 150 8
interface INTIICRIO Edge 190 T30 291028 231016
INTIICTIO Edge 191 31 31t030 31t024
INTICSPIO Level 192 6 0 12 1100 48 7100
INTIICSTIO Level 193 KR 3to2 15t08
INTIICNAKIO Level 194 2 5tod 23t016
INTIICALIO Level 195 3 Tto6 31t024
INTIICTMOIO Level 196 4 9to8 49 7100
1 INTICTEI Level 197 5 11t010 15108
INTIICRI1 Edge 198 6 131012 231016
INTICTI1 Edge 199 7 151014 31t024
INTICSPI1 Level 200 e 171016 50 7t00
INTIICSTI1 Level 201 9 19t018 15t08
INTIICNAKI1 Level 202 10 211020 231016
INTIICALI1 Level 203 " 23t022 31t024
INTICTMOI1 Level 204 12 25t024 51 7100
2 INTIICTEI2 Level 205 13 27t026 15t08
INTIICRI2 Edge 206 14 291028 231016
INTIICTI2 Edge 207 15 311030 31t024
INTICSPI2 Level 208 16 13 1100 52 7100
INTIICSTI2 Level 209 17 3t02 15108
INTICNAKI2 Level 210 18 5tod 23t016
INTIICALI2 Level 211 19 7to6 31to24
INTICTMOI2 Level 212 20 9to8 53 7t00
3 INTIICTEI3 Level 213 21 111010 15t08
INTIICRI3 Edge 214 22 13t012 231016
INTIICTI3 Edge 215 23 15t0 14 31t024
INTICSPI3 Level 216 24 171016 54 7100
INTIICSTI3 Level 217 25 19t018 15t08
INTICNAKI3 Level 218 26 21t020 23t016
INTIICALI3 Level 219 27 23t022 31t024
INTICTMOI3 Level 220 28 251024 55 7100
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Table 7.3 List of Interrupt IDs
Interrupt Source Register Allocation
ICDISRn
ICDISERN
Interrupt ICDICERN
Request Inter ICDISPRn
Request Source Edge/ -rupt ICDICPRn ICDIPRNn
Module Channel Name Level ID ICDABRn Bit ICDICFRn Bit ICDIPTRn Bit
Serial 0 BRIO Level 221 6 29 13 271026 55 1510 8
communi- ERIO Level 222 30 291028 23016
cation - - -
interface RXIO Level 223 31 3110 30 31to 24
with FIFO TXI0 Level 24 7 0 14 1100 56 7100
1 BRI1 Level 225 KR 3to2 15t08
ERI1 Level 226 2 5tod 23t016
RXI1 Level 227 3 7t06 31to 24
X Level 228 4 9to8 57 7100
2 BRI2 Level 229 5 11t010 15108
ERI2 Level 230 6 13to12 23t016
RXI2 Level 231 7 15t 14 31to24
TXI2 Level 232 e 171016 58 7t00
3 BRI3 Level 233 9 19t018 15t08
ERI3 Level 234 10 2110 20 2310 16
RXI3 Level 235 " 23t022 31t024
I3 Level 236 12 251024 59 7100
4 BRI4 Level 237 13 27t026 15t08
ERI4 Level 238 ETH 29t028 23t016
RXI4 Level 239 15 311030 31to24
X4 Level 240 16 15 1100 60 7100
Reserved 241 T W m
242 18 5tod 23t016
243 19 7to6 31t024
244 20 9to8 61 7100
245 21 111010 15t08
246 22 131012 23016
247 23 15to0 14 31to 24
248 24 17t016 62 7100
249 25 19t018 15t08
250 26 21t020 23t016
251 27 23t022 31t024
252 28 251024 63 7100
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Table 7.3 List of Interrupt IDs
Interrupt Source Register Allocation
ICDISRn
ICDISERN
Interrupt ICDICERN
Request Inter ICDISPRn
Request Source Edge/ -rupt ICDICPRn ICDIPRNn
Module Channel Name Level ID ICDABRn Bit ICDICFRn Bit ICDIPTRn Bit
CAN Com-  INTRCANGERR Level 253 7 29 15 271026 63 15t0 8
interface  mon INTRCANGRECC __ Level 254 T30 291028 231016
0 INTRCANOREC Level 255 31 3110 30 310 24
INTRCANOERR Level 256 8 0 16 1100 64 7100
INTRCANOTRX Level 257 1 3to2 15t08
1 INTRCANTREC Level 258 2 5tod 23t016
INTRCAN1ERR Level 259 3 7to6 31to24
INTRCAN1TRX Level 260 4 9to8 65 7100
Reserved 261 5_ m m
262 6 13to12 23t016
263 7 15t 14 31to24
264 e 17t0 16 66 7100
265 9 19t018 15t08
266 10 211020 23016
267 "o 23t022 31t024
268 12 251024 67 7100
269 13 271026 15t08
Renesas 0 SPEIO Level 270 14 29t028 23t016
serial SPRIO Level 271 15 31t030 31to24
peripheral
interface SPTIO Level 272 16 17 1t00 68 7t00
1 SPEI Level 273 17 3t02 15108
SPRI1 Level 274 ETH 5tod 23t016
SPTH Level 275 19 7to6 31to24
2 SPEI2 Level 276 20 9to8 69 7100
SPRI2 Level 277 21 1t010 15t08
SPTI2 Level 278 22 131012 23016
Reserved 279 23 1510 14 3110 24
280 24 17t016 70 7100
281 25 19t018 15t08
282 26 21t020 23t016
283 27 23t022 31t024
284 28 251024 71 7100
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Table 7.3 List of Interrupt IDs

Interrupt Source

Register Allocation

ICDISRn
ICDISERn
Interrupt ICDICERN
Request Inter ICDISPRn
Request Source Edge/ -rupt ICDICPRn ICDIPRNn
Module Channel Name Level ID ICDABRn Bit ICDICFRn Bit ICDIPTRn Bit
IEBus™ - IEBBTD Edge 285 8 29 17 271026 71 1510 8
f;;m'fr IEBBTERR Edge 286 E 291028 231016
only) IEBBTSTA Edge 287 31 3110 30 3110 24
IEBBTV Edge 288 9 0o 18 100 72 7100
CD-ROM - ISY Level 289 1 3to2 15t08
?Ff;‘/’:?[ IERR Level 290 Z 5tod 231016
only) ITARG Level 291 3 7106 3110 24
ISEC Level 292 4 9to8 73 7100
IBUF Level 293 5 11t010 15108
IREADY Level 294 6 13to12 23t016
Reserved 295 7— m m
296 e 17t016 74 7100
297 9 19t018 15t08
298 10 211020 23016
MMC host - MMCO Level 299 T 23t022 31t024
interface MMC1 Level 300 12 251024 75 7100
MMC2 Level 301 13 27t026 15t08
SDhost 0 SDHIO_3 Level 302 14 291028 231016
interface SDHI0_0 Level 303 15 311030 31t024
SDHIO_1 Level 304 16 19 100 76 7100
1 SDHI1_3 Level 305 17 3to2 15108
SDHI1_0 Level 306 18 5to4 231016
SDHI1_1 Level 307 19 7to6 31t024
Realtime - ARM Level 308 T 9to 8 77 7t00
clock PRD Level 309 21 Mto10 15t08
CcuP Level 310 22 131012 231016
SCUX - SCUAIO Level 311 23 15 to 14 31 to 24
SCUAI1 Level 312 24 17t016 78 7100
SCUFDIO Level 313 25 19t 18 15t08
SCUFDI Level 314 26 21t020 23t016
SCUFDI2 Level 315 27 23t022 31t024
SCUFDI3 Level 316 28 251024 79 7100
SCUFUI0 Level 317 29 271026 15108
SCUFUI1 Level 318 30 29t028 23t016
SCUFUI2 Level 319 31 31t030 31to24
SCUFUI3 Level 320 10 0 20 1100 80 7100
SCUDVIO Level 321 K 3to2 15t08
SCUDVI1 Level 322 2 5t04 23016
ScuDvI2 Level 323 3 7106 31to 24
Scubvi3 Level 324 4 9to8 81 7100
R01UH0437EJ0600 Rev.6.00 RENESAS 7-28

Jan 29, 2021



RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group

7. Interrupt Controller

Table 7.3 List of Interrupt IDs

Interrupt Source

Register Allocation

ICDISRn
ICDISERN
Interrupt ICDICERN
Request Inter ICDISPRn
Request Source Edge/ -rupt ICDICPRn ICDIPRNn
Module Channel Name Level ID ICDABRn Bit ICDICFRn Bit ICDIPTRn Bit
Medialocal - MLB_CINT Level 325 10 5 20 1Mt010 81 15t0 8
Z‘ﬁ_(g{nzl; ) MLB_SINT Level 326 6 1310 12 2310 16
Reserved 327 7— 15t0 14 311024
328 8 17t016 82 7100
329 9 1910 18 1510 8
330 10 2110 20 2310 16
LIN 0 LINO_INT_T Edge 331 " 23t0 22 31to 24
'(’g;;f:ff LINO_INT R Edge 332 z 251024 83 7100
only) LINO_INT_S Edge 333 13 2710 26 150 8
LINO_INT_M Edge 334 14 29t0 28 2310 16
Reserved 335 T 31 to 30 31to 24
336 16 21 100 84 7100
337 17 3to2 15t0 8
338 18 5t04 2310 16
339 19 7t06 310 24
340 20 9to8 85 7100
341 21 1110 10 15t0 8
342 22 13 to0 12 2310 16
343 23 15 to 14 31 to 24
344 24 17t0 16 86 7100
345 25 19to0 18 150 8
346 26 2110 20 2310 16
Serial 0 ERIO Level 347 ? 23 to 22 31to 24
ggﬁ”g:“”i' RXI0 Edge 348 z 251024 87 7t00
interface TXI0 Edge 349 29 27 t0 26 15t0 8
TEIO Level 350 30 29t0 28 2310 16
1 ERI1 Level 351 31 3110 30 31to 24
RXI1 Edge 352 11 0 22 1100 88 7100
X Edge 353 1 3to2 150 8
TEN Level 354 2 5t04 23016
Ethernet - AVBI_DATA Level 355 3 7t06 31 to 24
'(A%/z% LU AVBI_ERROR Level 356 Z 9t08 89 7100
only) AVBI_MANAGE Level 357 5 1110 10 150 8
AVBI_MAC Level 358 6 130 12 2310 16
Ethernet - ETHERI Level 359 7_ 15t0 14 311024
controller
Reserved AVBI_ERROR 360 8 171016 90 7100
361 9 19to0 18 150 8
362 10 2110 20 2310 16
363 " 2310 22 3110 24
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7. Interrupt Controller

Table 7.3 List of Interrupt IDs

Interrupt Source

Register Allocation

ICDISRn
ICDISERN
Interrupt ICDICERN
Request Inter ICDISPRn
Request Source Edge/ -rupt ICDICPRn ICDIPRNn
Module Channel Name Level ID ICDABRn Bit ICDICFRn Bit ICDIPTRn Bit
Capture - CEUI Level 364 11 12 22 25t024 91 7t00
engine unit
Reserved 365 13 2710 26 15t0 8
366 14 29to 28 2310 16
367 15 31t0 30 31to 24
368 16 23 1t00 92 7100
369 17 3t02 15t0 8
370 18 510 4 2310 16
371 19 7t06 31 to 24
372 20 9to8 93 7100
373 21 1110 10 15t0 8
374 22 13 to0 12 2310 16
375 23 1510 14 310 24
376 24 171016 94 7100
377 25 19t0 18 15t0 8
378 26 2110 20 2310 16
379 27 23t0 22 31to 24
380 28 25t024 95 7100
Internal H2XMLB_ERRINT  Level 381 29 2710 26 150 8
bus H2XIC1_ERRINT  Level 382 30 290 28 2310 16
X2HPERI1_ERRINT  Level 383 31 3110 30 31 to 24
X2HPERI2_ERRINT  Level 384 12 0 24 1100 96 7100
X2HPERI34_ERRINT Level 385 K 3t02 150 8
X2HPERI5_ERRINT  Level 386 2 5t04 2310 16
X2HPERI67_ERRINT Level 387 3 7t06 31to 24
X2HDBGR_ERRINT  Level 388 4 9to8 97 7100
X2HBSC_ERRINT  Level 389 5 1110 10 15t0 8
X2HSPI1_ERRINT  Level 390 6 130 12 2310 16
X2HSPI2_ERRINT  Level 391 7 15 to 14 31 to 24
PRRI Level 392 e 17t016 98 7100
Reserved 393 9_ 19t0 18 15t0 8
394 10 2110 20 2310 16
395 " 23t0 22 31to 24
396 12 25t024 99 7100
397 13 2710 26 150 8
398 14 29t0 28 2310 16
399 15 3110 30 310 24
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Table 7.3 List of Interrupt IDs

Interrupt Source Register Allocation
ICDISRn
ICDISERN
Interrupt ICDICERN
Request Inter ICDISPRn
Request Source Edge/ -rupt ICDICPRn ICDIPRNn
Module Channel Name Level ID ICDABRn Bit ICDICFRn Bit ICDIPTRn Bit
Reserved 400 12 16 25 1to0 100 7t00
401 17 3to2 15t0 8
402 18 5to 4 2310 16
403 19 7t06 31to24
404 20 9to 8 101 7t00
405 21 11t0 10 15t0 8
406 22 13to 12 23t0 16
407 23 15to 14 31to 24
408 24 17to 16 102 7to0
409 25 19to 18 15t0 8
410 26 21to 20 23t0 16
411 27 23 to 22 31to0 24
412 28 25t024 103 7to0
413 29 27 to 26 15t0 8
414 30 29to 28 2310 16
415 31 31to 30 31to24
Pin JPO_0 TINTO Edge/Level 416 13 0 26 1t00 104 7t00
interrupts =150 1 TINT1 EdgelLevel 417 1 3t02 1510 8
Note: The
portnameis pPQ_Q TINT2 Edge/Level 418 2 5to4 23t0 16
given in the E— - E—
Channel PO_1 TINT3 Edge/Level 419 3 7t06 31to 24
column for _—
the pin PO _2 TINT4 Edge/Level 420 4 9to 8 105 7to0
nermupls. 563 TINTS Edge/Level 421 5 11t0 10 15108
P10 TINT6 Edge/Level 422 6 13t0 12 23t0 16
P1_1 TINT7 Edge/Level 423 7 15to 14 31to 24
P1_2 TINT8 Edge/Level 424 8 17t0 16 106 7to0
P1_3 TINT9 Edge/Level 425 9 19t0 18 15t0 8
P14 TINT10 Edge/Level 426 10 211020 23t0 16
P1_5 TINT11 Edge/Level 427 11 23 to 22 31to024
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7. Interrupt Controller

Table 7.3 List of Interrupt IDs
Interrupt Source Register Allocation
ICDISRn
ICDISERN
Interrupt ICDICERN
Request Inter ICDISPRn
Request Source Edge/ -rupt ICDICPRn ICDIPRNn
Module Channel Name Level ID ICDABRn Bit ICDICFRn Bit ICDIPTRn Bit
Pin P16  TINT12 Edge/Level 428 13 12 26 25t024 107 7100
interrupts 5T TINT13 Edge/Level 429 13 271026 15t08
Note: The - . I
porinamois P18 TINT14 Edge/Level 430 4 2910 28 2310 16
Channel P19  TINTI5 EdgelLevel 431 15 3110 30 31 to 24
il © TP110  TINTIe Edge/Level 432 16 27 1100 108 7100
nerupts. o TINTH7 EdgelLevel 433 7 3t02 15108
P1 12  TINT18 EdgelLevel 434 18 5tod4 231016
P1.13  TINT19 EdgelLevel 435 19 7to6 31t024
P1_14  TINT20 Edge/Level 436 20 9to8 109 7100
P1_15  TINT21 EdgelLevel 437 21 1Mto10 15108
P20  TINT22 EdgelLevel 438 22 131012 231016
P2 1 TINT23 EdgelLevel 439 23 15t0 14 31to24
P22 TINT24 Edge/Level 440 24 17t016 110 7100
P2 3 TINT25 Edge/Level 441 25 T19t0 18 15t08
P24  TINT26 Edge/Level 442 26 21t020 23t016
P2 5  TINT27 EdgelLevel 443 o7 231022 31t024
P26  TINT28 Edge/Level 444 28 25t024 111 7100
P27  TINT29 EdgelLevel 445 29 271026 15t08
P2 8  TINT30 EdgelLevel 446 30 291028 231016
P29  TINT31 EdgelLevel 447 31 311030 31t024
P30  TINT32 EdgelLevel 448 14 0 28 1100 112 7100
P31 TINT33 EdgelLevel 449 KR 3to2 15108
P32  TINT34 EdgelLevel 450 2 5to4 231016
P33  TINT35 EdgelLevel 451 3 7to6 31t024
P3 4  TINT36 Edge/Level 452 4 9to8 113 7100
P35  TINT37 EdgelLevel 453 5 Mto10 15t08
P3 6 TINT38 Edge/Level 454 6_ 13t0 12 23t0 16
P37  TINT39 EdgelLevel 455 7 15t014 31t024
P38  TINT40 Edge/Level 456 8 17t016 114 7100
P39  TINT41 EdgelLevel 457 9 191018 1508
P3.10  TINT42 EdgelLevel 458 10 211020 231016
P3_ 11 TINT43 Edge/Level 459 T 231022 31t024
P3 12 TINT44 Edge/Level 460 12 251024 115 7100
P3_13  TINT45 EdgelLevel 461 13 271026 15108
P3_14  TINT46 EdgelLevel 462 14 291028 231016
P3_ 15  TINT47 EdgelLevel 463 15 311030 31to24
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7. Interrupt Controller

Table 7.3 List of Interrupt IDs
Interrupt Source Register Allocation
ICDISRNn
ICDISERN
Interrupt ICDICERN
Request Inter ICDISPRn
Request Source Edge/ -rupt ICDICPRn ICDIPRNn
Module Channel Name Level ID ICDABRn Bit ICDICFRn Bit ICDIPTRn Bit
Pin P4_0 TINT48 Edge/Level 464 14 16 29 1t00 116 7to0
interrupts 5T TINT49 Edge/Level 465 17 3t02 1510 8
Note: The - -
portnameis P4 2 TINT50 Edge/Level 466 18 5t04 23t0 16
given in the JE—— - EE—
Channel P4_3 TINT51 Edge/Level 467 19 7to6 31to24
column for —_—
the pin P4 4 TINT52 Edge/Level 468 20 9to 8 117 7to0
ntermupts T4 5 TINTS3 EdgelLevel 469 21 111010 1510 8
P4_6 TINT54 Edge/Level 470 22 13to0 12 2310 16
P4_7 TINT55 Edge/Level 471 23 15to 14 31t024
P5_0 TINT56 Edge/Level 472 24 17to 16 118 7to00
P5_1 TINT57 Edge/Level 473 25 19to0 18 15t0 8
P5_2 TINT58 Edge/Level 474 26 21t0 20 23to 16
P5_3 TINT59 Edge/Level 475 27 23t0 22 31t024
P5_4 TINT60 Edge/Level 476 28 25t024 119 7to0
P5_5 TINT61 Edge/Level 477 29 27 to 26 15t0 8
P5_6 TINT62 Edge/Level 478 30 29to 28 2310 16
P5_7 TINT63 Edge/Level 479 31 3110 30 31to24
P5_8 TINT64 Edge/Level 480 15 0 30 1t00 120 7to0
P5_9 TINT65 Edge/Level 481 1 3to2 15t0 8
P5_10 TINT66 Edge/Level 482 2 5to 4 2310 16
P5_11 TINT67 Edge/Level 483 3 7to6 31to24
P5_12 TINT68 Edge/Level 484 4 9to 8 121 7to0
P5_13 TINT69 Edge/Level 485 5 11to 10 15t0 8
P5_14 TINT70 Edge/Level 486 6 13to 12 23to 16
P5_15 TINT71 Edge/Level 487 7 15to 14 31to24
P6_0 TINT72 Edge/Level 488 8 17to 16 122 7to0
P6_1 TINT73 Edge/Level 489 9 19t0 18 15t0 8
P6_2 TINT74 Edge/Level 490 10 21t020 2310 16
P6_3 TINT75 Edge/Level 491 11 23t0 22 31to24
P6_4 TINT76 Edge/Level 492 12 25t024 123 7to0
P6_5 TINT77 Edge/Level 493 13 27 to 26 15t0 8
P6_6 TINT78 Edge/Level 494 14 29 to 28 2310 16
P6_7 TINT79 Edge/Level 495 15 311030 31t024
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7. Interrupt Controller

Table 7.3 List of Interrupt IDs
Interrupt Source Register Allocation
ICDISRNn
ICDISERN
Interrupt ICDICERN
Request Inter ICDISPRn
Request Source Edge/ -rupt ICDICPRn ICDIPRNn
Module Channel Name Level ID ICDABRn Bit ICDICFRn Bit ICDIPTRn Bit
Pin P6_8 TINT80 Edge/Level 496 15 16 31 1t00 124 7to0
interrupts  “5e"g T TINT81 Edge/Level 497 17 3t02 1510 8
Note: The
portnameis PG _10 TINT82 Edge/Level 498 18 5t04 23t0 16
given in the JE—— - EE—
Channel P6_11 TINT83 Edge/Level 499 19 7to6 31to24
column for —_—
the pin P6_12 TINT84 Edge/Level 500 20 9to 8 125 7to0
nfermupls- Tpe 43 TINT85 Edge/Level 501 21 111010 1510 8
P6_14 TINT86 Edge/Level 502 22 13to0 12 2310 16
P6_15 TINT87 Edge/Level 503 23 15to 14 31t024
P7_0 TINT88 Edge/Level 504 24 17t0o 16 126 7to00
P7_1 TINT89 Edge/Level 505 25 19to0 18 15t0 8
P7_2 TINT90 Edge/Level 506 26 211020 23to0 16
P7_3 TINTO1 Edge/Level 507 27 23t0 22 31to24
P7_4 TINT92 Edge/Level 508 28 25t024 127 7to0
P7_5 TINT93 Edge/Level 509 29 27 to 26 15t0 8
P7_6 TINT94 Edge/Level 510 30 29to 28 23to 16
P7_7 TINT95 Edge/Level 511 31 3110 30 31to24
P7_8 TINT96 Edge/Level 512 16 0 32 1t00 128 7to0
P7_9 TINT97 Edge/Level 513 1 3to2 15t0 8
P7_10 TINT98 Edge/Level 514 2 5to 4 23to0 16
P7_11 TINT99 Edge/Level 515 3 7to6 31to24
P8 0 TINT100 Edge/Level 516 4 9to 8 129 7to0
P8_1 TINT101 Edge/Level 517 5 11to 10 15t0 8
P8 2 TINT102 Edge/Level 518 6 13to 12 2310 16
P8 3 TINT103 Edge/Level 519 7 15to 14 31to24
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7. Interrupt Controller

Table 7.3 List of Interrupt IDs
Interrupt Source Register Allocation
ICDISRNn
ICDISERN
Interrupt ICDICERN
Request Inter ICDISPRn
Request Source Edge/ -rupt ICDICPRn ICDIPRNn
Module Channel Name Level ID ICDABRn Bit ICDICFRn Bit ICDIPTRn Bit
Pin P8_4 TINT104 Edge/Level 520 4p 8 32 17t0o 16 130 7to0
INterrupts - “pg 5 TINT105 EdgelLevel 521 9 1910 18 1510 8
Note: The
portnameis P8_6 TINT106 Edge/Level 522 10 21to0 20 23to0 16
‘é‘ze” "‘I”‘e P8 7  TINT107 Edge/Level 523 1 23 t0 22 31t024
annel _
column for P8 8 TINT108 Edge/Level 524 12 25t024 131 7to0
the pin P8 9 TINT109 Edge/Level 525 13 27 to 26 15t0 8
interrupts. _ _ _
P8_10 TINT110 Edge/Level 526 14 29 to 28 2310 16
P8_11 TINT111 Edge/Level 527 15 311030 31t024
P8 12 TINT112 Edge/Level 528 16 33 1t00 132 7to0
P8 _13 TINT113 Edge/Level 529 17 3to2 15t0 8
P8 _14 TINT114 Edge/Level 530 18 5to4 23to0 16
P8_15 TINT115 Edge/Level 531 19 7to6 31t024
P9 0 TINT116 Edge/Level 532 20 9to 8 133 7t00
P9 _1 TINT117 Edge/Level 533 21 11to 10 15t0 8
P9 2 TINT118 Edge/Level 534 22 13t0 12 23t0 16
P9 3 TINT119 Edge/Level 535 23 15to 14 31to24
P9 4 TINT120 Edge/Level 536 24 17t0 16 134 7to0
P9 5 TINT121 Edge/Level 537 25 19to0 18 15t0 8
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7. Interrupt Controller

7.6 Operation

7.6.1 Initial Settings

For details on the registers for making initial settings and the procedures for settings in general, see the Arm Generic

Interrupt Controller Architecture Specification and the PrimeCell® Generic Interrupt Controller (PL390) Technical

Reference Manual from Arm. Figure 7.2 illustrates the flow of initial settings.

Start initial settings|

GIC interrupt request acknowledgement initial setting 1

(1) ICDISRn Interrupt security register

For ICDISRO to ICDISR16, set H'00000000.

ICDICFRn Interrupt configuration register

Set ICDICFRO to ICDICFR33 to the values in table 7.4.

Set ICDICFR26 to ICDICFR33 to the mode for detecting pin interrupts.
ICDIPRn Interrupt priority register

Set the priority levels for interrupts with the corresponding IDs in the fields
of ICDIPRO to ICDIPR134.

ICDIPTRn Target CPU setting

Set the value H'01 for interrupts with the corresponding IDs in the fields of
ICDIPTRS to ICDIPTR134. (ICDIPTRO to ICDIPTR? are read-only.)
ICDISERN Interrupt set-enable register

For interrupts which are to be enabled, set the corresponding bits of
ICDISERO to ICDISER16 to 1.

(2

-

3

=

(4

=

(5

=

CPU interface initial setting
(1) ICCPMR Interrupt priority mask register

Specify the priority level at and above which the CPU will be notified.
(2) ICCBPR Binary point register

Set the separation point for the fractional part of the priority value field.
(3) ICCICR CPU interface control register

Set this register to H'00000003.

GIC interrupt request acknowledgement initial setting 2
(1) ICDDCR Distributor control register

Set the enable bit to 1.

CPU initial setting
(1) CSPR
Clear the | and F bits to 0.

!

Initial settings
completed

Figure 7.2 Flow of Initial Settings
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Table 7.4 ICDICFRn Interrupt Configuration Register Settings
Register Name Setting Interrupt ID
ICDICFRO H'AAAAAAAA 15t0 0
ICDICFR1 H'00000055 31to 16
ICDICFR2 H'FFFD5555 47 to 32
ICDICFR3 H'555FFFFF 63 t0 48
ICDICFR4 H'55555555 79 to 64
ICDICFR5 H'55555555 95 to 80
ICDICFR6 H'55555555 111 to 96
ICDICFR7 H'55555555 127 to 112
ICDICFR8 H'5555F555 143 to 128
ICDICFR9 H'55555555 159 to 144
ICDICFR10 H'55555555 175 to 160
ICDICFR11 H'F5555555 191 to 176
ICDICFR12 H'F555F555 207 to 192
ICDICFR13 H'5555F555 223 to0 208
ICDICFR14 H'55555555 239 to 224
ICDICFR15 H'55555555 255 to 240
ICDICFR16 H'55555555 271 to 256
ICDICFR17 H'FD555555 287 to 272
ICDICFR18 H'55555557 303 to 288
ICDICFR19 H'55555555 319 to 304
ICDICFR20 H'7FD55555 335 to 320
ICDICFR21 H'5F555555 351 to 336
ICDICFR22 H'FD55555F 367 to 352
ICDICFR23 H'55555557 383 to 368
ICDICFR24 H'55555555 399 to 384
ICDICFR25 H'55555555 415 to 400
ICDICFR26*1 H'565555555 431 to 416
ICDICFR27*1 H'565555555 447 to 432
ICDICFR28*1 H'55555555 463 to 448
ICDICFR29*1 H'55555555 479 to 464
ICDICFR30* H'55555555 495 to 480
ICDICFR31*1 H'55555555 511 to 496
ICDICFR32*1 H'565555555 527 to 512
ICDICFR33*1 H'565555555 537 to 528
Note 1. Edge or level detection can be selected for IDs corresponding to pin interrupts. The settings in the above table select level
detection.
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7.6.2 Flow of Interrupt Operations

For details on operation involved in interrupt generation, see the ArmGeneric Interrupt Controller Architecture

Specification and the PrimeCell® Generic Interrupt Controller (PL390) Technical Reference Manual from Arm.
Figure 7.3 shows the flow of interrupt operations.

|

Transmit the interrupt Transmit the interrupt 2+
request to INTC request to the CPU interface

l

Is the priority of
the interrupt at the CPU interface
greater than or equal to
the ICCPMR
value?

l Yes
Interrupt request not Transmit the interrupt

START transmitted to CPU request to CPU
l l v

No

Place the work space on
Interrupt initial setting the stack and branch to CPU ti
Interrupt enabled the interrupt handler. operation
| i
Normal processing Read ICCHPIR Note 1
routine
Interrupt source 1
generated Acquire the interrupt ID

from ICCIAR Note 1

l

Branch to the interrupt processing
routine for the given interrupt ID.

CPU operation
(User software)

Clear the source flag at the
source of the request Note 2

l

Read the source flag at the
source of the request

Interrupt processing Interrupt processing
completed

Write the interrupt ID to ICCEOIR and
execute the return instruction.

Restore the work space. CPU operation

Return from the interrupt handler.

Note 1. Read ICCHPIR. Then, read ICCIAR. If reading is not in this order, ICCIAR may be read before it completely reflects processing through
the CPU interface. Consequently, wrong interrupt IDs may be read.

Note 2. When the interrupt is one for which clearing of the flag for the interrupt request before interrupt processing is not possible, the flag
should be cleared after interrupt processing.

Figure 7.3 Flow of Interrupt Operations
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7.7 Data Transfer with Interrupt Request Signals

Interrupt request signals can be used to activate the direct memory access controller and transfer data.

Interrupt sources for which the direct memory access controller is designated as the destination by DMA extension
resource selectors 0 to 7 are masked and requests from them are not input to the interrupt controller.

Figure 7.4 shows a block diagram of interrupt control. For details, see section 9, Direct Memory Access Controller.

Direct memory access controller

Interrupt source flag clearing

(by the direct memory Data
access controller) transfer
Activating control
Activating source selected logic
source
Interrupt source -
selection
logic

Activating source not selected

Interrupt source
(not specified as a direct memory access controller activating source)

Interrupt CPU interrupt source
controller cPU
Figure 7.4 Interrupt Control Block Diagram
7.7.1 Handling Interrupt Request Signals as Sources for CPU Interrupt

but Not Direct Memory Access Controller Activating

1. Do not select direct memory access controller activating sources.
When interrupts occur, interrupt requests are sent to the CPU.
3. The CPU clears the interrupt source and performs the necessary processing in the interrupt exception service

routine.

7.7.2 Handling Interrupt Request Signals as Sources for Activating
Direct Memory Access Controller but Not CPU Interrupt

1. Select direct memory access controller activating sources.
2. Activating sources are applied to the direct memory access controller when interrupts occur.
3. The direct memory access controller clears the interrupt sources when starting transfer.
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7.8 Usage Note

7.8.1 Timing to Clear Interrupt Source

Clear the interrupt source flag to 0 in the interrupt exception handler. It takes some time to clear an interrupt in the CPU
after clearing the interrupt source flag to 0. Read the interrupt source flag after clearing it to ensure that the interrupt
request that should have been cleared is not received again erroneously. After that, execute the return instruction.

7.8.2 Notes on Selecting IRQ Interrupt Pin Functions

While the corresponding setting in interrupt control register 1 (ICR1) is for interrupt requests to be detected on falling
edges or both edges of an IRQn input and the current input on the pin is at the low level, this will be detected as a falling
edge and thus an interrupt when the pin function is switched to the IRQ interrupt function.

7.8.3 Notes on Reading Interrupt ID Values from Interrupt Acknowledge Register
(ICCIAR)

If an interrupt ID value read from the interrupt acknowledge register (ICCIAR) is 0, the interrupt notice may be wrong.
At that time, confirm the interrupt state before proceeding with interrupt processing.

When the interrupt ID is read as 0, the interrupt state can be confirmed by using bit 0 in the active bit register 0
(ICDABRO).

If the interrupt state is inactive, the interrupt notice is wrong and no interrupt processing is required.

Return from interrupt processing after writing the same value as the setting value to the interrupt priority register 0
(ICDIPRO).

If the interrupt state is active, the interrupt notice is correct. Proceed with interrupt processing.

If an interrupt ID value read from the interrupt acknowledge register (ICCIAR) is 1022 or 1023, return from interrupt
processing after writing the same value as the setting value to the interrupt priority register 0 (ICDIPRO).
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7.8.4 Notes on Using IRQ Pins as Triggers for Release from Standby
when Software Standby is in Use

To use an IRQ pin as the trigger for release from standby when software standby is in use, execute the following
processing.

(1) When the mode setting for an IRQ pin has been switched from the alternative mode to the port
mode

Set the IRQ sense select bits corresponding to the given IRQ pin in interrupt control register 1 (ICR1) to the initial value,
00 (interrupt requests being detected as the low level of the IRQn input).

(2) When the mode setting for an IRQ pin has been switched from the port mode to the alternative
mode

After switching the pin mode setting, make the setting of the IRQ sense select bits corresponding to the given IRQ pin in

the following sequence. To start with, set the IRQ sense select bits in interrupt control register 1 (ICR1) to the initial

value, 00 (interrupt requests being detected as the low level of the IRQn input), and then set them to the desired value, as
described below.

e  When the IRQ pin is to be used with the IRQ sense select bits set to 01 (interrupt requests being detected on falling
edges of the IRQn input)
Set these bits to 00 (detection as the low level) *! and then to 01 (detection on falling edges).

e When the IRQ pin is to be used with the IRQ sense select bits set to 10 (interrupt requests being detected on rising
edges of the IRQn input)
Set these bits to 00 (detection as the low level) *! and then to 10 (detection on rising edges).

e When the IRQ pin is to be used with the IRQ sense select bits set to 11 (interrupt requests being detected on the both
edges of the IRQn input)
Set these bits to 00 (detection as the low level) *! and then to 11 (detection on the both edges).

Note 1. This setting is for the detection of interrupt requests when the IRQ pin is at the low level. Make the appropriate
settings so that the interrupt function does not operate, i.e. the interrupt is ignored, during the period from setting
of the IRQ pin mode to setting of the IRQ sense select bits.
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8. Bus State Controller

The bus state controller outputs control signals for various types of memory and external devices that are connected to
the external address space. The functions of this module enable this LSI to connect directly with SRAM, SDRAM, and
other memory storage devices, and external devices.

8.1 Features

1. External address space
—A maximum of 64 Mbytes for each of areas CS0 to CSS5.
—Can specify the normal space interface, SRAM interface with byte selection, burst ROM (clocked synchronous or
asynchronous), MPX-I/0, and SDRAM memory type for each address space.
—Can select the data bus width (8, 16, or 32 bits) for each of address spaces.
—Controls insertion of wait cycles for each address space.
—Controls insertion of wait cycles for each read access and write access.
—Can set independent idle cycles during the continuous access for five cases: read-write (in same space/different
spaces), read-read (in same space/different spaces), the first cycle is a write access.
2. Normal space interface
—Supports the interface that can directly connect to the SRAM.
3. Burst ROM interface (clocked asynchronous)
—High-speed access to the ROM that has the page mode function.
4. MPX-I/O interface
—Can directly connect to a peripheral LSI that needs an address/data multiplexing.
5. SDRAM interface
—Can set the SDRAM in up to two areas.
—Multiplex output for row address/column address.
—Efficient access by single read/single write.
—High-speed access in bank-active mode.
—Supports an auto-refresh and self-refresh.
—Supports a power-down mode.
—Issues MRS and EMRS commands.
6. SRAM interface with byte selection
—Can connect directly to a SRAM with byte selection.
7. Burst ROM interface (clocked synchronous)
—Can connect directly to a burst ROM of the clocked synchronous type.
8. Refresh function
—Supports the auto-refresh and self-refresh functions.
—Specifies the refresh interval using the refresh counter and clock selection.
—Can execute concentrated refresh by specifying the refresh counts (1, 2, 4, 6, or 8).
9. Usage as interval timer for refresh counter
—Generates an interrupt request at compare match.
10. Detection of long wait state for access by the signal on the external WAIT pin.
—A timeout detection condition is specifiable per CS space.
—Once timeout is detected, the external WAIT function is disabled and a timeout detection interrupt request is
issued.
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Figure 8.1 shows a block diagram of this module.
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[Legend] BSC
CMNCR:  Common control register
CSnWCR: CSn space wait control register (n = 0 to 5)
CSnBCR:  CSn space bus control register (n = 0 to 5)
SDCR: SDRAM control register
RTCSR: Refresh timer control/status register
RTCNT: Refresh timer counter
RTCOR: Refresh time constant register
TOSCORnN: Timeout cycle constant register (n = 0 to 5)
TOSTR: Timeout status register
TOENR: Timeout enable register
Figure 8.1 Block Diagram of Bus State Controller
R01UH0437EJ0600 Rev.6.00 RENESAS 8-2

Jan 29, 2021



RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 8. Bus State Controller

8.2 Input/Output Pins

Table 8.1 shows the pin configuration.

Table 8.1 Pin Configuration
Name 110 Function
A25 to AO Qutput Address bus
D31 to DO 1/0 Data bus
BS Output Bus cycle start
CS0to CS5 Output Chip select
RD/WR Output Read/write
Connects to WE pins when SDRAM or SRAM with byte selection is connected.
RD Output Read pulse signal (read data output enable signal)
WE3/DQMUU/AH Output Indicates that D31 to D24 are being written to.
Connected to the byte select signal when a SRAM with byte selection is
connected.
Functions as the select signals for D31 to D24 when SDRAM is connected.
Functions as the address hold signal when the MPX-I/O is used.
WE2/DQMUL Output Indicates that D23 to D16 are being written to.
Connected to the byte select signal when a SRAM with byte selection is
connected.
Functions as the select signals for D23 to D16 when SDRAM is connected.
WE1/DQMLU Output Indicates that D15 to D8 are being written to.
Connected to the byte select signal when a SRAM with byte selection is
connected.
Functions as the select signals for D15 to D8 when SDRAM is connected.
WEO/DQMLL Output Indicates that D7 to DO are being written to.
Connected to the byte select signal when a SRAM with byte selection is
connected.
Functions as the select signals for D7 to DO when SDRAM is connected.
RAS Output Connects to RAS pin when SDRAM is connected.
CAS Output Connects to CAS pin when SDRAM is connected.
CKE Output Connects to CKE pin when SDRAM is connected.
WAIT Input External wait input
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8.3 Area Overview

8.3.1 Address Map

In the architecture, this LSI has a 32-bit address space, which is divided into external memory spaces (SPI multi I/O bus
space, large-capacity on-chip RAM, hold on-chip RAM, on-chip peripheral modules, and reserved areas) according to
the upper bits of the address.

See section 5, LSI Internal Bus (including Secondary Cache) for how to enable or disable caching for the CSO to CS5
external address spaces.

The kind of memory to be connected and the data bus width are specified in each partial space. The address map for the
external address space is listed below.

Table 8.2 Address Map

Internal Address Space Memory to be Connected

H'00000000 to H'03FFFFFF CSO0 Normal space, SRAM with byte selection, burst ROM (asynchronous or
synchronous)

H'04000000 to H'07FFFFFF CS1 Normal space, SRAM with byte selection

H'08000000 to H'OBFFFFFF CSs2 Normal space, SRAM with byte selection, SDRAM

H'0C000000 to H'OFFFFFFF CS3 Normal space, SRAM with byte selection, SDRAM

H'10000000 to H'13FFFFFF Cs4 Normal space, SRAM with byte selection,
burst ROM (asynchronous)

H'14000000 to H'17FFFFFF CS5 Normal space, SRAM with byte selection, MPX-I/O

H'18000000 to H'3FFFFFFF Other SPI multi I/0 bus space, large-capacity on-chip RAM, hold on-chip RAM, on-
chip peripheral modules, reserved area*?

H'40000000 to H'407FFFFF CSO0 mirror Access from the north main bus is not possible, but access from the south
main bus is possible."

H'40800000 to H'43FFFFFF CSO0 mirror Normal space, SRAM with byte selection, burst ROM (asynchronous or
synchronous)

H'44000000 to H'47FFFFFF CS1 mirror Normal space, SRAM with byte selection

H'48000000 to H'4BFFFFFF CS2 mirror Normal space, SRAM with byte selection, SDRAM

H'4C000000 to H'4FFFFFFF CS3 mirror Normal space, SRAM with byte selection, SDRAM

H'50000000 to H'53FFFFFF CS4 mirror Normal space, SRAM with byte selection, burst ROM (asynchronous)

H'54000000 to H'57FFFFFF CS5 mirror Normal space, SRAM with byte selection, MPX-I/O

H'58000000 to H'FFFFFFFF Other SPI multi I/0 bus space (mirror), large-capacity on-chip RAM (mirror), hold on-

chip RAM (mirror), on-chip peripheral modules, reserved area*!

Note 1. For the large-capacity on-chip RAM space and hold on-chip RAM space, access the addresses shown in section 40, On-Chip
RAM. For the on-chip peripheral module space, access the addresses shown in section 46, List of Registers. Do not access
addresses which are not described in these sections. Otherwise, the correct operation cannot be guaranteed.

Note 2. For details, see section 5, LS| Internal Bus.
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8.3.2 Data Bus Width and Related Pin Setting for Each Area Depending on Boot
Mode

The initial state of data bus width and settings of the pins related to this module depends on boot mode. For boot mode,
refer to section 3, Boot Mode.

In boot mode 0, the state of area 0 is fixed to the state with bus width of 16 bits, because this LSI is started up by the
program stored in the ROM connected to area 0. The initial states of areas 1 to 5 are the same as that of area 0, but the bus
width can be changed by the program. Immediately after a power-on reset in these modes, some of the address and data-
bus signals and the CS0, RD, and RD/WR signals are automatically selected by default as the functions of the
corresponding pins, since these signals are required to read ROM data from area 0. With the exception of these pins, the
general purpose pin function is selected by default, and other required pin functions must be specified by the program.
Read access to area 0 is only permitted before the pin settings are completed.

In boot modes 1 to 3, the state of areas 0 to 5 can be changed from the initial state by the program, because the LSI is
started by the program stored in the SPI serial memory, the NAND flash memory with the SD controller, or the NAND
flash memory with the MMC controller. Since pin functions related to this module are not set automatically, they need to
be set by the program. Do not access external address spaces before the pin settings are completed.

Table 8.3 shows the initial state by areas 0 to 5 in boot modes 0 and 1 to 3.

The sample access waveforms shown in this section include the pins such as BS and WEn. They are the waveforms when
pin functions are assigned to the general I/O ports. For example, when 16-bit bus width is used, setting for pin A1 is
needed. When 8-bit bus width is used, setting for pins Al and A0 is also needed.

For details on pin function settings, see section 41, Ports.

Table 8.3 Initial States by Areas in Boot Modes 0 and 1 to 3
Boot Mode Item Area 0 Areas 1to 5
0 Data bus width Fixed to 16 bits. 16 bits. Can be changed by program.

Not changeable.

Settings of pins related  Pins A20 to A1, D15 to DO, CSO, RD/WR, and RD are set automatically. Other pins need
to this module to be set by program.

1t03 Data bus width 32 bits. Can be changed by program.

Settings of pins related  General I/O function.
to this module For external bus access, all the necessary pins need to be set by program.

Note 1. If operation is to start in boot mode 0 and the connected boot ROM includes address bit A21 or higher-order address bits, the
circuit board must include pull-down resistors for the corresponding address lines.

Note 2. The data-bus width may be limited by the type of memory in use. For details, see section 8.4.2, CSn Space Bus Control Register
(CSnBCR) (n =0 to 5).
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8.4 Register Descriptions

Table 8.4 shows the register configuration of this module.
Do not access the areas until settings of the connected memory interface are completed.

Table 8.4 Register Configuration

Register Name Abbreviation R/W Initial Value Address Access Size
Common control register CMNCR R/W H'00001018 H'3FFFC000 32
CSO0 space bus control register CSOBCR R/W H'36DB0C00*1 H'3FFFC004 32
CS1 space bus control register CS1BCR R/W H'36DB0OC00*1 H'3FFFC008 32
CS2 space bus control register CS2BCR R/W H'36DB0C00*1 H'3FFFC00C 32
CS3 space bus control register CS3BCR R/W H'36DB0OC00*1 H'3FFFC010 32
CS4 space bus control register CS4BCR R/W H'36DB0C00*1 H'3FFFC014 32
CS5 space bus control register CS5BCR R/W H'36DB0C00*1 H'3FFFC018 32
CSO0 space wait control register CSOWCR R/W H'00000500 H'3FFFC028 32
CS1 space wait control register CS1WCR R/W H'00000500 H'3FFFC02C 32
CS2 space wait control register CS2WCR R/W H'00000500 H'3FFFC030 32
CS3 space wait control register CS3WCR R/W H'00000500 H'3FFFC034 32
CS4 space wait control register CS4WCR R/W H'00000500 H'3FFFC038 32
CS5 space wait control register CS5WCR R/W H'00000500 H'3FFFCO03C 32
SDRAM control register SDCR R/W H'00000000 H'3FFFC04C 32
Refresh timer control/status RTCSR R/W H'00000000 H'3FFFC050 32
register

Refresh timer counter RTCNT R/W H'00000000 H'3FFFC054 32
Refresh time constant register RTCOR R/W H'00000000 H'3FFFC058 32
Timeout cycle constant register 0 TOSCORO R/W H'00000000 H’3FFFC060 32
Timeout cycle constant register 1  TOSCOR1 R/W H'00000000 H'3FFFC064 32
Timeout cycle constant register 2 TOSCOR2 R/W H'00000000 H'3FFFC068 32
Timeout cycle constant register 3 TOSCOR3 R/W H'00000000 H'3FFFC06C 32
Timeout cycle constant register 4 TOSCOR4 R/W H'00000000 H’3FFFC070 32
Timeout cycle constant register 5 TOSCORS5 R/W H'00000000 H'3FFFC074 32
Timeout status register TOSTR R/W H’00000000 H’3FFFC080 32
Timeout enable register TOENR R/W H’00000000 H'3FFFC084 32

Note 1. H'36DB0COO0 in boot mode 0; H'36DBOEOO in boot modes 1 to 3
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8.4.1 Common Control Register (CMNCR)

CMNCR is a 32-bit register that controls the common items for each area.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T Twl [ [ JTwl[ - [-[-[-T T [ -]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W: R R R R/W R R R R/W R R R R R R R R

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L[ - - [ - -Joewa] | -] -[ [ -1 -] [d&ld&
Initial value: 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0
R/W: R R R R R R/W  R/W R R R R R R R R/W  R/W
Initial
Bit Bit Name Value R/W Description
311029 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
28 TLO 0 R/W Transfer End Level
Specifies the TENDO signal output is high active or low active.
0: Low-active output from TENDO
1: High-active output from TENDO
27 to 25 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
24 ALO 0 R/W Specifies the DACKO (acknowledge) signal output is high active or low
active.
0: Low-active output from DACKO
1: High-active output from DACKO
23t0 13 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
12 — 1 R Reserved
This bit is always read as 1. The write value should always be 1.
11 — 0 R Reserved
This bit is always read as 0. The write value should always be 0.
10,9 DPRTY[1:0] 00 R/W DMA Burst Transfer Priority
Specify the priority for a refresh request during DMA burst transfer.
0*: Accepts a refresh request during DMA burst transfer.
10: Does not accept a refresh request during DMA burst transfer.
11: Reserved (setting prohibited)
8tob — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
4,3 — All 1 R Reserved
These bits are always read as 1. The write value should always be 1.
2 — 0 R Reserved
This bit is always read as 0. The write value should always be 0.
1 HIZMEM 0 R/W High-Z Memory Control

Specifies the pin state in software standby mode or deep standby mode
for A25 to AO, BS, CSn, RD/WR, WEn/DQMxx/AH, and RD.

0: High impedance in software standby mode or deep standby mode.

1: Driven in software standby mode or deep standby mode

0 HIZCNT* 0 R/W High-Z Control
Specifies the state in software standby mode or deep standby mode for
CKE, RAS, and CAS.
0: High impedance in software standby mode or deep standby mode for
CKE, RAS, and CAS. -
1: Driven in software standby mode or deep standby mode for CKE, RAS,
and CAS.

Note: *  For High-Z control of CKIO, see section 6, Clock Pulse Generator.
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8.4.2 CSn Space Bus Control Register (CSnBCR) (n = 0 to 5)

CSnBCR is a 32-bit readable/writable register that specifies the memory connected to each space, the number of idle
cycles between bus cycles, and the bus width.

Do not access external memory for the corresponding area until CSnBCR initial setting and pin setting are completed.
Idle cycles may be inserted even when they are not specified. For details, see section 8.5.10, Wait between Access
Cycles.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| - | IWWI[2:0] IWRWDI[2:0] IWRWS[2:0] IWRRD[2:0] IWRRS[2:0]
Initial value: 0 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1

R/W: R R'W RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bt 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0

L[ o [ [ oewo [ [ [ [ J [ [ [ ] |
Initialvalue: 0 0 0 0 1 ™ o0 0 0 0 0 0 0 0

RW. R RW RW RW R RW RW R R R R R R R R R

Note: * B'10 in boot mode 0; B'11 in boot modes 1 to 3.

Initial
Bit Bit Name Value R/W Description
31 — 0 R Reserved
This bit is always read as 0. The write value should always be 0.
30 to 28 IWW[2:0] 01 R/W Idle Cycles between Write-Read Cycles and Write-Write Cycles

These bits specify the number of idle cycles to be inserted after the access
to a memory that is connected to the space. The target access cycles are
the write-read cycle and write-write cycle.

000: No idle cycle inserted

001: 1 idle cycle inserted

010: 2 idle cycles inserted

011: 4 idle cycles inserted

100: 6 idle cycles inserted

101: 8 idle cycles inserted

110: 10 idle cycles inserted

111: 12 idle cycles inserted

2710 25 IWRWD[2:0] 011 R/W Idle Cycles for Another Space Read-Write
Specify the number of idle cycles to be inserted after the access to a
memory that is connected to the space. The target access cycle is a read-
write one in which continuous access cycles switch between different
spaces.
000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted

24 to 22 IWRWSJ[2:0] 01 R/W Idle Cycles for Read-Write in the Same Space
Specify the number of idle cycles to be inserted after the access to a
memory that is connected to the space. The target cycle is a read-write
cycle of which continuous access cycles are for the same space.
000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted
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Initial
Bit Bit Name Value R/W Description
211019 IWRRD[2:0] 011 R/W Idle Cycles for Read-Read in Another Space

Specify the number of idle cycles to be inserted after the access to a
memory that is connected to the space. The target cycle is a read-read
cycle of which continuous access cycles switch between different space.
000: No idle cycle inserted

001: 1 idle cycle inserted

010: 2 idle cycles inserted

011: 4 idle cycles inserted

100: 6 idle cycles inserted

101: 8 idle cycles inserted

110: 10 idle cycles inserted

111: 12 idle cycles inserted

18to 16 IWRRS[2:0] 011 R/W Idle Cycles for Read-Read in the Same Space
Specify the number of idle cycles to be inserted after the access to a
memory that is connected to the space. The target cycle is a read-read
cycle of which continuous access cycles are for the same space.
000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted

15 — 0 R Reserved
This bit is always read as 0. The write value should always be 0.
14 t0 12 TYPE[2:0] 000 R/W Specify the type of memory connected to a space.

000: Normal space

001: Burst ROM (clock asynchronous)

010: MPX-I/O

011: SRAM with byte selection

100: SDRAM

101: Reserved (setting prohibited)

110: Reserved (setting prohibited)

111: Burst ROM (clock synchronous)

For details for memory type in each area, see Table 8.2.

Note: When connecting the burst ROM to the CSO0 space in boot mode 0,
change the CSOWCR register to the settings by the burst ROM
CSOWCR uses and then set TYPE[2:0] to the burst ROM setting. In
boot modes 1 to 3, memory access should be performed after
setting CSOBCR and CSOWCR.

11 — 1 R Reserved
This bit is always read as 1. The write value should always be 1.
10,9 BSZ[1:0] 10* R/W Data Bus Width Specification

Specify the data bus widths of spaces.
00: Reserved (setting prohibited)
01: 8-bit size
10: 16-bit size
11: 32-bit size
For MPX-1/O, selects bus width by address
Notes: 1. If area 5 is specified as MPX-1/O, the bus width can be specified
as 8 bits or 16 bits by the address according to the SZSEL bit in
CS5WCR by specifying the BSZ[1:0] bits to 11. The fixed bus
width can be specified as 8 bits or 16 bits
2. In boot modes 0, the BSZ[1:0] bits settings in CSOBCR are
ignored.
3. If area 2 or area 3 is specified as SDRAM space, the bus width
can be specified as either 16 bits or 32 bits.
4. If area 0 is specified as clocked synchronous burst ROM space,
the bus width can be specified as either 16 bits or 32 bits.

8to0 — AllO R Reserved
These bits are always read as 0. The write value should always be 0.

Note: * B'10 in boot mode 0; B'11 in boot modes 1 to 3.
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8.4.3 CSn Space Wait Control Register (CSNWCR) (n =0 to 5)

CSnWCR specifies various wait cycles for memory access. The bit configuration of this register varies as shown below
according to the memory type (TYPE2 to TYPEO) specified by the CSn space bus control register (CSnBCR). Specify
CSnWCR before accessing the target area. Specify CSnBCR first, then specify CSnWCR.

(1) Normal Space, SRAM with Byte Selection, and MPX-I/O

e CSOWCR
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CT T T T T- T T T T [ -Tewl[ [ T-T-
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R RW  R/W R R RW R/W
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | - | - | SW[1:0] WRI[3:0] |WM| - | - | - | - | HWI[1:0]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
R/W: R R R RW RW RW RW RW RW RW R R R R RW  R/W
Initial
Bit Bit Name Value R/W Description
31to 22 — All0 R Reserved
These bits are always read as 0. The write value should always be 0.
21 —* 0 R/W Reserved

Set this bit to 0 when the interfaces for normal space or for SRAM with
byte selection are used.

20 BAS 0 R/W SRAM with Byte Selection Byte Access Select
Specifies the WEn and RD/WR signal timing when the SRAM interface
with byte selection is used. -
0: Asserts the WER signal at the read/write timing and asserts the RD/WR
signal during the write access cycle.
1: Asserts the WEn signal during the read/write access cycle and asserts
the RD/WR signal at the write timing.

19, 18 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
17,16 —* AllO R/W Reserved

Set these bits to 0 when the interfaces for normal space or for SRAM with
byte selection are used.

15t0 13 — All0 R Reserved
These bits are always read as 0. The write value should always be 0.
12, 11 SWI[1:0] 00 R/W Number of Delay Cycles from Address, CS0 Assertion to RD, WEn
Assertion

Specify the number of delay cycles from address and CS0 assertion to RD
and WEn assertion.

00: 0.5 cycles

01: 1.5 cycles

10: 2.5 cycles

11: 3.5 cycles
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Initial
Bit Bit Name Value R/W Description
10to7 WR[3:0] 1010 R/W Number of Access Wait Cycles

Specify the number of cycles that are necessary for read/write access.
0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

6 WM 0 R/W External Wait Mask Specification
Specifies whether or not the external wait input is valid. The specification
by this bit is valid even when the number of access wait cycle is 0.
0: External wait input is valid
1: External wait input is ignored

5t02 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.

1,0 HWI1:0] 00 R/W Delay Cycles from RD, WEn Negation toﬂidres@Negation
Specify the number of delay cycles from RD and WEn negation to address
and CSO0 negation.
00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

Note: * In boot mode 0, to connect the burst ROM to the CS0 space and switch to burst ROM interface after activation, set the

TYPE[2:0] bits in CSOBCR after setting the burst number by the bits 20 and 21 and the burst wait cycle number by the

bits 16 and 17. Do not write 1 to the reserved bits other than above bits.
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group

8. Bus State Controller

e CS1WCR
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I -1 [ [ -1 -] - Jes[ - [ wwes
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R/W R RW R/W R/W
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | SW[1:0] WR[3:0] | WM | - | - | - | - | HWI[1:0]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
R/W: R R R RW RW RW RW RW RW RW R R R R RW R/W
Initial
Bit Bit Name Value R/IW Description
31to 21 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
20 BAS 0 R/W SRAM with Byte Selection Byte Access Select
Specifies the WEn and RD/WR signal timing when the SRAM interface
with byte selection is used. .
0: Asserts the WER signal at the read/write timing and asserts the RD/WR
signal during the write access cycle.
1: Asserts the WEn signal during the read/write access cycle and asserts
the RD/WR signal at the write timing.
19 — 0 R Reserved
This bit is always read as 0. The write value should always be 0.
18to 16 WWI[2:0] 000 R/W Number of Write Access Wait Cycles
Specify the number of cycles that are necessary for write access.
000: The same cycles as WR[3:0] setting (hnumber of read access wait
cycles)
001: No cycle
010: 1 cycle
011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles
15t0 13 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
12,11 SWI[1:0] 00 R/W Number of Delay Cycles from Address, CSn Assertion to RD, WEn
Assertion _
Specify the number of delay cycles from address and CSn assertion to RD
and WEn assertion.
00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
RO1UH0437EJ0600 Rev.6.00 RENESAS 8-12
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 8. Bus State Controller

Initial
Bit Bit Name Value R/IW Description
10to7 WR[3:0] 1010 R/W Number of Read Access Wait Cycles

Specify the number of cycles that are necessary for read access.
0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

6 WM 0 R/W External Wait Mask Specification
Specifies whether or not the external wait input is valid. The specification
by this bit is valid even when the number of access wait cycle is 0.
0: External wait input is valid
1: External wait input is ignored

5to2 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.

1,0 HW[1:0] 00 R/W Delay Cycles from RD, WEn Negation to Address, CSn Negation
Specify the number of delay cycles from RD and WEn negation to address
and CSn negation.
00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group

8. Bus State Controller

e CS2WCR, CS3WCR

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I N N A A I Y B I I
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R/W R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I | | WAL N I A I I
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
R/W: R R R R R RW RW RW RW RW R R R R R R
Initial
Bit Bit Name Value R/W Description
31to 21 — AllO R Reserved
These bits are always read as 0. The write value should always be 0.
20 BAS 0 R/W SRAM with Byte Selection Byte Access Select
Specifies the WEn and RD/WR signal timing when the SRAM interface
with byte selection is used. .
0: Asserts the WEn signal at the read timing and asserts the RD/WR
signal during the write access cycle.
1: Asserts the WEn signal during the read access cycle and asserts the
RD/WR signal at the write timing.
19to 11 — AllO R Reserved
These bits are always read as 0. The write value should always be 0.
10to 7 WR[3:0] 1010 R/W Number of Access Wait Cycles
Specify the number of cycles that are necessary for read/write access.
0000: No cycle
0001: 1 cycle
0010: 2 cycles
0011: 3 cycles
0100: 4 cycles
0101: 5 cycles
0110: 6 cycles
0111: 8 cycles
1000: 10 cycles
1001: 12 cycles
1010: 14 cycles
1011: 18 cycles
1100: 24 cycles
1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)
6 WM 0 R/W External Wait Mask Specification
Specifies whether or not the external wait input is valid. The specification
by this bit is valid even when the number of access wait cycle is 0.
0: External wait input is valid
1: External wait input is ignored
5t00 — All 0 R Reserved

These bits are always read as 0. The write value should always be 0.
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group

8. Bus State Controller

e CS4WCR
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I [ 1] I N N I Y I AT
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R/W R RW R/W R/W
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | SWI1:0] WR[3:0] | WM | - | - | - | - | HWI1:0]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
R/W: R R R RW RW RW RW RW RW RW R R R R RW R/W
Initial
Bit Bit Name Value RIW Description
31to 21 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
20 BAS 0 R/W SRAM with Byte Selection Byte Access Select
Specifies the WEn and RD/WR signal timing when the SRAM interface
with byte selection is used. .
0: Asserts the WEn signal at the read timing and asserts the RD/WR
signal during the write access cycle.
1: Asserts the WEn signal during the read access cycle and asserts the
RD/WR signal at the write timing.
19 — 0 R Reserved
This bit is always read as 0. The write value should always be 0.
18 to 16 WWI[2:0] 000 R/W Number of Write Access Wait Cycles
Specify the number of cycles that are necessary for write access.
000: The same cycles as WR[3:0] setting (number of read access wait
cycles)
001: No cycle
010: 1 cycle
011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles
15to0 13 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
12, 11 SW[1:0] 00 RIW Number of Delay Cycles from Address, CS4 Assertion to RD, WE

Assertion - .
Specify the number of delay cycles from address and CS4 assertion to RD
and WE assertion.

00: 0.5 cycles

01: 1.5 cycles

10: 2.5 cycles

11: 3.5 cycles
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 8. Bus State Controller

Initial
Bit Bit Name Value R/IW Description
10to7 WR[3:0] 1010 R/W Number of Read Access Wait Cycles

Specify the number of cycles that are necessary for read access.
0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

6 WM 0 R/W External Wait Mask Specification
Specifies whether or not the external wait input is valid. The specification
by this bit is valid even when the number of access wait cycle is 0.
0: External wait input is valid
1: External wait input is ignored

5to2 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.

1,0 HW[1:0] 00 R/W Delay Cycles from RD, WEn Negation to Address, CS4 Negation
Specify the number of delay cycles from RD and WEn negation to address
and CS4 negation.
00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 8. Bus State Controller

e CS5WCR

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LT T-T- T[T T Jeao] - [ e

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W: R R R R R R R R R R R/W  R/W R RW R/W R/W

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | - | - | SW[1:0] WR[3:0] | WM | - | - | - | - | HWI[1:0]

0 0 1 0 1 0 0 0 0 0 0 0 0

RW RW RW RW RW RW RW R R R R/W R/W

o

Initial value: 0 0
R/W: R R

ns)
us)

Initial
Bit Bit Name Value RIW Description

31to 22 —_ All 0 R Reserved
These bits are always read as 0. The write value should always be 0.

21 SZSEL 0 R/W MPX-I/O Interface Bus Width Specification
Specifies an address to select the bus width when the BSZ[1:0] of
CS5BCR are specified as 11. This bit is valid only when area 5 is specified
as MPX-I/O.
0: Selects the bus width by address A14
1: Selects the bus width by address A21
The relationship between the SZSEL bit and bus width selected by A14 or
A21 are summarized below.

SZSEL A14 A21 Bus Width
0 0 Not affected 8 bits

0 1 Not affected 16 bits

1 Not affected 0 8 bits

1 Not affected 1 16 bits

20 MPXW 0 R/W MPX-1/O Interface Address Wait
This bit setting is valid only when area 5 is specified as MPX-1/O. Specifies
the address cycle insertion wait for MPX-I/O interface.
0: Inserts no wait cycle
1: Inserts 1 wait cycle

20 BAS 0 R/W SRAM with Byte Selection Byte Access Select

This bit setting is valid only when area 5 is specified as SRAM with byte

selection. .

Specifies the WEn and RD/WR signal timing when the SRAM interface

with byte selection is used. -

0: Asserts the WEn signal at the read timing and asserts the RD/WR
signal during the write access cycle.

1: Asserts the WEn signal during the read access cycle and asserts the
RD/WR signal at the write timing.

19 — 0 R Reserved
This bit is always read as 0. The write value should always be 0.

18to 16 WWI[2:0] 000 R/W Number of Write Access Wait Cycles

Specify the number of cycles that are necessary for write access.

000: The same cycles as WR[3:0] setting (number of read access wait
cycles)

001: No cycle

010: 1 cycle

011: 2 cycles

100: 3 cycles

101: 4 cycles

110: 5 cycles

111: 6 cycles

15t0 13 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 8. Bus State Controller

Initial

Bit Bit Name Value R/IW Description

12, 11 SWI[1:0] 00 R/W Number of Delay Cycles from Address, CS5 Assertion to RD, WE
Assertion - .
Specify the number of delay cycles from address and CS5 assertion to RD
and WEn assertion when area 5 is specified as normal space or SRAM
with byte selection. Specify the number of delay cycles from the end of
address cycle (Ta3) to RD and WEnR assertion when area 5 is specified as
MPx-1/O.
00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

10to 7 WR[3:0] 1010 R/W Number of Read Access Wait Cycles

Specify the number of cycles that are necessary for read access.
0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

6 WM 0 R/W External Wait Mask Specification
Specifies whether or not the external wait input is valid. The specification
by this bit is valid even when the number of access wait cycle is 0.
0: External wait input is valid
1: External wait input is ignored

5t02 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.

1,0 HWI[1:0] 00 R/W Delay Cycles from RD, WEn Negation to Address, CS5 Negation

Specify the number of delay cycles from RD and WEn negation to address
and CS5 negation when area 5 is specified as normal space or SRAM
with byte selection. Specify the number of delay cycles from RD and WEn
negation to CS5 negation when area 5 is specified as MPx-1/0.

00: 0.5 cycles

01: 1.5 cycles

10: 2.5 cycles

11: 3.5 cycles
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 8. Bus State Controller

(2) Burst ROM (Clocked Asynchronous)

e CSOWCR
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[T T T T T T T T T Towal [ T owm
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R/W  R/W R R R/W  R/W

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

L1 -[ -1 -[-] Wiz o | [T - -[ -1 -]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
R/W: R R R R R RW RW RW RW R/W R R R R R R
Initial
Bit Bit Name Value R/W Description
31to 22 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
21,20 BST[1:0] 00 R/W Burst Count Specification
Specify the burst count for 16-byte or more access. These bits must not be
set to B'11, because B'11 setting is reserved.
Bus Width BST[1:0] Burst count (16-byte access)
8 bits 00 16 burst x one time
01 4 burst x four times
16 bits 00 8 burst x one time
01 2 burst x four times
10 4-4 or 2-4-2 burst
32 bits XX 4 burst x one time
Note: < For details, see Table 8.17, Relationship between Bus Width,
Access Size, and Number of Bursts.
19, 18 — AllO R Reserved
These bits are always read as 0. The write value should always be 0.
17,16 BWI[1:0] 00 R/W Number of Burst Wait Cycles
Specify the number of wait cycles to be inserted between the second or
subsequent access cycles in burst access.
00: No cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles
15to 11 — AllO R Reserved
These bits are always read as 0. The write value should always be 0.
10to 7 WI3:0] 1010 R/W Number of Access Wait Cycles
Specify the number of wait cycles to be inserted in the first access cycle.
0000: No cycle
0001: 1 cycle
0010: 2 cycles
0011: 3 cycles
0100: 4 cycles
0101: 5 cycles
0110: 6 cycles
0111: 8 cycles
1000: 10 cycles
1001: 12 cycles
1010: 14 cycles
1011: 18 cycles
1100: 24 cycles
1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 8. Bus State Controller

Initial
Bit Bit Name Value R/IW Description
6 WM 0 R/W External Wait Mask Specification
Specifies whether or not the external wait input is valid. The specification
by this bit is valid even when the number of access wait cycle is 0.
0: External wait input is valid
1: External wait input is ignored
5t00 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group

8. Bus State Controller

e CS4WCR
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | - | - ] | -] -] - [ esmag | - | - [ swng
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R RW  R/W R R R/W  R/W
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | SWI[1:0] W[3:0] | WM | - | - | - | - | HWI1:0]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
R/W: R R R RW RW RW RW RW RW RW R R R R RW R/W
Initial
Bit Bit Name Value RIW Description
31to 22 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
21,20 BST[1:0] 00 R/W Burst Count Specification
Specify the burst count for 16-byte or more access. These bits must not be
set to B'11, because B'11 setting is reserved.
Bus Width BST[1:0] Burst count (16-byte access)
8 bits 00 16 burst x one time
01 4 burst x four times
16 bits 00 8 burst x one time
01 2 burst x four times
10 4-4 or 2-4-2 burst
32 bits XX 4 burst x one time
Note: < For details, see Table 8.17, Relationship between Bus Width,
Access Size, and Number of Bursts.
19,18 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
17,16 BWI[1:0] 00 R/W Number of Burst Wait Cycles
Specify the number of wait cycles to be inserted between the second or
subsequent access cycles in burst access.
00: No cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles
15to0 13 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
12,11 SWI1:0] 00 R/W Number of Delay Cycles from Address, CS4 Assertion to RD, WEn

Assertion _ .
Specify the number of delay cycles from address and CS4 assertion to RD
and WEn assertion.

00: 0.5 cycles

01: 1.5 cycles

10: 2.5 cycles

11: 3.5 cycles
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group

8. Bus State Controller

Initial
Bit Bit Name Value

R/W

Description

10to 7 W[3:0] 1010

R/W

Number of Access Wait Cycles
Specify the number of wait cycles to be inserted in the first access cycle.
0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

R/W

External Wait Mask Specification

Specifies whether or not the external wait input is valid. The specification
by this bit is valid even when the number of access wait cycle is 0.

0: External wait input is valid

1: External wait input is ignored

5t02 — All0

R

Reserved
These bits are always read as 0. The write value should always be 0.

1,0 HW[1:0] 00

R/W

Delay Cycles from RD, WEn Negation to_Addres@ Negation

Specify the number of delay cycles from RD and WEn negation to address
and CS4 negation.

00: 0.5 cycles

01: 1.5 cycles

10: 2.5 cycles

11: 3.5 cycles
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group

8. Bus State Controller

(3) SDRAM*
e CS2WCR
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I | | [ e | - ] - [ - [ [ -] -]-]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
R/W: R R R R R R R RW R/W R R R R R R R
Initial
Bit Bit Name Value RIW Description
31to 1 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
10 — 1 R Reserved
This bit is always read as 1. The write value should always be 1.
9 — 0 R Reserved
This bit is always read as 0. The write value should always be 0.
8,7 A2CL[1:0] 10 R/W CAS Latency for Area 2
Specify the CAS latency for area 2.
00: 1 cycle
01: 2 cycles
10: 3 cycles
11: 4 cycles
6t00 — All 0 R Reserved

These bits are always read as 0. The write value should always be 0.

Note: * If only one area is connected to the SDRAM, specify area 3. In this case, specify area 2 as normal space or SRAM with

byte selection.
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RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 8. Bus State Controller

e CS3WCR

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Bt 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
| - | WTRP[1:0]* | - |WTRCD[1:O]* | A3CL[1:0] | - | - | TRWL[1:0]* | WTRC[1:0]*

Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0
R/W: R RW  R/W R RW  R/W R RW  R/W R R RW  R/W R RW  R/W

o

Note: * If both areas 2 and 3 are specified as SDRAM, WTRP[1:0], WTRCDI[1:0], TRWL[1:0], and WTRC[1:0] bit settings are
used in both areas in common.

Initial
Bit Bit Name Value R/W Description
31to0 15 —_ All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
14,13 WTRP[1:0]* 00 R/W Number of Auto-Precharge Completion Wait Cycles
Specify the number of minimum precharge completion wait cycles as
shown below.
o From the start of auto-precharge and issuing of ACTV command for the
same bank
e From issuing of the PRE/PALL command to issuing of the ACTV
command for the same bank
» Till entering the power-down mode or deep power-down mode
e From the issuing of PALL command to issuing REF command in auto
refresh mode
e From the issuing of PALL command to issuing SELF command in self
refresh mode
The setting for areas 2 and 3 is common.
00: No cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles
12 — 0 R Reserved
This bit is always read as 0. The write value should always be 0.
11,10 WTRCD 01 R/W Number of Wait Cycles between ACTV Command and READ(A)/WRIT(A)
[1:0]* Command
Specify the minimum number of wait cycles from issuing the ACTV
command to issuing the READ(A)/WRIT(A) command. The setting for
areas 2 and 3 is common.
00: No cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles
9 — 0 R Reserved
This bit is always read as 0. The write value should always be 0.
8,7 A3CL[1:0] 10 R/W CAS Latency for Area 3
Specify the CAS latency for area 3.
00: 1 cycle
01: 2 cycles
10: 3 cycles
11: 4 cycles
6,5 — All O R Reserved
These bits are always read as 0. The write value should always be 0.
RO1UH0437EJ0600 Rev.6.00 RENESAS 8-24

Jan 29, 2021



RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group

8. Bus State Controller

Initial
Bit Bit Name Value

R/W

Description

4,3 TRWL[1:0]* 00

R/W

Number of Auto-Precharge Startup Wait Cycles

Specify the number of minimum auto-precharge startup wait cycles as
shown below.

e Cycle number from the issuance of the WRITA command by this LSI
until the completion of auto-precharge in the SDRAM.

Equivalent to the cycle number from the issuance of the WRITA
command until the issuance of the ACTV command. Confirm that how
many cycles are required between the WRITA command receive in the
SDRAM and the auto-precharge activation, referring to each SDRAM
data sheet. And set the cycle number so as not to exceed the cycle
number specified by this bit.

Cycle number from the issuance of the WRIT command until the
issuance of the PRE command. This is the case when accessing
another low address in the same bank in bank active mode.

The setting for areas 2 and 3 is common.

00: No cycle

01: 1 cycle

10: 2 cycles

11: 3 cycles

Reserved
This bit is always read as 0. The write value should always be 0.

1,0 WTRC[1:0]* 00

R/W

Number of Idle Cycles from REF Command/Self-Refresh Release to

ACTV/REF/MRS Command

Specify the number of minimum idle cycles in the periods shown below.

o From the issuance of the REF command until the issuance of the ACTV/
REF/MRS command

* From releasing self-refresh until the issuance of the ACTV/REF/MRS
command.

The setting for areas 2 and 3 is common.

00: 2 cycles

01: 3 cycles

10: 5 cycles

11: 8 cycles

Note: * If both areas 2 and 3 are specified as SDRAM, WTRP[1:0], WTRCD[1:0], TRWL[1:0], and WTRCJ1:0] bit settings are

used in both areas in common.

If only one area is connected to the SDRAM, specify area 3. In this case, specify area 2 as normal space or SRAM with

byte selection.
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(4) Burst ROM (Clocked Synchronous)

e CSOWCR
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[T T [ T T T T T T [T T T Tow
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R/W  R/W

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

L1 -[ -1 -[-] Wiz o | [T - -[ -1 -]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
R/W: R R R R R RW RW RW RW R/W R R R R R R
Initial
Bit Bit Name Value R/W Description
311018 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
17,16 BWI[1:0] 00 R/W Number of Burst Wait Cycles
Specify the number of wait cycles to be inserted between the second or
subsequent access cycles in burst access.
00: No cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles
15to 11 — All O R Reserved
These bits are always read as 0. The write value should always be 0.
10to 7 WI3:0] 1010 R/W Number of Access Wait Cycles

Specify the number of wait cycles to be inserted in the first access cycle.
0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

6 WM 0 R/W External Wait Mask Specification
Specifies whether or not the external wait input is valid. The specification
by this bit is valid even when the number of access wait cycle is 0.
0: External wait input is valid
1: External wait input is ignored

5t00 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
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8.44 SDRAM Control Register (SDCR)
SDCR specifies the method to refresh and access SDRAM, and the types of SDRAMs to be connected.

Bt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| - | A2ROW([1:0] | - | A2COL[1:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R RW  R/W R RW  R/W

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| - | - | DEEP| - | RFSH |RMODE|PDOWI\4 BACTV|

| A3ROW[1:0] |

| A3COL[1:0]

Initial value: 0
R/W: R

Bit

Bit Name

0
R

0
R/W

Initial
Value

0
R

0 0 0 0
RW R/W R/W R/W

> o

o

0 0
RW  R/W

R

0 0
RW  R/W

RIW

Description

31to 21

AllO

Reserved
These bits are always read as 0. The write value should always be 0.

20,19

A2ROW[1:0]

00

R/W

Number of Bits of Row Address for Area 2

Specify the number of bits of row address for area 2.
00: 11 bits

01: 12 bits

10: 13 bits

11: Reserved (setting prohibited)

18

Reserved
This bit is always read as 0. The write value should always be 0.

17,16

A2COL[1:0]

00

R/W

Number of Bits of Column Address for Area 2
Specify the number of bits of column address for
area 2.

00: 8 bits

01: 9 bits

10: 10 bits

11: Reserved (setting prohibited)

15, 14

AllO

Reserved
These bits are always read as 0. The write value should always be 0.

13

DEEP

R/W

Deep Power-Down Mode

This bit is valid for low-power SDRAM. If the RFSH or RMODE bit is set to
1 while this bit is set to 1, the deep power-down entry command is issued
and the low-power SDRAM enters the deep power-down mode.

0: Self-refresh mode

1: Deep power-down mode

12

Reserved
This bit is always read as 0. The write value should always be 0.

1

RFSH

R/W

Refresh Control

Specifies whether or not the refresh operation of the SDRAM is
performed.

0: No refresh

1: Refresh

10

RMODE

R/W

Refresh Mode

Specifies whether to perform auto-refresh or self-refresh when the RFSH
bit is 1. When the RFSH bit is 1 and this bit is 1, self-refresh starts
immediately. When the RFSH bit is 1 and this bit is 0, auto-refresh starts
according to the contents that are set in registers RTCSR, RTCNT, and
RTCOR.

0: Auto-refresh is performed

1: Self-refresh is performed
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Bit

Bit Name

Initial
Value

RIW

Description

PDOWN

0

R/W

Power-Down Mode

Specifies whether the SDRAM will enter the power-down mode after the

access to the SDRAM. With this bit being set to 1, after the SDRAM is

accessed, the CKE signal is driven low and the SDRAM enters the power-

down mode.

0: The SDRAM does not enter the power-down mode after being
accessed.

1: The SDRAM enters the power-down mode after being accessed.

BACTV

R/W

Bank Active Mode

Specifies to access whether in auto-precharge mode (using READA and

WRITA commands) or in bank active mode (using READ and WRIT

commands).

0: Auto-precharge mode (using READA and WRITA commands)

1: Bank active mode (using READ and WRIT commands)

Note: Bank active mode can be set only for area 3. When both areas 2
and 3 are set to SDRAM, specify the auto-precharge mode.

7t05

AllO

Reserved
These bits are always read as 0. The write value should always be 0.

4,3

A3ROW[1:0]

00

R/W

Number of Bits of Row Address for Area 3
Specify the number of bits of the row address for
area 3.

00: 11 bits

01: 12 bits

10: 13 bits

11: Reserved (setting prohibited)

Reserved
This bit is always read as 0. The write value should always be 0.

1,0

A3COL[1:0]

00

R/W

Number of Bits of Column Address for Area 3

Specify the number of bits of the column address for area 3.
00: 8 bits

01: 9 bits

10: 10 bits

11: Reserved (setting prohibited)
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8.4.5

Refresh Timer Control/Status Register (RTCSR)

RTCSR specifies various items about refresh for SDRAM.
When RTCSR is written, the upper 16 bits of the write data must be H'A55A to cancel write protection.
The phase of the clock for incrementing the count in the refresh timer counter (RTCNT) is adjusted only by a power-on

reset. Note that there is an error in the time until the compare match flag is set for the first time after the timer is started
with the CKS[2:0] bits being set to a value other than B'000.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I | | N I A A
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | - | CMF | CMIE | CKS[2:0] RRC[2:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R RW RW RW RW RW RW RW RW
Initial
Bit Bit Name Value R/W Description
31t0 8 — All 0 R Reserved
These bits are always read as 0.
7 CMF 0 R/W Compare Match Flag
Indicates that a compare match occurs between the refresh timer counter
(RTCNT) and refresh time constant register (RTCOR). This bit is set or
cleared in the following conditions.
0: Clearing condition: When 0 is written in CMF after reading out RTCSR
during CMF = 1.
1: Setting condition: When the condition RTCNT = RTCOR is satisfied.
6 CMIE 0 R/W Compare Match Interrupt Enable
Enables or disables CMF interrupt requests when the CMF bit in RTCSR
is setto 1.
0: Disables CMF interrupt requests.
1: Enables CMF interrupt requests.
5t03 CKSJ2:0] 000 R/W Clock Select
Select the clock input to count-up the refresh timer counter (RTCNT).
000: Stop the counting-up
001: CKIOg/4
010: CKIO@/16
011: CKIOp/64
100: CKIOp/256
101: CKIO@/1024
110: CKIO¢/2048
111: CKIO@/4096
2to0 RRC[2:0] 000 R/W Refresh Count
Specify the number of continuous refresh cycles, when the refresh request
occurs after the coincidence of the values of the refresh timer counter
(RTCNT) and the refresh time constant register (RTCOR). These bits can
make the period of occurrence of refresh long.
000: 1 time
001: 2 times
010: 4 times
011: 6 times
100: 8 times
101: Reserved (setting prohibited)
110: Reserved (setting prohibited)
111: Reserved (setting prohibited)
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8.4.6 Refresh Timer Counter (RTCNT)

RTCNT is an 8-bit counter that increments using the clock selected by bits CKS[2:0] in RTCSR. When RTCNT matches
RTCOR, RTCNT is cleared to 0. The value in RTCNT returns to 0 after counting up to 255. When the RTCNT is written,
the upper 16 bits of the write data must be H'A55A to cancel write protection.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value:
R/W:

T o
uy)
uy)
uy)
oy)
y)
y)
oy)
oy)
oy)
oy)
uy)
uy)
uy)
uy)
uy)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R RW RW RW RW RW RW RW RW
Initial
Bit Bit Name Value R/W Description
31t08 — All0 R Reserved
These bits are always read as 0.
7t00 All 0 R/W 8-Bit Counter

8.4.7 Refresh Time Constant Register (RTCOR)

RTCOR is an 8-bit register. When RTCOR matches RTCNT, the CMF bit in RTCSR is set to 1 and RTCNT is cleared to
0.

When the RFSH bit in SDCR is 1, a memory refresh request is issued by this matching signal. This request is maintained
until the refresh operation is performed. If the request is not processed when the next matching occurs, the previous
request is ignored.

When the CMIE bit in RTCSR is set to 1, an interrupt request is issued by this matching signal. The request continues to
be output until the CMF bit in RTCSR is cleared. Clearing the CMF bit only affects the interrupt request and does not
clear the refresh request. Therefore, a combination of refresh request and interval timer interrupt can be specified so that
the number of refresh requests are counted by using timer interrupts while refresh is performed periodically.

When RTCOR is written, the upper 16 bits of the write data must be H'AS5A to cancel write protection.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

SN N N N N N N IR N N B N
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R RW RW RW RW RW RW RW RW
Initial
Bit Bit Name Value R/W Description
31t0 8 — All 0 R Reserved
These bits are always read as 0.
7t00 All 0 R/W 8-Bit Counter
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8.4.8 Timeout Cycle Constant Register (TOSCORnN) (n =0 to 5)

TOSCORn is a 16-bit register the value of which is effective when the WM bit in the CSn space wait control register
(CSnWCR) is 0 and the corresponding bit in the timeout enable register (TOENR) is 1. When the number of cycles of
waiting due to the signal on the eternal wait input pin matches the setting of TOSCORn, external wait input is disabled to
end the cycle of access, the timeout status flag for the corresponding space in the timeout status register (TOSTR) is set,
and a timeout detection interrupt request is generated. The timeout detection interrupt request is retained until the
corresponding bit in TOENR is set to 0 or 0 is written to the timeout status flag for the corresponding space. Note that
timeout detection is enabled even while the timeout status flag for the corresponding space in TOSTR is 1, and external
wait input is disabled in response to a further timeout.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NS N N N N N N N N N N N A N
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
31t0 16 — All 0 R Reserved
These bits are always read as 0.
15t0 0 All 0 R/W 16-Bit Register
H’0000: 65536 cycles
H’0001: 1 cycle
H'FFFF: 65535 cycles
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8.4.9 Timeout Status Register (TOSTR)

TOSTOR is an 8-bit register that holds the timeout status flags for the CS spaces. When the WM bit in the CSn space
wait control register (CSnWCR) is 0 and the corresponding bit in the timeout enable register (TOENR) is 1 and the
number of cycles of waiting in response to the signal on the eternal wait input matches the setting of TOSCORn, the
timeout status flag for the corresponding space is set and a timeout detection interrupt request is generated. The only
writable value for the timeout status flags is 0, which clears the flag. Writing 1 to a flag is ignored.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NS N N N N N N N N N N N A N
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CS5T | CS4T | CS3T | CS2T | CS1T | CSOT
- B B B - B B B B B OSTF | OSTF | OSTF | OSTF | OSTF | OSTF

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W: R R R R R R R R R R RW RW RW RW RW RW
Initial
Bit Bit Name Value R/W Description
31t0 6 — All 0 R Reserved
These bits are always read as 0.
5 CS5TOSTF 0 R/W CS5 Space Timeout Status Flag

Status flag that indicates that the number of cycles of waiting due to the
input on the external wait pin during access to the CS5 space has
matched the setting of the CS5 space timeout cycle constant register
(TOSCORS5).This bit is set or cleared in the following conditions.
0: Clearing condition
When 0 is written in CS5TOSTF.
1: Setting condition
When the WM bit in the CS5 space wait control register (CS5WCR) is 0
and the CS5TOEN bit in the timeout enable register (TOENR) is 1, the
number of cycles of waiting due to the input on the external wait pin
during access to the CS5 space has matched the setting of TOSCORS.

4 CS4TOSTF 0 R/W CS4 Space Timeout Status Flag
Status flag that indicates that the number of cycles of waiting due to the
input on the external wait pin during access to the CS4 space has
matched the setting of the CS4 space timeout cycle constant register
(TOSCORA4). For the condition to set or clear this bit, refer to the
description of CS5TOSTF.

3 CS3TOSTF 0 R/W CS3 Space Timeout Status Flag
Status flag that indicates that the number of cycles of waiting due to the
input on the external wait pin during access to the CS3 space has
matched the setting of the CS3 space timeout cycle constant register
(TOSCORS3). For the condition to set or clear this bit, refer to the
description of CS5TOSTF.

2 CS2TOSTF 0 R/W CS2 Space Timeout Status Flag
Status flag that indicates that the number of cycles of waiting due to the
input on the external wait pin during access to the CS2 space has
matched the setting of the CS2 space timeout cycle constant register
(TOSCOR?2). For the condition to set or clear this bit, refer to the
description of CS5TOSTF.

1 CS1TOSTF 0 R/W CS1 Space Timeout Status Flag
Status flag that indicates that the number of cycles of waiting due to the
input on the external wait pin during access to the CS1 space has
matched the setting of the CS1 space timeout cycle constant register
(TOSCORH1). For the condition to set or clear this bit, refer to the
description of CS5TOSTF.
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Initial

Bit Bit Name Value R/W Description

0 CSOTOSTF 0 R/W CSO0 Space Timeout Status Flag
Status flag that indicates that the number of cycles of waiting due to the
input on the external wait pin during access to the CSO0 space has
matched the setting of the CS0O space timeout cycle constant register
(TOSCORO). For the condition to set or clear this bit, refer to the
description of CS5TOSTF.
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8.4.10 Timeout Enable Register (TOENR)

TOENR is an 8-bit register that specifies enabling or disabling the detection of timeout for waiting in each of the CS
spaces.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|||||||||||css CS4 | CS3 cszcs1|cso
TOEN | TOEN | TOEN | TOEN | TOEN | TOEN

0 0 0 0 0 0

RW RW RW RW RW RW

o

Initial value: 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R

)

Initial
Bit Bit Name Value R/W Description

31t0 6 — All 0 R Reserved
These bits are always read as 0.

5 CS5TOEN 0 R/W CS5 Space Timeout Detection Enable
Specifies enabling or disabling the detection of timeout for waiting in the
CS5 space.
0: The timeout detection is disabled.
1: The timeout detection is enabled.

4 CS4TOEN 0 R/W CS4 Space Timeout Detection Enable
Specifies enabling or disabling the detection of timeout for waiting in the
CS4 space.
0: The timeout detection is disabled.
1: The timeout detection is enabled.

3 CS3TOEN 0 R/W CS3 Space Timeout Detection Enable
Specifies enabling or disabling the detection of timeout for waiting in the
CS3 space.
0: The timeout detection is disabled.
1: The timeout detection is enabled.

2 CS2TOEN 0 R/W CS2 Space Timeout Detection Enable
Specifies enabling or disabling the detection of timeout for waiting in the
CS2 space.
0: The timeout detection is disabled.
1: The timeout detection is enabled.

1 CS1TOEN 0 R/W CS1 Space Timeout Detection Enable
Specifies enabling or disabling the detection of timeout for waiting in the
CS1 space.
0: The timeout detection is disabled.
1: The timeout detection is enabled.

0 CSOTOEN 0 R/W CSO0 Space Timeout Detection Enable
Specifies enabling or disabling the detection of timeout for waiting in the
CSO0 space.
0: The timeout detection is disabled.
1: The timeout detection is enabled.
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8.5 Operation

8.5.1 Access Size and Data Alignment

This LSI supports little endian, in which the least significant byte (LSB) is that in the direction of the Oth address.
Data bus width can be selected from 8 bits, 16 bits, and 32 bits for the normal memory and SRAM with byte selection.
Data bus width can be selected from 16 bits and 32 bits for SDRAM. For MPX-1/0O, the data bus width is fixed to either

8 or 16 bits, or made selectable as 8 bits or 16 bits by one of the address lines.

Data bus width varies depending on boot mode. For details, refer to section 8.3.2, Data Bus Width and Related Pin

Setting for Each Area Depending on Boot Mode.

Data alignment is performed in accordance with the data bus width selected for the device. This also means that four read

operations are required to read 32-bit data from a byte-width device. In this LSI, data alignment and conversion of data

length is performed automatically between the respective interfaces.
Table 8.5 to Table 8.7 show the relationship between device data width and access unit.

Table 8.5 32-Bit External Device Access and Data Alignment in Little Endian
Data Bus Strobe Signals
D31 to D23 to D15 to WE3, WE2, WE1, WEO,
Operation D24 D16 D8 D7toD0 DQMUU DQMUL DQMLU DQMLL
8-bit access at address 0 — — — Data7to — — — Assert
0
8-bit access at address 1 — — Data7to — — — Assert —
0
8-bit access at address 2 — Data7to — — — Assert — —
0
8-bit access at address 3 Data7to — — — Assert — — —
0
16-bit access at address 0 — — Data15to Data7to — — Assert Assert
8 0
16-bit access at address 2 Data15to Data7to — — Assert Assert — —
8 0
32-bit access at address 0 Data31to Data23to Data15to Data7to Assert Assert Assert Assert
24 16 8 0
Table 8.6 16-Bit External Device Access and Data Alignment in Little Endian
Data Bus Strobe Signals
D31 to D23 to D15 to WE3, WE2, WEA1, WEO,
Operation D24 D16 D8 D7toD0 DQMUU DQMUL DQMLU DQMLL
8-bit access at address 0 — — — Data7to — — — Assert
0
8-bit access at address 1 — — Data7to — — — Assert —
0
8-bit access at address 2 — — — Data7to — — — Assert
0
8-bit access at address 3 — — Data7to — — — Assert —
0
16-bit access at address 0 — — Data15to Data7to — — Assert Assert
8 0
16-bit access at address 2 — — Data15to Data7to — — Assert Assert
8 0
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Table 8.6 16-Bit External Device Access and Data Alignment in Little Endian

Data Bus Strobe Signals
D31 to D23 to D15 to WE3, WE2, WE1, WEO,
Operation D24 D16 D8 D7toD0O DQMUU DQMUL DQMLU DQMLL
32-bit access at 1st access at address — — Data15to Data7to — — Assert Assert
address 0 0 8 0
2nd access at address — — Data31to Data23to — — Assert Assert
2 24 16

Table 8.7 8-Bit External Device Access and Data Alignment in Little Endian

Data Bus Strobe Signals
D31 to D23 to D15 to WES3, WE2, WE1, WEO,
Operation D24 D16 D8 D7toD0O DQMUU DQMUL DQMLU DQMLL
8-bit access at address 0 — — — Data7to — — — Assert
0
8-bit access at address 1 — — — Data7to — — — Assert
0
8-bit access at address 2 — — — Data7to — — — Assert
0
8-bit access at address 3 — — — Data7to — — — Assert
0
16-bit access at 1st access at address — — — Data7to — — — Assert
address 0 0 0
2nd access at address — — — Data15to — — — Assert
1 8
16-bit access at 1st access at address — — — Data7to — — — Assert
address 2 0 0
2nd access at address — — — Data15t0 — — — Assert
1 8
32-bit access at 1st access at address — — — Data7to — — — Assert
address 0 0 0
2nd access at address — — — Data15to — — — Assert
1 8
3rd access at address — — — Data23to — — — Assert
2 16
4th access at address — — — Data31to — — — Assert
3 24
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8.5.2 Normal Space Interface

(1) Basic Timing

For access to a normal space, this LSI uses strobe signal output in consideration of the fact that mainly static RAM will
be directly connected. When using SRAM with a byte-selection pin, see section 8.5.8, SRAM Interface with Byte
Selection. Figure 8.2 shows the basic timings of normal space access. A no-wait normal access is completed in two
cycles. The BS signal is asserted for one cycle to indicate the start of a bus cycle.

Read < RD \ /
1
Co
1
Lo
— 1 i
© RDWR AN
I | I
1 1
Write < WEn i ' i
I I
1
h pat oo
1
1

Note: * The waveform for DACKn is when active low is specified.

Figure 8.2 Normal Space Basic Access Timing (Access Wait 0)
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There is no access size specification when reading. The correct access start address is output in the least significant bit of
the address, but since there is no access size specification, 32 bits are always read in case of a 32-bit device. 16 bits are
always read in case of a 16-bit device. When writing, only the WEn signal for the byte to be written is asserted.

It is necessary to output the data that has been read using RD when a buffer is established in the data bus. The RD/WR
signal is in a read state (high output) when no access has been carried out. Therefore, care must be taken when
controlling the external data buffer with this signal, to avoid output collision.

Figure 8.3 and Figure 8.4 show the basic timings in continuous access to normal space. If the WM bit in CSnWCR is
cleared to 0, a Tnop cycle is inserted after the CSn space access to evaluate the external wait (Figure 8.3). If the WM bit
in CSnWCR is set to 1, external waits are ignored and no Tnop cycle is inserted (Figure 8.4).

CKIO

A25 to A0

' ! ' ! ' ! ' ! ' .
Note: * The waveform for DACKn is when active low is specified.

Figure 8.3 Continuous Access to Normal Space (1) Bus Width = 16 Bits, 32-Bit Access, CSnWCR.WM Bit=0
(Access Wait = 0, Cycle Wait = 0)
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T T2 T T2
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CKIO

n U

1

1
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1 1
A25 to A0 X !
(o
. 1
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RD/WR

>C
/
Read{mto: : C:)_
I

DACKn* _i\ é :
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Note: * The waveform for DACKn is when active low is specified.

Figure 8.4 Continuous Access to Normal Space (2) Bus Width = 16 Bits, 32-Bit Access, CSnWCR.WM Bit =1

(Access Wait = 0, Cycle Wait = 0)
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128K x 8-bit
This LSI SRAM
A18 A16
A2 A0
CSn cs
RD OE
D31 1107
D24 100
WE3 WE
D23
D16 A16
WE2 :
D15 A0
: [
D8 OE
WET /07
D7 :
: 1100
DO WE
WEO
A16
A0
CcS
OE
1107
100
WE
A16
A0
cs
OE
1107
100
WE
Figure 8.5 Example of 32-Bit Data-Width SRAM Connection
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128K x 8-bit
This LSI SRAM
A17 A16
_AL Ao
CSn s
RD OE
D15 /07
D8 1/00
WET WE
D7
_Do A16
WEO
A0
s
OE
107
1/00
WE
Figure 8.6 Example of 16-Bit Data-Width SRAM Connection
128K x 8-bit
This LSI SRAM
A16 A16
A0 A0
CSn Ccs
RD OE
D7 1107
DO 1/00
WED WE
Figure 8.7 Example of 8-Bit Data-Width SRAM Connection

RO1UH0437EJ0600 Rev.6.00

Jan 29, 2021

RENESAS

8-41



RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 8. Bus State Controller

8.5.3 Access Wait Control

Wait cycle insertion on a normal space access can be controlled by the settings of bits WR3 to WRO0 in CSnWCR. It is
possible for areas 1, 4, and 5 to insert wait cycles independently in read access and in write access. Areas 0, 2, and 3 have
common access wait for read cycle and write cycle. The specified number of Tw cycles are inserted as wait cycles in a
normal space access shown in Figure 8.8.

8

RIS

o
X
3
o
o

BT\ i/
DACKn*_i\

3
]

Note: * The waveform for DACKn is when active low is specified.

Figure 8.8 Wait Timing for Normal Space Access (Software Wait Only)
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When the WM bit in CSnWCR is cleared to 0, the external wait input WAIT signal is also sampled. WAIT pin sampling
is shown in Figure 8.9. A 2-cycle wait is specified as a software wait. The WAIT signal is sampled on the falling edge of
CKIO at the transition from the T1 or Tw cycle to the T2 cycle.

Wait states inserted

by WAIT signal
T Tw Tw Twx T2

my)
)
o
a
—r
o
&
@
5
lw)
S

Write

D310 DO — Y—

WA TV
Bs T\ I/ I
DACKn* _:-\ i i

Note: * The waveform for DACKn is when active low is specified.

Figure 8.9 Wait Cycle Timing for Normal Space Access (Wait Cycle Insertion Using WAIT Signal)
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8.5.4 CSn Assert Period Expansion

The number of cycles from CSn assertion to RD, WEn assertion can be specified by setting bits SW1 and SWO0 in
CSnWCR. The number of cycles from RD, WEn negation to CSn negation can be specified by setting bits HW1 and
HWO. Therefore, a flexible interface to an external device can be obtained. Figure 8.10 shows an example. A Th cycle
and a Tf cycle are added before and after an ordinary cycle, respectively. In these cycles, RD and WEn are not asserted,
while other signals are asserted. The data output is prolonged to the Tf cycle, and this prolongation is useful for devices
with slow writing operations.

Th AN T2 Tf

oo [ N S S S
A25 to A0 :X

CSn

=

RD/WR

RD ,
Read '
D31 to DO ; M

wen 1+ N\ i .
Write { i : ' : ' : '
D31 to DO —.-( —

BS ™\ | i/
DACKn*_i\

Note: * The waveform for DACKn is when active low is specified.

Figure 8.10 CSn Assert Period Expansion

RO1UH0437EJ0600 Rev.6.00 RENESAS 8-44

Jan 29, 2021



RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 8. Bus State Controller

85.5 MPX-I/O Interface

Access timing for the MPX space is shown below. In the MPX space, CS5, AH, RD, and WEn signals control the
accessing. The basic access for the MPX space consists of 2 cycles of address output followed by an access to a normal
space. The bus width for the address output cycle or the data input/output cycle is fixed to 8 bits or 16 bits. Alternatively,
it can be 8 bits or 16 bits depending on the address to be accessed.

Output of the addresses D15 to DO or D7 to DO is performed from cycle Ta2 to cycle Ta3. Because cycle Tal has a high-
impedance state, collisions of addresses and data can be avoided without inserting idle cycles, even in continuous access
cycles. Address output is increased to 3 cycles by setting the MPXW bit in CSSWCR to 1.

The RD/WR signal is output at the same time as the CS5 signal; it is high in the read cycle and low in the write cycle.
The data cycle is the same as that in a normal space access.

The delay cycles the number of which is specified by SW[1:0] are inserted between cycle Ta3 and cycle T1. The delay
cycles the number of which is specified by HW[1:0] are added after cycle T2.

Timing charts are shown in Figure 8.11 to Figure 8.13.

Tal Ta2 Ta3 T1 T2

CKIO

A25 to A0

Read ! E ! ' E ! E
WEn : ! i ! ! E i \_/_'_
Write ! : ! : ! : ! : : : !

D15/D7 to DO —-—-—( Address X Data )—

DACKn* !

Note: * The waveform for DACKn is when active low is specified.

Figure 8.11 (1) Access Timing for MPX Space (Address Cycle No Wait, Data Cycle No Wait)
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Tf

T2

T

Th

Ta3

Ta2

Tat

X

A25 to A0

Data

—
A >
[2] [2]
1% 1]
1] 1]
||||||||||||||||||||||| Sl--becc- OS2
kel kel
<< <
o o
[To] ;nn T [a)] a c e [9p] t
g & &k B S W s 7 0¥
m PN P <
a a e
Q Q
[Te} e}
a a
—
el Q
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Note: * The waveform for DACKn is when active low is specified.

(2) Access Timing for MPX Space (Address Cycle No Wait, Extended Assertion Cycle 1.5, Data

Cycle No Wait, Extended Negation Cycle 1.5)

Figure 8.11
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Read E E E | : | : : ! E ! . E
{015/07 to Do —+——— Address
WEn o \__/_—

e SR T T T T T T T s s
D15/D7 to DO ——ri{ Address X Data —
BS T\ i/

R R A A B A

Note: * The waveform for DACKn is when active low is specified.

Figure 8.12 Access Timing for MPX Space (Address Cycle Wait 1, Data Cycle No Wait)

Tat Tadw Ta2 Ta3 T Tw Twx T2

~~
o

- ’Q_J“ [ AR
@

Read E : E : : : :
{D15/D7 to DO ——( . Address —_—
| L= T S S W A
e {D15/D7to Do —§+:( | IAd(;ressl I j( I I I D;ta I I I I)—
JLARLLARVIRRPIRRGIRIMVAAVARB AN WS

A N L s R B R
AV N O T 2

WAIT

Note: * The waveform for DACKn is when active low is specified.

Figure 8.13 Access Timing for MPX Space (Address Cycle Access Wait 1, Data Cycle Wait 1, External Wait 1)
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8.5.6 SDRAM Interface

(1) SDRAM Direct Connection
The SDRAM that can be connected to this LSI is a product that has 11/12/13 bits of row address, 8/9/10 bits of column

address, 4 or less banks, and uses the A10 pin for setting precharge mode in read and write command cycles.
The control signals for direct connection of SDRAM are RAS, CAS, RD/WR, DQMUU, DQMUL, DQMLU, DQMLL,
CKE, CS2, and CS3. All the signals other than CS2 and CS3 are common to all areas, and signals other than CKE are
valid only when CS2 or CS3 is asserted. SDRAM can be connected to up to 2 spaces. The data bus width of the area that
is connected to SDRAM is 16 bits or 32 bits.
Burst read/single write (burst length 1) and burst read/burst write (burst length 1) are supported as the SDRAM operating
mode.
Commands for SDRAM can be specified by RAS, CAS, RD/WR, and specific address signals. These commands
supports:

e NOP

e Auto-refresh (REF)

e Self-refresh (SELF)

e All banks pre-charge (PALL)

e Specified bank pre-charge (PRE)

e Bank active (ACTV)

e Read (READ)

e Read with pre-charge (READA)

e  Write (WRIT)

e Write with pre-charge (WRITA)

e Write mode register (MRS, EMRS)

The byte to be accessed is specified by DQMUU, DQMUL, DQMLU, and DQMLL. Reading or writing is performed for
a byte whose corresponding DQMzxx is low. For details on the relationship between DQMxx and the byte to be accessed,
see section 8.5.1, Access Size and Data Alignment.

RO1UH0437EJ0600 Rev.6.00 RENESAS 8-48
Jan 29, 2021



RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 8. Bus State Controller

Figure 8.14 and Figure 8.15 show examples of the connection of the SDRAM with the LSI.

64M SDRAM
This LSI (1M x 16-bit x 4-bank)
A15 A13
A2 A0
CKE CKE
CKIO CLK
CSn CcS
RAS RAS
CAS CAS
RD/WR WE
D31 1015
D16 1100
DQMUU DQMU
DQMUL DQML
D15
: — A13
DO :
DQMLU A0
DQMLL CKE
CLK
cs
RAS
CAS
WE
/015
1100
DQMU
DQML
Figure 8.14 Example of 32-Bit Data Width SDRAM Connection
64M SDRAM
This LSI (1M x 16-bit x 4-bank)
A4 A13
A AO
CKE CKE
CKIO CLK
Csn CS
RAS RAS
CAS CAS
RD/WR WE
D15 /015
Do 100
DQMLU DQMU
DQMLL DQML
Figure 8.15 Example of 16-Bit Data Width SDRAM Connection
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(2) Address Multiplexing

An address multiplexing is specified so that SDRAM can be connected without external multiplexing circuitry according
to the setting of bits BSZ[1:0] in CSnBCR and bits A2ZROW[1:0], A2COL[1:0], A3SROW[1:0], and A3COL[1:0] in
SDCR. Table 8.8 to Table 8.13 show the relationship between the settings of bits BSZ[1:0], A2ROW[1:0],
A2COL[1:0], ASBROWI[1:0], and A3COL[1:0] and the bits output at the address pins. Do not specify those bits in the
manner other than this table, otherwise the operation of this LSI is not guaranteed. A25 to A18 are not multiplexed and
the original values of address are always output at these pins.

When the data bus width is 16 bits (BSZ1 and BSZ0 = B'10), A0 of SDRAM specifies a 16-bit address. Therefore,
connect this A0 pin of SDRAM to the A1l pin of the LSI; the A1 pin of SDRAM to the A2 pin of the LSI, and so on.
When the data bus width is 32 bits (BSZ1 and BSZ0 = B'11), A0 of SDRAM specifies a 32-bit address. Therefore,
connect this A0 pin of SDRAM to the A2 pin of the LSI; the A1 pin of SDRAM to the A3 pin of the LSI, and so on.

Table 8.8 Relationship between BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0], and Address Multiplex Output (1)-1

Setting

A2/3 A2/3
BSZ ROW CcoL
[1:0] [1:0] [1:0]
11 (32 bits) 00 (11 bits) 00 (8 bits)
Output Pin of This Row Address Output Column Address Output
LSI Cycle Cycle SDRAM Pin Function
A17 A25 A17 Unused
A16 A24 A16
A15 A23 A15
A14 A22"2 A22"2 A12 (BA1) Specifies bank
A13 A21"2 A21"2 A11 (BAO)
A12 A20 L/H™ A10/AP Specifies address/

precharge
A11 A19 A1 A9 Address
A10 A18 A10 A8
A9 A17 A9 A7
A8 A16 A8 A6
A7 A15 A7 A5
A6 A14 AB A4
A5 A13 A5 A3
A4 A12 A4 A2
A3 A11 A3 A1
A2 A10 A2 A0
A1 A9 A1 Unused
A0 A8 A0
Example of connected memory
64-Mbit product (512 Kwords x 32 bits x 4 banks, column 8 bits product): 1
16-Mbit product (512 Kwords x 16 bits x 2 banks, column 8 bits product): 2
Note 1. L/H is a bit used in the command specification; it is fixed at L or H according to the access mode.
Note 2. Bank address specification
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Table 8.8 Relationship between BSZ[1:0], A2/3ROW][1:0], A2/3COL[1:0], and Address Multiplex Output (1)-2

Setting

A2/3 A2/3
BSZ ROW CcoL
[1:0] [1:0] [1:0]
11 (32 bits) 01 (12 bits) 00 (8 bits)
Output Pin of This Row Address Output Column Address Output
LSI Cycle Cycle SDRAM Pin Function
A17 A25 A17 Unused
A16 A24 A16
A15 A23"2 A23"2 A13 (BA1) Specifies bank
A14 A22"2 A22"2 A12 (BAD)
A13 A21 A13 A11 Address
A12 A20 L/H™ A10/AP Specifies address/

precharge

A11 A19 A11 A9 Address
A10 A18 A10 A8
A9 A17 A9 A7
A8 A16 A8 A6
A7 A15 A7 A5
A6 A14 A6 A4
A5 A13 A5 A3
Ad A12 A4 A2
A3 A11 A3 A1
A2 A10 A2 A0
A1 A9 A1 Unused
A0 A8 A0

Example of connected memory

128-Mbit product (1 Mwords x 32 bits x 4 banks, column 8 bits product): 1
64-Mbit product (1 Mwords x 16 bits x 4 banks, column 8 bits product): 2

Note 1. L/H is a bit used in the command specification; it is fixed at L or H according to the access mode.

Note 2. Bank address specification
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Table 8.9 Relationship between BSZ[1:0], A2/3ROW][1:0], A2/3COL[1:0], and Address Multiplex Output (2)-1

Setting

A2/3 A2/3
BSZ ROW CcoL
[1:0] [1:0] [1:0]
11 (32 bits) 01 (12 bits) 01 (9 bits)
Output Pin of This Row Address Output Column Address Output
LSI Cycle Cycle SDRAM Pin Function
A17 A26 A17 Unused
A16 A25 A16
A15 A2472 A24"2 A13 (BA1) Specifies bank
A14 A23"2 A23"2 A12 (BAD)
A13 A22 A13 A11 Address
A12 A21 L/H™ A10/AP Specifies address/

precharge

A11 A20 A11 A9 Address
A10 A19 A10 A8
A9 A18 A9 A7
A8 A17 A8 AB
A7 A16 A7 A5
A6 A15 A6 A4
A5 A14 A5 A3
Ad A13 A4 A2
A3 A12 A3 A1
A2 A11 A2 A0
A1 A10 A1 Unused
A0 A9 A0

Example of connected memory

256-Mbit product (2 Mwords x 32 bits x 4 banks, column 9 bits product): 1
128-Mbit product (2 Mwords x 16 bits x 4 banks, column 9 bits product): 2

Note 1. L/H is a bit used in the command specification; it is fixed at L or H according to the access mode.

Note 2. Bank address specification
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Table 8.9 Relationship between BSZ[1:0], A2/3ROW][1:0], A2/3COL[1:0], and Address Multiplex Output (2)-2

Setting

A2/3 A2/3
BSZ ROW CcoL
[1:0] [1:0] [1:0]
11 (32 bits) 01 (12 bits) 10 (10 bits)
Output Pin of This Row Address Output Column Address Output
LSI Cycle Cycle SDRAM Pin Function
A17 A27 A17 Unused
A16 A26 A16
A15 A25"2 A25"2 A13 (BA1) Specifies bank
A14 A24"2 A24"2 A12 (BAD)
A13 A23 A13 A11 Address
A12 A22 L/H™ A10/AP Specifies address/

precharge

A11 A21 A11 A9 Address
A10 A20 A10 A8
A9 A19 A9 A7
A8 A18 A8 A6
A7 A17 A7 A5
A6 A16 A6 A4
A5 A15 A5 A3
Ad A14 A4 A2
A3 A13 A3 A1
A2 A12 A2 A0
A1 A1 A1 Unused
A0 A10 A0

Example of connected memory

512-Mbit product (4 Mwords x 32 bits x 4 banks, column 10 bits product): 1
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 10 bits product): 2

Note 1. L/H is a bit used in the command specification; it is fixed at L or H according to the access mode.

Note 2. Bank address specification
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Table 8.10 Relationship between BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0], and Address Multiplex Output (3)

Setting

A2/3 A2/3
BSZ ROW CcoL
[1:0] [1:0] [1:0]
11 (32 bits) 10 (13 bits) 01 (9 bits)
Output Pin of This Row Address Output Column Address Output
LSI Cycle Cycle SDRAM Pin Function
A17 A26 A17 Unused
A16 A25"2 A25"2 A14 (BA1) Specifies bank
A15 A24"2 A24"2 A13 (BAD)
A14 A23 A14 A12 Address
A13 A22 A13 A11
A12 A21 L/H™ A10/AP Specifies address/

precharge

A11 A20 A11 A9 Address
A10 A19 A10 A8
A9 A18 A9 A7
A8 A17 A8 AB
A7 A16 A7 A5
A6 A15 A6 A4
A5 A14 A5 A3
Ad A13 A4 A2
A3 A12 A3 A1
A2 A11 A2 A0
A1 A10 A1 Unused
A0 A9 A0

Example of connected memory

512-Mbit product (4 Mwords x 32 bits x 4 banks, column 9 bits product): 1
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 9 bits product): 2

Note 1. L/H is a bit used in the command specification; it is fixed at L or H according to the access mode.

Note 2. Bank address specification
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Table 8.11 Relationship between BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0], and Address Multiplex Output (4)-1

Setting

A2/3 A2/3
BSZ ROW CcoL
[1:0] [1:0] [1:0]
10 (16 bits) 00 (11 bits) 00 (8 bits)
Output Pin of This Row Address Output Column Address Output
LSI Cycle Cycle SDRAM Pin Function
A17 A25 A17 Unused
A16 A24 A16
A15 A23 A15
A14 A22 A14
A13 A21 A21
A12 A2072 A2072 A11 (BAO) Specifies bank
A11 A19 L/H™ A10/AP Specifies address/

precharge
A10 A18 A10 A9 Address
A9 A17 A9 A8
A8 A16 A8 A7
A7 A15 A7 A6
A6 A14 A6 A5
A5 A13 A5 Ad
A4 A12 Ad A3
A3 A11 A3 A2
A2 A10 A2 A1
A1 A9 A1 A0
A0 A8 A0 Unused
Example of connected memory
16-Mbit product (512 Kwords x 16 bits x 2 banks, column 8 bits product): 1
Note 1. L/H is a bit used in the command specification; it is fixed at L or H according to the access mode.
Note 2. Bank address specification
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Table 8.11 Relationship between BSZ[1:0], A2/3ROW][1:0], A2/3COL[1:0], and Address Multiplex Output (4)-2

Setting

A2/3 A2/3
BSZ ROW CcoL
[1:0] [1:0] [1:0]
10 (16 bits) 01 (12 bits) 00 (8 bits)
Output Pin of This Row Address Output Column Address Output
LSI Cycle Cycle SDRAM Pin Function
A17 A25 A17 Unused
A16 A24 A16
A15 A23 A15
A14 A22"2 A22"2 A13 (BA1) Specifies bank
A13 A21"2 A21"2 A12 (BAO)
A12 A20 A12 A1 Address
A11 A19 L/H A10/AP Specifies address/

precharge
A10 A18 A10 A9 Address
A9 A17 A9 A8
A8 A16 A8 A7
A7 A15 A7 AB
A6 A14 A6 A5
A5 A13 A5 A4
A4 A12 A4 A3
A3 A11 A3 A2
A2 A10 A2 A1
A1 A9 A1 A0
A0 A8 A0 Unused
Example of connected memory
64-Mbit product (1 Mwords x 16 bits x 4 banks, column 8 bits product): 1
Note 1. L/H is a bit used in the command specification; it is fixed at L or H according to the access mode.
Note 2. Bank address specification
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Table 8.12 Relationship between BSZ[1:0], A2/3ROW][1:0], A2/3COL[1:0], and Address Multiplex Output (5)-1

Setting

A2/3 A2/3
BSZ ROW CcoL
[1:0] [1:0] [1:0]
10 (16 bits) 01 (12 bits) 01 (9 bits)
Output Pin of This Row Address Output Column Address Output
LSI Cycle Cycle SDRAM Pin Function
A17 A26 A17 Unused
A16 A25 A16
A15 A24 A15
A14 A23"2 A23"2 A13 (BA1) Specifies bank
A13 A22"2 A22"2 A12 (BAO)
A12 A21 A12 A1 Address
A11 A20 L/H™ A10/AP Specifies address/

precharge

A10 A19 A10 A9 Address
A9 A18 A9 A8
A8 A17 A8 A7
A7 A16 A7 A6
A6 A15 A6 A5
A5 A14 A5 Ad
A4 A13 Ad A3
A3 A12 A3 A2
A2 A11 A2 A1
A1 A10 A1 A0
A0 A9 A0 Unused

Example of connected memory

128-Mbit product (2 Mwords x 16 bits x 4 banks, column 9 bits product): 1

Note 1. L/H is a bit used in the command specification; it is fixed at L or H according to the access mode.

Note 2. Bank address specification

RO1UH0437EJ0600 Rev.6.00
Jan 29, 2021

RENESAS

8-57



RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 8. Bus State Controller

Table 8.12 Relationship between BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0], and Address Multiplex Output (5)-2

Setting

A2/3 A2/3
BSZ ROW CcoL
[1:0] [1:0] [1:0]
10 (16 bits) 01 (12 bits) 10 (10 bits)
Output Pin of This Row Address Output Column Address Output
LSI Cycle Cycle SDRAM Pin Function
A17 A27 A17 Unused
A16 A26 A16
A15 A25 A15
A14 A24"2 A24"2 A13 (BA1) Specifies bank
A13 A23"2 A23"2 A12 (BAO)
A12 A22 A12 A1 Address
A11 A21 L/H A10/AP Specifies address/

precharge
A10 A20 A10 A9 Address
A9 A19 A9 A8
A8 A18 A8 A7
A7 A17 A7 AB
A6 A16 A6 A5
A5 A15 A5 A4
A4 A14 A4 A3
A3 A13 A3 A2
A2 A12 A2 A1
A1 A1 A1 A0
A0 A10 A0 Unused
Example of connected memory
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 10 bits product): 1
Note 1. L/H is a bit used in the command specification; it is fixed at L or H according to the access mode.
Note 2. Bank address specification
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Table 8.13 Relationship between BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0], and Address Multiplex Output (6)-1

Setting

A2/3 A2/3
BSZ ROW CcoL
[1:0] [1:0] [1:0]
10 (16 bits) 10 (13 bits) 01 (9 bits)
Output Pin of This Row Address Output Column Address Output
LSI Cycle Cycle SDRAM Pin Function
A17 A26 A17 Unused
A16 A25 A16
A15 A2472 A24"2 A14 (BA1) Specifies bank
A14 A23"2 A23"2 A13 (BAD)
A13 A22 A13 A12 Address
A12 A21 A12 A11
A11 A20 L/H A10/AP Specifies address/

precharge
A10 A19 A10 A9 Address
A9 A18 A9 A8
A8 A17 A8 A7
A7 A16 A7 AB
A6 A15 A6 A5
A5 A14 A5 A4
A4 A13 A4 A3
A3 A12 A3 A2
A2 A11 A2 A1
A1 A10 A1 A0
A0 A9 A0 Unused
Example of connected memory
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 9 bits product): 1
Note 1. L/H is a bit used in the command specification; it is fixed at L or H according to the access mode.
Note 2. Bank address specification
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Table 8.13 Relationship between BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0], and Address Multiplex Output (6)-2

Setting

A2/3 A2/3
BSZ ROW CcoL
[1:0] [1:0] [1:0]
10 (16 bits) 10 (13 bits) 10 (10 bits)
Output Pin of This Row Address Output Column Address Output
LSI Cycle Cycle SDRAM Pin Function
A17 A27 A17 Unused
A16 A26 A16
A15 A25"2 A25"2 A14 (BA1) Specifies bank
A14 A24"2 A24"2 A13 (BAD)
A13 A23 A13 A12 Address
A12 A22 A12 A11
A11 A21 L/H A10/AP Specifies address/

precharge

A10 A20 A10 A9 Address
A9 A19 A9 A8
A8 A18 A8 A7
A7 A17 A7 AB
A6 A16 A6 A5
A5 A15 A5 A4
A4 A14 A4 A3
A3 A13 A3 A2
A2 A12 A2 A1
A1 A1 A1 A0
A0 A10 A0 Unused

Example of connected memory

512-Mbit product (8 Mwords x 16 bits x 4 banks, column 10 bits product): 1

Note 1. L/H is a bit used in the command specification; it is fixed at L or H according to the access mode.

Note 2. Bank address specification
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(3) Burst Read

A burst read occurs in the following cases with this LSI.
e Access size in reading is larger than data bus width.
e 16-, 32- or 64-byte transfer

This LSI always accesses the SDRAM with burst length 1. For example, read access of burst length 1 is performed
consecutively 8 times to read 16-byte continuous data from the SDRAM that is connected to a 16-bit data bus. This
access is called the burst read with the burst number 8. Table 8.14 shows the relationship between the access size and
the number of bursts.

Table 8.14 Relationship between Access Size and Number of Bursts

Bus Width Access Size Number of Bursts
16 bits 8 bits 1
16 bits 1
32 bits
16 bytes 8
32 bytes 16
64 bytes 32
32 bits 8 bits 1
16 bits 1
32 bits 1
16 bytes
32 bytes 8
64 bytes 16

Figure 8.16 and Figure 8.17 show timing charts in burst read. In burst read, an ACTV command is output in the Tr
cycle, the READ command is issued in the Tcl, Tc2, and Tc3 cycles, the READA command is issued in the Tc4 cycle,
and the read data is received at the rising edge of the external clock (CKIO) in the Td1 to Td4 cycles. The Tap cycle is
used to wait for the completion of an auto-precharge induced by the READA command in the SDRAM. In the Tap cycle,
a new command will not be issued to the same bank. However, access to another CS space or another bank in the same
SDRAM space is enabled. The number of Tap cycles is specified by the WTRP1 and WTRPO bits in CS3WCR.

In this LSI, wait cycles can be inserted by specifying each bit in CS3WCR to connect the SDRAM in variable
frequencies. Figure 8.17 shows an example in which wait cycles are inserted. The number of cycles from the Tr cycle
where the ACTV command is output to the Tc1 cycle where the READ command is output can be specified using the
WTRCD1 and WTRCDO bits in CS3WCR. If the WTRCD1 and WTRCDO bits specify one cycle or more, a Trw cycle
where the NOP command is issued is inserted between the Tr cycle and Tcl cycle. The number of cycles from the Tcl
cycle where the READ command is output to the Td1 cycle where the read data is latched can be specified for the CS2
and CS3 spaces independently, using the A2CL1 and A2CLO bits in CS2WCR or the A3CL1 and A3CLO bits in
CS3WCR. The number of cycles from Tcl to Td1 corresponds to the SDRAM CAS latency. The CAS latency for the
SDRAM is normally defined as up to three cycles. However, the CAS latency in this LSI can be specified as 1 to 4
cycles. This CAS latency can be achieved by connecting a latch circuit between this LSI and the SDRAM.

A Tde cycle is an idle cycle required to transfer the read data into this LSI and occurs once for every burst read or every
single read.

RO1UH0437EJ0600 Rev.6.00 RENESAS 8-61
Jan 29, 2021



8. Bus State Controller

RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group

Td2 Td3 Td4

Td1

CKIO

A12/A11#1

D31 to DO

Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Burst Read Basic Timing (CAS Latency 1, Auto Pre-Charge)

Figure 8.16

Td1 Td2 Td3 Td4

Tw

CKIO

A12/A11#1

D31 to DO

Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Burst Read Wait Specification Timing (CAS Latency 2, WTRCD[1:0] = 1 Cycle, Auto Pre-Charge)

Figure 8.17
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(4) Single Read

A read access ends in one cycle when the data bus width is larger than or equal to the access size. As the SDRAM is set
to the burst read with the burst length 1, only the required data is output. A read access that ends in one cycle is called
single read.

Figure 8.18 shows the single read basic timing.

CKIO

A25 to AO

A12/A11#1

RD/WR _j
DQMxx _“\

D31 to DO

BS N\ i/
DACKn*2 :\ ;

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 8.18 Basic Timing for Single Read (CAS Latency 1, Auto Pre-Charge)
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(5) Burst Write

A burst write occurs in the following cases in this LSI.
e Access size in writing is larger than data bus width.
e 16-, 32- or 64-byte transfer

This LSI always accesses SDRAM with burst length 1. For example, write access of burst length 1 is performed
continuously 8 times to write 16-byte continuous data to the SDRAM that is connected to a 16-bit data bus. This access
is called burst write with the burst number 8. The relationship between the access size and the number of bursts is shown
in Table 8.14. Figure 8.19 shows a timing chart for burst writes. In burst write, an ACTV command is output in the Tr
cycle, the WRIT command is issued in the Tc1, Tc2, and Tc3 cycles, and the WRITA command is issued to execute an
auto-precharge in the Tc4 cycle. In the write cycle, the write data is output simultaneously with the write command. After
the write command with the auto-precharge is output, the Trw1 cycle that waits for the auto-precharge initiation is
followed by the Tap cycle that waits for completion of the auto-precharge induced by the WRITA command in the
SDRAM. Between the Trwl and the Tap cycle, a new command will not be issued to the same bank. However, access to
another CS space or another bank in the same SDRAM space is enabled. The number of Trw1 cycles is specified by the
TRWLI1 and TRWLO bits in CS3WCR. The number of Tap cycles is specified by the WTRP1 and WTRPO bits in
CS3WCR.

pasiono XXX X__X_X
Atzattst X T 0\

|

L
L

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 8.19 Basic Timing for Burst Write (Auto Pre-Charge)
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(6) Single Write

A write access ends in one cycle when the data bus width is larger than or equal to access size. As a single write or burst

write with burst length 1 is set in SDRAM, only the required data is output. The write access that ends in one cycle is

called single write. Figure 8.20 shows the single write basic timing.

CKIO

A25 to A0

A12/A11#1

CSn

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 8.20 Single Write Basic Timing (Auto-Precharge)
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(7) Bank Active

The SDRAM bank function can be used to support high-speed access to the same row address. When the BACTV bit in
SDCR is 1, access is performed using commands without auto-precharge (READ or WRIT). This function is called
bank-active function. This function is valid only for area 3. When area 3 is set to bank-active mode, area 2 should be set
to normal space or SRAM with byte selection. When areas 2 and 3 are both set to SDRAM, auto precharge mode must be
set.

When the bank-active function is used, precharging is not performed when the access ends. When accessing the same
row address in the same bank, it is possible to issue the READ or WRIT command immediately, without issuing an
ACTV command. As SDRAM is internally divided into several banks, it is possible to activate one row address in each
bank. If the next access is to a different row address, a PRE command is first issued to precharge the relevant bank, then
when precharging is completed, the access is performed by issuing an ACTV command followed by a READ or WRIT
command. If this is followed by an access to a different row address, the access time will be longer because of the
precharging performed after the access request is issued. The number of cycles between issuance of the PRE command
and the ACTV command is determined by the WTRP1 and WTPRO bits in CS3WCR.

In a write, when an auto-precharge is performed, a command cannot be issued to the same bank for a period of Trwl +
Tap cycles after issuance of the WRITA command. When bank active mode is used, READ or WRIT commands can be
issued successively if the row address is the same. The number of cycles can thus be reduced by Trwl + Tap cycles for
each write.

There is a limit on tRAS, the time for placing each bank in the active state. If there is no guarantee that there will not be
a cache hit and another row address will be accessed within the period in which this value is maintained by program
execution, it is necessary to set auto-refresh and set the refresh cycle to no more than the maximum value of tRAS.

A burst read cycle without auto-precharge is shown in Figure 8.21, a burst read cycle for the same row address in
Figure 8.22, and a burst read cycle for different row addresses in Figure 8.23. Similarly, a single write cycle without
auto-precharge is shown in Figure 8.24, a single write cycle for the same row address in Figure 8.25, and a single write
cycle for different row addresses in Figure 8.26.

In Figure 8.22, a Tnop cycle in which no operation is performed is inserted before the Tc cycle that issues the READ
command. The Tnop cycle is inserted to acquire two cycles of CAS latency for the DQMxx signal that specifies the read
byte in the data read from the SDRAM. If the CAS latency is specified as two cycles or more, the Tnop cycle is not
inserted because the two cycles of latency can be acquired even if the DQMxx signal is asserted after the Tc cycle.
When bank active mode is set, if only access cycles to the respective banks in the area 3 space are considered, as long as
access cycles to the same row address continue, the operation starts with the cycle in Figure 8.21 or Figure 8.24,
followed by repetition of the cycle in Figure 8.22 or Figure 8.25. An access to a different area during this time has no
effect. If there is an access to a different row address in the bank active state, the bus cycle in Figure 8.23 or Figure
8.26 is executed instead of that in Figure 8.22 or Figure 8.25. In bank active mode, too, all banks become inactive after
a refresh cycle.
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Td2 Td3 Td4

Td1

A12/A11%*1
DQMxx
D31 to DO

Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Burst Read Timing (Bank Active, Different Bank, CAS Latency 1)

Figure 8.21

CKIO

D31 to DO

Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Burst Read Timing (Bank Active, Same Row Addresses in the Same Bank, CAS Latency 1)

Figure 8.22
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Td2 Td3 Td4

Td1

CKIO

D31 to DO

1. Address pin to be connected to pin A10 of SDRAM.

Notes:

2. The waveform for DACKn is when active low is specified.

Burst Read Timing (Bank Active, Different Row Addresses in the Same Bank, CAS Latency 1)

Figure 8.23
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CKIO

A25 to AO
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Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Single Write Timing (Bank Active, Different Bank)

Figure 8.24
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CKIO y | ) I J

A25 to AO ' X X:
A12/A11%1 5 \ /_

DQMxx _"\ i i i
D31 to DO _,__D_

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 8.25 Single Write Timing (Bank Active, Same Row Addresses in the Same Bank)

CKIO

A25 to AO

A12/A11#1

RDWR ! :
DQMxx _é'\ ; i i i i i /—
D31 to DO <:>_
E ; N M i

DACKn*2 _‘\

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 8.26 Single Write Timing (Bank Active, Different Row Addresses in the Same Bank)
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(8) Refreshing

This module has a function for controlling SDRAM refreshing. Auto-refreshing can be performed by clearing the
RMODE bit to 0 and setting the RFSH bit to 1 in SDCR. A continuous refreshing can be performed by setting the RRC2
to RRCO bits in RTCSR. If SDRAM is not accessed for a long period, self-refresh mode, in which the power
consumption for data retention is low, can be activated by setting both the RMODE bit and the RFSH bit to 1.

(a) Auto-refreshing

Refreshing is performed at intervals determined by the input clock selected by bits CKS2 to CKSO0 in RTCSR, and the
value set by in RTCOR. The value of bits CKS2 to CKS0 in RTCOR should be set so as to satisfy the refresh interval
stipulation for the SDRAM used. First make the settings for RTCOR, RTCNT, and the RMODE and RFSH bits in SDCR,
and then make the CKS2 to CKS0 and RRC2 to RRCO settings. When the clock is selected by bits CKS2 to CKSO0,
RTCNT starts counting up from the value at that time. The RTCNT value is constantly compared with the RTCOR value,
and if the two values are the same, a refresh request is generated and an auto-refresh is performed for the number of times
specified by the RRC2 to RRCO. At the same time, RTCNT is cleared to zero and the count-up is restarted.

Figure 8.27 shows the auto-refresh cycle timing. After starting the auto refreshing, PALL command is issued in the Tp
cycle to make all the banks to pre-charged state from active state when some bank is being pre-charged. Then REF
command is issued in the Trr cycle after inserting idle cycles of which number is specified by the WTRP1 and WTRPO
bits in CS3WCR. A new command is not issued for the duration of the number of cycles specified by the WTRC1 and
WTRCO bits in CS3WCR after the Trr cycle. The WTRC1 and WTRCO bits must be set so as to satisfy the SDRAM
refreshing cycle time stipulation (tRC). An idle cycle is inserted between the Tp cycle and Trr cycle when the setting
value of the WTRP1 and WTRPO bits in CS3WCR is longer than or equal to 1 cycle.

CKIO

Al 1 A/, ™

A12/A11#1

A25toA0:é:X§I§:§IX;:;I;.
—7

rROWR 1\ | if

DQMxx

D31 to DO

DACKn*2 - - :

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 8.27 Auto-Refresh Timing
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(b) Self-refreshing

Self-refresh mode is a kind of standby mode, in which the refresh timing and refresh addresses are generated within the
SDRAM. Self-refreshing is activated by setting both the RMODE bit and the RFSH bit in SDCR to 1. After starting the
self-refreshing, PALL command is issued in Tp cycle after the completion of the pre-charging bank. A SELF command is
then issued after inserting idle cycles of which number is specified by the WTRP1 and WTRPO bits in CS3WSR.
SDRAM cannot be accessed while in the self-refresh state. Self-refresh mode is cleared by clearing the RMODE bit to 0.
After self-refresh mode has been cleared, command issuance is disabled for the number of cycles specified by the
WTRC1 and WTRCO bits in CS3WCR.

Self-refresh timing is shown in Figure 8.28. Settings must be made so that self-refresh clearing and data retention are
performed correctly, and auto-refreshing is performed at the correct intervals. When self-refreshing is activated from the
state in which auto-refreshing is set, auto-refreshing is restarted if the RFSH bit is set to 1 and the RMODE bit is cleared
to 0 when self-refresh mode is cleared. If the transition from clearing of self-refresh mode to the start of auto-refreshing
takes time, this time should be taken into consideration when setting the initial value of RTCNT. Making the RTCNT
value 1 less than the RTCOR value will enable refreshing to be started immediately.

After self-refreshing has been set, the self-refresh state continues even if the chip standby state is entered using the LSI
standby function, and is maintained even after recovery from standby mode due to an interrupt. Note that the necessary
signals such as CKE must be driven even in standby state by setting the HIZCNT bit in CMNCR to 1.

In case of a power-on reset, the bus state controller's registers are initialized, and therefore the self-refresh state is
cleared.

Tp Tpw Trr Trc Trc Trc

BEREESER N e enEy
e S— e E—
wones T
w NN/ T TC
N /TN
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DACKn*Z.:.:.-..-»”-:-EEEE\_

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 8.28 Self-Refresh Timing
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(9) Relationship between Refresh Requests and Bus Cycles

If a refresh request occurs during bus cycle execution, the refresh cycle must wait for the bus cycle to be completed.

If a new refresh request occurs while waiting for the previous refresh request, the previous refresh request is deleted. To

refresh correctly, a bus cycle longer than the refresh interval must be prevented from occurring.

(10) Power-Down Mode

If the PDOWN bit in SDCR s set to 1, the SDRAM is placed in power-down mode by bringing the CKE signal to the
low level in the non-access cycle. This power-down mode can effectively lower the power consumption in the non-

access cycle. However, note that if an access occurs in power-down mode, a cycle of overhead occurs because a cycle is

needed to assert the CKE in order to cancel the power-down mode.
Figure 8.29 shows the access timing in power-down mode.

Povyer-down
\

Tnop ) Tr Tel

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

A25 to A0 X,,
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Figure 8.29 Power-Down Mode Access Timing

RO1UH0437EJ0600 Rev.6.00
Jan 29, 2021

RENESAS

8-72



RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 8. Bus State Controller

(11) Power-On Sequence

In order to use SDRAM, mode setting must first be made for SDRAM after the pose interval specified for the SDRAM to
be used after powering on. The pose interval should be obtained by a power-on reset generating circuit or software.

To perform SDRAM initialization correctly, the registers of this module must first be set, followed by a write to the
SDRAM mode register. In SDRAM mode register setting, the address signal value at that time is latched by a
combination of the CSn, RAS, CAS, and RD/WR signals. If the value to be set is X, the bus state controller provides for
value X to be written to the SDRAM mode register by performing a 16-bit write to address H3FFFD00O + X for area 2
SDRAM, and to address H'3FFFE000 + X for area 3 SDRAM. In this operation the data is ignored, but the mode write is
performed as a byte-size access. To set burst read/single write or burst read/burst write (CAS latency 2 to 3, wrap type =
sequential, and burst length 1) supported by the LSI, arbitrary data is written in 16 bits to the access addresses shown in
Table 8.15. In this time 0 is output at the external address pins of A12 or later.

Table 8.15 Access Address in SDRAM Mode Register Write

e Setting for Area 2
Burst read/single write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'3FFFD440 H'0000440

3 H'3FFFD460 H'0000460
32 bits 2 H'3FFFD880 H'0000880

3 H'3FFFD8CO H'00008C0

Burst read/burst write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'3FFFD040 H'0000040

3 H'3FFFD060 H'0000060
32 bits 2 H'3FFFD080 H'0000080

3 H'3FFFDOCO H'00000C0

e Setting for Area 3
Burst read/single write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'3FFFE440 H'0000440

3 H'3FFFE460 H'0000460
32 bits 2 H'3FFFE880 H'0000880

3 H'3FFFE8CO H'00008C0

Burst read/burst write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'3FFFE040 H'0000040
3 H'3FFFE060 H'0000060
32 bits 2 H'3FFFE080 H'0000080
3 H'3FFFEOCO H'00000C0
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Mode register setting timing is shown in Figure 8.30. A PALL command (all bank pre-charge command) is firstly
issued. A REF command (auto refresh command) is then issued 8 times. An MRS command (mode register write
command) is finally issued. Idle cycles, of which number is specified by the WTRP1 and WTRPO bits in CS3WCR, are
inserted between the PALL and the first REF. Idle cycles, of which number is specified by the WTRC1 and WTRCO bits
in CS3WCR, are inserted between REF and REF, and between the 8th REF and MRS. One or more idle cycles are
inserted between the MRS and a command to be issued next.

It is necessary to keep idle time of certain cycles for SDRAM before issuing PALL command after power-on. Refer to
the manual of the SDRAM for the idle time to be needed. When the pulse width of the reset signal is longer than the idle
time, mode register setting can be started immediately after the reset, but care should be taken when the pulse width of
the reset signal is shorter than the idle time.
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Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure 8.30 SDRAM Mode Write Timing (Based on JEDEC)

(12) Low-Power SDRAM

The low-power SDRAM can be accessed using the same protocol as the normal SDRAM.

The differences between the low-power SDRAM and normal SDRAM are that partial refresh takes place that puts only a
part of the SDRAM in the self-refresh state during the self-refresh function, and that power consumption is low during
refresh under user conditions such as the operating temperature. The partial refresh is effective in systems in which the
data in a work area other than the specific area can be lost without severe repercussions. For details, refer to the Data
Sheet for the low-power SDRAM to be used.

The low-power SDRAM supports the extension mode register in addition to the mode registers as the normal SDRAM.
This LSI supports issuing of the extension mode register write command (EMRS).

The EMRS command is issued according to the conditions specified in table below. For example, if data HOYYYYYYY
is written to address H'3FFFEXXO0 in 32 bits, the commands are issued to the CS3 space in the following sequence:
PALL -> REF X 8 -> MRS -> EMRS. In this case, the MRS and EMRS issue addresses are H'0000XX0 and
HYYYYYYY, respectively. If data HIYYYYYYY is written to address H3FFFEXXO0 in 32 bits, the commands are
issued to the CS3 space in the following sequence: PALL -> MRS -> EMRS.
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Table 8.16 Output Addresses when EMRS Command Is Issued

Write Access MRS Command

EMRS Command

Command to be Issued Access Address Access Data Size Issue Address Issue Address
CS2 MRS H'3FFFDXXO0 [ 16 bits H'0000XX0 —
CS3 MRS H'3FFFEXX0 [ 16 bits H'0000XX0 —
CS2 MRS + EMRS H'3FFFDXXO0 HOYYYYYYY 32 bits H'0000XX0 HYYYYYYY
(with refresh)
CS3 MRS + EMRS H'3FFFEXX0 HOYYYYYYY 32 bits H'0000XX0 HYYYYYYY
(with refresh)
CS2 MRS + EMRS H'3FFFDXX0 H1YYYYYYY 32 bits H'0000XX0 HYYYYYYY
(without refresh)
CS3 MRS + EMRS H'3FFFEXX0 H1YYYYYYY 32 bits H'0000XX0 HYYYYYYY
(without refresh)
Tp Tpw Trr Tre Tre Trr Tre Tre Tmw Tnop Temw Tnop
\ PALL._ . REF i e e PEF . i MBS : : ENIIRS: —
oo _f N i A f\_fi\_ff\_i/_;\_i/_ﬁ ] AN W A W\ WA W
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O T T S S W A Y 8 A W
T A T A
azatte _f LD e e I\ X
e U e o e R e e i e -
o NN r ) N ) Y N
U e IR s snana U S sum e Y s I o
me N/ N ) N ) N Y N
LA T A T R S N R L e ! . L N ' ' L N
Ts;:;:;\_-_;_lii));5;\_1_'./::5:::\_-_1/;:\_-_:/;:\_
[ S S R . e e
e N LT T e AL SN
H H H ' i : 1 : i 1 i 7 i ' 1 H i : i : i : i
DaMoc  r b ,5 oo
D31 to DO—t : E : E e )5/ : T EH(- : E : )5/ : I : : : T : T : T :
T S S R S AN N A S/ S ST S N N A
S D D -
DACKHA:':':':::)3’:::::::)3’:':!.:.:.:.\_
Notes: 1. Address pin to be connected to pin BA1 of SDRAM.
2. Address pin to be connected to pin BAO of SDRAM.
3. Address pin to be connected to pin A10 of SDRAM.
4. The waveform for DACKn is when active low is specified.

Figure 8.31 EMRS Command Issue Timing

e Deep power-down mode

The low-power SDRAM supports the deep power-down mode as a low-power consumption mode. In the partial

self-refresh function, self-refresh is performed on a specific area. In the deep power-down mode, self-refresh will

not be performed on any memory area. This mode is effective in systems where all of the system memory areas are

used as work areas.

If the RMODE bit in the SDCR is set to 1 while the DEEP and RFSH bits in the SDCR are set to 1, the low-power
SDRAM enters the deep power-down mode. If the RMODE bit is cleared to 0, the CKE signal is pulled high to cancel
the deep power-down mode. Before executing an access after returning from the deep power-down mode, the power-up

sequence must be re-executed.
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Tp Tpw ) Tdpd , Trc , Trc Trc Trc Trc
f ' . L .
T T

CKIO

CKE

A25 to A0

)
—
—
:;::E)j/

! | 1 1 [ L //
DQMxx | ' \ ' \ E | | } ))
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CSn
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16
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=i
=ty

D31 to DO )5/ H.L
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Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.
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Figure 8.32 Deep Power-Down Mode Transition Timing
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8.5.7 Burst ROM (Clocked Asynchronous) Interface

The burst ROM (clocked asynchronous) interface is used to access a memory with a high-speed read function using a
method of address switching called the burst mode or page mode. In a burst ROM (clocked asynchronous) interface,
basically the same access as the normal space is performed, but the 2nd and subsequent access cycles are performed only
by changing the address, without negating the RD signal at the end of the 1st cycle. In the 2nd and subsequent access
cycles, addresses are changed at the falling edge of the CKIO.

For the 1st access cycle, the number of wait cycles specified by the W3 to WO bits in CSnWCR is inserted. For the 2nd
and subsequent access cycles, the number of wait cycles specified by the BW1 and BWO bits in CSnWCR s inserted.
In the access to the burst ROM (clocked asynchronous), the BS signal is asserted only to the first access cycle. An
external wait input is valid only to the first access cycle.

In the single access or write access that does not perform the burst operation in the burst ROM (clocked asynchronous)
interface, access timing is same as a normal space.

Table 8.17 lists a relationship between bus width, access size, and the number of bursts. Figure 8.33 shows a timing chart.

Table 8.17 Relationship between Bus Width, Access Size, and Number of Bursts

Bus Width Access Size CSnWCR. BST[1:0] Bits Number of Bursts Access Count

8 bits 8 bits Not affected 1 1
16 bits Not affected 2 1
32 bits Not affected 4 1
16 bytes 00 16 1
01 4 4
32 bytes 00 16 2
01 4 8
64 bytes 00 16 4

01 4 16
16 bits 8 bits Not affected 1 1
16 bits Not affected 1 1
32 bits Not affected 2 1
16 bytes 00 8 1
01 2 4
10*1 4 2
2,4,2 3
32 bytes 00 8 2
01 2 8
10*1 4 4
2,4,2 6
64 bytes 00 8 4

01 2 16
10*1 4 8

2,4,2 12
32 bits 8 bits Not affected 1 1
16 bits Not affected 1 1
32 bits Not affected 1 1
16 bytes Not affected 4 1
32 bytes Not affected 4 2
64 bytes Not affected 4 4

Note 1. When the bus width is 16 bits, the access size is 16 bytes or more, and the BST[1:0] bits in CSnWCR are 10, the number of
bursts and access count depend on the access start address. At address H'xxx0 or H'xxx8, 4-4 burst access is performed. At
address H'xxx4 or H'xxxC, 2-4-2 burst access is performed.
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CT1 0 Tw i Tw  T2B: Twb: T2B: Twb: T2B:' Twb:'@ T2 !

CKIO

D31 to DO

B S

\\\\\\\\\\\' :
DACKn* _\ : /_

Note: * The waveform for DACKn is when active low is specified.

Figure 8.33 Burst ROM Access Timing (Clocked Asynchronous) (Bus Width = 32 Bits, 16-Byte Transfer
(Number of Burst 4), Wait Cycles Inserted in First Access = 2, Wait Cycles Inserted in Second and
Subsequent Access Cycles = 1)

8.5.8 SRAM Interface with Byte Selection

The SRAM interface with byte selection is a memory interface that outputs the byte selection signal (WEn) in both read
and write bus cycles. This interface has 16-bit data pins and accesses SRAMs having upper and lower byte selection pins,
such as UB and LB.

When the BAS bit in CSnWCR is cleared to 0 (initial value), the write access timing of the SRAM interface with byte
selection is the same as that for the normal space interface. While in read access of a byte-selection SRAM interface, the
byte-selection signal is output from the WEn pin, which is different from that for the normal space interface. The basic
access timing is shown in Figure 8.34. In write access, data is written to the memory according to the timing of the byte-
selection pin (WEn). For details, refer to the Data Sheet for the corresponding memory.

If the BAS bit in CSnWCR is set to 1, the WEn pin and RD/WR pin timings change. Figure 8.35 shows the basic access
timing. In write access, data is written to the memory according to the timing of the write enable pin (RD/WR). The data
hold timing from RD/WR negation to data write must be acquired by setting the HW 1 and HWO bits in CSnWCR.
Figure 8.36 shows the access timing when a software wait is specified.
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Note: * The waveform for DACKn is when active low is specified.

Figure 8.34

Basic Access Timing for SRAM with Byte Selection (BAS = 0)
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Read <

Write <

CKIO

A25 to A0

D31 to DO
N

RD/WR

L D31to DO

DACKn*

Note: * The waveform for DACKn is when active low is specified.

Figure 8.35

Basic Access Timing for SRAM with Byte Selection (BAS = 1)
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A25 to A0

CSn

X
[
[
.

Read < RD | ! 5 N\ : 5 L/
D31 to DO . . . n '
~ ' ' ' ' ' ' ' T '

>_
/-

Write < RD

 D31to DO

BS

DACKn*

Note: * The waveform for DACKn is when active low is specified.

Figure 8.36  Wait Timing for SRAM with Byte Selection (BAS = 1) (SW[1:0] = 01, WR[3:0] = 0001, HW[1:0] = 01)
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64K x 16-bit
This LSI SRAM
A17 A15
A2 AO
CSn CS
RD OE
RD/WR WE
D31 /015
D16 1/00
WE3 UB
WE2 B
D15
: I NT
DO :
WET A0
WEO CS
OE
WE
11015
1/00
UB
LB

Figure 8.37 Example of Connection with 32-Bit Data-Width SRAM with Byte Selection

64K x 16-bit
This LSI SRAM
A16 Al5
Al A0
CSn CS
RD OE
RD/WR| WE
D15 1/0 15
Do 1100
WET| UB
WEO B

Figure 8.38 Example of Connection with 16-Bit Data-Width SRAM with Byte Selection
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8.5.9

Burst ROM (Clocked Synchronous) Interface

The burst ROM (clocked synchronous) interface is supported to access a ROM with a synchronous burst function at high

speed. The burst ROM interface accesses the burst ROM in the same way as a normal space. This interface is valid only

for area 0.

In the first access cycle, wait cycles are inserted. In this case, the number of wait cycles to be inserted is specified by the

W3 to WO bits in CSOWCR. In the second and subsequent cycles, the number of wait cycles to be inserted is specified by

the BW1 and BWO bits in CSOWCR.

While the burst ROM (clocked synchronous) is accessed, the BS signal is asserted only for the first access cycle and an

external wait input is also valid for the first access cycle.

When the bus width is 16 bits, the burst length must be specified as 8. When the bus width is 32 bits, the burst length
must be specified as 4. The burst ROM interface does not support the 8-bit bus width for the burst ROM.
The burst ROM interface performs burst operations for all read access. For example, in a 32-bit access over a 16-bit bus,

valid 16-bit data is read two times and invalid 16-bit data is read six times. These invalid data read cycles increase the

memory access time and degrade the program execution speed and DMA transfer speed. To prevent this problem, it is

recommended using a read in a 16-byte or more access size. The burst ROM interface performs write access in the same

way as normal Space access.

) T ) Tw ) TW.TZB.TWb.TZB.TWb X T2BI waITZB Iwa ) T2BI TWb.TZB.TWb. TZB.M T2 )
cKIO A\ p p p p } ) P p /A e W /m /
ABtoA) YT Y Y —
CSO =\ 1 4 f o on b
ROWR T T T T T T
m—?—klllll;l;l;l;l..,I:I,.;..;I;I;Iy—?—
e e e e e e e e
WAIT W" \mmmmmnm\m \\\'\\\\I\\\ \\\I\\\'\\\\!i\\ “‘.\“l““.“\ “\.““I“\}“ \\\mmmnm)\mm
BS N T
DACKn*_\:':':'E'E'E'E'E'E':':':'E"E':'E':'/'
Note: * The waveform for DACKn is when active low is specified.
Figure 8.39 Burst ROM Access Timing (Clocked Synchronous) (Burst Length = 8, Wait Cycles Inserted in

First Access = 2, Wait Cycles Inserted in Second and Subsequent Access Cycles = 1)
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8.5.10 Wait between Access Cycles

As the operating frequency of LSIs becomes higher, the off-operation of the data buffer often collides with the next data
access when the read operation from devices with slow access speed is completed. As a result of these collisions, the
reliability of the device is low and malfunctions may occur. A function that avoids data collisions by inserting idle (wait)
cycles between continuous access cycles has been newly added.

The number of wait cycles between access cycles can be set by the WM bit in CSnWCR, bits IWW2 to IWWO,
IWRWD2 to IWRWDO, IWRWS2 to IWRWS0, IWRRD2 to IWRRDO, and IWRRS2 to IWRRS 0 in CSnBCR. The
conditions for setting the idle cycles between access cycles are shown below.

Continuous access cycles are write-read or write-write
Continuous access cycles are read-write for different spaces
Continuous access cycles are read-write for the same space
Continuous access cycles are read-read for different spaces

AN S e

Continuous access cycles are read-read for the same space

For the specification of the number of idle cycles between access cycles described above, refer to the description of each
register.

Besides the idle cycles between access cycles specified by the registers, idle cycles must be inserted to interface with the
internal bus or to obtain the minimum pulse width for a multiplexed pin (WEn). The following gives detailed information
about the idle cycles and describes how to estimate the number of idle cycles.

The number of idle cycles on the external bus from CSn negation to CSn or CSm assertion is described below.

There are seven conditions that determine the number of idle cycles on the external bus as shown in Table 8.18. The
effects of these conditions are shown in Figure 8.40.

RO1UH0437EJ0600 Rev.6.00 RENESAS 8-84
Jan 29, 2021



RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group

8. Bus State Controller

Table 8.18 Conditions for Determining Number of Idle Cycles
No. Condition Description Range Note
[1] IW***[2:0] in These bits specify the number of idle cycles for 0to 12 Do not set 0 for the number of idle
CSnBCR access. The number of idle cycles can be specified cycles between memory types which
independently for each combination of the previous are not allowed to be accessed
and next cycles. For example, in the case where successively.
reading CS1 space followed by reading other CS
space, the bits IWRRD[2:0] in CS1BCR should be
set to B'100 to specify six or more idle cycles. This
condition is effective only for access cycles other
than single address transfer and generates idle
cycles after the access is completed.
[2] SDRAM-related bits ~ These bits specify precharge completion and Oto3 Specify these bits in accordance with
in CSnWCR startup wait cycles and idle cycles between the specification of the target SDRAM.
commands for SDRAM access. This condition is
effective only for SDRAM access and generates
idle cycles after the access is completed
[3] WM in CSnWCR This bit enables or disables external WAIT pininput 0Oor1
for the memory types other than SDRAM. When
this bit is cleared to 0 (external WAIT enabled), one
idle cycle is inserted to check the external WAIT pin
input after the access is completed. When this bit is
set to 1 (disabled), no idle cycle is generated.
[4] Read data transfer One idle cycle is inserted after a read access is Oor1 One idle cycle is always generated
cycle completed. This idle cycle is not generated for the after a read cycle with SDRAM.
first or middle cycles in divided access cycles. This
is neither generated when the HW[1:0] bits in
CSnWCR are not B'00.
[5] Internal bus idle External bus access requests from the CPU orthe O or The number of internal bus idle cycles
cycles, etc. direct memory access controller and their results larger may not become 0 depending on the
are passed through the internal bus. The external CPU: internal bus: CKIO
bus enters idle state during internal bus idle cycles
or while a bus other than the external bus is being
accessed. This condition is not effective for divided
access cycles, which are generated by the bus
state controller when the access size is larger than
the external data bus width.
[6] Write data wait During write access, a write cycle is executed on Oor1 For write — write or write — read
cycles the external bus only after the write data becomes access cycles, successive access
ready. This write data wait period generates idle cycles without idle cycles may be
cycles before the write cycle. Note that when the available due to the write buffer effect
previous cycle is a write cycle and the internal bus described in the left column. If
idle cycles are shorter than the previous write cycle, successive access cycles without idle
write data can be prepared in parallel with the cycles are not allowed, specify the
previous write cycle and therefore, no idle cycle is minimum number of idle cycles
generated (write buffer effect). between access cycles through
CSnBCR.
[7] Idle cycles between  To ensure the minimum pulse width on the signal- Oto2 The number of idle cycles depends on

different memory
types

multiplexed pins, idle cycles may be inserted before
access after memory types are switched. For some
memory types, idle cycles are inserted even when
memory types are not switched.

the target memory types. See Table
8.19.

In the above conditions, a total of four conditions, that is, condition [1], condition [2] or [3] (either one is effective), a set

of conditions [4] to [6] (these are generated successively, and therefore the sum of them should be taken as one set of idle

cycles), and condition [7] are generated at the same time. The maximum number of idle cycles among these four

conditions become the number of idle cycles on the external bus. To ensure the minimum idle cycles, be sure to make

register settings for condition [1].
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oo [LILILI) WL

Previous access | External bus idle cycles 1 Next access
! —

w —1_

I Idle cycle after access Idle cycle before access
| —— —_—

[[171w=+[2:0] setting in CSnBCR |

! Condition [1]

[2]WTRP[1:0] setting in CSnWCR ,

TRWL[1:0] setting in CSnWCR Eith fth 1 y
WTRC[1:0] setting in CSnWCR Eltherone ofthem 1 Gondition [2] or [3]
is effective '

[3]WM setting in CSnWCR '

[4]Read [6] Write -
data [5] Internal bus idle cycles, etc. data Sftt()f gondmons
transfer wait [4]to[6]

E [7] Idle cycles

' between -

E different Condition [7]

! memory types

Note: A total of four conditions (condition [1], condition [2] or [3], a set of conditions [4] to [6],

and condition [7]) generate idle cycle at the same time. Accordingly, the maximum number of
cycles among these four conditions become the number of idle cycles.

Figure 8.40 Idle Cycle Conditions

Table 8.19 Number of Idle Cycles Inserted between Access Cycles to Different Memory Types

Next Cycle

Burst ROM MPX-l/ Byte SRAM Byte SRAM Burst ROM
Previous Cycle SRAM (Asynchronous) o (BAS =0) (BAS =1) SDRAM (Synchronous)
SRAM 0 0 1 0 0/1" 0/1" 0
Burst ROM 0 0 1 0 0/1" 0/1" 0
(asynchronous)
MPX-I/O 1 1 0 1 1 1 1
Byte SRAM 0 0 1 0 0/1” 0/1" 0
(BAS =0)
Byte SRAM 0/1" 0/1" 1/2" 0/1" 0 0 0/1"
(BAS =1)
SDRAM 1 1 2 1 0 0 1
Burst ROM 0 0 1 0 1 1 0
(synchronous)

Note: * The number of idle cycles is determined by the setting of bits HW[1:0] in the CSnWCR register for the previous cycle. The values
on the left and right sides of the virgules show the numbers of idle cycles when HW[1:0] # B'00 and HW[1:0] = B'00, respectively.
If the memory connected to the CSn space in the previous cycle is of a type for which bits HW[1:0] in the CSnWCR register are
ineffective, the number of idle cycles will be the value on the right side.
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8.5.11 Others
(1) Reset

This module can be initialized completely only at power-on reset. At power-on reset, all signals are negated and data
output buffers are turned off regardless of the bus cycle state after the internal reset is synchronized with the internal
clock. All control registers are initialized. In software standby and sleep, control registers of the bus state controller are

not initialized.

(2) Caution on Write Buffer

Since the bus state controller incorporates a one-stage write buffer, it can execute an access via the internal bus before the
previous external bus cycle is completed in a write cycle. If the on-chip module is read or written after the external low-
speed memory is written, the on-chip module can be accessed before the completion of the external low-speed memory
write cycle.

In read cycles, the CPU is placed in the wait state until read operation has been completed. To continue the process after
the data write to the device has been completed, perform a dummy read to the same address to check for completion of
the write before the next process to be executed.

The write buffer of the bus state controller functions in the same way for an access by a bus master other than the CPU
such as the direct memory access controller. Accordingly, to perform DMA transfers, the next read cycle is initiated
before the previous write cycle is completed. Note, however, that if both the DMA source and destination addresses exist
in external memory space, the next read cycle will not be initiated until the previous write cycle is completed.
Changing the registers in this module while the write buffer is operating may disrupt correct write access. Therefore, do
not change the registers in this module immediately after a write access. If this change becomes necessary, do it after
executing a dummy read of the write data.

(3) On-Chip Peripheral Module Access

To access an on-chip module register, two or more peripheral module clock (PO@ or P1¢) cycles are required.

When the CPU writes data to the internal peripheral registers, the CPU performs the succeeding instructions without
waiting for the completion of writing to registers.

For example, a case is described here in which the system is transferring to the software standby mode for power savings.
To make this transition, the WFI instruction must be performed after setting the STBY bit in the STBCRI1 register to 1.
However a dummy read of the STBCRI1 register is required before executing the WFI instruction. If a dummy read is
omitted, the CPU executes the WFI instruction before the STBY bit is set to 1, thus the system enters sleep mode not
software standby mode. A dummy read of the STBCRI register is indispensable to complete writing to the STBY bit.
To reflect the change by internal peripheral registers while performing the succeeding instructions, execute a dummy
read of registers to which write instruction is given and then perform the succeeding instructions.
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Q.

Direct Memory Access Controller

The direct memory access controller can be used in place of the CPU to perform high-speed transfers between external

devices that have DACK (transfer request acknowledge signal), external memory, on-chip memory, memory-mapped

external devices, and on-chip peripheral modules.

9.1

Features

Number of channels selectable: 16 channels (CHO to CH15). Only the CHO channel can receive external requests.
4-Gbyte address space (according to the architecture)

Transfer data size: Byte, two bytes, four bytes, eight bytes, 16 bytes, 32 bytes, 64 bytes, and 128 bytes

Maximum transfer count: 232 - 1 bytes

Address mode: Dual address mode

Transfer requests: Can be selected from the three types of external request, on-chip peripheral module request, and
auto request (software trigger)

The following modules can issue on-chip peripheral module requests.
—Serial communication interface with FIFO: 10 sources

—A/D converter: 1 source

—Multi-function timer pulse unit 2: 5 sources

—USB2.0 host/function module: 4 sources

—Serial sound interface: 7 sources

—Renesas SPDIF interface: 2 sources

—CD-ROM decoder: 1 source (RZ/A1L only)

—SD host interface: 4 sources

—MMC host interface: 2 sources

—Renesas serial peripheral interface: 6 sources

—IEBus™ controller: 2 sources (RZ/A1L only)

—OS timer: 2 sources

—SCUX: 8 sources

—Media local bus: 1 source (RZ/A1L only)

—Serial communication interface: 4 sources

—I2C bus interface: 8 sources

—LIN interface: 2 sources (RZ/A1L only)

Transfer mode: Single transfer mode and block transfer mode are selectable.

Priority: The channel priority levels within channels 0 to 7 and within channels 8 to 15 are selectable between fixed
mode and round-robin mode (the channel priority level between the group of channels 0 to 7 and the group of
channels 8 to 15 is round-robin mode).

Interrupt request: An interrupt request can be sent to the CPU on completion of data transfer (DMA transfer end
interrupt per channel) or on occurrence of a transfer error (DMA error interrupt).

External request detection: Low level detection, high level detection, rising edge detection, and falling edge
detection are selectable for DREQ input detection.

The DMA registers have a continuous execution function that allows the next DMA transfer to be executed
continuously by making settings for the next DMA transfer during execution of the current DMA transfer. This
continuous execution function can be enabled or disabled independently in each channel.

Link mode: In this mode, the setting data (descriptor data) located in the memory by the CPU is automatically
retrieved by the DMAC, and DMA transfer is performed according to those values.

Buffer sweep: If an ongoing DMA transfer is forced to end, the data already retrieved into the buffer can be output
before DMA transfer ends.
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e Interval: A specific DMA transfer interval can be specified to adjust the bus occupancy.

9.2 Input/Output Pins

Table 9.1 lists the pin configuration. This module has pins for a single channel (CHO) as the external bus use.

Table 9.1 Pin Configuration
Pin
Channel Name Name 110 Function
0 DMA transfer request DREQO  Input DMA transfer request input from an external device to channel 0
DMA transfer request acknowledge DACKO  Output DMA transfer request acknowledge output from channel 0 of
this module
DMA transfer end TENDO  Output DMA transfer end output for channel 0 of this module

Note 1. For the active level of DACKO and TENDO, refer to section 8, Bus State Controller.

9.3 Register Configuration

The register configuration is shown in the figure below.

DMA

Next Register Set

NextO Register Set

Source Address

Destination Address

Transaction Byte

Channel

1. Load

—— Current Register Set

Source Address

Destination Address

Transaction Byte

Next1 Register Set

Source Address

Destination Address

Transaction Byte

T

Channel Registers Set

Channel Status

Channel Control

Select

Channel Configuration

Channel Interval

Channel Extension

Link Registers Set

Next Link Address

Current Link Address

2. Transfer

DMA Registers Set <

DMA Control

DMA Status EN

DMA Status ER

DMA Status END

DMA Status TC

DMA Status SUS

Figure 9.1

Register Configuration

(a) Next Register Set

This register set is used to set the source address, destination address, and transfer byte count of the DMA transaction to

be executed next.

RO1UH0437EJ0600 Rev.6.00

Jan 29, 2021

RENESAS

9-2



RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 9. Direct Memory Access Controller

It consists of the Next0 Register Set and the Next] Register Set.

In register mode, set this register set by using software. In link mode, the descriptor read data is automatically set in the
Next0 Register Set.

These register set values are loaded to the Current Register Set and used for DMA transfer.

(b) Current Register Set

This register set indicates the source address, destination address, and transfer byte count of the currently executed DMA
transaction.

The values are loaded from the Next0/1 Register Set (register mode) or from the descriptor read data (link mode). The
user cannot write directly to this register set.

The register set is automatically updated each time a DMA transaction is executed.

(c) Channel Register Set

This register set is used to make the DMA transfer settings.
The settings to be made with this register set include channel status indication, channel control, DMA transaction setting,
and DMA transaction interval.

(d) Link Register Set

This register set consists of a register that sets the address of the descriptor to be loaded next in link mode (Next Link
Address Register) and a register that indicates the address of the currently executed descriptor (Current Link Address
Register).

The Current Link Address Register is automatically updated when a descriptor is read. The user cannot write directly to
this register set.

(e) DMA Register Set

This register set consists of a register that controls DMA as a whole and registers that indicate the status of the
corresponding channels. It enables channel priority control as well as the monitoring of the channel status (EN, ER,
END, TC, and SUS).

(f) Extended Resource Selector Register Set

This register set is used to select the on-chip peripheral module to perform DMA transfer and the external request.
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94 Register Descriptions

Table 9.2 lists the register configuration. There are eleven control registers and five status registers for each channel, and
twelve common control registers are used by all channels. In addition, there is one extension resource selector per two
channels. Each channel number is expressed in the register names, as in NOSA_0 for NOSA in channel 0.

Table 9.2 Register Configuration

Access
Channel  Register Name Abbreviation R/W Initial Value = Address Size
0 NextO source address register 0 NOSA_0 RW  H'00000000 H'E8200000 32
NextO destination address register 0 NODA_0 RW  H'00000000 H'E8200004 32
Next0 transaction byte register 0 NOTB_0 RW  H'00000000 H'E8200008 32
Next1 source address register 0 N1SA_0 RwW  H'00000000 H'E820000C 32
Next1 destination address register 0 N1DA_0O RW  H'00000000 H'E8200010 32
Next1 transaction byte register 0 N1TB_0 RW  H'00000000 H'E8200014 32
Current source address register 0 CRSA_O R H'00000000 H'E8200018 32
Current destination address register 0 CRDA_O R H'00000000 H'E820001C 32
Current transaction byte register 0 CRTB_O R H'00000000 H'E8200020 32
Channel status register 0 CHSTAT_O R H'00000000 H'E8200024 32
Channel control register 0 CHCTRL_O RW H'00000000 H'E8200028 32
Channel configuration register 0 CHCFG_0 RwW  H'00000000 H'E820002C 32
Channel interval register 0 CHITVL_0 RW  H'00000000 H'E8200030 32
Channel extension register 0 CHEXT_O RW  H'00000000 H'E8200034 32
Next link address register 0 NXLA_O RW  H'00000000 H'E8200038 32
Current link address register 0 CRLA_O R H'00000000 H'E820003C 32
1 NextO source address register 1 NOSA_1 RW  H'00000000 H'E8200040 32
NextO destination address register 1 NODA_1 RW  H'00000000 H'E8200044 32
Next0 transaction byte register 1 NOTB_1 RW  H'00000000 H'E8200048 32
Next1 source address register 1 N1SA_1 RW  H'00000000 H'E820004C 32
Next1 destination address register 1 N1DA_1 RW  H'00000000 H'E8200050 32
Next1 transaction byte register 1 N1TB_1 RW  H'00000000 H'E8200054 32
Current source address register 1 CRSA_1 R H'00000000 H'E8200058 32
Current destination address register 1 CRDA_1 R H'00000000 H'E820005C 32
Current transaction byte register 1 CRTB_1 R H'00000000 H'E8200060 32
Channel status register 1 CHSTAT_1 R H'00000000 H'E8200064 32
Channel control register 1 CHCTRL_1 RW H'00000000 H'E8200068 32
Channel configuration register 1 CHCFG_1 RwW  H'00000000 H'E820006C 32
Channel interval register 1 CHITVL_1 RW  H'00000000 H'E8200070 32
Channel extension register 1 CHEXT_1 RW  H'00000000 H'E8200074 32
Next link address register 1 NXLA_1 RW  H'00000000 H'E8200078 32
Current link address register 1 CRLA_1 R H'00000000 H'E820007C 32
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Table 9.2 Register Configuration

Access
Channel Register Name Abbreviation R/W Initial Value Address Size
2 NextO source address register 2 NOSA_2 RwW  H'00000000 H'E8200080 32
NextO destination address register 2 NODA_2 RW  H'00000000 H'E8200084 32
Next0 transaction byte register 2 NOTB_2 RW  H'00000000 H'E8200088 32
Next1 source address register 2 N1SA_2 RW  H'00000000 H'E820008C 32
Next1 destination address register 2 N1DA_2 RwW  H'00000000 H'E8200090 32
Next1 transaction byte register 2 N1TB_2 RwW  H'00000000 H'E8200094 32
Current source address register 2 CRSA_2 R H'00000000 H'E8200098 32
Current destination address register 2 CRDA_2 R H'00000000 H'E820009C 32
Current transaction byte register 2 CRTB_2 R H'00000000 H'E82000A0 32
Channel status register 2 CHSTAT_2 R H'00000000 H'E82000A4 32
Channel control register 2 CHCTRL_2 RwW  H'00000000 H'E82000A8 32
Channel configuration register 2 CHCFG_2 RW  H'00000000 H'E82000AC 32
Channel interval register 2 CHITVL_2 RW  H'00000000 H'E82000B0 32
Channel extension register 2 CHEXT_2 RW  H'00000000 H'E82000B4 32
Next link address register 2 NXLA_2 RW  H'00000000 H'E82000B8 32
Current link address register 2 CRLA_2 R H'00000000 H'E82000BC 32
3 NextO source address register 3 NOSA_3 RW  H'00000000 H'E82000C0 32
NextO destination address register 3 NODA_3 RW  H'00000000 H'E82000C4 32
Next0 transaction byte register 3 NOTB_3 RW  H'00000000 H'E82000C8 32
Next1 source address register 3 N1SA_3 RW  H'00000000 H'E82000CC 32
Next1 destination address register 3 N1DA_3 RW  H'00000000 H'E82000D0 32
Next1 transaction byte register 3 N1TB_3 RW  H'00000000 H'E82000D4 32
Current source address register 3 CRSA_3 R H'00000000 H'E82000D8 32
Current destination address register 3 CRDA_3 R H'00000000 H'E82000DC 32
Current transaction byte register 3 CRTB_3 R H'00000000 H'E82000E0 32
Channel status register 3 CHSTAT_3 R H'00000000 H'E82000E4 32
Channel control register 3 CHCTRL_3 RwW  H'00000000 H'E82000E8 32
Channel configuration register 3 CHCFG_3 RW  H'00000000 H'E82000EC 32
Channel interval register 3 CHITVL_3 RW  H'00000000 H'E82000F0 32
Channel extension register 3 CHEXT_3 RwW  H'00000000 H'E82000F4 32
Next link address register 3 NXLA_3 RW  H'00000000 H'E82000F8 32
Current link address register 3 CRLA_3 R H'00000000 H'E82000FC 32
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Table 9.2 Register Configuration

Access
Channel Register Name Abbreviation R/W Initial Value Address Size
4 NextO source address register 4 NOSA_4 RwW  H'00000000 H'E8200100 32
NextO destination address register 4 NODA_4 RW  H'00000000 H'E8200104 32
Next0 transaction byte register 4 NOTB_4 RW  H'00000000 H'E8200108 32
Next1 source address register 4 N1SA_4 RW  H'00000000 H'E820010C 32
Next1 destination address register 4 N1DA_4 RwW  H'00000000 H'E8200110 32
Next1 transaction byte register 4 N1TB_4 RwW  H'00000000 H'E8200114 32
Current source address register 4 CRSA_4 R H'00000000 H'E8200118 32
Current destination address register 4 CRDA_4 R H'00000000 H'E820011C 32
Current transaction byte register 4 CRTB_4 R H'00000000 H'E8200120 32
Channel status register 4 CHSTAT_4 R H'00000000 H'E8200124 32
Channel control register 4 CHCTRL_4 RwW  H'00000000 H'E8200128 32
Channel configuration register 4 CHCFG_4 RW  H'00000000 H'E820012C 32
Channel interval register 4 CHITVL_4 RW  H'00000000 H'E8200130 32
Channel extension register 4 CHEXT_4 RW  H'00000000 H'E8200134 32
Next link address register 4 NXLA_4 RW  H'00000000 H'E8200138 32
Current link address register 4 CRLA_4 R H'00000000 H'E820013C 32
5 Next0 source address register 5 NOSA_5 RW  H'00000000 H'E8200140 32
NextO destination address register 5 NODA_5 RW  H'00000000 H'E8200144 32
Next0 transaction byte register 5 NOTB_5 RW  H'00000000 H'E8200148 32
Next1 source address register 5 N1SA_5 Rw  H'00000000 H'E820014C 32
Next1 destination address register 5 N1DA_5 RW  H'00000000 H'E8200150 32
Next1 transaction byte register 5 N1TB_5 RW  H'00000000 H'E8200154 32
Current source address register 5 CRSA_5 R H'00000000 H'E8200158 32
Current destination address register 5 CRDA_5 R H'00000000 H'E820015C 32
Current transaction byte register 5 CRTB_5 R H'00000000 H'E8200160 32
Channel status register 5 CHSTAT_5 R H'00000000 H'E8200164 32
Channel control register 5 CHCTRL_5 RwW  H'00000000 H'E8200168 32
Channel configuration register 5 CHCFG_5 RW  H'00000000 H'E820016C 32
Channel interval register 5 CHITVL_5 RW  H'00000000 H'E8200170 32
Channel extension register 5 CHEXT_5 RW  H'00000000 H'E8200174 32
Next link address register 5 NXLA_5 RW  H'00000000 H'E8200178 32
Current link address register 5 CRLA_5 R H'00000000 H'E820017C 32
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Table 9.2 Register Configuration

Access
Channel Register Name Abbreviation R/W Initial Value Address Size
6 NextO source address register 6 NOSA_6 RwW  H'00000000 H'E8200180 32
NextO destination address register 6 NODA_6 RW  H'00000000 H'E8200184 32
NextO transaction byte register 6 NOTB_6 Rw  H'00000000 H'E8200188 32
Next1 source address register 6 N1SA_6 RW  H'00000000 H'E820018C 32
Next1 destination address register 6 N1DA_6 RwW  H'00000000 H'E8200190 32
Next1 transaction byte register 6 N1TB_6 RwW  H'00000000 H'E8200194 32
Current source address register 6 CRSA_6 R H'00000000 H'E8200198 32
Current destination address register 6 CRDA_6 R H'00000000 H'E820019C 32
Current transaction byte register 6 CRTB_6 R H'00000000 H'E82001A0 32
Channel status register 6 CHSTAT_6 R H'00000000 H'E82001A4 32
Channel control register 6 CHCTRL_6 RwW  H'00000000 H'E82001A8 32
Channel configuration register 6 CHCFG_6 RW  H'00000000 H'E82001AC 32
Channel interval register 6 CHITVL_6 RW  H'00000000 H'E82001B0 32
Channel extension register 6 CHEXT_6 RW  H'00000000 H'E82001B4 32
Next link address register 6 NXLA_6 RW  H'00000000 H'E82001B8 32
Current link address register 6 CRLA_6 R H'00000000 H'E82001BC 32
7 NextO source address register 7 NOSA_7 RW  H'00000000 H'E82001CO 32
NextO destination address register 7 NODA_7 RW  H'00000000 H'E82001C4 32
Next0 transaction byte register 7 NOTB_7 RW  H'00000000 H'E82001C8 32
Next1 source address register 7 N1SA_7 Rw  H'00000000 H'E82001CC 32
Next1 destination address register 7 N1DA_7 RW  H'00000000 H'E82001D0 32
Next1 transaction byte register 7 N1TB_7 RW  H'00000000 H'E82001D4 32
Current source address register 7 CRSA_7 R H'00000000 H'E82001D8 32
Current destination address register 7 CRDA_7 R H'00000000 H'E82001DC 32
Current transaction byte register 7 CRTB_7 R H'00000000 H'E82001E0 32
Channel status register 7 CHSTAT_7 R H'00000000 H'E82001E4 32
Channel control register 7 CHCTRL_7 RwW  H'00000000 H'E82001E8 32
Channel configuration register 7 CHCFG_7 RW  H'00000000 H'E82001EC 32
Channel interval register 7 CHITVL_7 RW  H'00000000 H'E82001F0 32
Channel extension register 7 CHEXT_7 RwW  H'00000000 H'E82001F4 32
Next link address register 7 NXLA_7 RW  H'00000000 H'E82001F8 32
Current link address register 7 CRLA_7 R H'00000000 H'E82001FC 32
Common  DMA control registers 0 to 7 DCTRL_0_7 R/W  H'00000000 H'E8200300 32
for0to7 DMA status EN registers 0 to 7 DSTAT_EN_0_7 R H'00000000 H'E8200310 32
DMA status ER registers 0 to 7 DSTAT_ER 0.7 R H'00000000 H'E8200314 32
DMA status END registers 0 to 7 DSTAT_END_0_7 R H'00000000 H'E8200318 32
DMA status TC registers 0 to 7 DSTAT_.TC_ 0.7 R H'00000000 H'E820031C 32
DMA status SUS registers 0 to 7 DSTAT_SUS_ 0. 7 R H'00000000 H'E8200320 32
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Table 9.2 Register Configuration

Access
Channel Register Name Abbreviation R/W Initial Value Address Size
8 NextO source address register 8 NOSA_8 RwW  H'00000000 H'E8200400 32
NextO destination address register 8 NODA_8 RW  H'00000000 H'E8200404 32
NextO transaction byte register 8 NOTB_8 Rw  H'00000000 H'E8200408 32
Next1 source address register 8 N1SA_8 RW  H'00000000 H'E820040C 32
Next1 destination address register 8 N1DA_8 RwW  H'00000000 H'E8200410 32
Next1 transaction byte register 8 N1TB_8 RwW  H'00000000 H'E8200414 32
Current source address register 8 CRSA_8 R H'00000000 H'E8200418 32
Current destination address register 8 CRDA_8 R H'00000000 H'E820041C 32
Current transaction byte register 8 CRTB_8 R H'00000000 H'E8200420 32
Channel status register 8 CHSTAT_8 R H'00000000 H'E8200424 32
Channel control register 8 CHCTRL_8 RwW  H'00000000 H'E8200428 32
Channel configuration register 8 CHCFG_8 RW  H'00000000 H'E820042C 32
Channel interval register 8 CHITVL_8 RW  H'00000000 H'E8200430 32
Channel extension register 8 CHEXT_8 RW  H'00000000 H'E8200434 32
Next link address register 8 NXLA_8 RW  H'00000000 H'E8200438 32
Current link address register 8 CRLA_8 R H'00000000 H'E820043C 32
9 Next0 source address register 9 NOSA_9 RW  H'00000000 H'E8200440 32
NextO destination address register 9 NODA_9 RW  H'00000000 H'E8200444 32
Next0 transaction byte register 9 NOTB_9 RW  H'00000000 H'E8200448 32
Next1 source address register 9 N1SA_9 Rw  H'00000000 H'E820044C 32
Next1 destination address register 9 N1DA_9 RW  H'00000000 H'E8200450 32
Next1 transaction byte register 9 N1TB_9 RW  H'00000000 H'E8200454 32
Current source address register 9 CRSA_9 R H'00000000 H'E8200458 32
Current destination address register 9 CRDA 9 R H'00000000 H'E820045C 32
Current transaction byte register 9 CRTB_9 R H'00000000 H'E8200460 32
Channel status register 9 CHSTAT_9 R H'00000000 H'E8200464 32
Channel control register 9 CHCTRL_9 RwW  H'00000000 H'E8200468 32
Channel configuration register 9 CHCFG_9 RW  H'00000000 H'E820046C 32
Channel interval register 9 CHITVL_9 RW  H'00000000 H'E8200470 32
Channel extension register 9 CHEXT_9 RW  H'00000000 H'E8200474 32
Next link address register 9 NXLA_9 RW  H'00000000 H'E8200478 32
Current link address register 9 CRLA_9 R H'00000000 H'E820047C 32
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Table 9.2 Register Configuration

Access
Channel Register Name Abbreviation R/W Initial Value Address Size
10 NextO source address register 10 NOSA_10 RwW  H'00000000 H'E8200480 32
NextO destination address register 10 NODA_10 RW  H'00000000 H'E8200484 32
NextO transaction byte register 10 NOTB_10 RwW  H'00000000 H'E8200488 32
Next1 source address register 10 N1SA_10 RW  H'00000000 H'E820048C 32
Next1 destination address register 10 N1DA_10 RwW  H'00000000 H'E8200490 32
Next1 transaction byte register 10 N1TB_10 RW  H'00000000 H'E8200494 32
Current source address register 10 CRSA_10 R H'00000000 H'E8200498 32
Current destination address register 10 CRDA_10 R H'00000000 H'E820049C 32
Current transaction byte register 10 CRTB_10 R H'00000000 H'E82004A0 32
Channel status register 10 CHSTAT_10 R H'00000000 H'E82004A4 32
Channel control register 10 CHCTRL_10 RwW  H'00000000 H'E82004A8 32
Channel configuration register 10 CHCFG_10 RW  H'00000000 H'E82004AC 32
Channel interval register 10 CHITVL_10 RW  H'00000000 H'E82004B0 32
Channel extension register 10 CHEXT_10 RwW  H'00000000 H'E82004B4 32
Next link address register 10 NXLA_10 RW  H'00000000 H'E82004B8 32
Current link address register 10 CRLA_10 R H'00000000 H'E82004BC 32
11 Next0 source address register 11 NOSA_11 RW  H'00000000 H'E82004CO0 32
NextO destination address register 11 NODA_11 RwW  H'00000000 H'E82004C4 32
Next0 transaction byte register 11 NOTB_11 RW  H'00000000 H'E82004C8 32
Next1 source address register 11 N1SA_11 RwW  H'00000000 H'E82004CC 32
Next1 destination address register 11 N1DA_11 RW  H'00000000 H'E82004D0 32
Next1 transaction byte register 11 N1TB_11 RwW  H'00000000 H'E82004D4 32
Current source address register 11 CRSA_11 R H'00000000 H'E82004D8 32
Current destination address register 11 CRDA_11 R H'00000000 H'E82004DC 32
Current transaction byte register 11 CRTB_11 R H'00000000 H'E82004E0 32
Channel status register 11 CHSTAT_11 R H'00000000 H'E82004E4 32
Channel control register 11 CHCTRL_M1 RwW  H'00000000 H'E82004E8 32
Channel configuration register 11 CHCFG_11 RW H'00000000 H'E82004EC 32
Channel interval register 11 CHITVL_11 RW  H'00000000 H'E82004F0 32
Channel extension register 11 CHEXT_M1 RW  H'00000000 H'E82004F4 32
Next link address register 11 NXLA_11 RW  H'00000000 H'E82004F8 32
Current link address register 11 CRLA_11 R H'00000000 H'E82004FC 32
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Table 9.2 Register Configuration

Access
Channel Register Name Abbreviation R/W Initial Value Address Size
12 NextO source address register 12 NOSA_12 RwW  H'00000000 H'E8200500 32
NextO destination address register 12 NODA_12 RW  H'00000000 H'E8200504 32
NextO transaction byte register 12 NOTB_12 RwW  H'00000000 H'E8200508 32
Next1 source address register 12 N1SA_12 RW  H'00000000 H'E820050C 32
Next1 destination address register 12 N1DA_12 RwW  H'00000000 H'E8200510 32
Next1 transaction byte register 12 N1TB_12 RW  H'00000000 H'E8200514 32
Current source address register 12 CRSA_12 R H'00000000 H'E8200518 32
Current destination address register 12 CRDA_12 R H'00000000 H'E820051C 32
Current transaction byte register 12 CRTB_12 R H'00000000 H'E8200520 32
Channel status register 12 CHSTAT_12 R H'00000000 H'E8200524 32
Channel control register 12 CHCTRL_12 RwW  H'00000000 H'E8200528 32
Channel configuration register 12 CHCFG_12 RW  H'00000000 H'E820052C 32
Channel interval register 12 CHITVL_12 RW  H'00000000 H'E8200530 32
Channel extension register 12 CHEXT_12 RwW  H'00000000 H'E8200534 32
Next link address register 12 NXLA_12 RW  H'00000000 H'E8200538 32
Current link address register 12 CRLA_12 R H'00000000 H'E820053C 32
13 Next0 source address register 13 NOSA_13 RW  H'00000000 H'E8200540 32
NextO destination address register 13 NODA_13 RW  H'00000000 H'E8200544 32
Next0 transaction byte register 13 NOTB_13 RW  H'00000000 H'E8200548 32
Next1 source address register 13 N1SA_13 RwW  H'00000000 H'E820054C 32
Next1 destination address register 13 N1DA_13 RW  H'00000000 H'E8200550 32
Next1 transaction byte register 13 N1TB_13 RwW  H'00000000 H'E8200554 32
Current source address register 13 CRSA_13 R H'00000000 H'E8200558 32
Current destination address register 13 CRDA_13 R H'00000000 H'E820055C 32
Current transaction byte register 13 CRTB_13 R H'00000000 H'E8200560 32
Channel status register 13 CHSTAT_13 R H'00000000 H'E8200564 32
Channel control register 13 CHCTRL_13 RwW  H'00000000 H'E8200568 32
Channel configuration register 13 CHCFG_13 RW  H'00000000 H'E820056C 32
Channel interval register 13 CHITVL_13 RW  H'00000000 H'E8200570 32
Channel extension register 13 CHEXT_13 RW  H'00000000 H'E8200574 32
Next link address register 13 NXLA_13 RW  H'00000000 H'E8200578 32
Current link address register 13 CRLA_13 R H'00000000 H'E820057C 32
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Table 9.2 Register Configuration

Access
Channel Register Name Abbreviation R/W Initial Value Address Size
14 NextO source address register 14 NOSA_14 RwW  H'00000000 H'E8200580 32
NextO destination address register 14 NODA_14 RW  H'00000000 H'E8200584 32
Next0 transaction byte register 14 NOTB_14 RW  H'00000000 H'E8200588 32
Next1 source address register 14 N1SA_14 RW  H'00000000 H'E820058C 32
Next1 destination address register 14 N1DA_14 RwW  H'00000000 H'E8200590 32
Next1 transaction byte register 14 N1TB_14 RW  H'00000000 H'E8200594 32
Current source address register 14 CRSA_14 R H'00000000 H'E8200598 32
Current destination address register 14 CRDA_14 R H'00000000 H'E820059C 32
Current transaction byte register 14 CRTB_14 R H'00000000 H'E82005A0 32
Channel status register 14 CHSTAT_14 R H'00000000 H'E82005A4 32
Channel control register 14 CHCTRL_14 RwW  H'00000000 H'E82005A8 32
Channel configuration register 14 CHCFG_14 RW H'00000000 H'E82005AC 32
Channel interval register 14 CHITVL_14 RW  H'00000000 H'E82005B0 32
Channel extension register 14 CHEXT_14 RwW  H'00000000 H'E82005B4 32
Next link address register 14 NXLA_14 RW  H'00000000 H'E82005B8 32
Current link address register 14 CRLA_14 R H'00000000 H'E82005BC 32
15 Next0 source address register 15 NOSA_15 RW  H'00000000 H'E82005C0 32
NextO destination address register 15 NODA_15 RW  H'00000000 H'E82005C4 32
Next0 transaction byte register 15 NOTB_15 RW  H'00000000 H'E82005C8 32
Next1 source address register 15 N1SA_15 RW  H'00000000 H'E82005CC 32
Next1 destination address register 15 N1DA_15 RW  H'00000000 H'E82005D0 32
Next1 transaction byte register 15 N1TB_15 RwW  H'00000000 H'E82005D4 32
Current source address register 15 CRSA_15 R H'00000000 H'E82005D8 32
Current destination address register 15 CRDA_15 R H'00000000 H'E82005DC 32
Current transaction byte register 15 CRTB_15 R H'00000000 H'E82005E0 32
Channel status register 15 CHSTAT_15 R H'00000000 H'E82005E4 32
Channel control register 15 CHCTRL_15 RwW  H'00000000 H'E82005E8 32
Channel configuration register 15 CHCFG_15 RW  H'00000000 H'E82005EC 32
Channel interval register 15 CHITVL_15 RW  H'00000000 H'E82005F0 32
Channel extension register 15 CHEXT_15 RW  H'00000000 H'E82005F4 32
Next link address register 15 NXLA_15 RW  H'00000000 H'E82005F8 32
Current link address register 15 CRLA_15 R H'00000000 H'E82005FC 32
Common  DMA control registers 8 to 15 DCTRL_8_15 R/W  H'00000000 H'E8200700 32
for 81015 “pya status EN registers 8 to 15 DSTAT EN 8 156 R H00000000  H'E8200710 32
DMA status ER registers 8 to 15 DSTAT_ER_8_15 R H'00000000 H'E8200714 32
DMA status END registers 8 to 15 DSTAT_END_8 15 R H'00000000 H'E8200718 32
DMA status TC registers 8 to 15 DSTAT_TC_8 15 R H'00000000 H'E820071C 32
DMA status SUS registers 8 to 15 DSTAT_SUS 8 15 R H'00000000 H'E8200720 32
0/1 DMA extended resource selector 0 DMARSO R/W  H'00000000 H'FCFE1000 32
2/3 DMA extended resource selector 1 DMARS1 R/W  H'00000000 H'FCFE1004 32
4/5 DMA extended resource selector 2 DMARS2 R/W  H'00000000 H'FCFE1008 32
6/7 DMA extended resource selector 3 DMARS3 R/W  H'00000000 H'FCFE100C 32
8/9 DMA extended resource selector 4 DMARS4 R/W  H'00000000 H'FCFE1010 32
10/11 DMA extended resource selector 5 DMARS5 R/W  H'00000000 H'FCFE1014 32
12/13 DMA extended resource selector 6 DMARS6 R/W  H'00000000 H'FCFE1018 32
14/15 DMA extended resource selector 7 DMARS7 R/W  H'00000000 H'FCFE101C 32
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9.4.1 Next Source Address Register n (NOSA _n, N1SA n)

This register sets the DMA transfer source address (32 bits) of DMA channel n (n = 0 to 15) which is to be executed next.

NOSA n is for the NextO Register Set, and N1SA n is for the Next]l Register Set.

In register mode, set this register set by using software. In link mode, the descriptor read data is automatically set in the

Next0 Register Set.

These register set values are loaded to the Current Register Set and used for DMA transfer.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20

SA

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4

0 0 0 0
RW RW R/W RW

3 2 1 0

SA

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW

0 0 0 0
RW RW R/W R/W

Initial
Bit Bit Name Value R/W Description
31t00 SA All0 R/W Source Address

Sets the start address of the DMA transfer source.

94.2 Next Destination Address Register n (NODA_n, N1DA_n)
This register sets the DMA transfer destination address (32 bits) of DMA channel n (n = 0 to 15) which is to be executed

next.
NODA _n is for the Next0O Register Set, and NIDA n is for the Nextl Register Set.

In register mode, set this register set by using software. In link mode, the descriptor read data is automatically set in the

Next0 Register Set.

These register set values are loaded to the Current Register Set and used for DMA transfer.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20

19 18 17 16

DA

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0

RW: RRW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4

3 2 1 0

DA

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0

RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
31100 DA AllO R/W Destination Address
Sets the start address of the DMA transfer destination.
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9.4.3 Next Transaction Byte Register n (NOTB_n, N1TB_n)

This register sets the total transfer byte count (DMA transaction) of DMA channel (n = 0 to 15) which is to be executed
next.

NOTB_n is for the Next0O Register Set, and N1TB_n is for the Next]l Register Set.

In register mode, set this register set by using software. In link mode, the descriptor read data is automatically set in the
Next0 Register Set.

These register set values are loaded to the Current Register Set and used for DMA transfer.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
B

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
B

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
31t00 B All O R/W Transaction Byte

Sets the total transfer byte count.
Caution: Do not start a DMA transaction with 0 set in this register.

944 Current Source Address Register (CRSA_n)

This register indicates the DMA transfer source address of DMA channel n (n =0 to 15).
The values are loaded from the Next0/1 Register Set in register mode or from the descriptor read data in link mode. You
cannot write to this register set using software.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CRSA

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Initial
Bit Bit Name Value R/IW Description

31t00 CRSA All 0 R Current Source Address Register
Indicates the read address of the next DMA transaction.
The value automatically increments during the DMA transaction.
(The value is fixed when 1 is set in SAD of the CHCFG_n register.)
The value increments when a read transfer starts.
Read this register after DMA stops (0 is set in EN of the CHSTAT _n register). (Any value
obtained during the DMA operation should be handled as a reference value.)
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945 Current Destination Address Register (CRDA n)

This register indicates the DMA transfer destination address of DMA channel n (n =0 to 15).
The values are loaded from the Next0/1 Register Set in register mode or from the descriptor read data in link mode. You
cannot write to this register set using software.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Initial
Bit Bit Name Value R/W Description
31t00 CRDA All0 R Current Destination Address Register

Indicates the write address of the next DMA transaction.

The value automatically increments during the DMA transaction. (The value is fixed when
1 is set in DAD of the CHCFG_n register.)

The value increments when a write transfer starts.

Read this register after DMA stops (0 is set in EN of the CHSTAT_n register). (Any value
obtained during the DMA operation should be handled as a reference value.)

9.4.6 Current Transaction Byte Register (CRTB_n)

This register indicates the total transfer byte count of DMA channel n (n = 0 to 15). The value of this register becomes 0
when the transaction ends.

The values are loaded from the Next0/1 Register Set in register mode or from the descriptor read data in link mode. You
cannot write to this register set using software.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CRTB

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Initial
Bit Bit Name Value R/W Description
31t00 CRTB All 0 R Current Transaction Byte Register
Indicates the remaining transfer byte count of the currently executed DMA transaction.
The value automatically decrements during the DMA transaction.
The value decrements when a write transfer is completed.
Read this register after DMA stops (0 is set in EN of the CHSTAT _n register). (Any value
obtained during the DMA operation should be handled as a reference value.)
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947 Channel Status Register n (CHSTAT _n)

This register indicates the status of DMA channel n (n =0 to 15).

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
.l r- -] s
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | | | |MODE|DER| DW| DL | SR | TC |END| ER |SUS|TACT|RQST| EN |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Initial
Bit Bit Name Value R/W  Description
31t017 — All 0 R Reserved area. Set 0. A read operation results in 0 being read.
16 INTMSK 0 R Indicates the temporary mask status of the DMA transfer end interrupt.
1: Masked temporarily
0: Unmasked temporarily
Set condition(s):
e When SETINTMSK (CHCTRL_n) is set to 1
Reset condition(s):
e When CLRINTMSK (CHCTRL_n) is set to 1
e When SWRST (CHCTRL_n) is set to 1
15t012 — All0 R Reserved area. Set 0. A read operation results in 0 being read.
1 MODE 0 R DMA Mode
Indicates the DMA mode. It corresponds to the value set in the DMS bit of the CHCFG_n
register.
0: Register mode
1: Link mode
10 DER 0 R Descriptor Error
Indicates whether the link valid value of the read descriptor is invalid (LV = 0) (this is not
dependent on the DIM level of the descriptor). If a descriptor error has occurred, the
transfer is stopped but no DMA error interrupt occurs.
0: Descriptor Error not detected
1: Descriptor Error detected
Set condition(s):
e When the LV value loaded with the descriptor in link mode is 0
Reset condition(s):
e When SWRST (CHCTRL_n) is set to 1
9 DW 0 R Descriptor WriteBack

Indicates the descriptor writeback status. The bit maintains 1 if a bus error is received
during descriptor writeback.
0: Operation other than writeback is being performed for the header in link mode.
1: (ER=0)
Writeback is being performed for the header in link mode.
(ER=1)
A bus error occurs during writeback for the header in link mode.

Set condition(s):

e When header writeback in link mode starts

Reset condition(s):

e When header writeback in link mode ends with an OK response
e When SWRST (CHCTRL_n) is set to 1
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Initial
Bit Bit Name Value

RIW

Description

8 DL 0

R

Descriptor Load
Indicates whether the descriptor is being loaded. The bit maintains 1 if a bus error is
received during descriptor load.
0: Operation other than descriptor load
1: (ER=0)
Descriptor load is in progress in link mode.
(ER=1)
A bus error occurs during descriptor load in link mode.

Set condition(s):

o When descriptor load in link mode starts

Reset condition(s):

e When descriptor load in link mode ends with an OK response
e When SWRST (CHCTRL_n) is set to 1

Selected Register Set
Indicates the register set currently selected in register mode.
0: NextO Register Set
1: Next1 Register Set

Set condition(s):

e When RSEL (CHCFG_n) is set to 1
Reset condition(s):

e When RSEL (CHCFG_n)is setto 0

Terminal Count

Indicates whether the DMA transaction is completed.
0: DMA transfer not completed

1: DMA transfer completed

Set condition(s):

* When data equivalent to the total transfer byte count set in the CRTB register has been
transferred in register mode

e When data equivalent to the total transfer byte count set in the CRTB register has been
transferred in link mode, with 1 set in WBD of the descriptor header

o When descriptor writeback is completed in link mode, with 0 set in WBD of the
descriptor header

Clear condition(s):

e When the CLRTC (CHCTRL_n) bit is set to 1

e When the SWRST (CHCTRL_n) bit is set to 1

5 END 0

DMAEND Interrupted

Indicates whether the DMA transaction is completed and whether the DMA transfer end
interrupt has occurred.

0: DMA transfer not completed

1: DMA transfer completed

Set condition(s):

¢ When one of the set conditions for the TC bit is met and 0 is set in DEM of the
CHCFG_n register

* When the descriptor is read in link mode and both LV of the header and DIM are set to 0

Clear condition(s):

e When CLREND (CHCTRL_n) is set to 1

e When SWRST (CHCTRL_n) is set to 1

Error bit

Indicates that a DMA error interrupt has occurred because an error response has been
received from the transfer source or destination and a bus error has occurred during the
DMA transfer.

0: No bus error has occurred

1: A DMA error interrupt has occurred due to a bus error

Set condition(s):

e When a bus error has occurred during a bus cycle
Clear condition(s):

e When SWRST (CHCTRL_n) is set to 1
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Initial
Bit Bit Name Value R/W  Description
3 SUS 0 R Suspend
Indicates whether the channel is suspended.
0: Channel_n not suspended
1: Channel_n suspended
Set condition(s):
e When SETSUS (CHCTRL_n) is set to 1 during a DMA transfer on Channel_n, creating
a SUSPEND status internally
Clear condition(s):
e When CLRSUS (CHCTRL_n) is set to 1
e When CLREN (CHCTRL_n) is set to 1
2 TACT 0 R Transaction Active
Indicates whether the DMAC is active. This bit is intended to check that the channel is
completely inactive.
0: DMA on Channel_n inactive
1: DMA on Channel_n active
Set condition(s):
e When a DMA transaction starts on Channel_n
Clear condition(s):
e When a DMA transaction is completed
1 RQST 0 R Request
Indicates whether a transfer request is being received.
0: DMA transfer request not being received
1: DMA transfer request being received
Set condition(s):
e When the STG bit (CHCTRL_n) is set to 1 (auto request)
* When a transfer request is received from the DMA request source set in the CHCFG_n
register
Clear condition(s):
e When SWRST (CHCTRL_n) is set to 1
e When CLRRQ (CHCTRL_n) is set to 1
¢ When a transfer is executed on the side specified by REQD (CHCFG_n) in single
transfer mode (TM = 0).
* When all DMA transactions are completed in register mode (the transaction ends with
REN set to 0)
e When the DMA transfer of the last descriptor (LE = 1) is completed in link mode
o When descriptor read stops (LV = 0) in link mode
e When a DMA transaction is completed in link mode while DEM is set to 0
e When a bus error is received due to an error response
0 EN 0 R Enable

Indicates whether the operation of DMA channel n is enabled or disabled.
0: Operation disabled
1: Operation enabled

Set condition(s):

e When SETEN (CHCTRL_n) is setto 1

Clear condition(s):

e When SWRST (CHCTRL_n) is setto 1

e When CLREN (CHCTRL_n) is set to 1

* When a bus error is received due to an error response during the transfer

e When all DMA transactions are completed in register mode (the transaction ends with
REN set to 0)

e When the DMA transfer of the last descriptor (LE = 1) is completed in link mode
(writeback when WBD is set to 0)

o When descriptor read stops (LV = 0) in link mode

<Caution> If the ER bit is set to 1 for any transfer, the whole transfer should be handled as invalid.

To suspend a DMA transaction, mask or clear the transfer request or clear the Enable bit (for the procedure, see
section 9.7.11 (2) Transfer Stop).

If you make a transfer request from an on-chip peripheral module or the external DREQ input concurrently with an
auto request (by setting 1 in the STG bit) for the same one channel, you cannot identify the trigger source that takes
effect. Make sure that only one of these transfer requests is used in the system.

When transfer is requested by an auto request, wait for the last requested DMA transfer to complete (use the Current
Register or other data to check the status) before setting the STG bit for the next transfer request.
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9.4.8

Channel Control Register n (CHCTRL_n)

This register controls the DMA transfer operation on DMA channel n (n =0 to 15).

Bit: 31 30 29

28

27 26 25 24 23 22 21 20 19 18 17 16

CLRINT|SETIN
MSK | MSK

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R RW  R/W
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | - | | | - | gbg gﬁg |CLRTC| ghg |CLRRQ|SWRST| STG |CLREN|SETEN|
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R RW RW R PRW RW RW RW RW RW RW
Initial
Bit Bit Name Value R/W Description
31t018 — All0 R Reserved area. Set 0. A read operation results in 0 being read.
17 CLRINTMSK 0 R/W  When this bit is set to 1, the mask of the DMA transfer end interrupt is cleared. Also,
the INTMSK bit of the CHSTAT _n register is set to 0.
If the mask is cleared when 1 is set in both LVINT of the DCTRL register and END of
the CHSTAT _n register, the DMA transfer end interrupt becomes active. (It does not
become active when 0 is set in LVINT.)
A read operation results in 0 being read.
1: Clears the mask set by SETINTMSK.
0: Does not affect the operation.
16 SETINTMSK 0 R/W  When this bit is set to 1, the DMA transfer end interrupt is temporarily masked. Also,
the INTMSK bit of the CHSTAT_n register is set to 1.
A read operation results in 0 being read.
1: Masks the DMA transfer end interrupt.
0: Does not affect the operation.
15t010 — All 0 R Reserved area. Set 0. A read operation results in 0 being read.
9 CLRSUS 0 R/W  Clear Suspend
Clears the suspend status. Setting this bit to 1 when 1 is set in SUS of the CHSTAT _n
register can clear the suspend status.
An attempt to read this bit results in 0 being read.
1: Clears the suspend status of the current DMA transfer.
0: Does not affect the operation.
8 SETSUS 0 R/W  Set Suspend
Suspends the current DMA transfer. Setting this bit to 1 when 1 is set in EN of the
CHSTAT _n register can suspend the current DMA transfer.
An attempt to read this bit results in 0 being read.
1: Suspends the current DMA transfer.
0: Does not affect the operation.
7 — 0 R Reserved area. Set 0. A read operation results in 0 being read.
6 CLRTC 0 R/W  Clear TC bit
Setting this bit to 1 can clear the TC bit of the CHSTAT _n register. An attempt to read
this bit results in 0 being read.
1: Clears the TC bit.
0: Does not affect the operation.
5 CLREND 0 R/W  Clear End bit
Setting this bit to 1 can clear the END bit of the CHSTAT _n register.
Also, the DMA transfer end interrupt is cleared.
An attempt to read this bit results in 0 being read.
1: Clears the END bit.
0: Does not affect the operation.
4 CLRRQ 0 R/W  Clear Request bit

Setting this bit to 1 can clear the RQST bit of the CHSTAT_n register.
An attempt to read this bit results in 0 being read.

1: Clears the RQST bit.

0: Does not affect the operation.
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Initial
Bit Bit Name Value

RW

Description

3 SWRST 0

R/W

Software Reset

Setting this bit to 1 can clear the channel status register (CHSTAT_n). When setting
this bit to 1, make sure that both the EN bit and TACT bit are set to 0.

An attempt to read this bit results in 0 being read.

1: Resets the channel status register.

0: Does not affect the operation.

2 STG 0

R/W

Software Trigger

Setting this bit to 1 sets an auto request. If this bit is set at the same time the SWRST
bit is set, the clear operation by the SWRST bit takes precedence.

An attempt to read this bit results in 0 being read.

1: Sets a transfer request triggered by an auto request (sets 1 in the RQST bit).

0: Does not affect the operation.

1 CLREN 0

R/wW

Clear Enable

Setting this bit to 1 can clear the EN bit (for details, see section 9.7.11 (2) Transfer
Stop).

An attempt to read this bit results in 0 being read.

1: Stops the DMA transfer (clears the EN bit).

0: Does not affect the operation.

0 SETEN 0

R/W

Set Enable

Enables a DMA transfer on DMA channel n. If this bit is set at the same time the
SWRST bit is set, the clear operation by the SWRST bit takes precedence and the
transfer does not start.

An attempt to read this bit results in 0 being read.

1: Enables a DMA transfer (sets 1 in the EN bit).

0: Does not affect the operation.

RO1UH0437EJ0600 Rev.6.00
Jan 29, 2021

RENESAS 9-19



RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 9. Direct Memory Access Controller

949 Channel Configuration Register n (CHCFG_n)

This register controls the DMA transfer operation on DMA channel n (n =0 to 15).

Bit: 31 30 29

28 27 26 25 24 23 22 21 20 19 18 17 16

| DMS | REN | RSW | RSEL| SBE | - | - | DEM | - | ™ | DAD | SAD | DDSJ[3:0]

Initial value: 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0

RW: RW RW RW RW RW R R R/W R RW RW RW RW RW RW RW

Bt 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
SDS[3:0] | - | AM[2:0] | - | LvL | HIEN | LOEN | REQD| SEL[2:0]
Iitalvalue: © ©0 ©0 ©0 ©0 ©0 O O O O O0 0 0 0 0 0

RW: RW RW RW RW R RW RW RW R RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W

Description

31 DMS 0 R/W

DMA Mode Select

Sets the DMA mode.

0: Register mode (initial value)
1: Link mode

30 REN 0 R/W

Register Set Enable

After a DMA transaction is completed, DMA transfers are continued using the Next Register
Set selected by RSEL. This bit is valid only in register mode.

0: Does not continue DMA transfers.

1: Continues DMA transfers.

Set condition(s):

e When 1 is written to this bit

Clear condition(s):

e When 0 is written to this bit

e When a DMA transaction is completed, with REN set to 1

29 RSW 0 RwW

Register Select Switch

Inverts RSEL automatically after a DMA transaction is completed. This bit is valid only in
register mode.

0: Does not invert RSEL automatically after a DMA transaction (initial value).

1: Inverts RSEL automatically after a DMA transaction.

28 RSEL 0 R/W

Register Set Select

Selects the Next Register Set to be executed next. This bit is valid only in register mode.
When RSW is set to 1, this bit is inverted automatically when a DMA transaction is
completed.

0: Executes the NextO Register Set (initial value).

1: Executes the Next1 Register Set.

Transition condition(s):
o \When a DMA transaction is completed, with RSW set to 1

27 SBE 0 R/W

Sweep Buffer Enable

Selects whether to sweep (write) the data already read into the buffer and stop the DMA
transfer if the Enable bit is cleared to 0 during a DMA transaction.

The sweep mode is available only when REQD is set to 0.

0: Stops the DMA transfer without sweeping the buffer (initial value).

1: Stops the DMA transfer after sweeping the buffer.

26, 25 — 0 R

Reserved area. Set 0. A read operation results in 0 being read.

24 DEM 0 R/W

DMA Transfer End Interrupt Mask

Masks the DMA transfer end interrupt for register mode transfer.

If 1 is set in this bit when a DMA transfer end interrupt is output, the DMA transfer end
interrupt signal is not asserted. In this case, DEM is cleared to 0 automatically.

0: Does not mask the DMA transfer end interrupt (initial value).

1: Masks the DMA transfer end interrupt.

Clear condition(s):
e When a DMA transaction is completed with DEM set to 1

23 — 0 R

Reserved area. Set 0. A read operation results in 0 being read.
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Initial
Bit Bit Name Value R/W Description
22 ™ 0 R/W Transfer Mode
Sets the DMA transfer mode.
0: Single transfer mode (initial value)
1: Block transfer mode
21 DAD 0 R/W Sets the destination address counting direction of DMA channel n.
0: Increment (initial value)
1: Fixed
20 SAD 0 R/W Sets the source address counting direction of DMA channel n.
0: Increment (initial value)
1: Fixed
19to 16 DDS 0000 R/W Destination Data Size
[3:0] Sets the DMA transfer size of the transfer destination.
Value Size Remark
0000 8 bits Initial value
0001 16 bits
0010 32 bits
0011 64 bits
0100 128 bits
0101 256 bits
0110 512 bits
0111 1024 bits
Other than the above — Setting prohibited
15t0 12 SDS 0000 R/W Source Data Size
[3:0] Sets the DMA transfer size of the transfer source.
Value Size Remark
0000 8 bits Initial value
0001 16 bits
0010 32 bits
0011 64 bits
0100 128 bits
0101 256 bits
0110 512 bits
0111 1024 bits
Other than the above — Setting prohibited
11 — 0 R Reserved area. Set 0. A read operation results in 0 being read.
10to8 AM 000 R/W ACK Mode
[2:0] Sets the DMAACK output mode.
000: (initial value)
001: Level mode (active until the transfer request from an on-chip peripheral module or the
external DREQ input becomes inactive)
01x: Bus cycle mode (active while the DMA transfer is in a bus cycle)
1xx: DMAACK not to be output (this setting should be made when an auto request is made
by STG (CHCTRL_n))
7 — 0 R Reserved area. Set 0. A read operation results in 0 being read.
6 LvL 0 R/W Level

Selects whether to detect a DMA request based on the level or edge of the signal.
0: Detects based on the edge (initial value).
1: Detects based on the level.
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Initial
Bit Bit Name Value R/W Description
5 HIEN 0 RW High Enable
Selects whether to detect a DMA request using the High level or rising edge of the signal.
When LVL = 0:
HIEN = 1: Detects a request in response to the rising edge of the signal.
HIEN = 0: Does not detect a request in response to the rising edge of the signal (initial
value).
When LVL = 1:
HIEN = 1: Detects a request when the signal is at the High level.
HIEN = 0: Does not detect a request even when the signal is at the High level (initial value).
4 LOEN 0 R/W Low Enable
Selects whether to detect a DMA request using the Low level or falling edge of the signal.
When LVL = 0:

LOEN = 1: Detects a request in response to the falling edge of the signal.

LOEN = 0: Does not detect a request in response to the falling edge of the signal (initial
value).

When LVL = 1:

LOEN = 1: Detects a request when the signal is at the Low level.

LOEN = 0: Does not detect a request even when the signal is at the Low level (initial value).

3 REQD 0 R/W Request Direction
Selects whether DMAREQ selected by the SEL bit is the source or destination. This bit is
also used to define when DMAACK is to become active.
0: Source; DMAACK is to become active when read (initial value).
1: Destination; DMAACK is to become active when written.

2to0 SEL[2:0] 000 R/W These bits are used to set a DMAC channel. Set one of the following values so that the

channel set by the SEL bits matches the CHCFG_n channel.

000: CHO/CH8

001: CH1/CH9

010: CH2/CH10

011: CH3/CH11

100: CH4/CH12

101: CH5/CH13

110: CH6/CH14

111: CH7/CH15

9.4.10 Channel Interval Register n (CHITVL_n)

This register sets the transfer interval for DMA channel n (n =0 to 15).
For details, see section 9.7.9, Interval Count Function.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

SN I N N N N N N N N I B A N N
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW. R R R R R R R R R R R R R R R R

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ITVL

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/IW Description
31to16 — All0 R Reserved area. Set 0. A read operation results in 0 being read.
15t0 0 ITVL All O R/W  Sets the channel transfer interval.
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9.4.11 Channel Extension Register n (CHEXT _n)

This is an extension register for DMA channel n (n =0 to 15).

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
NS I N N N N N N N N N N A N N
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DCA[3:0] | - | DPR[2:0] SCA[3:0] | - | SPR[2:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RW: RW RW RW RW

R RW RW RW RW RW RW RW R RW RW R/W

Initial

Bit Bit Name Value R/W  Description

31to16  — All0 R Set 0. A read operation results in 0 being read.

15t0 12 DCA[3:0] 0000 R/W  Destination CACHE
Sets the value to be output to AWCACHE[3:0] for DMA write transfer.
See Note 1 below.

11 — 0 R Set 0. A read operation results in 0 being read.

10to0 8 DPR[2:0] 000 R/W  Destination PROT
Sets the value to be output to AWPROT[2:0] for DMA write transfer.
See Note 2 below.

7to4 SCA[3:0] 0000 R/W  Source CACHE
Sets the value to be output to ARCACHE[3:0] for DMA read transfer.
See Note 1 below.

3 — 0 R Set 0. A read operation results in 0 being read.

2to0 SPR[2:0] 000 R/W  Source PROT

Sets the value to be output to ARPROT[2:0] for DMA read transfer.
See Note 2 below.

Note 1. Cache support: Bits SCA and DCA are used to change the settings.
When the transfer destination or source is not in the external bus space, set these bits to 0000.
Even when the transfer destination or source is in the external bus space but the secondary cache is not in use, set these bits to
0000. In this case, the DACKO output and TENDO output are issued in response to the DREQO transfer request.

When the secondary cache is in use in the external bus space, set CACHE[3:0].
Note 2. Protection unit support: Bits SPR and DPR are used to change the settings.

For the setting value, see AMBA AXI Protocol Specification from Arm Limited.
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9.4.12 Next Link Address Register n (NXLA_n)

This is a 32-bit register that sets the link address of DMA channel n (n =0 to 15).
For information about the link mode, see section 9.6.3, Link Mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| NXLA

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NXLA

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit Initial
Bit Name Value R/W Description
31t00 NXLA All0 R/W  Sets a link address. The low-order 2 bits are masked with Os. Only an address aligned with a

4-byte boundary can be set.

9.4.13 Current Link Address Register n (CRLA_n)

This is a 32-bit register that indicates the link address of DMA channel n (n =0 to 15).
For information about the link mode, see section 9.6.3, Link Mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| CRLA

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CRLA
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R

Bit Initial
Bit Name Value R/W Description
31t00 CRLA AllO R Indicates the address of the currently executed descriptor.
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9.4.14

DMA Control Register (DCTRL_0_7, DCTRL_8 15)

This register sets the transfer type for descriptor access and the arbitration between channels.
(DCTRL_0 7 is common for channels 0 to 7 and DCTRL 8 15 is common for channels 8 to 15.)

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LWCA | - | LWPR LDCA | - | LDPR
Initialvalue: 0 0o o0 o0 o0 ©O0 O ©0 O 0 O 0 0 0 0 0

RW: RW RW RW RW

R RW RW RW RW RW RW RW R RW RW R/W

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L | N N N N N I N T N
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R/W  R/W
Initial
Bit Bit Name Value R/W Description
31t028 LWCA 0000 R/W  Link WriteBack CACHE
Sets the value to be output to AWCACHE([3:0] during descriptor writeback in link mode.
For the setting value, see Note in section 9.4.11, Channel Extension Register n
(CHEXT_n).
27 — 0 R Reserved area. Set 0. The initial value is 0.
26t024 LWPR 000 R/W  Link WriteBack PROT
Sets the value to be output to AWPROT[2:0] during descriptor writeback in link mode.
For the setting value, see AMBA AXI Protocol Specification from Arm Limited.
23t020 LDCA 0000 R/W  Link Descriptor CACHE
Sets the value to be output to ARCACHE[3:0] during descriptor load in link mode. For the
setting value, see Note in section 9.4.11, Channel Extension Register n (CHEXT_n).
19 — 0 R Reserved area. Set 0. The initial value is 0.
18to 16 LDPR 000 R/W  Link Descriptor PROT
Sets the value to be output to ARPROT[2:0] during descriptor load in link mode.
For the setting value, see AMBA AXI Protocol Specification from Arm Limited.
15t02 — All0 R Reserved area. Set 0. A read operation results in 0 being read.
1 LVINT 0 R/W  Sets whether to use pulse output or level output for the DMA transfer end interrupt and
DMA error interrupt. Set pulse output for this product.
0: Pulse output (initial value)
1: Level output
0 PR 0 R/W  Sets the transfer priority control mode between channels (see section 9.7.2, Priority

Control for DMA Channels.
0: Fixed priority mode (initial value)
1: Round robin mode
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9.4.15  DMA Status EN Register (DSTAT_EN_0_7)

This register indicates the EN bit status of the CHSTAT n register (n = 0 to 7).
Even if you write to this register, the values of the individual bits do not change.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NS I N N N D N N N B N N
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW. R R R R R R R R R R R R R R R R

Bt _15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0

| - | - | - | - | - | - | - | - | EN7 | EN6 | EN5 | EN4 | EN3 | EN2 | EN1 | ENO |
Initalvalue: © 0 0 0 0 0 0 o o o o0 0 o0 0 0
RW: R R R R R R R R R R R R R R R R

o

Initial

Bit Bit Name Value R/W  Description

31t08 — AllO R Reserved area. Set 0. A read operation results in 0 being read.
7 EN7 0 R Indicates the EN bit status of DMA channel 7.
6 ENG 0 R Indicates the EN bit status of DMA channel 6.
5 EN5 0 R Indicates the EN bit status of DMA channel 5.
4 EN4 0 R Indicates the EN bit status of DMA channel 4.
3 EN3 0 R Indicates the EN bit status of DMA channel 3.
2 EN2 0 R Indicates the EN bit status of DMA channel 2.
1 EN1 0 R Indicates the EN bit status of DMA channel 1.
0 ENO 0 R Indicates the EN bit status of DMA channel 0.

9.4.16 DMA Status EN Register (DSTAT_EN_8_15)

This register indicates the EN bit status of the CHSTAT n register (n = 8 to 15).
Even if you write to this register, the values of the individual bits do not change.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NS S N N N N N N N N N N B N N
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| - | - | - | - | - | - | - | - | EN15 | EN14| EN13 | EN12 | EN11 | EN10| EN9 | EN8 |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R

o

Initial

Bit Bit Name Value R/IW Description

31t08 — All 0 R Reserved area. Set 0. A read operation results in 0 being read.

7 EN15 0 R Indicates the EN bit status of DMA channel 15.

6 EN14 0 R Indicates the EN bit status of DMA channel 14.

5 EN13 0 R Indicates the EN bit status of DMA channel 13.

4 EN12 0 R Indicates the EN bit status of DMA channel 12.

3 EN11 0 R Indicates the EN bit status of DMA channel 11.

2 EN10 0 R Indicates the EN bit status of DMA channel 10.

1 EN9 0 R Indicates the EN bit status of DMA channel 9.

0 EN8 0 R Indicates the EN bit status of DMA channel 8.
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9.417  DMA Status ER Register (DSTAT_ER_0_7)

This register indicates the ER bit status of the CHSTAT n register (n =0 to 7).
Even if you write to this register, the values of the individual bits do not change.

Bit: 31 30 29 28 27 26 25 24 23 22 21

20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R

Bit: 15 14 13 12 11 10 9 8 7 6 5

0 0 0 0 0
R R R R R

4 3 2 1 0

| ER7 | ER6 | ER5 | ER4 | ER3 | ER2 | ER1 | EROl

Initial value: 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R

o

0 0 0 0 0
R R R R R

Initial

Bit Bit Name Value R/W  Description

31t08 — All0 R Reserved area. Set 0. A read operation results in 0 being read.
7 ER7 0 R Indicates the ER bit status of DMA channel 7.
6 ERG6 0 R Indicates the ER bit status of DMA channel 6.
5 ER5 0 R Indicates the ER bit status of DMA channel 5.
4 ER4 0 R Indicates the ER bit status of DMA channel 4.
3 ERS3 0 R Indicates the ER bit status of DMA channel 3.
2 ER2 0 R Indicates the ER bit status of DMA channel 2.
1 ER1 0 R Indicates the ER bit status of DMA channel 1.
0 ERO 0 R Indicates the ER bit status of DMA channel 0.

9.4.18 DMA Status ER Register (DSTAT_ER _8 15)

This register indicates the ER bit status of the CHSTAT n register (n = 8 to 15).
Even if you write to this register, the values of the individual bits do not change.

Bit: 31 30 29 28 27 26 25 24 23 22 21

20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R

Bit: 15 14 13 12 11 10 9 8 7 6 5

0 0 0 0 0
R R R R R

4 3 2 1 0

| ER15 | ER14 | ER13 | ER12| ER11 | ER10 | ER9 | ER8 |

Initial value: 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R

o

0 0 0 0 0
R R R R R

Initial
Bit Bit Name Value R/W Description
31t08 — AllO R Reserved area. Set 0. A read operation results in 0 being read.
7 ER15 0 R Indicates the ER bit status of DMA channel 15.
6 ER14 0 R Indicates the ER bit status of DMA channel 14.
5 ER13 0 R Indicates the ER bit status of DMA channel 13.
4 ER12 0 R Indicates the ER bit status of DMA channel 12.
3 ER11 0 R Indicates the ER bit status of DMA channel 11.
2 ER10 0 R Indicates the ER bit status of DMA channel 10.
1 ER9 0 R Indicates the ER bit status of DMA channel 9.
0 ERS8 0 R Indicates the ER bit status of DMA channel 8.
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9.4.19

DMA Status END Register (DSTAT_END 0 7)

This register indicates the END bit status of the CHSTAT n register (n =0 to 7).
Even if you write to this register, the values of the individual bits do not change.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initialvalue:|0|0 O|O|O|O|O|O|O|O|O|OOOOO
RW: R R R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | - | | | END7| END6 | END5 | END4| END3| END2 | END1 | ENDO|
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Initial
Bit Bit Name Value R/W  Description
31t08 — AllO R Reserved area. Set 0. A read operation results in 0 being read.
7 END7 0 R Indicates the END bit status of DMA channel 7.
6 END6 0 R Indicates the END bit status of DMA channel 6.
5 END5 0 R Indicates the END bit status of DMA channel 5.
4 END4 0 R Indicates the END bit status of DMA channel 4.
3 END3 0 R Indicates the END bit status of DMA channel 3.
2 END2 0 R Indicates the END bit status of DMA channel 2.
1 END1 0 R Indicates the END bit status of DMA channel 1.
0 ENDO 0 R Indicates the END bit status of DMA channel 0.
9.4.20 DMA Status END Register (DSTAT_END_8 15)
This register indicates the END bit status of the CHSTAT n register (n = 8 to 15).
Even if you write to this register, the values of the individual bits do not change.
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initialvalue:|0|0 0|O|O|0|0|0|0|0|0|00000
RW: R R R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | - | | |END15|END14|END13|END12| END11 | END10| END9 | END8|
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Initial
Bit Bit Name Value R/W Description
31t08 — All0 R Reserved area. Set 0. A read operation results in 0 being read.
7 END15 0 R Indicates the END bit status of DMA channel 15.
6 END14 0 R Indicates the END bit status of DMA channel 14.
5 END13 0 R Indicates the END bit status of DMA channel 13.
4 END12 0 R Indicates the END bit status of DMA channel 12.
3 END11 0 R Indicates the END bit status of DMA channel 11.
2 END10 0 R Indicates the END bit status of DMA channel 10.
1 END9 0 R Indicates the END bit status of DMA channel 9.
0 END8 0 R Indicates the END bit status of DMA channel 8.
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9.4.21 DMA Status TC Register (DSTAT_TC_0_7)

This register indicates the TC bit status of the CHSTAT n register (n =0 to 7).
Even if you write to this register, the values of the individual bits do not change.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|-|-|-|-|-|-|-|—|TC7|TCG|TCS|TC4|TCS|T02|TC1|TCO|
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R
Initial
Bit Bit Name Value R/W  Description
31t08 — All0 R Reserved area. Set 0. A read operation results in 0 being read.
7 TC7 0 R Indicates the TC bit status of DMA channel 7.
6 TC6 0 R Indicates the TC bit status of DMA channel 6.
5 TC5 0 R Indicates the TC bit status of DMA channel 5.
4 TC4 0 R Indicates the TC bit status of DMA channel 4.
3 TC3 0 R Indicates the TC bit status of DMA channel 3.
2 TC2 0 R Indicates the TC bit status of DMA channel 2.
1 TC1 0 R Indicates the TC bit status of DMA channel 1.
0 TCO 0 R Indicates the TC bit status of DMA channel 0.
9.4.22 DMA Status TC Register (DSTAT_TC_8_15)
This register indicates the TC bit status of the CHSTAT n register (n = 8 to 15).
Even if you write to this register, the values of the individual bits do not change.
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | - | - | - | - | - | - | - | TC15 | TC14 | TC13 | TC12 | TC11 | TC10 | TC9 | TC8 |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R

Initial

Bit Bit Name Value R/W Description

31t08 — AllO R Reserved area. Set 0. A read operation results in 0 being read.

7 TC15 0 R Indicates the TC bit status of DMA channel 15.

6 TC14 0 R Indicates the TC bit status of DMA channel 14.

5 TC13 0 R Indicates the TC bit status of DMA channel 13.

4 TC12 0 R Indicates the TC bit status of DMA channel 12.

3 TC11 0 R Indicates the TC bit status of DMA channel 11.

2 TC10 0 R Indicates the TC bit status of DMA channel 10.

1 TC9 0 R Indicates the TC bit status of DMA channel 9.

0 TC8 0 R Indicates the TC bit status of DMA channel 8.
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9.4.23 DMA Status SUS Register (DSTAT_SUS 0 7)

This register indicates the SUS bit status of the CHSTAT n register (n =0 to 7).
Even if you write to this register, the values of the individual bits do not change.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

NS I N N N N N N N N N N N A N N
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW. R R R R R R R R R R R R R R R R

Bit_15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0

[ -] -] - [ -] -] -] -] - |sust|suse|suss|suss|suss|sus2|sust|suso|
Initialvalue: 0 0 0 0 0 0 0 o o o o0 0 0 o0 o0
RW: R R R R R R R R R R R R R R R R

o

Initial

Bit Bit Name Value R/W  Description

31t08 — All0 R Reserved area. Set 0. A read operation results in 0 being read.
7 SuUSs7 0 R Indicates the SUS bit status of DMA channel 7.
6 SUS6 0 R Indicates the SUS bit status of DMA channel 6.
5 SUS5 0 R Indicates the SUS bit status of DMA channel 5.
4 SUS4 0 R Indicates the SUS bit status of DMA channel 4.
3 SUS3 0 R Indicates the SUS bit status of DMA channel 3.
2 SuUS2 0 R Indicates the SUS bit status of DMA channel 2.
1 SUS1 0 R Indicates the SUS bit status of DMA channel 1.
0 SUSO 0 R Indicates the SUS bit status of DMA channel 0.

9.4.24 DMA Status SUS Register (DSTAT_SUS_8_15)

This register indicates the SUS bit status of the CHSTAT n register (n = 8 to 15).
Even if you write to this register, the values of the individual bits do not change.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

S S N N N N N N DN N N B B N N

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| - | - | - | - | - | - | - | - |SUS15|SUS14|SUS13|SUS12|SUS11 |SUS10| SUS9 | SuUS8 |
Initial value: 0O 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R

o

Initial

Bit Bit Name Value R/W Description

31t08 — AllO R Reserved area. Set 0. A read operation results in 0 being read.

7 SuUS15 0 R Indicates the SUS bit status of DMA channel 15.

6 SuUS14 0 R Indicates the SUS bit status of DMA channel 14.

5 SUS13 0 R Indicates the SUS bit status of DMA channel 13.

4 SuUS12 0 R Indicates the SUS bit status of DMA channel 12.

3 SUS11 0 R Indicates the SUS bit status of DMA channel 11.

2 SUS10 0 R Indicates the SUS bit status of DMA channel 10.

1 SUS9 0 R Indicates the SUS bit status of DMA channel 9.

0 SUS8 0 R Indicates the SUS bit status of DMA channel 8.
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9.4.25 DMA Extension Resource Selectors 0 to 7 (DMARSO to DMARS?7)

DMARS are 32-bit readable/writable registers that specify the DMA transfer sources from peripheral modules in each
channel. DMARSO is for channels 0 and 1, DMARSI is for channels 2 and 3, and so on.
Table 9.4 shows the specifiable combinations.

DMARS can specify transfer requests to be accepted for the following triggers.

The following modules can issue on-chip peripheral module requests.

Serial communication interface with FIFO: 10 sources

A/D converter: 1 source

Multi-function timer pulse unit 2: 5 sources

USB2.0 host/function module: 4 sources

Serial sound interface: 7 sources

Renesas SPDIF interface: 2 sources

CD-ROM decoder: 1 source (RZ/A1L only)

SD host interface: 4 sources

MMC host interface: 2 sources

Renesas serial peripheral interface: 6 sources

IEBus™ controller: 2 sources (RZ/A1L only)

OS timer: 2 sources

SCUX: 8 sources

Media local bus: 1 source (RZ/A1L only)

Serial communication interface: 4 sources

I2C bus interface: 8 sources

LIN interface: 2 sources (RZ/A1L only)

Some on-chip peripheral modules in this product use the same signal both for an interrupt request and for a DMA transfer
request. If such a module is selected by a DMARS register, the signal works as a DMA transfer request signal and
interrupt requests to the interrupt controller are masked. To enable the interrupt, clear the setting of DMARS (set all
MID[6:0] and RID[1:0] to 0).
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¢ DMARSO
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 17 16
| - - | - | CH1 MID[6:0] CH1 RID[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R RW RW RW RW RW RW RW RW RW
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
| - - - | - | CHO MID[6:0] CHO RID[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R RW RW RW RW RW RW RW RW RW
¢ DMARS1
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 17 16
| - - | - | CH3 MID[6:0] CH3 RID[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R RW RW RW RW RW RW RW RW RW
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
| - - - | - | CH2 MID[6:0] CH2 RID[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R RW RW RW RW RW RW RW RW RW
e DMARS2
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 17 16
| - | - | CH5 MID[6:0] CH5 RID[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R RW RW RW RW RW RW RW RW RW
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
| - | - | CH4 MID[6:0] CH4 RID[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R RW RW RW RW RW RW RW RW RW
¢ DMARS3
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 17 16
| - - | - | CH7 MID[6:0] CH7 RID[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R RW RW RW RW RW RW RW RW RW
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
| - - | - | CH6 MID[6:0] CHeé RID[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R RW RW RW RW RW RW RW RW RW
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¢ DMARS4
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 17 16
| - - | - | CH9 MIDI[6:0] CH9 RIDI[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R RW RW RW RW RW RW RW RW RW
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
| - - - | - | CH8 MIDI[6:0] CH8 RIDI[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R RW RW RW RW RW RW RW RW RW
o DMARS5
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 17 16
| - | - | CH11 MID[6:0] CH11 RID[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R RW RW RW RW RW RW RW RW RW
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
| - - | - | CH10 MID[6:0] CH10 RID[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R RW RW RW RW RW RW RW RW RW
o DMARSG6
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 17 16
| - - | - | CH13 MIDI[6:0] CH13 RID[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R RW RW RW RW RW RW RW RW RW
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
| - - - | - | CH12 MIDI[6:0] CH12 RID[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R RW RW RW RW RW RW RW RW RW
e DMARS7
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 17 16
| . | ; | CH15 MID[6:0] CH15 RID[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R RW RW RW RW RW RW RW RW RW
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
| - | - | CH14 MID[6:0] CH14 RID[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R RW RW RW RW RW RW RW RW RW
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9.5 Operation

When there is a DMA transfer request, the DMAC starts the transfer according to the predetermined channel priority
order; when the transfer end conditions are satisfied, it ends the transfer. Transfers can be requested in three modes: auto
request, external request, and on-chip peripheral module request.

951 Transfer Flow

After the next source address register (NOSA_n/N1SA_n), next destination address register (NODA_n/N1DA_n), next
transaction byte register (NOTB_n/N1TB_n), channel control register (CHCTRL n), channel configuration register
(CHCFG _n), channel extension register (CHEXT n), DMA control register (DCTRL 0 7/DCTRL_8 15), and DMA
extension resource selector (DMARS) are set for the target transfer conditions, the DMAC transfers data according to the
following procedure:

1. Checks to see if transfer is enabled (EN = 0 and TACT = 0 in channel status register).

2. Clears the channel status register (set 1 in the SWRST bit of the channel control register).

3. Enables DMA transfer (set 1 in the SETEN bit of the channel control register).

4. When a transfer request comes and transfer is enabled, the DMAC transfers one transfer unit of data (depending on
the DDSJ[3:0] and SDS[3:0] bit settings). For an auto request, the transfer begins automatically when 1 is set in the
STG bit of the channel control register. The CRTB_n value will be decremented by 1 for each transfer.

5. If 0 is set in the REN bit of the channel configuration register when transfer has been completed for the specified
count (when CRTB_n reaches 0), transfer ends normally. If the DEM bit of the channel configuration register is set
to 0 at this time, a DMA transfer end interrupt is sent to the CPU. If the REN bit is 1 when CRTB_n reaches 0,
transfer operations are continued with the values of NOSA n/N1SA n, NODA n/N1DA n, and NOTB n/N1TB n
set by the RSEL bit of the channel configuration register until there are no more transfer requests.

6. When an address error in the DMAC is generated, the transfer is stopped. Transfers are also stopped when 1 is set in
the CLREN bit of CHCTRL n.

9.5.2 DMA Transfer Requests

DMA transfer requests are basically generated in either the data transfer source or destination, but they can also be
generated in external devices and on-chip peripheral modules that are neither the transfer source nor destination.
Transfers can be requested in three modes: auto request, external request, and on-chip peripheral module request.
External request or on-chip peripheral module request is selected by the DMARSO to DMARS?7 registers.

(1) Auto-Request Mode

When there is no transfer request signal from an external source, as in a memory-to-memory transfer or a transfer
between memory and an on-chip peripheral module unable to request a transfer, auto-request mode allows the DMAC to
automatically generate a transfer request signal internally. When the STG bit in channel control register is set to 1, the
transfer begins so long as the TACT bit in channel status register is 0.

(2) External Request Mode

In this mode a transfer is performed at the transfer request signal (DREQO) of an external device of the LSI. When the
DMA transfer is enabled, DMA transfer is performed upon a DREQ input.

Choose to detect DREQO by either the edge or level of the signal input with the LVL, HIEN, and LOEN bits in channel
configuration register 0 as shown below. The source of the transfer request does not have to be the data transfer source or
destination.

For the output level settings of the DACKO and TENDO pins, refer to section 8, Bus State Controller.
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Table 9.3 Settings for External Request Detection
CHCFG_0
LVL HIEN LOEN Detection of External Request
0 0 1 Falling edge detection
1 0 Rising edge detection
1 0 1 Low level detection
1 0 High level detection

When DREQO is accepted, the DREQO pin enters the request accept disabled state (non-sensitive period). After issuing

an acknowledge DACKO signal for the accepted DREQO, the DREQO pin again enters the request accept enabled state.

(3) On-Chip Peripheral Module Request Mode

In this mode, the transfer is performed in response to the DMA transfer request signal from an on-chip peripheral

module.

When a transfer request signal is sent in on-chip peripheral module request mode while DMA transfer is enabled, the

DMA transfer is performed.

The DMA transfer request signals to be sent from on-chip peripheral modules or external pin input are listed in Table

9.4.

The transfer source or destination is fixed for some on-chip peripheral module requests. For details, see Table 9.4.

Jan 29, 2021

Table 9.4 On-Chip Peripheral Module Requests
DMARS CHCFG_n
DMA Transfer DMA Transfer Transfer Transfer AM LO RE
Request Source Request Signal Source Destination MID RID | TM [2:0] | LVL | HIEN | EN QD SEL[2:0]
OS timer OSTMOTINT Arbitrary Arbitrary 000_1000 | 11 01 010 | O 1 0 0/1 Ch0: 000
channel 0 (compare match) Ch1: 001
: : - Ch2: 010
OS timer OSTMATINT Arbitrary Arbitrary 000_1001 | 11 Ch3: 011
channel 1 (compare match) Ch4: 100
Multi-function timer | TGIA_O Arbitrary Arbitrary 0010000 | 11 | 01 | o001 |1 0/1 822 1%
pulse unit 2 (input capture/ Ch7: oy
channel 0 compare match) Ch8: 000
Multi-function timer | TGIA_1 Avrbitrary Arbitrary 001_0001 | 11 Ch9: 001
pulse unit 2 (input capture/ Ch10: 010
channel 1 compare match) Ch11: 011
Ch12: 100
Multi-function timer | TGIA_2 Arbitrary Arbitrary 001_0010 | 11 Ch13: 101
pulse unit 2 (input capture/ Ch14: 110
channel 2 compare match) Ch15: 111
Multi-function timer | TGIA_3 Arbitrary Arbitrary 001_0011 | 11
pulse unit 2 (input capture/
channel 3 compare match)
Multi-function timer | TGIA_4 Arbitrary Arbitrary 001_0100 | 11
pulse unit 2 (input capture/
channel 4 compare match)
Serial TXIO Arbitrary SCFTDR_0 001_1000 | 01 0 010 1 1
communication (transmit empty)
interface with FIFO -
channel 0 RXI0 SCFRDR_O | Arbitrary 10 0
(receive data full)
Serial X Arbitrary SCFTDR_1 001_1001 | 01 1
communication (transmit empty)
interface with FIFO -
channel 1 RXI1 SCFRDR_1 Arbitrary 10 0
(receive data full)
Serial TXI2 Arbitrary SCFTDR_2 001_1010 | 01 1
communication (transmit empty)
interface with FIFO -
channel 2 RXI2 SCFRDR_2 Arbitrary 10 0
(receive data full)
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Table 9.4 On-Chip Peripheral Module Requests
DMARS CHCFG_n
DMA Transfer DMA Transfer Transfer Transfer AM LO RE
Request Source Request Signal Source Destination MID RID | TM [2:0] | LVL | HIEN | EN QD SEL[2:0]
Serial TXI3 Arbitrary SCFTDR_3 001_1011 | 01 0 010 1 1 0 1 Ch0: 000
communication (transmit empty) Ch1: 001
interface with FIFO - Ch2: 010
channel 3 RXIS_ SCFRDR_3 Arbitrary 10 0 Ch3: 011
(receive data full) Ch4: 100
: ) Ch5: 101
Serial TXI4 Arbitrary SCFTDR_4 001_1100 | 01 1 oh6: 110
communication (transmit empty) :
interface with FIFO , Ch7: 111
channel 4 RX14 SCFRDR_4 | Arbitrary 10 0 Ch8: 000
(receive data full) Ch9: 001
Ch10: 010
USB2.0 host/ USBO_DMAO Arbitrary DOFIFO_0 010_0000 | 11 010 1 1 Ch11: 011
function module (channel 0 DOFIFOBn_0 Ch12: 100
channel 0 transmit FIFO (n=0to7) Ch13: 101
empty) Ch14: 110
USBO_DMAQ DOFIFO_ 0 | Arbitrary 0 Ch15:111
(channel 0 DOFIFOBN_0
receive FIFO full) | (n=0to 7)
USBO_DMA1 Arbitrary D1FIFO_0 010_0001 | 11 1
(channel 1 D1FIFOBNn_0
transmit FIFO (n=0to7)
empty)
USBO_DMA1 D1FIFO_0 Arbitrary 0
(channel 1 D1FIFOBNn_0
receive FIFO full) | (n=0to7)
USB2.0 host/ USB1_DMAO Arbitrary DOFIFO_1 010_0010 | 11 1
function module (channel 0 DOFIFOBnN_1
channel 1 transmit FIFO (n=0to7)
empty)
USB1_DMAOQ DOFIFO_1 Arbitrary 0
(channel 0 DOFIFOBnN_1
receive FIFO full) | (n=0to 7)
USB1_DMA1 Arbitrary D1FIFO_1 010_0011 | 11 1
(channel 1 D1FIFOBn_1
transmit FIFO (n=0to7)
empty)
USB1_DMA1 D1FIFO_1 Arbitrary 0
(channel 1 D1FIFOBnN_1
receive FIFO full) | (n=0to 7)
A/D converter ADI ADDR Arbitrary 010_0100 | 11 01 001 1 0
(A/D conversion
end)
IEBus™ controller | IEBBTD Arbitrary IEBBODR 010_1000 | 11 0 010 | O
(RZ/A1L only) (data interrupt)
(transmission in
single mode)
IEBBTD IEBBODR Arbitrary
(data interrupt)
(reception in
single mode)
IEBBTD Arbitrary IEBBODR
(data interrupt)
(transmission in
FIFO mode)
IEBBTV IEBBODR Arbitrary 010_1001 | 11
(vector interrupt)
(receptionin FIFO
mode)
CD-ROM decoder | IREADY STRMDOUT | Arbitrary 010_1010 | 11 010 1 0
(RZ/A1L only) (decoding end) 0
SD host interface 0 | SDHI_0 Arbitrary Data register | 011_0000 | 01 010 1 1
transmission
SDHI_O reception | Data register | Arbitrary 10 0
SD host interface 1 | SDHI_1 Arbitrary Data register | 011_0001 | 01 1
transmission
SDHI_1 reception | Data register | Arbitrary 10 0
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Table 9.4 On-Chip Peripheral Module Requests
DMARS CHCFG_n
DMA Transfer DMA Transfer Transfer Transfer AM LO RE
Request Source Request Signal Source Destination MID RID | TM [2:0] | LVL | HIEN | EN QD SEL[2:0]
MMC host Transmit data Arbitrary Data register | 011_0010 | 01 0 010 1 1 0 1 Ch0: 000
interface empty Ch1: 001
- - - Ch2: 010
Receive data full Data register | Arbitrary 10 0 Ch3: 011
Serial sound SSITXIO (transmit | Arbitrary SSIFTDR_O | 011_1000 | 01 010 | 1 1 gEg 18(1’
interface data empty) :
Ché: 110
channel 0 - -
SSIRXIO (receive | SSIFRDR_0 | Arbitrary 10 0 Ch7: 111
data full) Ch8: 000
Ch9: 001
Serial sound SSITXI1 (transmit | Arbitrary SSIFTDR_1 011_1001 | 01 1 Ch10: 010
interface data empty) Ch11: 011
channel 1 .
SSIRXI1 (receive | SSIFRDR_1 | Arbitrary 10 0 Ch12: 100
data full) Ch13: 101
Ch14: 110
Serial sound SSIRTI2 Arbitrary SSIFTDR_2 | 011_1010 | 11 1 Ch15: 111
interface (transmit data
channel 2 empty)
SSIRTI2 SSIFRDR_2 | Arbitrary 0
(receive data full)
Serial sound SSITXI3 (transmit | Arbitrary SSIFTDR_3 011_1011 | 01 1
interface data empty)
channel 3 - -
SSIRXI3 (receive | SSIFRDR_3 | Arbitrary 10 0
data full)
SCUX SCUTXIO Arbitrary DMATDO_CI | 100_0000 | 01 001 1 1
(FFDO_0 M
request)
SCURXIO DMATUO_CI | Arbitrary 10 0
(FFUO_O request) | M
SCUTXI1 Arbitrary DMATD1_CI | 100_0001 | 01 1
(FFDO_1 request) M
SCURXI1 DMATU1_CI | Arbitrary 10 0
(FFUO_1 request) | M
SCUTXI2 Arbitrary DMATD2_CI | 100_0010 | 01 1
(FFDO_2 request) M
SCURXI2 DMATU2_CI | Arbitrary 10 0
(FFUO_2 request) | M
SCUTXI3 Arbitrary DMATD3_CI | 100_0011 | 01 1
(FFDO_3 request) M
SCURXI3 DMATU3_CI | Arbitrary 10 0
(FFUO_3 request) | M
Renesas serial SPTIO Arbitrary SPDR_0 100_1000 | 01 010 1 1
peripheralinterface | (transmit data
channel 0 empty)
SPRIO SPDR_0 Arbitrary 10 0
(receive data full)
Renesas serial SPTI Arbitrary SPDR_1 100_1001 | 01 1
peripheralinterface | (transmit data
channel 1 empty)
SPRI1 SPDR_1 Arbitrary 10 0
(receive data full)
Renesas serial SPTI2 Arbitrary SPDR_2 100_1010 | 01 1
peripheralinterface | (transmit data
channel 2 empty)
SPRI2 SPDR_2 Arbitrary 10 0
(receive data full)
Renesas SPDIF SPDIFTXI Arbitrary TDAD 101_0000 | 01 010 1 1
interface -
SPDIFRXI RDAD Arbitrary 10 0
Media local bus MLB_CINT Arbitrary Local 101_0011 | 11 010 1 1
(RZ/A1L only) (MLB channel Channel
write) buffer
MLB_CINT Local Arbitrary 0
(MLB channel Channel
read) buffer
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Table 9.4 On-Chip Peripheral Module Requests
DMARS CHCFG_n
DMA Transfer DMA Transfer Transfer Transfer AM LO RE
Request Source Request Signal Source Destination MID RID | TM [2:0] | LVL | HIEN | EN QD SEL[2:0]
Serial TXI0 Arbitrary TDRO 101_1010 | 01 | O 010 | 0 1 0 1 Ch0: 000
communication - Ch1: 001
interface RXIO RDRO Arbltrary 10 0 Ch2: 010
channel 0 Ch3: 011
- - Ch4: 100
Serial X1 Arbitrary TDR1 101_1011 | 01 010 | 0 1 Ch5: 101
communication . Ch6: 110
interface RXI1 RDR1 Arbitrary 10 0 :
Ch7: 111
channel 1 Ch8: 000
12C bus interface | INTRIICTIO Arbitrary RIICODRT 110_0000 | 01 010 |0 1 82?30_081 0
channel 0 (transmit data :
empty) Ch11: 011
Ch12: 100
INTRIICRIO RIICODRR Arbitrary 10 0 Ch13: 101
(receive data full) Ch14: 110
Ch15: 111
12C bus interface INTRIICTI1 Arbitrary RIC1DRT 110_0001 | 01 1
channel 1 (transmit data
empty)
INTRIICRI1 RIIC1DRR Arbitrary 10 0
(receive data full)
12C bus interface INTRIICTI2 Arbitrary RIIC2DRT 110_0010 | 01 1
channel 2 (transmit data
empty)
INTRIICRI2 RIIC2DRR Arbitrary 10 0
(receive data full)
12C bus interface INTRIICTI3 Arbitrary RIIC3DRT 110_0011 | 01 1
channel 3 (transmit data
empty)
INTRIICRI3 RIIC3DRR Arbitrary 10 0
(receive data full)
LIN interface LINO_INT_T Arbitrary RLN30LDBR | 110_1000 | 01 | O 010 | O 1 0 1
channel 0 (LIN mode) m
(RZ/A1L only) (m=1to8)
LINO_INT_R RLN3OLDBR | Arbitrary 10 0
(LIN mode) m
(m=1to08)
External request DREQO Arbitrary Arbitrary 000_0000 | 11 0/1 001/ | 001: Falling edge 01 000
010/ | detection
100 010: Rising edge
detection
101: Low level
detection
110: High level
detection
Note: + CHCFG_n setting value
™ 0: Single transfer
1: Block transfer
AM 001: ACK level output
010: ACK bus cycle output
100: No ACK
LVL  0: REQ edge detection
1: REQ level detection
REQD 0: ACK output at read
1: ACK output at write
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9.6 DMA Mode

9.6.1 Mode Setting
You can toggle between register mode and link mode, by using the DMS field of the CHCFG_n register.

Table 9.5 DMA Mode Setting

DMS

(CHCFG_n) Mode Description

0 Register mode A DMA transfer is executed using the values set in the Next Register Set.

1 Link mode A DMA transfer is executed using the descriptor set in the Current register. The DMAC

repeatedly loads the descriptor and executes the DMA transfer unless otherwise set by
the descriptor or stopped by the control register.

9.6.2 Register Mode

In register mode, a DMA transfer is executed using the values set in the internal registers.

Two sets of the source address, destination address, and transfer byte count (Next0 Register Set and Nextl Register Set)
can be set. It is possible to select the Next Register Set to be used for the DMA transfer, as well as to execute two Next
Register Sets continuously for the DMA transfer.

1
DMA Channel n 3. DMAEND

—— NextO Register Set (Maskable)
—

Source Address

Current Register Set —

Destination Address 1. Load

Transaction Byte % Source Address 2. Transfer
‘ |:":> Destination Address

——  Next1 Register Set

Transaction Byte

A

Source Address Channel Control

Destination Address
Channel Status

( Channel Config

Transaction Byte

Select (RSEL = 0)

DMA Channel n I

—— NextO Register Set ——— 3 (II\D/I'\;IsAki’;I?a)
—
Source Address Current Register Set
Destination Address
Transaction Byte
Source Address > Transfer
|:":> Destination Address
——  Next1 Register Set Transaction Byte
A
1. Load
Source Address Channel Control
Destination Address Channel Status
Transaction Byte Channel Config
Select (RSEL = 1)
Figure 9.2 Outline of Normal Register Mode
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The above figure shows how the transfer is executed when the Next0 Register Set is used (upper part of the figure) and
when the Nextl Register Set is used (lower part of the figure).

(1) Operation Flow

(> setup by software
Set channel Set channel enable P by hard
configurations SETEN = 1 @D Processing by hardware
D Bustransaction
.
'
'
'
| '
9 '
3 '
1 '
L '
L '
| '
' {oad Nexto Register Set to Current Load Next1 Register Set to Current '
3 Register Set Register Set ]
[ NOSA-> CRSA N1SA-> CRSA 3
L NODA -> CRDA N1DA -> CRDA !
[l NOTB -> CRTB N1TB -> CRTB 3
' | ’
S eem—— i
B i S -,
1 Processing I h
' transaction .
: Wait for request and DMA transaction '
4 interval is not completed 1]
' ]
1 RQST = 1 '
1 '
5 '
1 DMA transfer T
. ’
L . LR -
DMA transaction is BUSEMOr | . mmmmmemod;ee;o;;;.. ... ... ... .-
completed *  Register set ‘l
L emmmmmmm————- : ST :
' DMAEND 4 change ]
[
mask f '
1 4 1 RSEL reversal '
1 q RSEL = ~RSEL '
[ 1 }
[ 5 }
[ L 3
[ 1 3
[ 3 1
[ 0 '
[
[ R e
[
[
[
<
oo . =i
, Continuation ' DMA error = 1
. execution ¥
X 0
[
M '
A '
N '
' '
[ '
1 | End
1 REN =0 ' n
1 EN=0
[
[t 1

Figure 9.3 Register Mode Flow
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<Explanation of the register mode flow>

1. Channel setting (set channel configuration)
The Next0 or Nextl Register Set (destination address, source address, and total transfer byte count) is set.
In the Channel Register Set, the DMA Register Set (REQ, DMAACK, transfer size, etc.) is set. (See section 9.7,
DMA Transfer.)
2. Register set selection (register set selection)
When 1 is set in EN, the values set in the Next Register Set selected by RSEL are loaded to the Current Register Set.
3. DMA transaction (processing transaction)
A DMA transfer is executed according to the set values. For details of the transfer, see section 9.7, DMA Transfer.
4. DMA transfer end interrupt mask (DMAINT mask)
The DMA transfer end interrupt is masked according to the value set in the DEM bit of CHCFG_n. When 1 is set in
DEM, the DMA transfer end interrupt is not output. Also, immediately after that, DEM is automatically cleared to
0.
5. Automatic register set change (register set automatic change)
Whether to use the other Next Register Set is determined by the value set in the RSW bit of CHCFG _n.
6. Continuation of execution (continuation execution)
Whether to continue the execution of the DMA transfer is determined by the value set in the REN bit of CHCFG n.
When 1 is set in REN, the execution of the DMA transfer is continued. Also, immediately after that, REN is
automatically cleared to 0.
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(2) Register Setting

(a) Register mode setting

Select the register set to be executed.

Table 9.6 Register Mode Setting

DMS RSEL

(CHCFG_n) (CHCFG_n) Description

0 0 Executes the NextO Register Set.
1 Executes the Next1 Register Set.

(b) DMA transfer end interrupt mask setting

The DMA transfer end interrupt can be masked individually for each register set.

Table 9.7 DMAINT Mask Setting

DEM
(CHCFG_n) Operation Remark
0 When the DMA transaction is completed, a DMA transfer end interrupt is
issued.
1 Even when the DMA transaction is completed, a DMA transfer end interrupt
is not issued.

After the DMA transaction is completed, DEM is cleared to 0 by hardware.

(c) Automatic register set execution setting

After DMA transfers, the DMA transaction of the selected register set is automatically executed.

Table 9.8 Automatic Register Set Execution Setting

REN

(CHCFG_n) Operation Remark

0 When the DMA transaction of the register set selected by RSEL is  Set this value when you want to execute a
completed, the EN bit is cleared and the DMA operation ends. DMA transaction once.

1 When a DMA transaction is completed, the DMAC continues to Set this value when you want to continuously
execute a DMA transfer by using the data set in the selected execute DMA transfers by using the data set
register set. When continuous transfers are successful, REN is in separate register sets.
cleared to 0.
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(d) Automatic register set change setting

When 1 is set in REN, the DMAC can automatically change to the register set to be executed next, after a DMA
transaction is completed.

Table 9.9 Automatic Register Set Change Setting
RSW
(CHCFG_n) Operation Remark
0 If 1 is setin REN when a DMA transaction is completed, the register setis not Set this value when you want to
changed. use only one register set.
1 If 1 is set in REN when a DMA transaction is completed, the value of RSEL is  Set this value when you want to

automatically inverted and the other register set is selected. change the register set.

(3) Setting Examples
(@) When only the NextO Register Set is used

Table 9.10 Register Mode Setting Example 1
DMS RSEL DEM RSW REN
(CHCFG_n) (CHCFG_n) (CHCFG_n) (CHCFG_n) (CHCFG_n)
0 0 0 0 0
(Register mode) (Next0) (not masked) (not switched) (not continuously executed)

|
DMA Channel n

) 3.DMAEND
NextO Register Set (Maskable)
Source Address — Current Register Set -
Destination Address 1. Load
Transaction Byte Source Address

—> Destination Address 2. Transfer
Next1 Register Set — Transaction Byte
A

Source Address Channel Status

Destination Address Channel Control

Transaction Byte

Channel Config

Select (RSEL = 0)

Figure 9.4 Register Mode Setting Example 1

1 is set in EN (SETEN = 1), and the Next0 Register Set is loaded to the Current Register Set.
A DMA transaction is executed according to the values set in the Current Register Set and Channel Register Set.

Because 0 is set in DEM, the DMA transfer end interrupt is issued after the DMA transaction is completed.
Because 0 is set in REN, EN is cleared to 0 and the DMA transaction ends.

bl
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(b) When two register sets are used continuously

Table 9.11 Automatic Register Set Execution Setting

DMS RSEL DEM RSW REN
(CHCFG_n) (CHCFG_n) (CHCFG_n) (CHCFG_n) (CHCFG_n)
0 0 1 1 1
(Register mode) (Next0) (masked) (switched) (continuously executed)
DMA I
6.DMAEND

— Next0 Register Set

Source Address Current Register Set ~ ——
Destination Address 1. Load 2. Transfer
| !
Transaction Byte Source Address |—|>
Destination Address 5. Transfer
—— Next1 Register Set Transaction Byte
A

Source Address 4. Load Channel Status

Destination Address Channel Control

Transaction Byte Channel Config

3. Switch (Next0 — Next1)

Figure 9.5 Register Mode Setting Example 2

1. 1lissetin EN (SETEN = 1), and the Next0 Register Set is loaded to the Current Register Set.

A DMA transaction is executed according to the values set in the Current Register Set and Channel Register Set.
Because 1 is set in DEM, DMA transfer end interrupt is not output after the DMA transaction is completed. Also,
DEM is automatically cleared to 0.

woN

Because 1 is set in REN, the execution is continued. Also, REN is automatically cleared to 0.

Because 1 is set in RSW, the register set to be executed next is switched (RSEL =0 — 1).

The Nextl Register Set is loaded to the Current Register Set.

A DMA transaction is executed according to the values set in the Current Register Set and Channel Register Set.
Because 0 is set in DEM, the DMA transfer end interrupt is issued after the DMA transaction is completed.
Because 0 is set in REN, EN is cleared to 0 and the DMA transaction ends.

$ 0N n ks
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9.6.3 Link Mode

In link mode, a descriptor stored in external memory is loaded as set values and a DMA transaction is executed using the
loaded values. The DMAC contains a Next Link address and a Current Link address for each channel, and these
addresses are used to set the descriptor address to be executed next and to indicate the descriptor address of the currently
executed DMA transaction, respectively.

External memory or on-chip memory space
< 0x00 | header
. 0x04 | Source Address
DMAC 0x08 | Destination Address
— Current Register Set —] Bus .~ 0x0C | Transaction Byte
0x10 | Channel Config
Source Address .
- . 0x14 | Channel Interval
Destmatl'on Address Link 0x18 [ Channel Extension
Transaction Byte 0x1C | Link Address(0x20) |- --,
_ Link Address Registers g ELi"k
Next Link Address 0x20 | header <
/ 0x24 | Source Address
Current Link Address 0x28 | Destination Address
0x2C | Transaction Byte
Channel Status 0x30 | Channel Config
Channel Control 0x34 | Channel Interval
Channel Config 0x38 | Channel Extension
0x3C | Link Address(0x40) |- - -,
iLink
0x40 [header - -
0x44 | Source Address
0x48 | Destination Address
0x4C | Transaction Byte
0x50 | Channel Config
0x54 | Channel Interval
0x58 | Channel Extension
0x5C | Link Address(0x60)
Figure 9.6 Link Mode Outline
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(1) Operation Flow

" Set channel enable
CSet link address>—< SETEN = 1 )

1 Update link
1 address
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[
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<

! Analyze header

0

Descriptor read

'
Lv=1 N " Transaction
] s Wait fo_r request execution
" [ and interval
' .
' 1 RQST =1 DMA transaction
' 3 ¥ is not
' ] =
] s DMA transfer US ©ITON e
'
- ' [
LV=0 1 % )
' = = = === DMAtransaction === ==7*=
] is completed.
Write back
processing
(DW= 1)
Write back
processing = = = = === mfemme e
(DW= 1) '
'
'
SetDER =1 :
WBD =0 b
'
Descriptor write back Bus error
(LV =0) T
nl

> setup by software
() Processing by hardware
D Bus transaction

Bus error ——t| -

Reflect descriptor ’.

data to registers

Update registers

Descriptor data

>

NOSA, CRSA, NODA, CRDA,
NOTB, CRTB, CHCFG, CHITVL,
CHEXT, NXLA

e

]
]
]
]
'
]
]
]
]
]
:

emmf -

LE=0 End of chain LE=1

Analyze end of.-
chain

Figure 9.7

Link Mode Flow
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<Explanation of the link mode flow>

1. Channel setting
The start address of the link destination is set in NXLA n.

2. Link address update
When 1 is set in EN (1 is set in SETEN), the Link address set in NXLA n is loaded to CRLA n.

3. Descriptor load and header analysis
The DMAC begins to load the descriptor and then analyzes the content of the header. When LV is 0, the DMAC
discards the loaded descriptor and sets 1 in DER to end the operation (EN = 0). In this case, if 0 is set in DIM of the
header, DMAEND is issued.

4. Descriptor setting
The loaded descriptor is set in the Current Register Set and Channel Register Set. Also, the next link address is set in
NXLA n.

5. DMA transaction
A DMA transaction is executed according to the set values.

6. Header writeback
When 0 is set in WBD of the header, the DMAC writes back the header with 0 set in its LV bit.

7. DMAINT mask
When 0 is set in the DEM bit of CHCFG n, the DMA transfer end interrupt is issued.

8. Link end analysis
When 1 is set in LE of the header, the operation is ended by clearing EN to 0, after the transfer using the settings of
the descriptor is completed. When 0 is set in LE, the Current register is updated and the load of the next descriptor
begins. TEND is issued each time a descriptor is transferred.
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(2) Register Setting

(a) Link mode setting
To use the link mode, set 1 in the DMS bit of the CHCFG_n register.

Table 9.12 Link Mode Setting

DMS
(CHCFG_n) Description
1 Operates in link mode.

This bit cannot be changed using a descriptor.

(b) Link address setting

There are two registers that indicate a link address: Next Link address register and Current Link address register.
To start the link mode, set a link address in the Next Link address register.
The Next Link address indicates the next link address after a descriptor is loaded. The Current Link address indicates the

currently executed link address.

Table 9.13 Link Address Register Set

Register Description

Next Link Address Register Sets and indicates the next link address. Before starting the link mode, set a link
(NXLA_n) address in this register.

Current Link Address Register Indicates the currently executed link address. This register is read-only.
(CRLA_n)

<Caution> In link mode, the settings can be changed by reading a descriptor. It is not possible, however, to synchronize the
change of the settings with a peripheral module request or external request. Therefore, when using a peripheral
module request or external request, set AM, LVL, HIEN, LOEN, and SEL of the CHCFG_n register before setting
Enable and do not change any of these bits in the descriptor.

(3) Descriptor Setting

In a link address, prepare a descriptor with data arranged in the order shown below.
The DMAC reads the descriptor in burst mode.

(a) Descriptor data arrangement

Table 9.14 Descriptor Data Arrangement

Address Data Remark

Link address + 00H header

Link address + 04H Source Address

Link address + 08H Destination Address

Link address + OCH Transaction Byte

Link address + 10H Config The register mode cannot be set.

Link address + 14H Interval

Link address + 18H Extension

Link address + 1CH Next Link Address

Remark: As a link address, set an address aligned along the 32-bit boundary.
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(b) header

The header indicates the status of the descriptor, as shown below.
The DMAC reads this area when a DMA transfer is started in link mode. Also, after a DMA transaction is completed, the
DMAC writes back the transfer status to the area.

15 14 13 12

[T T [ T T Towlwlwlw]

If 0 is set in WBD when the header is read, the DMAC writes back to this 4-byte area
after a DMA transaction using a descriptor is completed.
0 is written back to LV, and the values obtained when reading the header are written back to the other fields.

Figure 9.8

Table 9.15

Bit Position

header Area

Header Area

Bit Name

Meaning

31to4

3

DIM

Descriptor Interrupt Mask

Sets whether to mask the DMA transfer end interrupt if 0 is set in LV when the header
is loaded.

0: Issues a DMA transfer end interrupt.

1: Does not issue a DMA transfer end interrupt.

WBD

Write Back Disable

Sets whether to mask LV bit writeback. When 1 is set in this bit, the DMAC does not
perform writeback.

0: Writes the LV bit back to 0.

1: Does not write back the LV bit.

LE

Link End

Indicates whether the link ends with the DMA transaction of this descriptor.
Set 1 in this bit to indicate the end of the link.

0: The link continues.

1: The link ends.

LV

Link Valid

Indicates whether this descriptor is valid.

If 0 is set in WBD, the DMAC writes 0 in this bit after the DMA transaction written in
the descriptor is executed. When setting the header, set 1 in this bit.

0: Descriptor invalid

1: Descriptor valid

(c) Descriptor data other than the header

The data items of the descriptor other than the header are the same as defined in the internal register specifications (note

that the DMS bit of the CHCFG_n register cannot be changed using the descriptor). For information about the internal
register specifications, see section 9.4, Register Descriptions.
For descriptor setting examples, see section 9.8, DMA Setting Examples.

(d) CACHE settings for descriptor access

The CACHE settings for descriptor access can be set in LWCA and LDCA of the DMA control register (DCTRL 0 7,
DCTRL_8 15). Make these settings as appropriate for the access destination in which the descriptor is prepared.
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(e) Descriptor area and DMA transfer area
The following figure outlines the descriptor area and DMA transfer area that are accessed by the DMAC.

External memory or
on-chip memory space
[31:0]
DMAC (1) Descriptor read ,} .header descriptor 1

.- Ne'xt Link Address
DMA transaction |’| |

|~ header descriptor 2

(3) Descriptor writeback

Next Link Address

(4) Descriptor read

DMA transfer area 1

DMA transaction
DMA transfer area 2

(6) Descriptor writeback

Figure 9.9 Outline of the Descriptor Area and DMA Transfer Area

1. Descriptor read
The values set in the internal Next Link Address register are loaded to the Current Link Address register, and a
descriptor is read from the external memory space (descriptorl) pointed to by the Current Link Address register.

2. DMA transfer
When 1 is set in the LV bit of the header in the descriptor, a DMA transfer is executed according to the descriptor
data.

3. Descriptor writeback
When 0 is set in the WBD bit of the header after the DMA transfer of the set number of bytes is completed, the
DMAC writes back data in word size to the header of descriptorl, with 0 set in LV and the other bits containing the
values read in <1>.

4. Descriptor read
When 0 is set in the LE bit of the header in the last read descriptor (<1>), the next descriptor is read from the address
(descriptor2) indicated by Next Link Address in the descriptor.

5. DMA transfer
When 1 is set in the LV bit of the header in the descriptor, a DMA transfer is executed according to the descriptor
data.

6. Descriptor writeback
When 0 is set in the WBD bit of the header after the DMA transfer of the set number of bytes is completed, the
DMAC writes back data in word size to the header of descriptor2, with 0 set in LV and the other bits containing the
values read in <4>.
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4 through 6 are repeated.

When the header contains 1 in LE and 0 in WBD, the DMAC executes a DMA transfer using the settings of that
descriptor, writes back data with 0 set in the LV bit of the header and ends the operation.

When the header contains 1 in both LE and WBD, the DMAC executes a DMA transfer using the settings of that
descriptor and ends the operation (without writing back).

When the header contains 0 in LV, the DMAC ends the operation (without executing a DMA transfer).

(4) Descriptor Configuration Examples

In link mode, a descriptor can be configured as shown below.

List configuration Loop configuration
External memory or on-chip memory space External memory or on-chip memory space

0x00 | Header (LE =0) ro-- 0x00 | Header (LE = 0)

0x04 | Source Address 1 0x04 | Source Address

0x08 | Destination Address ; 0x08 | Destination Address

0x0C | Transaction Size i 0x0C | Transaction Size

0x10 | Channel Config i 0x10 | Channel Config

0x14 | Channel Interval i 0x14 | Channel Interval

0x18 | Channel Extension i 0x18 | Channel Extension

ox1C | Link Address(0x20) ah i 0x1C | Link Address(0x20) R
Link i i Link i

0x20 | header(LE = 0) < - : Lilnk 0x20 | header (LE = 0) <--

0x24 | Source Address i 0x24 | Source Address

0x28 | Destination Address ' 0x28 | Destination Address

0x2C | transaction Size 0x2C | Transaction Size

0x30 | Channel Config . 0x30 | Channel Config

0x34 | Channel Interval E 0x34 | Channel Interval

0x38 | Channel Extension E 0x38 | Channel Extension

0x3C [ Link Address(0x40)  f--- : 0x3C | Link Address(0x40) |~
Link | i Link |

0x40 [ header (LE = 1) «-d 0x40 [ header (LE = 0) e - -

0x44 | Source Address ' 0x44 | Source Address

0x48 | Destination Address : 0x48 | Destination Address

0x4C | Transaction Size : 0x4C | Transaction Size

0x50 | Channel Config E 0x50 | Channel Config

0x54 | Channel Interval 1 0x54 | Channel Interval

0x58 | Channel Extension E 0x58 | Channel Extension

0x5C [Link Address(0x00) b 0x5C | Link Address(0x00)

Figure 9.10 Descriptor Configuration Examples

e List configuration
The link is ended by setting 1 in the LE bit of the header in the last descriptor.

e Loop configuration
A descriptor can be created with a loop configuration, by setting the address of the top descriptor in the link address
of the last descriptor. To end the loop, change the value of the LE bit of the header to 1 before the DMAC reads the
descriptor, or follow the transfer suspension procedure.
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97 DMA Transfer

The basic operation of DMA transfer is described here.

9.7.1

Two transfer modes are supported: single transfer mode and block transfer mode.
To select a transfer mode, set the TM bit of CHCFG _n for each channel.

Transfer Mode

Table 9.16 Basic Transfer Setting
™
Transfer Mode (CHCFG_n) Function
Single transfer 0 A single DMA transfer is executed in response to a DMAREQ.
Block transfer 1 In response to a DMAREQ, the DMAC continues to execute the transfer until the DMA

transaction is completed.

(1) Single Transfer Mode

When a DMA transfer request is received, a DMA transfer is executed once in the direction indicated by REQD (source
or destination). A DMA transfer is executed once each time a transfer request is received, and this operation continues
until the number of bytes loaded to CRTB_n is reached (arbitration between channels is accomplished for each DMA

transfer).
DREQO - — - . [~
DACKO \T' iT' \n" “\I-I,l
DMA Transfer - (\ Vi '\\!_,MLl “\!__MUILl
Figure 9.11 Single Transfer Mode (REQD =1, SDS > DDS)

(2) Block Transfer Mode

Once a DMA transfer request is received, the DMAC continues to execute the transfer until data equivalent to the
number of bytes loaded to the DMA transfer byte register (CRTB_n register) is transferred (the DMA transaction is

completed) (arbitration between channels is accomplished for each DMA transfer).

DREQO gy _
DACKO AL L
- - A
DMA Transfer 1 Read ] 1 Write | Read ] 1 Wirite
Figure 9.12 Block Transfer Mode (REQD = 0, SDS < DDS)
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9.7.2 Priority Control for DMA Channels

Within channels 0 to 7 and 8 to 15, two priority control modes are supported: fixed priority mode and round robin mode.
Only round robin mode is supported for priority control between the group of channels 0 to 7 and the group of channels
8 to 15. To select a priority control mode, use the PR bit of the DMA control register (DCTRL register). The fixed
priority mode is selected when 0 is set in the PR bit, and the round robin mode is selected when 1 is set.

Read priority and write priority are controlled independently.

The DMAC issues transfer requests to different channels concurrently without waiting for the completion of any
particular transfer and processes responses in the order it receives them. Therefore, the order in which the channels start
transactions is not necessarily consistent with the order in which the transactions end.

Table 9.17 Priority Control Setting

PR
Mode (DCTRL) Function Purpose
Fixed priority 0 Requests are controlled based on the fixed order of priority for Use this mode when the

channels 0 to 7 and 8 to 15 (High: CHO (CH8) > CH1 (CH9) > channels have a specific order
CH2 (CH10) > CH3 (CH11) > CH4 (CH12) > CH5 (CH13) > of priority.
CH6 (CH14) > CH7 (CH15): Low).

Round robin 1 Requests are controlled in a round robin fashion. Use this mode when you want
requests evenly executed.

(1) Fixed Priority Mode

In fixed priority mode, the channels have a fixed order of priority in channels 0 to 7 and 8 to 15. Round robin mode is
used to determine the priority between the group of channels 0 to 7 and the group of channels 8 to 15.

Immediately after a reset, the order of priority is as follows.

High CHO>CHS8> CH1 > CH9 > CH2 > CH10> CH3 > CH11 > CH4 > CH12 > CH5 > CH13 > CH6 > CH14 > CH7
>CH15 Low

If there is a transfer request from DMA channel 0 in this state, a transfer is executed on DMA channel 0. After the
transfer is completed, the order of priority is as follows.

High CH8>CHO > CH9 > CHI1 >CHI10>CH2 > CHI11 > CH3 > CHI12 > CH4 > CH13 > CH5 > CH14 > CH6 > CH15
>CH7 Low

If a DMA transfer request occurs on multiple channels simultaneously, the DMA transfer request of the channel having
the smallest channel number is given priority. The following figure shows an example where a DMA transfer request
occurs on a channel having a higher priority while a DMA transfer is being executed in fixed priority mode.

DMAREQ[0] —I—I—I || Channels 4 to 7: Not used |
Channel 0 {
DMAACK]O0] I I | I
DMAREQ[1] 1
Channel 1 { _I
DMAACK][1] I I
DMAREQ[2] 1
Channel 2 { —
DMAACK]|2] | |
DMAREQ[3] I
Channel 3 { —I
DMAACK]3] |_|
|Request execution order
Read execution channel LcHo | CH1 | cH? J cHO | [eT3E] |
Write execution channel 1 cHo | CH1 | cH2 1 CHO JcH3]

Figure 9.13 Fixed Priority Mode (Number of Channels = 4, REQD = 1)
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(2) Round Robin Mode

In round robin mode, each time a transfer request is received from a channel in the group of channels 0 to 7 and the group
of channels 8 to 15, the order of priority is changed in such a way that the channel that executed a transfer last has the
lowest priority.

Round robin mode is used to determine the priority between the group of channels 0 to 7 and the group of channels 8 to
15.

Immediately after a reset, the order of priority is the same as that of the fixed priority mode, which is as follows.

High CHO>CHS8> CH1 > CH9 > CH2 > CH10 > CH3 > CHI11 > CH4 > CH12 > CH5 > CH13 > CH6 > CH14 > CH7
>CHI5 Low

If a transfer request is received from DMA channel 2 in this state, a transfer is executed on DMA channel 2. After the
transfer is completed, the order of priority is as follows.

High CH8>CH3 > CH9 > CH4 > CH10 > CHS5 > CHI11 > CH6 > CH12 > CH7 > CH13 > CHO > CH14 > CH1 > CH15
>CH2 Low

The following figure shows an example where DMA transfers are executed in round robin mode.

[ Channels 4 to 7: Notused |

DMAREQD ] L
Channel 0

DMAACKI0] 1
DMAREQ! |
crennet { DMAACK[1] 1
R { DMAREQ2 =—— I |
DMAACK[2] 1 1
{ DMAREQ3 [ L L
Channel 3
DMAACK(3] 1 1
[ Request execution order
Read execution channel _CH2 | CH3 | CHO | CH1 | CH3 | CH2 | |
Write execution channel [cr2 TCchz ] CHo TCH1 T cra TCr2 1
Read priority channel CH3 |CH4 JCH1 L CH2 | CH4 | _CH3 1
Write priority channel cms [CcAZz__Jchn [c2 [crz [cis 1

Figure 9.14 Round Robin Mode (Number of Channels = 4, REQD = 0)

The channel whose channel number is the number of the currently transferring channel + 1 gets to execute a DMA
transfer next. If there is no transfer request from this channel, the channel whose channel number is the number of this

channel + 1 gets to execute a DMA transfer.
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9.7.3 Number of States of an External Bus Cycle

When this module is the bus master, the number of states of an external bus cycle is controlled by the bus state controller
as when the CPU is the bus master. For details, refer to section 8, Bus State Controller.

9.7.4 DMA Transfer Request

Edge detection or level detection can be selected using the LVL bit of the CHCFG_n register.

The HIEN and LOEN bits of the CHCFG _n register are used to select either the rising edge or falling edge in the case of
edge detection or either the high level or low level in the case of level detection.

When the transfer request is by an on-chip peripheral module, set the CHCFG _n register according to Table 9.4, On-
Chip Peripheral Module Requests.

When the transfer request is by the external pin (DREQO), set the detection conditions (rising/falling edge and high/low
level) according to Table 9.18, Setting for Detection of External Pin Request.

Table 9.18 Setting for Detection of External Pin Request

LVL HIEN LOEN
Mode (CHCFG_0) (CHCFG_0) (CHCFG_0) Function
Edge 0 0 0 Specify this value when you use auto request triggers.
detection 1 Detects external pin request (DREQO) at its falling edge.
1 0 Detects external pin request (DREQO) at its rising edge.
1 Setting prohibited
Level 1 0 0 Setting prohibited
detection 1 Detects external pin request (DREQO) in Low level mode.
1 0 Detects external pin request (DREQO) in High level mode.
1 Setting prohibited

(1) Edge Detection
Setting 0 in the LVL bit of the CHCFG_n register enables edge detection.
When 1 is set in the HIEN bit of the CHCFG_n register, rising edge detection is enabled. When 1 is set in the LOEN bit,

falling edge detection is enabled.
Wait for DACKO to be detected, before issuing the next DREQO request.

DREQO M~ (-1
\_\ I “~
~~~\~ ! ...
R ] SA
Internal request r\‘—l 4 | ‘\s ]
DACKO “\ |—l—|’ Sl —1
4 e
DMA Transfer | Read | Write | ‘1 Read |
Figure 9.15 Edge Detection Timing (HIEN =1, REQD = 0)
RO1UH0437EJ0600 Rev.6.00 -zENESAS 9-55

Jan 29, 2021



9. Direct Memory Access Controller

RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group

CKIO pEgipgEgipiigipgipgipgipipgipgEpipgigEpipipgEpipipEn
DREQO ~1 1
Se ] So
“s ! “s\
‘< o' AN
Internal request | “ | N | I
\ ]
DACKO N [7 | [~
L)
DMA Transfer | Read | Write | | Read | Wr
Figure 9.16 Edge Detection Timing (HIEN = 1, REQD = 1)

(2) Level Detection

Setting 1 in the LVL bit of the CHCFG _n register enables level detection.
DREQO is regarded as valid when it remains active for two consecutive clock cycles or more (depending on the HIEN

and LOEN settings).
When the level mode is selected for DACKO, it remains at the High level until DREQO is deasserted.
When the next DMA transfer request is to be issued, DACKO needs to be deasserted before that DREQO can be asserted

pigigigiplipigipigigipigigipipipigigigipl
L

CKIO
L Ig4

DREQO |
4 [
] ]
[ [}
[} ]
1 ! | I
L e

—

Internal request F‘_l
! 1
DACKO r\ [ L
DMA Transfer 1 Read | Write | Read
Figure 9.17 Level Detection Timing (HIEN =1, REQD = 0, AM[2:0] = 001)
DREQO I =<o l |‘~\~
“‘s ‘ l‘ ~~\~
‘~‘~ ! 4 S~o
QQ“ ’l " “A
Internal request [ N | [} ) I I
\ . :’
\ /] 1
DACKO ‘i I I [
DMA Transfer | Read | Write |
Figure 9.18 Level Detection Timing (HIEN = 1, REQD = 1, AM[2:0] = 001)
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9.7.5 DMA Acknowledge Output Function

DACKO is an acknowledge signal that is sent to DREQO. Level output and bus cycle output settings are supported as the
DACKO output mode. DACKO is asserted at the same time as CS assertion except for the MPX-1O interface. For details,

refer to section 8, Bus State Controller.

(1) DMA Acknowledge Signal Output Timing Setting
Upon receiving a DMA transfer request, the DACKO pin becomes active (High level output). By using the REQD and
AM][2:0] bits of the CHCFG_n register, the DACKO output timing can be set as shown below.

Table 9.19 DACKO Output Timing Setting

AM[2] AM[1:0] REQD
Mode (CHCFG_0) (CHCFG_0) (CHCFG_0) Purpose
Pulse 0 00 0 Setting prohibited
1
Level 0 01 0 (Active during read) DACKO is output as a level. DACKO
- - - remains asserted until DREQO is
1 (Active during write) deasserted.
Bus cycle 0 10 0 (Active during read) DACKO is output for the duration of a bus
11 1 (Active during write) cycle. Use this mode when you want to
9 keep DACKO asserted until the end of the
bus cycle.
Mask 1 — — Make this setting when using auto request
trigger.

(2) Level Output
Setting 001 in the AM bits of the CHCFG _n register enables level output. DACKO remains asserted until DREQO is

deasserted.
CKIO (U Np g R AR pE RN gEpRpRpEpigipigigipngups
CHCFG_n.AM[2:0] 001
CHCFG_n.REQD
DREQO | 'Al
1Y
' %
) \
Internal request ITI : ‘\
\‘ ] \‘
DACKO 3 I l
DMA Transfer | Read | Write
Figure 9.19 DACKO Output Timing (AM[2:0] = 001, REQD = 0)
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CHCFG_n.AM[2:0] 001

CHCFG_n.REQD

DREQO [ ]
f \
1
) »
] \
Internal request | | .' ‘\
s 0y
DACKO I LN
DMA Transfer | Read | Write |

Figure 9.20 DACKO Output Timing (AM[2:0] = 001, REQD = 1)

(3) Bus Cycle Output

Setting 010 in the AM bits of the CHCTRL _n register enables bus cycle output. DACKO remains active for the duration
of a bus cycle.

DREQO | I
Internal request | |

CHCFG_n.REQD

DACKO I I

DMA Transfer | Read | Write

Figure 9.21 Bus Cycle Output Timing (REQD = 0)

e In the read active mode (REQD = 0), DACKO remains active from the time when a read request is output on the bus
until one cycle after the final read data.

e When level detection is selected for DREQO, DREQO remains disabled until the cycle following the end of the bus
cycle.

The following signals trigger the rise and fall of DACKO:
Rise: Transfer start (MARVALID = 1)
Fall: Transfer end (MRLAST & MRREADY = 1)

DREQO I |

Internal request | |

CHCFG_n.REQD

DACKO I I

DMA Transfer | Read | Write |

Figure 9.22 Bus Cycle Output Timing (REQD =1)
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o In the write active mode (REQD = 1), DACKO remains active from the time when a write request is output until one
cycle after the response to the final data is returned.

e When level detection is selected for DREQO, DREQO remains disabled until the cycle following the end of the bus
cycle.

The following signals trigger the rise and fall of DACKO:
Rise: Transfer start (MAWVALID = 1)
Fall: Transfer end (MBVALID & MBREADY =1)

9.7.6 DMA Transfer End Output Function

TENDO is a transaction completion signal that is sent to the source of a DMA transfer request. TENDO is asserted as the
same time as DACKO for the last transfer transaction. Figure 9.23 shows the TENDO output timing.

Last DMA transfer

Bus cycle M DMA X cPU ) DMA X cPU X cPU X
DREQO

DACKO I I I |
TENDO | |

Figure 9.23 TENDO Output Timing

9.7.7 DMA Transfer End Interrupt

The DMA transfer end interrupt is an interrupt request signal that indicates that a DMA transaction is completed.

There is an independent DMA transfer end interrupt for each channel.

When the transfer of data equivalent to the total transfer byte count loaded to the CRTB (Current Transaction Byte) is
completed, 1 is set in END of the CHSTAT n register. In this case, when 0 is set in DEM of the CHCFG _n register, the
DMA transfer end interrupt is output (n = 0 to 15). (When writeback is performed in link mode, the signal is output after
the writeback operation.)

When 0 is set in LV of the header in the read descriptor in link mode, 1 is set in DER of the CHSTAT n register. In this
case, when 0 is set in DIM of the header, the DMA transfer end interrupt is output.

Table 9.20 Assertion Conditions of DMA Transfer End Interrupt

DMA Transfer End Interrupt Mask
Source Condition Signal

DMA transaction end When the transfer of data equivalent to the total transfer byte DEM bit of the CHCFG_n register
count loaded to the CRTB (Current Transaction Byte) is
completed with an OKAY response (or after the writeback
operation when writeback is performed in link mode)

Descriptor invalid When 0 is set in LV of the header in the read descriptor in link DIM bit of the header
mode while 0 is set in DIM of the header
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9.7.8 DMA Error Interrupt

If an error response is received for a DMA transfer or descriptor access, the DMAC regards it as an error and stops the
transfer. Upon receiving an error response, the EN bit of the CHSTAT n register of transferring channel n is cleared to 0
and 1 is set in the ER bit (n =0 to 15). Also, the DMA error interrupt is output.
The DMA error interrupt cannot be masked.
Once an error occurs, the data of the whole transfer cannot be guaranteed. Be sure to start the transaction again from the
beginning by following the procedure below.

1. Set 1 in the SWRST bit of the CHCTRL n register.

2. Set each register again.

979 Interval Count Function

The interval at which a DMA transfer is executed can be adjusted by setting the ITVL bit of the channel interval register
(CHITVL n). This function is intended to prevent the DMA controller from occupying the bus all the time.

When a read or write operation is completed, a countdown starts from the value set in CHITVL n. The next internal
request is not executed until the count value reaches 0.

The following figure shows an example of how this works.

Bo Mmrrrrurrrrrrorn
DMAREQI0] 1
DMAREQ[1] 1

DMAACKIO] ‘|
DMAACK(1] —

REQO internal request | I_

REQ1 internal request 1

\
. ‘ a H
REQO internal request mask v ) N 1
e A RS AV
] \

1

REQ1 internal request mask [ H L

~p -7 h \*r

f M \ ] \)
CHITVLO 0 1 Jioo foo fos oz a3 12 1 "Jo °
CHITVLA 0 Jioo o9 fo8 Jo7 o6 o5 fo4 1o

T

\ \}

)

CHO DMA Transfer Write 1

1

)

\

\/

I Write

Read

\
\
\
M
1

CH1 DMA Transfer Read

Figure 9.24

Interval Count
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9.7.10 Difference in Operation Due to the Transfer Size

(1) When the Source Transfer Size Is Smaller

When the read of data equivalent to the destination data size is completed, the data is written to the destination.
The following figure shows a timing chart where the source transfer size is 8 bits and the destination transfer size is 32

bits (in the case of rising edge detection).

DMAREQ] [ 1 I 1 I 1 I 1

DMAACKIDl [T ' ' |

REQD

SDS 0

DDS 2

CRTB_n 4 jo
DMA Transfer 1 Read | | Read ] | Read ] 1 Read | Write |

Figure 9.25 When the Source Transfer Size Is Smaller (LVL =0, HIEN =1, REQD = 0, SDS < DDS in CHCFG_n)

(2) When the Destination Transfer Size Is Smaller

Since the source transfer size is larger, multiple destination writes occur after a single source read. The following figure
shows a timing chart where the source transfer size is 64 bits and the destination transfer size is 16 bits (in the case of
rising edge detection) (1 is set in REQD of the CHCFG _n register).

DMAREQ[0] [T] | M M

DMAACK(O] M M M N

REQD

SDS 3 3 3 3
DDS 1 1 1 1
CRTB_n Z Z 2 [o
DMA Transfer 1 Read | Write | 1 Write | | Write | | Write |

Figure 9.26 When the Destination Transfer Size Is Smaller (LVL = 0, HIEN = 1, REQD =1, SDS > DDS in
CHCFG_n)
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(3) When the Source Transfer Size Is the Same as the Destination Transfer Size

Every time a DMA transfer request is detected, a source read and a destination write occur.
The following figure shows a timing chart where the source transfer size and the destination transfer size are both 8 bits
(in the case of rising edge detection, with 1 set in REQD of the CHCFG _n register).

DMAREQID] T |

DMAACKIO0] | m|

REQD

SDS 0

DDS 0

CRTB_n 2 | 1 | 0
DMA Transfer 1 Read | Write | 1 Read | Write ]

Figure 9.27 When the Source Transfer Size Is the Same as the Destination Transfer Size (LVL =0, HIEN =1,
REQD =0, SDS = DDS in CHCFG_n)

9.7.11 Transfer Status

The channel status register indicates the status of DMA transfer execution on a channel.

(1) Suspend

A DMA transfer can be suspended by using the SETSUS bit of CHCTRL n. In this case, if an ongoing bus cycle exists,

the DMAC waits for that cycle to end before suspending the transfer. Writing 1 in the CLRSUS bit restores the DMA
transfer from the suspend status.

CHCTRL_n
register SETEN f
setting

STG f

SETSUS 4

CLRSUS A
CHSTAT n
register EN |
indication
level sus | Suspend status
Bus transfer status

|[Read [write JRead [writt [Read |

Figure 9.28 DMAC Suspend Status (Auto Request/Block Transfer)

In the above case, the DMA transfer is suspended after the read transfer is completed.

If there is any ongoing DMA transfer, the suspend status starts when that transfer is completed. To make sure that the
transfer is suspended, read the CHSTAT or DSTAT SUS register, after setting SETSUS, and check that 1 is set in the
SUS bit for the relevant channel.
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(2) Transfer Stop

If you write 1 to CLREN while a DMA transaction is in progress, you can stop the DMA transaction for the
corresponding channel. For the post-stop processing, two modes are supported: one sweeps out the data remaining in the
buffer when the transaction is stopped (SBE = 1) and the other does not (SBE = 0). One of these modes can be selected
using the SBE bit of the CHCFG_n register. By default, SBE is set to 0.

When this sweep mode is enabled and CLREN is set to 1, and if a DMA transaction is stopped with data remaining in the
DMAC buffer, the transaction is completed after the DMAC sweeps the data.

(a) Transfer Stop (Buffer Sweep Disabled - SBE = 0)

If you set 1 in CLREN during a DMA transfer, the DMA transfer is stopped. The stop timing depends on the value set in
REQD. After stopping a DMA transfer, be sure to set 1 in SWRST to clear the DMA internal status before setting the
next transfer.

CHCTRL_n
register SETEN f
setting
CLREN *
STG f
SETSUS f
CHCFG_n
register SBE
setting
CHSTAT_n
register SuUSs I |
indication
level
EN I l

TACT | |

Bus transfer status

| Realeead | Readl Readl Readl suspenleeEd]eraszeEd]

[z

Not executed

Figure 9.29 DMAC Transfer Stop

e When the TACT bit is set to 0, you can check that the channel has been brought to a complete stop.
e Ifyou stop an ongoing DMA transfer before it is completed, the DMA transfer end interrupt is not asserted.

e If0isset in REQD, the DMA transfer is stopped when the next read is completed. (If the buffer contains any data
that can be written, the DMA transfer is stopped after the data is written.)

e If 1 isset in REQD, the DMA transfer is stopped when the next write is completed.
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(b) Transfer Stop (Buffer Sweep Enabled - SBE = 1)

If 1 is set in CLREN during a DMA transfer, the DMA transfer is stopped. When 0 is set in REQD, the DMA transfer is
stopped after the DMAC sweeps (writes) the already read data. If 1 is set in REQD to use hardware requests, do not use
the sweep mode. After stopping a DMA transfer, be sure to set 1 in SWRST to clear the DMAC internal status before
setting the next transfer.

CHCTRL_n I\
register SETEN
setting

CLREN 4

STG 4

SETSUS 4
CHCFG_n
register SBE
setting
CHSTAT n
register Sus | I
indication
level EN | |

TACT |
Bus transfer status e

Read] ReadReadRead]Read] __ Suspend __|ReadiRead'Read!
i [Wiite] + Buffer sweep

Figure 9.30 DMA Transfer Stop (Buffer Sweep Mode)

e When the TACT bit is set to 0, you can check that the channel has been brought to a complete stop.

e Ifyou stop a transfer in sweep mode (SBE = 1) during the fifth read transfer by setting SETSUS and then CLREN,
the read data is written before the DMA transfer is stopped.

(c) Channel Stop Check Method

Even when you clear the EN bit to 0, you cannot stop the DMA transfer immediately, if the bus is already executing the
transfer. Therefore, in order to make sure that the DMAC has been brought to a complete stop, you need to check that the
EN bit and TACT bit are both set to 0.

(d) Transfer Stop Procedure

The transfer stop procedure is described below.
1. Set1in SETSUS of CHCTRL n.
2. Repeat polling until the SUS bit of CHSTAT n is set to 1. (If EN is already set to 0, the DMAC has already been
stopped. Go to step 6.)
3. Set 1 in CLREN of CHCTRL n.
When 0 is set in SBE, the transfer is stopped according to the value of REQD. When 1 is set in SBE, the sweep
mode is enabled. When 1 is set in SBE, set 0 in REQD.
5. Read CHSTAT n to check that 0 is set in the TACT bit. When TACT is set to 0, it means that the DMAC has been
brought to a complete stop. When TACT is set to 1, repeat polling until this bit is set to 0.
6. To execute the next DMA transfer after stopping a transfer, be sure to set 1 in the SWRST (software reset) bit of
CHCTRL n before the next DMA transfer starts.
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Repeat polling until
SUS is setto 1

Start
(transfer stop)

Y
Set 1in SETSUS of
CHCTRL_n

!

» Read CHSTAT_n

Set 1in CLREN of
CHCTRL_n

Repeat polling until

TACT is setto 0 -
(check that DMA has
stopped)

v

Set 1in SWRST of

CHCTRL_n

" Set DMA again

Figure 9.31 Transfer Stop Flow
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9.8 DMA Setting Examples

Setting examples applicable when DMA transfer is executed using the direct memory access controller are shown in the

following.

The transfer conditions for these setting examples are as follows.

Table 9.21 Transfer Condition List for DMA Transfer Setting Examples

DMA Mode Transfer Mode Transfer Request
Setting example 1 Register Single Hardware
Setting example 2 Register Block Software
Setting example 3 Register Block Software
(continuous execution)
Setting example 4 Link Block Software
For details of the settings, see the individual setting examples.
9.8.1 Setting Example 1 (Register Mode/Hardware Request)

The following table shows a setting example applicable when DMA transfer is executed using the settings shown below.

Table 9.22 DMA Transfer Setting Example 1

Item Description
Channel used 3
DMA mode Register

Transfer mode

Single transfer

Register set used Next0
Source/destination Source Destination
Start address 1111_0000H 2222 _0000H
Address direction Increment Increment
Data size 32 bits 32 bits
DMA transfer byte count 64 bytes
DMA transfer request Rising edge detection by hardware
DMAACK signal Level output during read
DMA transfer end interrupt mask ~ Not masked
CACHE setting Default value
Setting example 1
NOSA =1111_0000H (source address)
NODA = 2222 0000H (destination address)
NOTB = 0000_0040H (transfer byte count)
CHCFG = 0002 _2123H (configuration)
CHITVL = 0000_0000H (interval)
CHEXT = 0000_0000H (CACHE setting)
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- Source: 1111000H

- Destination: 22220000H
- Transfer size: 64 bytes

- Interval: None

- AXI setting: None

Set 1 in the EN
(DMA transfer enable) bit

Start
(setting example 1),

DCTRL « 00000000H

NOSA_3 « 11110000H
NODA_3 « 22220000H
NOTB_3 « 00000040H
CHCFG_3 « 00022023H
CHITVL_3 « 00000000H
CHEXT_3 <« 00000000H

CHCTRL_3 <« 00000008H

CHCTRL_3 <« 00000001H

DMA transfer

|
DMAEND3 ==
|

Check CHSTAT 3

Y

End
(setting example 1)

- Fixed priority

- Clear the status

Check EN is set to "0"

Figure 9.32

Setting Example 1
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9.8.2 Setting Example 2 (Register Mode/Software Request)

The following table shows a setting example applicable when DMA transfer is executed using the settings shown below.

Table 9.23 DMA Transfer Setting Example 2
Item Description
Channel used 2
Priority control Round robin
DMA mode Register

Transfer mode

Block transfer

Register set used

Next1

Source/destination Source Destination
Start address OFFF_EOOOH 3333_0000H
Address direction Increment Increment
Data size 8 bits 256 bits

DMA transfer byte count 128 bytes

DMA transfer request Auto request

DMAACK signal Masked

DMA transfer end interrupt mask  Not masked

CACHE setting

Default value

Setting example 2

DCTRL = 0000_0001H (DMA setting)

NI1SA = 0FFF_EOO0OH (source address)
N1DA = 3333 0000H (destination address)
NITB = 0000 _0080H (transfer byte count)

CHCFG = 1045_0402H (configuration)
CHITVL = 0000_0000H (interval)
CHEXT = 0000_0000H (CACHE setting)
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- Source: OFFFEOQOOH
- Destination: 33330000H
- Transfer size: 128 bytes
- Interval: None

- AXI setting: None

Set 1 in the EN
(DMA transfer enable)
and STG bits

Start
(setting example 2)

DCTRL « 00000001H

N1SA_2 « OFFFEOOOH
N1DA_2 « 33330000H
N1TB_2 « 00000080H
CHCFG_2 « 10450402H
CHITVL_2 « 00000000H
CHEXT_2 « 00000000H

CHCTRL_2 <« 00000008H

CHCTRL_2 <« 00000005H

DMA transfer

|
DMAEND2 ==
|

Check CHSTAT_2

Y

End
(setting example 2)

- Round robin

- Clear the status

Check EN is set to "0"

Figure 9.33

Setting Example 2
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9.8.3 Setting Example 3 (Register Mode/Continuous Execution)

The following table shows a setting example applicable when DMA transfer is executed using the settings shown below.

Table 9.24 DMA Transfer Setting Example 3

Item Description

Channel used 1

Priority control Round robin

DMA mode Register

Transfer mode Block transfer

Register set used Use NextO and then Next1 continuously

Next0 Source Destination
Start address 1111_0000H 3333_0000H
Address direction Fixed Fixed
Data size 32 bits 512 bits
DMA transfer byte count 512 bytes

Next1 Source Destination
Start address 2222_0000H 4444 _0000H
Address direction Fixed Fixed
Data size 32 bits 512 bits

DMA transfer byte count 2048 bytes

DMA transfer request Auto request

DMAACK signal Not output

DMA transfer end interrupt mask  Mask the DMA transfer end interrupt upon completion of NextO

CACHE setting Default value

Setting example 3
DCTRL = 0000_0001H (DMA setting)

NOSA =1111_0000H (source address)
NODA = 3333 _0000H (destination address)
NOTB = 0000 _0200H (transfer byte count)

NI1SA =2222 0000H (source address)
NI1DA = 4444 0000H (destination address)
NI1TB = 0000_0800H (transfer byte count)

CHCFG =6176_2001H (configuration)
CHITVL = 0000_0000H (interval)
CHEXT = 0000 _0000H (CACHE setting)
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- Source: 11110000H
- Destination: 33330000H
- Transfer size: 512 bytes

- Interval: None
- AXI setting: None

Set 1in the EN
(DMA transfer enable)
and STG bits

Start
(setting example 3)

Y

DCTRL <« 00000001H

NOSA_1 « 11110000H
NODA_1 « 33330000H
NOTB_1 « 00000200H

N1SA_1 « 22220000H
N1DA_1 « 44440000H
N1TB_1 < 00000800H

CHCFG_1 « 61762001H
CHITVL_1 « 00000000H
CHEXT_1 «- 00000000H

CHCTRL_1 « 00000008H

CHCTRL_1 < 00000005H

DMA transfer

DMA transfer

DMAEND1 ==
]

Check CHSTAT_1

Y
End
(setting example 3)

- Round robin

- Source: 22220000H
- Destination: 44440000H
- Transfer size: 2048 bytes

- Clear the status

Execute NEXTO

Execute NEXT1

Check EN is set to "0"

Figure 9.34

Setting Example 3

9.8.4 Setting Example 4 (Link Mode)

The following table shows a setting example applicable when DMA transfer is executed using the settings shown below.

Table 9.25 DMA Transfer Setting Example 4
Item Description
Channel used 0
Priority control Round robin
DMA mode Link

Transfer mode

Block transfer

Register set used

Descriptor start address

0000_1000H
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Table 9.26 DMA Transfer Setting Example 4 (Descriptor 1)
Item Description
Descriptor start address 0000_1000H
Next descriptor start address 0000_2000H

Transfer mode

Block transfer

Next0 Source Destination
Start address 1111_0000H 3333_0000H
Address direction Increment Increment
Data size 32 bits 32 bits
DMA transfer byte count 2048 bytes
DMA transfer request Auto request trigger (STG)
DMAACK signal Not output
DMA transfer end interrupt mask ~ Masked
CACHE setting Default value
header
DMA interrupt when LV =1 Issued (DIM = 0)
LV writeback Done (WBD = 0)
Next link address Available (LE = 0)
Descriptor valid Valid (LV = 1)
Table 9.27 DMA Transfer Setting Example 4 (Descriptor 2)
Item Description
Descriptor start address 0000_2000H
Next descriptor start address 0000_5000H
Transfer mode Block transfer
Next0 Source Destination
Start address 4444 _0000H 5555_0000H
Address direction Increment Increment
Data size 64 bits 256 bits
DMA transfer byte count 1024 bytes
DMA transfer request Auto request trigger (STG)
DMAACK signal Not output
DMA transfer end interrupt mask  Masked
CACHE setting Default value
header
DMA interrupt when LV = 1 Issued (DIM = 0)
LV writeback Done (WBD = 0)

Next link address

Available (LE = 0)

Descriptor valid

Valid (LV = 1)
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Table 9.28 DMA Transfer Setting Example 4 (Descriptor 3)
Item Description
Descriptor start address 0000_5000H

Next descriptor start address

Transfer mode

Block transfer

Next0 Source Destination
Start address 7777_0000H AAAA_0000H
Address direction Increment Increment
Data size 512 bits 512 bits
DMA transfer byte count 4096 bytes

DMA transfer request Auto request trigger (STG)

DMAACK signal Not output

DMA transfer end interrupt mask  Not masked

CACHE setting

Default value

header

DMA interrupt when LV =1

Issued (DIM = 0)

LV writeback

Done (WBD = 0)

Next link address

Not available (LE = 1)

Descriptor valid

Valid (LV = 1)

Setting example 4
DCTRL= 0000 _0001H (DMA setting)
NXLA = 0000_1000H (descriptor start address)
CHCFG = 8000_0000H (configuration)

Table 9.29 Descriptor Setting

Descriptor 1 Descriptor 2 Descriptor 3
header 0000_0001H 0000_0001H 0000_0003H
SA (Source Address) 1111_0000H 4444_0000H 7777_0000H
DA (Destination Address) 3333_0000H 5555_0000H AAAA_0000H
TB (Transaction Byte) 0000_0800H 0000_0400H 0000_1000H
CFG (Configuration) 8142_2008H 8145_3008H 8046_6008H
ITVL (Interval) 0000_0000H 0000_0000H 0000_0000H
EXT (Extension) 0000_0000H 0000_0000H 0000_0000H
NXLA (Next Link Address) 0000_2000H 0000_5000H 0000_0000H
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Start
(setting example 4)

DCTRL <« 00000001H - Round robin

Start link address: 00001000H NXLA_O « 00001000
Set the link mode CHCFG_0 « 80000000H

CHCTRL_O <« 00000008H - Clear the status

Set 1in the EN
(DMA transfer enable) CHCTRL_0 <« 00000005H
and STG bits

Link mode operation

T
End of link mode

Check CHSTAT 0 Check EN is set to "0"

Y

@
>
Q.

(setting example 4)

Figure 9.35 Setting Example 4

9.8.5 Next Register Set Continuous Execution Setting

The following figure shows the flowchart for executing DMA transfers continuously by using two Next Register Sets in
register mode. While a DMA transaction is being executed using one Next Register Set, the other Next Register Set is set
in order to continue to execute DMA transfers.

Slave < Set N0 > < SetN1 > - - -
interface ~ ~
~ ~ /
Load NO LoadN1 Load/NO Load/f\H\
Master < Transfer NO I>-< Transfer N1 X Transfer NO X Transfer N1 _—>
interface !
'. | CEm> | q q
\ \ \
\ \
\ \
\ \
\ \
The Next Register Set is set by the DMAEND interrupt NO: NextO Register Set
or status register polling N1: Next1 Register Set
Figure 9.36 Image of Next Register Set Continuous Execution
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Set DCTRL

Set CHITVL
Set CHEXT

Set CHCFG_n
(cther setings are optiona)

A

RSEL $CR DEM 0

Set register 0 (NOSA, NODA, NOTB)
Set register 1 (N1SA, N1DA, N1TB) $CR (current register):

This variable is for RSEL control.
Use a general-purpose register of the CPU.
Set CHCTRL_n
SWRST=1

Set CHCTRL_n
omer seumgs are optional)

STG 1

.
DMA transfer in progress

Wait for DMAEND

Process data in register
($CR) area

Al transfers
completed?,

v

Set CHCFG_n

(only when continuing)
RSEL = ~§CR
REN =1

RSEL is automatically inverted when

1 DMA for one register area is completed.
I Read CHSTAT_n It is necessary, however, to set RSEL

. )

1

appropriately when setting REN.

'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
' No
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
\

N e

If DMA ends unexpectedly
before REN is set again

Process data in Process data in
register 0 area and register 1 area and
register 1 area register 0 area

All transfers
completed?

Yes

Figure 9.37 Example of Continuous DMA Execution by Using a Next Register Set

Supplementary information

First, save the data of the register sets to be used for DMA transfers (0 (NOSA, NODA, and NOTB) and 1 (N1SA,
N1DA, and N1TB)) to a general-purpose register of the CPU (the values of this register is referred to as $CR for the
sake of convenience).

Each time the DMA transfers for one register set are completed (the DMA transfer end interrupt is output), REN is
automatically cleared to 0. In order to continue to execute DMA transfers, it is necessary to set REN of the
CHCFG _n register every time the DMA transfer end interrupt is asserted. This register also contains the RSEL bit,
and the value of this bit needs to be set appropriately as well. Therefore, use $CR.

In this mode, two Next Register Sets are executed continuously. However, if CLREN is not set before the DMA
transaction is completed (the next DMA transfer end interrupt is output), continuous execution stops. In this case,
you can check how much of data has been transferred, by reading the SR and EN bits of the CHSTAT n register
and the REN bit of the CHCFG_n register. To restart the DMA transaction, follow the flowchart shown above.
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9.9
9.9.1

Note
Divided Output of DACKO and TENDO

When transferring 4 bytes or more to an 8-bit or 16-bit external device or transferring 2 bytes or more to an 8-bit external
device, each DMA transfer unit is divided into multiple bus cycles. Note that, if the setting is such that DMA transfer is
divided into multiple bus cycles and CS is negated between bus cycles, the DACKO output and the TENDO output is
divided to align data as with CS. Figure 9.38 shows an example.

wo [ |
XXX
W9, TN /TN T

Figure 9.38 Example of TENDO Divided Output Timing
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9.9.2 TENDO Not Output

Note that TENDO may not be output depending on the combination of the bits DDS[3:0], SDS[3:0] and REQD in the
CHCFG_0 register.
Table 9.30 shows when TENDO is not output and Figure 9.39 shows an operation example.

Table 9.30 Bit Combination when TENDO Is Not Output

CHCFG_0 Register

REQD DDS SDS TENDO Output
1 — — Output
0 DDS > SDS Output

DDS = SDS Output

DDS < SDS Not output

CHCFG_0
REQD

DDS[3:0] 0
SDS[3:0] 2

TENDO is not output

DMA Transfer | Read | Read Read | Read | | Write | | Write

Figure 9.39 TENDO Not Output

9.9.3 Atomic Access (ARLOCK][1:0] and AWLOCK]1:0])

This module does not support atomic (locked or exclusive) access, that is, it only supports normal access.
Signals ARLOCK]1:0] and AWLOCK]1:0] are fixed as follows and cannot be modified.
ARLOCK]J1:0], AWLOCK]1:0]: 00 (normal access)
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10.  Multi-Function Timer Pulse Unit 2

This LSI has an on-chip multi-function timer pulse unit 2 that comprises five 16-bit timer channels.

10.1 Features

e Maximum 16 pulse input/output lines

e Selection of eight counter input clocks for each channel

e The following operations can be set:

— Waveform output at compare match

— Input capture function

— Counter clear operation

— Multiple timer counters (TCNT) can be written to simultaneously

— Simultaneous clearing by compare match and input capture is possible

— Register simultaneous input/output is possible by synchronous counter operation

— A maximum 12-phase PWM output is possible in combination with synchronous operation

e Buffer operation settable for channels 0, 3, and 4

e Phase counting mode settable independently for each of channels 1 and 2

e Cascade connection operation

e Fast access via internal 16-bit bus

e 25 interrupt sources

e Automatic transfer of register data

e A/D converter start trigger can be generated

e Module standby mode can be settable

e A total of six-phase waveform output, which includes complementary PWM output, and positive and negative
phases of reset PWM output by interlocking operation of channels 3 and 4, is possible.

e AC synchronous motor (brushless DC motor) drive mode using complementary PWM output and reset PWM
output is settable by interlocking operation of channels 0, 3, and 4, and the selection of two types of waveform
outputs (chopping and level) is possible.

e In complementary PWM mode, interrupts at the crest and trough of the counter value and A/D converter start
triggers can be skipped.
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Table 10.1 Functions of Multi-Function Timer Pulse Unit 2

Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4

Count clock POo/1 PO/1 PO¢/1 P0¢/1 PO/1
PO¢/4 PO¢/4 PO/4 P0o/4 PO¢/4
PO¢/16 P0¢/16 P0¢/16 P00¢/16 P0¢/16
PO¢/64 P0¢/64 P0¢/64 P00/64 P0¢/64
TCLKA P0¢/256 P0¢/1024 P0¢/256 P0¢/256
TCLKB TCLKA TCLKA P0¢/1024 P0¢/1024
TCLKC TCLKB TCLKB TCLKA TCLKA
TCLKD TCLKC TCLKB TCLKB

General registers TGRA O TGRA_1 TGRA_2 TGRA_3 TGRA 4
TGRB_0 TGRB_1 TGRB_2 TGRB_3 TGRB_4
TGRE_O

General registers/ buffer TGRC_0 — — TGRC_3 TGRC_4

registers TGRD_0 TGRD_3 TGRD_4
TGRF_0

I/O pins TIOCOA TIOC1A TIOC2A TIOC3A TIOC4A
TIOCOB TIOC1B TIOC2B TIOC3B TIOC4B
TIOCOC TIOC3C TIOC4C
TIOCOD TIOC3D TIOC4D

Counter clear function TGR compare TGR compare TGR compare TGR compare TGR compare
match or input match or input match or input match or input match or input
capture capture capture capture capture

Compare 0 output N S \/ \ v

match Touput N y N N

output

Toggle \/ \ \ \ v
output

Input capture function N S \/ \ v

Synchronous operation v S \/ \ v

PWM mode 1 V J J v \/

PWM mode 2 d J J — —

Complementary PWM — — — \ v

mode

Reset PWM mode — — — \ v

AC synchronous motor v — — v v

drive mode

Phase counting — v N — _

mode

Buffer operation v — — v v

Activation of direct TGR compare TGR compare TGR compare TGR compare TGR compare

memory access controller match or input match or input match or input match or input match or input
capture capture capture capture capture and TCNT

overflow or
underflow

A/D converter start trigger

TGRA_0 compare

match or input

TGRA_1 compare

match or input

TGRA_2 compare

match or input

TGRA_3 compare

match or input

TGRA_4 compare
match or input

capture capture capture capture capture
TGRE_0 compare TCNT_4 underflow
match (trough) in
complementary
PWM mode
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10. Multi-Function Timer Pulse Unit 2

Item

Channel 0

Channel 1

Channel 2

Channel 3

Channel 4

Interrupt sources

7 sources

e Compare match
or input capture
0A

e Compare match
or input capture
0B

4 sources

e Compare match
or input capture
1A

e Compare match
or input capture
1B

4 sources

e Compare match
or input capture
2A

e Compare match
or input capture
2B

5 sources

e Compare match
or input capture
3A

e Compare match
or input capture
3B

5 sources

e Compare match
or input capture
4A

Compare match
or input capture
4B

e Compare match e Overflow o Overflow e Compare match e Compare match
or input capture o Underflow o Underflow or input capture or input capture
0oc 3C 4C

e Compare match e Compare match e Compare match
or input capture or input capture or input capture
0D 3D 4D

e Compare match e Overflow o Overflow or
OE underflow

e Compare match
OF

e Overflow

A/D converter start — — — — e A/D converter
request delaying function start request at a
match between
TADCORA_4 and
TCNT_ 4
o A/D converter
start request at a
match between
TADCORB_4 and
TCNT_4
Interrupt skipping function — — — e Skips TGRA_3 e Skips TCIV_4
compare match interrupts
interrupts
[Legend]
\: Available
— Not available
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Figure 10.1 shows a block diagram.
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[Legend]
TSTR: Timer start register TCDR: Timer cycle data register

TSYR:
TCR:
TMDR:
TIOR:

TIORH:
TIORL:

TIER:
TGCR:
TOER:
TOCR:
TSR:
TCNT:

TCNTS:

Timer synchronous register
Timer control register

Timer mode register

Timer I/0 control register
Timer I/O control register H
Timer I/O control register L
Timer interrupt enable register
Timer gate control register
Timer output master enable register
Timer output control register
Timer status register

Timer counter

Timer subcounter

TCBR: Timer cycle buffer register
TDDR: Timer dead time data register
TGRA: Timer general register A
TGRB: Timer general register B
TGRC: Timer general register C
TGRD: Timer general register D
TGRE: Timer general register E
TGRF: Timer general register F

Figure 10.1

Block Diagram
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10. Multi-Function Timer Pulse Unit 2

10.2  Input/Output Pins

Table 10.2 shows the pin configuration

Table 10.2 Pin Configuration
Channel Pin Name 110 Function
Common TCLKA Input External clock A input pin (Channel 1 phase counting mode A phase input)
TCLKB Input External clock B input pin (Channel 1 phase counting mode B phase input)
TCLKC Input External clock C input pin (Channel 2 phase counting mode A phase input)
TCLKD Input External clock D input pin (Channel 2 phase counting mode B phase input)
0 TIOCOA 1/0 TGRA_O input capture input/output compare output/PWM output pin
TIOCOB 1/0 TGRB_0 input capture input/output compare output/PWM output pin
TIOCOC 1/0 TGRC_0 input capture input/output compare output/PWM output pin
TIOCOD 1/0 TGRD_0 input capture input/output compare output/PWM output pin
1 TIOC1A 1/0 TGRA_1 input capture input/output compare output/PWM output pin
TIOC1B 1/0 TGRB_1 input capture input/output compare output/PWM output pin
2 TIOC2A 1/0 TGRA_2 input capture input/output compare output/PWM output pin
TIOC2B 1/0 TGRB_2 input capture input/output compare output/PWM output pin
3 TIOC3A 1/0 TGRA_3 input capture input/output compare output/PWM output pin
TIOC3B 1/0 TGRB_3 input capture input/output compare output/PWM output pin
TIOC3C 1/0 TGRC_3 input capture input/output compare output/PWM output pin
TIOC3D 1/0 TGRD_3 input capture input/output compare output/PWM output pin
4 TIOC4A 1/0 TGRA_4 input capture input/output compare output/PWM output pin
TIOC4B 1/0 TGRB_4 input capture input/output compare output/PWM output pin
TIOC4C 1/0 TGRC_4 input capture input/output compare output/PWM output pin
TIOC4D 1/0 TGRD_4 input capture input/output compare output/PWM output pin

Note: For the pin configuration in complementary PWM mode, see Table 10.52 in section 10.4.8, Complementary PWM
Mode.
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10.3 Register Descriptions

Table 10.3 shows the register configuration. To distinguish registers in each channel, an underscore and the channel
number are added as a suffix to the register name; TCR for channel 0 is expressed as TCR_0.

Table 10.3 Register Configuration

Access
Channel Register Name Abbreviation R/W Initial value Address Size
0 Timer control register_0 TCR_O R/W H'00 H'FCFF0300 8
Timer mode register_0 TMDR_0 R/W H'00 H'FCFF0301 8
Timer 1/O control register H_0 TIORH_O R/W H'00 H'FCFF0302 8
Timer I/O control register L_0 TIORL_O R/W H'00 H'FCFF0303 8
Timer interrupt enable register_0 TIER_O R/W H'00 H'FCFF0304 8
Timer status register_0 TSR 0 R/W H'CO H'FCFF0305 8
Timer counter_0 TCNT_O R/wW H'0000 H'FCFF0306 16
Timer general register A_0 TGRA_O R/W H'FFFF H'FCFF0308 16
Timer general register B_0 TGRB_0 R/W H'FFFF H'FCFFO30A 16
Timer general register C_0 TGRC_0 R/W H'FFFF H'FCFF030C 16
Timer general register D_0 TGRD_0 R/W H'FFFF H'FCFFO30E 16
Timer general register E_0 TGRE_O R/W H'FFFF H'FCFF0320 16
Timer general register F_0 TGRF_0 R/W H'FFFF H'FCFF0322 16
Timer interrupt enable register 2_0 TIER2_0 R/W H'00 H'FCFF0324 8
Timer status register 2_0 TSR2_0 R/W H'CO H'FCFF0325 8
Timer buffer operation transfer mode register_0 TBTM_O R/W H'00 H'FCFF0326 8
1 Timer control register_1 TCR_1 R/W H'00 H'FCFF0380 8
Timer mode register_1 TMDR_1 R/W H'00 H'FCFFO0381 8
Timer I/O control register_1 TIOR_1 R/W H'00 H'FCFF0382 8
Timer interrupt enable register_1 TIER_1 R/W H'00 H'FCFF0384 8
Timer status register_1 TSR_1 R/W H'CO H'FCFF0385 8
Timer counter_1 TCNT_1 R/wW H'0000 H'FCFF0386 16
Timer general register A_1 TGRA_1 R/W H'FFFF H'FCFF0388 16
Timer general register B_1 TGRB_1 R/W H'FFFF H'FCFFO38A 16
Timer input capture control register TICCR R/W H'00 H'FCFF0390 8
2 Timer control register_2 TCR_2 R/W H'00 H'FCFF0000 8
Timer mode register_2 TMDR_2 R/W H'00 H'FCFFO0001 8
Timer I/O control register_2 TIOR_2 R/W H'00 H'FCFF0002 8
Timer interrupt enable register_2 TIER_2 R/W H'00 H'FCFF0004 8
Timer status register_2 TSR_2 R/W H'CO H'FCFF0005 8
Timer counter_2 TCNT_2 R/wW H'0000 H'FCFF0006 16
Timer general register A_2 TGRA_2 R/W H'FFFF H'FCFF0008 16
Timer general register B_2 TGRB_2 R/W H'FFFF H'FCFFOO00A 16
3 Timer control register_3 TCR_3 R/W H'00 H'FCFF0200 8
Timer mode register_3 TMDR_3 R/W H'00 H'FCFF0202 8
Timer 1/O control register H_3 TIORH_3 R/W H'00 H'FCFF0204 8
Timer I/O control register L_3 TIORL_3 R/W H'00 H'FCFF0205 8
Timer interrupt enable register_3 TIER_3 R/W H'00 H'FCFF0208 8
Timer status register_3 TSR_3 R/W H'CO H'FCFF022C 8
Timer counter_3 TCNT_3 R/wW H'0000 H'FCFF0210 16
Timer general register A_3 TGRA_3 R/W H'FFFF H'FCFF0218 16
Timer general register B_3 TGRB_3 R/W H'FFFF H'FCFF021A 16
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Access
Channel Register Name Abbreviation R/W Initial value Address Size
3 Timer general register C_3 TGRC_3 R/W H'FFFF H'FCFF0224 16
Timer general register D_3 TGRD_3 R/W H'FFFF H'FCFF0226 16
Timer buffer operation transfer mode register_3 TBTM_3 R/W H'00 H'FCFF0238 8
4 Timer control register_4 TCR_4 R/W H'00 H'FCFF0201 8
Timer mode register_4 TMDR_4 R/W H'00 H'FCFF0203 8
Timer 1/O control register H_4 TIORH_4 R/W H'00 H'FCFF0206 8
Timer 1/O control register L_4 TIORL_4 R/W H'00 H'FCFF0207 8
Timer interrupt enable register_4 TIER_4 R/W H'00 H'FCFF0209 8
Timer status register_4 TSR _4 R/W H'CO H'FCFF022D 8
Timer counter_4 TCNT_4 R/W H'0000 H'FCFF0212 16
Timer general register A_4 TGRA_4 R/W H'FFFF H'FCFF021C 16
Timer general register B_4 TGRB_4 R/W H'FFFF H'FCFF021E 16
Timer general register C_4 TGRC_4 R/W H'FFFF H'FCFF0228 16
Timer general register D_4 TGRD_4 R/W H'FFFF H'FCFF022A 16
Timer buffer operation transfer mode register_4 TBTM_4 R/W H'00 H'FCFF0239 8
Timer A/D converter start request control register ~ TADCR R/W H'0000 H'FCFF0240 16
Timer A/D converter start request cycle set register TADCORA_4  R/W H'FFFF H'FCFF0244 16
A4
Timer A/D converter start request cycle set register TADCORB_4  R/W H'FFFF H'FCFF0246 16
B 4
Timer A/D converter start request cycle set buffer TADCOBRA_4 R/W H'FFFF H'FCFF0248 16
register A_4
Timer A/D converter start request cycle set buffer TADCOBRB_4 R/W H'FFFF H'FCFF024A 16
register B_4
Common Timer start register TSTR R/W H'00 H'FCFF0280 8
Timer synchronous register TSYR R/W H'00 H'FCFF0281 8
Timer read/write enable register TRWER R/W H'01 H'FCFF0284 8
Common Timer output master enable register TOER R/W H'CO H'FCFF020A 8
20 3and “finer output control register 1 TOCR1 RW  H00 H'FCFF020E 8
Timer output control register 2 TOCR2 R/W H'00 H'FCFFO020F 8
Timer gate control register TGCR R/W H80 H'FCFF020D 8
Timer cycle data register TCDR R/W H'FFFF H'FCFF0214 16
Timer dead time data register TDDR R/W H'FFFF H'FCFF0216 16
Timer subcounter TCNTS R H'0000 H'FCFF0220 16
Timer cycle buffer register TCBR R/W H'FFFF H'FCFF0222 16
Timer interrupt skipping set register TITCR R/W H'00 H'FCFF0230 8
Timer interrupt skipping counter TITCNT R H'00 H'FCFF0231 8
Timer buffer transfer set register TBTER R/W H'00 H'FCFF0232 8
Timer dead time enable register TDER R/W H'01 H'FCFF0234 8
Timer waveform control register TWCR R/W H'00 H'FCFF0260 8
Timer output level buffer register TOLBR R/W H'00 H'FCFF0236 8
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10.3.1 Timer Control Register (TCR)

The TCR registers are 8-bit readable/writable registers that control the TCNT operation for each channel. This module
has a total of five TCR registers, one each for channels 0 to 4. TCR register settings should be conducted only when
TCNT operation is stopped.

Bit: 7 6 5 4 3 2 1 0
CCLR[2:0] CKEG[1:0] TPSCI[2:0]

Initial value: 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
7t05 CCLR[2:0] 000 R/W Counter Clear 0 to 2

These bits select the TCNT counter clearing source. See Table 10.4 and Table
10.5 for details.

4,3 CKEG[1:0] 00 R/wW Clock Edge 0 and 1
These bits select the input clock edge. When the input clock is counted using
both edges, the input clock period is halved (e.g. PO¢/4 both edges = P0¢/2
rising edge). If phase counting mode is used on channels 1 and 2, this setting is
ignored and the phase counting mode setting has priority. Internal clock edge
selection is valid when the input clock is PO¢/4 or slower. When P0¢/1, or the
overflow/underflow of another channel is selected for the input clock, although
values can be written, counter operation compiles with the initial value.
00: Count at rising edge
01: Count at falling edge
1x: Count at both edges

2t00 TPSCJ[2:0] 000 R/W Time Prescaler 0 to 2
These bits select the TCNT counter clock. The clock source can be selected
independently for each channel. See Table 10.6 to Table 10.9 for details.

[Legend]
X: Don't care

Table 10.4 CCLRO to CCLR2 (Channels 0, 3, and 4)

Bit 7 Bit 6 Bit 5
Channel CCLR2 CCLR1 CCLRO Description
0,3,4 0 0 0 TCNT clearing disabled
1 TCNT cleared by TGRA compare match/input capture
1 0 TCNT cleared by TGRB compare match/input capture
1 TCNT cleared by counter clearing for another channel performing synchronous
clearing/synchronous operation*1
1 0 0 TCNT clearing disabled
1 TCNT cleared by TGRC compare match/input capture*2
1 0 TCNT cleared by TGRD compare match/input capture*2
1 TCNT cleared by counter clearing for another channel performing synchronous

clearing/synchronous operation*1

Note 1. Synchronous operation is set by setting the SYNC bit in TSYR to 1.
Note 2. When TGRC or TGRD is used as a buffer register, TCNT is not cleared because the buffer register setting has priority, and
compare match/input capture does not occur.
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Table 10.5 CCLRO to CCLR2 (Channels 1 and 2)

Bit 7 Bit 6 Bit 5
Channel Reserved*2 CCLR1 CCLRO Description
1,2 0 0 0 TCNT clearing disabled
1 TCNT cleared by TGRA compare match/input capture
1 0 TCNT cleared by TGRB compare match/input capture
1 TCNT cleared by counter clearing for another channel performing synchronous

clearing/synchronous operation*1

Note 1. Synchronous operation is selected by setting the SYNC bit in TSYR to 1.
Note 2. Bit 7 is reserved in channels 1 and 2. It is always read as 0 and cannot be modified.

Table 10.6 TPSCO to TPSC2 (Channel 0)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
0 0 0 0 Internal clock: counts on P0¢/1
1 Internal clock: counts on PO¢/4
1 0 Internal clock: counts on PO¢/16
1 Internal clock: counts on P0¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 External clock: counts on TCLKD pin input

Table 10.7 TPSCO to TPSC2 (Channel 1)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on P0¢/1
1 Internal clock: counts on PO¢/4
1 0 Internal clock: counts on P0¢/16
1 Internal clock: counts on P0¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 Internal clock: counts on P0¢/256
1 Counts on TCNT_2 overflow/underflow

Note: This setting is ignored when channel 1 is in phase counting mode.

Table 10.8 TPSCO to TPSC2 (Channel 2)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
2 0 0 0 Internal clock: counts on PO¢/1
1 Internal clock: counts on PO¢/4
1 0 Internal clock: counts on P0¢/16
1 Internal clock: counts on P0¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 Internal clock: counts on P0¢/1024

Note: This setting is ignored when channel 2 is in phase counting mode.
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Table 10.9 TPSCO to TPSC2 (Channels 3 and 4)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
3,4 0 0 0 Internal clock: counts on PO¢/1
1 Internal clock: counts on PO¢/4
1 0 Internal clock: counts on PO¢/16
1 Internal clock: counts on P0¢/64
1 0 0 Internal clock: counts on PO¢/256
1 Internal clock: counts on P0¢/1024
1 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
RO1UH0437EJ0600 Rev.6.00 RENESAS 10-10
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10.3.2 Timer Mode Register (TMDR)

The TMDR registers are 8-bit readable/writable registers that are used to set the operating mode of each channel. This
module has five TMDR registers, one each for channels 0 to 4. TMDR register settings should be changed only when
TCNT operation is stopped.

Bt 7 6 5 4 3 2 1 0
| - | BFE | BFB | BFA | MD[3:0]

Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
7 — 0 R Reserved
This bit is always read as 0. The write value should always be 0.
6 BFE 0 R/W Buffer Operation E

Specifies whether TGRE_O and TGRF_0 are to operate in the normal way or to
be used together for buffer operation.

TGRF compare match is generated when TGRF is used as the buffer register.
In channels 1 to 4, this bit is reserved. It is always read as 0 and the write value
should always be 0.

0: TGRE_O0 and TGRF_0 operate normally

1: TGRE_O and TGRF_0 used together for buffer operation

5 BFB 0 R/W Buffer Operation B
Specifies whether TGRB is to operate in the normal way, or TGRB and TGRD
are to be used together for buffer operation. When TGRD is used as a buffer
register, TGRD input capture/output compare is not generated in a mode other
than complementary PWM. In channels 1 and 2, which have no TGRD, bit 5 is
reserved. It is always read as 0 and cannot be modified.
0: TGRB and TGRD operate normally
1: TGRB and TGRD used together for buffer operation

4 BFA 0 R/W Buffer Operation A
Specifies whether TGRA is to operate in the normal way, or TGRA and TGRC
are to be used together for buffer operation. When TGRC is used as a buffer
register, TGRC input capture/output compare is not generated in a mode other
than complementary PWM. TGRC compare match is generated when in
complementary PWM mode. When compare match for channel 4 occurs during
the Tb period in complementary PWM mode, TGFC is set. Therefore, set the
TGIEC bit in the timer interrupt enable register 4 (TIER_4) to 0.
In channels 1 and 2, which have no TGRC, bit 4 is reserved. It is always read as
0 and cannot be modified.
0: TGRA and TGRC operate normally
1: TGRA and TGRC used together for buffer operation

3to0 MDI3:0] 0000 R/W Modes 0 to 3
These bits are used to set the timer operating mode.
See Table 10.10 for details.
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Table 10.10  Setting of Operation Mode by Bits MD0 to MD3

Bit 3 Bit 2 Bit 1 Bit 0
MD3 MD2 MD1 MDO Description
0 0 0 0 Normal operation
1 Setting prohibited
1 0 PWM mode 1
1 PWM mode 2*1
1 0 0 Phase counting mode 1%*2
1 Phase counting mode 2*2
1 0 Phase counting mode 3*2
1 Phase counting mode 4+*2
1 0 0 0 Reset synchronous PWM mode*3
1 Setting prohibited
1 X Setting prohibited
1 0 0 Setting prohibited
1 Complementary PWM mode 1 (transmit at crest)*3
1 0 Complementary PWM mode 2 (transmit at trough)*3
1 Complementary PWM mode 3 (transmit at crest and trough)*3
[Legend]
X: Don't care

Note 1. PWM mode 2 cannot be set for channels 3 and 4.

Note 2. Phase counting mode cannot be set for channels 0, 3, and 4.

Note 3. Reset synchronous PWM mode, complementary PWM mode can only be set for channel 3. When channel 3 is set to reset
synchronous PWM mode or complementary PWM mode, the channel 4 settings become ineffective and automatically conform
to the channel 3 settings. However, do not set channel 4 to reset synchronous PWM mode or complementary PWM mode. Reset
synchronous PWM mode and complementary PWM mode cannot be set for channels 0, 1, and 2.
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10.3.3 Timer 1/0O Control Register (TIOR)

The TIOR registers are 8-bit readable/writable registers that control the TGR registers. This module has a total of eight
TIOR registers, two each for channels 0, 3, and 4, one each for channels 1 and 2.

TIOR should be set while TMDR is set in normal operation, PWM mode, or phase counting mode.

The initial output specified by TIOR is valid when the counter is stopped (the CST bit in TSTR is cleared to 0). Note also
that, in PWM mode 2, the output at the point at which the counter is cleared to 0 is specified.

When TGRC or TGRD is designated for buffer operation, this setting is invalid and the register operates as a buffer
register.

e TIORH 0, TIOR_1, TIOR 2, TIORH_3, TIORH_4

Bt 7 6 5 4 3 2 1 0
[ 10B[3:0] | I0A[3:0]

Initial value: 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
7to4 I0B[3:0] 0000 R/wW I/0 Control BO to B3

Specify the function of TGRB.
See the following tables.
TIORH_0: Table 10.11
TIOR_1: Table 10.13
TIOR_2: Table 10.14
TIORH_3: Table 10.15
TIORH_4: Table 10.17

3to0 I0A[3:0] 0000 R/wW I/0 Control AO to A3
Specify the function of TGRA.
See the following tables.
TIORH_0: Table 10.19
TIOR_1: Table 10.21
TIOR_2: Table 10.22
TIORH_3: Table 10.23
TIORH_4: Table 10.25
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e TIORL 0, TIORL 3, TIORL 4

Initial value:
RW: RRW RW RW RW RW RW RW RW

6 5 4 3 2 1 0

I0D[3:0] 10C[3:0]

0 0 0 0 0 0 0

Initial
Bit Bit Name Value Description
7to4 I0DI[3:0] 0000 1/0 Control DO to D3
Specify the function of TGRD.
See the following tables.
TIORL_O: Table 10.12
TIORL_3: Table 10.16
TIORL_4: Table 10.18
3to0 I0CI[3:0] 0000 1/0 Control CO to C3

Specify the function of TGRC.
See the following tables.
TIORL_O: Table 10.20
TIORL_3: Table 10.24
TIORL_4: Table 10.26
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Table 10.11  TIORH_O (Channel 0)

Bit 7 Bit 6 Bit 5 Bit 4 Description
10B3 10B2 10B1 10B0 TGRB_0 Function TIOCOB Pin Function
0 0 0 0 Output compare register Output retained*
1 Initial output is 0
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 0 0 0 Input capture register Input capture at rising edge
1 Input capture at falling edge
1 X Input capture at both edges
1 X X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.12 TIORL_0 (Channel 0)

Bit 7 Bit 6 Bit 5 Bit 4 Description
10D3 10D2 10D1 10D0 TGRD_0 Function TIOCOD Pin Function
0 0 0 0 Output compare register*2  Output retained*!
1 Initial output is 0
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 0 0 0 Input capture register*2 Input capture at rising edge
1 Input capture at falling edge
1 X Input capture at both edges
1 X X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down
[Legend]
X: Don't care

Note 1. After power-on reset, 0 is output until TIOR is set.
Note 2. When the BFB bitin TMDR_O is set to 1 and TGRD_O is used as a buffer register, this setting is invalid and input capture/output
compare is not generated.
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Table 10.13 TIOR_1 (Channel 1)

Bit 7 Bit 6 Bit 5 Bit 4 Description
10B3 10B2 10B1 10B0 TGRB_1 Function TIOC1B Pin Function
0 0 0 0 Output compare register Output retained*
1 Initial output is 0
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 0 0 0 Input capture register Input capture at rising edge
1 Input capture at falling edge
1 X Input capture at both edges
1 X X Input capture at generation of TGRC_0 compare
match/input capture
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.14 TIOR_2 (Channel 2)

Bit 7 Bit 6 Bit 5 Bit 4 Description
10B3 10B2 10B1 10B0 TGRB_2 Function TIOC2B Pin Function
0 0 0 0 Output compare register Output retained*
1 Initial output is 0
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture register Input capture at rising edge
1 Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.15 TIORH_3 (Channel 3)

Bit7 Bit 6 Bit5 Bit 4

Description

10B3 10B2 10B1 10B0 TGRB_3 Function

TIOC3B Pin Function

0 0 0 0 Output compare register

Output retained*

1

Initial output is 0
0 output at compare match

Initial output is 0
1 output at compare match

Initial output is 0
Toggle output at compare match

Output retained

Initial output is 1
0 output at compare match

Initial output is 1
1 output at compare match

Initial output is 1
Toggle output at compare match

1 X 0 0 Input capture register

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

[Legend]
X: Don't care
Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.16 TIORL_3 (Channel 3)

Bit7 Bit 6 Bit5
10D3 10D2 10D1

Bit 4

Description

10D0 TGRD_3 Function

TIOC3D Pin Function

0 0 0

0 Output compare register*2

Output retained*1

1

Initial output is 0
0 output at compare match

Initial output is 0
1 output at compare match

Initial output is 0
Toggle output at compare match

Output retained

Initial output is 1
0 output at compare match

Initial output is 1
1 output at compare match

Initial output is 1
Toggle output at compare match

0 Input capture register*?2

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

[Legend]
X: Don't care

Note 1. After power-on reset, 0 is output until TIOR is set.
Note 2. When the BFB bitin TMDR_3 is set to 1 and TGRD_3 is used as a buffer register, this setting is invalid and input capture/output

compare is not generated.
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Table 10.17 TIORH_4 (Channel 4)

Bit 7 Bit 6 Bit 5 Bit 4 Description
10B3 10B2 10B1 10B0 TGRB_4 Function TIOC4B Pin Function
0 0 0 0 Output compare register Output retained*
1 Initial output is 0
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture register Input capture at rising edge
1 Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.18 TIORL_4 (Channel 4)

Bit 7 Bit 6 Bit 5 Bit 4 Description
10D3 10D2 10D1 10D0 TGRD_4 Function TIOC4D Pin Function
0 0 0 0 Output compare register*2 Output retained*1
1 Initial output is 0
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1

0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1
Toggle output at compare match

1 X 0 0 Input capture register*2 Input capture at rising edge

Input capture at falling edge

1 X Input capture at both edges

[Legend]

X: Don't care

Note 1. After power-on reset, 0 is output until TIOR is set.

Note 2. When the BFB bitin TMDR_4 is set to 1 and TGRD_4 is used as a buffer register, this setting is invalid and input capture/output
compare is not generated.
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Table 10.19 TIORH_0 (Channel 0)

Bit 3 Bit 2 Bit 1
I0A3 I0A2 I0A1

Bit 0
I0A0

Description

TGRA_0 Function

TIOCOA Pin Function

0 0 0

0
1

Output compare register

Output retained*

Initial output is 0
0 output at compare match

Initial output is 0
1 output at compare match

Initial output is 0
Toggle output at compare match

Output retained

Initial output is 1
0 output at compare match

Initial output is 1
1 output at compare match

Initial output is 1
Toggle output at compare match

X[ X|=|©

Input capture register

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down

[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.

RO1UH0437EJ0600 Rev.6.00
Jan 29, 2021

RENESAS

10-23



RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group

10. Multi-Function Timer Pulse Unit 2

Table 10.20

Bit 3 Bit 2 Bit 1
10C3 10C2 10C1

TIORL_0 (Channel 0)

Bit 0
10CO0

Description

TGRC_0 Function

TIOCOC Pin Function

0 0 0

0
1

Output compare register*2

Output retained*1

Initial output is 0
0 output at compare match

Initial output is 0
1 output at compare match

Initial output is 0
Toggle output at compare match

Output retained

Initial output is 1
0 output at compare match

Initial output is 1
1 output at compare match

Initial output is 1
Toggle output at compare match

X[ X|=|©

Input capture register*?2

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down

[Legend]
X: Don't care

Note 1. After power-on reset, 0 is output until TIOR is set.
Note 2. When the BFA bitin TMDR_O is set to 1 and TGRC_0 is used as a buffer register, this setting is invalid and input capture/output

compare is not generated.
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Table 10.21  TIOR_1 (Channel 1)

Bit 3 Bit 2 Bit 1 Bit 0 Description
I0A3 10A2 10A1 I0A0 TGRA_1 Function TIOC1A Pin Function
0 0 0 0 Output compare register Output retained*
1 Initial output is 0
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 0 0 0 Input capture register Input capture at rising edge
1 Input capture at falling edge
1 X Input capture at both edges
1 X X Input capture at generation of channel 0/TGRA_0O
compare match/input capture
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.22 TIOR_2 (Channel 2)

Bit 3 Bit 2 Bit 1 Bit 0 Description
I0A3 I10A2 10A1 I0A0 TGRA_2 Function TIOC2A Pin Function
0 0 0 0 Output compare register Output retained*
1 Initial output is 0
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1

0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1
Toggle output at compare match

1 X 0 0 Input capture register Input capture at rising edge

Input capture at falling edge

1 X Input capture at both edges

[Legend]
X: Don't care
Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.23 TIORH_3 (Channel 3)
Bit 3 Bit 2 Bit 1 Bit 0 Description
I0A3 10A2 I0A1 I0A0 TGRA_3 Function TIOC3A Pin Function
0 0 0 0 Output compare register Output retained*
1 Initial output is 0
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture register Input capture at rising edge
1 Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.24 TIORL_3 (Channel 3)

Bit 3 Bit 2 Bit 1
10C3 10C2 10C1

Bit 0

Description

10CO TGRC_3 Function

TIOC3C Pin Function

0 0 0

0 Output compare register*2

Output retained*1

1

Initial output is 0
0 output at compare match

Initial output is 0
1 output at compare match

Initial output is 0
Toggle output at compare match

Output retained

Initial output is 1
0 output at compare match

Initial output is 1
1 output at compare match

Initial output is 1
Toggle output at compare match

0 Input capture register*?2

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

[Legend]
X: Don't care

Note 1. After power-on reset, 0 is output until TIOR is set.
Note 2. When the BFA bitin TMDR_3 is set to 1 and TGRC_3 is used as a buffer register, this setting is invalid and input capture/output

compare is not generated.
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Table 10.25 TIORH_4 (Channel 4)

Bit 3 Bit 2 Bit 1 Bit 0 Description
I0A3 I10A2 10A1 I0A0 TGRA_4 Function TIOC4A Pin Function
0 0 0 0 Output compare register Output retained*
1 Initial output is 0
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1

0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1
Toggle output at compare match

1 X 0 0 Input capture register Input capture at rising edge

Input capture at falling edge

1 X Input capture at both edges

[Legend]
X: Don't care
Note: * After power-on reset, 0 is output until TIOR is set.
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Table 10.26 TIORL_4 (Channel 4)

Bit 3 Bit 2 Bit 1 Bit 0 Description
10C3 10C2 10C1 10C0 TGRC_4 Function TIOC4C Pin Function
0 0 0 0 Output compare register*2 Output retained*1
1 Initial output is 0
0 output at compare match
1 0 Initial output is 0
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
1 Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input capture register*2 Input capture at rising edge
1 Input capture at falling edge
1 X Input capture at both edges
[Legend]
X: Don't care

Note 1. After power-on reset, 0 is output until TIOR is set.
Note 2. When the BFA bitin TMDR_4 is set to 1 and TGRC_4 is used as a buffer register, this setting is invalid and input capture/output
compare is not generated.
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10.3.4 Timer Interrupt Enable Register (TIER)

The TIER registers are 8-bit readable/writable registers that control enabling or disabling of interrupt requests for each
channel. This module has six TIER registers, two for channel 0 and one each for channels 1 to 4.

e TIER 0, TIER I, TIER 2, TIER 3, TIER 4

Bit: 7 6 5 4 3 2 1 0
| TTGE |'I_I'GE2 | TCIEU |TCIEV |TGIED |TGIEC | TGIEB |TGIEA|

Initial value: 0 0 0 0 0 0 0 0
RW: RR'W RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
7 TTGE 0 R/W A/D Conversion Start Request Enable

Enables or disables generation of A/D conversion start requests by TGRA input
capture/compare match.

0: A/D converter start request generation disabled

1: A/D converter start request generation enabled

6 TTGE2 0 R/W A/D Conversion Start Request Enable 2

Enables or disables generation of A/D conversion start requests by TCNT_4

underflow (trough) in complementary PWM mode.

In channels 0 to 3, bit 6 is reserved. It is always read as 0 and the write value

should always be 0.

0: A/D conversion start request generation by TCNT_4 underflow (trough)
disabled

1: A/D conversion start request generation by TCNT_4 underflow (trough)
enabled

5 TCIEU 0 R/W Underflow Interrupt Enable
Enables or disables interrupt requests (TCIU) by the TCFU flag when the TCFU
flagin TSR is set to 1 in channels 1 and 2.
In channels 0, 3, and 4, bit 5 is reserved. It is always read as 0 and the write
value should always be 0.
0: Interrupt requests (TCIU) by TCFU disabled
1: Interrupt requests (TCIU) by TCFU enabled

4 TCIEV 0 R/W Overflow Interrupt Enable
Enables or disables interrupt requests (TCIV) by the TCFV flag when the TCFV
flagin TSR is set to 1.
0: Interrupt requests (TCIV) by TCFV disabled
1: Interrupt requests (TCIV) by TCFV enabled

3 TGIED 0 R/W TGR Interrupt Enable D
Enables or disables interrupt requests (TGID) by the TGFD bit when the TGFD
bitin TSR is set to 1 in channels 0, 3, and 4.
In channels 1 and 2, bit 3 is reserved. It is always read as 0 and the write value
should always be 0.
0: Interrupt requests (TGID) by TGFD bit disabled
1: Interrupt requests (TGID) by TGFD bit enabled

2 TGIEC 0 R/W TGR Interrupt Enable C
Enables or disables interrupt requests (TGIC) by the TGFC bit when the TGFC
bitin TSR is set to 1 in channels 0, 3, and 4.
In channels 1 and 2, bit 2 is reserved. It is always read as 0 and the write value
should always be 0.
0: Interrupt requests (TGIC) by TGFC bit disabled
1: Interrupt requests (TGIC) by TGFC bit enabled

1 TGIEB 0 R/W TGR Interrupt Enable B
Enables or disables interrupt requests (TGIB) by the TGFB bit when the TGFB
bitin TSR is setto 1.
0: Interrupt requests (TGIB) by TGFB bit disabled
1: Interrupt requests (TGIB) by TGFB bit enabled

RO1UH0437EJ0600 Rev.6.00 RENESAS 10-31
Jan 29, 2021



RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group

10. Multi-Function Timer Pulse Unit 2

Initial
Bit Bit Name Value R/W Description
0 TGIEA 0 R/W TGR Interrupt Enable A
Enables or disables interrupt requests (TGIA) by the TGFA bit when the TGFA
bit in TSR is setto 1.
0: Interrupt requests (TGIA) by TGFA bit disabled
1: Interrupt requests (TGIA) by TGFA bit enabled
e TIER2 0
Bit: 7 6 5 4 3 2 1 0
[rrae2| | - | - | - | - [reer|TcEE|
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R R R R R R/W  R/W
Initial
Bit Bit Name Value R/W Description
7 TTGE2 0 R/W A/D Converter Start Request Enable 2
Enables or disables generation of A/D converter start requests by compare
match between TCNT_0 and TGRE_O0.
0: A/D converter start request generation by compare match between TCNT_0
and TGRE_O disabled
1: A/D converter start request generation by compare match between TCNT_0
and TGRE_O enabled
6to2 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
1 TGIEF 0 R/W TGR Interrupt Enable F
Enables or disables interrupt requests by compare match between TCNT_0 and
TGRF_0.
0: Interrupt requests (TGIF) by TGFE bit disabled
1: Interrupt requests (TGIF) by TGFE bit enabled
0 TGIEE 0 R/W TGR Interrupt Enable E

Enables or disables interrupt requests by compare match between TCNT_0 and

TGRE_O.
0: Interrupt requests (TGIE) by TGEE bit disabled
1: Interrupt requests (TGIE) by TGEE bit enabled
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10.3.5 Timer Status Register (TSR)

The TSR registers are 8-bit readable/writable registers that indicate the status of each channel. This module has six TSR
registers, two for channel 0 and one each for channels 1 to 4.

e TSR 0, TSR 1, TSR 2, TSR 3, TSR 4

Bit 7 6 5 4 3 2 1 0
[rceo | - | rcru | Tcrv | tarp | TaFc | Tars | Tara |
Initial value: 1 1 0 0 0 0 0 0

RW: R R RAW)*TR/(W)*1R/(W)*TR/(W)*TR/(W)*1R/(W)*

Note: 1. Writing O to this bit after reading it as 1 clears the flag and is the only allowed way.

Initial
Bit Bit Name Value R/W Description
7 TCFD 1 R Count Direction Flag
Status flag that shows the direction in which TCNT counts in channels 1 to 4.
In channel O, bit 7 is reserved. It is always read as 1 and the write value should
always be 1.
0: TCNT counts down
1: TCNT counts up
6 — 1 R Reserved
This bit is always read as 1. The write value should always be 1.
5 TCFU 0 R/(W)*1  Underflow Flag

Status flag that indicates that TCNT underflow has occurred when channels 1
and 2 are set to phase counting mode. Only 0 can be written, for flag clearing.
In channels 0, 3, and 4, bit 5 is reserved. It is always read as 0 and the write
value should always be 0.

[Clearing condition]

e When 0 is written to TCFU after reading TCFU = 1*2

[Setting condition]

e When the TCNT value underflows (changes from H'0000 to H'FFFF)

4 TCFV 0 R/(W)*1  Overflow Flag

Status flag that indicates that TCNT overflow has occurred. Only O can be

written, for flag clearing.

[Clearing condition]

e When 0 is written to TCFV after reading TCFV = 1*2

[Setting condition]

e When the TCNT value overflows (changes from H'FFFF to H'0000)
In channel 4, when the TCNT_4 value underflows (changes from H'0001 to
H'0000) in complementary PWM mode, this flag is also set.

3 TGFD 0 R/(W)*1  Input Capture/Output Compare Flag D
Status flag that indicates the occurrence of TGRD input capture or compare
match in channels 0, 3, and 4.
Only 0 can be written, for flag clearing. In channels 1 and 2, bit 3 is reserved. Itis
always read as 0 and the write value should always be 0.
[Clearing condition]
e When 0 is written to TGFD after reading TGFD = 1*2
[Setting conditions]
e When TCNT = TGRD and TGRD is functioning as output compare register
e When TCNT value is transferred to TGRD by input capture signal and TGRD
is functioning as input capture register
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Initial
Bit Bit Name Value R/W Description
2 TGFC 0 R/(W)*1  Input Capture/Output Compare Flag C

Status flag that indicates the occurrence of TGRC input capture or compare

match in channels 0, 3, and 4. Only 0 can be written, for flag clearing. In

channels 1 and 2, bit 2 is reserved. It is always read as 0 and the write value

should always be 0.

[Clearing condition]

e When 0 is written to TGFC after reading TGFC = 1%*2

[Setting conditions]

e When TCNT = TGRC and TGRC is functioning as output compare register

e When TCNT value is transferred to TGRC by input capture signal and TGRC
is functioning as input capture register

1 TGFB 0 R/(W)*1  Input Capture/Output Compare Flag B
Status flag that indicates the occurrence of TGRB input capture or compare
match. Only 0 can be written, for flag clearing.
[Clearing condition]
e When 0 is written to TGFB after reading TGFB = 1*2
[Setting conditions]
e When TCNT = TGRB and TGRB is functioning as output compare register
e When TCNT value is transferred to TGRB by input capture signal and TGRB
is functioning as input capture register

0 TGFA 0 R/(W)*1  Input Capture/Output Compare Flag A
Status flag that indicates the occurrence of TGRA input capture or compare
match. Only 0 can be written, for flag clearing.
[Clearing conditions]
e When the direct memory access controller is activated by TGIA interrupt
e When 0 is written to TGFA after reading TGFA = 1*2
[Setting conditions]
e When TCNT = TGRA and TGRA is functioning as output compare register
e When TCNT value is transferred to TGRA by input capture signal and TGRA
is functioning as input capture register

Note 1. Writing O to this bit after reading it as 1 clears the flag.
Note 2. If the next flag is set before TGFA is cleared to 0 after reading TGFA = 1, TGFA remains 1 even when 0 is written to. In this case,
read TGFA = 1 again to clear TGFA to 0.
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e TSR2 0
Bit: 7 6 5 4 3 2 1 0
L- [ - [ -1 -[-T- [rerr]rore]
Initial value: 1 1 0 0 0 0 0 0
RW: R R R R R R R/(W)=1 R/(W)*1
Note: 1. Writing O to this bit after reading it as 1 clears the flag and is the only allowed way.
Initial
Bit Bit Name Value R/W Description
7,6 — All 1 R Reserved
These bits are always read as 1. The write value should always be 1.
5to2 — AllO R Reserved
These bits are always read as 0. The write value should always be 0.
1 TGFF 0 R/(W)*!  Compare Match Flag F
Status flag that indicates the occurrence of compare match between TCNT_0O
and TGRF_O0.
[Clearing condition]
e When 0 is written to TGFF after reading TGFF = 1*2
[Setting condition]
e When TCNT_0 = TGRF_0 and TGRF_0 is functioning as compare register
0 TGFE 0 R/(W)*!  Compare Match Flag E
Status flag that indicates the occurrence of compare match between TCNT_0
and TGRE_O.

[Clearing condition]

e When 0 is written to TGFE after reading TGFE = 1*2

[Setting condition]

e When TCNT_0 = TGRE_0 and TGRE_O is functioning as compare register

Note 1. Writing O to this bit after reading it as 1 clears the flag.
Note 2. If the next flag is set before TGFA is cleared to 0 after reading TGFA = 1, TGFA remains 1 even when 0 is written to. In this case,
read TGFA = 1 again to clear TGFA to 0.
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10.3.6 Timer Buffer Operation Transfer Mode Register (TBTM)

The TBTM registers are 8-bit readable/writable registers that specify the timing for transferring data from the buffer
register to the timer general register in PWM mode. This module has three TBTM registers, one each for channels 0, 3,
and 4.

Bt 7 6 5 4 3 2 1 0
[ -] -] -] -] - [rrse]rrss|rrsa]
Initial value: 0 0 0 0 0 0 0 0
RW.: R R R R R RW RW RW

Initial
Bit Bit Name Value R/W Description
7t03 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
2 TTSE 0 R/W Timing Select E

Specifies the timing for transferring data from TGRF_0 to TGRE_O when they
are used together for buffer operation.

In channels 3 and 4, bit 2 is reserved. It is always read as 0 and the write value
should always be 0. Do not set this bit to 1 when PWM mode is not selected in
channel 0.

0: When compare match E occurs in channel 0

1: When TCNT_O is cleared

1 TTSB 0 R/W Timing Select B
Specifies the timing for transferring data from TGRD to TGRB in each channel
when they are used together for buffer operation. Do not set this bit to 1 when
PWM mode is not selected in any channels.
0: When compare match B occurs in each channel
1: When TCNT is cleared in each channel

0 TTSA 0 R/W Timing Select A
Specifies the timing for transferring data from TGRC to TGRA in each channel
when they are used together for buffer operation. Do not set this bit to 1 when
PWM mode is not selected in any channels.
0: When compare match A occurs in each channel
1: When TCNT is cleared in each channel
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10.3.7 Timer Input Capture Control Register (TICCR)

TICCR is an 8-bit readable/writable register that specifies input capture conditions when TCNT 1 and TCNT 2 are
cascaded. This module has one TICCR in channel 1.

Bit: 7 6 5 4 3 2 1 0
| ; | ; | - | - | 12BE | I2AE | BE | MAE |

Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R RW RW RW R/W

Initial

Bit Bit Name Value R/W Description

7t04 — All0 R Reserved
These bits are always read as 0. The write value should always be 0.

3 I12BE 0 R/W Input Capture Enable
Specifies whether to include the TIOC2B pin in the TGRB_1 input capture
conditions.
0: Does not include the TIOC2B pin in the TGRB_1 input capture conditions
1: Includes the TIOC2B pin in the TGRB_1 input capture conditions

2 I2AE 0 R/W Input Capture Enable
Specifies whether to include the TIOC2A pin in the TGRA _1 input capture
conditions.
0: Does not include the TIOC2A pin in the TGRA_1 input capture conditions
1: Includes the TIOC2A pin in the TGRA_1 input capture conditions

1 11BE 0 R/W Input Capture Enable
Specifies whether to include the TIOC1B pin in the TGRB_2 input capture
conditions.
0: Does not include the TIOC1B pin in the TGRB_2 input capture conditions
1: Includes the TIOC1B pin in the TGRB_2 input capture conditions

0 I1AE 0 R/W Input Capture Enable
Specifies whether to include the TIOC1A pin in the TGRA_2 input capture
conditions.
0: Does not include the TIOC1A pin in the TGRA_2 input capture conditions
1: Includes the TIOC1A pin in the TGRA_2 input capture conditions
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10.3.8 Timer A/D Converter Start Request Control Register (TADCR)

TADCR is a 16-bit readable/writable register that enables or disables A/D converter start requests and specifies whether
to link A/D converter start requests with interrupt skipping operation. This module has one TADCR in channel 4.

Bt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BF[1:0] | - | - | - | - | - | - | UT4AE| DT4AE| UT4BE| DT4BE | |TA3AE| |TA4VE| |TBSAE||TB4VE|

Initial value: 0 0 0 0 0 0 0 0 0 0* 0 0* 0% 0* 0% 0%
R/W: R'W  R/W R R R R R R RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
15, 14 BF[1:0] 00 R/W TADCOBRA_4/TADCOBRB_4 Transfer Timing Select
Select the timing for transferring data from TADCOBRA_4 and TADCOBRB_4 to
TADCORA_4 and TADCORB_4.
For details, see Table 10.27.

13t0 8 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.

7 UT4AE 0 R/W Up-Count TRG4AN Enable
Enables or disables A/D converter start requests (TRG4AN) during TCNT_4 up-
count operation.
0: A/D converter start requests (TRG4AN) disabled during TCNT_4 up-count
operation
1: A/D converter start requests (TRG4AN) enabled during TCNT_4 up-count
operation

6 DT4AE 0* R/W Down-Count TRG4AN Enable
Enables or disables A/D converter start requests (TRG4AN) during TCNT_4
down-count operation.
0: A/D converter start requests (TRG4AN) disabled during TCNT_4 down-count
operation
1: A/D converter start requests (TRG4AN) enabled during TCNT_4 down-count
operation

5 UT4BE 0 R/IW Up-Count TRG4BN Enable
Enables or disables A/D converter start requests (TRG4BN) during TCNT_4 up-
count operation.
0: A/D converter start requests (TRG4BN) disabled during TCNT_4 up-count
operation
1: A/D converter start requests (TRG4BN) enabled during TCNT_4 up-count
operation

4 DT4BE 0* R/W Down-Count TRG4BN Enable
Enables or disables A/D converter start requests (TRG4BN) during TCNT_4
down-count operation.
0: A/D converter start requests (TRG4BN) disabled during TCNT_4 down-count
operation
1: A/D converter start requests (TRG4BN) enabled during TCNT_4 down-count
operation

3 ITASAE 0* R/W TGIA_3 Interrupt Skipping Link Enable
Select whether to link A/D converter start requests (TRG4AN) with TGIA_3
interrupt skipping operation.
0: Does not link with TGIA_3 interrupt skipping
1: Links with TGIA_3 interrupt skipping

2 ITA4VE 0* R/W TCIV_4 Interrupt Skipping Link Enable
Select whether to link A/D converter start requests (TRG4AN) with TCIV_4
interrupt skipping operation.
0: Does not link with TCIV_4 interrupt skipping
1: Links with TCIV_4 interrupt skipping
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Initial
Bit Bit Name Value R/W Description
1 ITB3AE 0* R/W TGIA_3 Interrupt Skipping Link Enable

Select whether to link A/D converter start requests (TRG4BN) with TGIA_3
interrupt skipping operation.

0: Does not link with TGIA_3 interrupt skipping

1: Links with TGIA_3 interrupt skipping

0 ITB4VE 0* R/W TCIV_4 Interrupt Skipping Link Enable
Select whether to link A/D converter start requests (TRG4BN) with TCIV_4
interrupt skipping operation.
0: Does not link with TCIV_4 interrupt skipping
1: Links with TCIV_4 interrupt skipping

Note 1. TADCR must not be accessed in eight bits; it should always be accessed in 16 bits.

Note 2. When interrupt skipping is disabled (the T3AEN and T4VEN bits in the timer interrupt skipping set register (TITCR) are cleared to
0 or the skipping count set bits (3ACOR and 4VCOR) in TITCR are cleared to 0), do not link A/D converter start requests with
interrupt skipping operation (clear the ITA3AE, ITA4VE, ITB3AE, and ITB4VE bits in the timer A/D converter start request control
register (TADCR) to 0).

Note 3. If link with interrupt skipping is enabled while interrupt skipping is disabled, A/D converter start requests will not be issued.

Note: * Do not set to 1 when complementary PWM mode is not selected.

Table 10.27  Setting of Transfer Timing by Bits BF1 and BFO0

Bit 7 Bit 6

BF1 BFO0 Description

0 0 Does not transfer data from the cycle set buffer register to the cycle set register.

0 1 Transfers data from the cycle set buffer register to the cycle set register at the crest of the
TCNT_4 count.*1

1 0 Transfers data from the cycle set buffer register to the cycle set register at the trough of the
TCNT_4 count.*2

1 1 Transfers data from the cycle set buffer register to the cycle set register at the crest and

trough of the TCNT_4 count.*2

Note 1. Data is transferred from the cycle set buffer register to the cycle set register when the crest of the TCNT_4 count is reached in
complementary PWM mode, when compare match occurs between TCNT_3 and TGRA_3 in reset-synchronized PWM mode, or
when compare match occurs between TCNT_4 and TGRA_4 in PWM mode 1 or normal operation mode.

Note 2. These settings are prohibited when complementary PWM mode is not selected.
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10.3.9 Timer A/D Converter Start Request Cycle Set Registers
(TADCORA_4 and TADCORB_4)

TADCORA 4 and TADCORB_4 are 16-bit readable/writable registers. When the TCNT_4 count reaches the value in
TADCORA 4 or TADCORB 4, a corresponding A/D converter start request will be issued.

TADCORA 4 and TADCORB_4 are initialized to H'FFFF.

Bit: 15 14 13 12 11 10 9 8 7 6 5

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note: TADCORA_4 and TADCORB_4 must not be accessed in eight bits; they should always be accessed in 16 bits.

10.3.10  Timer A/D Converter Start Request Cycle Set Buffer Registers
(TADCOBRA_4 and TADCOBRB_4)

TADCOBRA 4 and TADCOBRB _4 are 16-bit readable/writable registers. When the crest or trough of the TCNT 4
count is reached, these register values are transferred to TADCORA_4 and TADCORB _4, respectively.

TADCOBRA 4 and TADCOBRB 4 are initialized to H'FFFF.

Bit: 15 14 13 12 11 10 9 8 7

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note: TADCOBRA_4 and TADCOBRB_4 must not be accessed in eight bits; they should always be accessed in 16 bits.

10.3.11  Timer Counter (TCNT)
The TCNT counters are 16-bit readable/writable counters. This module has five TCNT counters, one each for channels 0

to 4.

The TCNT counters must not be accessed in eight bits; they should always be accessed in 16 bits.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note: The TCNT counters must not be accessed in eight bits; they should always be accessed in 16 bits.
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10.3.12  Timer General Register (TGR)

The TGR registers are 16-bit readable/writable registers. This module has eighteen TGR registers, six for channel 0, two
each for channels 1 and 2, four each for channels 3 and 4.

TGRA, TGRB, TGRC, and TGRD function as either output compare or input capture registers. TGRC and TGRD for
channels 0, 3, and 4 can also be designated for operation as buffer registers. TGR buffer register combinations are TGRA
and TGRC, and TGRB and TGRD.

TGRE_0 and TGRF_0 function as compare registers. When the TCNT _0 count matches the TGRE_0 value, an A/D
converter start request can be issued. TGRF can also be designated for operation as a buffer register. TGR buffer register
combination is TGRE and TGRF.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note: The TGR registers must not be accessed in eight bits; they should always be accessed in 16 bits.
TGR registers are initialized to H'FFFF.
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10.3.13

Timer Start Register (TSTR)

TSTR is an 8-bit readable/writable register that selects operation/stoppage of TCNT for channels 0 to 4.

When setting the operating mode in TMDR or setting the count clock in TCR, first stop the TCNT counter.

Bit:

6 5 4 3 2 1 0

[csta [csta| - | - | - |csr2|csti|csto]|

Initial value:
R/W: RW R/W R R R RW R/W R/W

0 0 0 0 0 0 0

Initial
Bit Bit Name Value R/W Description
7 CST4 0 R/W Counter Start 4 and 3
6 csT3 0 R/W Thege bi.ts select operatiop or gtoppage fgr TCNT. . .
If 0 is written to the CST bit during operation with the TIOC pin designated for
output, the counter stops but the TIOC pin output compare output level is
retained. If TIOR is written to when the CST bit is cleared to 0, the pin output
level will be changed to the set initial output value.
0: TCNT_4 and TCNT_3 count operation is stopped
1: TCNT_4 and TCNT_3 performs count operation
5t03 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
2 CST2 R/wW Counter Start 2 to 0
1 csT1 R/W These bits select operation or stoppage for TCNT.
If 0 is written to the CST bit during operation with the TIOC pin designated for
0 CSTO R/W

output, the counter stops but the TIOC pin output compare output level is
retained. If TIOR is written to when the CST bit is cleared to 0, the pin output
level will be changed to the set initial output value.

0: TCNT_2 to TCNT_O count operation is stopped

1: TCNT_2 to TCNT_0 performs count operation
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10.3.14  Timer Synchronous Register (TSYR)

TSYR is an 8-bit readable/writable register that selects independent operation or synchronous operation for the channel 0
to 4 TCNT counters. A channel performs synchronous operation when the corresponding bit in TSYR is set to 1.

Bit: 7 6 5 4 3 2 1 0
|stc4|stcs| ; | ; | ; |SYN02|SYNC1|SYNCO|

Initial value: 0 0 0 0 0 0 0 0
R/W: RW R/W R R R RW R/W R/W

Initial
Bit Bit Name Value R/W Description
7 SYNC4 0 R/W Timer Synchronous operation 4 and 3
6 SYNC3 0 RIW These bit.s are gsed to select whether operation is independent of or
synchronized with other channels.
When synchronous operation is selected, the TCNT synchronous presetting of
multiple channels, and synchronous clearing by counter clearing on another
channel, are possible.
To set synchronous operation, the SYNC bits for at least two channels must be
set to 1. To set synchronous clearing, in addition to the SYNC bit , the TCNT
clearing source must also be set by means of bits CCLRO to CCLR2 in TCR.
0: TCNT_4 and TCNT_3 operate independently (TCNT presetting/clearing is
unrelated to other channels)
1: TCNT_4 and TCNT_3 performs synchronous operation
TCNT synchronous presetting/synchronous clearing is possible

5t03 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.

2 SYNC2 0 R/W Timer Synchronous operation 2 to 0

1 SYNCA 0 R/W These bit§ are gsed to select whether operation is independent of or

synchronized with other channels.

0 SYNCO 0 R/W When synchronous operation is selected, the TCNT synchronous presetting of
multiple channels, and synchronous clearing by counter clearing on another
channel, are possible.

To set synchronous operation, the SYNC bits for at least two channels must be
set to 1. To set synchronous clearing, in addition to the SYNC bit, the TCNT
clearing source must also be set by means of bits CCLRO to CCLR2 in TCR.
0: TCNT_2 to TCNT_O operates independently (TCNT presetting /clearing is
unrelated to other channels)
1: TCNT_2 to TCNT_O performs synchronous operation
TCNT synchronous presetting/synchronous clearing is possible
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10.3.15  Timer Read/Write Enable Register (TRWER)

TRWER is an 8-bit readable/writable register that enables or disables access to the registers and counters which have
write-protection capability against accidental modification in channels 3 and 4.

Initial value: 0 0 0 0 0 0 0 1
R/W: R R R R R R R R/W

Initial
Bit Bit Name Value R/W Description
7to1 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
0 RWE 1 R/W Read/Write Enable

Enables or disables access to the registers which have write-protection
capability against accidental modification.
0: Disables read/write access to the registers
1: Enables read/write access to the registers
[Clearing condition]
e When 0 is written to the RWE bit after reading
RWE =1

e Registers and counters having write-protection capability against accidental modification
22 registers: TCR_3, TCR_4, TMDR 3, TMDR 4, TIORH 3, TIORH 4, TIORL 3, TIORL 4, TIER 3, TIER 4,
TGRA 3, TGRA 4, TGRB 3, TGRB 4, TOER, TOCRI1, TOCR2, TGCR, TCDR, TDDR, TCNT 3, and TCNT 4.
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10.3.16  Timer Output Master Enable Register (TOER)

TOER is an 8-bit readable/writable register that enables/disables output settings for output pins TIOC4D, TIOC4C,

TIOC3D, TIOC4B, TIOC4A, and TIOC3B. These pins do not output correctly if the TOER bits have not been set. Set
TOER of CH3 and CH4 prior to setting TIOR of CH3 and CH4.

Make settings of the TOER while counting by the TCNT registers of channels 3 and 4 is stopped.

Bit Bit Name

Bit:

7

6 5 4 3 2 1 0

| ; | OE4D |OE4C | OE3D | OE4B | OE4A | OE3B |

Initial value:

Initial
Value

R/W:

RIW

1 0 0 0 0 0 0
R RW RW RW RW RW RW

Description

7,6 —

All 1

Reserved

These bits are always read as 1. The write value should always be 1.

5 OE4D

R/W

Master Enable TIOC4D

This bit enables/disables the TIOC4D pin output for this module.

0: Output for this module is disabled (inactive level)*
1: Output for this module is enabled

4 OE4C

R/W

Master Enable TIOC4C

This bit enables/disables the TIOC4C pin output for this module.

0: Output for this module is disabled (inactive level)*
1: Output for this module is enabled

3 OE3D

RwW

Master Enable TIOC3D

This bit enables/disables the TIOC3D pin output for this module.

0: Output for this module is disabled (inactive level)*
1: Output for this module is enabled

2 OE4B

R/W

Master Enable TIOC4B

This bit enables/disables the TIOC4B pin output for this module.

0: Output for this module is disabled (inactive level)*
1: Output for this module is enabled

1 OE4A

R/W

Master Enable TIOC4A

This bit enables/disables the TIOC4A pin output for this module.

0: Output for this module is disabled (inactive level)*
1: Output for this module is enabled

0 OE3B

R/wW

Master Enable TIOC3B

This bit enables/disables the TIOC3B pin output for this module.

0: Output for this module is disabled (inactive level)*
1: Output for this module is enabled

Note: * The inactive level is determined by the settings in timer output control registers 1 and 2 (TOCR1 and TOCR?2). For

details, refer to section 10.3.17, Timer Output Control Register 1 (TOCR1), and section 10.3.18, Timer Output Control
Register 2 (TOCR2). Set these bits to 1 to enable output for this module in other than complementary PWM or reset-
synchronized PWM mode. When these bits are set to 0, low level is output.
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10.3.17

Timer Output Control Register 1 (TOCR1)

TOCRI1 is an 8-bit readable/writable register that enables/disables PWM synchronized toggle output in complementary

PWM mode/reset synchronized PWM mode, and controls output level inversion of PWM output.

Bit: 7

6 5 4 3 2 1 0

| } |PSYE| } | } |TOCL|TOCS|OLSN|OLSP|

Initial value: 0

0 0 0 0 0 0 0

RW: R RW R R R/(W)*3 RW RW R/W
Initial
Bit Bit Name value R/W Description
7 — 0 R Reserved
This bit is always read as 0. The write value should always be 0.
6 PSYE 0 R/W PWM Synchronous Output Enable
This bit selects the enable/disable of toggle output synchronized with the PWM
period.
0: Toggle output is disabled
1: Toggle output is enabled
54 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
3 TOCL 0 R/(W)*3  TOC Register Write Protection*1
This bit selects the enable/disable of write access to the TOCS, OLSN, and
OLSP bits in TOCR1.
0: Write access to the TOCS, OLSN, and OLSP bits is enabled
1: Write access to the TOCS, OLSN, and OLSP bits is disabled
2 TOCS 0 R/W TOC Select
This bit selects either the TOCR1 or TOCR2 setting to be used for the output
level in complementary PWM mode and reset-synchronized PWM mode.
0: TOCR1 setting is selected
1: TOCR2 setting is selected
1 OLSN 0 R/W Output Level Select N*2*4
This bit selects the negative phase output level in reset-synchronized PWM
mode/complementary PWM mode. See Table 10.28.
0 OLSP 0 R/W Output Level Select P*2
This bit selects the positive phase output level in reset-synchronized PWM
mode/complementary PWM mode. See Table 10.29.
Note 1. Setting the TOCL bit to 1 prevents accidental modification when the CPU goes out of control.
Note 2. Clearing the TOCS bit to 0 makes this bit setting valid.
Note 3. After power-on reset, 1 can be written only once. After 1 has been written, O cannot be written.
Note 4. If the dead-time is not generated, the negative-phase output will be the exact inverse of the positive-phase output. Furthermore,

set OLSP and OLSN to the same value.
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Table 10.28 Output Level Select Function

Bit 1 Function

Compare Match Output
OLSN Initial Output Active Level Up Count Down Count
0 High level Low level High level Low level
1 Low level High level Low level High level

Note: The negative phase waveform initial output value changes to active level after elapse of the dead time after count start.

Table 10.29  Output Level Select Function

Bit 0 Function

Compare Match Output
OLSP Initial Output Active Level Up Count Down Count
0 High level Low level Low level High level
1 Low level High level High level Low level

Figure 10.2 shows an example of complementary PWM mode output (1 phase) when OLSN =1, OLSP = 1.

TCNT_3, and
TCNT_4 values
F N
TGRA_3
TCNT_3
TCNT_4
TGRA_4 , '
TDDR A L L P
H0000 K- - - A4 i » Time
v v Compare match ! , P
Vo [ output (up count) - .
Positive o Inifial , : Compare match |
phase output |1 outout | Active level ' output (down count) |
E i Initial i E Compare match ! :
v output | c N ' ' output (down count) | !
Negative ! Active i ompare matc ' - !
phase output ! | level | ! output (up count) ' Active level |

Figure 10.2 Complementary PWM Mode Output Level Example
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10.3.18  Timer Output Control Register 2 (TOCR2)

TOCR?2 is an 8-bit readable/writable register that controls output level inversion of PWM output in complementary
PWM mode and reset-synchronized PWM mode.

Bit: 7 6 5 4 3 2 1 0
BF[1:0] |OL83N |OLS3P |OL82N | oLs2pP |OLS1 N |OLS1 P|

Initial value: 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW RW RW

Initial
Bit Bit Name value R/W Description
7,6 BF[1:0] 00 R/W TOLBR Buffer Transfer Timing Select

These bits select the timing for transferring data from TOLBR to TOCR2.
For details, see Table 10.30.

5 OLS3N 0 R/W Output Level Select 3N*
This bit selects the output level on TIOC4D in reset-synchronized PWM mode/
complementary PWM mode. See Table 10.31.

4 OLS3P 0 R/W Output Level Select 3P*
This bit selects the output level on TIOC4B in reset-synchronized PWM mode/
complementary PWM mode. See Table 10.32.

3 OLS2N 0 R/W Output Level Select 2N*
This bit selects the output level on TIOC4C in reset-synchronized PWM mode/
complementary PWM mode. See Table 10.33.

2 OLS2P 0 R/W Output Level Select 2P*
This bit selects the output level on TIOC4A in reset-synchronized PWM mode/
complementary PWM mode. See Table 10.34.

1 OLS1N 0 R/W Output Level Select 1N*
This bit selects the output level on TIOC3D in reset-synchronized PWM mode/
complementary PWM mode. See Table 10.35.

0 OLS1P 0 R/W Output Level Select 1P*
This bit selects the output level on TIOC3B in reset-synchronized PWM mode/
complementary PWM mode. See Table 10.36.

Note: * Setting the TOCS bit in TOCR1 to 1 makes this bit setting valid.
If the dead-time is not generated, the negative-phase output will be the exact inverse of the positive-phase output.
Furthermore, set OLSiP and OLSIN (i = 1, 2, 3) to the same value.
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Table 10.30  Setting of Bits BF1 and BF0
Bit 7 Bit 6 Description
BF1 BFO Complementary PWM Mode Reset-Synchronized PWM Mode
0 0 Does not transfer data from the buffer register Does not transfer data from the buffer register
(TOLBR) to TOCR2. (TOLBR) to TOCR2.
0 1 Transfers data from the buffer register (TOLBR) to  Transfers data from the buffer register (TOLBR) to
TOCR?2 at the crest of the TCNT_4 count. TOCR2 when TCNT_3/TCNT_4 is cleared
1 0 Transfers data from the buffer register (TOLBR) to  Setting prohibited
TOCR?2 at the trough of the TCNT_4 count.
1 1 Transfers data from the buffer register (TOLBR) to  Setting prohibited
TOCR?2 at the crest and trough of the TCNT_4
count.
Table 10.31  TIOC4D Output Level Select Function
Bit 5 Function
Compare Match Output
OLS3N Initial Output Active Level Up Count Down Count
0 High level Low level High level Low level
1 Low level High level Low level High level
Note: The negative phase waveform initial output value changes to the active level after elapse of the dead time after count
start.
Table 10.32 TIOC4B Output Level Select Function
Bit 4 Function
Compare Match Output
OLS3P Initial Output Active Level Up Count Down Count
0 High level Low level Low level High level
1 Low level High level High level Low level
Table 10.33  TIOC4C Output Level Select Function
Bit 3 Function
Compare Match Output
OLS2N Initial Output Active Level Up Count Down Count
0 High level Low level High level Low level
1 Low level High level Low level High level
Note: The negative phase waveform initial output value changes to the active level after elapse of the dead time after count
start.
Table 10.34 TIOC4A Output Level Select Function
Bit 2 Function
Compare Match Output
OLS2P Initial Output Active Level Up Count Down Count
0 High level Low level Low level High level
1 Low level High level High level Low level
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Table 10.35 TIOC3D Output Level Select Function
Bit 1 Function
Compare Match Output
OLS1N Initial Output Active Level Up Count Down Count
0 High level Low level High level Low level
1 Low level High level Low level High level
Note: The negative phase waveform initial output value changes to the active level after elapse of the dead time after count
start.
Table 10.36 TIOC4B Output Level Select Function
Bit 0 Function
Compare Match Output
OLS1P Initial Output Active Level Up Count Down Count
0 High level Low level Low level High level
1 Low level High level High level Low level
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10.3.19  Timer Output Level Buffer Register (TOLBR)

TOLBR is an 8-bit readable/writable register that functions as a buffer for TOCR2 and specifies the PWM output level in
complementary PWM mode and reset-synchronized PWM mode.

Bit: 7 6 5 4 3 2 1 0
| | - |owsan|oLssr|oLsan|oLsee [oLsinoLsip|
Initial value: 0 0 0 0 0 0 0 0
RW: R R RW RW RW RW RW RW
Initial
Bit Bit Name value R/W Description
7,6 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.

5 OLS3N 0 R/W Specifies the buffer value to be transferred to the OLS3N bit in TOCR2.
4 OLS3P 0 R/W Specifies the buffer value to be transferred to the OLS3P bit in TOCR2.
3 OLS2N 0 R/W Specifies the buffer value to be transferred to the OLS2N bit in TOCR2.
2 OLS2P 0 R/W Specifies the buffer value to be transferred to the OLS2P bit in TOCR2.
1 OLS1N 0 R/W Specifies the buffer value to be transferred to the OLS1N bit in TOCR2.
0 OLS1P 0 R/W Specifies the buffer value to be transferred to the OLS1P bit in TOCR2.

Figure 10.3 shows an example of the PWM output level setting procedure in buffer operation.

Set bit TOCS [1]
Set TOCR2 2]
Set TOLBR [3]

[1] Set bit TOCS in TOCR1 to 1 to enable the TOCR2 setting.

[2] Use bits BF1 and BFO in TOCR2 to select the TOLBR buffer
transfer timing. Use bits OLS3N to OLS1N and OLS3P to OLS1P
to specify the PWM output levels.

[3] The TOLBR initial setting must be the same value as specified in
bits OLS3N to OLS1N and OLS3P to OLS1P in TOCR2.

Figure 10.3 PWM Output Level Setting Procedure in Buffer Operation
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10.3.20

Timer Gate Control Register (TGCR)

TGCR is an 8-bit readable/writable register that controls the waveform output necessary for brushless DC motor control

in reset-synchronized PWM mode/complementary PWM mode. These register settings are ineffective for anything other

than complementary PWM mode/reset-synchronized PWM mode.

Bit: 7 6 5 4 3 2 1 0
[ - [eoc| n | P [ r | w | v ]| u]
Initial value: 1 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW
Initial
Bit Bit Name value R/W Description
7 — 1 R Reserved
This bit is always read as 1. The write value should always be 1.
6 BDC 0 R/W Brushless DC Motor
This bit selects whether to make the functions of this register (TGCR) effective
or ineffective.
0: Ordinary output
1: Functions of this register are made effective
5 N 0 R/W Negative Phase Output (N) Control
This bit selects whether the level output or the reset-synchronized PWM/
complementary PWM output while the reverse pins (TIOC3D, TIOC4C, and
TIOC4D) are output.
0: Level output
1: Reset synchronized PWM/complementary PWM output
4 P 0 R/W Positive Phase Output (P) Control
This bit selects whether the level output or the reset-synchronized PWM/
complementary PWM output while the positive pins (TIOC3B, TIOC4A, and
TIOC4B) are output.
0: Level output
1: Reset synchronized PWM/complementary PWM output
3 FB 0 R/W External Feedback Signal Enable
This bit selects whether the switching of the output of the positive/negative
phase is carried out automatically with channel-0 TGRA, TGRB, TGRC input
capture signals or by writing 0 or 1 to bits 2 to 0 in TGCR.
0: Output switching is external input (Input sources are channel 0 TGRA, TGRB,
TGRC input capture signal)
1: Output switching is carried out by software (setting values of UF, VF, and WF
in TGCR).
2 WF 0 R/W Output Phase Switch 2 to 0
VE R/W These bits set the positive phase/negative phase output phase on or off state.
The setting of these bits is valid only when the FB bit in this register is set to 1. In
0 UF R/W

this case, the setting of bits 2 to 0 is a substitute for external input. See Table
10.37.
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Table 10.37  Output level Select Function

Function
Bit 2 Bit 1 Bit 0 TIOC3B TIOC4A TIOC4B TIOC3D TIOC4C TIOC4D
WF VF UF U Phase V Phase W Phase U Phase V Phase W Phase
0 0 0 OFF OFF OFF OFF OFF OFF
1 ON OFF OFF OFF OFF ON
1 0 OFF ON OFF ON OFF OFF
1 OFF ON OFF OFF OFF ON
1 0 0 OFF OFF ON OFF ON OFF
1 ON OFF OFF OFF ON OFF
1 0 OFF OFF ON ON OFF OFF
1 OFF OFF OFF OFF OFF OFF

10.3.21  Timer Subcounter (TCNTS)

TCNTS is a 16-bit read-only counter that is used only in complementary PWM mode.

The initial value of TCNTS is H'0000.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Note:  Accessing the TCNTS in 8-bit units is prohibited. Always access in 16-bit units.

10.3.22  Timer Dead Time Data Register (TDDR)

TDDR is a 16-bit register, used only in complementary PWM mode that specifies the TCNT 3 and TCNT _4 counter
offset values. In complementary PWM mode, when the TCNT 3 and TCNT 4 counters are cleared and then restarted,
the TDDR register value is loaded into the TCNT 3 counter and the count operation starts.

The initial value of TDDR is H'FFFF.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note:  Accessing the TDDR in 8-bit units is prohibited. Always access in 16-bit units.

RO1UH0437EJ0600 Rev.6.00 RENESAS 10-53
Jan 29, 2021



RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 10. Multi-Function Timer Pulse Unit 2

10.3.23  Timer Cycle Data Register (TCDR)

TCDR is a 16-bit register used only in complementary PWM mode. Set half the PWM carrier cycle value (however, the
value must also be at least twice the setting of TDDR plus 3) as the TCDR register value. This register is constantly
compared with the TCNTS counter in complementary PWM mode, and when a match occurs, the TCNTS counter

switches direction (decrement to increment).
The initial value of TCDR is H'FFFF.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note: Accessing the TCDR in 8-bit units is prohibited. Always access in 16-bit units.

10.3.24  Timer Cycle Buffer Register (TCBR)

TCBR is a 16-bit register used only in complementary PWM mode. It functions as a buffer register for the TCDR
register. The TCBR register values are transferred to the TCDR register with the transfer timing set in the TMDR
register. The initial value of TCBR is H'FFFF.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note:  Accessing the TCBR in 8-bit units is prohibited. Always access in 16-bit units.
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10.3.25  Timer Interrupt Skipping Set Register (TITCR)

TITCR is an 8-bit readable/writable register that enables or disables interrupt skipping and specifies the interrupt
skipping count. This module has one TITCR.

Bit: 7 6 5 4 3 2 1 0
|T3AEN | 3ACOR[2:0] |T4VEN | 4VCOR[2:0]

Initial value: 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW RW RW

Initial
Bit Bit Name value R/W Description
7 T3AEN 0 R/W T3AEN
Enables or disables TGIA_3 interrupt skipping.
0: TGIA_3 interrupt skipping disabled
1: TGIA_3 interrupt skipping enabled
6to4 3ACOR[2:0] 000 R/W These bits specify the TGIA_3 interrupt skipping count within the range from 0 to
7_*
For details, see Table 10.38.
3 T4VEN 0 R/W T4VEN
Enables or disables TCIV_4 interrupt skipping.
0: TCIV_4 interrupt skipping disabled
1: TCIV_4 interrupt skipping enabled
2t00 4VCORJ2:0] 000 R/W These bits specify the TCIV_4 interrupt skipping count within the range from 0 to

7_*
For details, see Table 10.39.

Note: * When 0 is specified for the interrupt skipping count, no interrupt skipping will be performed. Before changing the
interrupt skipping count, be sure to clear the T3AEN and T4VEN bits to O to clear the skipping counter (TITCNT).
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Table 10.38  Setting of Interrupt Skipping Count by Bits 3ACOR2 to 3ACOR0
Bit 6 Bit 5 Bit 4
3ACOR2 3ACOR1 3ACORO Description
0 0 0 Does not skip TGIA_3 interrupts.
0 0 1 Sets the TGIA_3 interrupt skipping count to 1.
0 1 0 Sets the TGIA_3 interrupt skipping count to 2.
0 1 1 Sets the TGIA_3 interrupt skipping count to 3.
1 0 0 Sets the TGIA_3 interrupt skipping count to 4.
1 0 Sets the TGIA_3 interrupt skipping count to 5.
1 1 0 Sets the TGIA_3 interrupt skipping count to 6.
1 1 1 Sets the TGIA_3 interrupt skipping count to 7.
Table 10.39  Setting of Interrupt Skipping Count by Bits 4VCOR2 to 4VCORO0
Bit 2 Bit 1 Bit 0
4VCOR2 4VCOR1 4VCORO Description
0 0 0 Does not skip TCIV_4 interrupts.
0 0 1 Sets the TCIV_4 interrupt skipping count to 1.
0 1 0 Sets the TCIV_4 interrupt skipping count to 2.
0 1 1 Sets the TCIV_4 interrupt skipping count to 3.
1 0 0 Sets the TCIV_4 interrupt skipping count to 4.
1 0 Sets the TCIV_4 interrupt skipping count to 5.
1 1 0 Sets the TCIV_4 interrupt skipping count to 6.
1 1 1 Sets the TCIV_4 interrupt skipping count to 7.
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10.3.26  Timer Interrupt Skipping Counter (TITCNT)

TITCNT is an 8-bit readable counter. This module has one TITCNT. TITCNT retains its value even after stopping the
count operation of TCNT 3 and TCNT 4.

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R

Initial
Bit Bit Name Value R/W Description

7 — 0 R Reserved
This bit is always read as 0.

6to4 3ACNTI[2:0] 000 R TGIA_3 Interrupt Counter
While the T3AEN bit in TITCR is set to 1, the count in these bits is incremented
every time a TGIA_3 interrupt occurs.
[Clearing conditions]
o When the 3ACNT2 to 3ACNTO value in TITCNT matches the 3ACOR2 to
3ACORO value in TITCR
e When the T3AEN bit in TITCR is cleared to 0
o When the 3ACOR2 to 3ACORO bits in TITCR are cleared to 0

3 — 0 R Reserved
This bit is always read as 0.

2t00 4VCNTI[2:0] 000 R TCIV_4 Interrupt Counter
While the T4VEN bit in TITCR is set to 1, the count in these bits is incremented
every time a TCIV_4 interrupt occurs.
[Clearing conditions]
o When the 4VCNT2 to 4VCNTO value in TITCNT matches the 4VCOR2 to
4VCORO value in TITCR
e When the T4VEN bit in TITCR is cleared to 0
o When the 4VCOR2 to 4VCORO bits in TITCR are cleared to 0

Note: To clear the TITCNT, clear the bits T3SAEN and T4VEN in TITCR to 0.
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10.3.27  Timer Buffer Transfer Set Register (TBTER)

TBTER is an 8-bit readable/writable register that enables or disables transfer from the buffer registers* used in

complementary PWM mode to the temporary registers and specifies whether to link the transfer with interrupt skipping

operation. This module has one TBTER.

Bit: 7 6 5 4 3 2 1 0

- -[-[-[-1-7] smena

Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R/W R/W

Initial
Bit Bit Name Value R/W Description
7t02 — AllO R Reserved
These bits are always read as 0. The write value should always be 0.
1,0 BTE[1:0] 00 R/W These bits enable or disable transfer from the buffer registers* used in

complementary PWM mode to the temporary registers and specify whether to
link the transfer with interrupt skipping operation.
For details, see Table 10.40.

Note: * Applicable buffer registers:
TGRC_3, TGRD_3, TGRC_4, TGRD_4, and TCBR

Table 10.40  Setting of Bits BTE1 and BTEOQ

Bit 1 Bit 0

BTE1 BTEO Description

0 0 Enables transfer from the buffer registers to the temporary registers*! and does not link the transfer
with interrupt skipping operation.

0 1 Disables transfer from the buffer registers to the temporary registers.

1 0 Links transfer from the buffer registers to the temporary registers with interrupt skipping operation.*?2

1 1 Setting prohibited

Note 1. Data is transferred according to the MD3 to MDO bit setting in TMDR. For details, refer to section 10.4.8, Complementary PWM

Mode.
Note 2. When interrupt skipping is disabled (the T3AEN and T4VEN bits are cleared to 0 in the timer interrupt skipping set register
(TITCR) or the skipping count set bits (3ACOR and 4VCOR) in TITCR are cleared to 0)), be sure to disable link of buffer trans

fer

with interrupt skipping (clear the BTE1 bit in the timer buffer transfer set register (TBTER) to 0). If link with interrupt skipping is

enabled while interrupt skipping is disabled, buffer transfer will not be performed.
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10.3.28 Timer Dead Time Enable Register (TDER)

TDER is an 8-bit readable/writable register that controls dead time generation in complementary PWM mode. This

module has one TDER in channel 3. TDER must be modified only while TCNT stops.

Bit: 7 6 5 4 3 2 1 0

| - |TDER|

Initial value: 0

0 0 0 0 0 0 1

RW: R R R R R R R R/AW)
Initial
Bit Bit Name Value R/W Description
7to1 — All 0 R Reserved
These bits are always read as 0. The write value should always be 0.
0 TDER 1 R/(W) Dead Time Enable

Specifies whether to generate dead time.

0: Does not generate dead time

1: Generates dead time*

[Clearing condition]

e When 0 is written to TDER after reading TDER = 1

Note: * TDDR must be set to 1 or a larger value.
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10.3.29  Timer Waveform Control Register (TWCR)

TWCR is an 8-bit readable/writable register that controls the waveform when synchronous counter clearing occurs in
TCNT 3 and TCNT 4 in complementary PWM mode and specifies whether to clear the counters at TGRA 3 compare
match. The CCE bit and WRE bit in TWCR must be modified only while TCNT stops.

Bit: 7 6 5 4 3 2 1 0
loce] - [ -] -] -1 -1~ Jwee]

Initial value: 0% 0 0 0 0 0 0 0
RMW: R/(W) R R R R R R R/(W)

Initial
Bit Bit Name Value R/W Description
7 CCE 0* R/(W) Compare Match Clear Enable
Specifies whether to clear counters at TGRA_3 compare match in
complementary PWM mode.
0: Does not clear counters at TGRA_3 compare match
1: Clears counters at TGRA_3 compare match
[Setting condition]
e When 1 is written to CCE after reading CCE =0
6to1 — AllO R Reserved
These bits are always read as 0. The write value should always be 0.
0 WRE 0 R/(W) Initial Output Suppression Enable

Selects the waveform output when synchronous counter clearing occurs in
complementary PWM mode. The initial output is suppressed only when
synchronous clearing occurs within the Tb interval at the trough in
complementary PWM mode. When synchronous clearing occurs outside this
interval, the initial value specified in TOCR is output regardless of the WRE bit
setting. The initial value is also output when synchronous clearing occurs in the
Tb interval at the trough immediately after TCNT_3 and TCNT_4 start operation.
For the Tb interval at the trough in complementary PWM mode, see Figure
10.40.

0: Outputs the initial value specified in TOCR

1: Suppresses initial output

[Setting condition]

e When 1 is written to WRE after reading WRE = 0

Note: * Do not set to 1 when complementary PWM mode 1 is not selected.

10.3.30 Bus Master Interface

The timer counters (TCNT), general registers (TGR), timer subcounter (TCNTS), timer cycle buffer register (TCBR),
timer dead time data register (TDDR), timer cycle data register (TCDR), timer A/D converter start request control
register (TADCR), timer A/D converter start request cycle set registers (TADCOR), and timer A/D converter start
request cycle set buffer registers (TADCOBR) are 16-bit registers. 16-bit read/writes is possible. 8-bit read/write is not
possible. Always access in 16-bit units.

All registers other than the above registers are 8-bit registers. 8-bit read/writes is possible. 16-bit read/writes is not
possible. Always access in 8-bit units.
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10.4 Operation

10.4 .1 Basic Functions

Each channel has a TCNT and TGR register. TCNT performs up-counting, and is also capable of free-running operation,
cycle counting, and external event counting.

Each TGR can be used as an input capture register or output compare register.

Always select functions for external pins of this module using the general I/O ports.

(1) Counter Operation

When one of bits CSTO to CST4 in TSTR is set to 1, the TCNT counter for the corresponding channel begins counting.
TCNT can operate as a free-running counter, periodic counter, for example.

(a) Example of Count Operation Setting Procedure

Figure 10.4 shows an example of the count operation setting procedure.

( Operation selection ) [1] Select the counter clock
with bits TPSC2 to TPSCO

| in TCR. At the same time,
| Select counter clock | [1] sglectlthe input clock edge
with bits CKEG1 and
CKEGO in TCR.

_l [2] For periodic counter
( Periodic counter ) ( Free-running counter) operation, select the TGR
| to be used as the TCNT

clearing source with bits

Select counter clearing 2] CCLR2 to CCLRO in TCR.
source

| [3] Designate the TGR
selected in [2] as an output

Select output compare | (3] compare register by means
register of TIOR.

| [4] Set the periodic counter

| Set period | [4] cycle in the TGR selected
| in [2].

Start count operation |[5 i
| Start count operation |[5] | p [8] [5] Setthe CSTbitin TSTRto
<Free-running counter> 1 to start the counter
<Periodic counter> operation.
Figure 10.4 Example of Counter Operation Setting Procedure
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(b) Free-Running Count Operation and Periodic Count Operation:

Immediately after a reset, the TCNT counters of this module are all designated as free-running counters. When the
relevant bit in TSTR is set to 1 the corresponding TCNT counter starts up-count operation as a free-running counter.
When TCNT overflows (from H'FFFF to H'0000), the TCFV bit in TSR is set to 1. If the value of the corresponding
TCIEV bit in TIER is 1 at this point, this module requests an interrupt. After overflow, TCNT starts counting up again
from H'0000.

Figure 10.5 illustrates free-running counter operation.

TCNT value

H'0000 Time

CST bit |

TCFV

Figure 10.5 Free-Running Counter Operation

When compare match is selected as the TCNT clearing source, the TCNT counter for the relevant channel performs
periodic count operation. The TGR register for setting the period is designated as an output compare register, and counter
clearing by compare match is selected by means of bits CCLRO to CCLR2 in TCR. After the settings have been made,
TCNT starts up-count operation as a periodic counter when the corresponding bit in TSTR is set to 1. When the count
value matches the value in TGR, the TGF bit in TSR is set to 1 and TCNT is cleared to H'0000.

If the value of the corresponding TGIE bit in TIER is 1 at this point, this module requests an interrupt. After a compare
match, TCNT starts counting up again from H'0000.

Figure 10.6 illustrates periodic counter operation.

Counter cleared by TGR
.~ compare match

TCNT value
TGR

H'0000 Time

CST bit | H 1

E Flag cleared by software or
. .~ DMAC activation

TGF I—l—

Figure 10.6 Periodic Counter Operation
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(2) Waveform Output by Compare Match

This module can perform 0, 1, or toggle output from the corresponding output pin using compare match.

(a) Example of Setting Procedure for Waveform Output by Compare Match

Figure 10.7 shows an example of the setting procedure for waveform output by compare match.

( Output selection )

Select waveform output | [1]
mode

Set output timing [2]

Start count operation [3]

<Waveform output>

[1] Select initial value 0 output or 1 output,
and compare match output value 0
output, 1 output, or toggle output, by
means of TIOR. The set initial value is
output at the TIOC pin until the first
compare match occurs.

[2] Set the timing for compare match
generation in TGR.

[3] Setthe CST bitin TSTR to 1 to start the
count operation.

Figure 10.7

(b) Examples of Waveform Output Operation:

Figure 10.8 shows an example of 0 output/1 output.

Example of Setting Procedure for Waveform Output by Compare Match

In this example TCNT has been designated as a free-running counter, and settings have been made such that 1 is output
by compare match A, and 0 is output by compare match B. When the set level and the pin level coincide, the pin level

does not change.

TCNT value

HFFFF
TGRA

TGRB

H'0000

_~No change

_~No change |

TIOCA

TIOCB £ No change

~ : ~ 1 output

,%\ No change 0 output

Figure 10.8

Example of 0 Output/1 Output Operation
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Figure 10.9 shows an example of toggle output.

In this example, TCNT has been designated as a periodic counter (with counter clearing on compare match B), and
settings have been made such that the output is toggled by both compare match A and compare match B.

TCNT value
Counter cleared by TGRB compare match
HFFFF / ..........................................

TGRB oo oo S

TGRA - b T T
H'0000 T ' Time

I ! | ! I ! | Toggle output

TlocB , ,

TIOCA II Toggle output

Figure 10.9 Example of Toggle Output Operation
RO1UH0437EJ0600 Rev.6.00 RENESAS 10-64

Jan 29, 2021



RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 10. Multi-Function Timer Pulse Unit 2

(3) Input Capture Function
The TCNT value can be transferred to TGR on detection of the TIOC pin input edge.

Rising edge, falling edge, or both edges can be selected as the detected edge. For channels 0 and 1, it is also possible to
specify another channel's counter input clock or compare match signal as the input capture source.

Note:  When another channel's counter input clock is used as the input capture input for channels 0 and 1, PO¢/1 should
not be selected as the counter input clock used for input capture input. Input capture will not be generated if PO¢/
1 is selected.

(@) Example of Input Capture Operation Setting Procedure

Figure 10.10 shows an example of the input capture operation setting procedure.

( Inout selection ) [1] Designate TGR as an input capture
put selectio register by means of TIOR, and select

rising edge, falling edge, or both edges
as the input capture source and input

signal edge.
Select input capture input (1]
[2] Setthe CST bitin TSTR to 1 to start
the count operation.
Start count 2]

<Input capture operation>

Figure 10.10  Example of Input Capture Operation Setting Procedure
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(b) Example of Input Capture Operation

Figure 10.11 shows an example of input capture operation.

In this example both rising and falling edges have been selected as the TIOCA pin input capture input edge, the falling
edge has been selected as the TIOCB pin input capture input edge, and counter clearing by TGRB input capture has been
designated for TCNT.

Counter cleared by TIOCB
TONT value / input (falling edge)
[ 0 < Y " IS

O Oy Sy A

H0010 |- oo i .
H'0005 |- - - - @7 - [N -
H'0000 : \\ :

TIOCA \

TGRA X H'0005 XH0160!

TIOCB —l

LCGERDY X H0180

Figure 10.11 Example of Input Capture Operation
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10.4.2 Synchronous Operation

In synchronous operation, the values in a number of TCNT counters can be rewritten simultaneously (synchronous

presetting). Also, a number of TCNT counters can be cleared simultaneously by making the appropriate setting in TCR

(synchronous clearing).
Synchronous operation enables TGR to be incremented with respect to a single time base.

Channels 0 to 4 can all be designated for synchronous operation.

(1) Example of Synchronous Operation Setting Procedure

Figure 10.12 shows an example of the synchronous operation setting procedure.

(4]

(5]

Synchronous operation
selection
Set synchronous 1
operation (1
|
(Synchronous presetting) ( Synchronous clearing)
I
Set TCNT [2]
Clearing No
source generation
channel?
Select counter 3] Set synchronous
clearing source counter clearing
Start count (5] Start count

<Synchronous presetting> <Counter clearing> <Synchronous clearing>

[1] Setto 1 the SYNC bits in TSYR corresponding to the channels to be designated for synchronous
operation.
[2] When the TCNT counter of any of the channels designated for synchronous operation is written to,
the same value is simultaneously written to the other TCNT counters.

[38] Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output compare, etc.
[4] Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing source.
[5] Setto 1the CST bits in TSTR for the relevant channels, to start the count operation.

Figure 10.12  Example of Synchronous Operation Setting Procedure
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(2) Example of Synchronous Operation

Figure 10.13 shows an example of synchronous operation.

In this example, synchronous operation and PWM mode 1 have been designated for channels 0 to 2, TGRB_0 compare

match has been set as the channel 0 counter clearing source, and synchronous clearing has been set for the channel 1 and

2 counter clearing source.

Three-phase PWM waveforms are output from pins TIOCOA, TIOC1A, and TIOC2A. At this time, synchronous

presetting, and synchronous clearing by TGRB_0 compare match, are performed for channel 0 to 2 TCNT counters, and
the data set in TGRB_0 is used as the PWM cycle.

For details of PWM modes, see section 10.4.5, PWM Modes.

TGRB_0
TGRB_1
TGRA_O
TGRB_2
TGRA_1
TGRA_2
H'0000

TIOCOA

TIOC1A

TCNT_Oto TCNT_2
values

Synchronous clearing by TGRB_0 compare match

Time

Figure 10.13

Example of Synchronous Operation
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10.4.3 Buffer Operation

Buffer operation, provided for channels 0, 3, and 4, enables TGRC and TGRD to be used as buffer registers. In channel
0, TGRF can also be used as a buffer register.

Buffer operation differs depending on whether TGR has been designated as an input capture register or as a compare
match register.

Note: TGRE_O cannot be designated as an input capture register and can only operate as a compare match register.
Table 10.41 shows the register combinations used in buffer operation.

Table 10.41 Register Combinations in Buffer Operation

Channel Timer General Register Buffer Register

0 TGRA_O TGRC_0
TGRB_0 TGRD_0
TGRE_O TGRF_0

3 TGRA_3 TGRC_3
TGRB_3 TGRD_3

4 TGRA_4 TGRC_4
TGRB_4 TGRD_4

e When TGR is an output compare register
When a compare match occurs, the value in the buffer register for the corresponding channel is transferred to the
timer general register.
This operation is illustrated in Figure 10.14.

Compare match signal

|

Buffer Timer general [\ 1
register ‘D register /] Comparator N | TCNT

Figure 10.14  Compare Match Buffer Operation

e When TGR is an input capture register
When input capture occurs, the value in TCNT is transferred to TGR and the value previously held in the timer
general register is transferred to the buffer register.
This operation is illustrated in Figure 10.15.

signal

Bu_ffer < ‘ Timer general < ‘ TCNT
register register

Figure 10.15  Input Capture Buffer Operation

Input capture j j
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(1) Example of Buffer Operation Setting Procedure

Figure 10.16 shows an example of the buffer operation setting procedure.

Buffer operation [1] Designate TGR as an input capture register or

P output compare register by means of TIOR.
| [2] Designate TGR for buffer operation with bits

Select TGR function [1] BFA and BFB in TMDR.
| [3] Setthe CST bitin TSTR to 1 start the count

operation.
Set buffer operation [2]
Start count [3]

!

<Buffer operation>

Figure 10.16

Example of Buffer Operation Setting Procedure

(2) Examples of Buffer Operation

(@) When TGR is an output compare register

Figure 10.17 shows an operation example in which PWM mode 1 has been designated for channel 0, and buffer

operation has been designated for TGRA and TGRC. The settings used in this example are TCNT clearing by compare

match B, 1 output at compare match A, and 0 output at compare match B. In this example, the TTSA bit in TBTM is

cleared to 0.

As buffer operation has been set, when compare match A occurs the output changes and the value in buffer register

TGRC is simultaneously transferred to timer general register TGRA. This operation is repeated each time that compare

match A occurs.

For details of PWM modes, see section 10.4.5, PWM Modes.

TCNT value
TGRB_O - H'0520
TGRA_O
H'0000 Time

TGRC_0 H'0200! X ! HO520

Transferi\
A

H'0200 ! " H'0450

TGRA_O

. —

5x
N
' A

TIOCA | | | | | |

Figure 10.17

Example of Buffer Operation (1)
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(b) When TGR is an input capture register

Figure 10.18 shows an operation example in which TGRA has been designated as an input capture register, and buffer
operation has been designated for TGRA and TGRC.

Counter clearing by TGRA input capture has been set for TCNT, and both rising and falling edges have been selected as

the TIOCA pin input capture input edge.

As buffer operation has been set, when the TCNT value is stored in TGRA upon the occurrence of input capture A, the

value previously stored in TGRA is simultaneously transferred to TGRC.

TCNT value

H'0F07

H'09FB

H'0532

H'0000

TIOCA

TGRA

TGRC

|

H'0532 H'0F07

ST

H'0532

ST

Time

Figure 10.18

Example of Buffer Operation (2)
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(3) Selecting Timing for Transfer from Buffer Registers to Timer General Registers in Buffer
Operation

The timing for transfer from buffer registers to timer general registers can be selected in PWM mode 1 or 2 for channel 0

or in PWM mode 1 for channels 3 and 4 by setting the buffer operation transfer mode registers (TBTM_0, TBTM_3, and

TBTM_4). Either compare match (initial setting) or TCNT clearing can be selected for the transfer timing. TCNT

clearing as transfer timing is one of the following cases.

e When TCNT overflows (HFFFF to H'0000)
e  When H'0000 is written to TCNT during counting
e When TCNT is cleared to H'0000 under the condition specified in the CCLR2 to CCLRO bits in TCR

Note:  TBTM must be modified only while TCNT stops.
Figure 10.19 shows an operation example in which PWM mode 1 is designated for channel 0 and buffer operation is

designated for TGRA 0 and TGRC 0. The settings used in this example are TCNT _0 clearing by compare match B, 1
output at compare match A, and 0 output at compare match B. The TTSA bit in TBTM_0 is set to 1.

TCNT_O value

e LY=o T
H'0520

Time

H'0450

X

TGRC_O  H'0200 :X

X H0520 X
TIOCA _|— | | I_l_

Figure 10.19 Example of Buffer Operation When TCNT_0 Clearing is Selected for TGRC_0 to TGRA_0 Transfer
Timing

|
1
1\ Transfer
h
h

TarRa 0 X | HO0200 X H0450
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104.4 Cascaded Operation

In cascaded operation, two 16-bit counters for different channels are used together as a 32-bit counter.

This function works by counting the channel 1 counter clock upon overflow/underflow of TCNT 2 as set in bits TPSCO
to TPSC2 in TCR.

Underflow occurs only when the lower 16-bit TCNT is in phase-counting mode.
Table 10.42 shows the register combinations used in cascaded operation.

Note: When phase counting mode is set for channel 1, the counter clock setting is invalid and the counters operates
independently in phase counting mode.

Table 10.42 Cascaded Combinations

Combination Upper 16 Bits Lower 16 Bits
Channels 1 and 2 TCNT_1 TCNT_2

For simultaneous input capture of TCNT 1 and TCNT _2 during cascaded operation, additional input capture input pins
can be specified by the input capture control register (TICCR). The condition for input capture is the detection of an edge
in the signal obtained from the logical OR of the signal on the main input pin and the signal on the additional input pin.

For details, see (4), Cascaded Operation Example (c). For input capture in cascade connection, refer to section 10.7.22,
Simultaneous Capture of TCNT_1 and TCNT_2 in Cascade Connection.

Table 10.43 show the TICCR setting and input capture input pins.

Table 10.43 TICCR Setting and Input Capture Input Pins

Target Input Capture TICCR Setting Input Capture Input Pins
Input capture from TCNT_1 to TGRA_1 I2AE bit = 0 (initial value) TIOC1A
I2AE bit = 1 TIOC1A, TIOC2A
Input capture from TCNT_1 to TGRB_1 I12BE bit = 0 (initial value) TIOC1B
I2BE bit = 1 TIOC1B, TIOC2B
Input capture from TCNT_2 to TGRA_2 I1AE bit = 0 (initial value) TIOC2A
I11AE bit = 1 TIOC2A, TIOC1A
Input capture from TCNT_2 to TGRB_2 I11BE bit = 0 (initial value) TIOC2B
I1BE bit = 1 TIOC2B, TIOC1B
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(1) Example of Cascaded Operation Setting Procedure

Figure 10.20 shows an example of the setting procedure for cascaded operation.

( Cascaded operation ) (1
Set cascading [1] [2]
Start count [2]

<Cascaded operation>

Set bits TPSC2 to TPSCO in the channel 1
TCR to B'111 to select TCNT_2 overflow/
underflow counting.

Set the CST bit in TSTR for the upper and
lower channel to 1 to start the count
operation.

Figure 10.20

Cascaded Operation Setting Procedure

(2) Cascaded Operation Example (a)
Figure 10.21 illustrates the operation when TCNT 2 overflow/underflow counting has been set for TCNT _1 and phase

counting mode has been designated for channel 2.

TCNT 1 is incremented by TCNT _2 overflow and decremented by TCNT_2 underflow.

TCLKC _,—|—|

[

owo — [ L[ L

TCNT_2 FFFE XFFFFX 0000 X 0001 X 0002 X 0001 X 0000 X FFFF X
TCNT_1 0000 X 0001 X 0000

Figure 10.21

Cascaded Operation Example (a)
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(3) Cascaded Operation Example (b)
Figure 10.22 illustrates the operation when TCNT 1 and TCNT 2 have been cascaded and the I2AE bit in TICCR has
been set to 1 to include the TIOC2A pin in the TGRA 1 input capture conditions. In this example, the IOAO to IOA3 bits
in TIOR 1 have selected the TIOC1A rising edge for the input capture timing while the IOAO to IOA3 bits in TIOR 2

have selected the TIOC2A rising edge for the input capture timing.

Under these conditions, the rising edge of both TIOC1A and TIOC2A is used for the TGRA 1 input capture condition.
For the TGRA 2 input capture condition, the TIOC2A rising edge is used.

TCNT_2 value

HFFFF

HC256 [~~~ """"""TTtT St

H'6128 :

H'0000

\ Time

TCNT_1 @ \H'0512 X
Al

TIOCIA — 3 \ |

TIOC2A :

TGRA_1 :X H'0512 X H'0513
: ~ :

TGRA_2 : \ X H'C256

N As I1AE in TICCR is 0, data is not captured in TGRA_2 at the TIOC1A input timing.

Figure 10.22

Cascaded Operation Example (b)
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(4) Cascaded Operation Example (c)
Figure 10.23 illustrates the operation when TCNT 1 and TCNT 2 have been cascaded and the I2AE and I1AE bits in

TICCR have been set to 1 to include the TIOC2A and TIOC1A pins in the TGRA 1 and TGRA_2 input capture
conditions, respectively. In this example, the IOAO to IOA3 bits in both TIOR 1 and TIOR 2 have selected both the

rising and falling edges for the input capture timing. Under these conditions, the ORed result of TIOC1A and TIOC2A
input is used for the TGRA 1 and TGRA 2 input capture conditions.

TCNT_2 value

H'0000

H9192 |----------
H6128 |------
H2064 |-~

L o o e e >« < H > [
HC256 |- --oooooooooo

TCONT_1 ‘
TIOC1A \ \ \‘ \l : \
TIOC2A ' \ 4|
! When the high level s on either of the input pins, an edge on the other pin does not act
: as an |npu1-lcap re condition. oy Ly
TGRA_1 B H'0512 ' H'0513 | ' H'0514
TGRA_2 X Hetzs X H2064 X HC256 X Ho192

Figure 10.23  Cascaded Operation Example (c)
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(5) Cascaded Operation Example (d)
Figure 10.24 illustrates the operation when TCNT _1 and TCNT 2 have been cascaded and the I2AE bit in TICCR has
been set to 1 to include the TIOC2A pin in the TGRA 1 input capture conditions. In this example, the IOAO to IOA3 bits

in TIOR 1 have selected TGRA 0 compare match or input capture occurrence for the input capture timing while the
IOAO to IOA3 bits in TIOR 2 have selected the TIOC2A rising edge for the input capture timing.

Under these conditions, as TIOR 1 has selected TGRA 0 compare match or input capture occurrence for the input
capture timing, the TIOC2A edge is not used for TGRA 1 input capture condition although the I2AE bit in TICCR has
been set to 1.

TCNT_O value Compare match between TCNT_0 and TGRA_O

TGRA_Q  fom o mm oo m o e ey

H'0000 Time
TCNT_2 value

o o e e~
HDOOO  {-ccom e [0, oS R

H'0000 ; Time

\
TONT 1 (1)  Host2 Gy | X (i) Hos13

TIOC1A J—| \ \ \

TGRA_1 ! H'0513

TGRA_2 H'D000

Figure 10.24  Cascaded Operation Example (d)
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10.4.5 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. The output level can be selected as 0, 1, or toggle
output in response to a compare match of each TGR.

TGR registers settings can be used to output a PWM waveform in the range of 0% to 100% duty.

Designating TGR compare match as the counter clearing source enables the period to be set in that register. All channels
can be designated for PWM mode independently. Synchronous operation is also possible.

There are two PWM modes, as described below.

e PWM mode 1
PWM output is generated from the TIOCA and TIOCC pins by pairing TGRA with TGRB and TGRC with TGRD.
The output specified by bits IOA0 to IOA3 and IOCO to IOC3 in TIOR is output from the TIOCA and TIOCC pins
at compare matches A and C, and the output specified by bits IOB0 to IOB3 and IODO to IOD3 in TIOR is output at
compare matches B and D. The initial output value is the value set in TGRA or TGRC. If the set values of paired
TGRs are identical, the output value does not change when a compare match occurs.
In PWM mode 1, a maximum 8-phase PWM output is possible.

e PWM mode 2
PWM output is generated using one TGR as the cycle register and the others as duty registers. The output specified
in TIOR is performed by means of compare matches. Upon counter clearing by a cycle register compare match, the
output value of each pin is the initial value set in TIOR. If the set values of the cycle and duty registers are identical,
the output value does not change when a compare match occurs.
In PWM mode 2, a maximum 8-phase PWM output is possible in combination use with synchronous operation.

The correspondence between PWM output pins and registers is shown in Table 10.44.

Table 10.44 PWM Output Registers and Output Pins

Output Pins

Channel Registers PWM Mode 1 PWM Mode 2

0 TGRA_O TIOCOA TIOCOA
TGRB_0 TIOCOB
TGRC_0 TIOCOC TIOCOC
TGRD_0 TIOCOD

1 TGRA_1 TIOC1A TIOC1A
TGRB_1 TIOC1B

2 TGRA_2 TIOC2A TIOC2A
TGRB_2 TIOC2B

3 TGRA_3 TIOC3A Cannot be set
TGRB_3 Cannot be set
TGRC_3 TIOC3C Cannot be set
TGRD_3 Cannot be set

4 TGRA 4 TIOC4A Cannot be set
TGRB_4 Cannot be set
TGRC_4 TIOC4C Cannot be set
TGRD_4 Cannot be set

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the period is set.
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(1) Example of PWM Mode Setting Procedure
Figure 10.25 shows an example of the PWM mode setting procedure.

[1] Select the counter clock with bits TPSC2 to
( PWM mode ) TPSCO in TCR. At the same time, select the
| input clock edge with bits CKEG1 and
1 CKEGO in TCR.

[2] Use bits CCLR2 to CCLRO in TCR to select
| the TGR to be used as the TCNT clearing

. source.
Select counter clearing 2]
source [3] Use TIOR to designate the TGR as an output
| compare register, and select the initial value
and output value.

Select counter clock

Select waveform (3] [4] Setthe cycle in the TGR selected in [2], and
output level set the duty in the other TGR.
| [5] Select the PWM mode with bits MD3 to MDO
Set TGR [4] in TMDR.

| [6] Setthe CST bitin TSTR to 1 to start the
count operation.

Set PWM mode [5]
Start count [6]
<PWM mode>

Figure 10.25 Example of PWM Mode Setting Procedure

(2) Examples of PWM Mode Operation
Figure 10.26 shows an example of PWM mode 1 operation.

In this example, TGRA compare match is set as the TCNT clearing source, 0 is set for the TGRA initial output value and

output value, and 1 is set as the TGRB output value.

In this case, the value set in TGRA is used as the period, and the values set in the TGRB registers are used as the duty

levels.

TCNT value Counter cleared by
/ TGRA compare match

TGRA |- oo ...

TGRB |----_
H'0000

Time

TiocA | L L

Figure 10.26  Example of PWM Mode Operation (1)
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Figure 10.27 shows an example of PWM mode 2 operation.

In this example, synchronous operation is designated for channels 0 and 1, TGRB 1 compare match is set as the TCNT

clearing source, and 0 is set for the initial output value and 1 for the output value of the other TGR registers (TGRA_0 to
TGRD 0, TGRA 1), outputting a 5-phase PWM waveform.

In this case, the value set in TGRB_1 is used as the cycle, and the values set in the other TGRs are used as the duty levels.

TCNT value

TGRB_1
TGRA_1
TGRD_0
TGRC_0
TGRB_0

H'0000

Counter cleared by
TGRB_1 compare match

TGRA_ O | --- J:

TIOCOA | 5

TIOCOB |

TIOCOC

TIOCOD

TIOC1A

Figure 10.27

Example of PWM Mode Operation (2)
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Figure 10.28 shows examples of PWM waveform output with 0% duty and 100% duty in PWM mode.

TCNT value
TGRB rewritten
TGRA Foomomoo e —i --------------------
1
TGRB TGRB rewrittén | (J_)ﬁ‘ﬁ"“j’[‘_ o
H'0000 L~ : Time
TIOCA | 0% duty : I

Output does not change when cycle register and duty register
compare matches occur simultaneously

TCNT value

TGRB rewritten
TGRA |---------- oO—

Time

4
o}
o
>

100% duty |_|

Output does not change when cycle register and duty
register compare matches occur simultaneously

TCNT value
TGRB rewritten >-—————
TGRA A |.
1
1

TGRB rewritten

TGRB .
i TGRB rewritten
H0000 : : L Time
TIOCA | E 100% duty 0% duty :
Figure 10.28  Example of PWM Mode Operation (3)
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10.4.6 Phase Counting Mode

In phase counting mode, the phase difference between two external clock inputs is detected and TCNT is incremented/
decremented accordingly. This mode can be set for channels 1 and 2.

When phase counting mode is set, an external clock is selected as the counter input clock and TCNT operates as an up/
down-counter regardless of the setting of bits TPSCO to TPSC2 and bits CKEG0 and CKEG1 in TCR. However, the
functions of bits CCLRO and CCLR1 in TCR, and of TIOR, TIER, and TGR, are valid, and input capture/compare match
and interrupt functions can be used.

This can be used for two-phase encoder pulse input.

If overflow occurs when TCNT is counting up, the TCFV flag in TSR is set; if underflow occurs when TCNT is counting
down, the TCFU flag is set.

The TCFD bit in TSR is the count direction flag. Reading the TCFD flag reveals whether TCNT is counting up or down.
Table 10.45 shows the correspondence between external clock pins and channels.

Table 10.45 Phase Counting Mode Clock Input Pins

External Clock Pins

Channels A-Phase B-Phase
When channel 1 is set to phase counting mode TCLKA TCLKB
When channel 2 is set to phase counting mode TCLKC TCLKD

(1) Example of Phase Counting Mode Setting Procedure

Figure 10.29 shows an example of the phase counting mode setting procedure.

. [1] Select phase counting mode with bits
Phase counting mode MD3 to MDO in TMDR
l [2] Setthe CST bitin TSTR to 1 to start
Select phase counting [1] the count operation.
mode
|
Start count [2]

<Phase counting mode>

Figure 10.29 Example of Phase Counting Mode Setting Procedure
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(2) Examples of Phase Counting Mode Operation

In phase counting mode, TCNT counts up or down according to the phase difference between two external clocks. There

are four modes, according to the count conditions.

(a) Phase counting mode 1

Figure 10.30 shows an example of phase counting mode 1 operation, and Table 10.46 summarizes the TCNT up/down-

count conditions.

TCLKA (channel 1)

TCLKB (channel 1) -I
TCLKD (channel 2)

TCLKC (channel 2) —l

L

TCNT value

Time

Figure 10.30 Example of Phase Counting Mode 1 Operation
Table 10.46 Up/Down-Count Conditions in Phase Counting Mode 1
TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level Ny Up-count
Low level KA

Iy Low level
y High level
High level ] Down-count
Low level i

Iy High level
K] Low level
[Legend]

Ny :Rising edge
"y ‘Falling edge
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(b) Phase counting mode 2

Figure 10.31 shows an example of phase counting mode 2 operation, and Table 10.47 summarizes the TCNT up/down-
count conditions.

TCLKA (channel 1)

TCLKC (channel 2) | I | I | I_I I_I l_

TCLKB (channel 1) . . . . 1
TCLKD (channel 2) .

TCNT value

Up—c?y
/

Time
Figure 10.31 Example of Phase Counting Mode 2 Operation
Table 10.47 Up/Down-Count Conditions in Phase Counting Mode 2
TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level Y Don't care
Low level Kl Don't care
r Low level Don't care
K] High level Up-count
High level N Don't care
Low level Iy Don't care
Iy High level Don't care
K] Low level Down-count
[Legend]
Y :Rising edge
7y :Falling edge
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(c) Phase counting mode 3

Figure 10.32 shows an example of phase counting mode 3 operation, and Table 10.48 summarizes the TCNT up/down-
count conditions.

TCLKA (channel 1)
TCLKC (channel 2)

TCLKB (channel 1)
TCLKD (channel 2)

TCNT value

I L

Time

Figure 10.32  Example of Phase Counting Mode 3 Operation
Table 10.48 Up/Down-Count Conditions in Phase Counting Mode 3

TCLKA (Channel 1) TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation

High level Y Don't care

Low level El Don't care

Ny Low level Don't care

K2 High level Up-count

High level N Down-count

Low level Iy Don't care

Iy High level Don't care

K] Low level Don't care
[Legend]

Y :Rising edge

7y :Falling edge
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(d) Phase counting mode 4

Figure 10.33 shows an example of phase counting mode 4 operation, and Table 10.49 summarizes the TCNT up/down-

count conditions.

TCLKA (channel 1)

TCLKC (channel 2) J

TCLKB (channel 1)

TCLKD (channel 2)

TCNT value

Time

Figure 10.33

Table 10.49

TCLKA (Channel 1)

Example of Phase Counting Mode 4 Operation

Up/Down-Count Conditions in Phase Counting Mode 4

TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level Y Up-count
Low level El

Ny Low level Don't care
K2 High level

High level N Down-count
Low level Iy

Iy High level Don't care

K] Low level
[Legend]

Y :Rising edge
7y :Falling edge
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(3) Phase Counting Mode Application Example

Figure 10.34 shows an example in which channel 1 is in phase counting mode, and channel 1 is coupled with channel 0
to input servo motor 2-phase encoder pulses in order to detect position or speed.

Channel 1 is set to phase counting mode 1, and the encoder pulse A-phase and B-phase are input to TCLKA and
TCLKB.

Channel 0 operates with TCNT counter clearing by TGRC_0 compare match; TGRA 0 and TGRC 0 are used for the
compare match function and are set with the speed control period and position control period. TGRB_0 is used for input
capture, with TGRB_0 and TGRD 0 operating in buffer mode. The channel 1 counter input clock is designated as the
TGRB_0 input capture source, and the pulse widths of 2-phase encoder 4-multiplication pulses are detected.

TGRA 1 and TGRB 1 for channel 1 are designated for input capture, and channel 0 TGRA 0 and TGRC 0 compare
matches are selected as the input capture source and store the up/down-counter values for the control periods.

This procedure enables the accurate detection of position and speed.

Channel 1
TCLKAjk Edge
detection| TCNT_1
TCLKB circuit
Il
TGRA_T |, — <]' B
(speed period capture) [\ —
Il
[P
TGRB_1 | <
(position period capture) - ——

I— TCNT_O

TGRA_O
(speed control period)

TGRC_0
(position control period) :I>

TGRB_O (pulse width capture) C<]—

—[>—> TGRD_O (buffer operation)

Channel 0
Figure 10.34  Phase Counting Mode Application Example
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10.4.7 Reset-Synchronized PWM Mode

In the reset-synchronized PWM mode, three-phase output of positive and negative PWM waveforms that share a
common wave transition point can be obtained by combining channels 3 and 4.

When set for reset-synchronized PWM mode, the TIOC3B, TIOC3D, TIOC4A, TIOC4C, TIOC4B, and TIOC4D pins
function as PWM output pins and TCNT _3 functions as an upcounter.

Table 10.50 shows the PWM output pins used. Table 10.51 shows the settings of the registers.

Table 10.50 Output Pins for Reset-Synchronized PWM Mode

Channel Output Pin Description
3 TIOC3B PWM output pin 1
TIOC3D PWM output pin 1' (negative-phase waveform of PWM output 1)
4 TIOC4A PWM output pin 2
TIOC4C PWM output pin 2' (negative-phase waveform of PWM output 2)
TIOC4B PWM output pin 3
TIOC4D PWM output pin 3' (negative-phase waveform of PWM output 3)

Table 10.51  Register Settings for Reset-Synchronized PWM Mode

Register Description of Setting

TCNT_3 Initial setting of H'0000

TCNT_4 Initial setting of H'0000

TGRA_3 Set count cycle for TCNT_3

TGRB_3 Sets the turning point for PWM waveform output by the TIOC3B and TIOC3D pins
TGRA 4 Sets the turning point for PWM waveform output by the TIOC4A and TIOC4C pins
TGRB_4 Sets the turning point for PWM waveform output by the TIOC4B and TIOC4D pins
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(1) Procedure for Selecting the Reset-Synchronized PWM Mode

Figure 10.35 shows an example of procedure for selecting the reset synchronized PWM mode.

Reset-synchronized
PWM mode

Stop counting |[1]

Select counter clock and
counter clear source

[2

Brushless DC motor
control setting

3]

Set TCNT | [4]

Set TGR |[5]

PWM cycle output enabling,

PWM output level setting (6l

Set reset-synchronized 7 . o
PWM mode [6] Select enabling/disabling of toggle output
synchronized with the PWM cycle using bit PSYE
| in the timer output control register 1 (TOCR1), and set
Enable waveform output |[8] the PWM output level with bits OLSP and OLSN.
When specifying the PWM output level by using TOLBR
| as a buffer for TOCR2, see figure 10.3.
PFC setting |[9]
[7] Set bits MD3-MDO in TMDR_3 to B'1000 to select
| the reset-synchronized PWM mode. Do not set to TMDR_4.
Start count operation |[10]

Reset-synchronized PWM mode

Note: The output waveform starts to toggle operation at the point of
TCNT_3 =TGRA_3 = X by setting X =TGRA_3, i.e,, cycle = duty.

[1] Clear the CST3 and CST4 bits in the TSTR
to 0 to halt the counting of TCNT. The
reset-synchronized PWM mode must be set
up while TCNT_3 and TCNT_4 are halted.

[2] Set bits TPSC2-TPSCO and CKEG1 and
CKEGO in the TCR_3 to select the counter
clock and clock edge for channel 3. Set bits
CCLR2-CCLRO in the TCR_3 to select TGRA
compare-match as a counter clear source.

[3] When performing brushless DC motor control,
set bit BDC in the timer gate control register
(TGCR) and set the feedback signal input source
and output chopping or gate signal direct output.

[4] Reset TCNT_3 and TCNT_4 to H'0000.

[5] TGRA_3 is the period register. Set the waveform
period value in TGRA_3. Set the transition timing
of the PWM output waveforms in TGRB_3,
TGRA_4, and TGRB_4. Set times within the
compare-match range of TCNT_3.

X <TGRA_3 (X: set value).

pin in TOER.

[9] Set the port control register and the port I/O register.

[10] Set the CST3 bit in the TSTR to 1 to start the count

operation.

[8] Set the enabling/disabling of the PWM waveform output

Figure 10.35

Procedure for Selecting Reset-Synchronized PWM Mode
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(2) Reset-Synchronized PWM Mode Operation

Figure 10.36 shows an example of operation in the reset-synchronized PWM mode. TCNT 3 and TCNT 4 operate as
upcounters. The counter is cleared when a TCNT_3 and TGRA 3 compare-match occurs, and then begins incrementing
from H'0000. The PWM output pin output toggles with each occurrence of a TGRB_3, TGRA 4, TGRB_4 compare-
match, and upon counter clears.

TCNT_3 and TCNT_4
values

TIOC3B

TIOC3D

TIOC4A J
TIOC4C —§—| —‘—| —‘—|_'—

TIOC4B

] _
Tiocad | '_| |_| |_

Figure 10.36  Reset-Synchronized PWM Mode Operation Example (When TOCR’s OLSN =1 and OLSP = 1)
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10.4.8 Complementary PWM Mode

In the complementary PWM mode, three-phase output of non-overlapping positive and negative PWM waveforms can

be obtained by combining channels 3 and 4. PWM waveforms without non-overlapping interval are also available.

In complementary PWM mode, TIOC3B, TIOC3D, TIOC4A, TIOC4B, TIOC4C, and TIOC4D pins function as PWM
output pins, the TIOC3A pin can be set for toggle output synchronized with the PWM period. TCNT_3 and TCNT 4

function as up/down counters.

Table 10.52 shows the PWM output pins used. Table 10.53 shows the settings of the registers used.

Table 10.52  Output Pins for Complementary PWM Mode

Channel Output Pin Description
3 TIOC3A Toggle output synchronized with PWM period (or I/O port)
TIOC3B PWM output pin 1
TIOC3C 1/0O port*
TIOC3D PWM output pin 1'
(non-overlapping negative-phase waveform of PWM output 1; PWM output without
non-overlapping interval is also available)
4 TIOC4A PWM output pin 2
TIOC4B PWM output pin 3
TIOC4C PWM output pin 2'
(non-overlapping negative-phase waveform of PWM output 2; PWM output without
non-overlapping interval is also available)
TIOC4D PWM output pin 3'

(non-overlapping negative-phase waveform of PWM output 3; PWM output without
non-overlapping interval is also available)

Note: * Avoid setting the TIOC3C pin as a timer I/O pin in the complementary PWM mode.
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Table 10.53 Register Settings for Complementary PWM Mode

Channel Counter/Register Description Read/Write from CPU

3 TCNT_3 Start of up-count from value set in dead time register Maskable by TRWER setting*
TGRA_3 Set TCNT_3 upper limit value (1/2 carrier cycle + dead =~ Maskable by TRWER setting*

time)

TGRB_3 PWM output 1 compare register Maskable by TRWER setting*
TGRC_3 TGRA_3 buffer register Always readable/writable
TGRD_3 PWM output 1/TGRB_3 buffer register Always readable/writable

4 TCNT_4 Up-count start, initialized to H'0000 Maskable by TRWER setting*
TGRA_4 PWM output 2 compare register Maskable by TRWER setting*
TGRB_4 PWM output 3 compare register Maskable by TRWER setting*
TGRC_4 PWM output 2/TGRA_4 buffer register Always readable/writable
TGRD_4 PWM output 3/TGRB_4 buffer register Always readable/writable

Timer dead time data register (TDDR) Set TCNT_4 and TCNT_3 offset value (dead time value) Maskable by TRWER setting*

Timer cycle data register (TCDR) Set TCNT_4 upper limit value (1/2 carrier cycle) Maskable by TRWER setting*

Timer cycle buffer register (TCBR) TCDR buffer register Always readable/writable

Subcounter (TCNTS) Subcounter for dead time generation Read-only

Temporary register 1 (TEMP1) PWM output 1/TGRB_3 temporary register Not readable/writable

Temporary register 2 (TEMP2) PWM output 2/TGRA_4 temporary register Not readable/writable

Temporary register 3 (TEMP3) PWM output 3/TGRB_4 temporary register Not readable/writable

Note: * Access can be enabled or disabled according to the setting of bit 0 (RWE) in TRWER (timer read/write enable

register).
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o |3

E5/5 [ Tarc 3 | ToBR |
=}

855 1 1

ég ;'g R 7ooR J TaRra 3 TCDR

e 12 1 l

Comparator :D— Match
signal
1 1 l

ETCNT_S\\] TCNTS kTCNT_4§I

| |
Comparator :D7 Match

signal

Output controller

O PWM cycle

output

———() PWM output 1
—>O PWM output 2
—>O PWM output 3
———( PWM output 4
4’0 PWM output 5
—>O PWM output 6

[C—"""1 : Registers that can always be read or written from the CPU

BSOS\ : Registers that can be read or written from the CPU
(but for which access disabling can be set by TRWER)

[ : Registers that cannot be read or written from the CPU
(except for TCNTS, which can only be read)

Figure 10.37

Block Diagram of Channels 3 and 4 in Complementary PWM Mode
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(1) Example of Complementary PWM Mode Setting Procedure

An example of the complementary PWM mode setting procedure is shown in Figure 10.38.

(Complementary PWM mode)

Stop count operation

Counter clock, counter clear
source selection

Brushless DC motor control
setting

TCNT setting

Inter-channel synchronization
setting

TGR setting

Enable/disable dead time
generation

Dead time, carrier cycle
setting

PWM cycle output enabling,
PWM output level setting

Complementary PWM mode
setting

Enable waveform output

PFC setting

Start count operation

<Complementary PWM mode>

0l

(2]

131

4]

[71

18]

9]

[10]

1]

2]

(3]

[1] Clear bits CST3 and CST4 in the timer start register
(TSTR) to 0, and halt timer counter (TCNT) operation.
Perform complementary PWM mode setting when
TCNT_3 and TCNT_4 are stopped.

2

Set the same counter clock and clock edge for channels
3 and 4 with bits TPSC2-TPSCO and bits CKEG1 and
CKEGO in the timer control register (TCR). Use bits
CCLR2-CCLRO to set synchronous clearing only when
restarting by a synchronous clear from another channel
during complementary PWM mode operation.

[38] When performing brushless DC motor control, set bit BDC
in the timer gate control register (TGCR) and set the
feedback signal input source and output chopping or gate
signal direct output.

[4] Set the dead time in TCNT_3. Set TCNT_4 to H'0000.

[5] Set only when restarting by a synchronous clear from
another channel during complementary PWM mode
operation. In this case, synchronize the channel generating
the synchronous clear with channels 3 and 4 using the timer
synchro register (TSYR).

[6

Set the output PWM duty in the duty registers (TGRB_3,
TGRA_4, TGRB_4) and buffer registers (TGRD_3, TGRC_4,
TGRD_4). Set the same initial value in each corresponding
TGR.

7

This setting is necessary only when no dead time should be
generated. Make appropriate settings in the timer dead time
enable register (TDER) so that no dead time is generated.

[8] Set the dead time in the dead time register (TDDR), 1/2 the
carrier cycle in the timer cycle data register (TCDR) and
timer cycle buffer register (TCBR), and 1/2 the carrier cycle
plus the dead time in TGRA_3 and TGRC_3. When no dead
time generation is selected, set 1 in TDDR and 1/2 the carrier
cycle + 1in TGRA_3 and TGRC_3.

9

Select enabling/disabling of toggle output synchronized with
the PWM cycle using bit PSYE in the timer output control

register 1 (TOCR1), and set the PWM output level with bits OLSP

and OLSN. When specifying the PWM output level by using
TOLBR as a buffer for TOCR2, see figure 10.3.

[10] Select complementary PWM mode in timer mode register 3
(TMDR_3). Do not set in TMDR_4.

[11] Set enabling/disabling of PWM waveform output pin output in
the timer output master enable register (TOER).

[12] Set the port control register and the port I/O register.

[13] Set bits CST3 and CST4 in TSTR to 1 simultaneously to start
the count operation.

Figure 10.38

Example of Complementary PWM Mode Setting Procedure
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(2) Outline of Complementary PWM Mode Operation

In complementary PWM mode, 6-phase PWM output is possible. Figure 10.39 illustrates counter operation in
complementary PWM mode, and Figure 10.40 shows an example of complementary PWM mode operation.

(@) Counter Operation
In complementary PWM mode, three counters—TCNT 3, TCNT 4, and TCNTS—perform up/down-count operations.

TCNT 3 is automatically initialized to the value set in TDDR when complementary PWM mode is selected and the CST
bit in TSTR is 0.

When the CST bit is set to 1, TCNT _3 counts up to the value set in TGRA 3, then switches to down-counting when it
matches TGRA 3. When the TCNT _3 value matches TDDR, the counter switches to up-counting, and the operation is
repeated in this way.

TCNT _4 is initialized to H'0000.

When the CST bit is set to 1, TCNT _4 counts up in synchronization with TCNT _3, and switches to down-counting when
it matches TCDR. On reaching H'0000, TCNT 4 switches to up-counting, and the operation is repeated in this way.

TCNTS is a read-only counter. It need not be initialized.

When TCNT 3 matches TCDR during TCNT 3 and TCNT 4 up/down-counting, down-counting is started, and when
TCNTS matches TCDR, the operation switches to up-counting. When TCNTS matches TGRA 3, it is cleared to H'0000.
When TCNT_4 matches TDDR during TCNT 3 and TCNT_4 down-counting, up-counting is started, and when TCNTS
matches TDDR, the operation switches to down-counting. When TCNTS reaches H'0000, it is set with the value in
TGRA 3.

TCNTS is compared with the compare register and temporary register in which the PWM duty is set during the count
operation only.

Counter value

TGRA_3 : E

TCDR : :

) TCNT 3 |

TONT4 1oNTs :

TDDR ; o
H'0000 : . ,

Time

Figure 10.39 Complementary PWM Mode Counter Operation
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(b) Register Operation
In complementary PWM mode, nine registers are used, comprising compare registers, buffer registers, and temporary
registers. Figure 10.40 shows an example of complementary PWM mode operation.

The registers which are constantly compared with the counters to perform PWM output are TGRB_3, TGRA 4, and
TGRB_4. When these registers match the counter, the value set in bits OLSN and OLSP in the timer output control
register (TOCR) is output.

The buffer registers for these compare registers are TGRD_3, TGRC 4, and TGRD 4.

Between a buffer register and compare register there is a temporary register. The temporary registers cannot be accessed
by the CPU.

Data in a compare register is changed by writing the new data to the corresponding buffer register. The buffer registers
can be read or written at any time.

The data written to a buffer register is constantly transferred to the temporary register in the Ta interval. Data is not
transferred to the temporary register in the Tb interval. Data written to a buffer register in this interval is transferred to
the temporary register at the end of the Tb interval.

The value transferred to a temporary register is transferred to the compare register when TCNTS for which the Tb
interval ends matches TGRA 3 when counting up, or H'0000 when counting down. The timing for transfer from the
temporary register to the compare register can be selected with bits MD3 to MDO in the timer mode register (TMDR).
Figure 10.40 shows an example in which the mode is selected in which the change is made in the trough.

In the Tb interval (Tb1 in Figure 10.40) in which data transfer to the temporary register is not performed, the temporary
register has the same function as the compare register, and is compared with the counter. In this interval, therefore, there
are two compare match registers for one-phase output, with the compare register containing the pre-change data, and the
temporary register containing the new data. In this interval, the three counters—TCNT 3, TCNT 4, and TCNTS—and
two registers—compare register and temporary register—are compared, and PWM output controlled accordingly.
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TGRA_3

TCDR

TGRA_4

TGRC_4

TDDR

H'0000

Buffer register
TGRC_4

Temporary register
TEMP2

Compare register
TGRA_4

Transfer from temporary
register to compare register

Transfer from temporary
register to compare register

H'6400

H'0080

Tb2 Ta Tb1 Ta Tb2 Ta
TCNTS
TCNT_Cy
TCNT 4
5 5 ; N W W (e
! H'6400 X ' HO0080 !
! H'6400 >< '\ Hoos0 !

Output waveform I

(Output waveform is active-low)

Figure 10.40

Example of Complementary PWM Mode Operation
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(c) Initialization
In complementary PWM mode, there are six registers that must be initialized. In addition, there is a register that specifies
whether to generate dead time (it should be used only when dead time generation should be disabled).

Before setting complementary PWM mode with bits MD3 to MDO in the timer mode register (TMDR), the following
initial register values must be set.

TGRC 3 operates as the buffer register for TGRA 3, and should be set with 1/2 the PWM carrier cycle + dead time Td.
The timer cycle buffer register (TCBR) operates as the buffer register for the timer cycle data register (TCDR), and
should be set with 1/2 the PWM carrier cycle. Set dead time Td in the timer dead time data register (TDDR).

When dead time is not needed, the TDER bit in the timer dead time enable register (TDER) should be cleared to 0,
TGRC 3 and TGRA 3 should be set to 1/2 the PWM carrier cycle + 1, and TDDR should be set to 1.

Set the respective initial PWM duty values in buffer registers TGRD 3, TGRC 4, and TGRD 4.

The values set in the five buffer registers excluding TDDR are transferred simultaneously to the corresponding compare
registers when complementary PWM mode is set.

Set TCNT _4 to H'0000 before setting complementary PWM mode.

Table 10.54 Registers and Counters Requiring Initialization

Register/Counter Set Value

TGRC_3 1/2 PWM carrier cycle + dead time Td (1/2 PWM carrier cycle + 1 when dead time
generation is disabled by TDER)

TDDR Dead time Td (1 when dead time generation is disabled by TDER)

TCBR 1/2 PWM carrier cycle

TGRD_3, TGRC_4, TGRD_4 Initial PWM duty value for each phase

TCNT_4 H'0000

Note: The TGRC_3 set value must be the sum of 1/2 the PWM carrier cycle set in TCBR and dead time Td set in TDDR.
When dead time generation is disabled by TDER, TGRC_3 must be set to 1/2 the PWM carrier cycle + 1.
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(d) PWM Output Level Setting

In complementary PWM mode, the PWM pulse output level is set with bits OLSN and OLSP in timer output control
register 1 (TOCRI) or bits OLS1P to OLS3P and OLS1N to OLS3N in timer output control register 2 (TOCR2).

The output level can be set for each of the three positive phases and three negative phases of 6-phase output.

Complementary PWM mode should be cleared before setting or changing output levels.

(e) Dead Time Setting

In complementary PWM mode, PWM pulses are output with a non-overlapping relationship between the positive and
negative phases. This non-overlap time is called the dead time.

The non-overlap time is set in the timer dead time data register (TDDR). The value set in TDDR is used as the TCNT 3
counter start value, and creates non-overlap between TCNT 3 and TCNT_4. Complementary PWM mode should be
cleared before changing the contents of TDDR.

(f) Dead Time Suppressing

Dead time generation is suppressed by clearing the TDER bit in the timer dead time enable register (TDER) to 0. TDER
can be cleared to 0 only when 0 is written to it after reading TDER = 1.

TGRA 3 and TGRC_3 should be set to 1/2 PWM carrier cycle + 1 and the timer dead time data register (TDDR) should
be setto 1.

By the above settings, PWM waveforms without dead time can be obtained. Figure 10.41 shows an example of
operation without dead time.
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TDDR=1
H'0000 T
Buffer register TGRC_4 , Datat X Data2
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Output waveform is active-low.

Figure 10.41 Example of Operation without Dead Time

RO1UH0437EJ0600 Rev.6.00 RENESAS 10-100
Jan 29, 2021



RZ/A1L Group, RZ/A1LU Group, RZ/A1LC Group 10. Multi-Function Timer Pulse Unit 2

() PWM Cycle Setting

In complementary PWM mode, the PWM pulse cycle is set in two registers—TGRA_3, in which the TCNT _3 upper
limit value is set, and TCDR, in which the TCNT 4 upper limit value is set. The settings should be made so as to achieve
the following relationship between these two registers:

With dead time: TGRA_3 setting = TCDR setting + TDDR setting
TCDR setting > (twice the TDDR setting) + 2
Without dead time: TGRA_3 setting = TCDR setting + 1
TCDR setting > 4

The TGRA 3 and TCDR settings are made by setting the values in buffer registers TGRC 3 and TCBR. The values set
in TGRC 3 and TCBR are transferred simultaneously to TGRA 3 and TCDR in accordance with the transfer timing
selected with bits MD3 to MDO in the timer mode register (TMDR).

The updated PWM cycle is reflected from the next cycle when the data update is performed at the crest, and from the
current cycle when performed in the trough. Figure 10.42 illustrates the operation when the PWM cycle is updated at

the crest.

See (h) Register Data Updating, for the method of updating the data in each buffer register.

TGRC_3  TGRA_3
Counter value update_ update-_
Q "
TCNT_3
TGRA_3 TCNT_4
Time
Figure 10.42 Example of PWM Cycle Updating
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(h) Register Data Updating

In complementary PWM mode, the buffer register is used to update the data in a compare register. The update data can be
written to the buffer register at any time. There are five PWM duty and carrier cycle registers that have buffer registers
and can be updated during operation.

There is a temporary register between each of these registers and its buffer register. When subcounter TCNTS is not
counting, if buffer register data is updated, the temporary register value is also rewritten. Transfer is not performed from
buffer registers to temporary registers when TCNTS is counting; in this case, the value written to a buffer register is
transferred after TCNTS halts.

The temporary register value is transferred to the compare register at the data update timing set with bits MD3 to MDO in
the timer mode register (TMDR). Figure 10.43 shows an example of data updating in complementary PWM mode. This
example shows the mode in which data updating is performed at both the counter crest and trough.

When rewriting buffer register data, a write to TGRD 4 must be performed at the end of the update. Data transfer from
the buffer registers to the temporary registers is performed simultaneously for all five registers after the write to
TGRD 4.

A write to TGRD_4 must be performed after writing data to the registers to be updated, even when not updating all five
registers, or when updating the TGRD_4 data. In this case, the data written to TGRD_4 should be the same as the data
prior to the write operation.
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Example of Data Update in Complementary PWM Mode

Figure 10.43
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(i) Initial Output in Complementary PWM Mode

In complementary PWM mode, the initial output is determined by the setting of bits OLSN and OLSP in timer output
control register 1 (TOCR1) or bits OLSIN to OLS3N and OLS1P to OLS3P in timer output control register 2 (TOCR?2).

This initial output is the PWM pulse non-active level, and is output from when complementary PWM mode is set with
the timer mode register (TMDR) until TCNT_4 exceeds the value set in the dead time register (TDDR). Figure 10.44
shows an example of the initial output in complementary PWM mode.

An example of the waveform when the initial PWM duty value is smaller than the TDDR value is shown in Figure
10.45.

Timer output control register settings

OLSN bit: 0 (initial output: high; active level: low)
OLSP bit: 0 (initial output: high; active level: low)

TCNT_3 and TCNT_4 values

TCNT_3
TCNT_4

TGRA_4

TDDR

I

<-----]---}----C
o
3
(U]

o
Dead time
é I Active level | E

Active level I

Initial output

Positive phase T
output —/
Negative phase 7
output

Complementary TCNT_3 and TCNT_4 count start
PWM mode (TSTR setting)
(TMDR setting)

Figure 10.44  Example of Initial Output in Complementary PWM Mode (1)
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Timer output control register settings

OLSN bit: 0 (initial output: high; active level: low)
OLSP bit: 0 (initial output: high; active level: low)

TCNT_3 and TCNT_4 values

TCNT_3
TCNT_4

: : Time
i Initial output

hd
Positive phase : - .
gutput / ! Active level
\

Negative phase T
output —:/

Y
Complementary TCNT_3 and TCNT_4 count start
PWM mode (TSTR setting)
(TMDR setting)

Figure 10.45 Example of Initial Output in Complementary PWM Mode (2)
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(i) Complementary PWM Mode PWM Output Generation Method

In complementary PWM mode, 3-phase output is performed of PWM waveforms with a non-overlap time between the
positive and negative phases. This non-overlap time is called the dead time.

A PWM waveform is generated by output of the output level selected in the timer output control register in the event of a
compare-match between a counter and compare register. While TCNTS is counting, compare register and temporary
register values are simultaneously compared to create consecutive PWM pulses from 0 to 100%. The relative timing of
on and off compare-match occurrence may vary, but the compare-match that turns off each phase takes precedence to
secure the dead time and ensure that the positive phase and negative phase on times do not overlap. Figure 10.46 to
Figure 10.48 show examples of waveform generation in complementary PWM mode.

The positive phase/negative phase off timing is generated by a compare-match with the solid-line counter, and the on
timing by a compare-match with the dotted-line counter operating with a delay of the dead time behind the solid-line
counter. In the T1 period, compare-match a that turns off the negative phase has the highest priority, and compare-
matches occurring prior to a are ignored. In the T2 period, compare-match ¢ that turns off the positive phase has the
highest priority, and compare-matches occurring prior to ¢ are ignored.

In normal cases, compare-matches occur in the ordera —b — ¢ — d (or ¢ > d — a' — b'"), as shown in figure 10.46.

If compare-matches deviate from the a — b — ¢ — d order, since the time for which the negative phase is off is less than
twice the dead time, the figure shows the positive phase is not being turned on. If compare-matches deviate from the ¢ —
d — a' — b' order, since the time for which the positive phase is off is less than twice the dead time, the figure shows the
negative phase is not being turned on.

If compare-match ¢ occurs first following compare-match a, as shown in Figure 10.47, compare-match b is ignored,
and the negative phase is turned on by compare-match d. This is because turning off of the positive phase has priority
due to the occurrence of compare-match ¢ (positive phase off timing) before compare-match b (positive phase on timing)
(consequently, the waveform does not change since the positive phase goes from off to off).

Similarly, in the example in Figure 10.48, compare-match a' with the new data in the temporary register occurs before
compare-match ¢, but other compare-matches occurring up to ¢, which turns off the positive phase, are ignored. As a
result, the negative phase is not turned on.

Thus, in complementary PWM mode, compare-matches at turn-off timings take precedence, and turn-on timing
compare-matches that occur before a turn-off timing compare-match are ignored.
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54—1'1 period : T2 period . T1 period —
TGRA_3 !

TCDR

Positive phase

Negative phase |

Figure 10.46  Example of Complementary PWM Mode Waveform Output (1)

1 period : T2 period * T1 period —

TGRA_3

TCDR !

TDDR

H'0000 *

Positive phase , : : |_

Negative phase

Figure 10.47  Example of Complementary PWM Mode Waveform Output (2)
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E<—T1 period E T2 period E T1 period——
TGRA_3 T

TCDR

TDDR 4

H'0000 ><

Positive phase - 'I

Negative phase

Figure 10.48 Example of Complementary PWM Mode Waveform Output (3)

l«—T1 period - . T2 period T1 period —
\c J
TGRA_3 :
TCDR
TDDR
H'0000

Positive phase

Negative phase I |

Figure 10.49  Example of Complementary PWM Mode 0% and 100% Waveform Output (1)
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|l«——T1 period T2 period T1 period—
TGRA_3
TCDR 4
s /b
a b
TDDR
H'0000 . . T T
i 1 c rd !
Positive phase - l [—:f—'L
Negative phase é

Figure 10.50 Example of Complementary PWM Mode 0% and 100% Waveform Output (2)

< T1 period : T2 period T1 period —
TGRA_3
TCDR :
/‘a
TDDR :
H'0000 \
Positive phase . :
Negative phase _,—l

Figure 10.51 Example of Complementary PWM Mode 0% and 100% Waveform Output (3)
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T1 period

T2 period

T1 period——

TGRA_3

TCDR

e

TDDR

H'0000

Positive phase

Negative phase l‘

Figure 10.52

Example of Complementary PWM Mode 0% and 100% Waveform Output (4)

T1 period

T2 period

T1 period—

C

ad b

TGRA_3

TCDR

TDDR

H'0000

Positive phase

Negative phase

Figure 10.53

Example of Complementary PWM Mode 0% and 100% Waveform Output (5)
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(k) Complementary PWM Mode 0% and 100% Duty Output

In complementary PWM mode, 0% and 100% duty cycles can be output as required. Figure 10.49 to Figure 10.53
show output examples.

100% duty output is performed when the compare register value is set to H'0000. The waveform in this case has a
positive phase with a 100% on-state. 0% duty output is performed when the compare register value is set to the same
value as TGRA_3. The waveform in this case has a positive phase with a 100% off-state.

On and off compare-matches occur simultaneously, but if a turn-on compare-match and turn-off compare-match for the
same phase occur simultaneously, both compare-matches are ignored and the waveform does not change.

()  Toggle Output Synchronized with PWM Cycle

In complementary PWM mode, toggle output can be performed in synchronization with the PWM carrier cycle by
setting the PSYE bit to 1 in the timer output control register (TOCR). An example of a toggle output waveform is shown
in Figure 10.54.

This output is toggled by a compare-match between TCNT 3 and TGRA 3 and a compare-match between TCNT 4 and
H'0000.

The output pin for this toggle output is the TIOC3A pin. The initial output is 1.

TGRA_3

H'0000

Toggle output
TIOC3A pin

Figure 10.54  Example of Toggle Output Waveform Synchronized with PWM Output
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(m) Counter Clearing by Another Channel

In complementary PWM mode, by setting a mode for synchronization with another channel by means of the timer
synchronous register (TSYR), and selecting synchronous clearing with bits CCLR2 to CCLRO in the timer control
register (TCR), it is possible to have TCNT 3, TCNT 4, and TCNTS cleared by another channel.

Figure 10.55 illustrates the operation.

Use of this function enables counter clearing and restarting to be performed by means of an external signal.

TGRA_3
TCDR

TDDR

H'0000

Channel 1
Input capture A

TCNT_1

Synchronous counter clearing by channel 1 input capture A

Figure 10.55 Counter Clearing Synchronized with Another Channel
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(n) Output Waveform Control at Synchronous Counter Clearing in Complementary PWM Mode

Setting the WRE bit in TWCR to | suppresses initial output when synchronous counter clearing occurs in the Tb interval
at the trough in complementary PWM mode and controls abrupt change in duty cycle at synchronous counter clearing.

Initial output suppression is applicable only when synchronous clearing occurs in the Tb interval at the trough as
indicated by (10) or (11) in Figure 10.56. When synchronous clearing occurs outside that interval, the initial value
specified by the OLS bits in TOCR is output. Even in the Tb interval at the trough, if synchronous clearing occurs in the
initial value output period (indicated by (1) in Figure 10.56) immediately after the counters start operation, initial value
output is not suppressed.

When using the initial output suppression function, make sure to set compare registers TGRB 3, TGRA 4, and TGRB 4
to a value twice or more the setting of dead time data register TDDR. If synchronous clearing occurs with the compare
registers set to a value less than twice the setting of TDDR, the PWM output dead time may be too short (or nonexistent)
or illegal active-level PWM negative-phase output may occur during the initial output suppression interval. For details,
see section 10.7.23, Notes on Output Waveform Control During Synchronous Counter Clearing in
Complementary PWM Mode.

Counter start

\Tb interval Tb interval Tb interval
-« DR
TGRA_3 :

TCDR

TGRB_3

S|

TDDR

H'0000 !

L
o

Output waveform is active-low

Positive phase :

Negative phase ! | l

M (@) @ @ 6 6 O ® ©) (10) (11)

Figure 10.56  Timing for Synchronous Counter Clearing
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e Example of Procedure for Setting Output Waveform Control at Synchronous Counter Clearing in Complementary
PWM Mode
An example of the procedure for setting output waveform control at synchronous counter clearing in
complementary PWM mode is shown in Figure 10.57.

Output waveform control at [1] Clear bits CST3 and CST4 in the timer

synchronous counter clearing start register (TSTR) to 0, and halt timer
counter (TCNT) operation. Perform
TWCR setting while TCNT_3 and
TCNT_4 are stopped.

Stop count operation [1]

[2] Read bit WRE in TWCR and then write 1
to it to suppress initial value output at
Set TWCR and counter clearing.
complementary PWM mode 2

[3] Set bits CST3 and CST4 in TSTR to 1 to
start count operation.

Start count operation [3]

i

QOutput waveform control at
synchronous counter clearing

Figure 10.57  Example of Procedure for Setting Output Waveform Control at Synchronous Counter Clearing in
Complementary PWM Mode

e Examples of Output Waveform Control at Synchronous Counter Clearing in Complementary PWM Mode
Figure 10.58 to Figure 10.61 show examples of output waveform control in which this module operates in
complementary PWM mode and synchronous counter clearing is generated while the WRE bit in TWCR is set to 1.
In the examples shown in Figure 10.58 to Figure 10.61, synchronous counter clearing occurs at timing (3), (6),
(8), and (11) shown in Figure 10.56, respectively.

Synchronous clearing Bit WRE = 1
TGRA_3 ;
TCDR + !
TGRB_3 of
TDDR -
H'0000

Negative phase | I l | |

I Output waveform is active-low.

Positive phase

Figure 10.58 Example of Synchronous Clearing in Dead Time during Up-Counting
(Timing (3) in Figure 10.56; Bit WRE of TWCR is 1)
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Synchronous clearing Bit WRE = 1
TGRA_3 :
TCDR
TGRB_3 frroveerreosmseessemeeee oo
TDDR -
H'0000

Positive phase

Negative phase | | !

; Output waveform is active-low.

Figure 10.59  Example of Synchronous Clearing in Interval Tb at Crest
(Timing (6) in Figure 10.56; Bit WRE of TWCR is 1)

Synchronous clearing Bit WRE = 1

TGRA_3

TCDR

TGRB_3  [rorrerermrmsnermnnencee ffoeee \ ....... .

TDDR -

H'0000 :
Positive phase | I
Negative phase | |

Output waveform is active-low.

Figure 10.60 Example of Synchronous Clearing in Dead Time during Down-Counting
(Timing (8) in Figure 10.56; Bit WRE of TWCR is 1)
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Bit WRE = 1 Synchronous clearing
TGRA_3 ;
TCDR !
grc]z{-Tic R SERERE IR E R ERE o AR o STREREIIETERIILS 0 LIRS : ---------
TCNT_3 :
(MTU2) '
TCNT_4 H
(MTU2) :
TDDR -
H'0000

Positive phase

Negative phase | I

[

Initial value output is suppressed. |

\ 1

Output waveform is active-low.

—

Figure 10.61

Example of Synchronous Clearing in Interval Tb at Trough
(Timing (11) in Figure 10.56; Bit WRE of TWCR is 1)
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(o) Counter Clearing by TGRA_3 Compare Match

In complementary PWM mode, by setting the CCE bit in the timer waveform control register (TWCR), it is possible to
have TCNT 3, TCNT 4, and TCNTS cleared by TGRA_3 compare match.

Figure 10.62 illustrates an operation example.

Note 1. Use this function only in complementary PWM mode 1 (transfer at crest)

Note 2. Do not specify synchronous clearing by another channel (do not set the SYNCO to SYNC4 bits in the timer
synchronous register (TSYR) to 1).

Note 3. Do not set the PWM duty value to H'0000.

Note 4. Do not set the PSYE bit in timer output control register 1 (TOCR1) to 1.

Counter cleared
by TGRA_3 compare match

TGRA_3

TCDR

TGRB_3

TDDR

H'0000

Output waveform | | I |
Output waveform | | I |

Output waveform is active-high.

Figure 10.62 Example of Counter Clearing Operation by TGRA_3 Compare Match
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(p) Example of AC Synchronous Motor (Brushless DC Motor) Drive Waveform Output

In complementary PWM mode, a brushless DC motor can easily be controlled using the timer gate control register
(TGCR). Figure 10.63 to Figure 10.66 show examples of brushless DC motor drive waveforms created using TGCR.

When output phase switching for a 3-phase brushless DC motor is performed by means of external signals detected with
a Hall element, etc., clear the FB bit in TGCR to 0. In this case, the external signals indicating the polarity position are
input to channel 0 timer input pins TIOC0A, TIOCOB, and TIOCOC (set with the general I/O ports). When an edge is
detected at pin TIOCOA, TIOCOB, or TIOCOC, the output on/off state is switched automatically.

When the FB bit is 1, the output on/off state is switched when the UF, VF, or WF bit in TGCR is cleared to 0 or set to 1.
The drive waveforms are output from the complementary PWM mode 6-phase output pins. With this 6-phase output, in
the case of on output, it is possible to use complementary PWM mode output and perform chopping output by setting the
N bit or P bit to 1. When the N bit or P bit is 0, level output is selected.

The 6-phase output active level (on output level) can be set with the OLSN and OLSP bits in the timer output control
register (TOCR) regardless of the setting of the N and P bits.

External input  TIOCOA pin

TIOCOB pin

TIOCOC pin

6-phase output TIOC3B pin
TIOC3D pin
TIOC4A pin

TIOCA4C pin 1 | !

TIOC4B pin .

TIOCA4D pin

When BDC =1, N =0, P = 0, FB = 0, output active level = high

Figure 10.63  Example of Output Phase Switching by External Input (1)
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External input ~ TIOCOA pin

TIOCOB pin

TIOCOC pin

6-phase output TIOC3B pin

TIOC3D pin

TIOC4A pin

TIOCA4C pin

mocsesn | L i (ML ¢ ¢
TIOC4D pin ! ”””””“ : b |

When BDC =1, N =1, P = 1, FB = 0, output active level = high

Figure 10.64

Example of Output Phase Switching by External Input (2)

TGCR UF bit | | |

TIOC3D pin | ‘ : o 3
TIOC4A pin | | ! _|
TIOC4C pin -1 b
TIOC4B pin I_—I————
TIOC4D pin i | i i i | i

When BDC =1,N =0, P =0, FB = 1, output active level = high

Figure 10.65

Example of Output Phase Switching by Means of UF, VF, WF Bit Settings (1)
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TGCR UF bit
VF bit

WF bit

6-phase output TIOC3B pin | ||| ||| ||| “

TIOC3D pin

TIOC4A pin

TIOCA4C pin

TIOC4Bpin b

TIOC4D pin ! ”””””“

When BDC =1,N =1, P =1, FB = 1, output active level = high

Figure 10.66  Example of Output Phase Switching by Means of UF, VF, WF Bit Settings (2)

(q) A/D Converter Start Request Setting

In complementary PWM mode, an A/D converter start request can be issued using a TGRA 3 compare-match, TCNT 4

underflow (trough), or compare-match on a channel other than channels 3 and 4.

When start requests using a TGRA 3 compare-match are specified, A/D conversion can be started at the crest of the

TCNT _3 count.

A/D converter start requests can be set by setting the TTGE bit to 1 in the timer interrupt enable register (TIER). To issue

an A/D converter start request at a TCNT_4 underflow (trough), set the TTGE2 bit in TIER 4 to 1.
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(3) Interrupt Skipping in Complementary PWM Mode

Interrupts TGIA 3 (at the crest) and TCIV_4 (at the trough) in channels 3 and 4 can be skipped up to seven times by
making settings in the timer interrupt skipping set register (TITCR).

Transfers from a buffer register to a temporary register or a compare register can be skipped in coordination with
interrupt skipping by making settings in the timer buffer transfer register (TBTER). For the linkage with buffer registers,
refer to description (c), Buffer Transfer Control Linked with Interrupt Skipping, below.

A/D converter start requests generated by the A/D converter start request delaying function can also be skipped in
coordination with interrupt skipping by making settings in the timer A/D converter request control register (TADCR).
For the linkage with the A/D converter start request delaying function, refer to section 10.4.9, A/D Converter Start
Request Delaying Function.

The setting of the timer interrupt skipping setting register (TITCR) must be done while the TGIA 3 and TCIV_4
interrupt requests are disabled by the settings of TIER 3 and TIER 4 along with under the conditions in which TGFA_ 3
and TCFV_4 flag settings by compare match never occur. Before changing the skipping count, be sure to clear the
T3AEN and T4VEN bits to 0 to clear the skipping counter.

(a) Example of Interrupt Skipping Operation Setting Procedure

Figure 10.67 shows an example of the interrupt skipping operation setting procedure. Figure 10.68 shows the periods
during which interrupt skipping count can be changed.

[1] Set bits T3AEN and T4VEN in the timer interrupt

C Interrupt skipping ) slljpp?ng set retgister (TITCR) to 0 to clear the
skipping counter.

[2] Specify the interrupt skipping count within the
Clear interrupt skipping counter | [1] range from 0 to 7 times in bits 3SACOR2 to
3ACORO and 4VCOR2 to 4VCORO in TITCR, and
enable interrupt skipping through bits T3AEN and

T4VEN.
Set skipping count and 2]
enable interrupt skipping Note: The setting of TITCR must be done while the
TGIA_3 and TCIV_4 interrupt requests are
disabled by the settings of TIER_3

and TIER_4 along with under the conditions in
<Interrupt skipping> which TGFA_3 and TCFV_4 flag settings by

compare match never occur.

Before changing the skipping count, be sure to

clear the T3AEN and T4VEN bits to 0 to clear

the skipping counter.

Figure 10.67 Example of Interrupt Skipping Operation Setting Procedure
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TCNT_4!

Period during which
changing skipping count
can be performed
. '

Period during which
changing skipping count
can be performed
' '

Period during which
changing skipping count
can be performed
' '

Period during which
changing skipping count
can be performed
' '

Figure 10.68

Periods during which Interrupt Skipping Count can be Changed

(b) Example of Interrupt Skipping Operation

Figure 10.69 shows an example of TGIA 3 interrupt skipping in which the interrupt skipping count is set to three by the

3ACOR bit and the T3AEN bit is set to 1 in the timer interrupt skipping set register (TITCR).

Interrupt skipping period Interrupt skipping period
TGIA_3 interrupt
flag set signal l—l l—l l—l l—l l—l Tl
Skipping counter 00 01 02 03 \ 00 01 02 03 \
TGFA_3 flag I I I
Figure 10.69 Example of Interrupt Skipping Operation
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(c) Buffer Transfer Control Linked with Interrupt Skipping

In complementary PWM mode, whether to transfer data from a buffer register to a temporary register and whether to link

the transfer with interrupt skipping can be specified with the BTE1 and BTEO bits in the timer buffer transfer set register

(TBTER).

Figure 10.70 shows an example of operation when buffer transfer is suppressed (BTE1 = 0 and BTEO = 1). While this

setting is valid, data is not transferred from the buffer register to the temporary register.

Figure 10.71 shows an example of operation when buffer transfer is linked with interrupt skipping (BTE1 = 1 and BETO0

= 0). While this setting is valid, data is not transferred from the buffer register to the temporary register outside the buffer

transfer-enabled period. Depending on the rewrite timing from the interrupt generation to the buffer register, there are

two types of the transfer timing such as from the buffer register to the temporary register and from the temporary register

to the general register.

Note that the buffer transfer-enabled period depends on the T3AEN and T4VEN bit settings in the timer interrupt

skipping set register (TITCR). Figure 10.72 shows the relationship between the T3AEN and T4VEN bit settings in
TITCR and buffer transfer-enabled period.

Note:  This function must always be used in combination with interrupt skipping.
When interrupt skipping is disabled (the T3AEN and T4VEN bits in the timer interrupt skipping set register

(TITCR) are cleared to 0 or the skipping count set bits (3ACOR and 4VCOR) in TITCR are cleared to 0), make
sure that buffer transfer is not linked with interrupt skipping (clear the BTE1 bit in the timer buffer transfer set
register (TBTER) to 0). If buffer transfer is linked with interrupt skipping while interrupt skipping is disabled, buffer
transfer is never performed.

datal

TCNT_3

TCNT_4

Bit BTEO in TBTER —I

Bit BTE1 in TBTER

Buffer register

Datat ,

Temporary register

Data*

Data2

e
B

General register

Data* |

Data2

[Legend]

Buffer transfer is suppressed

(1) No data is transferred from the buffer register to the temporary register in the buffer transfer-disabled period
(bits BTE1 and BTEO in TBTER are set to 0 and 1, respectively).

(2) Data is transferred from the temporary register to the general register even in the buffer transfer-disabled period.
(3) After buffer transfer is enabled, data is transferred from the buffer register to the temporary register.

Note: * When buffer transfer at the crest is selected.

Figure 10.70

Example of Operation when Buffer Transfer is Suppressed (BTE1 = 0 and BTEO = 1)
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(1)When rewriting the buffer register within 1 carrier cycle from TGIA_3 interrupt

TGIA_3 interrupt generation TGIA_3 interrupt generation

Buffer transfer- | |
enabled period

'
'
'
'
'
'
'
'
'
Buffer register'rewrite tlrhlng Buffer registe'r rewrite tl’ming
' ' '
'
'
|

=

v

TITCR[6:4] ' 2 H
TITCNT[6:4] | 0 | . 1 2 | 0 | . 1
| |
Buffer register Data X ' Data1 X ' Data2
j j
Temporary register Data X : Data1 X : Data2
| |
U U
General register Data X Data1l X Data2

(2)When rewriting the buffer register after passing 1 carrier cycle from TGIA_3 interrupt

TGIA_3 interrupt generation TGIA_3 interrupt generation

Buffer register rewrite timing

Buffer transfer- | | | |
enabled period

|
TITCR[6:4] 2 |
:

TITCNT[6:4] | 0 | 1 | 2 | 0 | ' 1

|

Buffer register Data X | Datatl
:
'

Temporary register Data X ' Data1
|

General register Data X Datat
0

Note: * The MD bits 3 to 0 = 1101 in TMDR_3, buffer transfer at the crest is selected.
The skipping count is set to two.
T3AEN and T4VEN are setto 1 and 0.

Figure 10.71 Example of Operation when Buffer Transfer is Linked with Interrupt Skipping

(BTE1 =1 and BTEO = 0)
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Skipping counter 3ACNT 0 | 1 | 2 | 3 | o i|i i | 2 | 3 | 0

Skipping counter 4VCNT 0 | 1 | 2 | 3 |§ iG: §| 1 | 2 | 3 |
Buffer transfer-enabled period i
(T3AEN is setto 1) :

Buffer transfer-enabled period ! 3
(TAVEN is setto 1) T ! '

Buffer transfer-enabled period
(T3AEN and T4VEN are set to 1)

Note: * The MD bits 3to 0 = 1111 in TMDR_3, buffer transfer at the crest and the
trough is selected.
The skipping count is set to three.
T3AEN and T4VEN are set to 1.

Figure 10.72  Relationship between Bits T3AEN and T4VEN in TITCR and Buffer Transfer-Enabled Period

(4) Complementary PWM Mode Output Protection Function

Complementary PWM mode output has the following protection function.

(a) Register and counter miswrite prevention function

With the exception of the buffer registers, which can be rewritten at any time, access by the CPU can be enabled or
disabled for the mode registers, control registers, compare registers, and counters used in complementary PWM mode by
means of the RWE bit in the timer read/write enable register (TRWER). The applicable registers are some (21 in total) of
the registers in channels 3 and 4 shown in the following:

e TCR 3 and TCR_4, TMDR_3 and TMDR_4, TIORH_3 and TIORH_4, TIORL 3 and TIORL 4, TIER 3 and
TIER 4, TCNT 3 and TCNT_4, TGRA_3 and TGRA_4, TGRB_3 and TGRB_4, TOER, TOCR, TGCR, TCDR,
and TDDR.

This function enables miswriting due to CPU runaway to be prevented by disabling CPU access to the mode registers,
control registers, and counters. When the applicable registers are read in the access-disabled state, undefined values are
returned. Writing to these registers is ignored.
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10.4.9 A/D Converter Start Request Delaying Function

A/D converter start requests can be issued in channel 4 by making settings in the timer A/D converter start request
control register (TADCR), timer A/D converter start request cycle set registers (TADCORA_ 4 and TADCORB_4), and
timer A/D converter start request cycle set buffer registers (TADCOBRA 4 and TADCOBRB 4).

The A/D converter start request delaying function compares TCNT_4 with TADCORA_4 or TADCORB_4, and when
their values match, the function issues a respective A/D converter start request (TRG4AN or TRG4BN).

A/D converter start requests (TRG4AN and TRG4BN) can be skipped in coordination with interrupt skipping by setting
the ITA3AE, ITA4VE, ITB3AE, and ITB4VE bits in TADCR.

e Example of Procedure for Specifying A/D Converter Start Request Delaying Function
Figure 10.73 shows an example of procedure for specifying the A/D converter start request delaying function.

[1] Set the cycle in the timer A/D converter start request cycle
A/D converter start request buffer register (TADCOBRA_4 or TADCOBRB_4) and timer
delaying function A/D converter start request cycle register (TADCORA_4 or
TADCORB_4). (The same initial value must be specified in
the cycle buffer register and cycle register.)

Set A/D converter start request cycle] [11 5] Use bits BF1 and BF2 in the timer A/D converter start
request control register (TADCR) to specify the timing of
transfer from the timer A/D converter start request cycle
buffer register to A/D converter start request cycle register.

° fSet the tilming c;’ftf:(ansfer‘ 2] « Specify whether to link with interrupt skipping through bits
. ngﬂlr?i’;’ ees\zitth ‘i‘mzrrrfgt'ssﬁr - ITASAE, ITA4VE, ITB3AE, and ITB4VE.
g pt skipping o Use bits UT4AE, DT4AE, UT4BE, and DT4BE to enable

« Enable A/D converter start
request delaying function

l Notes: 1. Perform TADCR setting while TCNT_4 is stopped.

A/D conversion start requests (TRG4AN or TRG4BN).

2. Do not set BF1 to 1 when complementary PWM mode

is not selected.
A/D converter start request 3. Do not set ITA3AE, ITA4VE, ITB3AE, ITBAVE,
delaying function DT4AE, or DT4BE to 1 when complementary PWM
mode is not selected.

Figure 10.73  Example of Procedure for Specifying A/D Converter Start Request Delaying Function
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e Basic Operation Example of A/D Converter Start Request Delaying Function
Figure 10.74 shows a basic example of A/D converter request signal (TRG4AN) operation when the trough of
TCNT 4 is specified for the buffer transfer timing and an A/D converter start request signal is output during
TCNT _4 down-counting.

Transfer from cycle buffer Transfer from cycle buffer Transfer from cycle buffer
register to cycle register register to cycle register register to cycle register
TADCORA_4 l l l
TCNT_4
TADCOBRA_4 .................... E
A/D converter start request : : . ] .
(TRG4AN) |_| |_| (Complementary PWM mode)

Figure 10.74  Basic Example of A/D Converter Start Request Signal (TRG4AN) Operation

e Buffer Transfer
The data in the timer A/D converter start request cycle set registers (TADCORA_4 and TADCORB _4) is updated
by writing data to the timer A/D converter start request cycle set buffer registers (TADCOBRA 4 and
TADCOBRB 4). Data is transferred from the buffer registers to the respective cycle set registers at the timing
selected with the BF1 and BFO bits in the timer A/D converter start request control register (TADCR_4).

e A/D Converter Start Request Delaying Function Linked with Interrupt Skipping
A/D converter start requests (TRG4AN and TRG4BN) can be issued in coordination with interrupt skipping by
making settings in the ITA3AE, ITA4VE, ITB3AE, and ITB4VE bits in the timer A/D converter start request
control register (TADCR).
Figure 10.75 shows an example of A/D converter start request signal (TRG4AN) operation when TRG4AN output
is enabled during TCNT 4 up counting and down counting and A/D converter start requests are linked with
interrupt skipping.
Figure 10.76 shows another example of A/D converter start request signal (TRG4AN) operation when TRG4AN
output is enabled during TCNT 4 up counting and A/D converter start requests are linked with interrupt skipping.

Note:  This function must be used in combination with interrupt skipping.
When interrupt skipping is disabled (the T3AEN and T4VEN bits in the timer interrupt skipping set register
(TITCR) are cleared to 0 or the skipping count set bits (3ACOR and 4VCOR) in TITCR are cleared to 0), make
sure that A/D converter start requests are not linked with interrupt skipping (clear the ITA3AE, ITA4VE, ITB3AE,
and ITB4VE bits in the timer A/D converter start request control register (TADCR) to 0).
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TGIA_3 A/D request-enabled

N ,/\ /\ /\ ,/\
TADCORA_4
.
.
|
|
:
TolA S rerupt | —o ] T BT R B
o4 et [ [ % T o ]
.
|
.

period

TCIV_4 A/D request-enabled

period

A/D converter start request (TRG4AN)

When linked with TGIA_3 and TCIV_4
interrupt skipping

When linked with TGIA_3
interrupt skipping

When linked with TCIV_4
interrupt skipping

Note: *

When the interrupt skipping count is set to two.

(UT4AE/DTAAE = 1)

Figure 10.75

Example of A/D Converter Start Request Signal (TRG4AN) Operation Linked with Interrupt

Skipping
. ,/\ /\ /\ ,/\
TADCORA _4
f
|
h
|
:
TGIA_3 interrupt |
skipping counter 00 | | 02 | 00 | o1 | |
1
TCIV_4 interrupt 00 o1 [ L2 [ 00 [ o1 |
skipping counter
|
h
|

TGIA_3 A/D request-enabled

period

TCIV_4 A/D request-enabled

period

A/D converter start request (TRG4AN)

When linked with TGIA_3 and TCIV_4
interrupt skipping

When linked with TGIA_3
interrupt skipping

When linked with TCIV_4
interrupt skipping

Note: *

When the interrupt skipping count is set to two.

UT4AE =1
DT4AE =0

Figure 10.76
Skipping

Example of A/D Converter Start Request Signal (TRG4AN) Operation Linked with Interrupt
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10.4.10  TCNT Capture at Crest and/or Trough in Complementary PWM Operation

The TCNT value is captured in TGR at either the crest or trough or at both the crest and trough during complementary
PWM operation. The timing for capturing in TGR can be selected by TIOR.

Figure 10.77 shows an example in which TCNT is used as a free-running counter without being cleared, and the TCNT
value is captured in TGR at the specified timing (either crest or trough, or both crest and trough).

TGRA 4 J I ! /
/] Tdead

Upper arm signal

Lower arm signal

Inverter output monitor signal

Tdelay
Dead time delay signal |
Up-count/down-count signal (udflg) -
TCNT[15:0] 3I:(E7|mﬂ 3E5B 3ED3 lﬁml 3F37 3FAF
TGR[15:0] j 3DE7 X 3E5B )%SE[ 3 X__3F37 3FAF

Figure 10.77  TCNT Capturing at Crest and/or Trough in Complementary PWM Operation
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10.5 Interrupt Sources

10.5.1 Interrupt Sources and Priorities

This module has three kinds of interrupt sources; TGR input capture/compare match, TCNT overflow, and TCNT
underflow. Each interrupt source has its own status flag and enable/disabled bit, allowing the generation of interrupt
request signals to be enabled or disabled individually.

When an interrupt request is generated, the corresponding status flag in TSR is set to 1. If the corresponding enable/
disable bit in TIER is set to 1 at this time, an interrupt is requested. The interrupt request is cleared by clearing the status

flag to 0.

Relative channel priorities can be changed by the interrupt controller, however the priority order within a channel is
fixed. For details, see section 7, Interrupt Controller.

Table 10.55 lists the interrupt sources of this module.

Table 10.55 Interrupts of Multi-Function Timer Pulse Unit 2

Activation of
Direct Memory

Access
Channel Name Interrupt Source Interrupt Flag Controller Priority
0 TGIA_O TGRA_0 input capture/compare match TGFA 0 Possible High
TGIB_0 TGRB_O0 input capture/compare match TGFB_0 Not possible A
TGIC_O TGRC_0 input capture/compare match TGFC_0 Not possible
TGID_O TGRD_0 input capture/compare match TGFD_0 Not possible
TCIV_O TCNT_O overflow TCFV_0 Not possible
TGIE_O TGRE_0 compare match TGFE_O Not possible
TGIF_O TGRF_0 compare match TGFF_0 Not possible
1 TGIA_1 TGRA_1 input capture/compare match TGFA_1 Possible
TGIB_1 TGRB_1 input capture/compare match TGFB_1 Not possible
TCIV_1 TCNT_1 overflow TCFV_1 Not possible
TCIU_1 TCNT_1 underflow TCFU_1 Not possible
2 TGIA_2 TGRA_2 input capture/compare match TGFA_2 Possible
TGIB_2 TGRB_2 input capture/compare match TGFB_2 Not possible
TCIV_2 TCNT_2 overflow TCFV_2 Not possible
TCIU_2 TCNT_2 underflow TCFU_2 Not possible
3 TGIA_3 TGRA_3 input capture/compare match TGFA_3 Possible
TGIB_3 TGRB_3 input capture/compare match TGFB_3 Not possible
TGIC_3 TGRC_3 input capture/compare match TGFC_3 Not possible
TGID_3 TGRD_3 input capture/compare match TGFD_3 Not possible
TCIV_3 TCNT_3 overflow TCFV_3 Not possible
4 TGIA_4 TGRA_4 input capture/compare match TGFA_4 Possible
TGIB_4 TGRB_4 input capture/compare match TGFB_4 Not possible
TGIC_4 TGRC_4 input capture/compare match TGFC_4 Not possible
TGID_4 TGRD_4 input capture/compare match TGFD_4 Not possible v
TCIV_4 TCNT_4 overflow/underflow TCFV_4 Not possible Low

Note: This table shows the initial state immediately after a reset. The relative channel priorities can be changed by the
interrupt controller.
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(1) Input Capture/Compare Match Interrupt

An interrupt is requested if the TGIE bit in TIER is set to 1 when the TGF flag in TSR is set to 1 by the occurrence of a
TGR input capture/compare match on a particular channel. The interrupt request is cleared by clearing the TGF flag to 0.
This module has eighteen input capture/compare match interrupts, six for channel 0, four each for channels 3 and 4, and
two each for channels 1 and 2. The TGFE_0 and TGFF_0 flags in channel 0 are not set by the occurrence of an input
capture.

(2) Overflow Interrupt

An interrupt is requested if the TCIEV bit in TIER is set to 1 when the TCFV flag in TSR is set to 1 by the occurrence of
TCNT overflow on a channel. The interrupt request is cleared by clearing the TCFV flag to 0. This module has five
overflow interrupts, one for each channel.

(3) Underflow Interrupt

An interrupt is requested if the TCIEU bit in TIER is set to 1 when the TCFU flag in TSR is set to 1 by the occurrence of
TCNT underflow on a channel. The interrupt request is cleared by clearing the TCFU flag to 0. This module has two
underflow interrupts, one each for channels 1 and 2.

10.5.2 Activation of Direct Memory Access Controller

The direct memory access controller can be activated by the TGRA input capture/compare match interrupt in each
channel. For details, see section 9, Direct Memory Access Controller.

In this module, a total of five TGRA input capture/compare match interrupts can be used as direct memory access
controller activation sources, one each for channels 0 to 4.

10.5.3 A/D Converter Activation

The A/D converter can be activated by one of the following three methods in this module. Table 10.56 shows the
relationship between interrupt sources and A/D converter start request signals.

(1) A/D Converter Activation by TGRA Input Capture/Compare Match or at TCNT_4 Trough in
Complementary PWM Mode

The A/D converter can be activated by the occurrence of a TGRA input capture/compare match in each channel. In
addition, if complementary PWM operation is performed while the TTGE2 bit in TIER 4 is set to 1, the A/D converter
can be activated at the trough of TCNT_4 count (TCNT_4 = H'0000).

A/D converter start request signal TRGAN is issued to the A/D converter under either one of the following conditions.

e When the TGFA flag in TSR is set to 1 by the occurrence of a TGRA input capture/compare match on a particular
channel while the TTGE bit in TIER is set to 1

e When the TCNT 4 count reaches the trough (TCNT_4 = H'0000) during complementary PWM operation while the
TTGE2 bit in TIER 4 is set to 1

When either condition is satisfied, if A/D converter start signal TRGAN from this module is selected as the trigger in the
A/D converter, A/D conversion will start.
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(2) A/D Converter Activation by Compare Match between TCNT_0 and TGRE_O

The A/D converter can be activated by generating A/D converter start request signal TRGON when a compare match
occurs between TCNT_0 and TGRE 0 in channel 0.

When the TGFE flag in TSR2 0 is set to 1 by the occurrence of a compare match between TCNT_0 and TGRE 0 in
channel 0 while the TTGE2 bit in TIER2 0 is set to 1, A/D converter start request TGRON is issued to the A/D converter.
If A/D converter start signal TGRON from this module is selected as the trigger in the A/D converter, A/D conversion
will start.

(3) A/D Converter Activation by A/D Converter Start Request Delaying Function

The A/D converter can be activated by generating A/D converter start request signal TRG4AN or TRG4BN when the
TCNT_4 count matches the TADCORA or TADCORB value if the UT4AE, DT4AE, UT4BE, or DT4BE bit in the A/D
converter start request control register (TADCR) is set to 1. For details, refer to section 10.4.9, A/D Converter Start
Request Delaying Function.

A/D conversion will start if A/D converter start signal TRG4AN from this module is selected as the trigger in the A/D
converter when TRG4AN is generated or if TRG4BN from this module is selected as the trigger in the A/D converter
when TRG4BN is generated.

Table 10.56 Interrupt Sources and A/D Converter Start Request Signals

Target Registers Interrupt Source A/D Converter Start Request Signal
TGRA_0 and TCNT_O Input capture/compare match TRGAN

TGRA_1 and TCNT_1

TGRA_2 and TCNT_2

TGRA_3 and TCNT_3

TGRA_4 and TCNT_4

TCNT_4 TCNT_4 Trough in complementary PWM mode
TGRE_0 and TCNT_O Compare match TRGON
TADCORA and TCNT_4 TRG4AN
TADCORB and TCNT_4 TRG4BN
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10.6
10.6.1

Operation Timing

Input/Output Timing

(1) TCNT Count Timing

Figure 10.78 shows TCNT count timing in internal clock operation, and Figure 10.79 shows TCNT count timing in
external clock operation (normal mode), and Figure 10.80 shows TCNT count timing in external clock operation (phase

counting mode).

POY I | I | I | I | I | I | I | I | I | I | I | I | I | I | I | I |
Internal clock 6 Falling edge (D_Rising edge
e T 1
TCNT N-1 X N ! N+ 1
Figure 10.78  Count Timing in Internal Clock Operation

POO

External clock 1) Falling edge

Uy

q) Rising edge

S~

ook [ ] [ ]

TCNT N-1 X N ) N+ 1
Figure 10.79  Count Timing in External Clock Operation

o J UL LT L L L L

TCNT input | |

clock e

TCNT N-1 X N ) N-1
Figure 10.80  Count Timing in External Clock Operation (Phase Counting Mode)
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(2) Output Compare Output Timing

A compare match signal is generated in the final state in which TCNT and TGR match (the point at which the count
value matched by TCNT is updated). When a compare match signal is generated, the output value set in TIOR is output
at the output compare output pin (TIOC pin). After a match between TCNT and TGR, the compare match signal is not
generated until the TCNT input clock is generated.

Figure 10.81 shows output compare output timing (normal mode and PWM mode) and Figure 10.82 shows output
compare output timing (complementary PWM mode and reset synchronous PWM mode).

S I I O 6 I O O
TCNT input | |
clock

TONT N X N+1
TGR N

Compare | |

match signal

TIOC pin X

Figure 10.81  Output Compare Output Timing (Normal Mode/PWM Mode)

TCNT input | |
clock

TCNT N X N+1
TGR N

Compare | |

match signal

TIOC pin X

Figure 10.82  Output Compare Output Timing (Complementary PWM Mode/Reset Synchronous PWM Mode)
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(3) Input Capture Signal Timing

Figure 10.83 shows input capture signal timing.

e LT LT L L L L L
Input capture

ot |

dnar 1 1
| I

A

TCNT :X N X\Ni1 I

TGR ) N

Figure 10.83  Input Capture Input Signal Timing

(4) Timing for Counter Clearing by Compare Match/Input Capture

Figure 10.84 shows the timing when counter clearing on compare match is specified, and Figure 10.85 shows the

timing when counter clearing on input capture is specified.

G I I I O

Compare
match signal

Counter
clear signal

NN

TCNT N H'0000

TGR N

Figure 10.84  Counter Clear Timing (Compare Match)

PO¢

Input capture
signal

Counter clear

signal
TCNT N ) H'0000
\
TGR ) N
Figure 10.85 Counter Clear Timing (Input Capture)
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(5) Buffer Operation Timing
Figure 10.86 to Figure 10.88 show the timing in buffer operation.

PO$ ||||||||||||||||||
TONT n R
Compare
g’ing;(]% ! buffer | |
TGRA,
TGRB n /X N
TGRC, N T
TGRD :
Figure 10.86  Buffer Operation Timing (Compare Match)
POO ||||||||||||||||||
Input capture
signal | | | |
TONT N X N+
E\\ E\x
TGRA, no X N ! IR
TGRB ! !
\ \
TGRC, X . X N
TGRD
Figure 10.87  Buffer Operation Timing (Input Capture)
TCNT n X H'0000
TCNT clear | _|
signal
Buffer transfer ‘ |
signal
TGRA, TGRB, i
TGRE . ’/X -
TGRC, TGRD, N
TGRF :
Figure 10.88 Buffer Transfer Timing (when TCNT Cleared)
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(6) Buffer Transfer Timing (Complementary PWM Mode)
Figure 10.89 to Figure 10.91 show the buffer transfer timing in complementary PWM mode.

- UL

TCNTS H'0000
TGRD_4 | |
write signal

Temporary register | |
transfer signal

Buffer n X N

register

Temporary n X N
register

Figure 10.89  Transfer Timing from Buffer Register to Temporary Register (TCNTS Stop)

POo

TCNTS P-x X P X H'0000

TGRD_4 |
write signal |

Buffer X
register

Temporary
register

Figure 10.90  Transfer Timing from Buffer Register to Temporary Register (TCNTS Operating)

o LT LT LT L L
TCNTS P —EX P X
Buffer transfer

signal | |

H'0000

Temporary
register

Compare n : X N
register :

Figure 10.91 Transfer Timing from Temporary Register to Compare Register
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10.6.2 Interrupt Signal Timing

(1) TGF Flag Setting Timing in Case of Compare Match
Figure 10.92 shows the timing for setting of the TGF flag in TSR on compare match, and TGI interrupt request signal

timing.

TCNT input | |
clock

TONT N X N+ 1
TGR N

Compare I_l

match signal

TGF flag |

TGl interrupt |

Figure 10.92 TGl Interrupt Timing (Compare Match)

(2) TGF Flag Setting Timing in Case of Input Capture
Figure 10.93 shows the timing for setting of the TGF flag in TSR on input capture, and TGI interrupt request signal

timing.

o LT LT LT L

Input capture
signal | |
TCNT N ;
~
TGR : I N
TGF flag |

TGl interrupt |

Figure 10.93 TGl Interrupt Timing (Input Capture)
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(3) TCFV Flag/TCFU Flag Setting Timing
Figure 10.94 shows the timing for setting of the TCFV flag in TSR on overflow, and TCIV interrupt request signal

timing.

Figure 10.95 shows the timing for setting of the TCFU flag in TSR on underflow, and TCIU interrupt request signal

timing.

POO

TCNT input
clock

TCNT
(overflow)

Overflow

signal

TCFV flag

TCIV interrupt

UL
1

X
[ ]

HFFFF H'0000

Figure 10.94

TCIV Interrupt Setting Timing

POo

TCNT
input clock

TCNT
(underflow)

Underflow
signal

TCFU flag

TCIU interrupt

Uy
1

X

[ ]
[

H'0000 HFFFF

Figure 10.95

TCIU Interrupt Setting Timing
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(4) Status Flag Clearing Timing

After a status flag is read as 1 by the CPU, it is cleared by writing 0 to it. When the direct memory access controller is
activated, the flag is cleared automatically. Figure 10.96 shows the timing for status flag clearing by the CPU, and
Figure 10.97 shows the timing for status flag clearing by the direct memory access controller.

TSR write cycle
T1 T2
e LT LT LT LT LT L L L
Address X TSR address X
Write signal | I
Status flag |
Interrupt |

request signal

Figure 10.96  Timing for Status Flag Clearing by CPU

Direct memory Direct memory
access controller access controller
) read cycle ) write cycle |
I T 1
rose - [ LT LT L L L L L L L
Address X Source address X Dggg?ggso n X
Status flag |

Interrupt |
request signal

Flag clear
signal |

Figure 10.97  Timing for Status Flag Clearing by Direct Memory Access Controller Activation
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10.7 Usage Notes
10.7.1 Module Standby Mode Setting

Operation of this module can be disabled or enabled using the standby control register. The initial setting is for the
operation to be halted. Register access is enabled by clearing module standby mode. For details, refer to section 42,
Power-Down Modes.

10.7.2 Input Clock Restrictions

The input clock pulse width must be at least 1.5 states in the case of single-edge detection, and at least 2.5 states in the
case of both-edge detection. This module will not operate properly at narrower pulse widths.

In phase counting mode, the phase difference and overlap between the two input clocks must be at least 1.5 states, and
the pulse width must be at least 2.5 states. Figure 10.98 shows the input clock conditions in phase counting mode.

Phase Phase
differ- differ-
| Overlap |ence |Overlap; ence .

Pulse width | Pulse width |

TCLKA
(TCLKC) ' | : '

TCLKB :
(TCLKD) :

'
'
——
'
'

———
'

Pulse width ! Pulse width

Notes: Phase difference and overlap : 1.5 states or more
Pulse width : 2.5 states or more

Figure 10.98  Phase Difference, Overlap, and Pulse Width in Phase Counting Mode
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10.7.3 Caution on Period Setting

When counter clearing on compare match is set, TCNT is cleared in the final state in which it matches the TGR value
(the point at which the count value matched by TCNT is updated). Consequently, the actual counter frequency is given
by the following formula:

P00
(N+1)

Where f Counter frequency
PO0¢:  Peripheral clock operating frequency
N: TGR set value

10.7.4 Contention between TCNT Write and Clear Operations

If the counter clear signal is generated in the T2 state of a TCNT write cycle, TCNT clearing takes precedence and the
TCNT write is not performed.

Figure 10.99 shows the timing in this case.

TCNT write cycle
T1 T2
o LT LT LT L L L L L
Address XTC