To our customers,

Old Company Name in Catalogs and Other Documents

On April 1%, 2010, NEC Electronics Corporation merged with Renesas Technology
Corporation, and Renesas Electronics Corporation took over all the business of both
companies. Therefore, although the old company name remains in this document, it is a valid
Renesas Electronics document. We appreciate your understanding.

Renesas Electronics website: http://www.renesas.com

April 1%, 2010
Renesas Electronics Corporation

Issued by: Renesas Electronics Corporation (http://www.renesas.com)

Send any inquiries to http://www.renesas.com/inquiry.

LENESAS



10.

11

12.

Notice

All information included in this document is current as of the date this document isissued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful atention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of 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.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any lossesincurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the devel opment of weapons of mass destruction. Renesas Electronics products and
technology may 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.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errorsin or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’ s quality grade, as
indicated below. Y ou must check the quality grade of each Renesas Electronics product before using it in aparticular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not bein any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances, machine tools; personal electronic equipment; and industrial robots.
“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.
“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose adirect threat to human life.
Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physica injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, 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, please evaluate the safety of the final products or system
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. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as aresult of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sdes office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Keep safety first in your circuit designs!

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and
more reliable, but there is always the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

1. These materials are intended as a reference to assist our customers in the selection of the Renesas
Technology Corp. product best suited to the customer's application; they do not convey any license
under any intellectual property rights, or any other rights, belonging to Renesas Technology Corp. or
a third party.

2. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any third-
party's rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or
circuit application examples contained in these materials.

3. All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corp. without notice due to product improvements or
other reasons. It is therefore recommended that customers contact Renesas Technology Corp. or
an authorized Renesas Technology Corp. product distributor for the latest product information
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss rising
from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by various means,
including the Renesas Technology Corp. Semiconductor home page (http://www.renesas.com).

4. When using any or all of the information contained in these materials, including product data,
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total
system before making a final decision on the applicability of the information and products. Renesas
Technology Corp. assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

5. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a device or
system that is used under circumstances in which human life is potentially at stake. Please contact
Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor when
considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

6. The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduce in
whole or in part these materials.

7. If these products or technologies are subject to the Japanese export control restrictions, they must
be exported under a license from the Japanese government and cannot be imported into a country
other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

8. Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.

Rev. 5.00 Jan 06, 2006 page ii of xx

RENESAS



Preface

The SH7050 series (SH7050, SH7051) is a single-chip RISC microcontroller that integrates a
RISC CPU core using an original Renesas architecture with peripheral functions required for
system configuration.

The CPU has a RISC-type instruction set. Most instructions can be executed in one state (one
system clock cycle), which greatly improves instruction execution speed. In addition, the 32-bit
internal architecture enhances data processing power. With this CPU, it has become possible to
assembl e low-cost, high-performance/high-functionality systems even for applications such as
real-time control, which could not previously be handled by microcontrollers because of their
high-speed processing requirements.

In addition, the SH7050 series includes on-chip peripheral functions necessary for synchronous
configuration, such as large-capacity ROM and RAM, a direct memory access controller
(DMAC), timers, aserial communication interface (SCI), A/D converter, interrupt controller
(INTC), and I/O ports.

ROM and SRAM can be directly connected by means of an external memory access support
function, greatly reducing system cost.

There are versions of on-chip ROM: mask ROM and flash memory. The flash memory can be
programmed with a programmer that supports SH7050 series programming, and can also be
programmed and erased by software.

This hardware manual describes the SH7050 series hardware. Refer to the programming manual
for adetailed description of the instruction set.

Related M anual
SH7050 seriesinstructions
SH-1/SH-2/SH-DSP Software Manual (Document No. REJ09B0171-05000)

Please consult your Renesas sales representative for details of development environment system.
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Main Revisions for This Edition

Item Page Revision (See Manual for Details)

All ad All references to Hitachi, Hitachi, Ltd., Hitachi Semiconductors, and
other Hitachi brand names changed to Renesas Technology Corp.

Changes due to change in package codes.
FP-168B - PRQP0168JA-A

2.3.3 Instruction 35 Table amended
Format Source Destination
Instruction Formats Operand Operand :
Table 2.9 — Rl S bl O
. d format = dddddddd: PC '
Instruction Formats 15 0 relative

XXxX  xxxx | dddd dddd

d12 format - dddddddddddd:
15 0 PC relative
[ 0 [ dddd  dddd dddd |
13.2.8 Bit Rate 385 Description amended
Register (BRR) Synchronous mode:
Nz — ®  s106-1
8 x 22n—1 x B
22.2 DC 655 Table amended
Characteristics Item Pin Symbol Min Typ Max Unit |
Table 22.2 DC Reference  During A/D Al — 10 5 mA |
Characteristics power conversion ;
supply
current :
Table 22.3 656 Table amended
Permitted OUtpUt Item Symbol  Min Typ Max Unit
Current Values Output low-level permissible current (per pin) lo, — — 8.0 mA

Note: To assure LSl reliability, do not exceed the output values listed in this table.
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Section 1 Overview

Section1l Overview

1.1 Features

The SH7050 seriesis asingle-chip RISC microcontroller that integrates a RISC CPU core using
an original Renesas architecture with peripheral functions required for system configuration.

The CPU has a RISC-type instruction set. Most instructions can be executed in one state (one
system clock cycle), which greatly improves instruction execution speed. In addition, the 32-hit
internal architecture enhances data processing power. With this CPU, it has become possible to
assemble low-cost, high-performance/high-functionality systems even for applications such as
real-time control, which could not previously be handled by microcontrollers because of their
high-speed processing requirements.

In addition, the SH7050 series includes on-chip peripheral functions necessary for synchronous
configuration, such as large-capacity ROM and RAM, adirect memory access controller
(DMAC), timers, a serial communication interface (SCI), A/D converter, interrupt controller
(INTC), and I/O ports.

ROM and SRAM can be directly connected by means of an external memory access support
function, greatly reducing system cost.

There are versions of on-chip ROM: mask ROM and F-ZTAT™ (Flexible Zero Turn Around
Time) with flash memory. The flash memory can be programmed with a programmer that supports
SH7050 series programming, and can also be programmed and erased by software. This enables
the chip to be programmed on the user side while mounted on a board.

The features of the SH7050 series are summarized in table 1.1.

Note: F-ZTAT isatrademark of Renesas Technology Corp.
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Section 1 Overview

Tablel.1 SH7050 SeriesFeatures

Iltem

Features

CPU

Original Renesas architecture

32-bit internal architecture

General register machine

O Sixteen 32-bit general registers

O Three 32-bit control registers

O Four 32-bit system registers

RISC-type instruction set

O Fixed 16-bit instruction length for improved code efficiency

O Load-store architecture (basic operations are executed between
registers)

O Delayed unconditional/conditional branch instructions reduce pipeline
disruption during branches

O C-oriented instruction set

Instruction execution time: Basic instructions execute in one state
(50 nsf/instruction at 20 MHz operation)

Address space: Architecture supports 4 Ghytes

On-chip multiplier: Multiply operations (32 bits x 32 hits - 64 bits) and
multiply-and-accumulate operations (32 bits x 32 bits + 64 bits - 64 bits)
executed in two to four states

Five-stage pipeline
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Section 1 Overview

Iltem Features

Operating states  « Operating modes
O Single-chip mode
O 8/16-bit bus expanded mode (area 0 only set by mode pins)
* Mode with on-chip ROM
* Mode with no on-chip ROM
¢ Processing states
Power-on reset state

O

Program execution state

O

Exception handling state

O

Bus-released state
Power-down state
¢ Power-down state
O Sleep mode
O Software standby mode
0 Hardware standby mode

Interrupt ¢ Nine external interrupt pins (NMI, IRQO to IRQ7)
controller (INTC)

66 internal interrupt sources
(ATU x 44, SCI x 12, DMAC x 4, A/ID x 2, WDT x 1, UBC x 1, CMT x 2)
e 16 programmable priority levels

User break ¢ Requests an interrupt when the CPU or DMAC generates a bus cycle with
controller (UBC) specified conditions

« Simplifies configuration of an on-chip debugger

Clock pulse ¢ On-chip clock pulse generator (maximum operating frequency: 20 MHz)
generator On-chip clock-multiplication PLL circuit (x1, x2, x4
(CPGIPLL) P P (L, x2, x4)

External input frequency range: 4 to 10 MHz
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Section 1 Overview

Iltem Features

Bus state .
controller (BSC)

Supports external memory access (SRAM and ROM directly connectable)
O 8/16-bit external data bus

External address space divided into four areas, with the following
parameters settable for each area:

O Bus size (8 or 16 hits)
0O Number of wait cycles
O Chip select signals (CS0 to CS3) output for each area

Wait cycles can be inserted using an external WAIT signal
External access in minimum of two cycles

Provision for idle cycle insertion to prevent bus collisions
(between external space read and write cycles, etc.)

Direct memory .
access controller
(DMAC)

(4 channels)

DMA transfer possible for the following devices:

O External memory, external I/O, external memory, on-chip supporting
modules (excluding DMAC, UBC, BSC)

DMA transfer requests by external pins, on-chip SCI, on-chip A/D
converter, on-chip ATU

Cycle stealing or burst transfer

Relative channel priorities can be set

Channels 0 and 1: Selection of dual or single address mode transfer,

external requests possible

Channels 2 and 3: Dual address mode transfer and internal requests only

Source address reload function (channel 2 only)

Can be switched between direct address transfer mode and indirect

address transfer mode (channel 3 only)

O Direct address transfer mode: Transfers the data at the transfer source
address to the transfer destination address

O Indirect address transfer mode: Regards the data at the transfer source
address as an address, and transfers the data at that address to the
transfer destination address
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Section 1 Overview

Iltem

Features

Advanced timer
unit (ATU)

Built-in two-stage prescaler

Total of 18 counters: ten free-running counters, eight down-counters
Maximum 34 pulse inputs or outputs can be processed

Four 32-bit input capture inputs

Eight 16-bit one-shot pulse outputs

Eighteen 16-bit input capture inputs/output compare outputs
Four 16-bit PWM outputs

One 16-bit input capture input (no pin)

O 0o ogood

Advanced pulse
controller (APC)

Maximum eight pulse outputs

Watchdog timer
(WDT)
(1 channel)

Can be switched between watchdog timer and interval timer function

Internal reset, external signal, or interrupt generated by counter overflow

Serial
communication
interface (SCI)
(3 channels)

Selection of asynchronous or synchronous mode
Simultaneous transmission/reception (full-duplex) capability
Built-in dedicated baud rate generator

Multiprocessor communication function

A/D converter

10-bit resolution
Sixteen channels

O Two sample-and-hold circuit function units
(independent operation of 12 channels and 4 channels)

O Selection of single mode or scan mode
Can be activated by external trigger or ATU compare-match
ADEND output at end of A/D conversion (A/D1 module only)

Compare-match
timer (CMT)
(2 channels)

Selection of 4 counter input clocks

A compare-match interrupt can be requested independently for each
channel

I/0O ports

Total of 118 pins (multiplex ports): 102 input/output, 16 input
O Input or output can be specified bit by bit
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Section 1 Overview

Item Features
Large-capacity Model
on-chip memory Memory SH7050 SH7051
Mask ROM 128 kB — —
Flash memory — 128 kB 256 kB
RAM 6 kB 6 kB 10 kB
Product lineup Model On-Chip |Operating| Operating Product Code Package
ROM Voltage | Frequency
SH7050 | Mask 50V 4 to 20 MHz | HD6437050F20 168-pin plastic
ROM QFP
Flash 50V | 41020 MHz | HD64F7050sF20 | (PRQPO168IA-A)
memory
SH7051 | Flash 50V | 4to 20 MHz | HD64F7051SF20
memory
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Section 1 Overview

12 Block Diagram

[a)
8=z
[ S8
0 un a <
= J =
55 N [
z< g
EEFDEF ol EFEFELEEEEEE
BEEEsE AR E PP R PRTTREPRE
SORNMAO COTAAOIIN O A A A I A OO NONITNAN IO
LLOOOO LO00NNONNNANICLILIILIILIICILIILCLCLCL
aoaocaaa gfdddooooAaOQoQOoAQAQAAQOOAAQAOAQQ
—Hsﬁ{'gi - | Port/control signals | | Port/address signals |
MD3 — p
MD2 —
MD1 — ]
MDO — = [~— PD15/D15
NM| — [+~— PD14/D14
WDTOVF ~— [+~— PD13/D13
ROM (flash/mask) RAM [~ PD12/D12
o [+ PD11/D11
i @ [« PD10/D10
CK =— EENNNNEEEEEN 2+ PDID9
EXTAL —= \ g [~ PD8/D8
XTAL —| Clock pulse 8 [~ PD7/D7
PLLVgc —=| generator - £ [+ PDOID6
PLLV. Direct memory & = PD5/D5
PLLCASS access l«—= PD4/D4
Vee (x15) —= controller l«—= PD3/D3
Ve (x15) —= Multiplier (4 channels) -~ PD2/D2
AV~ ~— PD1/D1
ref
AVcc (%2) - Interrupt _<—' PDO0/DO
AVgs (x2) controller Bus state controller
FWE (NC*) — M T —
[+~ PGO/ADTRG/IRQOUT
- - [+~— PG1/SCKO0
— Serial communi- J L .
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s =) | TITITIITOOT DTOTITOTITOITT | o s
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PBO/TO6 ~—=| 2979298589333 8882397 nsad288822¢8 [+~— PF5/DREQ1/PULS1
PB1/TO7 ~—~| gggégggggggg 999999999999.:,:,:,:6:6 [+—= PF4/DACK1/PULSO
- EE EEEEEE EFEESSo® —
PB2/TOS EESOEEEEGRSS SSoanemyoNSonouuEE
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EE
N
8 8 -: Peripheral address bus (24 bits)
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(IIIID : Internal address bus (24 bits)
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Note: * MASK ROM version (D :Internal lower data bus (16 bits)

Figure1l.1 Block Diagram
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Section 1 Overview

1.3

Pin Arrangement and Pin Functions

Pin Arrangement
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7
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101|—1PD12/D12
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107
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Vss
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97 Ve
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96 ——1PD9/D9
95[__1PD8/D8
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89 [ Ve
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87| _—_1PD2/D2
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6.
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e[ 02v/018d
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Vee EEE29
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Note: * MASK ROM version

Figurel.2 Pin Arrangement
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Section 1 Overview

1.3.2 Pin Functions

Table 1.2 summarizes the pin functions.

Tablel.2 Pin Functions

Type Symbol Pin No. 110 Name Function
Power supply V.. 13, 21,29, Input Power supply  For connection to the power
37, 47, 55, supply.
72,79, 89, Connect all V_ pins to the
97, 105, system power supply. The
113, 130, chip will not operate if there
158 are any open pins.
Ve 7,15, 23, Input  Ground For connection to ground.
31,39, 49, Connect all V pins to the
57,64, 70, system ground. The chip will
81, 91, 99, not operate if there are any
107, 115, open pins.
136, 164
Flash memory FWE 118 Input Flash write Connected to ground in
enable normal operation.
Apply V. during on-board
programming. (Not included
in mask ROM version.)
Clock PLLV 121 Input PLL power On-chip PLL oscillator power
supply supply.
For power supply connection,
see section 4, Clock Pulse
Generator.
PLLV 123 Input PLL ground On-chip PLL oscillator
ground.
For power supply connection,
see section 4, Clock Pulse
Generator.
PLLCAP 122 Input PLL On-chip PLL oscillator

capacitance

external capacitance
connection pin.

For external capacitance
connection, see section 4,
Clock Pulse Generator.
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Section 1 Overview

Type Symbol Pin No. 110 Name Function
Clock EXTAL 110 Input External clock For connection to a crystal
resonator. An external clock
source can also be
connected to the EXTAL pin.
XTAL 108 Input Crystal For connection to a crystal
resonator.
CK 125 Output System clock  Supplies the system clock to
peripheral devices.
System RE 126 Input Power-on Executes a power-on reset
control reset when driven low.
WDTOVF 51 Output Watchdog WDT overflow output signal.
timer overflow
BREQ 135 Input Bus request Driven low when an external
device requests the bus.
BACK 134 Output Bus request Indicates that the bus has
acknowledge  been granted to an external
device. The device that
output the BREQ signal
recognizes that the bus has
been acquired when it
receives the BACK signal.
Operating MDO to 120, 119, Input Mode setting  These pins determine the
mode control  MD3 111, 109 operating mode. Do not
change the input values
during operation.
HSTBY 124 Input Hardware When driven low, this pin
standby forces a transition to
hardware standby mode.
Interrupts NMI 112 Input Nonmaskable Nonmaskable interrupt
interrupt request pin.
Acceptance on the rising
edge or falling edge can be
selected.
TRQO to 106, 114,  Input Interrupt Maskable interrupt request
IRQ7 116, 117, 6, requests pins.
8, 54, 133 Oto7

Level input or edge input can
be selected.

Rev. 5.00 Jan 06, 2006 page 10 of 818
REJ09B0273-0500

RENESAS



Section 1 Overview

Type Symbol Pin No. 110 Name Function
Interrupts IRQOUT 159 Output Interrupt Indicates that an interrupt has
request been generated.
output Enables interrupt generation
to be recognized in the bus-
released state.
Address bus  A0-A21 17-20, 22, Output Address bus Address output pins.
24-28, 30,
32-36, 38,
40-44
Data bus DO-D15 85-88,90, Input/ Data bus 16-bit bidirectional data bus
92-96, 98, output pins.
100-104
Bus control CS0-CS3 52-54,133 Output Chip select Chip select signals for
Oto3 external memory or devices.

RD 50 Output Read Indicates reading from an
external device.

WRH 46 Output  Upper write Indicates writing of the upper
8 bits of external data.

WRL 45 Output  Lower write Indicates writing of the lower
8 bits of external data.

WAIT 48 Input  Wait Input for wait cycle insertion
in bus cycles during external
space access.

Direct memory DREQO- 131, 128 Input DMA transfer  Input pin for external requests
access DREQ1 request for DMA transfer.

controller (channels 0, 1)

(DMAC) DRAKO- 61, 62 Output DREQ request These pins output the input

DRAK1 acknowledg- sampling acknowledgment for

ment (channels external requests for DMA
0,1) transfer.
DACKO- 129, 127 Output DMA transfer  These pins output a strobe to
DACK1 strobe the external 1/0 of external

(channels 0, 1)

DMA transfer requests.
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Section 1 Overview

Type Symbol Pin No. 110 Name Function
Advanced TCLKA 14 Input ATU timer ATU counter external clock
timer unit TCLKB 16 clock input Input pins.
(ATU) TIAO 76 Input ATU input Channel 0 input capture input
TIBO 77 capture pins.
TICO 78 (channel 0)
TIDO 80
TIOAL 66 Input/  ATU input Channel 1 input capture
TIOB1 67 output capture/output input/output compare output
TIOC1 68 compare pins.
TIOD1 69 (channel 1)
TIOE1 71
TIOF1 73
TIOA2 74 Input/  ATU input Channel 2 input capture
TIOB2 75 output capture/output input/output compare output
compare pins.
(channel 2)
TIOA3 82 Input/  ATU input Channel 3 input capture
TIOB3 83 output capture/output input/output compare/PWM
TIOC3 84 compare/ output pins.
TIOD3 1 PWM output
(channel 3)
TIOA4 2 Input/  ATU input Channel 4 input capture
TIOB4 3 output capture/output input/output compare/PWM
TIOC4 4 compare/ output pins.
TIOD4 5 PWM output
(channel 4)
TIOAS 6 Input/  ATU input Channel 5 input capture
TIOBS 8 output  capture/output input/output compare/PWM
compare/ output pins.
PWM output
(channel 5)
TO6 9 Output ATU PWM Channel 6 to 9 PWM output
TO7 10 output pins.
TOS8 11 (channels
TO9 12 610 9)
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Section 1 Overview

Type Symbol Pin No. 110 Name Function
Advanced TOA10 56 Output ATU one-shot Channel 10 down-counter
timer unit TOB10 58 pulse (channel one-shot pulse output pins.
(ATU) TOC10 59 10)
TOD10 60
TOE10 61
TOF10 62
TOG10 63
TOH10 65
Advanced PULSO- 127-129, Output APC pulse APC pulse output pins.
pulse PULS7 131-135 outputs 0to 7
controller
(APC)
Serial TxDO—- 161, 165, Output Transmitdata SCIO to SCI2 transmit data
communication TxD2 167 (channels output pins.
interface (SCI) 0to2)
RxDO0O— 162, 166, Input Receive data  SCI0 to SCI2 receive data
RsD2 168 (channels input pins.
0to2)
SCKO- 160, 163, Input/  Serial clock SCIO0 to SCI2 clock
SCK2 132 output  (channels input/output pins.
0to 2)
A/D converter AV, 142, 150 Input  Analog power A/D converter power supply.
supply
AV 144, 152 Input Analog ground A/D converter power supply.
AV 149 Input Analog Analog reference power
reference supply input pin.
power supply
ANO-AN15 137-141, Input Analog input Analog signal input pins.
143,145
148, 151,
153-157
ADTRG 159 Input A/D conversion External trigger input for
trigger input starting A/D conversion.
ADEND 54 Output ADEND output A/D1 channel 15 conversion

timing monitor output pin.
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Section 1 Overview

Type Symbol Pin No. 110 Name Function
I/O ports POD 44 Input Port output Input pin for port pin drive
disable control when general port is
set for output.
PAO-PA15 17-20,22, Input/ PortA General input/output port
24-28, 30, output pins.
32-36 Input or output can be
specified bit by bit.
PBO-PB11 9-12, 14, Input/  Port B General input/output port
16, 38, output pins.
40-44 Input or output can be
specified bit by bit.
PCO-PC14 45, 46,48, Input/ PortC General input/output port
50, 52-54, output pins.
56, 58-63, Input or output can be
65 specified bit by bit.
PDO-PD15 85-88,90, Input/ PortD General input/output port
92-96, 98, output pins.
100-104 Input or output can be
specified bit by bit.
PEO-PE14 66-69, 71, Input/ PortE General input/output port
73-78, 80, output pins.
82-84 Input or output can be
specified bit by bit.
PFO-PF11 106, 114, Input/  PortF General input/output port
116, 117, output pins.
127-129, Input or output can be
131-135 specified bit by bit.
PG0-PG15 159-163, Input/  Port G General input/output port
165-168, output pins.
1-6,8 Input or output can be
specified bit by bit.
PHO-PH15 137-141, Input Port H General input port pins.
143, 145-
148, 151,
153-157
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Section 1 Overview

133 Pin Assignments

Table1.3 Pin Assgnments

Pin No. MCU Mode Programmer Mode
1 PG9/TIOD3 Ve
2 PG10/TIOA4 Ve
3 PG11/TIOB4 N.C.
4 PG12/TIOC4 N.C.
5 PG13/TIOD4 Ve
6 PG14/IRQ4/TIOA5 N.C.
7 VSS VSS
8 PG15/IRQ5/TIOB5 N.C.
9 PBO/TO6 N.C.
10 PB1/TO7 N.C.
11 PB2/TO8 N.C.
12 PB3/TO9 N.C.
13 VCC VCC
14 PB4/TCLKA N.C.
15 VSS VSS
16 PB5/TCLKB N.C.
17 PAO/AO A0
18 PA1/Al Al
19 PA2/A2 A2
20 PA3/A3 A3
21 VCC VCC
22 PA4/A4 A4
23 Vg, Ve
24 PA5/A5 A5
25 PAG6/A6 A6
26 PA7/A7 A7
27 PAS8/A8 A8
28 PA9/A9 OE
29 Y, Y,

CcC CcC
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Section 1 Overview

Pin No. MCU Mode Programmer Mode
30 PA10/A10 A10
31 Ve Ve
32 PA11/A11 All
33 PA12/A12 Al2
34 PA13/A13 A13
35 PA14/A14 Al4
36 PA15/A15 A15
37 VCC VCC
38 PB6/A16 A16
39 VSS VSS
40 PB7/A17 V, (HD64F7050S)/A17 (HD64F7051S)
41 PB8/A18 CE
42 PB9/A19 WE
43 PB10/A20 N.C.
44 PB11/A21/POD N.C.
45 PCO/WRL N.C.
46 PC1/WRH N.C.
47 Ve, Ve,
48 PC2/WAIT N.C.
49 Ve Ve
50 PC3/RD N.C.
51 WDTOVF N.C.
52 PC4/CS0 N.C.
53 PC5/CS1 N.C.
54 PC6/CS2/IRQ6/ADEND N.C.
55 VCC VCC
56 PC7/TOA10 N.C.
57 Ve Ve
58 PC8/TOB10 N.C.
59 PC9/TOC10 N.C.
60 PC10/TOD10 N.C.
61 PC11/TOE10/DRAKO N.C.
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Section 1 Overview

Pin No. MCU Mode Programmer Mode
62 PC12/TOF10/DRAK1 N.C.
63 PC13/TOG10 N.C.
64 Ve Ve
65 PC14/TOH10 N.C.
66 PEO/TIOAL N.C.
67 PE1/TIOB1 N.C.
68 PE2/TIOC1 N.C.
69 PE3/TIOD1 N.C.
70 Vo Ve
71 PE4/TIOE1 N.C.
72 VCC VCC
73 PES/TIOF1 N.C.
74 PEG6/TIOA2 N.C.
75 PE7/TIOB2 N.C.
76 PES/TIAO N.C.
77 PE9/TIBO N.C.
78 PE10/TICO N.C.
79 VCC VCC
80 PE11/TIDO N.C.
81 VSS VSS
82 PE12/TIOA3 N.C.
83 PE13/TIOB3 N.C.
84 PE14/TIOC3 N.C.
85 PDO/DO 1/100
86 PD1/D1 /01
87 PD2/D2 1102
88 PD3/D3 1/103
89 VCC VCC
90 PD4/D4 1104
91 Vo Ve
92 PD5/D5 1/05
93 PD6/D6 1106
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Section 1 Overview

Pin No. MCU Mode Programmer Mode
94 PD7/D7 1107
95 PD8/D8 N.C.
96 PD9/D9 N.C.
97 Ve Ve

98 PD10/D10 N.C.
99 Ve Ve
100 PD11/D11 N.C.
101 PD12/D12 N.C.
102 PD13/D13 N.C.
103 PD14/D14 N.C.
104 PD15/D15 N.C.
105 Ve, Ve,
106 PFO/IRQO N.C.
107 Ve Ve
108 XTAL XTAL
109 MD3 Ve,
110 EXTAL EXTAL
111 MD2 Ve,
112 NMI A9
113 Ve, Ve,
114 PF1/IRQT N.C.
115 Ve Ve
116 PF2/IRQ2 N.C.
117 PF3/IRQ3 N.C.
118 FWE (NC™) FWE
119 MD1 Ve
120 MDO Ve,
121 PLLV,, PLLV,,
122 PLLCAP PLLCAP
123 PLLV,, PLLV
124 HSTBY V.
125 CK N.C.
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Section 1 Overview

Pin No. MCU Mode Programmer Mode
126 RES RES
127 PF4/DACK1/PULSO N.C.
128 PF5/DREQ1/PULS1 N.C.
129 PF6/DACKO/PULS2 N.C.
130 Ve, Ve,
131 PF7/DREQO/PULS3 N.C.
132 PF8/SCK2/PULS4 N.C.
133 PF9/CS3/IRQ7/PULS5 N.C.
134 PF10/BACK/PULS6 N.C.
135 PF11/BREQ/PULS? N.C.
136 Ve Ve
137 PHO/ANO N.C.
138 PH1/AN1 N.C.
139 PH2/AN2 N.C.
140 PH3/AN3 N.C.
141 PH4/AN4 N.C.
142 AV, Ve
143 PH5/AN5 N.C.
144 AV Ve
145 PH6/ANG N.C.
146 PH7/AN7 N.C.
147 PH8/ANS N.C.
148 PH9/AN9 N.C.
149 AV, Ve
150 AV Ve,
151 PH10/AN10 N.C.
152 AV Ve
153 PH11/AN11 N.C.
154 PH12/AN12 N.C.
155 PH13/AN13 N.C.
156 PH14/AN14 N.C.
157 PH15/AN15 N.C.
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Section 1 Overview

Pin No. MCU Mode Programmer Mode
158 V. V.
159 PGO/ADTRG/IRQOUT N.C.
160 PG1/SCKO N.C.
161 PG2/TxD0 N.C.
162 PG3/RxD0 N.C.
163 PG4/SCK1 N.C.
164 Vo Vo
165 PG5/TxD1 N.C.
166 PG6/RxD1 N.C.
167 PG7/TxD2 N.C.
168 PG8/RxD2 N.C.

Note: * Mask ROM version

Rev. 5.00 Jan 06, 2006 page 20 of 818
REJ09B0273-0500
RENESAS



Section 2 CPU

Section2 CPU

21 Register Configuration

The register set consists of sixteen 32-bit general registers, three 32-bit control registers and four
32-hit system registers.

211 General Registers(Rn)

The sixteen 32-bit general registers (Rn) are numbered RO-R15. General registers are used for
data processing and address calculation. RO is also used as an index register. Several instructions
have RO fixed as their only usable register. R15 is used as the hardware stack pointer (SP). Saving
and recovering the status register (SR) and program counter (PC) in exception processing is
accomplished by referencing the stack using R15. Figure 2.1 shows the general registers.

31 0
RO*!
R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15, SP (hardware stack pointer)*2

Notes: 1. RO functions as an index register in the indirect indexed register addressing
mode and indirect indexed GBR addressing mode. In some instructions, RO
functions as a fixed source register or destination register.

2. R15 functions as a hardware stack pointer (SP) during exception processing.

Figure2.1 General Registers
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212 Control Registers

The 32-bit control registers consist of the 32-bit status register (SR), global base register (GBR),
and vector base register (VBR). The status register indicates processing states. The global base
register functions as a base address for the indirect GBR addressing mode to transfer data to the
registers of on-chip peripheral modules. The vector base register functions as the base address of
the exception processing vector area (including interrupts). Figure 2.2 shows a control register.

31 98 76543210
SR| ————————- MQI3 121110 --ST | SR: Status register

T T I_> T bit: The MOVT, CMP/cond, TAS, TST,

BT (BT/S), BF (BF/S), SETT, and CLRT
instructions use the T bit to indicate true
(1) or false (0). The ADDV, ADDC,
SUBV, SUBC, DIVOU, DIVOS, DIV1,
NEGC, SHAR, SHAL, SHLR, SHLL,
ROTR, ROTL, ROTCR, and ROTCL
instructions also use the T bit to indicate
carry/borrow or overflow/underflow.

— S bit: Used by the MAC instruction.

—» Reserved bits. This bit always read 0.
The write value should always be 0.
—— ¥ Bits 10-13: Interrupt mask bits.
» M and Q bits: Used by the DIVOU, DIVOS,
and DIV1 instructions.
» Reserved bits. 0 is read. Write only.

31 0 Global base register (GBR):

GBR Indicates the base address of the indirect
GBR addressing mode. The indirect GBR
addressing mode is used in data transfer
for on-chip peripheral modules register
areas and in logic operations.

31 0 Vector base register (VBR):
VBR Stores the base address of the exception
processing vector area.

Figure2.2 Control Register Configuration
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213 System Registers

System registers consist of four 32-hit registers: high and low multiply and accumulate registers
(MACH and MACL), the procedure register (PR), and the program counter (PC). The multiply
and accumul ate registers store the results of multiply and accumulate operations. The procedure
register stores the return address from the subroutine procedure. The program counter stores
program addresses to control the flow of the processing. Figure 2.3 shows a system register.

3l 0 Multiply and accumulate (MAC)
MACH registers high and low (MACH,
MACL MACL): Stores the results of

multiply and accumulate operations.

31 0 Procedure register (PR): Stores
| PR | a return address from a
subroutine procedure.

31 0  Program counter (PC): Indicates
| PC | the fourth byte (second instruction)
after the current instruction.

Figure2.3 System Register Configuration

214 Initial Values of Registers
Table 2.1 lists the values of the registers after reset.

Table2.1 Initial Valuesof Registers

Classification Register Initial Value
General registers R0-R14 Undefined
R15 (SP) Value of the stack pointer in the vector address table
Control registers SR Bits 13—10 are 1111 (H'F), reserved bits are 0, and other
bits are undefined
GBR Undefined
VBR H'00000000
System registers  MACH, MACL, PR Undefined
PC Value of the program counter in the vector address
table
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2.2 Data Formats

221 Data Format in Registers

Register operands are always longwords (32 bits). When the memory operand is only a byte (8
bits) or aword (16 hits), it is sign-extended into alongword when loaded into aregister (figure
2.4).

| Longword

Figure2.4 Data Format in Registers

222 Data Format in Memory

Memory data formats are classified into bytes, words, and longwords. Byte data can be accessed
from any address, but an address error will occur if you try to access word data starting from an
address other than 2n or longword data starting from an address other than 4n. In such cases, the
data accessed cannot be guaranteed. The hardware stack area, referred to by the hardware stack
pointer (SP, R15), uses only longword data starting from address 4n because this area holds the
program counter and status register (figure 2.5).

Addressm+1  Addressm + 3
Address m Address m + 2
Ta1 l 23 15 l 7 0
Byte | Byte | Byte | Byte
Address 2n —» Word Word
Address 4n —»| Longword

Figure2.5 DataFormatin Memory
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2.2.3 Immediate Data For mat

Byte (8 hit) immediate data resides in an instruction code. Immediate data accessed by the MOV,
ADD, and CMP/EQ instructionsiis sign-extended and handled in registers as longword data.
Immediate data accessed by the TST, AND, OR, and XOR instructions is zero-extended and
handled as longword data. Consequently, AND instructions with immediate data always clear the
upper 24 bits of the destination register.

Word or longword immediate data is not located in the instruction code, but instead is stored in a
memory table. An immediate data transfer instruction (MOV) accesses the memory table using the
PC relative addressing mode with displacement.

2.3 I nstruction Features

231 RISC-Type Instruction Set
All instructions are RISC type. This section details their functions.
16-Bit Fixed Length: All instructions are 16 bits long, increasing program code efficiency.

Onelnstruction per Cycle: The microprocessor can execute basic instructions in one cycle using
the pipeline system. Instructions are executed in 50 ns at 20 MHz.

Data L ength: Longword is the standard data length for all operations. Memory can be accessed in
bytes, words, or longwords. Byte or word data accessed from memory is sign-extended and
handled as longword data. Immediate data is sign-extended for arithmetic operations or zero-
extended for logic operations. It also is handled as longword data (table 2.2).

Table2.2 Sign Extension of Word Data

SH7050 Series CPU Description Example of Conventional CPU
MOV. W  @disp,PC),RlL Datais sign-extendedto 32 ADD. W #H 1234, RO
ADD RL, RO bits, and R1 becomes

H'00001234. It is next
------- operated upon by an ADD
. DATA. W H 1234 instruction.

Note: @(disp, PC) accesses the immediate data.

Load-Store Architecture: Basic operations are executed between registers. For operations that
involve memory access, datais loaded to the registers and executed (load-store architecture).
Instructions such as AND that manipulate bits, however, are executed directly in memory.
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Delayed Branch Instructions: Unconditional branch instructions are delayed. Executing the
instruction that follows the branch instruction and then branching reduces pipeline disruption
during branching (table 2.3). There are two types of conditional branch instructions: delayed
branch instructions and ordinary branch instructions.

Table2.3 Delayed Branch Instructions

SH7050 Series CPU Description Example of Conventional CPU
BRA TRGET Executes an ADD before ADD.W R1, RO
ADD RL, RO branching to TRGET BRA TRGET

Multiplication/Accumulation Operation: 16-bit x 16-bit — 32-bit multiplication operations are
executed in one to two cycles. 16-bit x 16-bit + 64-bit — 64-bit multiplication/accumulation
operations are executed in two to three cycles. 32-bit x 32-bit - 64-bit and 32-bit x 32-bit + 64bit
- 64-bit multiplication/accumulation operations are executed in two to four cycles.

T Bit: The T bit in the status register changes according to the result of the comparison, and in
turn is the condition (true/false) that determinesif the program will branch. The number of
instructions that change the T bit is kept to a minimum to improve the processing speed (table
2.4).

Table2.4 T Bit

SH7050 Series CPU Description Example of Conventional CPU
CW/ GE R1,RO T bit is set when RO = R1. The CWP. W R1, RO
BT TRGETO program branches to TRGETO BGE TRGETO
when RO = R1 and to TRGET1
BF TRGET1 when RO < R1. BLT TRGET1
ADD #-1, RO T bitis not changed by ADD. T hit SUB. W #1, RO
CVPIEQ  #0, RO is set when RO = 0. The program BEQ TRGET

branches if RO = 0.
BT TRGET
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Immediate Data: Byte (8 hit) immediate data resides in instruction code. Word or longword
immediate datais not input viainstruction codes but is stored in a memory table. An immediate
data transfer instruction (MOV) accesses the memory table using the PC relative addressing mode
with displacement (table 2.5).

Table25 Immediate Data Accessing

Classification SH7050 Series CPU Example of Conventional CPU
8-bit immediate MoV #H 12, RO MOV.B #H 12, RO
16-bit immediate MOV. W @di sp, PO, RO MOV. W #H 1234, RO

.DATA. W H 1234
32-bit immediate MOV. L @di sp, PO, RO MOV. L #H 12345678, RO

. DATA. L H 12345678
Note: @(disp, PC) accesses the immediate data.

Absolute Address: When data is accessed by absolute address, the value already in the absolute
addressis placed in the memory table. Loading the immediate data when the instruction is
executed transfers that value to the register and the datais accessed in the indirect register
addressing mode (table 2.6).

Table2.6  Absolute Address Accessing

Classification SH7050 Series CPU Example of Conventional CPU
Absolute address MOV. L @disp, PO, R1 MOV. B @4 12345678, RO
MOV. B @R1, RO

.DATA. L H 12345678
Note: @(disp,PC) accesses the immediate data.
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16-Bit/32-Bit Displacement: When datais accessed by 16-bit or 32-hit displacement, the pre-
existing displacement value is placed in the memory table. Loading the immediate data when the
instruction is executed transfers that value to the register and the data is accessed in the indirect
indexed register addressing mode (table 2.7).

Table2.7 Displacement Accessing

Classification SH7050 Series CPU Example of Conventional CPU

16-bit displacement  MOV. W @disp, PC), RO MOV. W @H 1234, R1), R2
MOV. W @RO,R1), R2

. DATA. W H 1234

Note: @(disp,PC) accesses the immediate data.
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232 Addressing M odes
Table 2.8 describes addressing modes and effective address cal culation.

Table2.8 Addressing Modes and Effective Addresses

Addressing Instruction
Mode Format Effective Addresses Calculation Equation
Direct register  Rn The effective address is register Rn. (The operand —
addressing is the contents of register Rn.)
Indirect register @rn The effective address is the content of register Rn.  Rn
addressing
Post-increment  @Rn+ The effective address is the content of register Rn.  Rn
indirect register A constant is added to the content of Rn after the (After the
addressing instruction is executed. 1 is added for a byte instruction
operation, 2 for a word operation, and 4 for a executes)
longword operation.
Byte: Rn+ 1
- Rn
Word: Rn + 2
- Rn
Longword:
Rn+4 - Rn
Pre-decrement @-Rn The effective address is the value obtained by Byte: Rn—1
indirect register subtracting a constant from Rn. 1 is subtracted for - Rn
addressing a byte operation, 2 for a word operation, and 4 for  \y0.4- Rn — 2
a longword operation. RN
Longword:
Rn-4 - Rn

Rn - 1/2/4

(Instruction
executed with
Rn after
calculation)
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Addressing Instruction

Mode Format Effective Addresses Calculation Equation

Indirect register @ di sp: 4, The effective address is Rn plus a 4-bit Byte: Rn +

addressing with  Rn) displacement (disp). The value of disp is zero- disp

displacement extended, and remains the same for a byte Word: Rn +
operation, is doubled for a word operation, and is disp x 2

quadrupled for a longword operation.

Longword: Rn

+ disp x 4
disp Rn + disp x 1/2/4
(zero-extended)
Indirect indexed @ RO, Rn) The effective address is the Rn value plus RO. Rn + RO
register
addressing
O
Indirect GBR @di sp: 8, The effective address is the GBR value plus an Byte: GBR +
addressing with GBR) 8-bit displacement (disp). The value of disp is zero- disp
displacement extended, and remains the same for a byte opera- Word: GBR +
tion, is doubled for a word operation, and is disp 2
quadrupled for a longword operation.
Longword:
GBR + disp x
4

disp
(zero-extended)

GBR

+disp x 1/2/4
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Addressing Instruction
Mode Format Effective Addresses Calculation Equation
Indirect indexed @ RO, The effective address is the GBR value plus the RO. GBR + RO

GBR addressing GBR)

GBR + RO

Indirect PC @ di sp: 8, The effective address is the PC value plus an 8-bit  Word: PC +

addressing with  PC) displacement (disp). The value of disp is zero- disp x 2

displacement extended, and is doubled for a word operation, and Longword:
quadrupled for a longword operation. For a PC &
longword operation, the lowest two bits of the PC H'EFEEEFEC
value are masked. + disp x 4

@ (for longword)

PC + disp x 2
.
PC & HFFFFFFFC
disp +disp x 4

(zero-extended)

Rev. 5.00 Jan 06, 2006 page 31 of 818
REJ09B0273-0500

RENESAS



Section 2 CPU

Addressing Instruction
Mode Format

Effective Addresses Calculation Equation

PC relative disp: 8
addressing

The effective address is the PC value sign-extended PC + disp x 2
with an 8-bit displacement (disp), doubled, and
added to the PC value.

disp
(sign-extended)

PC + disp x 2

di sp: 12

The effective address is the PC value sign-extended PC + disp x 2
with a 12-bit displacement (disp), doubled, and
added to the PC value.

disp
(sign-extended)

PC + disp x 2

The effective address is the register PC value PC +Rn
plus Rn.

Immediate #i nm 8
addressing

The 8-bit immediate data (imm) for the TST, AND, —
OR, and XOR instructions are zero-extended.

#inm 8

The 8-bit immediate data (imm) for the MOV, ADD, —
and CMP/EQ instructions are sign-extended.

#inm 8

The 8-bit immediate data (imm) for the TRAPA —
instruction is zero-extended and is quadrupled.
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2.3.3 Instruction For mat

Table 2.9 lists the instruction formats for the source operand and the destination operand. The
meaning of the operand depends on the instruction code. The symbols are used as follows:

* XxxxX: Instruction code

e mmmm: Source register
¢ nnnn: Destination register
e iiii: Immediate data

e dddd: Displacement

Table2.9 Instruction Formats
Source Destination
Instruction Formats Operand Operand Example
0 format — — NOP
15 0
| XXXX  XXXX  XXXX  XXXX |
n format — nnnn: Direct MOVT  Rn
15 0 register
| xxxx| nnnn | XXXX  XXXX | Control register nnnn: Direct STS MACH, Rn
or system register
register
Control register nnnn: Indirect STC.L SR @Rn
or system pre-decrement
register register
m format mmmm; Direct Control registeror LDC Rm SR
15 0 register system register
| XXXX |mmmm| XXXX  XXXX mmmm: Indirect  Control registeror LDC. L @ m#+, SR

post-increment
register

system register

mmmm: Direct
register

JMP  @m

mmmm: PC
relative using
Rm

BRAF Rm
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Source Destination
Instruction Formats Operand Operand Example
nm format mmmm: Direct nnnn: Direct ADD Rm Rn
15 register register
| XXXX | nnnn |mmmm| XXXX | mmmm: Direct nnnn: Indirect MOV.L Rm @n
register register
mmmm: Indirect  MACH, MACL MAC. W
post-increment @Rm+, @Rn+
register
(multiply/
accumulate)
nnnn*: Indirect
post-increment
register
(multiply/
accumulate)
mmmm: Indirect  nnnn: Direct MOV.L @Rm+, Rn
post-increment register

register

mmmm: Direct

nnnn: Indirect

MOV.L Rm @Rn

register pre-decrement
register

mmmm: Direct nnnn: Indirect MOV. L

register indexed register Rm @ RO, Rn)
md format mmmmdddd: RO (Direct MOV. B
15 in_direct register register) @disp, Rm, RO
| XXXX  XXXX |mmmm| dddd | W_'th

displacement
nd4 format RO (Direct nnnndddd: MOV. B
15 0 register) In_dire(_:t register RO, @ di sp, Rn)
| XXXX | XXXX | nnnn| dddd | with displacement
nmd format mmmm: Direct nnnndddd: MOV. L
15 register In_dire(_:t register Rm @ di sp, Rn)
| XXXX | nnnn |mmmm| dddd | with displacement

mmmmdddd: nnnn: Direct MOV. L

Indirect register register @disp, R, Rn

with
displacement
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Source Destination
Instruction Formats Operand Operand Example
d format dddddddd: RO (Direct MOV. L
15 0 Indirect GBR register) @disp, BBR), RO
XXXX  XXxX | dddd dddd W,'th
displacement
RO(Direct dddddddd: MOV. L
register) Indirect GBR with RO, @ di sp, GBR)
displacement
dddddddd: PC RO (Direct MOVA
relative with register) @disp, PO), RO
displacement
— dddddddd: PC BF | abel
relative
d12 format — dddddddddddd: BRA | abel
15 0 PC relative (label = disp +
| %o | dddd  dddd  dddd | PO)
nd8 format dddddddd: PC nnnn: Direct MOV. L
15 0 relative with register @di sp, PO), Rn
| XXXX | nnnn | dddd dddd | displacement
i format iiiiiiii: Immediate Indirect indexed AND. B
15 0 GBR #i nm @ RO, GBR)
| oo xo | diii diii | iiiiic Immediate RO (Direct AND  #i mm RO
register)
iiiiiiii: Immediate = — TRAPA  #i mm
ni format iiiiiiii: Immediate  nnnn: Direct ADD #i mm Rn
15 0 register
|xxxx|nnnn| P i
Note: * In multiply/accumulate instructions, nnnn is the source register.
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24 Instruction Set by Classification

Table2.10 Classification of Instructions

Operation No. of
Classification Types Code Function Instructions
Data transfer 5 MOV Data transfer, immediate data transfer, 39
peripheral module data transfer, structure
data transfer
MOVA Effective address transfer
MOVT T bit transfer
SWAP Swap of upper and lower bytes
XTRCT Extraction of the middle of registers connected
Arithmetic 21 ADD Binary addition 33
operations ADDC Binary addition with carry
ADDV Binary addition with overflow check
CMP/cond Comparison
DIV1 Division
DIVOS Initialization of signed division
DIVOoU Initialization of unsigned division
DMULS Signed double-length multiplication
DMULU Unsigned double-length multiplication
DT Decrement and test
EXTS Sign extension
EXTU Zero extension
MAC Multiply/accumulate, double-length
multiply/accumulate operation
MUL Double-length multiply operation
MULS Signed multiplication
MULU Unsigned multiplication
NEG Negation
NEGC Negation with borrow
SUB Binary subtraction
SUBC Binary subtraction with borrow
SUBV Binary subtraction with underflow
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Operation No. of
Classification Types Code Function Instructions
Logic 6 AND Logical AND 14
operations NOT Bit inversion

OR Logical OR

TAS Memory test and bit set

TST Logical AND and T bit set

XOR Exclusive OR
Shift 10 ROTL One-bit left rotation 14

ROTR One-bit right rotation

ROTCL One-bit left rotation with T bit

ROTCR One-bit right rotation with T bit

SHAL One-bit arithmetic left shift

SHAR One-bit arithmetic right shift

SHLL One-bit logical left shift

SHLLn n-bit logical left shift

SHLR One-bit logical right shift

SHLRn n-bit logical right shift
Branch 9 BF Conditional branch, conditional branch with 11

delay (Branch when T = 0)
BT Conditional branch, conditional branch with
delay (Branch when T = 1)

BRA Unconditional branch

BRAF Unconditional branch

BSR Branch to subroutine procedure

BSRF Branch to subroutine procedure

JMP Unconditional branch

JSR Branch to subroutine procedure

RTS Return from subroutine procedure
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Operation No. of
Classification Types Code Function Instructions
System 11 CLRMAC MAC register clear 31
control CLRT T bit clear

LDC Load to control register

LDS Load to system register

NOP No operation

RTE Return from exception processing

SETT T bit set

SLEEP Shift into power-down mode

STC Storing control register data

STS Storing system register data

TRAPA Trap exception handling

Total: 62 142

Table 2.11 shows the format used in tables 2.12 to 2.17, which list instruction codes, operation,
and execution statesin order by classification.
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Table2.11

Iltem

Instruction Code For mat

Format

Explanation

Instruction

OP. Sz SRC, DEST

OP: Operation code

Sz: Size (B: byte, W: word, or L: longword)
SRC: Source

DEST: Destination

Rm: Source register

Rn: Destination register

imm:  Immediate data

disp:  Displacement™!

Instruction
code

MSB -~ LSB

mmmm: Source register
nnnn:  Destination register
0000: RO
0001: R1

1111: R15
iiii: Immediate data
dddd:  Displacement

Operation

Direction of transfer

(xx)

Memory operand

MIQIT

Flag bits in the SR

Logical AND of each bit

Logical OR of each bit

Exclusive OR of each bit

Logical NOT of each hit

<<n

n-bit left shift

>>n

n-bit right shift

Execution
cycles

Value when no wait states are inserted™?

T bit

Value of T bit after instruction is executed. An em-dash (—)
in the column means no change.

Notes: 1. Depending on the operand size, displacement is scaled x1, x2, or x4. For details, see
the SH-1/SH-2/SH-DSP Software Manual.

Instruction execution cycles: The execution cycles shown in the table are minimums.
The actual number of cycles may be increased when (1) contention occurs between
instruction fetches and data access, or (2) when the destination register of the load

instruction (memory - register) and the register used by the next instruction are the

2.

same.
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Table2.12 Data Transfer Instructions

Execu-
tion

Instruction Instruction Code Operation Cycles T Bit

MOV #imm Rn 1110nnnniiiiiiii #mm - Sign extension - 1 —
Rn

MOV. W@ di sp, PC), Rn 1001nnnndddddddd (disp x 2 + PC) - Sign 1 —
extension - Rn

MOV. L @disp, PC), Rn 1101nnnndddddddd (disp x4 + PC) - Rn 1 —

MOV Rm Rn 0110nnnnnmmm0011 Rm - Rn 1 —

MOV. B Rm @Rn 0010nnnnmmMmDO000 Rm - (Rn) 1 —

MOV. WRm @n 0010nnnnmmmD001 Rm - (Rn) 1 —

MOV. L Rm @Rn 0010nnnnmmmD010 Rm - (Rn) 1 —

MOV. B @Rm Rn 0110nnnnmmmD000 (Rm) - Sign extension — 1 —
Rn

MOV. W @Rm Rn 0110nnnnmmmD001 (Rm) - Sign extension — 1 —
Rn

MOV. L @m Rn 0110nnnnmmm®D010 (Rm) - Rn 1 —

MOV. B Rm @-Rn 0010nnnnmmMmD100 Rn-1 - Rn, Rm - (Rn) 1 —

MOV. WRm @-Rn 0010nnnnmmMmOD101 Rn-2 - Rn, Rm - (Rn) 1 —

MOV. L Rm @Rn 0010nnnnmmMmOD110 Rn-4 - Rn,Rm - (Rn) 1 —

MOV. B @Rmt+, Rn 0110nnnnmmm®D100 (Rm) - Sign extension — 1 —
Rn,Rm+1 - Rm

MOV. W @Rm#+, Rn 0110nnnnmmmmD101 (Rm) - Sign extension — 1 —
Rn,Rm +2 -~ Rm

MOV. L @Rm+, Rn 0110nnnnmmmmO110 (Rm) - Rn,Rm+4 - Rm 1 —

MOV. B RO, @di sp, Rn) 10000000nnnndddd RO - (disp + Rn) 1 —

MOV. WRO, @ di sp, Rn) 10000001nnnndddd RO - (disp x2 + Rn) 1 —

MOV. L Rm @di sp, Rn) 0001nnnnmmmdddd Rm - (disp x4 + Rn) 1 —

MOV. B @di sp, R1), RO 10000100nmmmdddd (disp + Rm) - Sign 1 —
extension —» RO

MOV. W@ di sp, R, RO 10000101nmmmdddd (disp x2 + Rm) - Sign 1 —
extension - RO

MOV. L @disp, R, Rn 0101nnnnmmmdddd (disp x4 + Rm) - Rn —

MOV. B Rm @ RO, Rn) 0000NnNnNNMMMD100 Rm - (RO + Rn) 1 —

Rev. 5.00 Jan 06, 2006 page 40 of 818

REJ09B0273-0500

RENESAS



Section 2 CPU

Execu-
tion
Instruction Instruction Code Operation Cycles T Bit
MOV. W Rm @ RO, Rn) 0000nnnnmMmmMmMMD101 Rm - (RO + Rn) 1 —
MOV.L Rm @ RO, Rn) 0000nnnnmMmMMO110 Rm - (RO + Rn) 1 —
MOV.B @RO, Rm, Rn 0000nnnnmmMML100 (RO + Rm) - Sign 1 —
extension - Rn
MV. W @RO, Rm, Rn 0000nnnnmmmM1101 (RO + Rm) - Sign 1 —
extension - Rn
MOV.L @RO, Rm, Rn o0ooonnnnmmm1110 (RO + Rm) - Rn 1 —
MOV. B RO, @di sp, GBR) 11000000dddddddd RO - (disp + GBR) 1 —
MOV. W RO, @di sp, GBR) 11000001dddddddd RO - (disp x2 + GBR) 1 —
MOV.L RO, @di sp, GBR) 11000010dddddddd RO - (disp x4 + GBR) 1 —
MOV.B @disp, GBR), RO 11000100dddddddd (disp + GBR) - Sign 1 —

extension - RO

MV. W @disp, GBR), RO 11000101dddddddd (disp x2 + GBR) - Sign 1 —
extension - RO

MOV. L @disp, GBR), RO 11000110dddddddd (disp x4 + GBR) - RO 1 —

MWVA @disp,PC), R0 11000111dddddddd disp x4+ PC - RO 1 —

MWVT  Rn 0000nnnn00101001 T - Rn 1 —

SWAP. B Rm Rn 0110nnnnmmmi000 Rm - Swap the bottom two 1 —
bytes — Rn

SWAP. WRmM Rn 0110nnnnmmm1001 Rm - Swap two 1 —
consecutive words —» Rn

XTRCT Rm Rn 0010nnnnmmm1101 Rm: Middle 32 bits of 1 —
Rn - Rn
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Table2.13 Arithmetic Operation Instructions

Execu-
tion
Instruction Instruction Code Operation Cycles T Bit
ADD Rm Rn 0011nnnnmmmmil100 Rn+Rm - Rn 1 —
ADD #i mm Rn O1linnnniiiiiiii  Rn+imm - Rn 1 —
ADDC Rm Rn 0011nnnnmmmil110 Rn+Rm+T - Rn, 1 Carry
Carry - T
ADDV RmM Rn 0011lnnnnnmml11l Rn+Rm - Rn, 1 Overflow
Overflow - T
CWP/ EQ #i nm RO 10001000iiiiiiii HRO=imm,1 T 1 Comparison
result
CWP/ EQ Rm Rn 0011nnnnmmm0000 IfRn=Rm,1 - T 1 Comparison
result
CW/ HS Rm Rn 0011nnnnmmm®D010 If Rn=Rm with 1 Comparison
unsigned data, 1 - T result
CWP/ CE Rm Rn 0011nnnnmmm0011 If Rn =2 Rm with signed 1 Comparison
data,1 - T result
CW/ H RmRn 0011nnnnmmm®D110 If Rn > Rm with 1 Comparison
unsigned data, 1 - T result
CWP/ GT Rm Rn 0011nnnnmmm®0111 If Rn > Rmwith signed 1 Comparison
data,1 - T result
CWP/PL Rn 0100nnnn00010101 IRn>0,1-T 1 Comparison
result
CW/ PZ Rn 0100nnnn00010001 IfRN=0,1 - T 1 Comparison
result
CWP/ STRRmM Rn 0010nnnnmmmm100 If Rn and Rm have 1 Comparison
an equivalent byte, result
15T
Dl V1 Rm Rn 0011nnnnmmmD100 Single-step division 1 Calculation
(Rn/Rm) result
DI VOS Rm Rn 0010nnnnmmmm0111 MSBofRn - Q,MSB 1 Calculation
of Rm - M,M"Q - T result
DI VoU 0000000000011001 0O - M/QIT 1 0
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Execu-
tion

Instruction Instruction Code Operation Cycles TBit

DMULS. L Rm Rn 0011lnnnnmmmi101 Signed operation of 2 to 4 —
Rn xRm - MACH,
MACL 32 x 32 - 64 bit

DMULU. L Rm Rn 0011nnnnnmmm®D101 Unsigned operation of 2 to 4* —
Rn xRm - MACH,
MACL 32 x32 - 64 bit

DT Rn 0100nnnn00010000 Rn-1 - Rn,whenRn 1 Comparison
is0,1 - T.When Rn result
isnonzero,0 - T

EXTS.B Rm Rn 0110nnnnnmmmmil110 A byte in Rm is sign- 1 —
extended - Rn

EXTS. W Rm Rn 0110nnnnmmmmil111 A word in Rm is sign- 1 —
extended - Rn

EXTU.B Rm Rn 0110nnnnmmmmi100 A byte in Rm is zero- 1 —
extended - Rn

EXTU. W Rm Rn 0110nnnnmmm101 A word in Rm is zero- 1 —
extended - Rn

MAC. L @, @Rn+ 0000nnnnnmm1111 Signed operation of 3/ —
(Rn) x (Rm) + MAC —~  (2to 4)*
MAC 32 x32 + 64 -
64 bit

MAC. W @m+, @Rn+ 0100nnnnnmmmil111l Signed operation of 3/(2)" —
(Rn) x (Rm) + MAC -
MAC 16 x 16 + 64 —
64 bit

MJL.L RmRn 0000nnnnmMmD111 Rn xRm - MACL, 2to 4* —
32 x32 - 32 hit

MULS. W Rm Rn 0010nnnnnmmmmil111l Signed operation of 1to 3* —
Rn xRm - MAC
16 x16 — 32 hit

MULU. W Rm Rn 0010nnnnnmmm1110 Unsigned operation of 1 to 3* —
Rn xRm - MAC
16 x16 — 32 hit

NEG RmM Rn 0110nnnnnmmml011 O-Rm - Rn 1 —

NEGC Rm Rn 0110nnnnmml010 O-Rm-T - Rn, Borrow 1 Borrow

- T
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Execu-
tion
Instruction Instruction Code Operation Cycles TBit
SuB Rm Rn 0011nnnnnmmm1000 Rn-Rm - Rn 1 —
SUBC Rm Rn 0011nnnnmmmmil010 Rn-RmM-T - Rn, 1 Borrow
Borrow - T
SUBV RmM Rn 0011nnnnnmml011 Rn-Rm - Rn, 1 Overflow
Underflow - T
Note: * The normal minimum number of execution cycles. (The number in parentheses is the

number of cycles when there is contention with following instructions.)

Table2.14 Logic Operation Instructions

Execu-
tion
Instruction Instruction Code Operation Cycles T Bit
AND RmRn 0010nnnnmmmM1001 Rn & Rm - Rn 1 —
AND #imm RO 1100100%iiiiiiii RO&iIimm - RO 1 —
AND. B #i nrm @ RO, GBR) 1100110%iiiiiiii (RO+GBR)&imm - 3 —
(RO + GBR)
NOT Rm Rn 0110nnnnnmmmD111 ~Rm - Rn 1 —
OR Rm Rn 0010nnnnmmMml011 Rn|Rm - Rn 1 —
R #i mm RO 1100101%iiiiiiii ROJimm - RO 1 —
OR B #i mm @ R0, GBR) 11001111%iiiiiiii (RO+GBR)|imm - 3 —
(RO + GBR)
TAS. B @n 0100nnnn00011011 If(Rn)is0,1 - T;1 - 4 Test
MSB of (Rn)* result
TST Rm Rn 0010nnnnmmm 000 Rn & Rm; iftheresultis 1 Test
0,1-T result
TST #i mm RO 11001000iiiiiiii RO&imm;iftheresultis 1 Test
0,1-T result
TST. B #i nm @ RO, GBR) 11001100iiiiiiii (RO+ GBR) & imm; if 3 Test
theresultis0,1 - T result
XOR RmRn 0010nnnnmMmmMM010 Rn”~Rm - Rn —
XOR #imm RO 11001010iiiiiiii RO”Nimm - RO —
XOR. B #i mm @ RO, GBR) 11001110iiiiiiii (RO+ GBR)”imm - —
(RO + GBR)

Note: *

TAS instruction execution. However, bus release due to BREQ is carried out.

The on-chip DMAC bus cycles are not inserted between the read and write cycles of
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Table2.15 Shift Instructions

Execu-

tion
Instruction Instruction Code Operation Cycles T Bit
ROTL Rn 0100nnNN00000100 T« Rn - MSB 1 MSB
ROTR Rn 0100nnnNnN00000101 LSB - Rn - T 1 LSB
ROTCL Rn 0100nnnNn00100100 T<«Rn T 1 MSB
ROTCR Rn 0100nnnNn00100101 To-RnN ST 1 LSB
SHAL Rn 0100nnnNN00100000 T~Rn-0 1 MSB
SHAR Rn 0100nnnNN00100001 MSB - Rn - T 1 LSB
SHLL Rn 0100nnnNN00000000 T~Rn-0 1 MSB
SHLR Rn 0100nnNN00000001 0O-Rn-T 1 LSB
SHLL2 Rn 0100nnnNN00001000 Rn<<2 - Rn 1 —
SHLR2 Rn 0100nnnNN00001001 Rn>>2 - Rn 1 —
SHLL8 Rn 0100nnnNNn00011000 Rn<<8 - Rn 1 —
SHLR8 Rn 0100nnnNn00011001 Rn>>8 - Rn 1 —
SHLL16 Rn 0100nnnNn00101000 Rn<<16 - Rn 1 —
SHLR16 Rn 0100nnnn00101001 Rn>>16 - Rn 1 —
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Table2.16 Branch Instructions

Exec.

Instruction Instruction Code Operation Cycles T Bit

BF | abel 10001011dddddddd 1f T=0,dispx2+PC - PC;ifT=  3/1" —
1, nop

BF/ S | abel 10001111dddddddd Delayed branch, if T=0, dispx2+  3/1* —
PC - PC;ifT=1, nop

BT | abel 10001001dddddddd 1f T=1,dispx2+PC - PC;ifT=  3/1" —
0, nop

BT/ S | abel 10001101dddddddd Delayed branch, if T=1, dispx2+  2/1* —
PC - PC;if T=0, nop

BRA | abel 1010dddddddddddd Delayed branch, disp x2 + PC - 2 —
PC

BRAF Rm 0000mmMMD0100011 Delayed branch, Rm + PC — PC 2 —

BSR | abel 1011dddddddddddd Delayed branch, PC - PR, disp x2 2 —
+PC - PC

BSRF Rm 0000mMmmMMDO0000011 Delayed branch, PC - PR, 2 —
Rm+PC - PC

JMWP  @m 0100nmMmMD0101011 Delayed branch, Rm - PC —

JSR @Rm 0100mmMmD0001011 Delayed branch, PC - PR, —
Rm - PC

RTS 0000000000001011 Delayed branch, PR - PC 2 —

Note: * One state when it does not branch.
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Table2.17 System Control Instructions

Exec.
Instruction Instruction Code Operation Cycles T Bit
CLRT 0000000000001000 O - T 1 0
CLRVAC 0000000000101000 0O - MACH, MACL 1 —
LDC Rm SR 0100mMmmMmD0001110 Rm - SR 1 LSB
LDC Rm GBR 0100mmMmD0011110 Rm - GBR 1 —
LDC Rm VBR 0100mmMmD0101110 Rm - VBR 1 —
LDC. L @mt, SR 0100mmMmD0000111 (Rm) - SR,Rm+4 - Rm 3 LSB
LDC. L @m+, GBR 0100mMmmMmD0010111 (Rm) - GBR,Rm+4 - Rm 3 —
LDC. L @mt, VBR 0100mmMmD0100111 (Rm) - VBR,Rm+4 - Rm 3 —
LDS Rm MACH 0100nMmmMmD0001010 Rm - MACH 1 —
LDS Rm MACL 0100mmMmD0011010 Rm - MACL 1 —
LDS Rm PR 0100mMmmMmD0101010 Rm - PR 1 —
LDS. L @mt+, MACH 0100mmMmD0000110 (Rm) - MACH,Rm+4 -~ Rm 1 —
LDS. L @mt, MACL 0100mmMmD0010110 (Rm) - MACL,Rm+4 - Rm 1 —
LDS. L @mt, PR 0100nMmmMmMD0100110 (Rm) - PR,Rm+4 - Rm 1 —
NOP 0000000000001001 No operation 1 —
RTE 0000000000101011 Delayed branch, stack area 4 —
- PC/SR
SETT 0000000000011000 1 - T 1 1
SLEEP 0000000000011011 Sleep 3" —
STC SR, Rn 0000nnNNn00000010 SR - Rn 1 —
STC GBR, Rn 0000nnnNn00010010 GBR - Rn 1 —
STC VBR, Rn 0000nnnNn00100010 VBR - Rn 1 —
STC.L SR @Rn 0100nnnn00000011 Rn-4 - Rn, SR - (Rn) 2 —
STC. L GBR @Rn 0100nnnn00010011 Rn-4 - Rn, GBR - (RN) 2 —
STC.L VBR, @Rn 0100nnnn00100011 Rn-4 - Rn, BR - (Rn) 2 —
STS MACH, Rn 0000nnNnNN00001010 MACH - Rn 1 —
STS MACL, Rn 0000nnNnNn00011010 MACL - Rn 1 —
STS PR, Rn 0000nnnNn00101010 PR - Rn 1 —
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Exec.
Instruction Instruction Code Operation Cycles T Bit

STS.L MACH, @-Rn  0100nnnn00000010 Rn-4 - Rn, MACH - (Rn) 1 —

STS.L MACL, @Rn  0100nnnn00010010 Rn-4 - Rn, MACL - (Rn) 1 —

STS.L PR @Rn 0100nnNnn00100010 Rn-4 - Rn, PR - (RNn) 1 —

TRAPA  #i nm 1100001%iiiiiiii PC/SR - stack area, (imm) 8 —
- PC

Note: * The number of execution cycles before the chip enters sleep mode: The execution
cycles shown in the table are minimums. The actual number of cycles may be
increased when (1) contention occurs between instruction fetches and data access, or
(2) when the destination register of the load instruction (memory — register) and the
register used by the next instruction are the same.

25 Processing States

251 State Transitions

The CPU has five processing states. reset, exception processing, bus release, program execution
and power-down. Figure 2.6 shows the transitions between the states.
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From any state

when RES =0
v RES =0
RES=1
When an interrupt source \

or DMA address error occurs
Exception processing state

Bus request
cleared

Bus request NMI interrupt
generated source occurs

Exception Exception
processing processing
source occurs ends

Bus release state ‘-’

) \

Bus request
generated

Bus request
cleared

Bus request
cleared

Bus request
generated

Program execution state

SBY bit SBY bit set
Cleared for SLEEP
for SLEEP
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Figure2.6 Transitions between Processing States
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Section 2 CPU

Reset State: The CPU resetsin the reset state. When the RES pin level goes low, a power-on reset
results. When the RES pin is high and MRES is low, a manual reset will occur.

Exception Processing State: The exception processing state is atransient state that occurs when
exception processing sources such as resets or interrupts alter the CPU’ s processing state flow.

For areset, the initial values of the program counter (PC) (execution start address) and stack
pointer (SP) are fetched from the exception processing vector table and stored; the CPU then
branches to the execution start address and execution of the program begins.

For an interrupt, the stack pointer (SP) is accessed and the program counter (PC) and status
register (SR) are saved to the stack area. The exception service routine start address is fetched
from the exception processing vector table; the CPU then branchesto that address and the program
starts executing, thereby entering the program execution state.

Program Execution State: In the program execution state, the CPU sequentially executes the
program.

Power-Down State: In the power-down state, the CPU operation halts and power consumption
declines. The SLEEP instruction places the CPU in the sleep mode or the software standby mode.
This state has two modes: sleep mode and standby mode.

Bus Release State: In the bus release state, the CPU rel eases access rights to the bus to the device
that has requested them.
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Section 3 Operating Modes

31 Operating Mode Selection

The SH7050 series has five operating modes that are selected by pins MD3 to MDO and FWE. The
mode setting pins should not be changed during operation of the SH7050 series, and only the
setting combinations shown in table 3.1 should be used.

Table3.1 Operating Mode Selection

Pin Settings
Operating On-Chip Area0
Mode No. FWE MD3 MD2 MD1 MDO Mode Name ROM Bus Width
Mode 0 0 * * 0 0 MCU expanded mode Disabled 8 hits
Mode 1 0 0 1 16 bits
Mode 2 0 1 0 Enabled Setby BCR1
Mode 3 0 1 1 MCU single-chip mode Enabled —
Mode 16 1 0 0 Boot mode Enabled Setby BCR1
Mode 17 1 0 1 —
Mode 18 1 1 0 User program mode Enabled Setby BCR1
Mode 19 1 1 1 —
Mode 13 0/1 1 1 0 1 Writer mode

Note: * Pins MD3 and MD2 set the clock operating mode. For details of the clock mode
settings, see section 4.2, Clock Operating Modes.

There are two normal operating modes: single-chip mode and expanded mode.

Modes in which the flash memory can be programmed are boot mode and user program mode (the
two on-board programming modes) and writer mode in which programming is performed with an
EPROM programmer (a type which supports programming of this device).

For details, see the sections on ROM.
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Section 4 Clock Pulse Generator (CPG)

Section 4 Clock Pulse Generator (CPG)

41 Overview

The clock pulse generator (CPG) supplies clock pulsesinside the SH7050 series chip and to
external devices. The SH7050 series CPG consists of an oscillator circuit and a PLL multiplier
circuit. There are two methods of generating a clock with the CPG: by connecting a crystal
resonator, or by inputting an external clock. The oscillator circuit oscillates at the same frequency
astheinput clock. A chip operating frequency of 1, 2, or 4 timesthe oscillator frequency can be
selected by means of the PLL multiplier circuit.

The CPG is halted in software standby mode and hardware standby mode.
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Section 4 Clock Pulse Generator (CPG)

41.1 Block Diagram

A block diagram of the clock pulse generator is shown in figure 4.1.

EXTAL
Oscillator circuit

XTAL

PLL multiplier circuit

PLLVCC —T ™ h 4

(system clock)

i Multiplier

PLLVss T circuit
|

PLLCAP —i—» « 1 fx4
|
: Frequency
: Frequency. divider circuit

MD3 —| ™ division
: selection [* fx2
MD2 —| > circuit *
! Frequency
I divider circuit
l
; T
l
CK =

|
|
|
|

| Internal clock

Figure4.1 Block Diagram of the Clock Pulse Generator
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Section 4 Clock Pulse Generator (CPG)

4.1.2 Pin Configuration
The pinsrelating to the clock pulse generator are shown in table 4.1.

Table4.1 CPG Pins

Pin Name Abbreviation 1/0 Description

External clock EXTAL Input Crystal resonator or external clock input
Crystal XTAL Input Crystal resonator connection

System clock CK Output System clock output

Mode setting MD3 Input Sets PLL multiplication mode

Mode setting MD2 Input Sets PLL multiplication mode

PLL power supply PLLV Input PLL multiplier circuit power supply

PLL ground PLLV Input PLL multiplier circuit ground

PLL capacitance PLLCAP Input PLL multiplier circuit oscillation external

capacitance pin

4.2 Clock Operating Modes
The clock operating modeis set with the MD3 and MD2 pins.

Clock mode selection is possible in operating modes 0 to 3 and 16 to 19. In this case, do not set
both the MD3 and MD2 pin to 1. In programmer mode, the clock operating mode cannot be
changed.

The relationship between the mode pins and the clock operating mode is shown in table 4.2.

Table4.2 Clock Operating Mode Settings

Input PLL Operating
Frequency Multiplication Frequency Range
Clock Mode MD3 MD2 Range (MHz) Factor (MHz)
Mode 0 0 0 4-10 x1 4-10
Mode 1 0 1 4-10 x2 8-20
Mode 2 1 0 4-5 x4 16-20

Note: Crystal resonator and external clock input

For the chip operating frequency, afrequency of 1, 2, or 4 times the input frequency can be
selected asthe internal clock by means of the on-chip PLL circuit. The system clock (CK pin)
output frequency isthe same as that of the internal clock.
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Section 4 Clock Pulse Generator (CPG)

The MD3 and MD2 pins should not be changed while the chip is operating, as normal operation
will not be possible in this case.

4.3 Clock Source

Clock pulses can be supplied from a connected crystal resonator or an external clock.

43.1 Connecting a Crystal Oscillator

Circuit Configuration: Figure 4.2 shows the example of connecting a crystal resonator. Use the
damping resistance (Rd) shown in table 4.3. An AT-cut parallel-resonance type crystal resonator
should be used. Load capacitors (CL1, CL2) must be connected as shown in the figure.

The clock pulses generated by the crystal resonator and internal oscillator are sent to the PLL
multiplier circuit, where amultiplied frequency is selected and supplied inside the SH7050 chip
and to external devices.

The crystal manufacturer should be consulted concerning the compatibility between the crystal
and the chip.

EXTAL i /J7
-

XTAL A || J,

C, 1 =C,,=18D22 pF (recommended value)

Figure4.2 Connection of the Crystal Oscillator (Example)

Table4.3 Damping Resistance Values (Recommended Values)

Frequency (MHz)

Parameter 4 8 10

Rd (Q) 500 200 0
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Section 4 Clock Pulse Generator (CPG)

Crystal Oscillator: Figure 4.3 shows an equivalent circuit of the crystal oscillator. Use a crystal
oscillator with the characteristics listed in table 4.4.

EXTAL +—¢ —» XTAL

Figure4.3 Crystal Oscillator Equivalent Cir cuit

Table4.4 Crystal Oscillator Parameter s (Recommended Values)

Frequency (MHz)

Parameter 4 8 10
Rs max (Q) 120 80 60
CO max (pF) 7 7 7

4.3.2 External Clock Input Method

An example of external clock input connection is shown in figure 4.4. When the external clock is
stopped in standby mode, ensure that it goes high.

When the XTAL pin is placed in the open state, the parasitic capacitance should be 10 pF or less.

Even when an external clock isinput, provide for await of at least the oscillation settling time
when powering on or exiting standby mode in order to secure the PLL settling time.

Open X—— XTAL

External clock input — EXTAL

Figure4.4 External Clock Input Method (Example)
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Section 4 Clock Pulse Generator (CPG)

4.4 Notes on Using
Notes on Board Design: When connecting a crystal oscillator, observe the following precautions:

e To prevent induction from interfering with correct oscillation, do not route any signal lines
near the oscillator circuitry.

*  When designing the board, place the crystal oscillator and its load capacitors as close as
possible to the XTAL and EXTAL pins.

Figures 4.5 show the precautions regarding oscillator block board settings.

Crossing of signal
lines prohibited

i

XTAL

J7::
J,H

EXTAL

Figure4.5 Cautionsfor Oscillator Circuit System Board Design

PLL Oscillation Power Supply: Place oscillation stabilization capacitor C1 and resistor R1 close
to the PLL and CAP pin, and ensure that no other signal lines cross thisline. Supply the C1
ground from PLLV .

Separate PLLV . and PLLV  from the other V. and V  lines at the board power supply source,
and be sure to insert bypass capacitors C,, and C, close to the pins.
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Section 4 Clock Pulse Generator (CPG)

R1 c1
PLLCAP —AAN, |}
Rp
PLLV¢c T AN
Ces
PLLVss 1
Vee T .. 1
Voo |— 1 us T

Recommended values

CPBv CB: 0.1 l,lF

Rp: 200 Q

R1: 3kQ

C1: 470 pF (laminated ceramic)

Figure4.6 Pointsfor Cautionin PLL Power Supply Connection

PLLVss

RN

P9 J
PLLCAP [—\A\—2& l

PLLVcc [ L/\/W 5

EXTAL [} [ |
MD3 [] :—l‘l::
XTAL [] o

I
Vss j

Figure4.7 Actual Example of Board Design
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51 Overview

511 Types of Exception Processing and Priority

Exception processing is started by four sources: resets, address errors, interrupts and instructions
and have the priority shown in table 5.1. When several exception processing sources occur at once,
they are processed according to the priority shown.

Table5.1 Typesof Exception Processing and Priority Order

Exception Source Priority
Reset Power-on reset High
Address CPU address error 4
error DMAC address error
Interrupt NMI
User break
IRQ
On-chip peripheral modules: « Direct memory access controller
(DMAC)
» Advanced timer unit (ATU)
e Compare match timer (CMT)
* A/D converter (A/D)
e Serial communications interface
(SCI)
* Watchdog timer (WDT)
Instructions  Trap instruction (TRAPA instruction)
General illegal instructions (undefined code) il
lllegal slot instructions (undefined code placed directly after a delay Low

branch instruction®* or instructions that rewrite the PC*?)

Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,

BRAF.

2. Instructions that rewrite the PC: JMP, JSR, BRA, BSR, RTS, RTE, BT, BF, TRAPA,

BF/S, BT/S, BSRF, BRAF.
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512 Exception Processing Oper ations

The exception processing sources are detected and begin processing according to the timing
shown in table 5.2.

Table5.2 Timing of Exception Source Detection and the Start of Exception Processing

Exception  Source Timing of Source Detection and Start of Processing
Reset Power-on reset Starts when the RES pin changes from low to high.
Address error Detected when instruction is decoded and starts when the

previous executing instruction finishes executing.

Interrupts Detected when instruction is decoded and starts when the
previous executing instruction finishes executing.

Instructions  Trap instruction Starts from the execution of a TRAPA instruction.

General illegal Starts from the decoding of undefined code anytime except after

instructions a delayed branch instruction (delay slot).

lllegal slot Starts from the decoding of undefined code placed in a delayed

instructions branch instruction (delay slot) or of instructions that rewrite the
PC.

When exception processing starts, the CPU operates as follows:

1. Exception processing triggered by reset:
Theinitial values of the program counter (PC) and stack pointer (SP) are fetched from the
exception processing vector table (PC and SP are respectively the H'00000000 and

H'00000004 addresses for power-on resets and the H'00000008 and H'0000000C addresses for
manual resets). See section 5.1.3, Exception Processing Vector Table, for more information. 0
is then written to the vector base register (VBR) and 1111 iswritten to the interrupt mask bits
(I3H0) of the status register (SR). The program begins running from the PC address fetched
from the exception processing vector table.

. Exception processing triggered by address errors, interrupts and instructions:

SR and PC are saved to the stack indicated by R15. For interrupt exception processing, the
interrupt priority level iswritten to the SR’ sinterrupt mask bits (13-10). For address error and
instruction exception processing, the 13-10 bits are not affected. The start addressis then
fetched from the exception processing vector table and the program begins running from that
address.
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513 Exception Processing Vector Table

Before exception processing begins running, the exception processing vector table must be set in
memory. The exception processing vector table stores the start addresses of exception service
routines. (The reset exception processing table holds the initial values of PC and SP.)

All exception sources are given different vector numbers and vector table address offsets, from
which the vector table addresses are calculated. During exception processing, the start addresses of
the exception service routines are fetched from the exception processing vector table, which
indicated by this vector table address.

Table 5.3 shows the vector numbers and vector table address offsets. Table 5.4 shows how vector
table addresses are calcul ated.

Table5.3  Exception Processing Vector Table

Vector
Exception Sources Numbers Vector Table Address Offset
Power-on reset PC 0 H'00000000—H'00000003
SP 1 H'00000004—-H'00000007
(Reserved by system) 2 H'00000008—-H'0000000B
(Reserved by system) 3 H'0000000C—-H'0000000F
General illegal instruction 4 H'00000010-H'00000013
(Reserved by system) 5 H'00000014-H'00000017
Slot illegal instruction 6 H'00000018-H'0000001B
(Reserved by system) 7 H'0000001C-H'0000001F
(Reserved by system) 8 H'00000020-H'00000023
CPU address error 9 H'00000024—-H'00000027
DMAC address error 10 H'00000028-H'0000002B
Interrupts NMI 11 H'0000002C—-H'0000002F
User break 12 H'00000030-H'00000033
(Reserved by system) 13 H'00000034—-H'00000037
31 H'0000007C-H'0000007F
Trap instruction (user vector) 32 H'00000080—-H'00000083
63 H'000000FC—H'000000FF
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Vector
Exception Sources Numbers Vector Table Address Offset
Interrupts IRQO 64 H'00000100-H'00000103
IRQ1 65 H'00000104-H'00000107
IRQ2 66 H'00000108-H'0000010B
IRQ3 67 H'0000010C—-H'0000010F
IRQ4 68 H'00000110-H'00000113
IRQ5 69 H'00000114-H'00000117
IRQ6 70 H'00000118-H'0000011B
IRQ7 71 H'0000011C-H'0000011F
On-chip peripheral module® 72 H'00000120-H'00000124
255 H'000003FC—H'000003FF

Note: * The vector numbers and vector table address offsets for each on-chip peripheral
module interrupt are given in section 6, Interrupt Controller, and table 6.3, Interrupt
Exception Processing Vectors and Priorities.

Table5.4  Calculating Exception Processing Vector Table Addresses

Exception Source

Vector Table Address Calculation

Resets

Vector table address = (vector table address offset)
= (vector number) x 4

Address errors, interrupts,
instructions

Vector table address = VBR + (vector table address offset)
= VBR + (vector number) x 4

Notes: 1. VBR: Vector base register
2. Vector table address offset: See table 5.3.
3. Vector number: See table 5.3.
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5.2 Resets

521 Power-On Reset

When the RES pin is driven low, the LS| does a power-on reset. To reliably reset the LS|, the RES
pin should be kept at low for at least the duration of the oscillation settling time when applying
power or when in standby mode (when the clock circuit is halted) or at least 20 toye (when the
clock circuit is running). During power-on reset, CPU internal status and all registers of on-chip
peripheral modules are initialized. See Appendix B, Pin Status, for the status of individual pins
during the power-on reset status.

In the power-on reset status, power-on reset exception processing starts when the RES pinisfirst
driven low for aset period of time and then returned to high. The CPU will then operate as
follows:

1. Theinitial value (execution start address) of the program counter (PC) is fetched from the
exception processing vector table.

2. Theinitial value of the stack pointer (SP) is fetched from the exception processing vector table.

3. The vector base register (VBR) is cleared to H'00000000 and the interrupt mask bits (13- 0) of
the status register (SR) are set to H'F (1111).

4. The values fetched from the exception processing vector table are set in the program counter
(PC) and SP and the program begins executing.

Be certain to always perform power-on reset processing when turning the system power on.
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53 AddressErrors

531 AddressError Sources
Address errors occur when instructions are fetched or data read or written, as shown in table 5.5.

Table55 BusCyclesand AddressErrors

Bus Cycle
Bus
Type Master Bus Cycle Description Address Errors
Instruction CPU Instruction fetched from even address None (normal)
fetch Instruction fetched from odd address Address error occurs
Instruction fetched from other than on-chip None (normal)
peripheral module space®
Instruction fetched from on-chip peripheral Address error occurs
module space”
Instruction fetched from external memory space  Address error occurs
when in single chip mode
Data CPUor  Word data accessed from even address None (normal)
read/write. DMAC Word data accessed from odd address Address error occurs
Longword data accessed from a longword None (normal)
boundary
Longword data accessed from other than a Address error occurs

long-word boundary

Byte or word data accessed in on-chip None (normal)
peripheral module space®

Longword data accessed in 16-bit on-chip None (normal)
peripheral module space®

Longword data accessed in 8-bit on-chip Address error occurs
peripheral module space”

External memory space accessed when in Address error occurs
single chip mode

Note: * See section 8, Bus State Controller.
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532 AddressError Exception Processing

When an address error occurs, the bus cycle in which the address error occurred ends. When the
executing instruction then finishes, address error exception processing starts up. The CPU operates
asfollows:

1. The status register (SR) is saved to the stack.

2. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the last executed instruction.

3. The exception service routine start addressis fetched from the exception processing vector
table that corresponds to the address error that occurred and the program starts executing from
that address. The jump that occursis not a delayed branch.

54 Interrupts

54.1 Interrupt Sources

Table 5.6 shows the sources that start up interrupt exception processing. These are divided into
NMI, user breaks, IRQ and on-chip peripheral modules.

Table5.6 Interrupt Sources

Number of
Type Request Source Sources
NMI NMI pin (external input) 1
User break User break controller 1
IRQ IRQO-IRQY7 (external input) 8
On-chip peripheral module Direct memory access controller (DMAC) 4
Advanced timer unit (ATU) 44
Compare match timer (CMT)
A/D converter
Serial communications interface (SCI) 12
Watchdog timer (WDT) 1

Each interrupt source is allocated a different vector number and vector table offset. See section 6,
Interrupt Controller, and table 6.3, Interrupt Exception Processing Vectors and Priorities, for more
information on vector numbers and vector table address offsets.
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542 Interrupt Priority Level

Theinterrupt priority order is predetermined. When multiple interrupts occur simultaneously
(overlap), the interrupt controller (INTC) determines their relative priorities and starts up
processing according to the results.

The priority order of interruptsis expressed as priority levels 0-16, with priority O the lowest and
priority 16 the highest. The NMI interrupt has priority 16 and cannot be masked, so it is always
accepted. The user break interrupt priority level is 15. IRQ interrupts and on-chip peripheral
module interrupt priority levels can be set freely using the INTC' sinterrupt priority level setting
registers A through H (IPRA to IPRH) as shown in table 5.7. The priority levelsthat can be set are
0-15. Level 16 cannot be set.

Table5.7 Interrupt Priority Order

Type Priority Level Comment

NMI 16 Fixed priority level. Cannot be masked.

User break 15 Fixed priority level.

IRQ 0-15 Set with interrupt priority level setting registers A
through H (IPRA to IPRH).

On-chip peripheral module  0-15 Set with interrupt priority level setting registers A

through H (IPRA to IPRH).

54.3 Interrupt Exception Processing

When an interrupt occurs, its priority level is ascertained by the interrupt controller (INTC). NM|
is always accepted, but other interrupts are only accepted if they have apriority level higher than
the priority level set in the interrupt mask bits (13-10) of the status register (SR).

When an interrupt is accepted, exception processing begins. In interrupt exception processing, the
CPU saves SR and the program counter (PC) to the stack. The priority level value of the accepted
interrupt is written to SR bits 13-10. For NMI, however, the priority level is 16, but the value set in
I3H0isH'F (level 15). Next, the start address of the exception service routine is fetched from the
exception processing vector table for the accepted interrupt, that addressis jumped to and
execution begins.
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55 Exceptions Triggered by Instructions

551 Types of Exceptions Triggered by Instructions

Exception processing can be triggered by trap instructions, general illegal instructions, and illegal
dot instructions, as shown in table 5.8.

Table5.8 Typesof Exceptions Triggered by Instructions

Type Source Instruction Comment
Trap instructions TRAPA —

lllegal slot Undefined code placed Delayed branch instructions: JMP, JSR,

instructions immediately after a delayed BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,
branch instruction (delay slot) BRAF
and instructions that rewrite Instructions that rewrite the PC: JMP, JSR,
the PC BRA, BSR, RTS, RTE, BT, BF, TRAPA,

BF/S, BT/S, BSRF, BRAF
General illegal Undefined code anywhere —
instructions besides in a delay slot

5.5.2 Trap Instructions

When a TRAPA instruction is executed, trap instruction exception processing starts up. The CPU
operates as follows:

1. The status register (SR) is saved to the stack.

2. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the TRAPA instruction.

3. The exception service routine start address is fetched from the exception processing vector
table that corresponds to the vector number specified in the TRAPA instruction. That address
isjumped to and the program starts executing. The jump that occursis not a delayed branch.
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55.3 Illegal Slot Instructions

Aninstruction placed immediately after a delayed branch instruction is said to be placed in adelay
slot. When the instruction placed in the delay slot is undefined code, illegal slot exception
processing starts up when that undefined code is decoded. Illegal slot exception processing also
starts up when an instruction that rewrites the program counter (PC) is placed in adelay dot. The
processing starts when the instruction is decoded. The CPU handles anillegal slot instruction as
follows:

1. The status register (SR) is saved to the stack.

2. The program counter (PC) is saved to the stack. The PC value saved is the jump address of the
delayed branch instruction immediately before the undefined code or the instruction that
rewrites the PC.

3. The exception service routine start address is fetched from the exception processing vector
table that corresponds to the exception that occurred. That address is jumped to and the
program starts executing. The jump that occurs is not a delayed branch.

55.4 General Illegal Instructions

When undefined code placed anywhere other than immediately after a delayed branch instruction
(i.e., in adelay slot) is decoded, general illegal instruction exception processing starts up. The
CPU handles genera illegal instructions the same asillegal slot instructions. Unlike processing of
illegal slot instructions, however, the program counter value stored is the start address of the
undefined code.
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5.6 When Exception Sources Are Not Accepted

When an address error or interrupt is generated after a delayed branch instruction or interrupt-
disabled instruction, it is sometimes not accepted immediately but stored instead, as shown in
table 5.9. When this happens, it will be accepted when an instruction that can accept the exception
is decoded.

Table5.9 Generation of Exception Sources |mmediately after a Delayed Branch
Instruction or Interrupt-Disabled Instruction

Exception Source

Point of Occurrence Address Error Interrupt

Immediately after a delayed branch instruction™* Not accepted Not accepted
Immediately after an interrupt-disabled instruction** Accepted Not accepted
Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,

BRAF
2. Interrupt-disabled instructions: LDC, LDC.L, STC, STC.L, LDS, LDS.L, STS, STS.L

5.6.1 Immediately after a Delayed Branch Instruction

When an ingtruction placed immediately after a delayed branch instruction (delay slot) is decoded,
neither address errors nor interrupts are accepted. The delayed branch instruction and the
instruction located immediately after it (delay dot) are aways executed consecutively, so no
exception processing occurs during this period.

56.2 Immediately after an Interrupt-Disabled Instruction

When an instruction immediately following an interrupt-disabled instruction is decoded, interrupts
are not accepted. Address errors are accepted.
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5.7 Stack Status after Exception Processing Ends

The status of the stack after exception processing endsis as shown in table 5.10.

Table5.10 Typesof Stack Status After Exception Processing Ends

Types Stack Status
Address error -~ -~
Address of instruction .
SP> after executed instruction 32 bits
SR 32 bits
Trap instruction - -+
Address of instruction .
SP > after TRAPA instruction 32 bits
SR 32 hits
General illegal instruction + -~
Start address of illegal .
SP > ihstruction 32 bits
SR 32 bits
Interrupt - -~
Address of instruction .
SP > after executed instruction 32 bits
SR 32 hits

lllegal slot instruction

Jump destination address

SP > of delay branch instruction

32 hits

SR

32 bits
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5.8 Notes on Use

581 Value of Stack Pointer (SP)

The value of the stack pointer must always be a multiple of four. If it is not, an address error will
occur when the stack is accessed during exception processing.

5.8.2 Value of Vector Base Register (VBR)

The value of the vector base register must always be a multiple of four. If it is not, an address error
will occur when the stack is accessed during exception processing.

5.8.3 Address Errors Caused by Stacking of AddressError Exception Processing

When the stack pointer is not amultiple of four, an address error will occur during stacking of the
exception processing (interrupts, etc.) and address error exception processing will start up as soon
asthe first exception processing is ended. Address errors will then also occur in the stacking for
this address error exception processing. To ensure that address error exception processing does not
go into an endless loop, no address errors are accepted at that point. This allows program control
to be shifted to the address error exception service routine and enables error processing.

When an address error occurs during exception processing stacking, the stacking bus cycle (write)
is executed. During stacking of the status register (SR) and program counter (PC), the SPis—4 for
both, so the value of SPwill not be amultiple of four after the stacking either. The address value
output during stacking is the SP value, so the address where the error occurred isitself output.
This means the write data stacked will be undefined.
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Section 6 Interrupt Controller (INTC)

6.1 Overview

Theinterrupt controller (INTC) ascertains the priority of interrupt sources and controls interrupt
requests to the CPU. The INTC has registers for setting the priority of each interrupt which can be
used by the user to order the priorities in which the interrupt requests are processed.

6.1.1 Features
The INTC has the following features:

» 16 levelsof interrupt priority: By setting the eight interrupt-priority level registers, the
priorities of IRQ interrupts and on-chip peripheral module interrupts can be set in 16 levelsfor
different request sources.

* NMI noise canceler function; NMI input level bits indicate the NMI pin status. By reading
these hits with the interrupt exception service routine, the pin status can be confirmed, enabling
it to be used as a noise canceler.

» Notification of interrupt occurrence can be reported externally (IRQOUT pin). For example, it
ispossible to request busrightsif an external bus master isinformed that a peripheral module
interrupt has occurred when the LS| has released the bus rights.
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(INTC)

6.1.2 Block Diagram

Figure 6.1 isablock diagram of the INTC.

IRQOUT <4
NMI —————] > >
IRQ0 ————> —> —>
RQT ———> > —>
IRQ2 Input ] CPU/ i Priorit
T Ll |_y.| Priority
IRQ3 —, > control DMAC ranking
— .
IRQ4 — | request [ | judg-
IRQ5 —:—» —» judg- | ment Interrupt
IRQ6 ———»| L ment [ request
— |
IRQ7 —:—> > >
| il SR
UBC : (Interrupt request) N L, m
DMAG | (Interrupt request) | L, : CPU
ATU ! (Interrupt request) : L, :
oMT ! (Interrupt request) | e !
sc| ! (Interrupt request) : . !
A L (Interrupt request) 4 . !
| |
WDT : (Interrupt request) > . !
. :
| |
: |
|
! 3 L >
| v | Lyl | DTER
|
: PR ] : pTe
| ; |
| —)) |
|
| IPRA—IPRH !
|
| Q) Q [z
: Bus ' =
IS
:< Module bus interface g
| -
e - INTC-———————————————— =
UBC: User break controller ICR: Interrupt control register
DMAC: Direct memory access controller ISR: IRQ ststus register
CMT: Compare match timer DTER: DTC enable register
SCI: Serial communication interface IPRA-IPRH: Interrupt priority level setting
A/D: AID converter registers Ato H
WDT: Watchdog timer SR: Status register

Figure6.1 INTC Block Diagram
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6.1.3 Pin Configuration
Table 6.1 showsthe INTC pin configuration.

Table6.1 Pin Configuration

Name Abbreviation  1/0 Function

Non-maskable interrupt input pin ~ NMI I Input of non-maskable interrupt
request signal

Interrupt request input pins IRQO-IRQ7 Input of maskable interrupt request
signals

Interrupt request output pin IRQOUT (0] Output of notification signal when an

interrupt has occurred

6.1.4 Register Configuration

The INTC hasthe 10 registers shown in table 6.2. These registers set the priority of the interrupts
and control external interrupt input signal detection.

Table6.2 Register Configuration

Name Abbr. R/W Initial Value Address Access Sizes
Interrupt priority register A IPRA R/W H'0000 H'FFFF8348 8, 16, 32
Interrupt priority register B IPRB R/W H'0000 H'FFFF834A 8, 16, 32
Interrupt priority register C IPRC R/W H'0000 H'FFFF834C 8, 16, 32
Interrupt priority register D IPRD R/W H'0000 H'FFFF834E 8, 16, 32
Interrupt priority register E IPRE R/W H'0000 H'FFFF8350 8, 16, 32
Interrupt priority register F IPRF R/W H'0000 H'FFFF8352 8, 16, 32
Interrupt priority register G IPRG R/W H'0000 H'FFFF8354 8, 16, 32
Interrupt priority register H IPRH R/W H'0000 H'FFFF8356 8, 16, 32
Interrupt control register ICR R/W * H'FFFF8358 8, 16, 32
IRQ status register ISR R(W)** H'0000 H'FFFF835A 8, 16, 32

Notes: Two access cycles are required for byte access and word access, and four cycles for
longword access.

1. The value when the NMI pin is high is H'8000; when the NMI pin is low, it is H'0000.
2. Only 0 can be written, in order to clear flags.
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6.2 Interrupt Sources

There are four types of interrupt sources. NMI, user breaks, IRQ, and on-chip peripheral modules.
Each interrupt has a priority expressed as a priority level (0 to 16, with O the lowest and 16 the
highest). Giving an interrupt apriority level of 0 masksit.

6.2.1 NMI Interrupts

The NMI interrupt has priority 16 and is always accepted. Input at the NMI pin is detected by
edge. Use the NMI edge select bit (NMIE) in the interrupt control register (ICR) to select either
therising or falling edge. NM1 interrupt exception processing sets the interrupt mask level bits
(13-10) in the status register (SR) to level 15.

6.2.2 User Break Interrupt

A user break interrupt has a priority of level 15, and occurs when the break condition set in the
user break controller (UBC) is satisfied. User break interrupt requests are detected by edge and are
held until accepted. User break interrupt exception processing sets the interrupt mask level bits
(I3H0) in the status register (SR) to level 15. For more information about the user bresk interrupt,
see Section 7, User Break Controller.

6.2.3 IRQ Interrupts

IRQ interrupts are requested by input from pins IRQO-IRQ7. Set the IRQ sense select bits
(IRQOSHRQYS) of theinterrupt control register (ICR) to select low level detection or falling edge
detection for each pin. The priority level can be set from 0 to 15 for each pin using the interrupt
priority registers A and B (IPRA—IPRB).

When IRQ interrupts are set to low level detection, an interrupt request signal is sent to the INTC
during the period the IRQ pin islow level. Interrupt request signals are not sent to the INTC when
the IRQ pin becomes high level. Interrupt request levels can be confirmed by reading the IRQ
flags (IRQOFI RQ7F) of the IRQ status register (ISR).

When IRQ interrupts are set to falling edge detection, interrupt request signals are sent to the
INTC upon detecting a change on the IRQ pin from high to low level. IRQ interrupt request
detection results are maintained until the interrupt request is accepted. Confirmation that IRQ
interrupt requests have been detected is possible by reading the IRQ flags (IRQOF-IRQ7F) of the
IRQ status register (ISR), and by writing a0 after reading a 1, IRQ interrupt request detection
results can be withdrawn.
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In IRQ interrupt exception processing, the interrupt mask bits (13-10) of the status register (SR)
are set to the priority level value of the accepted IRQ interrupt.

6.24 On-Chip Peripheral Module Interrupts

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

» Direct memory access controller (DMAC)
e Advanced timer unit (ATU)

e Compare match timer (CMT)

» A/D converter (A/D)

e Serial communications interface (SCI)

e Watchdog timer (WDT)

A different interrupt vector is assigned to each interrupt source, so the exception service routine
does not have to decide which interrupt has occurred. Priority levels between 0 and 15 can be
assigned to individual on-chip peripheral modulesin interrupt priority registers C-H (IPRC—
IPRH).

On-chip peripheral module interrupt exception processing sets the interrupt mask level bits (13—-10)
in the status register (SR) to the priority level value of the on-chip peripheral module interrupt that
was accepted.

6.2.5 Interrupt Exception Vectorsand Priority Rankings

Table 6.3 lists interrupt sources and their vector numbers, vector table address offsets and interrupt
priorities.

Each interrupt sourceis allocated a different vector number and vector table address offset. Vector
table addresses are cal culated from vector numbers and address offsets. In interrupt exception
processing, the exception service routine start addressis fetched from the vector table indicated by
the vector table address. See table 5.4, Calculating Exception Processing Vector Table Addresses.

IRQ interrupts and on-chip peripheral module interrupt priorities can be set freely between 0 and
15 for each pin or module by setting interrupt priority registers A—H (IPRA—PRH). The ranking
of interrupt sources for IPRC— PRH, however, must be the order listed under Priority within IPR
Setting Range in table 6.3 and cannot be changed. A power-on reset assigns priority level 0to IRQ
interrupts and on-chip peripheral module interrupts. If the same priority level is assigned to two or
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more interrupt sources and interrupts from those sources occur simultaneously, their priority order
isthe default priority order indicated at the right in table 6.3.

Table6.3 Interrupt Exception Processing Vectorsand Priorities

Interrupt Vector

Interrupt Priority
Vector Table  Priority Corre- within IPR
Vector Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
NMI 11 H'0000002C to 16 — — High
H'0000002F 1
User 12 H'00000030to 15 — —
break H'00000033
IRQO 64 H'00000100to Oto 15 (0) IPRA —
H'00000103 (15-12)
IRQ1 65 H'00000104 to Oto 15 (0) IPRA —
H'00000107 (11-8)
IRQ2 66 H'00000108 to Oto 15 (0) IPRA —
H'0000010B (7-4)
IRQ3 67 H'0000010C to Oto 15 (0) IPRA —
H'0000010F (3-0)
IRQ4 68 H'00000110to Oto 15 (0) IPRB —
H'00000113 (15-12)
IRQ5 69 H'00000114 to Oto 15 (0) IPRB —
H'00000117 (11-8)
IRQ6 70 H'00000118to O0to 15 (0) IPRB —
H'0000011B (7-4)
IRQ7 71 H'0000011Cto Oto 15 (0) IPRB —
H'0000011F (3-0)
DMACO DEIO 72 H'00000120to Oto 15 (0) IPRC High
H'00000123 (15-12) ;
DMAC1 DEI1 74 H'00000128 to 0 to 15 (0) !
H'0000012B Low
DMAC2 DEI2 76 H'00000130to Oto 15 (0) IPRC High
H'00000133 (11-8) '
DMAC3 DEI3 78 H'00000138 to 0 to 15 (0) ! !
H'0000013B Low Low
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Interrupt Vector

Interrupt Priority
Vector Table  Priority Corre- within IPR
Vector Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
ATUO ATUO1l ITV 80 H'00000140to Oto 15 (0) IPRC — High
H'00000143 (7-4) 1
ATUO2 ICIOA 84 H'00000150to Oto 15 (0) IPRC 1 1
H'00000153 (3-0)
ICIOB 85 H'00000154 to 2
H'00000157
ICIOC 86 H'00000158 to 3
H'0000015B
ICIOD 87 H'0000015C to ! 4
H'0000015F
ATUO3 OVIO 88 H'00000160to 0Oto 15 (0) IPRD —
H'00000163 (15-12)
ATU1 ATU11 IMIIA 92 H'00000170to Oto 15 (0) IPRD 1 1
H'00000173 (11-8)
IMIAIB 93 H'00000174 to 2
H'00000177
IMIIC 94 H'00000178 to ! 3
H'0000017B
ATU12 IMIID 96 H'0000180to Oto15(0) IPRD 1 1
H'00000183 (7-4)
IMIZE 97 H'00000184 to 2
H'00000187
IMILIF 98 H'00000188 to ! 3
H'0000018B
ATU13 O0OVii 100 H'00000190to Oto 15 (0) IPRD —
H'00000193 (3-0)
ATU2 IMI2A 104 H'000001A0 to Oto 15 (0) IPRE T 1
H'000001A3 (15-12)
IMI2B 105 H'000001A4 to 2
H'000001A7 .
Oovi2 106 H'000001A8 to ! 3 Low
H'000001AB
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Interrupt Vector

Interrupt Priority
Vector Table  Priority Corre- within IPR
Vector Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
ATU3 ATU31 IMI3A 108 H'000001BOto Oto 15 (0) IPRE 1 1 High
H'000001B3 (11-8) 1
IMI3B 109 H'000001B4 to 2
H'000001B7
IMI3C 110 H'000001B8 to 3
H'000001BB
IMI3D 111 H'000001BC to ! 4
H'000001BF
ATU32 0Vi13 112 H'000001COto Oto 15 (0) IPRE —
H'000001C3 (7-4)
ATU4 ATU41 IMI4A 116 H'000001D0to Oto 15(0) IPRE 1 1
H'000001D3 (3-0)
IMI4B 117 H'000001D4 to 2
H'000001D7
IMI4C 118 H'000001D8 to 3
H'000001DB
IMI4D 119 H'000001DC to ! 4
H'000001DF
ATU42 0OV14 120 H'000001EO0to Oto 15 (0) IPRF —
H'000001E3 (15-12)
ATUS IMISA 124 H'000001F0Oto Oto 15 (0) IPRF 1 1
H'000001F3 (11-8)
IMI5B 125 H'000001F4 to 2
H'000001F7
Oovis 126 H'000001F8 to ! 3
H'000001FB
ATU6 CMI6 128 H'00000200to Oto 15 (0) IPRF 1 1
H'00000203 (7-4)
ATU7 CMI7 129 H'00000204 to 2
H'00000207
ATUS8 CMI8 130 H'00000208 to 3
H'0000020B .
ATU9 CMI9 131 H'0000020C to ! 4 Low
H'0000020F
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Interrupt Vector

Interrupt Priority
Vector Table  Priority Corre- within IPR
Vector Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
ATU10 ATU101 OSI10A 132 H'00000210to Oto 15 (0) IPRF T 1 High
H'00000213 (3-0) 1
OSI10B 133 H'00000214 to 2
H'00000217
osl10C 134 H'00000218 to ! 3
H'0000021B
ATU102 OSI10D 136 H'00000220to Oto 15 (0) IPRG 1 1
H'00000223 (15-12)
OSI10E 137 H'00000224 to 2
H'00000227
OSI10F 138 H'00000228 to ! 3
H'0000022B
ATU103 OSI10G 140 H'00000230to Oto 15 (0) IPRG 1 1
H'00000233 (11-8)
OSI10H 141 H'00000234 to ! 2
H'00000237
CMTO CMTIO 144 H'00000240to Oto 15 (0) IPRG T 1
H'00000243 (7-4)
A/DO ADIO 145 H'00000244 to ! 2
H'00000247
CMT1 CMT11 148 H'00000250to 0to 15 (0) IPRG T 1
H'00000253 (3-0)
A/D1 ADI1 149 H'00000254 to ! 2
H'00000257
SCI0 ERIO 152 H'00000260to Oto 15 (0) IPRH 1 1
H'00000263 (15-12)
RXI0 153 H'00000264 to 2
H'00000267
TXI0 154 H'00000268 to 3
H'0000026B .
TEIO 155 H'0000026C to ! 4 Low
H'0000026F
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Interrupt Vector Interrupt Priority
Vector Table  Priority Corre- within IPR
Vector Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
SCI1 ERI1 156 H'00000270to Oto 15 (0) IPRH T 1 High
H'00000273 (11-8) 1
RXI1 157 H'00000274 to 2
H'00000277
TXI1 158 H'00000278 to 3
H'0000027B
TEI1 159 H'0000027C to ! 4
H'0000027F
SCI2 ERI2 160 H'00000280to Oto 15 (0) IPRH 1 1
H'00000283 (7-4)
RXI2 161 H'00000284 to 2
H'00000287
TXI2 162 H'00000288 to 3
H'0000028B
TEI2 163 H'0000028C to ! 4
H'0000028F .
WDT ITI 164 H'00000290to Oto 15 (0) IPRH — Low
H'00000293 (3-0)
6.3 Description of Registers

6.3.1

Interrupt Priority Registers A—H (IPRA-IPRH)

Interrupt priority registers A—H (IPRA—-IPRH) are 16-bit readable/writable registers that set
priority levelsfrom 0 to 15 for IRQ interrupts and on-chip peripheral module interrupts.
Correspondence between interrupt request sources and each of the IPRA—IPRH bitsis shown in

table 6.4.
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Bit: 15 14 13 12 11 10 9 8

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

Bit: 7 6 5 4 3 2 1 0

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

Table6.4 Interrupt Request Sourcesand IPRA-IPRH

Bits
Register 15-12 11-8 -4 3-0
Interrupt priority register A IRQO IRQ1 IRQ2 IRQ3
Interrupt priority register B IRQ4 IRQ5 IRQ6 IRQ7
Interrupt priority register C DMACO, 1 DMAC2, 3 ATUO1 ATUO2
Interrupt priority register D ATUO3 ATU11 ATU12 ATU13
Interrupt priority register E ATU2 ATU31 ATU32 ATU41
Interrupt priority register F ATU42 ATUS ATU6-9 ATU101
Interrupt priority register G ATU102 ATU103 CMTO, A/DO CMT1, A/D1
Interrupt priority register H SCI0 SCi1 SCI2 WDT

Asindicated in table 6.4, four IRQ pins or groups of 4 on-chip peripheral modules are allocated to
each register. Each of the corresponding interrupt priority ranks are established by setting avalue
from H'0 (0000) to H'F (1111) in each of the four-bit groups 15-12, 11-8, 7—4 and 3-0. Interrupt
priority rank becomeslevel O (lowest) by setting H'0, and level 15 (highest) by setting H'F. If
multiple on-chip peripheral modules are assigned to same bit (DMACO0 and DMAC1, DMAC2
and DMACS, ATU6 to ATU9, CMTO0 and A/DO, and CMT1 and A/D1), those multiple modules
are set to the same priority rank.

IPRA—-PRH are initialized to H'0000 by a power-on reset. They are not initialized in standby
mode.
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6.3.2 Interrupt Control Register (ICR)

The ICR is a 16-hit register that sets the input signal detection mode of the external interrupt input
pin NMI and IRQO —IRQ7 and indicates the input signal level to the NMI pin. A power-on reset
and hardware standby mode initialize ICR but the software standby mode does not.

Bitt 15 14 13 12 11 10 9 8
T B B B B B B N
Initial value: * 0 0 0 0 0 0 0
RW: R R R R R R R RIW
Bit; 7 6 5 4 3 2 1 0
\ IRQOS \ IRQ1S \ IRQ2S \ IRQ3S \ IRQ4S \ IRQ5S \ IRQ6S \ IRQ7S \
Initial value: 0 0 0 0 0 0 0 0

R/W:  R/W R/W R/W R/W R/W R/W R/W R/W
Note: * When NMI input is high: 1; when NMI input is low: 0

Bit 15—NMI Input Level (NMIL): Setsthe level of the signal input at the NMI pin. This bit can
be read to determine the NMI pin level. This bit cannot be modified.

Bit 15: NMIL Description
0 NMI input level is low
1 NMI input level is high

Bits 14 to 9—Reserved: These bits always read as 0. The write value should always be 0.

Bit &—NM| Edge Select (NMIE)

Bit 8: NMIE Description
0 Interrupt request is detected on falling edge of NMI input (initial value)
1 Interrupt request is detected on rising edge of NMI input
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Bits 7 to 0—IRQO-IRQ7 Sense Select (IRQOS-RQ7S): These hits set the IRQO-IRQ7
interrupt request detection mode.

Bits 7-0: IRQOS—-IRQ7S  Description
0 Interrupt request is detected on low level of IRQ input (initial value)

1 Interrupt request is detected on falling edge of IRQ input

633  IRQ StatusRegister (ISR)

The ISR is a 16-bit register that indicates the interrupt request status of the external interrupt input
pins IRQO-IRQ7. When IRQ interrupts are set to edge detection, held interrupt requests can be
withdrawn by writing a 0 to IRQnF after reading an IRQnF = 1.

A power-on reset initializes | SR but the standby mode does not.

Bitt 15 14 13 12 11 10 9 8
-l -1l -1-1T=-1T=-17T=171T="1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit. 7 6 5 4 3 2 1 0
\ IRQOF \ IRQ1F \ IRQ2F \ IRQ3F \ IRQ4F \ IRQ5F \ IRQ6F \ IRQ7F \
Initial value: 0 0 0 0 0 0 0 0

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

Bits 15 to 8—Reserved: These bits always read as 0. The write value should always be 0.
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Bits 7 to 0—IRQO- RQ7 Flags (IRQOF-I RQ7F): These hits display the IRQ0O-IRQ7 interrupt
request status.

Bits 7-0:
IRQOF-IRQ7F Detection Setting Description

0 Level detection No IRQn interrupt request exists.
Clear conditions: When IRQn input is high level

Edge detection No IRQn interrupt request was detected. (initial value)
Clear conditions:
1. When a 0 is written after reading IRQnF = 1 status

2. When IRQn interrupt exception processing has been
executed

1 Level detection An IRQn interrupt request exists.
Set conditions: When IRQn input is low level

Edge detection An IRQn interrupt request was detected.
Set conditions: When a falling edge occurs at an IRQn
input
IRQNS
(0: level, 1: edge) ISR.IRQNF
) level o
IRQ pin detection 1 e CPU
& interrupt
edge . .3 request
detection S Q—*
RESIRQN R

(IRQn interrupt reception/writing a 0 to IRQNF after reading an IRQNF = 1)

Figure6.2 IRQO—IRQ7 Interrupt Control
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6.4 Interrupt Operation

6.4.1 Interrupt Sequence

The sequence of interrupt operationsis explained below. Figure 6.3 is a flowchart of the
operations.

1
2.

Theinterrupt request sources send interrupt request signals to the interrupt controller.

Theinterrupt controller selects the highest priority interrupt in the interrupt requests sent,
following the priority levels set in interrupt priority level setting registers A—H (IPRA—PRH).
Lower-priority interrupts are ignored. They are held pending until interrupt requests designated
as edge-detect type are accepted. For IRQ interrupts, however, withdrawal is possible by
accessing the IRQ status register (I1SR). See section 6.2.3, IRQ Interrupts, for details. Interrupts
held pending due to edge detection are cleared by a power-on reset or amanual reset. If two of
these interrupts have the same priority level or if multiple interrupts occur within asingle
module, the interrupt with the highest default priority or the highest priority within its IPR
setting range (asindicated in table 6.3) is selected.

The interrupt controller compares the priority level of the selected interrupt request with the
interrupt mask bits (13-10) in the CPU’s status register (SR). If the request priority level is
equal to or lessthan the level set in 130, the request isignored. If the request priority level is
higher than the level in bits 1310, the interrupt controller accepts the interrupt and sends an
interrupt request signal to the CPU.

When the interrupt controller accepts an interrupt, alow level is output from the IRQOUT pin.
The CPU detects the interrupt request sent from the interrupt controller when it decodes the
next instruction to be executed. Instead of executing the decoded instruction, the CPU starts
interrupt exception processing (figure 6.5).

SR and PC are saved onto the stack.

The priority level of the accepted interrupt is copied to the interrupt mask level bits (13to 10) in
the status register (SR).

When the accepted interrupt is sensed by level or isfrom an on-chip peripheral module, a high
level is output from the IRQOUT pin. When the accepted interrupt is sensed by edge, ahigh
level is output from the IRQOUT pin at the point when the CPU starts interrupt exception
processing instead of instruction execution as noted in (5) above. However, if the interrupt
controller accepts an interrupt with a higher priority than oneit isin the midst of accepting, the
IRQOUT pin will remain low level.

The CPU reads the start address of the exception service routine from the exception vector
table for the accepted interrupt, jumps to that address, and starts executing the program there.
Thisjump is not adelay branch.

Rev. 5.00 Jan 06, 2006 page 89 of 818
REJ09B0273-0500
RENESAS



Section 6 Interrupt Controller (INTC)

v

Program
execution state

User break?

<
<

A

Level 15
interrupt?

| TRQOUT = low level*1 |

v

Level 14

| Save SR to stack |

interrupt?

Yes

v

I3to 10 <

No

| Save PC to stack |

level 14?

interrupt?

v

1I3to 10 <

Copy accept-interrupt
level to I3 to 10

level 13?

v

I3to 10 =

| TRQOUT = high level=2

level 0?

v

Reads exception
vector table

v

Branches to exception
service routine

y y

Notes: 1.

I3 to 10: Interrupt mask bits of status register
IRQOUT is the same signal as the interrupt request signal to the CPU (see

figure 6.1). Thus, it is output when there is a higher priority interrupt request
than the one in the 13 to 10 bits of the SR.

When the accepted interrupt is sensed by edge, the IRQOUT pin becomes
high level at the point when the CPU starts interrupt exception processing
instead of instruction execution (before SR is saved to the stack).

If the interrupt controller has accepted another interrupt with a higher priority
and has output an interrupt request to the CPU, the IRQOUT pin will remain
low level.

Figure6.3 Interrupt Sequence Flowchart
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6.4.2 Stack after Interrupt Exception Processing

Figure 6.4 shows the stack after interrupt exception processing.

Address
4n-8
4n-4

4n

PC*1

32 bits

<] sp*2

SR

32 bits

Notes: 1. PC: Start address of the next instruction (return destination instruction)
after the executing instruction
2. Always be certain that SP is a multiple of 4

Figure6.4 Stack after Interrupt Exception Processing

RENESAS
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6.5 Interrupt Response Time

Table 6.5 indicates the interrupt response time, which is the time from the occurrence of an
interrupt request until the interrupt exception processing starts and fetching of the first instruction
of the interrupt service routine begins. Figure 6.5 shows the pipeline when an IRQ interrupt is

accepted.
Table6.5 Interrupt Response Time
Number of States
NMI, Peripheral

Item Module IRQ Notes

DMAC active judgment Ooril 1 1 state required for interrupt
signals for which DMAC
activation is possible

Compare identified inter- 2 3

rupt priority with SR mask
level

Wait for completion of
sequence currently being
executed by CPU

X (2 0)

The longest sequence is for
interrupt or address-error
exception processing (X = 4
+ml+m2+m3+m4).Ifan
interrupt-masking instruction
follows, however, the time
may be even longer.

Time from start of interrupt 5+ ml1 + m2 + m3
exception processing until

fetch of first instruction of

exception service routine

Performs the PC and SR
saves and vector address
fetch.

starts
Interrupt Total: 7+ml+m2+m3 8+ml+m2+m3
:ier:g’onse Minimum: 10 11 0.50 to 0.55 pis at 20 MHz
Maximum: 12+2(ml+m2+ 12+2(ml+m2+ 0.95ps at 20 MHZ"
m3) + m4 m3) + m4
Note: ml-m4 are the number of states needed for the following memory accesses.

ml: SR save (longword write)
m2: PC save (longword write)

m3: Vector address read (longword read)

m4: Fetch first instruction of interrupt service routine

* Whenml=m2=m3=m4=1

Rev. 5.00 Jan 06, 2006 page 92 of 818
REJ09B0273-0500

RENESAS



Section 6 Interrupt Controller (INTC)

Interrupt acceptance

L 5+ml+m2+m3
3 mim2 1 m3 1,

RQ | i
|

Instruction (instruction

| | | | | |
| | | | | |
| [ [
| [ [
| [ [
FIDIE[E[M|M[E[M]E
: AT

|

|

|
|
: |E]
replaced by interrupt !
exception processing) I
|
Overrun fetch i
! I
Interrupt service routine '
P | [F[D[E]
|

start instruction

F: Instruction fetch (instruction fetched from memory where program is stored).

D: Instruction decoding (fetched instruction is decoded).

E: Instruction execution (data operation and address calculation is performed
according to the results of decoding).

M: Memory access (data in memory is accessed).

Figure6.5 Pipelinewhen an IRQ Interrupt is Accepted

6.6 Data Transfer with Interrupt Request Signals
The following data transfers can be done using interrupt request signals:
e Activate DMAC only, without generating CPU interrupt

Among interrupt sources, those designated as DMAC activating sources are masked and not input
to the INTC. The masking condition is listed below:

Mask condition = DME « (DEO » source selection 0 + DE1 x source selection 1 + DE2 «
source selection 2 + DE3  source selection 3)

Figure 6.6 isablock diagram of interrupt controller.
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interrupt source ——— P
DMAC

Interrupt request flag
4+—
(generated by DMAC)

clear

y interrupt source (not designated as DMAC
activating sources)

P interrupt request

Figure6.6 Block Diagram of Interrupt Controller

6.6.1 Handling CPU Interrupt Sources, but Not DMAC Activating Sour ces

1. Either do not select the DMAC as a source, or clear the DME bit to 0.
2. Activating sources are applied to the CPU when interrupts occur.

3. The CPU clearsinterrupt sources with itsinterrupt processing routine and performs the
necessary processing.

6.6.2 Handling DMAC Activating Sources but Not CPU Interrupt Sour ces

1. Select the DMAC asasource and set the DME bit to 1. CPU interrupt sources are masked
regardless of the interrupt priority level register settings.

2. Activating sources are applied to the DMAC when interrupts occur.
3. The DMAC clears activating sources at the time of data transfer.
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7.1

Section 7 User Break Controller (UBC)

Overview

The user break controller (UBC) provides functions that simplify program debugging. Break
conditions are set in the UBC and a user break interrupt is generated according to the conditions of
the bus cycle generated by the CPU, DMAC, or DTC. This function makes it easy to design an
effective self-monitoring debugger, enabling the chip to easily debug programs without using a
large in-circuit emulator.

711

Features

The features of the user break controller are:

e Break compare conditions can be set:

O
g
O
g
O

Address

CPU cycle/DMA cycle
Instruction fetch or data access
Read or write

Operand size: byte/word/longword

» User break interrupt generated upon satisfying break conditions. A user-designed user break
interrupt exception processing routine can be run.

» Sdlect either to break in the CPU instruction fetch cycle before the instruction is executed or
after.
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7.1.2 Block Diagram

Figure 7.1 shows a block diagram of the UBC.

Module bus

Bus
interface

O C

UBBR UBAMRH

UBARH

UBAMRL

UBARL

Internal bus

\/

\/

v

User break
interrupt
generating
circuit

Interrupt request

A 4

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
:
Break condition comparator |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Interrupt controller

UBARH, UBARL: User break address registers H, L
UBAMRH, UBAMRL: User break address mask registers H, L
UBBR: User break bus cycle register

Figure7.1 User Break Controller Block Diagram
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7.13 Register Configuration

The UBC hasthe five registers shown in table 7.1. Break conditions are established using these
registers.

Table7.1 Register Configuration

Initial Access
Name Abbr. R/W  Value Address” Size
User break address register H UBARH R/W  HO0000 HFFFF8600 8,16, 32
User break address register L UBARL R/W  H'0000 HFFFF8602 8, 16,32

User break address mask register H UBAMRH R/W  H'0000 H'FFFF8604 8, 16, 32
User break address mask register L UBAMRL R/W  H'0000 HFFFF8606 8,16, 32
User break bus cycle register UBBR R/W H'0000 H'FFFF8608 8, 16, 32

Note: * In register access, three cycles are required for byte access and word access, and six
cycles for longword access.

7.2 Register Descriptions

721 User Break Address Register (UBAR)

UBARH:
Bitt 15 14 13 12 11 10 9 8
UBARH \ UBA31 \ UBA30 \ UBA29 \ UBA28 \ UBA27 \ UBA26 \ UBA25 \ UBA24 \
Initial value: 0 0 0 0 0 0 0 0
RW:  R/W RIW R/W RIW RIW RIW RIW RIW
Bit: 7 6 5 4 3 2 1 0
UBARH \ UBA23 \ UBA22 \ UBA21 \ UBA20 \ UBA19 \ UBA18 \ UBAL17 \ UBA16 \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/IW R/W R/W R/W R/W R/W R/W
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UBARL:
Bitt 15 14 13 12 11 10 9 8
UBARL‘ UBA15 \ UBA14 \ UBA13 \ UBA12 \ UBA11 \ UBA10 \ UBA9 \ UBAS \
Initial value: 0 0 0 0 0 0 0 0
RW:  RW RIW R/W RIW RIW RIW RIW RIW
Bit: 7 6 5 4 3 2 1 0
UBARL‘ UBA7 \ UBA6 \ UBAS \ UBA4 \ UBA3 \ UBA2 \ UBA1 \ UBAO \
Initial value: 0 0 0 0 0 0 0 0

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

The user break address register (UBAR) consists of user break address register H (UBARH) and
user break addressregister L (UBARL). Both are 16-bit readable/writable registers. UBARH
stores the upper bits (bits 31 to 16) of the address of the break condition, while UBARL stores the
lower bits (bits 15 to 0). UBARH and UBARL areinitialized by a power on reset to H'0000. They
are not initialized in software standby mode.

UBARH Bits15to 0—User Break Address31to 16 (UBA31to UBA16): These bits store the
upper bit values (bits 31 to 16) of the address of the break condition.

UBARL Bits15to 0—User Break Address 15to 0 (UBA15 to UBAO): These bits store the
lower bit values (bits 15 to 0) of the address of the break condition.

722 User Break Address Mask Register (UBAMR)

UBAMRH:
Bitt 15 14 13 12 11 10 9 8
UBAMRH \ UBM31 \ UBM30 \ UBM29 \ UBM28 \ UBM27 \ UBM26 \ UBM25 \ UBM24 \
Initial value: 0 0 0 0 0 0 0 0
RW: RW RIW R/W RIW RIW RIW RIW RIW
Bit: 7 6 5 4 3 2 1 0
UBAMRH \ UBM23 \ UBM22 \ UBM21 \ UBM20 \ UBM19 \ UBM18 \ UBM17 \ UBM16 \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/IW R/W R/W R/W R/W R/W R/W
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UBAMRL:
Bitt 15 14 13 12 11 10 9 8
UBAMRL \ UBM15 \ UBM14 \ UBM13 \ UBM12 \ UBM11 \ UBM10 \ UBM9 \ UBMS \
Initial value: 0 0 0 0 0 0 0 0
RW:  RW RIW RIW RIW RIW RIW RIW RIW
Bit: 7 6 5 4 3 2 1 0
UBAMRL‘ UBM7 \ UBM6 \ UBMS5 \ UBM4 \ UBM3 \ UBM2 \ UBM1 \ UBMO \
Initial value: 0 0 0 0 0 0 0 0

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

The user break address mask register (UBAMR) consists of user break address mask register H
(UBAMRH) and user break address mask register L (UBAMRL). Both are 16-bit
readable/writable registers. UBAMRH designates whether to mask any of the break address bits
established in the UBARH, and UBAMRL designates whether to mask any of the break address
bits established in the UBARL. UBAMRH and UBAMRL are initialized by a power on reset to
H'0000. They are not initialized in software standby mode.

UBAMRH Bits 15to 0—User Break Address Mask 31to 16 (UBM 31 to UBM 16): These bits
designate whether to mask any of the break address 31 to 16 bits (UBA31 to UBA16) established
inthe UBARH.

UBAMRL Bits 15to 0—User Break AddressMask 15 to 0 (UBM 15 to UBMO): These bits
designate whether to mask any of the break address 15 to 0 bits (UBA15 to UBAOQ) established in
the UBARL.

Bits 15-0: UBMn Description
0 Break address UBAnN is included in the break conditions (initial value)
1 Break address UBAnN is not included in the break conditions

Note: n=31to0
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7.2.3 User Break Bus Cycle Register (UBBR)

Bitt 15 14 13 12 11 10 9 8
-l -1l-1T-T-=-7T=-1=-7T="1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
\ CP1 \ CPO \ ID1 \ IDO \ RW1 \ RWO \ sz1 \ SZ0 \
Initial value: 0 0 0 0 0 0 0 0

R/W:  R/W R/W

R/W R/W R/W R/W R/W R/W

User break bus cycle register (UBBR) is a 16-bit readable/writable register that selects from
among the following four break conditions:

CPU cycle/DMA cycle
Instruction fetch/data access
Read/write

> DN

Operand size (byte, word, longword)

UBBRisinitialized by a power on reset to H'0000. It is not initialized in software standby mode.

Bits 15 to 8—Reserved: These bits always read as 0. The write value should always be 0.

Bits 7 and 6—CPU Cycle/Peripheral Cycle Select (CP1, CP0): These bits designate break
conditions for CPU cycles or peripheral cycles (DMA cycles).

Bit 7: CP1 Bit 6: CPO Description

0 0 No user break interrupt occurs (initial value)
1 Break on CPU cycles

1 0 Break on peripheral cycles
1 Break on both CPU and peripheral cycles
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Bits 5 and 4—Instruction Fetch/Data Access Select (ID1, IDO0): These bits select whether to
break on instruction fetch and/or data access cycles.

Bit 5: ID1 Bit 4: IDO Description
0 0 No user break interrupt occurs (initial value)
1 Break on instruction fetch cycles
1 0 Break on data access cycles
1 Break on both instruction fetch and data access cycles

Bits 3 and 2—Read/Write Select (RW1, RWO0): These bits select whether to break on read
and/or write cycles.

Bit 3: RW1 Bit 2: RW0 Description

0 0 No user break interrupt occurs (initial value)
1 Break on read cycles

1 0 Break on write cycles
1 Break on both read and write cycles

Bits 1 and 0—Operand Size Select (SZ1, SZ0): These bits select operand size as a break
condition.

Bit 1. SZ1 Bit 0: SZ0 Description

0 0 Operand size is not a break condition (initial value)
1 Break on byte access

1 0 Break on word access
1 Break on longword access

Note: When breaking on an instruction fetch, set the SZ0 bit to 0. All instructions are considered
to be word-size accesses (even when there are instructions in on-chip memory and 2
instruction fetches are done simultaneously in 1 bus cycle).

Operand size is word for instructions or determined by the operand size specified for the
CPU/DMAC data access. It is not determined by the bus width of the space being
accessed.
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7.3 Operation

731 Flow of the User Break Operation

The flow from setting of break conditionsto user break interrupt exception processing is described
below:

1. The user break addresses are set in the user break address register (UBAR), the desired masked
bitsin the addresses are set in the user break address mask register (UBAMR) and the breaking
bus cycletypeis set in the user break bus cycle register (UBBR). If even one of the three
groups of the UBBR’s CPU cycle/peripheral cycle select bits (CP1, CP0), instruction
fetch/data access select bits (ID1, ID0), and read/write select bits (RW1, RWO0) is set to 00 (no
user break interrupt is generated), no user break interrupt will be generated even if all other
conditions are in agreement. When using user break interrupts, always be certain to establish
bit conditions for all of these three groups.

2. The UBC uses the method shown in figure 7.2 to judge whether set conditions have been
fulfilled. When the set conditions are satisfied, the UBC sends a user break interrupt request
signal to the interrupt controller (INTC).

3. Theinterrupt controller checks the accepted user break interrupt request signal’s priority level.
The user break interrupt has priority level 15, so it is accepted only if the interrupt mask level
in bits 13-10 in the status register (SR) is 14 or lower. When the 30 bit level is 15, the user
break interrupt cannot be accepted but it is held pending until user break interrupt exception
processing can be carried out. Consequently, user break interrupts within NMI exception
service routines cannot be accepted, since the 1310 bit level is 15. However, if the 1310 bit
level is changed to 14 or lower at the start of the NMI exception service routine, user break
interrupts become acceptabl e thereafter. Section 6, Interrupt Controller, describes the handling
of priority levelsin greater detail.

4. TheINTC sendsthe user break interrupt request signal to the CPU, which begins user break
interrupt exception processing upon receipt. See Section 6.4, Interrupt Operation, for details on
interrupt exception processing.
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| UBARH/UBARL| | UBAMRH/UBAMRL

Internal address
bits 31-0

CPU cycle

DMA cycle

Instruction fetch

Data access

Read cycle

Write cycle

Byte size

Word size

Longword size

32
~ 32 )
32
32 / 32

v

SZ1 | SZ0

User
break
interrupt

Figure7.2 Break Condition Judgment Method
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732 Break on On-Chip Memory Instruction Fetch Cycle

On-chip memory (on-chip ROM and/or RAM) is always accessed as 32 hitsin 1 bus cycle.
Therefore, 2 instructions can be retrieved in 1 bus cycle when fetching instructions from on-chip
memory. At such times, only 1 bus cycle is generated, but by setting the start addresses of both
instructions in the user break address register (UBAR) it is possible to cause independent breaks.
In other words, when wanting to effect abreak using the latter of two addresses retrieved in 1 bus
cycle, set the start address of that instruction in UBAR. The break will occur after execution of the
former instruction.

7.33 Program Counter (PC) Values Saved

Break on Instruction Fetch (Before Execution): The program counter (PC) value saved to the
stack in user break interrupt exception processing is the address that matches the break condition.
The user break interrupt is generated before the fetched instruction is executed. If a break
condition is set in an instruction fetch cycle placed immediately after adelayed branch instruction
(delay dlot), or on an instruction that follows an interrupt-disabled instruction, however, the user
break interrupt is not accepted immediately, but the break condition establishing instruction is
executed. The user break interrupt is accepted after execution of the instruction that has accepted
the interrupt. In this case, the PC value saved is the start address of the instruction that will be
executed after the instruction that has accepted the interrupt.

Break on Data Access (CPU/Peripheral): The program counter (PC) value is the top address of
the next instruction after the last instruction executed before the user break exception processing
started. When data access (CPU/peripheral) is set as a break condition, the place where the break
will occur cannot be specified exactly. The break will occur at the instruction fetched close to
where the data access that is to receive the break occurs.
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74 Use Examples

74.1 Break on CPU Instruction Fetch Cycle

1. Register settings: UBARH = H'0000
UBARL = H'0404
UBBR = H'0054
Conditions set: Address. H'00000404
Bus cycle: CPU, instruction fetch, read
(operand size not included in conditions)

A user break interrupt will occur before the instruction at address H'00000404. If it is possible for
the instruction at H'00000402 to accept an interrupt, the user break exception processing will be
executed after execution of that instruction. The instruction at H'00000404 is not executed. The
PC value saved is H'00000404.

2. Register settings: UBARH = H'0015
UBARL =H'389C
UBBR = H'0058
Conditions set: Address; H'0015389C
Bus cycle: CPU, instruction fetch, write
(operand size not included in conditions)

A user break interrupt does not occur because the instruction fetch cycleis not awrite cycle.

3. Register settingss:.  UBARH = H'0003
UBARL = H'0147
UBBR = H'0054
Conditions set: Address: H'00030147
Bus cycle: CPU, instruction fetch, read
(operand size not included in conditions)

A user break interrupt does not occur because the instruction fetch was performed for an even
address. However, if the first instruction fetch address after the branch is an odd address set by
these conditions, user break interrupt exception processing will be done after address error
exception processing.
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74.2 Break on CPU Data Access Cycle

1. Register settingss  UBARH = H'0012
UBARL = H'3456
UBBR = H'006A

Conditions set: Address: H'00123456
Bus cycle: CPU, data access, write, word

A user break interrupt occurs when word data is written into address H'00123456.

2. Register settings: UBARH = H'00A8
UBARL =H'0391
UBBR = H'0066

Conditions set: Address: H'00A80391
Bus cycle: CPU, data access, read, word

A user break interrupt does not occur because the word access was performed on an even address.

7.4.3 Break on DMA/DTC Cycle

1. Register settings: UBARH = H'0076
UBARL = H'BCDC
UBBR = H'00A7
Conditions set: Address: H'0076BCDC
Bus cycle: DMA, data access, read, longword

A user break interrupt occurs when longword datais read from address H'0076BCDC.

2. Register settingss UBARH = H'0023
UBARL = H'45C8
UBBR = H'0094
Conditions set: Address: H'002345C8
Bus cycle: DMA, ingtruction fetch, read
(operand size not included in conditions)

A user break interrupt does not occur because no instruction fetch is performed in the DMA/CTC
cycle.
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75 Cautionson Use

751 On-Chip Memory Instruction Fetch

Two instructions are simultaneously fetched from on-chip memory. If abreak condition is set on
the second of these two instructions but the contents of the UBC break condition registers are
changed so as to alter the break condition immediately after the first of the two instructionsis
fetched, auser break interrupt will still occur when the second instruction is fetched.

7.5.2 Instruction Fetch at Branches

When a conditional branch instruction or TRAPA instruction causes a branch, instructions are
fetched and executed as follows:

1. Conditional branch instruction, branch taken: BT, BF
TRAPA instruction, branch taken: TRAPA
Instruction fetch cycles: Conditional branch fetch — Next-instruction overrun fetch
- Next-instruction overrun fetch - Branch destination fetch
Instruction execution: Conditional branch instruction execution — Branch destination
instruction execution

2. When branching with a delayed conditional instruction: BT/S and BF/S instructions

Instruction fetch order: Corresponding instruction fetch — next instruction fetch (delay
slot) - overrun fetch of instruction after next — branch destination instruction fetch

Instruction execution order: Corresponding instruction execution — delay slot instruction

execution — branch destination instruction execution
When a conditional branch instruction or TRAPA instruction causes a branch, the branch
destination will be fetched after the next instruction or the one after that does an overrun fetch.
However, because the instruction that is the object of the break first breaks after a definite
instruction fetch and execution, the kind of overrun fetch instructions noted above do not
become objects of abreak. If data access breaks are also included with instruction fetch breaks
as break conditions, a break occurs because the instruction overrun fetch is also regarded as
becoming a data break.
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753 Contention between User Break and Exception Handling

If auser break is set for the fetch of a particular instruction, and exception handling with higher
priority than a user break isin contention and is accepted in the decode stage for that instruction
(or the next instruction), user break exception handling may not be performed after completion of
the higher-priority exception handling routine (on return by RTE).

754 Break at Non-Delay Branch Instruction Jump Destination

When a branch instruction with no delay ot (including exception handling) jumps to the jump
destination instruction on execution of the branch, a user break will not be generated even if a user
break condition has been set for the first jump destination instruction fetch.
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Section 8 Bus State Controller (BSC)

8.1 Overview

The bus state controller (BSC) divides up the address spaces and outputs control for various types
of memory. This enables memories like SRAM, and ROM to be linked directly to the LS| without
externa circuitry.

811 Features
The BSC has the following features:

» Address space is divided into four spaces

O A maximum linear 2 Mbytes for on-chip ROM effective mode, and a maximum linear
4-Mbyte for on-chip ROM ineffective mode for address space CSO

A maximum linear 4 Mbytes for each of the address spaces CS1-CS3
Bus width can be selected for each space (8 or 16 bits)
Wait states can be inserted by software for each space
Wait state insertion with WAIT pin in external memory space access
Outputs control signals for each space according to the type of memory connected
*  On-chip ROM and RAM interfaces
O On-chip RAM access of 32 hitsin 1 state

Ooo0Oooogod
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8.1.2 Block Diagram

Figure 8.1 shows the BSC block diagram.
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Bus interface
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ro memory . RAMER |
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WCR1: Wait control register 1 BCR1: Bus control register 1
WCR2: Wait control register 2 BCR2: Bus control register 2

RAMER: RAM emulation register

Figure8.1 BSC Block Diagram
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8.13 Pin Configuration
Table 8.1 shows the bus state controller pin configuration.

Table8.1 Pin Configuration

Signal I/0 Description

A21-A0 (0] Address output

D15-D0 I/0 16-bit data bus.

CS0-CS3 O Chip select, indicating the area being accessed

RD (0] Strobe that indicates the read cycle for ordinary space/multiplex I/O.

WRH (0] Strobe that indicates a write cycle to the 3rd byte (D15-D8) for ordinary
space/multiplex I/O. Also output during DRAM access.

WRL (0] Strobe that indicates a write cycle to the least significant byte (D7-DO0) for
ordinary space/multiplex 1/0. Also output during DRAM access.

WAIT [ Wait state request signal

BREQ I Bus release request input

BACK 0 Bus use enable output

Note: When an 8-bit bus width is selected for external space, WRL is enabled.
When a 16-bit bus width is selected for external space, WRH and WRL are enabled.

8.14 Register Configuration

The BSC has eight registers. These registers are used to control wait states, bus width, and
interfaces with memories like ROM and SRAM, aswell as refresh control. The register
configurations are listed in table 8.2.

All registers are 16 bits. All BSC registersare al initialized by a power-on reset, but are not by a
manual reset. Values are maintained in standby mode.
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Table8.2 Register Configuration

Name Abbr. R/W Initial Value Address Access Size
Bus control register 1 BCR1 R/W H'000F H'FFFF8620 8, 16, 32
Bus control register 2 BCR2 R/W H'FFFF H'FFFF8622 8, 16, 32
Wait state control register 1 WCR1 R/W H'FFFF H'FFFF8624 8, 16, 32
Wait state control register 2 WCR2 R/W H'000F H'FFFF8626 8, 16, 32
RAM emulation register RAMER R/W H'0000 H'FFFF8628 8, 16, 32

Notes: 1. When using a longword access to write to RAMER , always write O in the lower word
(address H'FFFF8630). Operation cannot be guaranteed if a non-zero value is written.

2. Inregister access, three cycles are required for byte access and word access, and six

cycles for longword access.

8.1.5 AddressMap

Figure 8.2 shows the address format used by the SH7050 series.

A31-A24 A23, A22

A21

A0

A
Y
A
Y
A

L Space selection:

CS space selection:
Decoded, outputs CS0 to CS3 when A31 to A24 = 00000000

L Output address:
Output from the address pins

Not output externally; used to select the type of space
On-chip ROM space or CS0 to CS3 space when 00000000 (H'00)

DRAM space when 00000001 (H'01)

Reserved (do not access) when 00000010 to 11111110 (H'01 to H'FE)
On-chip peripheral module space or on-chip RAM space when 11111111 (H'FF)

Figure8.2 AddressFormat

This LS| uses 32-bit addresses:

* A31toA24 are used to select the type of space and are not output externally.

 Bits A23 and A22 are decoded and output as chip select signals (CSO to CS3) for the

corresponding areas when bits A31 to A24 are 00000000.

* A21to A0 are output externally.
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Table 8.3 and table 8.4 show address map.

Table8.3 AddressMap (128 kB ROM/6 kB RAM Version)

e On-chip ROM effective mode

Address Space Memory Size Bus Width

H'0000 0000 to H'0001 FFFF  On-chip ROM On-chip ROM 128 kB  32bit

H'0002 0000 to H'001F FFFF  Reserved Reserved

H'0020 0000 to H'003F FFFF  CSO space External space 2 MB 8, 16 bit **

H'0040 0000 to H'007F FFFF  CS1 space External space 4 MB 8, 16 hit **

H'0080 0000 to H'00BF FFFF  CS2 space External space 4 MB 8, 16 hit **

H'00CO0 0000 to H'OOFF FFFF  CS3 space External space 4 MB 8, 16 bit **

H'0100 0000 to H'FFFF 7FFF  Reserved Reserved

H'FFFF 8000 to H'FFFF 87FF  On-chip peripheral ~ On-chip peripheral 2 kB 8, 16 bit
module module

H'FFFF 8800 to H'FFFF E7FF  Reserved Reserved

H'FFFF E800 to H'FFFF FFFF  On-chip RAM On-chip RAM 6 kB 32 bit

» On-chip ROM ineffective mode

Address Space Memory Size Bus Width

H'0000 0000 to H'003F FFFF  CSO space External space 4 MB 8, 16 bit **

H'0040 0000 to H'007F FFFF  CS1 space External space 4 MB 8, 16 bit **

H'0080 0000 to H'00BF FFFF  CS2 space External space 4 MB 8, 16 hit **

H'00CO0 0000 to H'0OOFF FFFF  CS3 space External space 4 MB 8, 16 bit **

H'0100 0000 to H'FFFF 7FFF  Reserved Reserved

H'FFFF 8000 to H'FFFF 87FF  On-chip peripheral ~ On-chip peripheral 2 kB 8, 16 bit
module module

H'FFFF 8800 to H'FFFF E7FF  Reserved Reserved

H'FFFF E800 to H'FFFF FFFF  On-chip RAM On-chip RAM 6 kB 32 bit

Notes: 1. Selected by on-chip register settings.
2. Selected by the mode pin.
Do not access reserved spaces. Operation cannot be guaranteed if they are accessed.
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Table8.4 AddressMap (256 kB ROM/10 kB RAM Version)

* On-chip ROM effective mode

Address Space Memory Size Bus Width

H'0000 0000 to H'0003 FFFF  On-chip ROM On-chip ROM 256 kB 32 bit

H'0004 0000 to H'001F FFFF  Reserved Reserved

H'0020 0000 to H'003F FFFF  CSO space External space 2 MB 8, 16 hit **

H'0040 0000 to H'007F FFFF  CS1 space External space 4 MB 8, 16 bit **

H'0080 0000 to H'00BF FFFF  CS2 space External space 4 MB 8, 16 hit **

H'00CO0 0000 to H'OOFF FFFF  CS3 space External space 4 MB 8, 16 bit **

H'0100 0000 to H'FFFF 7FFF  Reserved Reserved

H'FFFF 8000 to H'FFFF 87FF  On-chip peripheral  On-chip peripheral 2 kB 8, 16 bit
module module

H'FFFF 8800 to H'FFFF D7FF  Reserved Reserved

H'FFFF D800 to H'FFFF FFFF  On-chip RAM On-chip RAM 10 kB 32 bit

» On-chip ROM ineffective mode

Address Space Memory Size Bus Width

H'0000 0000 to H'003F FFFF  CSO space External space 4 MB 8, 16 hit **

H'0040 0000 to H'007F FFFF  CS1 space External space 4 MB 8, 16 bit **

H'0080 0000 to H'00BF FFFF  CS2 space External space 4 MB 8, 16 hit **

H'00CO0 0000 to H'0OOFF FFFF  CS3 space External space 4 MB 8, 16 bit **

H'0100 0000 to H'FFFF 7FFF  Reserved Reserved

H'FFFF 8000 to H'FFFF 87FF  On-chip peripheral ~ On-chip peripheral 2 kB 8, 16 bit
module module

H'FFFF 8800 to H'FFFF D7FF  Reserved Reserved

H'FFFF D800 to H'FFFF FFFF  On-chip RAM On-chip RAM 10 kB 32 bit

Notes: 1. Selected by on-chip register settings.
2. Selected by the mode pin.
Do not access reserved spaces. Operation cannot be guaranteed if they are accessed.
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8.2 Description of Registers

821 Bus Control Register 1 (BCR1)

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

15 14 13 12 11 10 9 8

— [ = [=-[-T=-T=-T=T-]

0 0 0 0 0 0 0 0

R R

7 6 5 4 3 2 1 0

_ ‘ _ — — \ A3SZ \ A2SZ \ A1SZ \ A0SZ \

0 0 0 0 1 1 1 1
R R R RW RW RW  RW

BCRL1 isa16-hit read/write register that specifies the bus size of the CS spaces.

Write bits 15-0 of BCRL1 during the initialization stage after a power-on reset, and do not change
the values thereafter. In on-chip ROM effective mode, do not access any of the CS spaces until
after completion of register initialization. In on-chip ROM ineffective mode, do not access any CS
space other than CSO until after completion of register initialization.

BCR1isinitiaized to H'000F by a power-on reset and in hardware standby mode. It is not

initialized in software standby mode.

Bits 15-4—Reserved: These bits always read as 0. The write value should always be 0.

Bit 3—CS3 Space Size Specification (A3SZ): Specifies the CS3 space bus size. A 0 setting
specifies byte (8-bit) size, and a 1 setting specifiesword (16-bit) size.

Bit 3: A3SZ Description
0 Byte (8 bit) size
1 Word (16 bit) size (initial value)

Bit 2—CS2 Space Size Specification (A2SZ): Specifiesthe CS2 space bus size. A 0 setting
specifies byte (8-bit) size, and a 1 setting specifiesword (16-hbit) size.
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Bit 2: A2Sz Description
0 Byte (8 bit) size
1 Word (16 bit) size (initial value)

Bit 1—CS1 Space Size Specification (A1SZ): Specifiesthe CS1 space bussize. A 0 setting

specifies byte (8-bit) size, and a 1 setting specifies word (16-bit) size.

Bit 1: A1SZ Description
0 Byte (8 bit) size
1 Word (16 bit) size (initial value)

Bit 0—CS0 Space Size Specification (A0SZ): Specifies the CSO space bus size A 0 setting

specifies byte (8-bit) size, and a 1 setting specifiesword (16-bit) size.

Bit 0: A0SZ Description
0 Byte (8 bit) size
1 Word (16 bit) size (initial value)

Note: AQSZ is effective only in on-chip ROM effective mode.
the CSO space bus size is specified by the mode pin.

822 Bus Control Register 2 (BCR2)

In on-chip ROM ineffective mode,

Bitt 15 14 13 12 11 10 9 8

\ IW31 \ IW30 \ W21 \ IW20 \ W11 \ IW10 \ IWO01 \ IWO00 \
Initial value: 1 1 1 1 1 1 1 1
RW.: RW RW RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0

\ cw3 \ CcW2 \ cwi \ CWo \ Sw3 \ Sw2 \ SW1 | swo \
Initial value: 1 1 1 1 1 1 1 1
RW.: RW RW RW RW RW RW RW RW

BCR2 isa 16-hit read/write register that specifies the number of idle cyclesand CS signal assert

extension of each CS space.

BCR2 isinitialized by a power-on reset and in hardware standby mode to H'FFFF. It is not

initialized by software standby mode.
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Bits 15-8—Idles between Cycles (IW31, IW30, IW21, IW20, IW11, IW10, IW01, IW00):
These bits specify idle cycles inserted between consecutive accesses when the second oneisto a
different CS area after aread. ldles are used to prevent data conflict between ROM (and other
memories, which are slow to turn the read data buffer off), fast memories, and 1/0 interfaces. Even
when access isto the same areg, idle cycles must be inserted when aread access is followed
immediately by awrite access. Theidle cyclesto be inserted comply with the area specification of
the previous access. Refer to section 10.6, Waits between Access Cycles, for details.

IW31, IW30 specify the idle between cycles for CS3 space; IW21, IW20 specify the idle between
cyclesfor CS2 space; IW11, IW10 specify the idle between cycles for CS1 space and W01, W00
specify the idle between cycles for CS0 space.

Bit 15: IW31 Bit 14: IW30 Description

0 0 No idle cycle after accessing CS3 space
1 Inserts one idle cycle

1 0 Inserts two idle cycles
1 Inserts three idle cycles (initial value)

Bit 13: IW21 Bit 12: IW20 Description

0 0 No idle cycle after accessing CS2 space
1 Inserts one idle cycle

1 0 Inserts two idle cycles
1 Inserts three idle cycles (initial value)

Bit 11: IW11 Bit 10: IW10 Description

0 0 No idle cycle after accessing CS1 space
1 Inserts one idle cycle

1 0 Inserts two idle cycles
1 Inserts three idle cycles (initial value)

Bit 9: IW01 Bit 8: IW00 Description

0 0 No idle cycle after accessing CSO space
1 Inserts one idle cycle

1 0 Inserts two idle cycles
1 Inserts three idle cycles (initial value)
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Bits 7-4—I dle Specification for Continuous Access (CW3, CW2, CW1, CWO0): The
continuous access idle specification makes insertions to clearly delineate the bus intervals by once
negating the CSn signal when doing consecutive accesses of the same CS space. When awrite
immediately follows aread, the number of idle cyclesinserted isthe larger of the two values
specified by IW and CW. Refer to section 8.4, Waits between Access Cycles, for details.

CW3 specifies the continuous access idles for CS3 space; CW2 specifies the continuous access
idlesfor CS2 space; CW1 specifies the continuous accessidles for CS1 space and CWO specifies
the continuous access idles for CSO space.

Bit 7: CW3 Description

0 No CS3 space continuous access idle cycles

1 One CS3 space continuous access idle cycle (initial value)
Bit 6: CW2 Description

0 No CS2 space continuous access idle cycles

1 One CS2 space continuous access idle cycle (initial value)
Bit 5: CW1 Description

0 No CS1 space continuous access idle cycles

1 One CS1 space continuous access idle cycle (initial value)
Bit 4. CWO Description

0 No CSO space continuous access idle cycles

1 One CSO0 space continuous access idle cycle (initial value)

Bits 3-0—CS Assert Extension Specification (SW3, SW2, SW1, SWO0): The CS assert cycle
extension specification is for making insertions to prevent extension of the RD signal or WRx
signal assert period beyond the length of the CSn signal assert period. Extended cyclesinsert one
cycle before and after each bus cycle, which simplifies interfaces with external devices and also
has the effect of extending write data hold time. Refer to section 8.3.3 CS Assert Period Extension
for details.

SW3 specifies the CS assert extension for CS3 space access, SW2 specifies the CS assert
extension for CS2 space access, SW1 specifiesthe CS assert extension for CS1 space access and
SWO specifies the CS assert extension for CSO space access.
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Bit 3: SW3 Description

0 No CS3 space CS assert extension

1 CS3 space CS assert extension (initial value)
Bit 2: SW2 Description

0 No CS2 space CS assert extension

1 CS2 space CS assert extension (initial value)
Bit 1: SW1 Description

0 No CS1 space CS assert extension

1 CS1 space CS assert extension (initial value)
Bit 0: SWO Description

0 No CSO0 space CS assert extension

1 CSO0 space CS assert extension (initial value)

823 Wait Control Register 1 (WCR1)

Bitt 15 14 13 12 11 10 9 8
\ W33 \ W32 \ w31 \ W30 \ W23 \ W22 \ w21 \ W20 \
Initial value: 1 1 1 1 1 1 1 1

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

Bit: 7 6 5 4 3 2 1 0
\ W13 \ W12 \ w11 \ W10 \ W03 \ W02 \ Wo1 \ W00 \
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
WCRL1 is a 16-bit read/write register that specifies the number of wait cycles (0-15) for each CS
space.

WCR1 isinitialized by a power-on reset and in hardware standby mode to H'FFFF. It is not
initialized by software standby mode.

Bits 15-12—CS3 Space Wait Specification (W33, W32, W31, W30): Specifies the number of
waits for CS3 space access.
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Bit 15: Bit 14: Bit 13: Bit 12:
w33 w32 w31 w30 Description

0 0 0 0 No wait (external wait input disabled)
0 0 0 1 1 wait external wait input enabled
[
1 1 1 1 15 wait external wait input enabled (initial value)

Bits 11-8—CS2 Space Wait Specification (W23, W22, W21, W20): Specifies the number of
waits for CS2 space access.

Bit11: Bit10: Bit9: Bit 8:
w23 w22 w21 w20 Description

0 0 0 0 No wait (external wait input disabled)
0 0 0 1 1 wait external wait input enabled
[
1 1 1 1 15 wait external wait input enabled (initial value)

Bits 74—CS1 Space Wait Specification (W13, W12, W11, W10): Specifies the number of
waits for CS1 space access.

Bit 7: Bit 6: Bit 5: Bit 4:
w13 w12 w11 w10 Description

0 0 0 0 No wait (external wait input disabled)
0 0 0 1 1 wait external wait input enabled
[
1 1 1 1 15 wait external wait input enabled (initial value)

Bits 3-0—CS0 Space Wait Specification (W03, W02, W01, W00): Specifies the number of
waits for CS0 space access.

Bit 3: Bit 2: Bit 1: Bit 0:
w03 w02 w01 W00 Description

0 0 0 0 No wait (external wait input disabled)
0 0 0 1 1 wait external wait input enabled
[
1 1 1 1 15 wait external wait input enabled (initial value)
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824 Wait Control Register 2 (WCR2)

Bitt 15 14 13 12 11 10 9 8
-l -1l-1T-T-=-7T=-1=-7T="1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
\ — \ — \ — \ — ‘DSWS \ DSW2 \ DSW1 \ DSWO‘
Initial value: 0 0 0 0 1 1 1 1
RW: R R R R RW RW RW  RMW

WCR?2 is a 16-bit read/write register that specifies the number of access cyclesfor DRAM space
and CS space for DMA single address mode transfers.

Do not perform any DMA single address transfers before WCR2 is set.

WCR2 isinitialized by a power-on reset and in hardware standby mode to H'000F. It is not
initialized by software standby mode.

Bits 154—Reserved: These bits always read as 0. The write value should always be 0.

Bits 3-0—CS Space DM A Single Address M ode Access Wait Specification (DSW3, DSW2,
DSW1, DSWO0): Specifiesthe number of waitsfor CS space access (0-15) during DMA single
address mode accesses. These bits are independent of the W bits of the WCRL.

Bit 3: Bit 2: Bit 1: Bit O:
DSW3 DSW2 DSwi DSWO0 Description

0 0 0 0 No wait (external wait input disabled)
0 0 0 1 1 wait (external wait input enabled)
[
1 1 1 1 15 wait (external wait input enabled) (initial value)
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8.25 RAM Emulation Register (RAMER)

Bit: 15 14 13 12 11 10 9 8
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
\ — \ — \ — \ — \ — \ RAMS \ RAM1 \ RAMO \
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R/W R/W R/W

The RAM emulation register (RAMER) is a 16-bit readable/writable register that selects the RAM
area to be used when emulating realtime programming of flash memory.

RAMER isinitialized to H'0000 by a power-on reset and in hardware standby mode. It is not
initialized in software standby mode.

Note: To ensure correct operation of the RAM emulation function, the ROM for which RAM
emulation is performed should not be accessed immediately after this register has been
modified. Operation cannot be guaranteed if such an accessis made.

Bits 15 to 3—Reserved: Only 0 should be written to these bits. Operation cannot be guaranteed if
1iswritten.

Bit 2—RAM Select (RAMYS): Used together with bits 1 and 0 to designate the RAM area (table
8.5 and table 8.6).

When 1 iswritten to this bit, all flash memory blocks are write/erase-protected.
Thisbit isignored in modes with no on-chip ROM.

Bits 1 and 0—RAM Area Specification (RAM1, RAMO): These bits are used together with the
RAMS hit to designate the RAM area (tables 8.5 and 8.6).
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Table85 RAM Area Setting Method (128 kB ROM/6 kB RAM Version)

RAM Area Bit 2: RAMS Bit 1: RAM1 Bit 0: RAMO
H'FFFF E800 to H'FFFF EBFF 0
H'0001 FOOO to H'0001 F3FF
H'0001 F400 to H'0001 F7FF
H'0001 F800 to H'0001 FBFF
H'0001 FCOO to H'0001 FFFF
*: Don't care

*

*

1
1
1
1

Rk O] O

0
1
0
1

Table8.6 RAM Area Setting Method (256 kB ROM/10 kB RAM Version)

RAM Area Bit 2: RAMS Bit 1: RAM1 Bit 0: RAMO
H'FFFF D800 to H'FFFF DBFF 0 * *

H'0003 FO0O0 to H'0003 F3FF
H'0003 F400 to H'0003 F7FF
H'0003 F800 to H'0003 FBFF
H'0003 FCO0 to H'0003 FFFF
*: Don't care

1 0
1 0
1 1
1 1

0
1
0
1
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8.3 Accessing Ordinary Space

A strobe signal is output by ordinary space accesses to provide primarily for SRAM or ROM
direct connections.

831 Basic Timing

Figure 8.3 shows the basic timing of ordinary space access. Ordinary access bus cycles are
performed in 2 states.

WRXx \ /
Write

| |
| |
Address 1 >< 1 ><
| |
CSn | |
* i
| | /
Read | i
Data ‘ {
|
|
|
|
|
|
|

Figure8.3 Basic Timing of Ordinary Space Access
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83.2 Wait State Control

The number of wait statesinserted into ordinary space access states can be controlled using the
WCR settings (figure 8.4).

Read

Write

Figure8.4 Wait Timing of Ordinary Space Access (Software Wait Only)
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When the wait is specified by software using WCR, the wait input WAIT signal from outside is
sampled. Figure 8.5 shows the WAIT signal sampling. The WAIT signal is sampled at the clock
rise one cycle before the clock rise when T, state shiftsto T, state. When using external waits, use
aWCR setting of 1 state or more when extending CS assertion, and 2 states or more otherwise.

Tw o Two | T
>

SV N AN L W A N R N A

Tw

|
1
RD 3
Read } }
Data — { -
1 A—— |
| |
| | |
WRx | \ / | }
Write ‘ ‘ }
|
|
|

/ T\

| |
| |
| |
| |
T T
| |
T T
| |
| |
| |
| |
| |
| |
| |
| |
| |
T T
| |
| |
| |
T T
| |
| |
| |
| |
| |
T T
| |
| I
| |
| |
T T
! A
T N
| |
T |
| |

\ & /

Figure8.5 Wait State Timing of Ordinary Space Access (Wait States from Software Wait 2
State + WAIT Signal)
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8.3.3

CS Assert Period Extension

Idle cycles can be inserted to prevent extension of the RD signal or WRx signal assert period
beyond the length of the CSn signal assert period by setting the SW3-SWO bits of BCR2. This
alowsfor flexible interfaces with external circuitry. Thetiming is shown in figure 8.6. T, and T,
cycles are added respectively before and after the ordinary cycle. Only CSn is asserted in these
cycles; RD and WRx signals are not. Further, data is extended up to the T, cycle, whichis
effective for gate arrays and the like, which have slower write operations.

| |

RD | \ / 3

Read i | |
Data i i \_'_>—‘—y—%*

| | i

WRx \ | / 3

Write i ‘ |

|

! |

Figure8.6 CS Assert Period Extension Function
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84 Waits between Access Cycles

When aread from a slow device is completed, data buffers may not go off in time to prevent data
conflicts with the next access. If there is a data conflict during memory access, the problem can be
solved by inserting await in the access cycle.

To enable detection of bus cycle starts, waits can be inserted between access cycles during
continuous accesses of the same CS space by negating the CSn signal once.

8.4.1 Prevention of Data Bus Conflicts

For the two cases of write cycles after read cycles, and read cycles for a different area after read
cycles, waits are inserted so that the number of idle cycles specified by the IW31 to IWOO bits of
the BCR2 and the DIW of the DCR occur. When idle cycles already exist between access cycles,
only the number of empty cycles remaining beyond the specified number of idle cycles are
inserted.

Figure 8.7 shows an exampl e of idles between cycles. In this example, 1 idle between CSn space
cycles has been specified, so when a CSm space write immediately follows a CSn space read
cycle, lidlecycleisinserted.
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Address

CSn space read Idle cycle CSm space write

Figure8.7 IdleCyclelnsertion Example

IW31 and IW30 specify the number of idle cycles required after a CS3 space read either to read
other external spaces, or for thisLSl, to do write accesses. In the same manner, IW21 and W20
specify the number of idle cycles after a CS2 space read, IW11 and IW10, the number after a CS1
space read, and 1WO01 and IWO0O, the number after a CS0 space read.

DIW specifies the number of idle cycles required, after aDRAM space read either to read other
external spaces (CS space), or for thisLSI, to do write accesses.

0to 3 cycles can be specified for CS space, and 0to 1 cycle for DRAM space.
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8.4.2 Simplification of Bus Cycle Start Detection

For consecutive accesses of the same CS space, waits are inserted so that the number of idle cycles
designated by the CW3 to CWO bits of the BCR2 occur. However, for write cycles after reads, the
number of idle cyclesinserted will be the larger of the two values defined by the IW and CW bits.
When idle cycles already exist between access cycles, waits are not inserted. Figure 8.8 shows an
example. A continuous accessidleis specified for CSn space, and CSn space is consecutively
write accessed.

CSn space access Idle cycle CSn space access

Figure8.8 Same Space Consecutive Access|dle Cycle I nsertion Example
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85 Bus Arbitration

The SH7050 series has a bus arbitration function that, when a bus release request is received from
an external device, releases the bus to that device. It also hastwo internal bus masters, the CPU
and the DMAC, DTC. The priority ranking for determining bus right transfer between these bus
mastersis.

Bus right request from external device > DMAC > CPU

Therefore, an external device that generates a bus request is given priority even if therequest is
made during a DMAC burst transfer.

A bus request by an external device should be input at the BREQ pin. The signal indicating that
the bus has been released is output from the BACK pin.

Figure 8.9 shows the bus right release procedure.

( SH7050 series ) C External device >

‘ BREQ accepted I

Strobe pin:
high-level output

Address, data, BACK confirmation
strobe pin:

high impedance

BREQ =L
Q=Low I Bus right request |

A

- | BACK = Low
Bus right release

response

Bus right release status Bus right acquisition

Figure8.9 BusRight Release Procedure
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8.6 Memory Connection Examples

Figures 8.10-8.13 show examples of the memory connections.

32k x 8 bit
SH705x ROM
CSn CE
RD OE
A0-A14 A0-A14
DO-D7 1/00-1/07

Figure8.10 8-Bit Data BusWidth ROM Connection

256k x 16 bit
SH705x ROM
CSn CE
RD OE
A0 —
A1-A18 AO-A17
D0-D15 1/00-1/015

Figure8.11 16-Bit Data BusWidth ROM Connection
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128k x 8 bit
SH705x SRAM
CSn CE
RD OE
AO-A16 AO-A16
WRL WE
DO-D7 I/00-1/07

Figure8.12 8-Bit Data Bus Width SRAM Connection

128k x 8 bit
CSn CS
RD OE
A0 [—
A1DbA17 AODA16
WRH WE
D8-D15 I/00-1/07
WRL
DO-D7 _
CS
OE
L AO0-Al6
WE
1/00-1/07

Figure8.13 16-Bit Data Bus Width SRAM Connection
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Section 9 Direct Memory Access Controller (DMAC)

91 Overview

The SH7050 series includes an on-chip four-channel direct memory access controller (DMAC).
The DMAC can be used in place of the CPU to perform high-speed data transfers among external
devices equipped with DACK (transfer request acknowledge signal), external memories, memory-
mapped external devices, and on-chip peripheral modules (except for the DMAC, DTC, BSC, and
UBC). Using the DMAC reduces the burden on the CPU and increases operating efficiency of the
LSl asawhole.

911 Features
The DMAC hasthe following features:

» Four channels

» Four GB of address space in the architecture

» Byte, word, or longword selectable data transfer unit

e 16 MB (6,777,216 maximum) transfers

¢ Single or dual address mode. Dual address mode can be direct or indirect address transfer.

0 Single address mode: Either the transfer source or transfer destination (peripheral device) is
accessed by a DACK signal while the other is accessed by address. One transfer unit of
dataistransferred in each bus cycle.

0 Dual address mode: Both the transfer source and transfer destination are accessed by
address. Dual address mode can be direct or indirect address transfer.
¢ Direct access: Vaues set in aDMAC internal register indicate the accessed address for

both the transfer source and transfer destination. Two bus cycles are required for one
data transfer.
¢ Indirect access. The value stored at the location pointed to by the address set in the
DMAC internal transfer source register is used as the address. Operation is otherwise
the same as direct access. This function can only be set for channel 3.
¢ Channel function: Transfer modes that can be set are different for each channel. (Dual address

mode indirect access can only be set for channel 1. Only direct access is possible for the other

channels).

0 Channel 0: Single or dual address mode. External requests are accepted.

O Channel 1: Single or dual address mode. External requests are accepted.

0 Channel 2: Dual address mode only. Source address rel oad function operates every fourth
transfer.
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0 Channel 3: Dual address mode only. Direct address transfer mode and indirect address
transfer mode selectable.

» Reload function: Enables automatic reloading of the value set in the first source address
register every fourth DMA transfer. This function can be executed on channel 2 only.

e Transfer requests. There are three DMAC transfer activation requests, as indicated below.

O External request: From two DREQ pins. DREQ can be detected either by falling edge or by
low level. External requests can only be received on channels O or 1.

O Requests from on-chip peripheral modules: Transfer requests from on-chip modules such
as SCI or A/D. These can be received by all channels.

O Auto-request: The transfer request is generated automatically within the DMAC.
» Selectable bus modes: Cycle-steal mode or burst mode
e Two types of DMAC channel priority ranking:
O Fixed priority mode: Always fixed
0 Round robin mode:; Setsthe lowest priority level for the channel that received the execution
request last
» CPU can be interrupted when the specified number of data transfers are complete.
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9.1.2 Block Diagram

Figure 9.1 isablock diagram of the DMAC.
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Figure9.1 DMAC Block Diagram
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9.1.3 Pin Configuration
Table 9.1 showsthe DMAC pins.

Table9.1 DMAC Pin Configuration

Channel Name Symbol 110 Function
0 DMA transfer request DREQO | DMA transfer request input from
external device to channel 0
DMA transfer request DACKO (0] DMA transfer strobe output from
acknowledge channel 0 to external device
DREQO acceptance DRAKO (0] Sampling receive acknowledge output
confirmation for DMA transfer request input from
external source
1 DMA transfer request DREQ1 | DMA transfer request input from
external device to channel 1
DMA transfer request DACK1 (0] DMA transfer strobe output from
acknowledge channel 1 to external device
DREQ1 acceptance DRAK1 (0] Sampling receive acknowledge output
confirmation for DMA transfer request input from

external source

914 Register Configuration

Table 9.2 summarizesthe DMAC registers. DMAC has atotal of 17 registers. Each channel has
four control registers. One other control register is shared by all channels. There are two channel 0
dedicated registers, ISAR and IDAR, which preserve different initial transfer source and
destination addresses than those of the SARO and DARO. Thereisalso an IAR used by the indirect
address mode.
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Table9.2 DMAC Registers

Chan- Abbrevi- Initial Register Access

nel Name ation R/W  Value Address Size Size

0 DMA source address SARO R/W  Undefined HFFFF86CO0 32 bit 16, 32**
register 0

DMA destination DARO R/W  Undefined HFFFF86C4 32 bit 16, 32*?
address register 0

DMA transfer count DMATCRO R/W  Undefined H'FFFF86C8 32 bit 32*2

register 0
DMA channel control CHCRO R/W** H'00000000 H'FFFF86CC 32 bit 16, 32*?
register 0

1 DMA source address SAR1 R/W  Undefined H'FFFF86D0 32 bit 16, 32**
register 1

DMA destination DAR1 R/W  Undefined H'FFFF86D4 32 bit 16, 32*°
address register 1

DMA transfer count DMATCR1 R/W  Undefined H'FFFF86D8 32 bit 32*°

register 1
DMA channel control CHCR1 ~ R/W*' H'00000000 H'FFFF86DC 32 bit 16, 32**
register 1

2 DMA source address SAR2 R/W  Undefined H'FFFF86EQ0 32 bit 16, 32*?
register 2
DMA destination DAR2 R/W  Undefined H'FFFF86E4 32 bit 16, 32*?

address register 2

DMA transfer count DMATCR2 R/W  Undefined H'FFFF86E8 32 bit 322
register 2

DMA channel control CHCR2 R/W** H'00000000 H'FFFF86EC 32 bit 16, 32*°
register 2
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Chan- Abbrevi- Initial Register Access

nel Name ation R/W  Value Address Size Size

3 DMA source address SAR3 R/W  Undefined H'FFFF86F0 32 bit 16, 32*?
register 3

DMA destination DAR3 R/W  Undefined H'FFFF86F4 32 bit 16, 32*°
address register 3

DMA transfer count DMATCR3 R/W  Undefined H'FFFF86F8 32 bit 32*°

register 3
DMA channel control CHCR3  R/W*' H'00000000 H'FFFF86FC 32 bit 16, 32**
register 3

Shared DMA operation DMAOR  R/W*' H'0000 H'FFFF86B0 16 bit 8, 16"
register

Notes: Registers are accessed in three cycles when using word access and six cycles when using
longword access.

Do not attempt to access an empty address.

1. Write O after reading 1 in bit 1 of CHCRO—CHCR3 and in bits 1 and 2 of the DMAOR to
clear flags. No other writes are allowed.

2. For 16-bit access of SARO-SAR3, DARO-DAR3, and CHCRO-CHCRS3, the 16-bit value
on the side not accessed is held.

3. DMATCR has a 24-bit configuration: bits 0-23. Writing to the upper 8 bits (bits 24—31)
is invalid, and these bits always read 0.

4. Do not make 32-bit access for DMAOR.

9.2 Register Descriptions

9.21 DMA Sour ce Address Registers -3 (SARO-SAR3J)

DMA source address registers 0—3 (SARO-SARS3) are 32-hit read/write registers that specify the
source address of aDMA transfer. These registers have a count function, and during a DMA
transfer, they indicate the next source address. In single-address mode, SAR values are ignored
when a device with DACK has been specified as the transfer source.

Specify a 16-bit boundary when performing 16-bit data transfers, and a 32-bit boundary when
performing 32-bit data transfers. Operation cannot be guaranteed if any other addresses are set.

The initial value after power-on resets and in software standby mode is undefined.

Rev. 5.00 Jan 06, 2006 page 140 of 818
REJ09B0273-0500

RENESAS



Section 9 Direct Memory Access Controller (DMAC)

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

31 30 29 28 27 26 25 24
| | |
0 RW RW RW  RW RW  RW RW
23 22 21 2 1 0
| | |
e RW R o RW R

9.2.2 DMA Destination Address Registers 0-3 (DARO-DAR3)

DMA destination address registers 0-3 (DARO-DARS3) are 32-bit read/write registers that specify
the destination address of a DMA transfer. These registers have a count function, and during a
DMA transfer, they indicate the next destination address. In single-address mode, DAR values are
ignored when a device with DACK has been specified as the transfer destination.

Specify a 16-bit boundary when performing 16-bit data transfers, and a 32-bit boundary when
performing 32-bit data transfers. Operation cannot be guaranteed if any other addresses are set.

The value after power-on resets and in standby mode is undefined.

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

31 30 29 28 27 26 25 24
R/W R/W R/W R/W R/W R/W R/W R/W
23 22 21 2 1 0
R/W R/IW R/W R/W R/W R/W
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9.2.3 DMA Transfer Count Registers -3 (DMATCRO-DMATCRS3)

DMA transfer count registers 0-3 (DMATCRO-DMATCRS3) are 24-bit read/write registers that
specify the transfer count for the channel (byte count, word count, or longword count). Specifying
aH'000001 gives atransfer count of 1, while H'000000 gives the maximum setting, 16,777,216
transfers.

The upper 8 bits of DMATCR always read 0. The write value, also, should always be 0.
The value after power-on resets and in standby mode is undefined.

Always write 0 to the upper 8 bitsof aDMATCR.

Bit: 31 30 29 28 27 26 25 24
T S

R/W:

Bit: 23 22 21 20 19 18 17 16
Initial value: ‘ — ‘ — ‘ — ‘ — ‘ — ‘ _ ‘ _ ‘ _

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

Bit: 15 14 13 12 11 10 9 8

Initial value: — — — — — — _ _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Initial value: — — — — — — _ _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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9.24 DMA Channel Control Registers 0-3 (CHCRO-CHCR3)

DMA channel control registers 0-3 (CHCRO-CHCR?3) is a 32-hit read/write register where the
operation and transmission of each channel is designated. Bits 31-21 and bit 7 should always read
0. The written value should also be 0. They are initialized to 0 by a power-on reset and in standby

mode.

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

31 30 29 28 27 26 25 24
0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
— — — DI RO RL AM \ AL
0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W

15 14 13 12 11 10 9 8
\ DM1 \ DMO \ SM1 \ SMO \ RS3 \ RS2 \ RS1 \ RSO \
0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W

7 6 5 4 3 2 1 0
\ — \ DS \ ™ \ TS1 \ TSO \ IE \ TE \ DE \

0 0 0 0 0 0 0 0

R RIW RIW RIW RIW RIW  RI(W)" R/W

Notes: 1. TE bit: Allows only 0 write after reading 1.

2. The DI,

RO, RL, AM, AL, or DS bit may be absent, depending on the channel.

Bit 20—Direct/Indirect (DI): Specifies either direct address mode operation or indirect address
mode operation for channel 3 source address. Thisbit isvalid only in CHCRS. It aways reads 0
for CHCRO-CHCR2, and cannot be modified.

Bit 20: DI Description
0 Direct access mode operation for channel 3 (initial value)
1 Indirect access mode operation for channel 3
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Bit 19—Source Address Reload (RO): Selects whether to reload the source addressiinitial value
during channel 2 transfer. Thisbit isvalid only for channel 2. It always reads 0 for CHCRO,
CHCR1, and CHCR3, and cannot be modified.

Bit 19: RO Description
0 Does not reload source address (initial value)
1 Reloads source address

Bit 18—Request Check Level (RL): Selects whether to output DRAK notifying external device
of DREQ received, with active high or active low. Thisbit isvalid only for CHCRO and CHCR1.
It ways reads 0 for CHCR2 and CHCRS3, and cannot be modified.

Bit 18: RL Description
0 Output DRAK with active high (initial value)
1 Output DRAK with active low

Bit 17—Acknowledge Mode (AM): In dual address mode, selects whether to output DACK in
the data write cycle or dataread cycle. In single address mode, DACK is aways output
irrespective of the setting of this bit. This bit isvalid only for CHCRO and CHCR1. It always reads
as 0 for CHCR2 and CHCRS, and cannot be modified.

Bit 17: AM Description
0 Outputs DACK during read cycle (initial value)
1 Outputs DACK during write cycle

Bit 16—Acknowledge Level (AL): Specifies whether to set DACK (acknowledge) signal output
to active high or active low. Thisbit isvalid only with CHCRO and CHCRL1. It alwaysreads as 0
for CHCR2 and CHCR3, and cannot be modified.

Bit 16: AL Description
0 Active high output (initial value)
1 Active low output
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Bits 15 and 14—Destination AddressMode 1, 0 (DM 1 and DMO0): These bits specify
increment/decrement of the DMA transfer source address. These bit specifications are ignored
when transferring data from an external device to address space in single address mode.

Bit 15: DM1 Bit 14: DMO Description

0 0 Destination address fixed (initial value)

0 1 Destination address incremented (+1 during 8-bit transfer, +2
during 16-bit transfer, +4 during 32-bit transfer)

1 0 Destination address decremented (-1 during 8-bit transfer, —2
during 16-bit transfer, —4 during 32-bit transfer)

1 1 Setting prohibited

Bits 13 and 12—Source AddressMode 1, 0 (SM1 and SM0): These bits specify
increment/decrement of the DMA transfer source address. These bit specifications are ignored
when transferring data from an external device to address space in single address mode.

Bit 13: SM1 Bit 12: SMO Description

0 0 Source address fixed (initial value)

0 1 Source address incremented (+1 during 8-bit transfer, +2
during 16-bit transfer, +4 during 32-bit transfer)

1 0 Source address decremented (-1 during 8-bit transfer, —2
during 16-bit transfer, —4 during 32-bit transfer)

1 1 Setting prohibited

When the transfer source is specified at an indirect address, specify in source address register 3
(SARBJ) the actua storage address of the data you want to transfer as the data storage address
(indirect address).

During indirect address mode, SAR3 obeys the SM1/SMO setting for increment/decrement. In this
case, SAR3'sincrement/decrement isfixed at +4/—4 or O, irrespective of the transfer data size
specified by TS1 and TSO.
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Bits 11-8—Resour ce Select 3-0 (RS3—RS0): These bits specify the transfer request source.

Bit 11: Bit10: Bit9: Bit 8:
RS3 RS2 RS1 RSO Description

0 0 0 0 External request, dual address mode (initial value)
0 0 0 1 Prohibited
0 0 1 0 External request, single address mode. External address

space - external device.

0 0 1 1 External request, single address mode. External device -
external address space.

0 1 0 0 Auto-request

0 1 0 1 Prohibited

0 1 1 0 ATU, compare-match 6 (CMI6)
0 1 1 1 ATU, input capture 0B (ICIOB)
1 0 0 0 SCIO transmission

1 0 0 1 SCIO reception

1 0 1 0 SCI1 transmission

1 0 1 1 SCI1 reception

1 1 0 0 SCI2 transmission

1 1 0 1 SCI2 reception

1 1 1 0 On-chip A/DO

1 1 1 1 On-chip A/D1

Note: External request designations are valid only for channels 0 and 1. No transfer request
sources can be set for channels 2 or 3.

Bit 6—DREQ Select (DS): Sets the sampling method for the DREQ pin in external request mode
to either low-level detection or falling-edge detection. This bit is valid only with CHCRO and
CHCRL1. For CHCR2 and CHCRS, this hit always reads as 0 and cannot be modified.

Even with channels 0 and 1, when specifying an on-chip peripheral module or autorequest as the
transfer request source, this bit setting isignored. The sampling method is fixed at falling-edge
detection in cases other than auto-request.

Bit 6: DS Description
0 Low-level detection (initial value)
1 Falling-edge detection
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Bit 5—Transfer Mode (TM): Specifies the bus mode for data transfer.

Bit 5: TM Description
0 Cycle steal mode (initial value)
1 Burst mode

Bits4 and 3—Transfer Size 1, 0 (TS1, TS0): Specifies size of data for transfer.

Bit4: TS1  Bit 3: TSO Description

0 0 Specifies byte size (8 hits) (initial value)
0 1 Specifies word size (16 bits)

1 0 Specifies longword size (32 bits)

1 1 Prohibited

Bit 2—Interrupt Enable (IE): When this bit is set to 1, interrupt requests are generated after the
number of datatransfers specified inthe DMATCR (when TE = 1).

Bit 2: IE Description

0 Interrupt request not generated after DMATCR-specified transfer count
(initial value)

1 Interrupt request enabled on completion of DMATCR specified number

of transfers

Bit 1—Transfer End (TE): Thishit isset to 1 after the number of data transfers specified by the
DMATCR. At thistime, if the |E bit is set to 1, an interrupt request is generated.

If datatransfer ends before TE is set to 1 (for example, due to an NMI or address error, or clearing
of the DE bit or DME bit of the DMAOR) the TE is not set to 1. With this bit set to 1, data transfer
isdisabled even if the DE bit is set to 1.

Bit 1: TE Description

0 DMATCR-specified transfer count not ended (initial value)
Clear condition: 0 write after TE = 1 read, Power-on reset, standby
mode

1 DMATCR specified number of transfers completed
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Bit 0—DMAC Enable (DE): DE enables operation in the corresponding channel.

Bit 0: DE Description
0 Operation of the corresponding channel disabled (initial value)
1 Operation of the corresponding channel enabled

Transfer modeis entered if thisbit is set to 1 when auto-request is specified (RS3—RS0 settings).
With an external request or on-chip module request, when atransfer request occurs after thisbit is
set to 1, transfer is enabled. If thisbit is cleared during a data transfer, transfer is suspended.

If the DE bit has been set, but TE = 1, then if the DME bit of the DMAOR is 0, and the NMI or
AE bit of the DMAOR is 1, transfer enable mode is not entered.

9.25 DMAC Operation Register (DMAOR)

The DMAOR isa 16-hit read/write register that specifies the transfer mode of the DMAC. Bits
15-10 and bits 7-3 of this register ways read as 0 and cannot be modified.

Register values areinitialized to 0 by a power-on reset and in software standby mode.

Bit: 15 14 13 12 11 10 9 8
— — — — — — \ PR1 \ PRO \

Initial value: 0 0 0 0 0 0 0 0
RIW: R R R R R R RIW RIW

Bit: 7 6 5 4 3 2 1 0
= = [ == [ = [ A e ome

Initial value: 0 0 0 0 0 0 0 0
RIW: R R R R R RI(W)"  RI(W)* R

Note: * 0 write only is valid after 1 is read at the AE and NMIF bits.
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Bits 9-8—Priority Mode 1 and 0 (PR1 and PROQ): These bits determine the priority level of
channels for execution when transfer requests are made for several channels simultaneously.

Bit 9: PR1 Bit 8: PRO Description

0 0 CHO > CH1 > CH2 > CH3 (initial value)
0 1 CHO >CH2 >CH3 >CH1

1 0 CH2 >CHO > CH1 >CH3

1 1 Round robin mode

Bit 2—AddressError Flag (AE): Indicates that an address error has occurred during DMA
transfer. If thisbit is set during a data transfer, transfers on all channels are suspended. The CPU
cannot write a 1 to the AE bit. Clearing is effected by O write after 1 read.

Bit 2: AE Description

0 No address error, DMA transfer enabled (initial value)
Clearing condition: Write AE = 0 after reading AE =1

1 Address error, DMA transfer disabled

Setting condition: Address error due to DMAC

Bit 1—NMI Flag (NMIF): Indicatesinput of an NMI. This bit is set irrespective of whether the
DMAC is operating or suspended. If this bit is set during adata transfer, transfers on all channels
are suspended. The CPU isunableto write a 1 to the NMIF. Clearing is effected by O write after 1
read.

Bit 1: NMIF Description

0 No NMI interrupt, DMA transfer enabled (initial value)
Clearing condition: Write NMIF = 0 after reading NMIF = 1

1 NMI has occurred, DMC transfer prohibited

Set condition: NMI interrupt occurrence

Bit 0—DMAC Master Enable (DME): This bit enables activation of the entire DMAC. When
the DME bit and DE bit of the CHCR for the corresponding channel are set to 1, that channel is
transfer-enabled. If thisbit is cleared during a data transfer, transfers on all channels are
suspended.
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Even when the DME hit is set, when the TE bit of the CHCR is 1, or its DE bit is O, transfer is
disabled in the case of an NMI of the DMAOR or when AE = 1.

Bit 0: DME Description
0 Disable operation on all channels (initial value)
1 Enable operation on all channels

9.3 Operation

When thereisa 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. Transfer can be in either the single address mode or the dual address
mode, and dual address mode can be either direct or indirect address transfer mode. The bus mode
can be either burst or cycle steal.

93.1 DMA Transfer Flow

After the DMA source address registers (SAR), DMA destination address registers (DAR), DMA
transfer count register (DMATCR), DMA channel control registers (CHCR), and DMA operation
register (DMAOR) are set to the desired transfer conditions, the DMAC transfers data according
to the following procedure:

1. The DMAC checksto seeif transfer isenabled (DE =1, DME =1, TE=0, NMIF =0,
AE=0).

2. When atransfer request comes and transfer has been enabled, the DMAC transfers 1 transfer
unit of data (determined by TS0 and TS1 setting). For an auto-request, the transfer begins
automatically when the DE bit and DME hit are set to 1. The DMATCR vaue will be
decremented by 1 upon each transfer. The actual transfer flows vary by address mode and bus
mode.

3. When the specified number of transfers have been completed (when DMATCR reaches 0), the
transfer ends normally. If the |E bit of the CHCR isset to 1 at thistime, a DEI interrupt is sent
to the CPU.

4. When an address error occursin the DMAC or an NMI interrupt is generated, the transfer is

aborted. Transfers are also aborted when the DE bit of the CHCR or the DME hit of the
DMAOR are changed to 0.
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Figure 9.2 isaflowchart of this procedure.

( Stellrt )

Initial settings
(SAR, DAR, TCR, CHCR, DMAOR)

[

y A A

DE, DME =1 and
NMIF, AE, TE = 0?

Transfer request
*1
occurs?

Bus mode,
*3 transfer request mode,
v DREQ detection selection
Transfer (1 transfer unit); system

DMATCR -1 - DMATCR, SAR and DAR
updated

Does
NMIF =1, AE =1,
DE =0, or DME

DMATCR = 0?

DEI interrupt request (when IE = 1) | < Transfer aborted >

Does
NMIF =1, AE =1,
DE =0, or DME

No

y
< Transfer ends > < Normal end )

Notes: 1. In auto-request mode, transfer begins when NMIF, AE, and TE are all O,
and the DE and DME bits are set to 1.
2. DREQ = level detection in burst mode (external request) or cycle-steal
mode.
3. DREQ = edge detection in burst mode (external request), or auto-request
mode in burst mode.

Figure9.2 DMAC Transfer Flowchart
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932 DMA Transfer Requests

DMA transfer requests are usually generated in either the data transfer source or destination, but
they can also be generated by devices and on-chip peripheral modules that are neither the source
nor the destination. Transfers can be requested in three modes: auto-request, external request, and
on-chip peripheral module request. The request mode is selected in the RS3—RS0 bits of the DMA
channel control registers 0-3 (CHCRO-CHCR3).

Auto-Request Mode: When there is no transfer request signal from an external source, asin a
memory-to-memory transfer or atransfer between memory and an on-chip peripheral module
unable to request atransfer, the auto-request mode allows the DMAC to automatically generate a
transfer request signal internally. When the DE bits of CHCRO-CHCR3 and the DME hit of the
DMAOR are set to 1, the transfer begins (so long as the TE bits of CHCRO-CHCRS3 and the
NMIF and AE bits of DMAOR areall 0).

External Request Mode: In this mode atransfer is performed at the request signal (DREQ) of an
external device. Choose one of the modes shown in table 9.3 according to the application system.
When this mode is selected, if the DMA transfer isenabled (DE =1, DME =1, TE=0, NMIF =0,
AE = 0), atransfer is performed upon arequest at the DREQ input. Choose to detect DREQ by
either the falling edge or low level of the signal input with the DS bit of CHCRO-CHCR3 (DS=0
islevel detection, DS = 1 is edge detection). The source of the transfer request does not have to be
the data transfer source or destination.

Table9.3 Selecting External Request Modes with the RS Bits

RS3 RS2 RS1 RSO Address Mode  Source Destination

0 0 0 0 Dual address Any” Any”
mode

0 0 1 0 Single address  External memory or  External device with
mode memory-mapped DACK

external device

0 0 1 1 Single address  External device with External memory or

mode DACK memory-mapped

external device

Note: * External memory, memory-mapped external device, on-chip memory, on-chip
peripheral module (excluding DMAC, DTC, BSC, UBC).
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On-Chip Peripheral Module Request Made: In this mode atransfer is performed at the transfer
request signal (interrupt request signal) of an on-chip peripheral module. Asindicated in table 9.4,
there are ten transfer request signals: five from the multifunction timer pulse unit (MTU), which
are compare match or input capture interrupts; the receive data full interrupts (RxI) and transmit
data empty interrupts (TxI) of the two serial communication interfaces (SCI); and the A/D
conversion end interrupt (ADI) of the A/D converter. When DMA transfers are enabled (DE =1,
DME =1, TE=0, NMIF =0, AE = 0), atransfer is performed upon the input of atransfer request
signal.

The transfer request source need not be the data transfer source or transfer destination. However,
when the transfer request is set by RxI (transfer request because SCI’sreceive dataisfull), the
transfer source must be the SCI’ sreceive data register (RDR). When the transfer request is set by
TxI (transfer request because SCI’ s transmit data is empty), the transfer destination must be the
SCI’ stransmit data register (TDR). Also, if the transfer request is set to the A/D converter, the
data transfer destination must be the A/D converter register.
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Table9.4  Selecting On-Chip Peripheral Module Request Modes with the RS Bits
DMAC Transfer DMAC Transfer  Transfer  Transfer
RS3 RS2 RS1 RSO Request Source Request Signal Source Destination Bus Mode
0 1 1 0 ATU Compare-match ~ Don't care® Don't care® Burst/cycle
6 generation steal
1 ATU Input capture B Don’t care® Don't care® Burst/cycle
generation steal
1 0 0 0 SCIO transmit TXIO (SCIO Don't care® TDRO Burst/cycle
block transmit-data- steal
empty transfer
request)
1 SCIO receive RXIO0 (SCIO RDRO Don't care® Burst/cycle
block receive-data-full steal
transfer request)
1 0 SCI1 transmit TXI1 (SClI1 Don't care® TDR1 Burst/cycle
block transmit-data- steal
empty transfer
request)
1 SCI1 receive RXI1 (SCI1 RDR1 Don't care® Burst/cycle
block receive-data-full steal
transfer request)
1 0 0 SCI2 transmit TXI2 (SCI2 Don't care® TDR2 Burst/cycle
block transmit-data- steal
empty transfer
request)
1 SCI2 receive RXI12 (SCI2 RDR2 Don't care® Burst/cycle
block receive-data-full steal
transfer request)

1 0 A/D converter ADI (A/D ADDRO Don’t care® Burst/cycle
conversion end steal
interrupt)

1 A/D converter ADI (A/D ADDR1 Don’t care® Burst/cycle
conversion end steal
interrupt)

ATU: Advanced timer unit

SCI0, SCI1, SCI2: Serial communication interface channels 0-2
ADDRO, ADDR1.:

Note: *

A/D converter channel 0 and 1 A/D registers
External memory, memory-mapped external device, on-chip memory, on-chip

peripheral module (excluding DMAC, BSC, and UBC)
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In order to output a transfer request from an on-chip peripheral module, set the relevant interrupt
enable bit for each module, and output an interrupt signal.

When an on-chip peripheral modul€' sinterrupt request signal is used asa DMA transfer request
signal, interrupts for the CPU are not generated.

When a DMA transfer is conducted corresponding with one of the transfer request signalsin table
9.4, it isautomatically discontinued. In cycle steal mode this occursin the first transfer, and in
burst mode with the last transfer.

9.33 Channél Priority

When the DMAC receives simultaneous transfer requests on two or more channels, it selectsa
channel according to a predetermined priority order, either in afixed mode or in round robin
mode. These modes are selected by priority bits PR1 and PRO in the DMA operation register
(DMAOR).

Fixed Mode: In these modes, the priority levels among the channels remain fixed.
The following priority orders are available for fixed mode:

e CHO>CH1>CH2>CHS3
+ CHO>CH2>CH3>CH1
e CH2>CHO>CH1>CHS3

These are selected by settings of the PR1 and PRO bits of the DMA operation register (DMAOR).

Round Robin Mode: In round robin mode, each time the transfer of one transfer unit (byte, word
or long word) ends on a given channel, that channel receives the lowest priority level (figure 9.3).
The priority level in round robin mode immediately after areset is CHO > CH1 > CH2 > CH3.
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Transfer on channel 0

Initial priority setting | CHO > CH1 > CH2 > CH3 | Channel 1 is given the lowest
I priority.
L
Priority after transfer | CH1 > CH2 > CH3 > CHO |

Transfer on channel 1

Initial priority setting | CHO > CH1 > CH2 > CH3 | When channel 1 is given the
lowest priority, the priority

of channel 0, which was

above channel 1, is also shifted

simultaneously.

v
Priority after transfer | CH2 >CH3 >CHO0 >CH1 |

Transfer on channel 2

Initial priority setting | CHO >CH1 >CH2 >CH3 | When channel 2 receives the

T T lowest priority, the priorities

! ! of channel 0 and 1, which
————— | | were above channel 2, are also
o Al d shifted simultaneously. Immedi-
Priority after transfer | CH3 >CHO >CH1 > CH2 | ately thereafter, if there is a transfer

T T request for channel 1 only, channel

- == 1 is given the lowest priority,
Priority after transfer v v y and the priorities of channels 3

due to issue of a transfer | CH2 > CH3 > CHO > CH1 | and 0 are simultaneously

request for channel 1 shifted down.
only.
Transfer on channel 3
Initial priority setting | CHO > CH1 > CH2 > CH3 | No change in priority.

v
Priority after transfer | CHO > CH1 > CH2 > CH3 |

Figure9.3 Round Robin Mode
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Figure 9.4 shows the example of changesin priority levels when transfer requests are issued
simultaneously for channels 0 and 3, and channel 1 receives atransfer request during atransfer on
channel 0. The DMAC operates in the following manner under these circumstances:

1. Transfer requests are issued simultaneously for channels 0 and 3.

2. Since channel 0 has a higher priority level than channel 3, the channel O transfer is conducted
first (channel 3 ison transfer standby).

3. A transfer request isissued for channel 1 during atransfer on channel 0 (channels 1 and 3 are
on transfer standby).

4. At the end of the channel O transfer, channel 0 shiftsto the lowest priority level.

5. At this point, channel 1 has a higher priority level than channel 3, so the channel 1 transfer
comesfirst (channel 3 ison transfer standby).

6. When the channel 1 transfer ends, channel 1 shifts to the lowest priority level.

7. Channel 3 transfer begins.

8. When the channel 3 transfer ends, channel 3 and channel 2 priority levels are lowered, giving
channel 3 the lowest priority.

Transfer request Channel waiting DMAC operation Channel priority
Issued for
channelsOand3 —, Channel 0 «— 0>1>2>3
Issued for channel 1 —» _i transfer begins
l Change of
1.3 Channel 0 priority 1>2>3>0
transfer ends /
-1 Channel 1
transfer begins
Change of
3 Channel 1 priority 2>3>0>1
transfer ends /
-1 Channel 3
transfer begins
None Change of
priority
— Channel 3 — > 0>1>2>3

transfer ends

Figure9.4 Exampleof Changesin Priority in Round Robin Mode
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9.34

DMA Transfer Types

The DMAC supports the transfers shown in table 9.5. It can operate in the single address mode, in
which either the transfer source or destination is accessed using an acknowledge signal, or dual
address mode, in which both the transfer source and destination addresses are output. The dual
address mode consists of a direct address mode, in which the output address value is the object of
adirect datatransfer, and an indirect address mode, in which the output address value is not the
object of the data transfer, but the value stored at the output address becomes the transfer object
address. The actual transfer operation timing varies with the bus mode. The DMAC has two bus
modes: cycle-steal mode and burst mode.

Table9.5 Supported DMA Transfers
Transfer Destination
Memory-
External Mapped On-Chip
Transfer Device with External External On-Chip Peripheral
Source DACK Memory Device Memory Module
External Not available Single address Single address Not available Not available
device with mode mode
DACK
External Single address Dual address  Dual address ~ Dual address  Dual address
memory mode mode mode mode mode
Memory- Single address Dual address ~ Dual address Dual address  Dual address
mapped mode mode mode mode mode
external
device
On-chip Not available Dual address  Dual address Dual address  Dual address
memory mode mode mode mode
On-chip Not available Dual address  Dual address Dual address  Dual address
peripheral mode mode mode mode
module

Note: The dual address mode includes direct address mode and indirect address mode.

Rev. 5.00 Jan 06, 2006 page 158 of 818
REJ09B0273-0500

RENESAS



Section 9 Direct Memory Access Controller (DMAC)

9.35 Address Modes

Single Address M ode: In the single address mode, both the transfer source and destination are
external; one (selectable) is accessed by a DACK signal while the other is accessed by an address.
In this mode, the DMAC performsthe DMA transfer in 1 bus cycle by simultaneously outputting a
transfer request acknowledge DACK signal to one external device to accessit while outputting an
address to the other end of the transfer. Figure 9.5 shows a transfer between an external memory
and an external device with DACK in which the external device outputs data to the data bus while
that datais written in external memory in the same bus cycle.

External address bus External data bus

SuperH microcomputer m

i N External
DMAC L memory

S Hi—

' | ——/ External device

— with DACK

DACK
DREQ

----- » : Data flow

Figure9.5 DataFlow in Single Address Mode

Two types of transfers are possible in the single address mode: (a) transfers between external
deviceswith DACK and memory-mapped external devices, and (b) transfers between external
deviceswith DACK and external memory. The only transfer requests for either of these isthe
external request (DREQ). Figure 9.6 shows the DMA transfer timing for the single address mode.
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A21-A0 m +— Address output to external memory space

|
| .
m Data that is output from the external
D15-DO | device with DACK
DACK U «— DACK signal to external devices with
‘ DACK (active low)

<—— WR signal to external memory space

<+— Address output to external memory space

< RD signal to external memory space

<+<—— DACK signal to external device with DACK

| | |
| |

| | |

|

| | |

| | |

|

‘ ‘ ‘ (active low)

b. External memory space to external device with DACK

Figure9.6 Exampleof DMA Transfer Timing in the Single Address Mode

9.3.6 Dual Address M ode

Dual address mode is used for access of both the transfer source and destination by address.
Transfer source and destination can be accessed either internally or externally. Dual address mode
is subdivided into two other modes: direct address transfer mode and indirect address transfer
mode.

Rev. 5.00 Jan 06, 2006 page 160 of 818
REJ09B0273-0500

RENESAS




Section 9 Direct Memory Access Controller (DMAC)

Direct Address Transfer Mode: Datais read from the transfer source during the data read cycle,
and written to the transfer destination during the write cycle, so transfer is conducted in two bus
cycles. At thistime, the transfer datais temporarily stored in the DMAC. With the kind of external
memory transfer shown in figure 9.7, dataiis read from one of the memories by the DMAC during
aread cycle, then written to the other external memory during the subsequent write cycle. Figure
9.8 shows the timing for this operation.

1st bus cycle

-- DMAC -
: N N
SAR > Memory
DAR
> Transfer source

module

Data|bus

Address bus

Transfer destination

Data buffer [« module

\/\/

1st bus cycle

The SAR value is taken as the address, and data is read from the transfer source
module and stored temporarily in the DMAC.

2nd bus cycle

. DMAC -~
| : P S
: SAR I Memory
|
| | g
|
\ DAR > 2 3
| L2 }?; Transfer source
| - b module
| | e o
| I <
I I Transfer destination
: Data buffer : > > module
| ~—— ~—

2nd bus cycle

The DAR value is taken as the address, and data stored in the DMAC's data
buffer is written to the transfer destination module.

Figure9.7 Direct Address Operation during Dual Address Mode
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CK
‘ \ [
‘ i 1

A21-A0 | Transfer source | Transfer destination

| address | address
! [

. ‘ [

CSn : :
‘ [

|

WRH, WRL

DACK —v\
I

Data read cycle

|

|

|

|

|

|

|

™1 -l
< >4

|

|

|

Data write cycle

Y

(1st cycle) : (2nd cycle)

Note: Transfer between external memories with DACK are output during read
cycle.

Figure9.8 Direct Address Transfer Timing in Dual Address Mode
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Indirect Address Transfer Mode: In this mode the memory address storing the data you actually
want to transfer is specified in DMAC internal transfer source address register (SAR3). Therefore,
in indirect address transfer mode, the DMAC interna transfer source address register valueis read
first. Thisvalueis stored once in the DMAC. Next, the read value is output as the address, and the
value stored at that addressis again stored in the DMAC. Finally, the subsequent read value is
written to the address specified by the transfer destination address register, ending one cycle of
DMAC transfer.

In indirect address mode (figure 9.9), transfer destination, transfer source, and indirect address
storage destination are all 16-bit external memory locations, and transfer in this exampleis
conducted in 16-bit or 8-bit units. Timing for this transfer exampleis shown in figure 9.10.

In indirect address mode, one NOP cycle (figure 9.10) is required until the dataread as the indirect
address is output to the address bus. When transfer data is 32-hit, the third and fourth bus cycles
each need to be doubled, giving arequired total of six bus cycles and one NOP cycle for the whole
operation.
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2nd bus cycle

The SAR value is taken as the address, memory data is read, and the value is stored in the
temporary buffer. Since the value read at this time is used as the address, it must be 32 bits.

3rd bus cycle

The value in the temporary buffer is taken as the address, and data is read from the

- DMAC -
[N N
SAR3 | ~
Lo
| >
DAR3 I o
| @ 3
Temporary A: S %
buffer  [™1 3 a
Data |
buffer :
| N~ ~—

DMAC -

SAR3

DAR3

Temporary

N

Memory

Transfer source
module

Transfer destination
module

PR

Memory

buffer

Data

\

Address bus

Data bus

A

buffer

~—

transfer source module to the data buffer.

4th bus cycle

The DAR3 value is taken as the address, and the value in the data buffer is written to the

N~

Transfer source
module

Transfer destination
module

Memory

Transfer source
module

- DMAC -—
: N N
SAR3 |
e
| )
DAR3 > 2
] 2
| o o
Temporary | S <u
|z =
buffer Ll < 8 -
Data : > >
buffer :
NG N~

transfer destination module.

Note:

Transfer destination
module

Memory, transfer source, and transfer destination modules are shown here.

In practice, connection can be made anywhere there is address space.

Figure9.9 Dual Address Mode and Indirect Address Operation
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External memory space — External memory space
(External memory space has 16-bit width)

|
CK 1

A21-A0

(9]
=

D15-D0

| |

Indrrect Indrrect ‘ ‘
address (H) address (L)/

\ | / \ |

| | | | |
| | | | |
Transfer ! Transfer ! ! _ ! Transfer '
source : source : : Indirect : destination :
address (H) address (L) | address | address |
1 | |
| | |
| | | | |
| | | | |
| | | | |
|
|
|
|

|
Transfer | Transfer :
data data /
A

Internal
address

|
|
|
|
|
|
[
|
|
|
|
|
|
!
|
|
|
|
|
bus |

|

\/ Transfer source Indirect ‘
AN addrers NOP) ><e1ddress>< \ :
| T

y — !“ ! :
Internal | : : Y ! Transf
5 | rans er Transfer
data bus : Transfer s?urce\address >< ‘ >< data data ‘
T

|
DMAC | : v | |
indirect | ‘ ><‘ ‘ Indirect : \ [
address | 1 | | address | |
buffer | ! : ! | J / |
r ! r ‘ !
DMAC | | r : | Transfer |
data 1 r : [ [ data |
buffer r ‘ r r |
| | |
RD | : } ‘ ; l
| [ | [ ‘ |
RH, | | l | |
RL | ! } ! | r
| ! | ! |
! Address read cycle . NOP | Data Data
: r I cycle | readcycle | write cycle
r > e > < S« )
| > >t > > >
r (1st) ' (2nd) C@Ed | @)
[ | [ | [ ‘
| | | | !
Notes: 1. The internal address bus is controlled by the port and does not change.
2. DMAC does not fetch value until 32-bit data is read from the internal data
bus.
Figure9.10 Dual Address Mode and Indirect Address Transfer Timing Example 1
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Figure 9.11 shows an example of timing in indirect address mode when transfer source and
indirect address storage locations are in internal memory, the transfer destination is an on-chip
peripheral module with 2-cycle access space, and transfer datais 8-bit.

Since the indirect address storage destination and the transfer source are in internal memory, these
can be accessed in one cycle. The transfer destination is 2-cycle access space, so two data write
cycles are required. One NOP cycle is required until the data read as the indirect address is output
to the address bus.

Internal memory space — Internal memory space

I Bt

—————P—————P——————Pp———————————p|
I I I I I
I I I I I
I ! ! I }
1 |

| | | | | |
|
wl U U 0
| | | \ | | |
Internal \ / Transfer | \ indirect | Transfer | } !
address |} source |f NOP | ad dlress | destination! } }
bus |/\ address | ! /\_address | ! |
| | | | | | |
| 1 | | | | |
Internal | | ; \ | | : 1
Indirect
data | >< address >< )NOP X Trg;ts;er >< Transfer data }
bus | ‘ } ! | ‘ |
\ [ \ | \ A ! [
\ [ \ \ \ ! [
DMAC | ‘ ! ! ! ! \
indirect | } | Indirect | } | }
address | } | address | : } |
buffer ; : : ; ; | ;
| |
I VA
DMAC | } [ [ [ Y \
data | \ | } | Transfer data |
buffer | i | 1 } } |
R O
| | |
! I Address ! NOP [ Data [ ! [
|
i } read cycle i cycle i read cycle i Data write ?ycle (4th) i
| Coasy 1 (nd) | @rd) | | i
|
|
|
|

Figure9.11 Dual Address Mode and Indirect Address Transfer Timing Example 2
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9.3.7 Bus Modes

Select the appropriate bus mode in the TM bits of CHCRO—CHCR3. There are two bus modes:
cycle steal and burst.

Cycle-Steal Mode: In the cycle steal mode, the busright is given to another bus master after each
one-transfer-unit (byte, word, or longword) DMAC transfer. When the next transfer request
occurs, the bus rights are obtained from the other bus master and atransfer is performed for one
transfer unit. When that transfer ends, the busright is passed to the other bus master. Thisis
repeated until the transfer end conditions are satisfied.

The cycle steal mode can be used with all categories of transfer destination, transfer source and
transfer request. Figure 9.12 shows an example of DMA transfer timing in the cycle steal mode.
Transfer conditions are dual address mode and DREQ level detection.

oreg /

Bus control returned to CPU
—

Bus cycle X cPU X cPU X cPU XDMACKDMACK cPU XDMACXDMACK CPU X CPU
Read Write Read Write

Figure9.12 DMA Transfer Timing Examplein the Cycle-Steal Mode

Burst Mode: Once the busright is obtained, the transfer is performed continuoudly until the
transfer end condition is satisfied. In the external request mode with low level detection of the
DREQ pin, however, when the DREQ pin is driven high, the bus passes to the other bus master
after the bus cycle of the DMAC that currently has an acknowledged request ends, even if the
transfer end conditions have not been satisfied.

Figure 9.13 shows an example of DMA transfer timing in the burst mode. Transfer conditions are
single address mode and DREQ level detection.

omre /

Bus cycle >< CPU >< CPU >< CPU ><DMAC><DMAC><DMAC><DMAC><DMAC><DMAC>< CPU ><

Figure9.13 DMA Transfer Timing Examplein the Burst Mode
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9.3.8 Relationship between Request M odes and Bus Modesby DM A Transfer Category

Table 9.6 shows the relationship between request modes and bus modes by DMA transfer
category.

Table9.6 Relationship of Request Modes and Bus Modes by DMA Transfer Category

Address Request Bus*® Transfer Usable
Mode Transfer Category Mode Mode  Size (Bits) Channels
Single External device with DACK and External B/C 8/16/32 0,1
external memory
External device with DACK and External B/C 8/16/32 0,1
memory-mapped external device
Dual External memory and external memory ~ Any™* B/C 8/16/32 0-3"°
External memory and memory-mapped ~ Any™* B/C 8/16/32 0-3*°
external device
Memory-mapped external device and Any** B/C 8/16/32 0-3"°
memory-mapped external device
External memory and on-chip memory Any™! B/C 8/16/32 0-3*°
External memory and on-chip Any*? B/C*®  8/16/32%* 0-3*°
peripheral module
Memory-mapped external device and Any™! B/C 8/16/32 0-3*°
on-chip memory
Memory-mapped external device and Any*? B/C*®  8/16/32%* 0-3*°
on-chip peripheral module
On-chip memory and on-chip memory  Any™* B/C 8/16/32 0-3"°
On-chip memory and on-chip Any™*? B/C*®  8/16/32"* 0-3"°
peripheral module
On-chip peripheral module and on- Any*? B/C*®  8/16/32%* 0-3*°

chip peripheral module

Notes: 1. External request, auto-request or on-chip peripheral module request enabled. However,
in the case of on-chip peripheral module request, it is not possible to specify the SCI or
A/D converter for the transfer request source.

2. External request, auto-request or on-chip peripheral module request possible. However,
if transfer request source is also the SCI or A/D converter, the transfer source or
transfer destination must be the SCI or A/D converter.

3. When the transfer request source is the SCI, only cycle steal mode is possible.

4. Access size permitted by register of on-chip peripheral module that is the transfer
source or transfer destination.

5. When the transfer request is an external request, channels 0 and 1 only can be used.
B: Burst, C: Cycle steal

o
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9.39 Bus Mode and Channel Priority Order

When agiven channel istransferring in burst mode, and a transfer request isissued to channel 0O,
which has a higher priority ranking, transfer on channel 0 beginsimmediately. If the priority level
setting is fixed mode (CHO > CH1), channel 1 transfer is continued after transfer on channel O are
completely ended, whether the channel 0 setting is cycle steal mode or burst mode.

When the priority level setting isfor round robin mode, transfer on channel 1 begins after transfer
of one transfer unit on channel 0, whether channel 0 is set to cycle steal mode or burst mode.
Thereafter, busright alternatesin the order: channel 1 > channel 0 > channel 1 > channel 0.
Whether the priority level setting is for fixed mode or round robin mode, since channel 1 is set to
burst mode, the busright is not given to the CPU. An example of round robin mode is shown in
figure 9.14.

CPU DMAC \V DMAC \V DMAC \\ DMAC \V DMAC \V DMAC \V DMAC CPU
chl chl cho chl chO chl chl

ch0O | chl | chO
< »ie > >
DMAC chl DMAC chO and chl DMAC ch1l
CPU burst mode round-robin mode burst mode CPU

> >
Priority: Round-robin mode
ch0: Cycle-steal mode
chl: Burst mode

A
h 4

> >l
* r“

Figure9.14 BusHandling when Multiple Channels Are Operating

9.3.10 Number of BusCycle Statesand DREQ Pin Sample Timing

Number of Statesin Bus Cycle: The number of statesin the bus cycle when the DMAC isthe
bus master is controlled by the bus state controller (BSC) just asit iswhen the CPU isthe bus
master. The bus cycle in the dual address mode is controlled by wait state control register 1
(WCRL1) while the single address mode bus cycle is controlled by wait state control register 2
(WCR2). For details, see section 8.3.2, Wait State Control.

DREQ Pin Sampling Timing and DRAK Signal: In external request mode, the DREQ pinis
sampled by either falling edge or low-level detection. When aDREQ input is detected, aDMAC
bus cycleisissued and DMA transfer effected, at the earliest, after three states. However, in burst
mode when single address operation is specified, adummy cycleisinserted for the first bus cycle.
In this case, the actual data transfer starts from the second bus cycle. Datais transferred
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continuously from the second bus cycle. The dummy cycle is not counted in the number of
transfer cycles, so there is no need to recognize the dummy cycle when setting the TCR.

DREQ sampling from the second time begins from the start of the transfer one bus cycle prior to
the DMAC transfer generated by the previous sampling.

DRAK isoutput once for the first DREQ sampling, irrespective of transfer mode or DREQ
detection method. In burst mode, using edge detection, DREQ is sampled for the first cycle only,
so DRAK isaso output for the first cycle only. Therefore, the DREQ signal negate timing can be
ascertained, and this facilitates handshake operations of transfer requests with the DMAC.

Cycle Steal Mode Operations: In cycle steal mode, DREQ sampling timing is the same
irrespective of dual or single address mode, or whether edge or low-level DREQ detection is used.

For example, DMAC transfer begins (figure 9.15), at the earliest, three cycles from the first
sampling timing. The second sampling begins at the start of the transfer one bus cycle prior to the
start of the DMAC transfer initiated by the first sampling (i.e., from the start of the CPU(3)
transfer). At this point, if DREQ detection has not occurred, sampling is executed every cycle
thereafter.

Asin figure 9.16, whatever cycle the CPU transfer cycle is, the next sampling begins from the
start of the transfer one bus cycle before the DMAC transfer begins.

Figure 9.15 shows an example of output during DACK read and figure 9.16 an example of output
during DACK write.
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>< CPU(3) ><DMAC(R)><DMAC(W)>< CPU(4) ><DMAC(R1><DMAC(W)>< CPU(5) ><DMAC(R)><DMAC(W)
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Figure9.15 Cycle Steal, Dual Addressand Level Detection (Fastest Oper ation)
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Figure9.16 Cycle Steal, Dual Addressand Level Detection (Normal Operation)
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Figures 9.17 and 9.18 show cycle steal mode and single address mode. In this case, transfer begins
at earliest three cycles after the first DREQ sampling. The second sampling begins from the start
of the transfer one bus cycle before the start of the first DMAC transfer. In single address mode,
the DACK signal is output during the DMAC transfer period.
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Burst Mode, Dual Address, and Level Detection: DREQ sampling timing in burst mode with
dual address and level detection is virtually the same asthat of cycle steal mode.

For example, DMAC transfer begins (figure 9.19), at the earliest, three cycles after the timing of
the first sampling. The second sampling also begins from the start of the transfer one bus cycle
before the start of the first DMAC transfer. In burst mode, as long as transfer requests are issued,
DMAC transfer continues. Therefore, the “transfer one bus cycle before the start of the DMAC
transfer” may be aDMAC transfer.

In burst mode, the DACK output period is thesame as that of cycle steal mode. Figure 9.20 shows
the normal operation of this burst mode.
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Figure9.19 Burst Mode, Dual Addressand Level Detection (Fastest Operation)
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Burst Mode, Single Address, and L evel Detection: DREQ sampling timing in burst mode with
single address and level detection is shown in figures 9.21 and 9.22.

In burst mode with single address and level detection, adummy cycle isinserted as one bus cycle,
at the earliest, three cycles after timing of the first sampling. Data during this period is undefined,
and the DACK signal is not output. Nor is the number of DMAC transfers counted. The actual
DMAC transfer begins after one dummy bus cycle output.

The dummy cycleis hot counted either at the start of the second sampling (transfer one bus cycle
before the start of the first DMAC transfer). Therefore, the second sampling is not conducted from
the bus cycle starting the dummy cycle, but from the start of the CPU(3) bus cycle.

Thereafter, aslong the DREQ is continuously sampled, no dummy cycleisinserted. DREQ
sampling timing during this period begins from the start of the transfer one bus cycle before the
start of DMAC transfer, in the same way as with cycle steal mode.

Aswith the four samplingsin figure 9.21, once DMAC transfer isinterrupted, adummy cycleis
again inserted at the start as soon as DMAC transfer is resumed.

The DACK output period in burst mode is the same asin cycle steal mode.
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Figure9.21 Burst Mode, Single Address and Level Detection (Fastest Operation)
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Burst Mode, Dual Address, and Edge Detection: In burst mode with dual address and edge
detection, DREQ sampling is conducted only on the first cycle.

Infigure 9.23, DMAC transfer begins, at the earliest, three cycles after the timing of the first
sampling. Thereafter, DMAC transfer continues until the end of the data transfer count set in the
TCR. DREQ sampling is not conducted during this period. Therefore, DRAK is output on the first
cycle only.

When DMAC transfer is resumed after being halted by a NMI or address error, be sure to reinput
an edge request. The remaining transfer restarts after the first DRAK output.

The DACK output period in burst mode is the same asin cycle steal mode.
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Figure9.23 Burst Mode, Dual Addressand Edge Detection
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Burst Mode, Single Address, and Edge Detection: In burst mode with single address and edge
detection, DREQ sampling is conducted only on the first cycle. In figure 9.24, adummy cycleis
inserted, at the earliest, three cycles after the timing for the first sampling. During this period, data
isundefined, and DACK is not output. Nor is the number of DMAC transfers counted. Thereafter,
DMAC transfer continues until the data transfer count set in the TCR has ended. DREQ sampling
is not conducted during this period. Therefore, DRAK is output on thefirst cycle only.

When DMAC transfer is resumed after being halted by a NMI or address error, be sure to reinput
an edge request. DRAK is output once, and the remaining transfer restarts after output of one
dummy cycle.

The DACK output period in burst mode is the same asin cycle steal mode.
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Figure9.24 Burst Mode, Single Address and Edge Detection
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9.3.11 Source Address Reload Function

Channel 2 has a source address reload function. This returns to the first value set in the source
address register (SAR2) every four transfers by setting the RO bit of CHCR2 to 1. Figure 9.25
illustrates this operation. Figure 9.26 is atiming chart for reload ON mode, with burst mode,
autorequest, 16-bit transfer data size, SAR2 increment, and DAR2 fixed mode.

=== "DMAC-~—--—-=---------—— - - PN
| I
: DMAC control block :
| RO bit=1 !
| jmmmmm—— - < CHCR2 .
| I
| : :
| .
Transfer | ! Count signal |
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| ! | | o
| ! v | @
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| I
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| .
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|
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Figure9.25 Source Address Reload Function
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Internal X sARr2 X DAR2 XSAR2+2 DAR2 | SAR2+4X DAR2 XSAR2+6X DAR2 X X X SAR?2 X DARZX
address bus ‘ ‘ ‘ / / / ‘

Internal X SAR2 data X SAR2+2 data X SAR2+4 data X SAR2+6 data X 3 XSARZ data

data bus . i . i : .

1st channel 2 2nd channel 2 3rd channel 2 4th channel 2 5th channel 2

transfer 3 transfer 3 transfer 3 transfer 3 3 transfer

Tt

SAR2 output f SAR2+2 output f SAR2+4 output f SAR2+6 output f f SAR2 output

DAR2 output | DAR2output | DAR2output | DAR2output | R 1 DAR2 output

After SAR2+6 output, SAR2 is reloaded Bus right is returned one time in four

Figure9.26 Source Address Reload Function Timing Chart
The reload function can be executed whether the transfer data sizeis 8, 16, or 32 hits.

DMATCR2, which specifies the number of transfers, is decremented by 1 at the end of every
single-transfer-unit transfer, regardless of whether the reload function is on or off. Therefore,
when using the reload function in the on state, a multiple of 4 must be specified in DMATCR2.
Operation will not be guaranteed if any other value is set. Also, the counter which counts the
occurrence of four transfers for address reloading is reset by clearing of the DME bitin DMAOR
or the DE hit in CHCR2, setting of the transfer end flag (the TE bit in CHCR2), NMI input, and
setting of the AE flag (address error generation in DMAC transfer), aswell asby areset and in
software standby mode, but SAR2, DAR2, DMATCRZ2, and other registers are not reset.
Consequently, when one of these sources occurs, thereis a mixture of initialized counters and
uninitialized registersin the DMAC, and incorrect operation may result if arestart is executed in
this state. Therefore, when one of the above sources, other than TE setting, occurs during use of
the address reload function, SAR, DAR2, and DMATCR2 settings must be carried out before re-
execution.
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9.3.12 DMA Transfer Ending Conditions

The DMA transfer ending conditions vary for individual channels ending and for all channels
ending together.

Individual Channel Ending Conditions: There are two ending conditions. A transfer ends when
the value of the channel’s DMA transfer count register (TCR) is 0, or when the DE bit of the
channel’s CHCR iscleared to 0.

*  When DMATCR is0: When the DMATCR value becomes 0 and the corresponding channel's
DMA transfer ends, the transfer end flag bit (TE) is set in the CHCR. If the |E (interrupt
enable) bit has been set, aDMAC interrupt (DEI) is requested of the CPU.

*  When DE of CHCR is 0: Software can halt aDMA transfer by clearing the DE bit in the
channel’s CHCR. The TE bit is not set when this happens.

Conditionsfor Ending All Channels Simultaneously: Transferson all channels end when the

NMIF (NMI flag) bit or AE (address error flag) bit is set to 1 in the DMAOR, or when the DME
bit in the DMAOR iscleared to 0.

*  Whenthe NMIF or AE bitissetto 1in DMAOR: When an NMI interrupt or DMAC address
error occurs, the NMIF or AE bitisset to 1 inthe DMAOR and all channels stop their
transfers. The DMAC obtains the bus rights, and if these flags are set to 1 during execution of
atransfer, DMAC halts operation when the transfer processing currently being executed ends,
and transfers the bus right to the other bus master. Consequently, even if the NMIF or AE bits
are set to 1 during atransfer, the DMA source address register (SAR), designation address
register (DAR), and transfer count register (TCR) are all updated. The TE bit is not set. To
resume the transfers after NMI interrupt or address error processing, clear the appropriate flag
bit to 0. To avoid restarting atransfer on a particular channel, clear its DE bit to 0.

When the processing of a one unit transfer is complete. In adual address mode direct address
transfer, even if an address error occurs or the NMI flag is set during read processing, the
transfer will not be halted until after completion of the following write processing. In such a
case, SAR, DAR, and TCR values are updated. In the same manner, the transfer is not halted in
dual address mode indirect address transfers until after the final write processing has ended.

* When DME iscleared to 0 in DMAOR: Clearing the DME bit to 0 in the DMAOR aborts the
transferson all channels. The TE bit is not set.
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9.3.13 DMAC Accessfrom CPU

The space addressed by the DMAC is 3-cycle space. Therefore, when the CPU becomes the bus
master and accesses the DMAC, aminimum of three basic clock (CLK) cycles are required for
one bus cycle. Also, sincethe DMAC islocated in word space, while aword-size access to the
DMAC is completed in one bus cycle, alongword-size accessis automatically divided into two
word accesses, requiring two bus cycles (six basic clock cycles). These two bus cycles are
executed consecutively; adifferent bus cycle is never inserted between the two word accesses.
This applies to both write accesses and read accesses.

94 Examples of Use

94.1 Example of DMA Transfer between On-Chip SCI and External Memory

In this example, on-chip serial communication interface channel 0 (SCI0) received datais
transferred to external memory using the DMAC channel 3.

Table 9.7 indicates the transfer conditions and the setting values of each of the registers.

Table9.7 Transfer Conditionsand Register Set Valuesfor Transfer between On-chip SCI
and External Memory

Transfer Conditions Register Value

Transfer source: RDRO of on-chip SCIO SARO H'FFFF81A5
Transfer destination: external memory DARO H'00400000
Transfer count: 64 times DMATCRO H'00000040
Transfer source address: fixed CHCRO H'00004905

Transfer destination address: incremented
Transfer request source: SCIO (RDRO)

Bus mode: cycle steal

Transfer unit: byte

Interrupt request generation at end of transfer

Channel priority ranking: 0 >1>2>3 DMAOR H'0001
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9.4.2 Example of DMA Transfer between External RAM and External Device with
DACK

In this example, an external request, serial address mode transfer with external memory as the
transfer source and an external device with DACK asthe transfer destination is executed using
DMAC channel 1.

Table 9.8 indicates the transfer conditions and the setting values of each of the registers.

Table9.8 Transfer Conditionsand Register Set Valuesfor Transfer between External
RAM and External Device with DACK

Transfer Conditions Register Value

Transfer source: external RAM SAR1 H'00400000
Transfer destination: external device with DACK DAR1 (access by DACK)
Transfer count: 32 times DMATCR1 H'00000020
Transfer source address: decremented CHCR1 H'00002269

Transfer destination address: (setting ineffective)

Transfer request source: external pin (DREQ1) edge
detection

Bus mode: burst

Transfer unit: word

No interrupt request generation at end of transfer
Channel priority ranking: 2>0>1>3 DMAOR H'0201

94.3 Example of DMA Transfer between A/D Converter and Internal Memory (Address
Reload On)

In this example, the on-chip A/D converter channel 0 isthe transfer source and internal memory is
the transfer destination, and the address reload function is on.

Table 9.9 indicates the transfer conditions and the setting values of each of the registers.
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Table9.9 Transfer Conditionsand Register Set Valuesfor Transfer between A/D
Converter and Internal Memory

Transfer Conditions Register Value

Transfer source: on-chip A/D converter chl (AD1) SAR2 H'FFFF85F0
Transfer destination: internal memory DAR2 H'FFFFE800
Transfer count: 128 times (reload count 32 times) DMATCR2 H'00000080
Transfer source address: incremented CHCR2 H'00085F21

Transfer destination address: incremented

Transfer request source: A/D converter (AD1)

Bus mode: burst

Transfer unit: byte

Interrupt request generation at end of transfer
Channel priority ranking: 0 >2>3>1 DMAOR H'0101

When address reload is on, the SAR value returns to itsinitially established value every four
transfers. In the above example, when atransfer request isinput from the A/D converter, the byte
sizedataisfirst read in from the H'FFFF85FO register of AD1 and that data is written to the
internal address H'FFFFE800. Because a byte size transfer was performed, the SAR and DAR
values at this point are H'FFFF85F1 and H'FFFFE801, respectively. Also, because thisis a burst
transfer, the bus rights remain secured, so continuous data transfer is possible.

When four transfers are completed, if the address reload is off, execution continues with the fifth
and sixth transfers and the SAR value continues to increment from H'FFFF85F3 to H'FFFF85F4 to
H'FFFF85F5 and so on. However, when the address reload is on, the DMAC transfer is halted
upon completion of the fourth one and the bus right request signal to the CPU is cleared. At this
time, the value stored in SAR is not H'FFFF85F3 to H'FFFF85F4, but H'FFFF85F3 to
H'FFFF85FO, areturn to theinitially established address. The DAR value always continues to be
decremented regardless of whether the address reload is on or off.

The DMAC internal status, due to the above operation after completion of the fourth transfer, is
indicated in Table 9.10 for both address reload on and off.
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Table9.10 DMAC Internal Status

Item Address Reload On Address Reload Off
SAR H'FFFF83F0 H'FFFF83F4

DAR H'00400004 H'00400004
DMATCR H'0000007C H'0000007C

Bus rights Released Maintained

DMAC operation Halted Processing continues
Interrupts Not issued Not issued

Transfer request source flag clear Executed Not executed

Notes: 1. Interrupts are executed until the DMATCR value becomes 0, and if the IE bit of the
CHCR is setto 1, are issued regardless of whether the address reload is on or off.

2. If transfer request source flag clears are executed until the DMATCR value becomes 0,
they are executed regardless of whether the address reload is on or off.

3. Designate burst mode when using the address reload function. There are cases where
abnormal operation will result if it is executed in cycle steal mode.

4. Designate a multiple of four for the TCR value when using the address reload function.
There are cases where abnormal operation will result if anything else is designated.

To execute transfers after the fifth one when the address reload is on, make the transfer request
source issue another transfer request signal.

944 Example of DMA Transfer between External Memory and SCI1 Send Side
(Indirect AddressOn)

In this example, DMAC channel 3 isused, an indirect address designated external memory isthe
transfer source and the SCI1 sending side is the transfer destination.

Table 9.11 indicates the transfer conditions and the setting values of each of the registers.
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Table9.11 Transfer Conditionsand Register Set Valuesfor Transfer between External
Memory and SCI1 Sending Side

Transfer Conditions Register Value
Transfer source: external memory SAR3 H'00400000
Value stored in address H'00400000 — H'00450000
Value stored in address H'00450000 — H'55
Transfer destination: on-chip SCI TDR1 DAR3 H'FFFF81B3
Transfer count: 10 times DMATCR3 H'0000000A
Transfer source address: incremented CHCR3 H'00011801

Transfer destination address: fixed

Transfer request source: SCI1 (TDR1)

Bus mode: cycle steal

Transfer unit: byte

Interrupt request not generated at end of transfer
Channel priority ranking: 0 >1>2>3 DMAOR H'0001

When indirect address mode is on, the data stored in the address established in SAR is not used as
the transfer source data. In the case of indirect addressing, the value stored in the SAR addressis
read, then that value is used as the address and the data read from that addressis used as the
transfer source data, then that data is stored in the address designated by the DAR.

In the table 9.11 example, when atransfer request from the TDR1 of SCI1 is generated, aread of
the address located at H'00400000, which isthe value set in SARS, is performed first. The data
H'00450000 is stored at this H'00400000 address, and the DMAC first reads this H'00450000
value. It then uses this read value of H'00450000 as an address and reads the value of H'55 that is
stored in the H'00450000 address. It then writes the value H'55 to the address H'FFFF81B3
designated by DAR3 to complete one indirect address transfer.

With indirect addressing, the first executed data read from the address established in SAR3 always
resultsin alongword size transfer regardless of the TS0, TS1 bit designations for transfer data
size. However, the transfer source address fixed and increment or decrement designations are as
according to the SM0, SM1 bits. Consequently, despite the fact that the transfer data size
designation is byte in this example, the SAR3 value at the end of one transfer is H'00400004. The
write operation is exactly the same as an ordinary dual address transfer write operation.
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95 Cautionson Use

1

Access is possible regardless of the DMA channel control register (CHCRO to CHCR3) data
size. Other than the DMA operation register (DMAOR) accessing in byte (8 bit) or word (16
bit) units, access all registersin word (16 bit) or longword (32 bit) units.

When rewriting the RSO0-RS3 bits of CHCRO-CHCRS, first clear the DE hit to O (set the DE
bit to O before doing rewrites with a CHCR byte address).

When an NMI interrupt isinput, the NMIF bit of the DMAOR is set even when the DMAC is
not operating.

Set the DME bit of the DMAOR to 0 and make certain that any DMAC received transfer
request processing has been completed before entering standby mode.

Do not accessthe DMAC, DTC, BSC, or UBC on-chip peripheral modules from the DMAC.
When activating the DMAC, do the CHCR or DMAOR setting as the final step. There are
instances where abnormal operation will result if any other registers are established last.

After the DMATCR count becomes 0 and the DMA transfer ends normally, always write a0 to
the TCR, even when executing the maximum number of transfers on the same channel. There
are instances where abnormal operation will result if thisis not done.

Designate burst mode as the transfer mode when using the address reload function. There are
instances where abnormal operation will result in cycle steal mode.

Designate a multiple of four for the TCR value when using the address reload function. There
are instances where abnormal operation will result if anything else is designated.

10. When detecting external requests by falling edge, maintain the external request pin at high

level when performing the DMAC establishment.

11. When operating in single address mode, establish an external address as the address. There are

instances where abnormal operation will result if an internal addressis established.

12. Do not access DMAC register empty addresses (H'FFFF86B2 to H'FFFF86BF). Operation

cannot be guaranteed when empty addresses are accessed.

13. If DMAC transfer is aborted by NMI or AE setting, or DME or DE2 clearing, during DMAC

execution with address reload on, the SAR2, DAR2, and DMATCR?2 settings should be made
before reexecuting the transfer. The DMAC will not operate correctly if thisis not done.

Rev. 5.00 Jan 06, 2006 page 194 of 818
REJ09B0273-0500

RENESAS



Section 10 Advanced Timer Unit (ATU)

Section 10 Advanced Timer Unit (ATU)

10.1 Overview

The SH7050 series has an on-chip advanced timer unit (ATU) with one 32-bit timer channel and
nine 16-bit timer channels.

10.1.1 Features

ATU features are summarized below.

» Capability to process up to 34 pulse inputs and outputs
* Prescaer
O Input clock to channel 0 scaled in 1 stage, input clock to channels 1 to 9 scaled in 2 stages
0 1/1to 1/32 clock scaling possiblein initial stage for all channels
O 1/1, 1/2, 1/4, 1/8, 1/16, or 1/32 scaling possible in second stage for channels 1 to 10
O Externa clock TCLKA, TCLKB selection also possible for channels 1 to 5
e Channd 0 has four 32-bit input capture lines, allowing the following operations:
O Rising-edge, falling-edge, or both-edge detection selectable
0 Channel 1 compare-match can be used as capture signal (TRG1A) (ICROA, ICROD only)
O Interrupt can be generated by trigger input
O Interval interrupt generation function generates four interval interrupts as selected

» Channels 1 and 2 have atotal of eight 16-bit input capture/output compare registers and one
dedicated input capture register. The 16-bit output compare registers can also be selected for
channel 10 one-shot pulse offset.

O Waveform output by means of compare-match: Selection of 0 output, 1 output, or toggle
output

O Input capture function: Rising-edge, falling-edge, or both-edge detection
OSBR trigger source is channel 0 capture set to 1 (TRGOA)

O Eight counter overflow interrupts/compare-match interrupts/capture interrupts can be
generated (channel /A—F, channel 2/A, B)

O Compare-match signal (TRG1A) can be sent from channel 1 to channel 0 as atrigger
0 Compare-match signal can be sent from channel 2 to the advanced pulse controller (APC)

¢ Channels 3to 5 have atotal of ten 16-bit input capture/output compare/PWM registers (ten
inputs/outputs when using input capture/output compare, seven outputs when using PWM),
allowing the following operations:

O Selection of input capture, output compare, PIWM mode
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O Waveform output by means of compare-match: Selection of 0 output, 1 output, or toggle
output

O Input capture function: Rising-edge, falling-edge, or both-edge detection
O Ten compare-match interrupts/capture interrupts (channel 3/A-D, channel 4/A-D, channel
5/A, B) and three counter overflow interrupts can be generated
» Channels 6 to 9 have four PWM outputs, allowing the following operations:
O Any cycle and duty from 0 to 100% can be set
O Duty buffer register, with transfer to duty register every cycle
O Interrupts can be generated every cycle
e Channd 10 has eight 16-bit down-counters for one-shot pulse output, allowing the following
operations:
0 One-shot pulse generation by down-counter
O Down-counter can be rewritten during count
O Interrupt can be generated at end of down-count
O Offset one-shot pulse function available
» High-speed accessto internal 16-bit bus
O High-speed accessto 16-bit bus for 16-hit registers: timer counters, compare registers, and
capture registers
* 44 interrupt sources
O Four input capture and one overflow interrupt request for channel 0
O Four interval interrupt requests

O Eight dual input capture/compare-match interrupt requests and two counter overflow
interrupt requests for channels 1 and 2

0 Tendual input capture/compare-match interrupt requests and three overflow interrupt
requests for channels3to 5

O Four cycleinterruptsfor channels6to 9
O Eight underflow interrupts for channel 10
» Direct memory access controller (DMAC) activation
0 The DMAC can be activated by a channel 0 input capture interrupt (1CIOB)
0 The DMAC can be activated by a channel 6 cycle register 6 compare-match interrupt
(CM16)
» A/D converter activation

O The A/D converter can be activated by detection of 1 in bits 10 to 13 of the channel O free-
running counter (TCNTO)
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Section 10 Advanced Timer Unit (ATU)

Table 10.1 lists the functions of the ATU.

Table10.1 ATU Functions

Channel Channel Channel Channels Channels Channel
Item 0 1 2 3-5 6-9 10
Counter  Clock -(@'32 (p-@/32) x (p-@/32) x (p-@/32) x (p-@/32) x (p-@/32) x
configura- sources a2" (1/2" a2" a2" (1/2"
tion (n=0-5 (=05 (=05 (n=0-5)  (n=0-5)
TCLKA, TCLKA, TCLKA,
TCLKB TCLKB TCLKB
Counters  TCNTOH, TCNT1 TCNT2 TCNT3, TCNTS, DCNT10A,
TCNTOL TCNT4, TCNT7, DCNT10B,
TCNT5 TCNTS, DCNT10C,
TCNT9 DCNT10D,
DCNT10E,
DCNT10F,
DCNT10G,
DCNT10H
Register General — GRI1A, GR2A, GR3A-3D, — —
configu-  registers GR1B, GR2B GR4A-4D,
ration GRI1C, GR5A,
GR1D, GR5B
GR1E,
GR1F
Dedicated ICROAH, OSBR — — — —
input ICROAL,
capture ICROBH,
ICROBL,
ICROCH,
ICROCL,
ICRODH,
ICRODL
PWM — — — — CYLR6-9, —
output DTR6-9,
BFR6-9
Input pins TIAO, — — — — —
TIBO,
TICO,
TIDO
1/0 pins — TIOAL, TIOA2, TIOA3- — —
TIOB1, TIOB2 TIOD3,
TIOAC, TIOA4—
TIOD1, TIOD4,
TIOE1, TIOAS,
TIOF1 TIOB5
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Section 10 Advanced Timer Unit (ATU)

Channel Channel Channel Channels Channels Channel
Item 0 1 2 3-5 6-9 10
Output pins — — — — TO6-TO9 TOA10,
TOB10,
TOC10,
TOD10,
TOE10,
TOF10,
TOG10,
TOH10
Counter clearing — — — (@) (@) —
function
Interrupt sources 9 sources 7 sources 3 sources 13 sources 1 source 8 sources
* Input e Dual input ¢ Dual input < Dual input each (total ¢ Underflow
capture OA  capture/ capture/ capture/ 4 sources) OSF10A
« Input compare- compare- compare- « Cycle OSF10B
capture 0B match 1A match 2A match compare- OSF10C
* Dual input  « Dual input 3A-5A match OSF10D
* Input : (CMI6— OSF10E
capture 0C capture/ capture/  Dual input CMI9) OSF10F
compare- compare- capture/
* Input match 1B match 2B compare- OSF10G
capture 0D , match OSF10H
e Dual input « Overflow 2
« Overflow 0 capture/ 3B-5B
« Interval 0* compare- * Dual input
< Interval 1* match 1C capture/
« * Dual input compare-
* Interval 2 capture/ match
« Interval 3*  compare- 3CHAC
(* Same match 1D  Dual input
vector) * Dual input capture/
capture/ compare-
compare- match
match 1E 3b-4D
 Dual input * Overflow
capture/ 35
compare-
match 1F
* Overflow 1
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Section 10 Advanced Timer Unit (ATU)

Channel Channel Channel Channels Channels Channel
Item 0 1 2 3-5 6-9 10
Inter-channel and  Trigger Trigger Trigger — Output of  Trigger
inter-module output of  outputof  output of activation  output of
connection signals  input compare- compare- compare- channel1 &

capture match match match 2 compare-

signal to signal to signal to signal to match

channell channel 10 channel 10 DMAC signals to

Trigger one-shot  one-shot one-shot

output of pulse pulse pulse output

compare- output output down-

match down- down- counter

signal to counter counter

channel 1 Trigger Compare-

A/D output of match

converter  compare- signal

activation match output to

signal signal to APC

output channel0 (advanced

pulse

Output of controller)

activation

input

capture

signal to

DMAC

O: Available
—: Not available
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Section 10 Advanced Timer Unit (ATU)

10.1.2 Block Diagrams

Overall block Diagram ATU Block Diagram: Figure 10.1 shows an overall block diagram of

the ATU.

Sy

IC/OC control I/O interrupt
control

Counter and register control, CD

and comparator !

0

TCLKB

Clock selection

K>
K>

Prescaler

Bus interface

4 >|16-bit timer channel 10@
TSTR

Legend:
TSTR: Timer start register (16 bits)

Interrupts:
ITVO-ITV3, OV10-0V15, IC10A —IC10D, IMITA-IMILF, IMI2A, IMI2B, IMI3BA-IMI3D,
IMI4A—IMI4D, IMI5A, IMI5B, CMI6—-CMI9, OSI10A-OSI10H

External pins:

Inter-module
connection
signals

External pins

Inter-module
address bus

Inter-module
data bus

TIAO-TIDO, TIOAL-TIOF1, TIOA2, TIOIB2, TIOA3-TIOD3, TIOA4-TIODS3, TIOAS5, TIOBS,

TO6-TO9, TOA10-TOH10

Inter-module connection signals:
Signals to A/D converter, signals to direct memory access controller (DMAC),
signals to advanced pulse controller (APC)

Figure10.1 Overall Block Diagram of ATU
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Section 10 Advanced Timer Unit (ATU)

Block Diagram of Channel 0: Figure 10.2 shows a block diagram of ATU channel 0.

Clock
selection

TSTR[

TGSR control

IRQER control

Control logic

em [ >

——» OVIO
—» TV

—— ICIOA
——» ICIOB
—— ICIOC
—— ICIOD

«—— TIAO
l«— TIBO
l«—— TICO
l.«—— TIDO

«—— TRG1A

1<m<32
< I||la N el 1 T e T 1 e e T
o <| | o
AlCIEIFRGIEIEEIEIEEEEIEEE
oowm‘-&ﬁggmrxmmmfxmrx
ElEFEIELEENRIENCHC! L] 1L] el e]|el|e

Module data bus
Legend:
TSTR:  Timer start register (16 bits)

TIOROA: Timer I/O control register OA (8 bits)

TGSR: Trigger selection register (8 bits)

TSRA:  Timer status register A (8 bits)

TIERA: Timer interrupt enable register A (8 bits)
ITVRR: Interval interrupt request register (8 bits)
TCNTO: Free-running counter 0 (16 bits)

ICRO: Input capture register 0 (16 bits)
Interrupts:

oVvio: Overflow interrupt 0

ITV: Interval interrupt

ICIO: Input capture interrupt 0

Inter-channel connection signal:
TRG1A: Channel 1/GR1A compare-match signal

Figure 10.2 Block Diagram of Channel 0
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Section 10 Advanced Timer Unit (ATU)

Block Diagram of Channel 1: Figure 10.3 shows a block diagram of ATU channel 1.

| » OVI1
L » IMIA
| » IMIB
L » IMIC
; L » IMID
TSTR[ Clock selection Comparator IMIE
L » IMIF
la—» TIOAL
TCLKA— «—» TIOB1
TCLKB a—» TIOC1
«—» TIOD1
l«—» TIOEL
@(m-2"| > Control logic «—» TIOF1
1<m<32 «—— TRGOA
0sn<b5 —» TRG1A
> OFF1A-1F
<||m||O —
A EIEIEEEEEEREIE RS
Ollo||ol|o]||9| Y |G % EE ||l g EE n
Module data bus
Legend:
TSTR: Timer start register (16 bits) TIERB: Timer interrupt enable register B (8 bits)
TCR1: Timer control register 1 (8 bits) TCNT1: Free-running counter 1 (16 bits)
TIOR1: Timer I/O control register 1 (8 bits) GR1:  General register 1 (16 bits)
TSRB: Timer status register B (8 bits) OSBR: Offset base register (16 bits)
Interrupts:
OVI1:  Overflow interrupt 1
IMIZ: Input capture/compare-match interrupt 1

Inter-channel connection signals:

OFF1:

Offset compare-match signal

TRGOA: Channel 0/ICROA input signal
TRG1A: Channel 1/GR1A compare-match signal

Figure 10.3 Block Diagram of Channel 1
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Section 10 Advanced Timer Unit (ATU)

Block Diagram of Channel 2: Figure 10.4 shows a block diagram of ATU channel 2.

—— APCHIGH
— APCLOW
TSTR[
Clock selection Comparator ——» OVI2
——» IMI2A
TCLKB [
— TIOA2
@(m-2" [ Control logic TioBz2
1<m<32 > OFF2A-2B
o Q Q Q Q Q Q Q
< N
NMEERERHAR SRR
Ol (o o |Y |5 % |%
Module data bus
Legend:

TSTR:  Timer start register (16 bits)

TCR2: Timer control register 2 (8 bits)
TIOR2A: Timer I/O control register 2 (8 bits)
TSRC: Timer status register C (8 bits)

TIERC: Timer interrupt enable register C (8 bits)
TCNT2: Free-running counter 2 (16 bits)

GR2: General register 2 (16 bits)

Interrupts:
OVI2: Overflow interrupt 2
IMI2:  Input capture/compare-match interrupt 2

Inter-channel connection signal:
OFF2: Offset compare-match signal

Inter-module connection signals:
APCHIGH: GR2B compare-match signal
APCLOW: GR2A compare-match signal

Figure 10.4 Block Diagram of Channel 2
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Section 10 Advanced Timer Unit (ATU)

Block Diagram of Channels 3 and 4: Figure 10.5 shows a block diagram of ATU channels 3 and
4.

TSTR [ > OVI3/4
. — IMI3A/4A
Clock selection Comparator L » IMI3B/4B
— IMI3C/4C
TCLKA D —» IMI3D/4D
TCLKB
-«—» TIOA3/4
@(m-2" [ > Control logic - Egggﬁ
1<ms<32 <— TIOD3/4
0sn<5

K >
K >
K>
K>

0000

K>
K>
K>

TMDR*
TCR3/4
TIOR3A/4A
TIOR3B/4B
TSRDH/L*
TIERDH/L*
TCNT3/4
GR3A/4A
GR3B/4B
GR3C/4C
GR3D/4D

C
C
C
C

<
o
Q
c
9
=3
I
=4
I
o
c

00000000

TSTR: Timer start register (16 bits)

TMDR: Timer mode register (8 bits)

TCR:  Timer control register (8 bits)

TIOR: Timer I/O control register (8 bits)
TSRD: Timer status register D (8 bits)

TIERD: Timer interrupt enable register D (8 bits)
TCNT: Free-running counter (16 bits)

GR: General register (16 bits)

Interrupts:
OVI: Overflow interrupt
IMI: Input capture/compare-match interrupt

Note: * TMDR is used by channels 3 to 5.
TSRDH and TIERDH are used by channel 3.
TSRDL and TIERDL are used by channels 4 and 5.

Figure 10.5 Block Diagram of Channels 3 and 4
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Section 10 Advanced Timer Unit (ATU)

Block Diagram of Channel 5: Figure 10.6 shows a block diagram of ATU channel 5.

TSTR[ >

Clock selection Comparator — OVI5

——» IMISA

TCLKA  » IMISB
TCLKB D

«— TIOAS

@(m-2M [ > Control logic <«—» TIOB5
1<sm<32

00000000

TMDR*
TCR5
CTIOR5A
TSRDL*
TIERDL*
TCNT5
GR5A
GR5B

00000000

odule data bus

Legend:

TSTR:  Timer start register (16 bits)

TMDR: Timer mode register (8 bits)

TCR5:  Timer control register 5 (8 bits)

TIOR5A: Timer I/O control register 5A (8 bits)
TSRDL: Timer status register DL (8 bits)

TIERDL: Timer interrupt enable register DL (8 bits)
TCNT5: Free-running counter 5 (16 bits)

GR5: General register 5 (16 bits)

Interrupts:
OVI5: Overflow interrupt 5
IMI5: Input capture/compare-match interrupt 5

Note: * TMDR is used by channels 3 to 5.
TSRDH and TIERDH are used by channels 4 and 5.

Figure 10.6 Block Diagram of Channel 5
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Section 10 Advanced Timer Unit (ATU)

Block Diagram of Channels 6 to 9: Figure 10.7 shows a block diagram of ATU channels 6 to 9.

TSTR[ >

@(m-2") [

1<m<32

Clock selection

Comparator

Control logic

0<n<5

—» CMI6-9

——» TO6-9

Legend:

00 00a

TCR6-9

0

TSRE

0

TIERE

0

TCNT6-9

U

0 0

CYLR6-9
BFR6-9
DTR6-9

C

Module data bus

TCR: Timer control register (8 bits)

TSRE: Timer status register E (8 bits)
TIERE: Timer interrupt enable register E (8 bits)
TCNT: Free-running counter (16 bits)

CYLR: Cycle register (16 bits)
BFR: Buffer register (16 bits)
DTR: Duty register (16 bits)

Interrupt:

CMI: Cycle compare-match interrupt

Figure 10.7 Block Diagram of Channels6to9
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Section 10 Advanced Timer Unit (ATU)

Block Diagram of Channel 10: Figure 10.8 shows a block diagram of ATU channel 10.

—» OSI10A-H
OFF1A-F
OFF2A—B > Clock selection Comparator L ¥8@i8
— TOC10
— TOD10
— TOE10
@m-2"M > Control logic — > ¥8|(:311%
1<m<32 — TOH10
o QQQQQ QQQQQQQQ
o s8] 18] [8][8]12]15
Wi || |
gllelzl =]z [E|E]E|IEIEIIE|IE|E
ol Y o] |al|of| |z||zllz|llz]|z]|z|]|z]]|z
= E 2] [F] (9] |o] o] |o]|o]|o]|o]||o
al|al|al|al|al|allal|a
Module data bus
Legend:

TCR10: Timer control register 10 (8 bits)
TIERF:  Timer interrupt enable register F (8 bits)
TSRF: Timer status register F (8 bits)

DSTR: Down-count start register (8 bits)
TCNR:  Timer connection register (8 bits)
DCNT10: Down-counter 10 (16 hits)

Interrupt:
OSI10: One-shot pulse interrupt 10

Inter-channel connection signal:
OFF: Offset compare-match signal

Figure 10.8 Block Diagram of Channel 10
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Section 10 Advanced Timer Unit (ATU)

10.1.3

Inter-Channel and Inter-Module Signal Connection Diagram

Channel 10.9 shows the connections between channels and between modulesin the ATU.

DMAC activation
(input capture)

IChannel 0 ! TRGOA
| —
| T1a0 L% , Trigger output
2 ICROAH ICROAL |, (synchronous capture)
! TCNTO =
| TIBO ICROBH ICROBL ||
Internal CLK — TCNTOH | TCNTOL | ¢ _—+ICROCH | ICROCL |1
I TIDO— ICRODH | ICRODL |!
I = I
e e e e e e e e - e e e e e e e e e e e e e - 4
A/D converter activation
(“1” detection)
IChannel T T T __—_—_~——~ ! _TRGIA
| TIOA1 > GRIA +
Internal CLK | TIOB1 GR1B : Trigger output
TCLKA TCNT1 TIOC1 GR1C |
TcLke 2 TIOD1 > GRID -
! TIOE1 » GRIE |
: TIOF1 GRIF |
| Trigger input OSBR :
Internal CLK | =z :
TCLKA TCNT2 TIOA2 +—————>[ GR2A |
TCLKB |2 TIOB2+——————_GR2B | ,
Chamel2 _ _ _________________ ! l
——
Compare-match signal
transmission to advanced
pulse controller (APC)
r-—= - -"-"--"-"-"-~"-~"-~"-~"-~"=~" - “- —~ -~ - -~ DMAC
| CYLR6 —— activation
Internal CLK TCNT6 TO6+—— | DTR6 | (compare-
: BFR6 | | match)
'Channel6 _ _ _ _ _ _ _ _ _ _ ___ _____- |
IEh_an_n e_l 16 ““““““““““ 1 Offset compare-

TOAL0) «———————

TOB10 +—

TOCI0

I match signal
Down-counters;
DCNTI0A |+ OEEQ
DCNTL0B |« O
DCNT10C |«! OFF1C
| OFF1D
DCNTL0D
DCNTI0E f+; OFF1E
DCNTAOF |, OFF1F
DCNTI0G [+r——2CE28
DCNTLO0H J*

Figure 10.9 Inter-Channel and Inter-Module Signal Connection Diagram
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Section 10 Advanced Timer Unit (ATU)

10.14 Prescaler Diagram

Figure 10.10 shows the first and second prescaler stagesin the ATU. The output of the first
prescaler stage isinput to channel 0. Either the output of the second prescaler stage or an external
clock can beinput to channels 1 to 10, and an additional external clock (TCLKA or TCLKB) can

be input to channels 1 to 5.

@'m (1 <m < 32) can be set as the output of the first prescaler stage (@), the setting being made in

prescaler control register 1 (PSCR1).

@2" (0 < n<5) can be set as the output of the second prescaler stage (¢'), the setting being made

in the timer control register (TCR).

First prescaler
stage setting

<

Second prescaler
stage setting
register

register
Input clock <
¢ PSCRIN\
¢ =g/m
1<m<32

— Settable prescaler values —

Y @ =@m (1<m=<32)

@' =@l2"(0<n<b)
or external clock

MMMM ¢ =@2"(0<n<5)

Channel 0

p' or

TCR1 external clock

Channel 1

p' or

TCR2 external clock

Channel 2

p' or

TCR3 external clock

Channel 3

p' or

external clock Channel 4

TCR4

p' or

TCRS external clock

Channel 5

Bl
Jagae

[ rcre JI—*
[ rere JI—*
[ xcre JI—*
[ xcre JI—*
[[rcrao [+

[Ehammals
[Eharmal?
[Ghamvels
[Ghammels

‘l Channel 10
DCNT10A-DCNT10F

[crarva 10

DCNT10G, DCNT10H

Figure 10.10 Prescaler Diagram
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Section 10 Advanced Timer Unit (ATU)

10.1.5

Pin Configuration

Table 10.2 shows the pin configuration of the ATU. When these external pin functions are used,
the pin function controller (PFC) should also be set in accordance with the ATU settings. For
details, see section 16, Pin Function Controller.

Table10.2 ATU Pins

Channel Name Abbreviation 1/O Function

Common  Clock input A TCLKA Input External clock A input pin
Clock input B TCLKB Input External clock B input pin

0 Input capture AO TIAO Input ICROA input capture input pin
Input capture BO TIBO Input ICROB input capture input pin
Input capture CO TICO Input ICROC input capture input pin
Input capture DO TIDO Input ICROD input capture input pin

1 Input capture/output TIOAL Input/ GR1A output compare output/GR1A
compare Al output  input capture input
Input capture/output  TIOB1 Input/ GR1B output compare output/GR1B
compare B1 output  input capture input
Input capture/output TIOC1 Input/ GR1C output compare output/GR1C
compare C1 output  input capture input
Input capture/output TIOD1 Input/ GR1D output compare output/GR1D
compare D1 output  input capture input
Input capture/output  TIOE1 Input/ GR1E output compare output/GR1E
compare E1 output  input capture input
Input capture/output TIOF1 Input/ GR1F output compare output/GR1F
compare F1 output  input capture input

2 Input capture/output  TIOA2 Input/ GR2A output compare output/GR2A
compare A2 output  input capture input
Input capture/output  TIOB2 Input/ GR2B output compare output/GR2B
compare B2 output  input capture input

3 Input capture/output TIOA3 Input/ GRS3A output compare output/GR3A
compare A3 output  input capture input/PWM output pin

(PWM mode)

Input capture/output TIOB3 Input/ GR3B output compare output/GR3B
compare B3 output  input capture input/PWM output pin

(PWM mode)
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Section 10 Advanced Timer Unit (ATU)

Channel Name Abbreviation 1/O Function
3 Input capture/output TIOC3 Input/ GR3C output compare output/GR3C
compare C3 output  input capture input/PWM output pin
(PWM mode)
Input capture/output TIOD3 Input/ GR3D output compare output/GR3D
compare D3 output  input capture input
4 Input capture/output  TIOA4 Input/ GR4A output compare output/GR4A
compare A4 output input capture input/PWM output pin
(PWM mode)
Input capture/output  TIOB4 Input/ GR4B output compare output/GR4B
compare B4 output  input capture input/PWM output pin
(PWM mode)
Input capture/output TIOC4 Input/ GRA4C output compare output/GR4C
compare C4 output  input capture input/PWM output pin
(PWM mode)
Input capture/output TIOD4 Input/ GRA4D output compare output/GR4D
compare D4 output  input capture input
5 Input capture/output  TIOAS Input/ GR5A output compare output/GR5A
compare A5 output  input capture input/PWM output pin
(PWM mode)
Input capture/output  TIOB5 Input/ GR5B output compare output/GR5B
compare B5 output  input capture input
6 Output compare 6 TO6 Output  Channel 6 PWM output pin
7 Output compare 7 TO7 Output  Channel 7 PWM output pin
8 Output compare 8 TO8 Output  Channel 8 PWM output pin
9 Output compare 9 TO9 Output  Channel 9 PWM output pin
10 One-shot pulse A10 TOA10 Output  One-shot pulse output pin
One-shot pulse B10 TOB10 Output  One-shot pulse output pin
One-shot pulse C10 TOC10 Output  One-shot pulse output pin
One-shot pulse D10 TOD10 Qutput  One-shot pulse output pin
One-shot pulse E1I0 TOE10 Output  One-shot pulse output pin
One-shot pulse F10 TOF10 Output  One-shot pulse output pin
One-shot pulse G10 TOG10 Output  One-shot pulse output pin
One-shot pulse HI0 TOH10 Qutput  One-shot pulse output pin
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Section 10 Advanced Timer Unit (ATU)

10.1.6  Register and Counter Configuration
Table 3 summarizesthe ATU registers.

Table10.3 ATU Registers

Abbrevia- Initial
Channel Name tion R/W  Value Address Access Size
Common Prescaler register 1 PSCR1 R/W  H'00 H'FFFF82E9 8 hits
Timer start register TSTR R/W  H'0000 HFFFF82EA 16 bhits
0 Trigger selection register TGSR R/W  H'00 H'FFFF8280 8 bits
Timer 1/O control register 0OA° TIOROA R/W  H'00 H'FFFF8281 8 hits
Interval interrupt request ITVRR R/W  HO00 H'FFFF8282 8 bits
register
Timer status register AH TSRAH R/(W)** H'00 H'FFFF8283 8 hits
Timer interrupt enable TIERA R/W  H00 H'FFFF8284 8 bits
register A
Timer status register AL TSRAL R/(W)** H'00 H'FFFF8285 8 bits
Free-running counter OH TCNTOH R/W  H0000 H'FFFF8288 32 bits
Free-running counter OL TCNTOL R/W  H'0000
Input capture register OAH  ICROAH R H'0000 H'FFFF828C 32 bits
Input capture register OAL ICROAL R H'0000
Input capture register OBH ICROBH R H'0000 H'FFFF8290 32 bits
Input capture register OBL ICROBL R H'0000
Input capture register OCH ICROCH R H'0000 H'FFFF8294 32 bits
Input capture register OCL ICROCL R H'0000
Input capture register ODH ICRODH R H'0000 H'FFFF8298 32 bits
Input capture register ODL ICRODL R H'0000
1 Timer control register 1 TCR1 R/W  H'00 H'FFFF82CO 8 bits 16 bits
Timer 1/O control register 1A TIOR1IA R/W  H'00 H'FFFF82C1 8 hits
Timer 1/O control register 1B TIOR1B R/W  H'00 H'FFFF82C2 8 hits 16 bits
Timer I/O control register 1C TIOR1C R/W  H'00 H'FFFF82C3 8 bits
Timer interrupt enable TIERB R/W  H00 H'FFFF82C4 8 hits
register B
Timer status register B TSRB RI(W)** H'00 H'FFFF82C5 8 hits
Free-running counter 1 TCNT1 R/W  H'0000 H'FFFF82DO0 16 bits
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Abbrevia- Initial

Channel Name tion R/W  Value Address Access Size

1 General register 1A GR1A R/W  HFFFF HFFFF82D2 16 bits
General register 1B GR1B R/W  HFFFF HFFFF82D4 16 bits
General register 1C GR1C R/W  HFFFF HFFFF82D6 16 bhits
General register 1D GR1D R/W  HFFFF HFFFF82D8 16 bits
General register 1E GR1E R/W  H'FFFF HFFFF82DA 16 bhits
General register 1F GR1F R/W  HFFFF HFFFF82DC 16 bits
Offset base register OSBR R H'0000 H'FFFF82DE 16 bits

2 Timer control register 2 TCR2 R/W  H'00 H'FFFF82C6 8 bits 16 bits
Timer 1/O control register 2A TIOR2A R/W  H'00 H'FFFF82C7 8 hits
Timer interrupt enable TIERC R/W  HO00 H'FFFF82C8 8 bits
register C
Timer status register C TSRC RI(W)** H'00 H'FFFF82C9 8 hits
Free-running counter 2 TCNT2 R/W  H0000 HFFFF82CA 16 bits
General register 2A GR2A R/W  HFFFF HFFFF82CC 16 hits
General register 2B GR2B R/W  HFFFF HFFFF82CE 16 bits

3-5 Timer mode register TMDR R/W  H'00 H'FFFF8200 8 hits
Timer interrupt enable TIERDH R/W  H00 H'FFFF8202 8 bits
register DH
Timer status register DH TSRDH  R/(W)** H'00 H'FFFF8203 8 hits
Timer interrupt enable TIERDL R/W  H00 H'FFFF8204 8 bits
register DL
Timer status register DL TSRDL R/(W)** H'00 H'FFFF8205 8 hits

3 Timer I/O control register 3A TIOR3A R/W  H'00 H'FFFF8208 8 bits 16 bits
Timer 1/O control register 3B TIOR3B R/W  H'00 H'FFFF8209 8 hits
Free-running counter 3 TCNT3 R/W  H0000 HFFFF820E 16 bits
General register 3A GR3A R/W  HFFFF HFFFF8210 16 hits
General register 3B GR3B R/W  HFFFF HFFFF8212 16 bits
General register 3C GR3C R/W  HFFFF HFFFF8214 16 bits
General register 3D GR3D R/W  HFFFF HFFFF8216 16 bhits
Timer control register 3 TCR3 R/W  H'00 H'FFFF8206 8 bits 16 bits

4 Timer control register 4 TCR4 R/W  H'00 H'FFFF8207 8 hits

Rev. 5.00 Jan 06, 2006 page 213 of 818

RENESAS

REJ09B0273-0500



Section 10 Advanced Timer Unit (ATU)

Abbrevia- Initial
Channel Name tion R/W  Value Address Access Size
4 Timer I/O control register 4A TIOR4A R/W  H'00 H'FFFF820A 8 bits 16 bits
Timer I/O control register 4B TIOR4B R/W  H'00 H'FFFF820B 8 bits
Free-running counter 4 TCNT4 R/W  H'0000 H'FFFF8218 16 bits
General register 4A GR4A R/W  HFFFF HFFFF821A 16 bits
General register 4B GR4B R/W  HFFFF HFFFF821C 16 hits
General register 4C GR4C R/W  HFFFF HFFFF821E 16 bits
General register 4D GR4D R/W  HFFFF HFFFF8220 16 hits
5 Timer control register 5 TCR5 R/W  H'00 H'FFFF820C 8 bits 16 bits
Timer 1/O control register 5A TIOR5A R/W  H'00 H'FFFF820D 8 hits
Free-running counter 5 TCNT5 R/W  H0000 HFFFF8222 16 bits
General register 5A GR5A R/W  HFFFF HFFFF8224 16 bhits
General register 5B GR5B R/W  HFFFF HFFFF8226 16 bits
6-9 Timer interrupt enable TIERE R/W  H00 H'FFFF8240 8 bits
register E
Timer status register E TSRE R/(W)** H'00 H'FFFF8241 8 bits
6 Free-running counter 6 TCNT6 R/W  H'0001 H'FFFF8246 16 bits
Cycle register 6 CYLR6 R/W  HFFFF HFFFF8248 16 bits
Buffer register 6 BFR6 R/W  HFFFF HFFFF824A 16 bits
Duty register 6 DTR6 R/W  HFFFF HFFFF824C 16 bits
Timer control register 6 TCR6 R/W  H'00 H'FFFF8243 8 bits 16 bits
7 Timer control register 7 TCR7 R/W  H'00 H'FFFF8242 8 hits
Free-running counter 7 TCNT7 R/W  H0001 HFFFF824E 16 bits
Cycle register 7 CYLR7 R/W  H'FFFF HFFFF8250 16 bhits
Buffer register 7 BFR7 R/W  HFFFF HFFFF8252 16 bits
Duty register 7 DTRY R/W  HFFFF HFFFF8254 16 bits
8 Free-running counter 8 TCNT8 R/W  H0001 HFFFF8256 16 bits
Cycle register 8 CYLR8 R/W  HFFFF HFFFF8258 16 bhits
Buffer register 8 BFRS8 R/W  HFFFF HFFFF825A 16 bits
Duty register 8 DTRS8 R/W  HFFFF HFFFF825C 16 bits
Timer control register 8 TCR8 R/W  H'00 H'FFFF8245 8 hits 16 bits
9 Timer control register 9 TCR9 R/W  H'00 H'FFFF8244 8 bits
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Abbrevia- Initial

Channel Name tion R/W  Value Address Access Size

9 Free-running counter 9 TCNT9 R/W  H0001 HFFFF825E 16 bits
Cycle register 9 CYLR9 R/W  HFFFF HFFFF8260 16 bits
Buffer register 9 BFR9 R/W  H'FFFF HFFFF8262 16 hits
Duty register 9 DTR9 R/W  H'FFFF HFFFF8264 16 bits

10 Timer control register 10 TCR10 R/W  H'00 H'FFFF82EQO 8 hits 16 bits
Timer connection register ~ TCNR R/W  H'00 H'FFFF82E1 8 bits
Timer interrupt enable TIERF R/W  H00 H'FFFF82E2 8 hits
register F
Timer status register F TSRF R/(W)** H'00 H'FFFF82E3 8 bits
Down-count start register DSTR RI(W)*? H'00 H'FFFF82E5 8 hits
Down-counter 10A DCNT10A R/W  HFFFF H'FFFF82F0 16 bits
Down-counter 10B DCNT10B R/W  HFFFF H'FFFF82F2 16 bits
Down-counter 10C DCNT10C R/W  HFFFF H'FFFF82F4 16 bits
Down-counter 10D DCNT10D R/W  HFFFF H'FFFF82F6 16 bits
Down-counter 10E DCNT10E R/W  HFFFF H'FFFF82F8 16 bits
Down-counter 10F DCNT10F R/W  HFFFF H'FFFF82FA 16 bits
Down-counter 10G DCNT10G R/W  HFFFF H'FFFF82FC 16 bits
Down-counter 10H DCNT10H R/W  HFFFF H'FFFF82FE 16 bits

Notes: 1. Only O can be written after reading 1, to clear flags.
2. Only 1 can be written, to set flags.

8-bit registers, and 16-bit registers and counters, are accessed in two cycles, but since the
data bus is 16 bits wide, 32-hit registers and counters are accessed in four cycles.
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10.2 Register Descriptions

1021 Timer Start Register (TSTR)
Thetimer start register (TSTR) isa 16-bit register. The ATU has one TSTR register.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘STRQ‘STRB‘STR?‘STRG‘STRS‘STR4‘STR3‘STRZ‘STRl‘STRO‘

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 RWRMWRWRWRW RW RW RW R/W R/W

TSTR isa16-bit readable/writable register that starts and stops the free-running counter (TCNT)
in channels0to 9.

TSTRisinitialized to H'0000 by a power-on reset, and in hardware standby mode and software
standby mode.

Bits 15 to 10—Reserved: These bits are always read as 0, and should only be written with O.

Bit 9—Counter Start 9 (STR9): Starts and stops free-running counter 9 (TCNT9).

Bit 9:

STR7 Description

0 TCNT9 is halted (Initial value)
1 TCNT9 counts

Bit 8—Counter Start 8 (STR8): Starts and stops free-running counter 8 (TCNTS8).

Bit 8:

STR8 Description

0 TCNTS8 is halted (Initial value)
1 TCNT8 counts
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Bit 7—Counter Start 7 (STR7): Starts and stops free-running counter 7 (TCNT7).

Bit 7:

STR7 Description

0 TCNT7 is halted (Initial value)
1 TCNT7 counts

Bit 6—Counter Start 6 (STR6): Starts and stops free-running counter 6 (TCNT6).

Bit 6: Description

STR6

0 TCNT6 is halted (Initial value)
1 TCNT6 counts

Bit 5—Counter Start 5 (STR5): Starts and stops free-running counter 5 (TCNT5).

Bit 5:

STR5 Description

0 TCNT5 is halted (Initial value)
1 TCNTS5 counts

Bit 4—Counter Start 4 (STR4): Starts and stops free-running counter 4 (TCNT4).

Bit 4:

STR4 Description

0 TCNT4 is halted (Initial value)
1 TCNT4 counts

Bit 3—Counter Start 3 (STR3): Starts and stops free-running counter 3 (TCNT3).

Bit 3:

STR3 Description

0 TCNT3 is halted (Initial value)
1 TCNT3 counts
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Bit 2—Counter Start 2 (STR2): Starts and stops free-running counter 2 (TCNT2).

Bit 2:

STR2 Description

0 TCNT2 is halted (Initial value)
1 TCNT2 counts

Bit 1—Counter Start 1 (STR1): Starts and stops free-running counter 1 (TCNT1).

Bit 1:

STR1 Description

0 TCNT1 is halted (Initial value)
1 TCNT1 counts

Bit 0—Counter Start 0 (STRO0): Starts and stops free-running counter 0 (TCNTO).

Bit O:

STRO Description

0 TCNTO is halted (Initial value)
1 TCNTO counts

10.2.2 Timer Mode Register (TMDR)

The timer mode register (TMDR) is an 8-bit register. The ATU has one TDR register.

Bit: 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ T5PWN ‘ T4PWN ‘ T3PWN ‘
Initial value: 0 0 0 0 0 0 0 0
RIW: R R R R R RIW RIW RIW

TMDR is an 8-bit readable/writable register that specifies whether channels3to 5 areused in
input capture/output compare mode or PWM mode.

TMDR isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.

Bits 7 to 3—Reserved: These bits are dways read as 0, and should only be written with O.
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Bit 2—PWM Mode 5 (T5PWM): Selects whether channel 5 operatesin input capture/output
compare mode or PWM mode.

Bit 2:

T5PWM Description

0 Channel 5 operates in input capture/output compare mode (Initial value)
1 Channel 5 operates in PWM mode

When bit TSPWM is set to 1 to select PWM mode, pin TIOA5 becomes a PWM output pin,
general register 5B (GR5B) functions as a cycle register, and general register 5A (GR5A) asa
duty register.

Bit 1—PWM Mode 4 (T4PWM): Selects whether channel 4 operatesin input capture/output
compare mode or PWM mode.

Bit 1:

T4PWM Description

0 Channel 4 operates in input capture/output compare mode (Initial value)
1 Channel 4 operates in PWM mode

When bit TAPWM is set to 1 to select PWM mode, pins TIOA4 to TIOC4 become PWM output
pins, general register 4D (GR4D) functions as a cycle register, and general registers 4A to 4C
(GRA4A to GRAC) as duty registers.

Bit 0—PWM Mode 3 (T3PWM): Selects whether channel 3 operatesin input capture/output
compare mode or PWM mode.

Bit O:

T3PWM Description

0 Channel 3 operates in input capture/output compare mode (Initial value)
1 Channel 3 operates in PWM mode

When bit T3PWM is set to 1 to select PWM mode, pins TIOA3 to TIOC3 become PWM output
pins, general register 3D (GR3D) functions as a cycle register, and general registers 3A to 3C
(GR3A to GR3C) as duty registers.
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10.2.3  Prescaler Register 1 (PSCR1)

Prescaler register 1 (PSCR1) is an 8-bit register. The ATU has one PSCRL1 register.

Bitt 7 6 5 4 3 2 1 0

\ — \ — \ — \ PSCE \ PSCD \ PSCC \ PSCB \ PSCA \
Initial value: 0 0 0 0 0 0 0 0
RW: R R R RW RW RW RW  RW

PSCR1 is an 8-bit readable/writable register that enables the first-stage counter clock ¢ input to
each free-running counter (TCNTO to TCNT9) and down-counter (DCNT10A to DCNT10H) to be
set to any value from @/1 to @/32.

Input counter clock ¢ is determined by setting PSCA to PSCE: ¢ is ¢/1 when the set valueis
H'00, and @/32 when H'1F.

PSCRL1 isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.

Theinternal clock ¢ set with thisregister can undergo further second-stage scaling to create clock
@' for channels 1 to 10, the setting being made in the timer control register (TCR).
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10.24 Timer Control Registers(TCR)

The timer control registers (TCR) are 8-bit registers. The ATU has ten TCR registers. one for each
channel.

Channel Abbreviation Function
1 TCR1 Internal clock/external clock selection
2 TCR2 When internal clock is selected: Further scaling of clock ¢ scaled
3 TCR3 with PSCR1, to create ¢"'
When external clock is selected: Selection of 2 external clocks,
4 TCR4 . .
selection of input edge
5 TCR5
6 TCR6 Further scaling of clock ¢ scaled with PSCR1, to create ¢'
7 TCR7 (internal clock only)
8 TCR8
9 TCR9
10 TCR10 Further scaling of clock ¢ scaled with PSCR1, to create ¢'

(internal clock only)

Each TCR is an 8-bit readable/writable register that selects whether an internal clock or external
clock isused for channels 1 to 5.

When an internal clock is selected, TCR selects the value of @' further scaled from clock ¢ scaled
with prescaler register 1 (PSCR1). Scaled clock @' can be selected, for channels 1 to 10 only, from
@, @12, ¢l4, /8, @¢/16, and @/32 (only ¢ isavailable for channel 0). Edge detection is performed

on the rising edge.

When an external clock is selected (channels 1 to 5 only), TCR selects whether TCLKA or
TCLKB isused, and also performs edge selection.

Each TCRisinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.
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Timer Control Registers1to 5 (TCR1to TCR5)

Bitt 7 6 5 4 3 2 1 0
\ — \ — \ CKEG1 \ CKEGO \ — ‘CKSELZ‘CKSELl‘CKSELO‘
Initial value: 0 0 0 0 0 0 0 0
RW: R R RW  RMW R RW  RW  RW

Bits 7 and 6—Reserved: These hits are always read as 0, and should only be written with 0.

Bits5 and 4—Clock Edge 1 and 0 (CKEG1, CKEGO): These bits select external clock input
edges when an external clock is used.

Bit 5: Bit 4:

CKEG1 CKEGO Description

0 0 Rising edges counted (Initial value)
1 Falling edges counted

1 0 Both rising and falling edges counted
1 External clock count disabled

Bit 3—Reserved: Thishit isawaysread as 0, and should only be written with O.

Bits2to 0—Clock Select 2to 0 (CKSEL2 to CKSELO0): These bits select whether an internal
clock or external clock is used.

When an internal clock is selected, scaled clock @' is selected from @, @/2, @/4, @/8, @/16, and
@/32.

When an external clock is selected, either TCLKA or TCLKB is selected.
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Bit 2: Bit 1: Bit O:
CKSEL2 CKSEL1 CKSELO Description
0 0 0 Internal clock ¢": counting on ¢@ (Initial value)
1 Internal clock ¢'": counting on /2
1 0 Internal clock ¢@': counting on @/4
1 Internal clock ¢": counting on ¢/8
1 0 0 Internal clock @": counting on @/16
1 Internal clock @'": counting on /32
1 0 External clock: counting on TCLKA pin input
1 External clock: counting on TCLKB pin input

Timer Control Registers6to 9 (TCR6to TCR9)

Bitt 7 6 5 4 3 2 1 0
\ — \ — \ — \ — \ — \ CKSEL2 \ CKSEL1 \ CKSELO \
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R RW  RW  RMW

Bits 7 to 3—Reserved: These bits are dways read as 0, and should only be written with O.

Bits 2to 0—Clock Select 2to0 0 (CKSEL 2 to CKSEL0): These hits select clock @', scaled from
the internal clock source, from ¢, @/2, @/4, @/8, ¢/16, and @/32.

Bit 2: Bit 1: Bit O:
CKSEL2 CKSEL1 CKSELO Description
0 0 0 Internal clock ¢": counting on ¢@ (Initial value)
1 Internal clock ¢'": counting on /2
1 0 Internal clock ¢@': counting on @/4
1 Internal clock ¢": counting on ¢/8
1 0 0 Internal clock @': counting on @/16
1 Internal clock @'": counting on /32
1 0 Cannot be set
1 Cannot be set
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Timer Control Register 10 (TCR10)

Bit: 7 6 5 4 3 2 1 0
— CKSEL | CKSEL | CKSEL — CKSEL | CKSEL | CKSEL
2A 1A 0A 2B 1B 0B
Initial value: 0 0 0 0 0 0 0 0
R/W: R R/W R/W R/W R R/W R/W R/W

Bit 7—Reserved: Thisbit isawaysread as 0, and should only be written with 0.

Bits 6 to 4—Clock Select 2A to OA (CKSEL 2A to CKSELOA): These hits select clock ¢,
scaled from the internal clock source, for DCNT10A to DCNT10F in channel 10, from ¢, @/2,
@/4, @/8, @/16, and @/32. DCNT10A to DCNT10F all count on the same synchronous clock.

Bit 6: Bit 5: Bit 4:
CKSEL2A CKSEL1A CKSELOA Description
0 0 0 Internal clock @'": counting on ¢ (Initial value)
1 Internal clock ¢'": counting on /2
1 0 Internal clock ¢@': counting on @/4
1 Internal clock ¢": counting on ¢/8
1 0 0 Internal clock @': counting on @/16
1 Internal clock @'": counting on /32
1 0 Cannot be set
1 Cannot be set

Bit 3—Reserved: Thisbit isawaysread as 0, and should only be written with O.
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Bits 2 to 0—Clock Select 2B to OB (CK SEL 2B to CK SEL0B): These bits select clock ¢, scaled
from the internal clock source, for DCNT10G and DCNT10H in channel 10, from @, @/2, @/4,
@/8, ¢/16, and @/32. DCNT10G and DCNT10H count on the same synchronous clock.

Bit 2: Bit 1: Bit O:
CKSEL2B CKSEL1B CKSELOB Description
0 0 0 Internal clock @': counting on ¢ (Initial value)
1 Internal clock ¢'": counting on /2
1 0 Internal clock @@': counting on @/4
1 Internal clock ¢": counting on @/8
1 0 0 Internal clock @': counting on @/16
1 Internal clock @'": counting on /32
1 0 Cannot be set
1 Cannot be set

10.25 Timer I/O Control Registers(TIOR)

Thetimer 1/0 control registers (TIOR) are 8-hit registers. The ATU hasten TIOR registers, one
for channel 0, three for channel 1, one for channel 2, two each for channels 3 and 4, and one for
channel 5.

Channel Abbreviation Function

0 TIOROA ICRO and OSBR edge detection setting

1 TIOR1A, GR1 and GR2 input capture/compare-match switching, edge
TIOR1B, detection/output value setting
TIOR1C
TIOR2A
TIOR3A, GR3 to GR5 input capture/compare-match switching, edge
TIOR3B detection/output value setting, TCNT3 to TCNT5 clear

4 TIOR4A enable/disable setting
TIOR4B

5 TIOR5A

Each TIOR is an 8-bit readable/writable register used to select the functions of dedicated input
capture registers and general registers.

For dedicated input capture registers (ICR), TIOR performs edge detection setting.

Rev. 5.00 Jan 06, 2006 page 225 of 818
REJ09B0273-0500
RENESAS



Section 10 Advanced Timer Unit (ATU)

For general registers (GR), TIOR selects use as an input capture register or output compare
register, and performs edge detection setting. For channels 3to 5, TIOR also selects enabling or
disabling of free-running counter (TCNT) clearing.

Each TIOR isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.
Timer 1/O Control Register OA (TIORO0A)

Timer 1/0O control register OA (TIOROA) is an 8-hit register. Channel 1 has one TIOR register.

Bit: 7 6 5 4 3 2 1 0
\ I00D1 \ 100D0 \ 100C1 \ 100C0 \ |00B1 \ I00B0 \ I00AL \ I00A0 \
Initial value: 0 0 0 0 0 0 0 0

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

TIOROA specifies edge detection for input capture registers ICROA to |CROD.

Bits 7 and 6—I1/0 Control 0D1 and 0DO (100D1, I0O0D0): These bits select input capture
register OD (ICROD) edge detection.

Bit 7: Bit 6:

I00D1 100D0 Description

0 0 Input capture disabled (Initial value)
1 Input capture in ICROD on rising edge

1 0 Input capture in ICROD on falling edge
1 Input capture in ICROD on both rising and falling edges

Bits 5 and 4—I1/O Control 0C1 and 0CO (I00C1, I00CO0): These hits select input capture
register OC (ICROC) edge detection.

Bit 5: Bit 4:

I00C1 100C0 Description

0 0 Input capture disabled (Initial value)
1 Input capture in ICROC on rising edge

1 0 Input capture in ICROC on falling edge
1 Input capture in ICROC on both rising and falling edges
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Bits 3 and 2—I1/O Control 0B1 and 0BO (I00B1, 100B0): These bits select input capture
register OB (ICROB) edge detection.

Bit 3: Bit 2:

100B1 100B0O Description

0 0 Input capture disabled (Initial value)
1 Input capture in ICROB on rising edge

1 0 Input capture in ICROB on falling edge
1 Input capture in ICROB on both rising and falling edges

Bits 1 and 0—I/O Control 0A1 and 0OAO (I00A1, IO0AQ): These bits select input capture
register OA (ICROA) and offset base register (OSBR) edge detection.

Bit 1: Bit O:

IO0A1 I00A0 Description

0 0 Input capture disabled (Initial value)
1 Input capture in ICROA on rising edge

1 0 Input capture in ICROA on falling edge
1 Input capture in ICROA on both rising and falling edges

Rev. 5.00 Jan 06, 2006 page 227 of 818
REJ09B0273-0500

RENESAS



Section 10 Advanced Timer Unit (ATU)

Timer I/O Control Registers 1A to 1C and 2A (TIOR1A to TIOR1C, TIOR2A)

Timer 1/0O control register 1A to 1C and 2A (TIOR1A to TIOR1C, TIOR2A) are 8-hit registers.
There are four TIOR registers, three for timer 1 and one for timer 2.

TIOR1A
Bitt 7 6 5 4 3 2 1 0
\ — \ 101B2 \ 101B1 \ 101B0 \ — \ I01A2 \ I01A1 \ I01A0 \
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW  RMW R RW  RW  RW
TIOR1B
Bitt 7 6 5 4 3 2 1 0
\ — \ 101D2 \ 101D1 \ 101D0 \ — \ 101C2 \ l01C1 \ 101C0 \
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW  RMW R RW  RW  RW
TIOR1C
Bitt 7 6 5 4 3 2 1 0
\ — \ I01F2 \ IO1F1 \ I01F0 \ — \ I01E2 \ I01E1 \ I01E0 \
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW  RMW R RW  RW  RW

Registers TIOROA to TIORI1C specify whether general registers GR1A to GR1F are used as input
capture or compare-match registers, and also perform edge detection and output val ue setting.

Each TIOR isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.

TIOR2A
Bitt 7 6 5 4 3 2 1 0

\ — \ 10282 \ 10281 \ 10280 \ — \ 102A2 \ 102A1 \ 102A0 \
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW  RMW R RW  RW  RW

TIOR2A specifies whether general registers GR2A and GR2B are used as input capture or
compare-match registers, and also performs edge detection and output value setting.
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TIOR2A isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.

Bit 7—Reserved: Thisbit isawaysread as 0, and should only be written with O.

Bits6to 4—I/O Control 1B2to 1B0, 1D2 to 1DO0, 1F2 to 1F0, 2B2 to 2B0 (101B2 to | O1BO,
101D21t0101D0, IOF12to IO1F0, 102B2 to 102B0): These hits select the general register
(GR) function.

Bit 6: Bit 5: Bit 4:
IOxx2 10xx1  10xx0 Description

0 0 0 GR is an output 0 output regardless of compare-match
compare register (Initial value)
1 0 output on GR compare-match
1 0 1 output on GR compare-match
1 Toggle output on GR compare-match
1 0 0 GR is input capture Input capture disabled
1 register Input capture in GR on rising edge
1 0 Input capture in GR on falling edge
1 Input capture in GR on both rising and

falling edges

Bit 3—Reserved: Thishit isawaysread as 0, and should only be written with O.

Bits2to 0—I/O Control 1A2to 1A0, 1C2t0 1CO0, 1E2 to 1EQ, 2A2 to 2A0 (I01A2 to IO1A0,
I01C21t0101CO0, IO1E2to I01EQ, IO2A2to | O2A0): These bits select the general register
(GR) function.
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Bit 2: Bit 1: Bit O:
IOxx2 10xx1  10xx0 Description

0 0 0 GR is an output 0 output regardless of compare-match
compare register (Initial value)
1 0 output on GR compare-match
1 0 1 output on GR compare-match
1 Toggle output on GR compare-match
1 0 0 GR is input capture Input capture disabled
1 register Input capture in GR on rising edge
1 0 Input capture in GR on falling edge
1 Input capture in GR on both rising and

falling edges

Timer 1/0 Control Registers 3A, 3B, 4A, 4B, 5A (TIOR3A, TOOR3B, TIOR4A, TIOR4B,
TIOR5A)

Timer 1/O control registers 3A, 3B, 4A, 4B, and 5A (TIOR3A, TOOR3B, TIOR4A, TIOR4B,
TIOR5A) are 8-hit registers. There are five TIOR registers, two each for channels 3 and 4, and one
for channel 5.

TIOR3A
Bitt 7 6 5 4 3 2 1 0

\ CCI3B \ 103B2 \ 103B1 \ 103B0 \ CCI3A \ 103A2 \ I03A1 \ I03A0 \
Initial value: 0 0 0 0 0 0 0 0

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

TIOR3B
Bitt 7 6 5 4 3 2 1 0

\ CCI3D \ 103D2 \ 103D1 \ 103D0 \ cclI3C \ 103C2 \ 103C1 \ 103CO \
Initial value: 0 0 0 0 0 0 0 0

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

TIOR3A and TIOR3B are 8-hit readable/writable registers. When bit 0 of TMDR is 0O, they
specify whether general registers GR3A to GR3D are used as input capture or compare-match
registers, and also perform edge detection and output value setting. Also, when bit 0 of TMDR is
0, they select enabling or disabling of free-running counter (TCNT3) clearing.
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Each TIOR isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.

TIOR4A
Bitt 7 6 5 4 3 2 1 0

\ CCl4B \ 104B2 \ 104B1 \ 104B0 \ CCl4A \ 104A2 \ 104A1 \ 104A0 \
Initial value: 0 0 0 0 0 0 0 0

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

TIOR4B
Bitt 7 6 5 4 3 2 1 0

\ CCl4D \ 104D2 \ 104D1 \ 104D0 \ ccl4ac \ 104C2 \ 104C1 \ 104C0 \
Initial value: 0 0 0 0 0 0 0 0

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

TIOR4A and TIOR4B are 8-hit readable/writable registers. When bit 1 of TMDR is 0, they
specify whether general registers GR4A to GR4D are used as input capture or compare-match
registers, and also perform edge detection and output value setting. Also, when bit 1 of TMDR is
0, they select enabling or disabling of free-running counter (TCNT4) clearing.

Each TIOR isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.

TIOR5A
Bitt 7 6 5 4 3 2 1 0

\ CCI5B \ 10582 \ |05B1 \ 10580 \ CCI5A \ I05A2 \ I05A1 \ I05A0 \
Initial value: 0 0 0 0 0 0 0 0

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

TIORB5A is an 8-bit readable/writable register. When bit 2 of TMDRis 0, it specifies whether
general registers GR5A and GR5B are used as input capture or compare-match registers, and also
performs edge detection and output value setting. Also, when bit 2 of TMDR is 0, TIOR5A selects
enabling or disabling of free-running counter (TCNT5) clearing.

TIORBA isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.
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Bit 7—Clear Counter Enable Flag 3B, 3D, 4B, 4D, 5B (CCI 3B, CCI3D, CCl4B, CCl4D,
CCI5B): These bits select enabling or disabling of free-running counter (TCNT) clearing.

Bit 7:

CClxx Description

0 TCNT clearing disabled (Initial value)
1 TCNT cleared on GR compare-match

TCNT is cleared on compare-match only when GR is functioning as an output compare register.

Bits 6 to 4—I/O Control 3B2to 3B0, 3D2 to 3DO0, 4B2 to 4B0, 4D2 to 4D0, 5B2 to 5B0 (103B2
to 103B0, I03D2to 103D0, 104B2 to 104B0, 104D2 to 104D0, |05B2 to 105B0): These bits
select the general register (GR) function.

Bit 6: Bit 5: Bit 4:
10xx2 10xx1 10xx0 Description

0 0 0 GR is an output 0 output regardless of compare-match
compare register (Initial value)
1 0 output on GR compare-match
1 0 1 output on GR compare-match
1 Toggle output on GR compare-match
1 0 0 GR is input capture Input capture disabled
1 register Input capture in GR on rising edge
1 0 Input capture in GR on falling edge
1 Input capture in GR on both rising and

falling edges

Bit 3—Clear Counter Enable Flag 3A, 3C, 4A, 4C, 5A (CCI3A, CCI3C, CCI4A, CCl4C,
CCI5A): These bits select enabling or disabling of free-running counter (TCNT) clearing.

Bit 3:

CClxx Description

0 TCNT clearing disabled (Initial value)
1 TCNT cleared on GR compare-match

TCNT is cleared on compare-match only when GR is functioning as an output compare register.
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Bits2to 0—I/O Control 3A2to 3A0, 3C2t0 3CO0, 4A2t0 4A0, 4C2t0 4C0, 5A2 to 5A0
(I03A2t0 103A0, 103C21t0103C0, I04A2to 104A0, I04C2 to 104CO0, I05A2 to | O5A0):
These bits select the general register (GR) function.

Bit 2: Bit 1: Bit O:
10xx2 10xx1 10xx0 Description

0 0 0 GR is an output 0 output regardless of compare-match
compare register (Initial value)
1 0 output on GR compare-match
1 0 1 output on GR compare-match
1 Toggle output on GR compare-match
1 0 0 GR is input capture Input capture disabled
1 register Input capture in GR on rising edge
1 0 Input capture in GR on falling edge
1 Input capture in GR on both rising and

falling edges

10.26  Trigger Selection Register (TGSR)

The trigger selection register (TGSR) is an 8-hit register. The ATU has one TGSR register.

Bit: 7 6 5 4 3 2 1 0
\ — \ — \ — \ — \ — \ TRGOD \ — \ TRGOA \
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R/W R R/W

TGSR is an 8-bit readable/writable register that selects an input pin (TIOA, TIOD) or the
compare-match output signal (TGR1A) from the channel 1 general register (GR1A) as the channel
0 input capture register (ICROA, ICROD) input trigger.

TGSRisinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.

Bits 7 to 3—Reserved: These hits are always read as 0, and should only be written with O.
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Bit 2—ICROD Input Trigger (TRGOD): Selects whether a pin (TIOD) or the channel 1
compare-match signal (TRG1A) isto be used as the channel 0 input capture register (ICROD)
input trigger.

Bit 2:

TRGOD Description

0 Input pin (TIOD) used as input trigger (Initial value)
1 Channel 1 compare-match signal (TRG1A) used as input trigger

Bit 1—Reserved: Thishit isawaysread as 0, and should only be written with O.

Bit 0—ICROA Input Trigger (TRGOA): Selects whether apin (TIOA) or the channdl 1
compare-match signal (TRG1A) isto be used asthe channel 0 input capture register (ICROA)
input trigger.

Bit O:

TRGOA Description

0 Input pin (TIOA) used as input trigger (Initial value)
1 Channel 1 compare-match signal (TRG1A) used as input trigger
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10.2.7 Timer Status Registers(TSR)

The timer status registers (TSR) are 8-hit registers. The ATU has eight TSR registers: two for
channel 0, one each for channels 1 and 2, two for channels 3 to 5, one for channels 6 to 9, and one
for channel 10.

Channel Abbreviation Function

0 TSRAH, TSRAL Indicates input capture, interval interrupt, and overflow status.
1 TSRB Indicates input capture, compare-match, and overflow status

2 TSRC

3 TSRDH, TSRDL Indicates input capture, compare-match, and overflow status.
4

5

6 TSRE Indicates cycle register compare-match status

7

8

9

10 TSRF Indicates down-counter underflow status.

The TSR registers are 8-bit readable/writable registers containing flags that indicate free-running
counter (TCNT) overflow, channel O input capture or interval interrupt generation, general register
input capture or compare-match, channel 6 to 9 compare-matches, down-counter underflow.

Each flag is an interrupt source, and issues an interrupt request to the CPU if the interrupt is
enabled by the corresponding bit in the timer interrupt enable register (TIER).

Each TSR isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.
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Timer Status RegistersAH and AL (TSRAH, TSRAL)

TSRAH indicates the status of channel O interval interrupts.

Bitt 7 6 5 4 3 2 1 0
\ — \ — \ — \ — \ IIF3 \ IIF2 \ IIF1 \ IIFO \
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R RIW)* RIW)* RI(W)* RIW)*

Note: * Only 0 can be written, to clear the flag.

Bits 7 to 4—Reserved: These bits are dways read as 0, and should only be written with O.

Bit 3—Interval Interrupt Flag (I1 F3): Status flag that indicates the generation of an interval
interrupt.

Bit 3:

IIF3 Description

0 [Clearing condition] (Initial value)
When IIF3 is read while set to 1, then 0 is written in [IF3

1 [Setting condition]

When 1 is generated by AND of ITVE3 in ITVRR and bit 13 of TCNTOL

Bit 2—Interval Interrupt Flag (I1F2): Status flag that indicates the generation of an interval
interrupt.

Bit 2:

IIF2 Description

0 [Clearing condition] (Initial value)
When IIF2 is read while set to 1, then 0 is written in [IF2

1 [Setting condition]

When 1 is generated by AND of ITVE2 in ITVRR and bit 12 of TCNTOL
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Bit 1—Interval Interrupt Flag (11 F1): Status flag that indicates the generation of an interval
interrupt.

Bit 1:

IIF1 Description

0 [Clearing condition] (Initial value)
When IIF1 is read while set to 1, then 0 is written in IIF1

1 [Setting condition]

When 1 is generated by AND of ITVEL in ITVRR and bit 11 of TCNTOL

Bit 0—Interval Interrupt Flag (11 F0): Status flag that indicates the generation of an interval
interrupt.

Bit 0:

IIFO Description

0 [Clearing condition] (Initial value)
When IIFO0 is read while set to 1, then 0 is written in [IFO

1 [Setting condition]

When 1 is generated by AND of ITVEO in ITVRR and bit 10 of TCNTOL

TSRAL indicates the status of channel 0 input capture and overflow.

Bitt 7 6 5 4 3 2 1 0
\ — \ — \ — \ OVFO \ ICFOD \ ICFOC \ ICFOB \ ICFOA \

Initial value: 0 0 0 0 0 0 0 0
RW: R R R RAW)* RIW)* RIW)* RIW)* RIW)*

Note: * Only O can be written, to clear the flag.

Bits 7 to 5—Reserved: These bits are dwaysread as 0, and should only be written with O.

Bit 4—Overflow Flag (OVFO0): Status flag that indicates TCNTO overflow.
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Bit 4:

OVFO0 Description

0 [Clearing condition] (Initial value)
When OVFO is read while set to 1, then 0 is written in OVFO

1 [Setting condition]

When the TCNTO value overflows (from H'FFFFFFFF to H'00000000)

Bit 3—Input Capture Flag (ICFOD): Status flag that indicates ICROD input capture.

Bit 3:

ICFOD Description

0 [Clearing condition] (Initial value)
When ICFOD is read while set to 1, then 0 is written in ICFOD

1 [Setting condition]

When the TCNTO value is transferred to the input capture register (ICROD) by an input
capture signal

Bit 2—Input Capture Flag (ICFOC): Status flag that indicates ICROC input capture.

Bit 2:

ICFOC Description

0 [Clearing condition] (Initial value)
When ICFOC is read while set to 1, then 0 is written in ICFOC

1 [Setting condition]

When the TCNTO value is transferred to the input capture register (ICROC) by an input
capture signal

Bit 1—Input Capture Flag (ICFO0B): Status flag that indicates | CROB input capture.

Bit 1:

ICFOB Description

0 [Clearing condition] (Initial value)
When ICFOB is read while set to 1, then 0 is written in ICFOB

1 [Setting condition]

When the TCNTO value is transferred to the input capture register (ICR0OB) by an input
capture signal
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Bit 0—Input Capture Flag (ICFO0A): Status flag that indicates ICROA input capture.

Bit O:

ICFOA Description

0 [Clearing condition] (Initial value)
When ICFOA is read while set to 1, then O is written in ICFOA

1 [Setting condition]

When the TCNTO value is transferred to the input capture register (ICR0OA) by an input
capture signal

Timer Status Register B (TSRB)

TSRB indicates the status of channel 1 input capture, compare-match, and overflow.

Bit: 7 6 5 4 3 2 1 0
\ — \ OVF1 \ IMF1F \ IMF1E \ IMF1D \ IMF1C \ IMF1B \ IMF1A \
Initial value: 0 0 0 0 0 0 0 0

R/W: R R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)*
Note: * Only 0 can be written, to clear the flag.

Bit 7—Reserved: Thisbit isaways read as 0, and should only be written with O.

Bit 6—Overflow Flag (OVF1): Status flag that indicates TCNT1 overflow.

Bit 6:

OVF1 Description

0 [Clearing condition]) (Initial value)
When OVF1 is read while set to 1, then 0 is written in OVF1

1 [Setting condition]

When the TCNT1 value overflows (from H'FFFF to H'0000)
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Bit 5—Input Capture/Compare-Match Flag (IMF1F): Status flag that indicates GR1F input
capture or compare-match.

Bit 5:

IMF1F Description

0 [Clearing condition] (Initial value)
When IMF1F is read while set to 1, then 0 is written in IMF1F

1 [Setting conditions]

¢ When the TCNT1 value is transferred to GR1F by an input capture signal while
GRL1F is functioning as an input capture register

*«  When TCNT1 = GR1F while GR1F is functioning as an output compare register

Bit 4—Input Capture/Compare-Match Flag (IMF1E): Status flag that indicates GR1E input
capture or compare-match.

Bit 4:

IMF1E Description

0 [Clearing condition] (Initial value)
When IMF1E is read while set to 1, then 0 is written in IMF1E

1 [Setting conditions]

¢ When the TCNT1 value is transferred to GR1E by an input capture signal while
GRL1E is functioning as an input capture register

*  When TCNT1 = GR1E while GR1E is functioning as an output compare register

Bit 3—Input Capture/Compare-Match Flag (IMF1D): Status flag that indicates GR1D input
capture or compare-match.

Bit 3:

IMF1D Description

0 [Clearing condition] (Initial value)
When IMF1D is read while set to 1, then 0 is written in IMF1D

1 [Setting conditions]

e When the TCNTL1 value is transferred to GR1D by an input capture signal while
GR1D is functioning as an input capture register

¢« When TCNT1 = GR1D while GR1D is functioning as an output compare register
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Bit 2—Input Capture/Compare-Match Flag (IMF1C): Status flag that indicates GR1C input
capture or compare-match.

Bit 2:

IMF1C Description

0 [Clearing condition] (Initial value)
When IMF1C is read while set to 1, then 0 is written in IMF1C

1 [Setting conditions]

¢ When the TCNT1 value is transferred to GR1C by an input capture signal while
GRI1C is functioning as an input capture register

*  When TCNT1 = GR1C while GR1C is functioning as an output compare register

Bit 1—Input Capture/Compare-Match Flag (IMF1B): Status flag that indicates GR1B input
capture or compare-match.

Bit 1:

IMF1B Description

0 [Clearing condition] (Initial value)
When IMF1B is read while set to 1, then 0 is written in IMF1B

1 [Setting conditions]

« When the TCNT1 value is transferred to GR1B by an input capture signal while
GR1B is functioning as an input capture register

*«  When TCNT1 = GR1B while GR1B is functioning as an output compare register

Bit 0—Input Capture/Compare-Match Flag (IMF1A): Status flag that indicates GR1A input
capture or compare-match.

Bit O:

IMF1A Description

0 [Clearing condition] (Initial value)
When IMF1A is read while set to 1, then 0 is written in IMF1A

1 [Setting conditions]

e When the TCNTL1 value is transferred to GR1A by an input capture signal while
GR1A is functioning as an input capture register

< When TCNT1 = GR1A while GR1A is functioning as an output compare register
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Timer Status Register C (TSRC)

TSRC indicates the status of channel 2 input capture, compare-match, and overflow.

Bit: 7 6 5 4 3 2 1 0
\ — \ — \ — \ — \ — \ OVF2 \ IMF2B \ IMF2A \
Initial value: 0 0 0 0 0 0 0 0
RIW: R R R R R RIW)*  RIW)* R/(W)*
Note: * Only 0 can be written, to clear the flag.

Bits 7 to 3—Reserved: These bits are dways read as 0, and should only be written with O.

Bit 2—Overflow Flag (OVF2): Status flag that indicates TCNT2 overflow.

Bit 2:

OVF2 Description

0 [Clearing condition] (Initial value)
When OVF2 is read while set to 1, then 0 is written in OVF2

1 [Setting condition]

When the TCNT2 value overflows (from H'FFFF to H'0000)

Bit 1—Input Capture/Compare-Match Flag (IM F2B): Status flag that indicates GR2B input
capture or compare-match.

Bit 1:

IMF2B Description

0 [Clearing condition] (Initial value)
When IMF2B is read while set to 1, then 0 is written in IMF2B

1 [Setting conditions]

« When the TCNT2 value is transferred to GR2B by an input capture signal while
GR2B is functioning as an input capture register

*  When TCNT2 = GR2B while GR2B is functioning as an output compare register
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Bit 0—Input Capture/Compare-Match Flag (IMF2A): Status flag that indicates GR2A input
capture or compare-match.

Bit 0:

IMF2A Description

0 [Clearing condition] (Initial value)
When IMF2A is read while set to 1, then 0 is written in IMF2A

1 [Setting conditions]

« When the TCNT2 value is transferred to GR2A by an input capture signal while
GR2A is functioning as an input capture register

*  When TCNT2 = GR2A while GR2A is functioning as an output compare register

Timer Status Registers DH and DL (TSRDH, TSRDL)

TSRDH indicates the status of channel 3 input capture, compare-match, and overflow.

Bitt 7 6 5 4 3 2 1 0
\ — \ — \ — \ OVF3 \ IMF3D \ IMF3C \ IMF3B \ IMF3A \
Initial value: 0 0 0 0 0 0 0 0
RW: R R R RIAW)* RIW)* RIW)* R/(W)* RIW)*

Note: * Only 0 can be written, to clear the flag.

Bits 7 to 5—Reserved: These bits are dways read as 0, and should only be written with O.

Bit 4—Overflow Flag (OVF3): Status flag that indicates TCNT3 overflow.

Bit 4:

OVF3 Description

0 [Clearing condition] (Initial value)
When OVF3 is read while set to 1, then 0 is written in OVF3

1 [Setting condition]

When the TCNT3 value overflows (from H'FFFF to H'0000)
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Bit 3—Input Capture/Compare-Match Flag (IMF3D): Status flag that indicates GR3D input
capture or compare-match.

Bit 3:

IMF3D Description

0 [Clearing condition] (Initial value)
When IMF3D is read while set to 1, then 0 is written in IMF3D

1 [Setting conditions]

¢ When the TCNT3 value is transferred to GR3D by an input capture signal while
GR3D is functioning as an input capture register

e When TCNT3 = GR3D while GR3D is functioning as an output compare register

Bit 2—Input Capture/Compare-Match Flag (IMF3C): Status flag that indicates GR3C input
capture or compare-match.

Bit 2:

IMF3C Description

0 [Clearing condition] (Initial value)
When IMF3C is read while set to 1, then 0 is written in IMF3C

1 [Setting conditions]

¢ When the TCNT3 value is transferred to GR3C by an input capture signal while
GR3C is functioning as an input capture register

*  When TCNT3 = GR3C while GR3C is functioning as an output compare register

Bit 1—Input Capture/Compare-Match Flag (IMF3B): Status flag that indicates GR3B input
capture or compare-match.

Bit 1:

IMF3B Description

0 [Clearing condition]) (Initial value)
When IMF3B is read while set to 1, then 0 is written in IMF3B

1 [Setting conditions]

e When the TCNT3 value is transferred to GR3B by an input capture signal while
GR3B is functioning as an input capture register

< When TCNT3 = GR3B while GR3B is functioning as an output compare register
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Bit 0—Input Capture/Compare-Match Flag (IMF3A): Status flag that indicates GR3A input
capture or compare-match.

Bit 0:

IMF3A Description

0 [Clearing condition] (Initial value)
When IMF3A is read while set to 1, then O is written in IMF3A

1 [Setting conditions]

« When the TCNT3 value is transferred to GR3A by an input capture signal while
GR3A is functioning as an input capture register

*  When TCNT3 = GR3A while GR3A is functioning as an output compare register

TSRDL indicates the status of channel 4 and 5 input capture, compare-match, and overflow.

Bit: 7 6 5 4 3 2 1 0
\ OVF4 \ IMF4D \ IMF4C \ IMF4B \ IMF4A \ OVF5 \ IMF5B \ IMF5A \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)*
Note: * Only 0 can be written, to clear the flag.

Bit 7—Overflow Flag (OVF4): Statusflag that indicates TCNT4 overflow.

Bit 7:

OVF4 Description

0 [Clearing condition] (Initial value)
When OVF4 is read while set to 1, then 0 is written in OVF4

1 [Setting condition]

When the TCNT4 value overflows (from H'FFFF to H'0000)
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Bit 6—Input Capture/Compare-Match Flag (IMF4D): Status flag that indicates GR4D input
capture or compare-match.

Bit 6:

IMF4D Description

0 [Clearing condition]) (Initial value)
When IMF4D is read while set to 1, then 0 is written in IMFAD

1 [Setting conditions]

¢ When the TCNT4 value is transferred to GR4D by an input capture signal while
GR4D is functioning as an input capture register

e When TCNT4 = GR4D while GR4D is functioning as an output compare register

Bit 5—Input Capture/Compare-Match Flag (IMF4C): Status flag that indicates GRAC input
capture or compare-match.

Bit 5:

IMF4C Description

0 [Clearing condition] (Initial value)
When IMFA4C is read while set to 1, then 0 is written in IMF4C

1 [Setting conditions]

« When the TCNT4 value is transferred to GR4C by an input capture signal while
GRA4C is functioning as an input capture register

e When TCNT4 = GR4C while GR4C is functioning as an output compare register

Bit 4—Input Capture/Compare-Match Flag (IM F4B): Status flag that indicates GR4B input
capture or compare-match.

Bit 4:

IMF4B Description

0 [Clearing condition] (Initial value)
When IMF4B is read while set to 1, then 0 is written in IMF4B

1 [Setting conditions]

e When the TCNT4 value is transferred to GR4B by an input capture signal while
GR4B is functioning as an input capture register

< When TCNT4 = GR4B while GR4B is functioning as an output compare register
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Bit 3—Input Capture/Compare-Match Flag (IMF4A): Status flag that indicates GR4A input
capture or compare-match.

Bit 3:

IMF4A Description

0 [Clearing condition] (Initial value)
When IMF4A is read while set to 1, then 0 is written in IMF4A

1 [Setting conditions]

«  When the TCNT4 value is transferred to GR4A by an input capture signal while
GRA4A is functioning as an input capture register

e When TCNT4 = GR4A while GR4A is functioning as an output compare register

Bit 2—Overflow Flag (OVF5): Statusflag that indicates TCNT5 overflow.

Bit 2:

OVF5 Description

0 [Clearing condition] (Initial value)
When OVF5 is read while set to 1, then 0 is written in OVF5

1 [Setting condition]

When the TCNT5 value overflows (from H'FFFF to H'0000)

Bit 1—Input Capture/Compare-Match Flag (IMF5B): Status flag that indicates GR5B input
capture or compare-match.

Bit 1:

IMF5B Description

0 [Clearing condition] (Initial value)
When IMF5B is read while set to 1, then 0 is written in IMF5B

1 [Setting conditions]

* When the TCNT5 value is transferred to GR5B by an input capture signal while
GR5B is functioning as an input capture register

< When TCNT5 = GR5B while GR5B is functioning as an output compare register
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Bit 0—Input Capture/Compare-Match Flag (IMF5A): Status flag that indicates GR5A input
capture or compare-match.

Bit O:

IMF5A Description

0 [Clearing condition] (Initial value)
When IMF5A is read while set to 1, then 0 is written in IMF5A

1 [Setting conditions]

« When the TCNT5 value is transferred to GR5A by an input capture signal while
GRb5A is functioning as an input capture register

e When TCNT5 = GR5A while GR5A is functioning as an output compare register

Timer Status Register E (TSRE)

TSRE indicates the status of channel 6 to 9 cycle register compare-matches.

Bit: 7 6 5 4 3 2 1 0
\ — \ CMF6 \ — \ CMF7 \ — \ CMF8 \ — \ CMF9 \
Initial value: 0 0 0 0 0 0 0 0

R/W: R R/(W)* R R/(W)* R R/(W)* R R/(W)*
Note: * Only 0 can be written, to clear the flag.
Bit 7—Reserved: Thisbit isawaysread as 0, and should only be written with O.

Bit 6—Cycle Register Compare-Match Flag (CMF6): Status flag that indicates CYLR6
compare-match.

Bit 6:
CMF6 Description
0 [Clearing conditions] (Initial value)
¢ When CMF6 is read while set to 1, then 0 is written in CMF6
¢ When cleared by the DMAC after data transfer when used as a
DMAC activation source
1 [Setting condition]

When TCNT6 = CYLR6

Rev. 5.00 Jan 06, 2006 page 248 of 818
REJ09B0273-0500
RENESAS



Section 10 Advanced Timer Unit (ATU)

Bit 5—Reserved: Thishit isawaysread as 0, and should only be written with O.

Bit 4—Cycle Register Compare-Match Flag (CMF7): Status flag that indicates CYLR7
compare-match.

Bit 4:

CMF7 Description

0 [Clearing condition]) (Initial value)
When CMF7 is read while set to 1, then 0 is written in CMF7

1 [Setting condition]

When TCNT7 = CYLR7

Bit 3—Reserved: Thisbit isawaysread as 0, and should only be written with O.

Bit 2—Cycle Register Compare-Match Flag (CMF8): Status flag that indicates CYLR8
compare-match.

Bit 2:

CMF8 Description

0 [Clearing condition] (Initial value)
When CMF8 is read while set to 1, then 0 is written in CMF8

1 [Setting condition]

When TCNT8 = CYLRS8

Bit 1—Reserved: Thisbit isawaysread as 0, and should only be written with O.

Bit 0—Cycle Register Compare-Match Flag (CMF9): Status flag that indicates CYLR9
compare-match.

Bit O:

CMF9 Description

0 [Clearing condition] (Initial value)
When CMF9 is read while set to 1, then 0 is written in CMF9

1 [Setting condition]

When TCNT9 = CYLR9
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Timer Status Register F (TSRF)

TSRF indicates the channel 10 one-shot pulse status.

Bt 7 6 5 4 3 2 1 0
\ OSF10H \ OSF10G \ OSF10F \ OSF10E \ OSF10D \ OSF10C \ OSF10B \ OSFlOA‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)*
Note: * Only 0 can be written, to clear the flag.

Bit 7—One-Shot Pulse Flag (OSF10H): Status flag that indicates a DCNT10H one-shot pulse.

Bit 7:

OSF10H  Description

0 [Clearing condition]) (Initial value)
When OSF10H is read while set to 1, then 0 is written in OSF10H

1 [Setting condition]

When the down-counter (DCNT10H) value underflows

Bit 6—0ne-Shot Pulse Flag (OSF10G): Status flag that indicates a DCNT10G one-shot pulse.

Bit 6:

OSF10G  Description

0 [Clearing condition] (Initial value)
When OSF10G is read while set to 1, then 0 is written in OSF10G

1 [Setting condition]

When the down-counter (DCNT10G) value underflows

Bit 5—0One-Shot Pulse Flag (OSF10F): Status flag that indicates a DCNT10F one-shot pulse.

Bit 5:

OSF10F Description

0 [Clearing condition] (Initial value)
When OSF10F is read while set to 1, then 0 is written in OSF10F

1 [Setting condition]

When the down-counter (DCNT10F) value underflows
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Bit 4—One-Shot Pulse Flag (OSF10E): Status flag that indicates a DCNT10E one-shot pulse.

Bit 4:

OSF10E  Description

0 [Clearing condition] (Initial value)
When OSF10E is read while set to 1, then 0 is written in OSF10E

1 [Setting condition]

When the down-counter (DCNT10E) value underflows

Bit 3—One-Shot Pulse Flag (OSF10D): Status flag that indicatesa DCNT10D one-shot pulse.

Bit 3:

OSF10D  Description

0 [Clearing condition]) (Initial value)
When OSF10D is read while set to 1, then 0 is written in OSF10D

1 [Setting condition]

When the down-counter (DCNT10D) value underflows

Bit 2—One-Shot Pulse Flag (OSF10C): Status flag that indicates a DCNT10C one-shot pulse.

Bit 2:

OSF10C  Description

0 [Clearing condition] (Initial value)
When OSF10C is read while set to 1, then 0 is written in OSF10C

1 [Setting condition]

When the down-counter (DCNT10C) value underflows

Bit 1—One-Shot Pulse Flag (OSF10B): Status flag that indicates a DCNT10B one-shot pulse.

Bit 1:

OSF10B  Description

0 [Clearing condition] (Initial value)
When OSF10B is read while set to 1, then 0 is written in OSF10B

1 [Setting condition]

When the down-counter (DCNT10B) value underflows
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Bit 0—One-Shot Pulse Flag (OSF10A): Status flag that indicates a DCNT10A one-shot pulse.

Bit O:
OSF10A  Description
0 [Clearing condition] (Initial value)

When OSF10A is read while set to 1, then 0 is written in OSF10A
1 [Setting condition]
When the down-counter (DCNT10A) value underflows

10.2.8 Timer Interrupt Enable Registers (TIER)

The timer interrupt enable registers (TIER) are 8-bit registers. The ATU has seven TIER registers:
one each for channels 0, 1, and 2, two for channels 3 to 5, one for channels 6 to 9, and one for
channel 10.

Channel Abbreviation Function

0 TIERA Controls input capture, compare-match, and interval interrupt
request enabling/disabling.

1 TIERB Controls input capture, compare-match, and overflow interrupt

2 TIERC request enabling/disabling.

3 TIERDH, Controls input capture, compare-match, and overflow interrupt

4 TIERDL request enabling/disabling.

5

6 TIERE Controls cycle register compare-match interrupt request

7 enabling/disabling.

8

9

10 TIERF Controls underflow interrupt request enabling/disabling.

The TIER registers are 8-bit readable/writable registers that control enabling/disabling of free-
running counter (TCNT) overflow interrupt requests, channel O input capture interrupt requests,
interval interrupt requests, general register and dedicated input capture register input
capture/compare-match interrupt requests, channel 6 to 9 compare-match interrupt requests, and
down-counter (DCNT) underflow interrupt requests.

Each TIER isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.
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Timer Interrupt Enable Register A (TIERA)

TIERA controls enabling/disabling of channel 0 input capture and overflow interrupt requests.

Bitt 7 6 5 4 3 2 1 0

\ — \ — \ — \ OVEO \ ICEOD \ ICEOC \ ICEOB \ ICEOA \
Initial value: 0 0 0 0 0 0 0 0
RW: R R R RW RW RW RW  RW

Bits 7 to 5—Reserved: These bits are dways read as 0, and should only be written with O.

Bit 4—Overflow Interrupt Enable (OVEO): Enables or disables OVI0 requests when the
overflow flag (OVFO) in TSR isset to 1.

Bit 4:

OVEO Description

0 OVIO0 interrupt requested by OVFO is disabled (Initial value)
1 OVIO0 interrupt requested by OVFO is enabled

Bit 3—Input Capture Interrupt Enable (ICEOD): Enables or disables |CIOD requests when the
input capture flag (ICFOD) in TSR isset to 1.

Bit 3:

ICEOD Description

0 ICIOD interrupt requested by ICFOD is disabled (Initial value)
1 ICIOD interrupt requested by ICFOD is enabled

Bit 2—Input Capture Interrupt Enable (ICEOC): Enables or disables |CIOC reguests when the
input capture flag (ICFOC) in TSR isset to 1.

Bit 2:

ICEOC Description

0 ICIOC interrupt requested by ICFOC is disabled (Initial value)
1 ICIOC interrupt requested by ICFOC is enabled
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Bit 1—Input Capture Interrupt Enable (ICEOB): Enables or disables |CIOB requests when the
input capture flag (ICFOB) in TSR isset to 1.

Bit 1:

ICEOB Description

0 ICIOB interrupt requested by ICFOB is disabled (Initial value)
1 ICIOB interrupt requested by ICFOB is enabled

Bit 0—Input Capture Interrupt Enable (ICEOA): Enables or disables ICIOA requests when the
input capture flag (ICFOA) in TSRisset to 1.

Bit O:

ICEOA Description

0 ICIOA interrupt requested by ICFOA is disabled (Initial value)
1 ICIOA interrupt requested by ICFOA is enabled

Timer Interrupt Enable Register B (TIERB)

TIERB controls enabling/disabling of channel 1 input capture, compare-match, and overflow
interrupt requests.

Bitt 7 6 5 4 3 2 1 0

\ — \ OVE1 \ IMELF \ IMELE \ IME1D \ IMELC \ IME1B \ IME1A \
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Bit 7—Reserved: Thishbit isawaysread as 0, and should only be written with O.

Bit 6—Overflow Interrupt Enable (OVEL): Enables or disables interrupt requests by OVF1in
TSR when OVFlissetto 1.

Bit 6:

OVE1l Description

0 OVI1 interrupt requested by OVF1 is disabled (Initial value)
1 OVI1 interrupt requested by OVF1 is enabled
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Bit 5—Input Capture/Compare-Match Interrupt Enable (IME1F): Enables or disables
interrupt requests by IMF1F in TSR when IMF1F isset to 1.

Bit 5:

IME1F Description

0 IMILF interrupt requested by IMF1F is disabled (Initial value)
1 IMILF interrupt requested by IMF1F is enabled

Bit 4—Input Capture/Compare-Match Interrupt Enable (IMELE): Enables or disables
interrupt requests by IMF1E in TSR when IMF1E is set to 1.

Bit 4:

IME1E Description

0 IMI1E interrupt requested by IMF1E is disabled (Initial value)
1 IMILE interrupt requested by IMF1E is enabled

Bit 3—Input Capture/Compare-Match Interrupt Enable (IME1D): Enables or disables
interrupt requests by IMF1D in TSR when IMF1D is set to 1.

Bit 3:

IME1D Description

0 IMI1D interrupt requested by IMF1D is disabled (Initial value)
1 IMI1D interrupt requested by IMF1D is enabled

Bit 2—Input Capture/Compare-Match Interrupt Enable (IMELC): Enables or disables
interrupt requests by IMF1C in TSR when IMF1C is set to 1.

Bit 2:

IME1C Description

0 IMI1C interrupt requested by IMF1C is disabled (Initial value)
1 IMILC interrupt requested by IMF1C is enabled
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Bit 1—Input Capture/Compare-Match Interrupt Enable (IME1B): Enables or disables
interrupt requests by IMF1B in TSR when IMF1B isset to 1.

Bit 1:

IME1B Description

0 IMI1B interrupt requested by IMF1B is disabled (Initial value)
1 IMI1B interrupt requested by IMF1B is enabled

Bit 0—Input Capture/Compare-Match Interrupt Enable (IME1A): Enables or disables
interrupt requests by IMF1A in TSR when IMF1A isset to 1.

Bit O:

IME1A Description

0 IMI1A interrupt requested by IMF1A is disabled (Initial value)
1 IMI1A interrupt requested by IMF1A is enabled

Timer Interrupt Enable Register C (TIERC)

TIERC controls enabling/disabling of channel 2 input capture, compare-match, and overflow
interrupt requests.

Bitt 7 6 5 4 3 2 1 0

\ — \ — \ — \ — \ — \ OVE2 \ IME2B \ IME2A \
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R RW  RW  RMW

Bits 7 to 3—Reserved: These hits are always read as 0, and should only be written with O.

Bit 2—Overflow Interrupt Enable (OVEZ2): Enables or disables interrupt requests by OVF2in
TSR when OVF2issetto 1.

Bit 2:

OVE2 Description

0 OVI2 interrupt requested by OVF2 is disabled (Initial value)
1 OVI2 interrupt requested by OVF2 is enabled
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Bit 1—Input Capture/Compare-Match Interrupt Enable (IME2B): Enables or disables
interrupt requests by IMF2B in TSR when IMF2B is set to 1.

Bit 1:

IME2B Description

0 IMI2B interrupt requested by IMF2B is disabled (Initial value)
1 IMI2B interrupt requested by IMF2B is enabled

Bit 0—Input Capture/Compare-Match Interrupt Enable (IME2A): Enables or disables
interrupt requests by IMF2A in TSR when IMF2A isset to 1.

Bit 0:

IME2A Description

0 IMI2A interrupt requested by IMF2A is disabled (Initial value)
1 IMI2A interrupt requested by IMF2A is enabled

Timer Interrupt Enable Registers DH and DL (TIERDH, TIERDL)

TIERDH controls enabling/disabling of channel 3 input capture, compare-match, and overflow
interrupt requests.

Bitt 7 6 5 4 3 2 1 0

\ — \ — \ — \ OVE3 \ IME3D \ IME3C \ IME3B \ IME3A \
Initial value: 0 0 0 0 0 0 0 0
RW: R R R RW RW RW RW  RW

Bits 7 to 5—Reserved: These hits are always read as 0, and should only be written with O.

Bit 4—Overflow Interrupt Enable (OVE3): Enables or disables interrupt requests by OVF3in
TSR when OVF3issetto 1.

Bit 4:

OVE3 Description

0 OVI3 interrupt requested by OVF3 is disabled (Initial value)
1 OVI3 interrupt requested by OVF3 is enabled
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Bit 3—Input Capture/Compare-Match Interrupt Enable (IME3D): Enables or disables
interrupt requests by IMF3D in TSR when IMF3D is set to 1.

Bit 3:

IME3D Description

0 IMI3D interrupt requested by IMF3D is disabled (Initial value)
1 IMI3D interrupt requested by IMF3D is enabled

Bit 2—Input Capture/Compare-Match Interrupt Enable (IME3C): Enables or disables
interrupt requests by IMF3C in TSR when IMF3C isset to 1.

Bit 2:

IME3C Description

0 IMI3C interrupt requested by IMF3C is disabled (Initial value)
1 IMI3C interrupt requested by IMF3C is enabled

Bit 1—Input Capture/Compare-Match Interrupt Enable (IME3B): Enables or disables
interrupt requests by IMF3B in TSR when IMF3B isset to 1.

Bit 1:

IME3B Description

0 IMI3B interrupt requested by IMF3B is disabled (Initial value)
1 IMI3B interrupt requested by IMF3B is enabled

Bit O—Input Capture/Compare-Match Interrupt Enable (IME3A): Enables or disables
interrupt requests by IMF3A in TSR when IMF3A isset to 1.

Bit O:

IME3A Description

0 IMI3A interrupt requested by IMF3A is disabled (Initial value)
1 IMI3A interrupt requested by IMF3A is enabled
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TIERDL controls enabling/disabling of channel 4 and 5 input capture, compare-match, and
overflow interrupt requests.

Bit: 7 6 5 4 3 2 1 0
\ OVE4 \ IME4D \ IME4C \ IME4B \ IME4A \ OVES5 \ IME5SB \ IMESA \
Initial value: 0 0 0 0 0 0 0 0

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

Bit 7—Overflow Interrupt Enable (OVE4): Enables or disables interrupt requests by OVF4 in
TSR when OVF4 is set to 1.

Bit 7:

OVE4 Description

0 OVI4 interrupt requested by OVF4 is disabled (Initial value)
1 OVI4 interrupt requested by OVF4 is enabled

Bit 6—Input Capture/Compare-Match Interrupt Enable (IME4D): Enables or disables
interrupt requests by IMF4D in TSR when IMF4D is set to 1.

Bit 6:

IME4D Description

0 IMI4D interrupt requested by IMF4D is disabled (Initial value)
1 IMI4D interrupt requested by IMF4D is enabled

Bit 5—Input Capture/Compare-Match Interrupt Enable (IME4C): Enables or disables
interrupt requests by IMFAC in TSR when IMFAC is set to 1.

Bit 5:

IME4C Description

0 IMI4C interrupt requested by IMFAC is disabled (Initial value)
1 IMI4C interrupt requested by IMFAC is enabled
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Bit 4—Input Capture/Compare-Match Interrupt Enable (IME4B): Enables or disables
interrupt requests by IMF4B in TSR when IMF4B isset to 1.

Bit 4:

IME4B Description

0 IMI4B interrupt requested by IMF4B is disabled (Initial value)
1 IMI4B interrupt requested by IMF4B is enabled

Bit 3—Input Capture/Compare-Match Interrupt Enable (IME4A): Enables or disables
interrupt requests by IMF4A in TSR when IMF4A isset to 1.

Bit 3:

IME4A Description

0 IMI4A interrupt requested by IMF4A is disabled (Initial value)
1 IMI4A interrupt requested by IMF4A is enabled

Bit 2—Overflow Interrupt Enable (OVES): Enables or disables interrupt requests by OVF5in
TSR when OVF5issetto 1.

Bit 2:

OVES5 Description

0 OVI5 interrupt requested by OVF5 is disabled (Initial value)
1 OVI5 interrupt requested by OVF5 is enabled

Bit 1—Input Capture/Compare-Match Interrupt Enable (IMES5SB): Enables or disables
interrupt requests by IMF5B in TSR when IMF5B is set to 1.

Bit 1:

IME5B Description

0 IMISB interrupt requested by IMF5B is disabled (Initial value)
1 IMI5B interrupt requested by IMF5B is enabled
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Bit 0—Input Capture/Compare-Match Interrupt Enable (IME5SA): Enables or disables
interrupt requests by IMF5A in TSR when IMF5A isset to 1.

Bit O:

IME5SA Description

0 IMI5A interrupt requested by IMF5A is disabled (Initial value)
1 IMI5A interrupt requested by IMF5A is enabled

Timer Interrupt Enable Register E (TIERE)

TIERE controls enabling/disabling of channel 6 to 9 cycle register compare interrupt requests.

Bit 7 6 5 4 3 2 1 0

\ — \ CME6 \ — \ CME7 \ — \ CMES \ — \ CME9 \
Initial value: 0 0 0 0 0 0 0 0
RW: R RIW R RIW R RIW R RIW

Bit 7—Reserved: Thishbit isawaysread as 0, and should only be written with O.

Bit 6—Cycle Register Compare-Match Interrupt Enable (CME6): Enables or disables
interrupt requests by CMF6 in TSR when CMF6 is set to 1.

Bit 6:

CMEG6 Description

0 CMI6 interrupt requested by CMF6 is disabled (Initial value)
1 CMI6 interrupt requested by CMF6 is enabled

Bit 5—Reserved: Thishbit isawaysread as 0, and should only be written with O.

Bit 4—Cycle Register Compare-Match Interrupt Enable (CME7): Enables or disables
interrupt requests by CMF7 in TSR when CMF7 is set to 1.

Bit 4:

OME7 Description

0 CMI7 interrupt requested by CMF7 is disabled (Initial value)
1 CMI7 interrupt requested by CMF7 is enabled

Bit 3—Reserved: Thishbit isawaysread as 0, and should only be written with O.
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Bit 2—Cycle Register Compare-Match Interrupt Enable (CMES): Enables or disables
interrupt requests by CMF8in TSR when CMF8issetto 1.

Bit 2:

CMES8 Description

0 CMI8 interrupt requested by CMF8 is disabled (Initial value)
1 CMI8 interrupt requested by CMF8 is enabled

Bit 1—Reserved: Thishit isawaysread as 0, and should only be written with 0.

Bit 0—Cycle Register Compare-Match Interrupt Enable (CME9): Enables or disables
interrupt requests by CMF9in TSR when CMF9issetto 1.

Bit O:

CME9 Description

0 CMI9 interrupt requested by CMF9 is disabled (Initial value)
1 CMI9 interrupt requested by CMF9 is enabled

Timer Interrupt Enable Register F (TIERF)

TIERF controls enabling/disabling of channel 10 one-shot pulse interrupt requests.

Bit: 7 6 5 4 3 2 1 0
\ OSE10H ‘OSElOG \ OSE10F \ OSE10E \ OSE10D \ OSElOC‘ OSE10B \ OSElOA‘
Initial value: 0 0 0 0 0 0 0 0

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

Bit 7—One-Shot Pulse Interrupt Enable (OSE10H): Enables or disables interrupt requests by
OSF10H in TSR when OSF10H is set to 1.

Bit 7:

OSE10H Description

0 OSI10H interrupt requested by OSF10H is disabled (Initial value)
1 OSI10H interrupt requested by OSF10H is enabled
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Bit 6—0ne-Shot Pulse Interrupt Enable (OSE10G): Enables or disables interrupt requests by
OSF10G in TSR when OSF10G is set to 1.

Bit 6:

OSE10G Description

0 OSI10G interrupt requested by OSF10G is disabled (Initial value)
1 OSI10G interrupt requested by OSF10G is enabled

Bit 5—0ne-Shot Pulse Interrupt Enable (OSE10F): Enables or disables interrupt requests by
OSF10F in TSR when OSF10F isset to 1.

Bit 5:

OSE10F Description

0 OSI10F interrupt requested by OSF10F is disabled (Initial value)
1 OSI10F interrupt requested by OSF10F is enabled

Bit 4—One-Shot Pulse Interrupt Enable (OSE10E): Enables or disables interrupt requests by
OSF10E in TSR when OSF10E is set to 1.

Bit 4:

OSE10E  Description

0 OSI10E interrupt requested by OSF10E is disabled (Initial value)
1 OSI10E interrupt requested by OSF10E is enabled

Bit 3—One-Shot Pulse Interrupt Enable (OSE10D): Enables or disables interrupt requests by
OSF10D in TSR when OSF10D is set to 1.

Bit 3:

OSE10D  Description

0 OSI10D interrupt requested by OSF10D is disabled (Initial value)
1 OSI10D interrupt requested by OSF10D is enabled
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Bit 2—One-Shot Pulse Interrupt Enable (OSE10C): Enables or disables interrupt requests by
OSF10C in TSR when OSF10C is set to 1.

Bit 2:

OSE10C Description

0 OSI10C interrupt requested by OSF10C is disabled (Initial value)
1 OSI10C interrupt requested by OSF10C is enabled

Bit 1—One-Shot Pulse Interrupt Enable (OSE10B): Enables or disables interrupt requests by
OSF10B in TSR when OSF10B is set to 1.

Bit 1:

OSE10B  Description

0 OSI10B interrupt requested by OSF10B is disabled (Initial value)
1 OSI10B interrupt requested by OSF10B is enabled

Bit 0—One-Shot Pulse Interrupt Enable (OSE10A): Enables or disables interrupt requests by
OSF10A in TSR when OSF10A isset to 1.

Bit O:

OSE10A  Description

0 OSI10A interrupt requested by OSF10A is disabled (Initial value)
1 OSI10A interrupt requested by OSF10A is enabled

10.29 Interval Interrupt Request Register (ITVRR)

Theinterval interrupt request register (ITVRR) isan 8-bit register. The ATU hasone ITVRR
register in channel 0.

Bit: 7 6 5 4 3 2 1 0
‘ITVADS‘ITVADZ \ ITVADl‘ITVADO‘ ITVE3 \ ITVE2 \ ITVEL \ ITVEO \
Initial value: 0 0 0 0 0 0 0 0

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

ITVRR isan 8-hit readable/writable register used for channel O interval interrupt bit setting.

ITVRR isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.
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Bit 7—A/D Converter Interval Activation Bit 3 (ITVAD3): A/D converter activation setting bit
corresponding to bit 13 in free running counter OL (TCNTOL). Therise of bit 13in TCNTOL is
ANDed with ITVADS3, and the result is output to the A/D converter as an activation signal.

Bit 7:

ITVAD3 Description

0 A/D converter activation by ATU is disabled (Initial value)
1 A/D converter activation by ATU is enabled

Bit 6—A/D Converter Interval Activation Bit 2 (ITVAD2): A/D converter activation setting bit
corresponding to bit 12 in TCNTOL. Therise of bit 12 in TCNTOL is ANDed with ITVAD2, and
the result is output to the A/D converter as an activation signal.

Bit 6:

ITVAD2 Description

0 A/D converter activation by ATU is disabled (Initial value)
1 A/D converter activation by ATU is enabled

Bit 5—A/D Converter Interval Activation Bit 1 (ITVAD1): A/D converter activation setting bit
corresponding to bit 11 in TCNTOL. Therise of bit 11 in TCNTOL is ANDed with ITVAD1, and
the result is output to the A/D converter as an activation signal.

Bit 5:

ITVAD1 Description

0 A/D converter activation by ATU is disabled (Initial value)
1 A/D converter activation by ATU is enabled

Bit 4—A/D Converter Interval Activation Bit 0 (ITVADQ): A/D converter activation setting bit
corresponding to bit 10 in TCNTOL. Therise of bit 10 in TCNTOL is ANDed with ITVADO, and
the result is output to the A/D converter as an activation signal.

Bit 4:

ITVADO Description

0 A/D converter activation by ATU is disabled (Initial value)
1 A/D converter activation by ATU is enabled
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Bit 3—Interval Interrupt Bit 3 (ITVES): Interrupt controller (INTC) interval interrupt setting
bit corresponding to bit 13in TCNTOL. Therise of bit 13in TCNTOL is ANDed with ITVES, the
result is stored in I1F3 in the timer status register (TSRAH), and an interrupt request is sent to
INTC.

Bit 3:

ITVE3 Description

0 ATU interval interrupt generation is disabled (Initial value)
1 Generation of interval interrupt to INTC is enabled

Bit 2—Interval Interrupt Bit 2 (ITVE2): INTC interval interrupt setting bit corresponding to bit
12in TCNTOL. Therise of bit 12in TCNTOL is ANDed with ITVEZ2, theresult isstored in [IF2in
TSRAH, and an interrupt request is sent to INTC.

Bit 2:

ITVE2 Description

0 ATU interval interrupt generation is disabled (Initial value)
1 Generation of interval interrupt to INTC is enabled

Bit 1—Interval Interrupt Bit 1 (ITVE1): INTC interval interrupt setting bit corresponding to bit
11in TCNTOL. Therise of bit 11 in TCNTOL is ANDed with ITVEL, theresult isstored in [IF1in
TSRAH, and an interrupt request is sent to INTC.

Bit 1

ITVEL Description

0 ATU interval interrupt generation is disabled (Initial value)
1 Generation of interval interrupt to INTC is enabled

Bit 0—Interval Interrupt Bit 0 (ITVEQ): INTC interval interrupt setting bit corresponding to bit
10in TCNTOL. Therise of bit 10in TCNTOL is ANDed with ITVEOQ, theresult isstored in [IFO in
TSRAH, and an interrupt request issent to INTC.

Bit O:

ITVEO Description

0 ATU interval interrupt generation is disabled (Initial value)
1 Generation of interval interrupt to INTC is enabled

For details, see section 10.3.7, Interval Timer Operation.
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10.2.10 Down-Count Start Register (DSTR)

The down-count start register (DSTR) is an 8-bit register. The ATU has one DSTR register in
channel 10.

Bit: 7 6 5 4 3 2 1 0
\ DST10H \ DST10G \ DST10F \ DST10E \ DST10D \ DST10C \ DST10B \ DSTloA‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W* R/W* R/W* R/W* R/W* R/W* R/W* R/W*
Note: * Only 1 can be written.

DSTR isan 8-bit readable/writable register that starts and stops the channel 10 down-counter
(DCNT).

When the one-shot pulse function is used, avalue of 1 can be set in aDST10 bit at any time by the
user program. The DST10 hits are cleared to 0 automatically when the DCNT value underflows.

When the offset one-shot pulse function is used, a DST10 bit is automatically set to 1 when a
compare-match occurs between the channel 1 or 2 free-running counter (TCNT) and a general
register (GR) while the corresponding timer connection register (TCNR) bitisset to 1. The bitis
automatically cleared to O when the DCNT value underflows. A value of 1 can be setinaDST10
bit at any time by the user program.

DSTRisinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.

For details, see sections 10.3.5, One-Shot Pulse Function, and 10.3.6, Offset One-Shot Pulse
Function.
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Bit 7—Down-Count Start Flag 10H (DST10H): Starts and stops down-counter 10H

(DCNT10H).

Bit 7:

DST10H Description

0 DCNT10H is halted (Initial value)

[Clearing condition]
When the DCNT10H value underflows

DCNT10H counts

[Setting conditions]

One-shot pulse function: Set by user program

Offset one-shot pulse function: Set on GR2B compare-match, or by user program

Bit 6—Down-Count Start Flag 10G (DST10G): Starts and stops down-counter 10G

(DCNT10G).

Bit 6:

DST10G  Description

0 DCNT10G is halted (Initial value)

[Clearing condition]
When the DCNT10G value underflows

DCNT10G counts

[Setting conditions]

One-shot pulse function: Set by user program

Offset one-shot pulse function: Set on GR2A compare-match, or by user program
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Bit 5—Down-Count Start Flag 10F (DST 10F): Starts and stops down-counter 10F (DCNT10F).

Bit 5:

DST10F Description

0 DCNT10F is halted (Initial value)
[Clearing condition]
When the DCNT10F value underflows

1 DCNT10F counts

[Setting conditions]
One-shot pulse function: Set by user program
Offset one-shot pulse function: Set on GR1F compare-match, or by user program

Bit 4—Down-Count Start Flag 10E (DST10E): Starts and stops down-counter 10E (DCNT10E).

Bit 4:

DST10E Description

0 DCNT10E is halted (Initial value)
[Clearing condition]
When the DCNT10E value underflows

1 DCNT10E counts

[Setting conditions]
One-shot pulse function: Set by user program
Offset one-shot pulse function: Set on GR1E compare-match, or by user program

Bit 3—Down-Count Start Flag 10D (DST 10D): Starts and stops down-counter 10D

(DCNT10D).

Bit 3:

DST10D  Description

0 DCNT10D is halted (Initial value)

[Clearing condition]
When the DCNT10D value underflows

DCNT10D counts

[Setting conditions]

One-shot pulse function: Set by user program

Offset one-shot pulse function: Set on GR1D compare-match, or by user program

Rev. 5.00 Jan 06, 2006 page 269 of 818
REJ09B0273-0500
RENESAS



Section 10 Advanced Timer Unit (ATU)

Bit 2—Down-Count Start Flag 10C (DST 10C): Starts and stops down-counter 10C

(DCNT100C).

Bit 2:

DST10C  Description

0 DCNT10C is halted (Initial value)

[Clearing condition]
When the DCNT10C value underflows

DCNT10C counts

[Setting conditions]

One-shot pulse function: Set by user program

Offset one-shot pulse function: Set on GR1C compare-match, or by user program

Bit 1—Down-Count Start Flag 10B (DST10B): Starts and stops down-counter 10B

(DCNT10B).

Bit 1:

DST10B Description

0 DCNT10B is halted (Initial value)

[Clearing condition]
When the DCNT10B value underflows

DCNT10B counts

[Setting conditions]

One-shot pulse function: Set by user program

Offset one-shot pulse function: Set on GR1B compare-match, or by user program
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Bit 0—Down-Count Start Flag 10A (DST10A): Starts and stops down-counter 10A
(DCNT10A).

Bit 0:
DST10A  Description
0 DCNT10A is halted (Initial value)

[Clearing condition]

When the DCNT10A value underflows
1 DCNT10A counts

[Setting conditions]

One-shot pulse function: Set by user program
Offset one-shot pulse function: Set on GR1A compare-match, or by user program

10.2.11 Timer Connection Register (TCNR)

The timer connection register (TCNR) is an 8-hit register. The ATU hasone TCNR register in
channel 10.

Bit: 7 6 5 4 3 2 1 0
\ CN10H \ CN10G \ CN10F \ CN10E \ CN10D \ CN10C \ CN10B \ CN10A \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
TCNR is an 8-hit readable/writable register that enables or disables connection between the
channel 10 down-counter start register (DSTR) and channel 1 and 2 compare-match signals.

TCNRisinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.

For details, see sections 10.3.5, One-Shot Pulse Function, and 10.3.6, Offset One-Shot Pulse
Function.
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Bit 7—Connection Flag 10H (CN10H): Enables or disables connection between DST10H and
channel 2 compare-match signal OFF2B.

Bit 7:

CN10H Description

0 Connection between DST10H and OFF2B is disabled (Initial value)
1 Connection between DST10H and OFF2B is enabled

Bit 6—Connection Flag 10G (CN10G): Enables or disables connection between DST10G and
channel 2 compare-match signal OFF2A.

Bit 6:

CN10G Description

0 Connection between DST10G and OFF2A is disabled (Initial value)
1 Connection between DST10G and OFF2A is enabled

Bit 5—Connection Flag 10F (CN10F): Enables or disables connection between DST 10F and
channel 1 compare-match signal OFF1F.

Bit 5:

CN10F Description

0 Connection between DST10F and OFF1F is disabled (Initial value)
1 Connection between DST10F and OFF1F is enabled

Bit 4—Connection Flag 10E (CN10E): Enables or disables connection between DST10E and
channel 1 compare-match signal OFF1E.

Bit 4:

CN10E Description

0 Connection between DST10E and OFF1E is disabled (Initial value)
1 Connection between DST10E and OFF1E is enabled
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Bit 3—Connection Flag 10D (CN10D): Enables or disables connection between DST10D and
channel 1 compare-match signal OFF1D.

Bit 3:

CN10D Description

0 Connection between DST10D and OFF1D is disabled (Initial value)
1 Connection between DST10D and OFF1D is enabled

Bit 2—Connection Flag 10C (CN10C): Enables or disables connection between DST10C and
channel 1 compare-match signal OFF1C.

Bit 2:

CN10C Description

0 Connection between DST10C and OFF1C is disabled (Initial value)
1 Connection between DST10C and OFF1C is enabled

Bit 1—Connection Flag 10B (CN10B): Enables or disables connection between DST10B and
channel 1 compare-match signal OFF1B.

Bit 1:

CN10B Description

0 Connection between DST10B and OFF1B is disabled (Initial value)
1 Connection between DST10B and OFF1B is enabled

Bit 0—Connection Flag 10A (CN10A): Enables or disables connection between DST10A and
channel 1 compare-match signal OFF1A.

Bit 0:

CN10A Description

0 Connection between DST10A and OFF1A is disabled (Initial value)
1 Connection between DST10A and OFF1A is enabled
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10.2.12 Free-Running Counters(TCNT)

The free-running counters (TCNT) are 32- or 16-bit up-counters. The ATU hasten TCNT
counters: one 32-bit TCNT in channel 0, and one 16-bit TCNT in each of channels 1to 9.

Channel Abbreviation Description

0 TCNTOH, 32-bit up-counter (initial value H'00000000)
TCNTOL

TCNT1 16-bit up-counters (initial value H'0000)
TCNT2
TCNT3
TCNT4
TCNT5
TCNT6 16-bit up-counters (initial value H'0001)
TCNT7
TCNT8
TCNT9

Ol N/l WIN|RE

Free-Running Counter OH, L (TCNTOH, TCNTOL): Free-running counter O (comprising
TCNTOH and TCNTOL) is a 32-hit readabl e/writable register that counts on an input clock. The
input clock is selected with prescaler register 1 (PSCR1).

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

RN .

Initalvalue: 0 O O O O O O O O O O O O o o0 o
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RIW RIW R/IW R/W R/W

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

I N A A

Initalvalue: 0 O O O O O O O O O O O O o o0 o
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RIW RIW R/IW R/W R/W

When TCNTO overflows (from H'FFFFFFFF to H'00000000), the OV FO overflow flag in the
timer status register (TSR) isset to 1.

TCNTO is connected to the CPU via an internal 16-bit bus, and can only be accessed by a
longword read or write. Word reads or writes cannot be used..
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TCNTO isinitialized to H'00000000 by a power-on reset, and in hardware standby mode and
software standby mode.

Free-Running Counters1to 5 (TCNT1to TCNT5): Free-running counters 1to 5 (TCNT1to
TCNTD5) are 16-bit readable/writable registers that count on an input clock. Theinput clock is
selected with prescaler register 1 (PSCR1) and the timer control register (TCR).

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/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

TCNT3to TCNT5 can be cleared to H'0000 by a compare-match with the corresponding general
register (GR) or input capture (counter clear function).

When one of counters TCNT1 to TCNT5 overflows (from H'FFFF to H'0000), the overflow flag
(OVF) for the corresponding channel in the timer status register (TSR) is set to 1.

TCNT1 to TCNT5 are connected to the CPU viaan internal 16-bit bus, and can only be accessed
by aword read or write.

TCNT1to TCNT5 areinitialized to H'0000 by a power-on reset, and in hardware standby mode
and software standby mode.

Free-Running Counters6to0 9 (TCNT6to TCNT9): Free-running counters6to 9 (TCNT6 to
TCNT9) are 16-bit readable/writable registers that count on an input clock. Theinput clock is
selected with prescaler register 1 (PSCR1) and the timer control register (TCR).

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/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

TCNT6 to TCNT9 are connected to the CPU via an internal 16-bit bus, and can only be accessed
by aword read or write.

TCNT6 to TCNT9 areinitialized to H'0001 by a power-on reset, and in hardware standby mode
and software standby mode.
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10.2.13 Input Capture Registers (ICR)

Theinput capture registers (ICR) are 32-hit registers. The ATU has four 32-bit ICR registersin
channel 0.

Channel Abbreviation Function

0 ICROAH, ICROAL, Dedicated input capture registers
ICROBH, ICROBL,
ICROCH, ICROCL,
ICRODH, ICRODL

Input captureregisters0AH, OAL to ODH, ODL (ICROAH, ICROAL to ICRODH, ICRODL)

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

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

Initial value: 0 0O O 0 O 0 0 O 0O O 0 0 O 0O O 0
RW:. R R R R R R R R R R R R R R R R

The ICR registers are 32-hit read-only registers used exclusively for input capture.

These dedicated input capture registers store the TCNTO value on detection of an input capture
signal from an external source. The corresponding TSR bit isset to 1 at thistime. The input
capture signal edge to be detected is specified by timer 1/0O control register TIOROA.

ICROA and ICROD can detect an external input capture (TIAO) or the channel 1 general register
(GR1A) compare-match signal (TRG1A) as an input capture signal.

The ICR registers are connected to the CPU via an internal 16-bit bus, and can only be accessed
by alongword read. Word reads cannot be used.

The ICR registers are initialized to H'00000000 by a power-on reset, and in hardware standby
mode and software standby mode.
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10.2.14 General Registers (GR)

The general registers (GR) are 16-bit registers. The ATU has 18 general registers. six in channel 1,
two in channel 2, four each in channels 3 and 4, and two in channel 5.

Channel Abbreviation Function

1 GRI1A, GR1B, Dual-purpose input capture and output compare registers
GR1C, GR1D,
GRL1E, GR1F

GR2A, GR2B

GR3A, GR3B,
GR3C, GR3D

4 GRA4A, GR4B,
GR4C, GR4D

5 GR5A, GR5B

General Registers 1A to 1F (GR1A to GR1F)

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

The GR registers are 16-bit readable/writable registers with both input capture and output compare
functions. Function switching is performed by means of the timer I/O control registers (TIOR).

When ageneral register is used for input capture, it storesthe TCNT value on detection of an input
capture signal from an external source. The corresponding IMF bit in TSR is set to 1 at thistime.
Theinput capture signal edge to be detected is specified by the corresponding TIOR.

When ageneral register is used for output compare, the GR value and free-running counter
(TCNT) value are constantly compared, and when both values match, the IMF bit in the timer
status register (TSR) is set to 1. Compare-match output is specified by the corresponding TIOR.

The GR registers are connected to the CPU viaan internal 16-bit bus, and can only be accessed by
aword read or write.

The GR registers are initialized to H'FFFF by a power-on reset, and in hardware standby mode and
software standby mode.
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General Registers 2A and 2B (GR2A and GR2B)

Bitt 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
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RIW RIW R/IW R/W R/W

Channel 2 compare-match signals can be transmitted to the advanced pulse controller (APC). For
details, see section 11, Advanced Pulse Controller (APC).

General Registers 3A to 3D, 4A to 4D, 5A, and 5B (GR3A to GR3D, GR4A to GR4D, GR5A,
GR5B)

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

N N I O O

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RIW RIW RIW R/W R/W

10.2.15 Down-Counters(DCNT)

The DCNT registers are 16-bit down-counters. The ATU has eight DCNT counters in channel 10.

Channel Abbreviation Description

10 DCNT10A, DCNT10B, Down-counter
DCNT10C, DCNT10D,
DCNT10E, DCNT10F,
DCNT10G, DCNT10H

Down-Counters 10A to 10H (DCNT10A to DCNT10H): Down-counters 10A to 10H
(DCNT10A to DCNT10H) are 16-bit readable/writable registers that count on an input clock. The
input clock is selected with prescaler register 1 (PSCR1) and the timer control register (TCR).

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

N N O O

Initial value: 0 0O O 0 O 0 0 O 0 O 0 0 O 0O O 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RIW RIW R/IW R/W R/W
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When the one-shot pulse function is used, DCNT starts counting down when the corresponding
DSTR bit is set to 1 by the user program after the DCNT value has been set. When the DCNT
value underflows, the corresponding DSTR bit and DCNT are automatically cleared to 0, and the
count is stopped. At the same time, the corresponding channel 10 timer status register F (TSRF)
statusflagisset to 1.

When the offset one-shot pulse function is used, on compare-match with a channel 1 or 2 general
register (GR) when the corresponding timer connection register (TCNR) bit is 1, the
corresponding down-count start register (DSTR) bit is automatically set to 1 and the down-count
is started. When the DCNT value underflows, the corresponding DSTR bit and DCNT are
automatically cleared to 0, and the count is stopped. At the same time, the corresponding channel
10 TSRF status flag is set to 1.

The DCNT counters are connected to the CPU via an internal 16-bit bus, and can only be accessed
by aword read or write.

The DCNT counters areinitialized to H'0000 by a power-on reset, and in hardware standby mode
and software standby mode.

For details, see sections 10.3.5, One-Shot Pulse Function, and 10.3.6, Offset One-Shot Pulse
Function.

10.2.16 Offset Base Register (OSBR)
The offset base register (OSBR) is a 16-bit register. The ATU has one OSBR register in channel 1.

Channel Abbreviation Function

1 OSBR Dedicated input capture register with signal from channel 0
ICROA as input trigger

Offset Base Register (OSBR)

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

OSBR isa 16-hit read-only register used exclusively for input capture. OSBR uses the channel 0
ICROA input capture register input asitstrigger signal (TRGOA), and storesthe TCNT1 value on
detection of the edge selected with bits 0 and 1 of TIORA.
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OSBR is connected to the CPU viaan internal 16-hit bus, and can only be accessed by aword
read.

OSBRisinitialized to H'0000 by a power-on reset, and in hardware standby mode and software
standby mode.

For details, see sections 10.3.4, Input Capture Function.

10.2.17 CycleRegisters(CYLR)

The cycleregisters (CYLR) are 16-bit registers. The ATU has four cycle registers, one each for
channels 6 to 9.

Channel Abbreviation Function

6 CYLR6 Cycle registers
7 CYLR7

8 CYLRS8

9 CYLR9

Cycle Registers (CYLR6to CYLR9)

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

The CYLR registers are 16-bit readabl e/writable registers used for PWM cycle storage.

The CYLR value is constantly compared with the corresponding free-running counter (TCNT6 to
TCNT9) value, and when the two values match, the corresponding timer start register (TSR) bit
(CMF6 to CMF9) is set to 1, and the free-running counter (TCNT6 to TCNT9) is cleared. At the
same time, the buffer register (BFR) valueis transferred to the duty register (DTR).

The CYLR registers are connected to the CPU via an internal 16-bit bus, and can only be accessed
by aword read or write.

The CYLR registers are initialized to H'FFFF by a power-on reset, and in hardware standby mode
and software standby mode.

For details of the CYLR, BFR, and DTR registers, see sections 10.3.9, PWM Timer Function.
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10.2.18 Buffer Registers (BFR)

The buffer registers (BFR) are 16-bit registers. The ATU has four buffer registers, one each for
channels 6 to 9.

Channel Abbreviation Function

6 BFR6 Buffer registers
7 BFR7

8 BFR8

9 BFR9

Buffer Registers (BFR6 to BFR9)

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

N N I O O

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RIW RIW R/IW R/W R/W

The BFR registers are 16-bit readable/writable registers that store the value to be transferred to the
duty register (DTR) in the event of a cycleregister (CYLR) compare-match.

The BFR registers are connected to the CPU viaan internal 16-bit bus, and can only be accessed
by aword read or write.

The BFR registers are initialized to H'FFFF by a power-on reset, and in hardware standby mode
and software standby mode.
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10.2.19 Duty Registers(DTR)

The duty registers (DTR) are 16-bit registers. The ATU has four duty registers, one each for
channels 6 to 9.

Channel Abbreviation Function

6 DTR6 Duty registers
7 DTR7

8 DTR8

9 DTR9

Duty Registers (DTR6 to DTR9)

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

N N I O O

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RIW RIW RIW R/W R/W

The DTR registers are 16-bit readable/writabl e registers used for PWM duty storage.

The DTR value is constantly compared with the corresponding free-running counter (TCNT6 to
TCNT9) value, and when the two values match, the corresponding channel output pin (TO6 to
TO9) goesto 0 output.

The DTR registers are connected to the CPU via an internal 16-bit bus, and can only be accessed
by aword read or write.

The DTR registers are initialized to H'FFFF by a power-on reset, and in hardware standby mode
and software standby mode.
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10.3  Operation

10.3.1 Overview

The ATU has eleven timers of seven kindsin channels 0 to 10. It also has a built-in prescaler that
generates input clocks, and it is possible to generate or select internal clocks of the required
frequency independently of circuitry outside the ATU.

The operation of each channel and the prescaler is outlined below.

Channel 0 (32-Bit Dedicated I nput Capture Timer): Channel 0 has a 32-bit free-running
counter (TCNTO) and four 32-bit input capture registers (ICROA to ICROD). TCNTO isan up-
counter that performs free-running operation. The four input capture registers (ICROA to ICROD)
can be used for input capture with input from the corresponding external signal input pin (TIAO to
TIDO) or output compare-match trigger input from channel 1 GR1A. Input pin (TIAO to TIDO) and
GRI1A output compare-match trigger selection can be made by setting the trigger selection register
(TGSR).

Channel 0 also hasan interval interrupt request register (ITVRR). When 1lissetin ITVEO to
ITVE3IinITVRR, aninterval timer function can be used whereby an interrupt request can be sent
to the CPU when the corresponding bit (of bits 10 to 13) in TCNTO changesto 1.

Channels 1 and 2: ATU channel 1 has a 16-bit free-running counter (TCNT1) and six 16-bit
general registers (GR1A to GR1F). TCNT1 isan up-counter that performs free-running operation.
The six general registers (GR1A to GR1F) can be used as input capture or output compare-match
registers using the corresponding external signal I/O pin (TIOAO to TIOFQ). Use as a one-shot
pulse offset function is also possible in combination with ATU channel 10 described below.

Channel 2 has a 16-bit free-running counter (TCNT2) and two 16-bit general registers (GR2A and
GR2B). Channel 2 can perform the same kind of operations as channel 1, the only difference being
in the number of general registers.

In addition, channel 1 has a 16-bit dedicated input capture register (OSBR) (not provided in
channel 2). The TIAO external pin for input to channel 0 can also be used as the OSBR trigger
input, enabling use of atwin-capture function.
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Channels 3, 4, and 5: ATU channels 3 and 4 each have a 16-hit free-running counter (TCNT3,
TCNT4) and four 16-bit general registers (GR3A to GR3D, GR4A to GR4D). TCNT3 and
TCNT4 are up-counters that perform free-running operation. The four general registers (GR3A to
GR3D, GR4A to GR4D) each have corresponding external signal 1/0 pins (TIOA3 to TIOD3,
TIOA4 to TIOD4, TIOAS5, TIOB5), and can be used asinput capture or output compare-match
registers.

With channels 3 and 4, GR3D and GR4D are automatically designated as cycle registers by setting
PWM mode in the timer mode register (TMDR). In PWM mode, the counter is automatically
cleared by an output compare-match when the GR3D/GR4D value matchesthe TCNT3/TCNT4
value. Therefore, channels 3 and 4 can each be used as 3-channel PWM timers, with GR3A to
GR3C or GR4A to GRAC as the duty registers, and GR3D or GR4D as the cycle register.

Channel 5 has a 16-bit counter (TCNT5) and two 16-bit general registers (GR5A and GR5B).
Channel 5 can perform the same kind of operations as channel 3, the only difference being in the
number of general registers. In PWM mode, GR5A is designated as the duty register and GR5B as
the cycleregister.

Channels 6, 7, 8, and 9 (Dedicated PWM Timers): ATU channels 6 to 9 each have a 16-bit free-
running counter (TCNT6 to TCNT9), 16-bit cycle register (CYLR6 to CYLR9), 16-bit duty
register DTR6 to DTR9), and buffer register (BFR6 to BFR9). Each of channels 6 to 9 also hasan
external output pin (TO6 to TO9), and can be used as a buffered PWM timer. TCNT6to TCNT9
are up-counters, and 0 is output to the corresponding external output pin when the TCNT value
matches the DTR value (when DTR # H'0000). When the TCNT value matches the CYLR value
(when DTR # H'0000), 1 is output to the external output pin, TCNT isinitialized to H'0001, and
the BFR value istransferred to DTR. Thus, the configuration of channels 6 to 9 enables them to
perform waveform output with the CY LR value as the cycle and the DTR value as the duty, and to
use BFR to absorb the time lag between setting of datain DTR and compare-match occurrence.
The relationship between the pins and registersis shown in table 10.4.

When DTR = CYLR, 1 is output continuously to the external output pin, giving a duty of 100%.
When DTR = H'0000, 0 is output continuously to the external output pin, giving a duty of 0%.

Channel 10: ATU channel 10 has eight 16-bit down-counters (DCNT10A to DCNT10H), and
corresponding external output pins (TOA10 to TOH10). One-shot pulse output can be performed
by setting the DCNT value, starting DCNT operation in the user program and outputting 1 to the
external output pin, then halting the count operation when DCNT underflows, and outputting O to
the external output pin.

By coupling the operation with the channel 1 or channel 2 output compare function, offset one-
shot pulse output can be performed, whereby a one-shot pulseis generated by starting DCNT
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Section 10 Advanced Timer Unit (ATU)

operation in response to a compare-match signal and outputting 1 to the external output pin, then
halting the count operation when DCNT underflows, and outputting O.

Prescaler: The ATU has a dedicated prescaler with a 2-stage configuration. The first prescaler
stage includes a 5-bit prescaler register (PSCR1) that allows any scaling factor from 1 to 1/32 to
be specified. Thefirst prescaler stage supplies a clock (¢) scaled from the ¢ clock second
prescaler stage and to channel 0. The second prescaler stage further scales the ¢ clock supplied by
the first stage by afactor of the reciprocal of a power of 2 (the power being between 0 and 5) to
create six different clocks (¢") to be supplied to channels 1 to 10.

In channels 1 to 9, one of the six clocks (") created by scaling in the second prescaler stage can
be selected for use. In channel 10, two of the @' clocks can be selected, with one clock input for
DCNT10A to DCNT10F, and the other for DCNT10G and DCNT10H.

10.3.2  Free-Running Count Operation and Cyclic Count Operation

The ATU channel 0 to 5 free-running counters (TCNT) are all designated as free-running counters
immediately after areset, and start counting up as free-running counters when the corresponding
TSTR bitisset to 1. When TCNT overflows (channel 0: from H'FFFFFFFF to H'00000000;
channels 1 to 5: from H'FFFF to H'0000), the OVF bit in the timer status register (TSR) isset to 1.
If the OVE bit in the corresponding timer interrupt enable register (TIER) is set to 1 at thistime,
an interrupt request is sent to the CPU. After overflowing, TCNT starts counting up again from
H'00000000 or H'0000.

If the timer start register (TSTR) value is cleared to O during the count, only the corresponding
free-running counter (TCNT) stops counting, and initialization of all TCNT countersand ATU
registersis not performed. The value at the point at which the TSTR valueiscleared to 0
continues to be output externally.

Free-running counter operation is shown in figure 10.11.

H'FFFF
H'0000 . i | >
i i i Time
STR bit ; ;
in TSTR | l '
! S ———
OVF : . —

Figure10.11 Free-Running Counter Operation
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The ATU channel 6 to 9 counters (TCNT) all perform cyclic count operations unconditionally.
ATU channel 3to 5 free-running counters (TCNT) perform synchronous count operation when 1
is setin bits T3PWM to TSPWM in the timer mode register (TMDR). These free-running counters
also perform synchronous count operation if the corresponding CCl bit in the timer 1/0 control
register (TIOR) is set to 1 when bits T3PWM to TSPWM are 0. The relevant TCNT counter is
cleared by a compare-match of TCNT with GR3D or GR4D in channel 3 or 4, GR5B in channel 5,
or CYLR in channels 6 to 9 (counter clear function). In thisway, cyclic counting is performed.
TCNT starts counting up as a cyclic counter when the corresponding STR bitin TSTRisset to 1
after the TMDR setting is made. When the count value matches the GR3D, GR4D, GR5B, or

CYLR value, the corresponding IMF3D, IMFAD, or IMF5B bit in timer status register D (TSRD)
(or the CMF bit in TSRE for channels6to 9) isset to 1, and TCNT is cleared to H'0000 (H'0001
for channels 6 to 9). If the corresponding TIER bit is set to 1 at thistime, an interrupt request is
sent to the CPU. After the compare-match, TCNT starts counting up again from H'0000 (H'0001
for channels 6 to 9).

Cyclic counter operation is shown in figure 10.12.

Counter cleared on compare-match

GR3D, GR4D,
GRS5B, CYLR

H'0000 ¥ ! ' —»>
(channels 6 to 9: H'0001) ' ; Time

STR bit '

in TSTR Q
IMF3D, IMF4D,
IMF5B, CMF ; , —_—

Figure10.12 Cyclic Counter Operation

10.3.3  Output Compare-Match Function

In ATU channels 1 to 5, waveform output is performed by means of output compare-matches at
the corresponding external pin (TIOA1 to TIOF1, TIOA2, TIOB2, TIOA3to TIOD3, TIO4A to
TIOD4, TIOAS5, TIOB5) by making an output compare-match specification for the timer 1/0
control registers (TIORO to TIORS5). A free-running counter (TCNT) starts counting up when 1is
set in the timer status register (TSTR). When the desired number is set beforehand in a general
register (GR1A to GR1F, GR2A, GR2B, GR3A to GR3D, GR4A to GR4D, GR5A, GR5B), and
the counter value matches the corresponding general register, awaveform is output from the
corresponding external pin.
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External output value selection and counter clear function (channels 3 to 5 only) specification can
be performed with the timer 1/0 control register (TIOR). 1 output, O output, or toggle output can
be selected as the external output value. When the counter clear function is specified, the relevant
TCNT iscleared to H'0000 by a compare-match between the corresponding general register and
TCNT. If the appropriate interrupt enable register (TIER) setting is made, an interrupt request will
be sent to the CPU when an output compare-match occurs.

An example of free-running counter and output compare-match operation is shown in figure
10.13.

In the example in figure 10.13, ATU channel 1 is activated, and external output is performed with
1 output specified in the event of GR1A output compare-match, 0 output in the event of GR1B
output compare-match, and toggle output in the event of GR1C output compare-match.

A Counter value
TCNT1

HFFFF
GR1A
GRI1B
GR1C

H'0000

: ; ' Time
: y change ! No change

TIOAL j i j’/

(1 output) J ' ' ! ! ! ' '

No change

TIOB1 — P
(0 output) ; l s

TI0C1 | | ' L

(toggle output) v

Figure 10.13 Example of Output Compare-Match Operation
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10.3.4  Input Capture Function

In ATU channels 0 to 5, when input capture is specified for the timer 1/0O control register (TIOR),
an input capture trigger signal is input from the corresponding external pin (TIAOto TIDO, TIOA1
to TIOF1, TIOA2, TIOB2, TIOA3 to TIOD3, TIO4A to TIOD4, TIOAS5, TIOBS). A free-running
counter (TCNT) starts counting up when 1 is set in the timer start register (TSTR). When atrigger
signal isinput from one of the above external pins, the counter value is transferred to the
corresponding register (ICROAH/L to ICRODH/L, OSBR, GR1A to GR1F, GR2A, GR2B, GR3A
to GR3D, GR4A to GR4D, GR5A, GR5B).

The detected edge of the external trigger input data can be selected by making a setting in the
timer 1/0 control register (TIOR). Rising-edge, falling-edge, or both-edge detection can be
selected. A CPU interrupt request can be issued if the appropriate setting is made in the interrupt
enableregister (TIER).

An example of free-running counter and input capture operation is shown in figure 10.14.

In the examplein figure 10.14, ATU channel 1 is activated, and input capture operation is
performed with rising-edge detection specified for TIOA 1 and both-edge detection for TIOB1.

Counter value
TCNT1 H'FFFF

Data 1

Data 2
Data 3

Data 4

H'0000 . ; : Y
(32 bits in case of channel 0) ! ! ! ' Time

STR1 1 : ;
TIOAL | | | | |

TIOB1 [ ! | |

GRIA  LEFEE ; ¢ Datal ! X Data 2
(32 bits in case of channel 0) ' ' : 7

GR1B : |

H'FFFF X Data3 X Data 4
(32 bits in case of channel 0) '

Figure10.14 Example of Input Capture Operation
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10.3.5 One-Shot Pulse Function

ATU channel 10 has eight down-counters (DCNT10A to DCNT10H) and corresponding external
pins (TOA10 to TOH10) which can be used as one-shot pulse output pins.

To generate aone-shot pulse, the one-shot pulse width is set in the down-counter (DCNT), and the
corresponding down-count start register (DSTR) bit (DST10A to DST10H) is set to 1 by the user
program to start the down-count using the clock specified in the timer control register (TCR).
When the down-count starts, 1 is output to the corresponding external pin (TOA10 to TOH10). If
the DCNT valueis 0, however, the external pinremainsat 0 even if DST issetto 1; inthiscase, a
one-shot pulseis not generated, but an interrupt is requested. When the DCNT value underflows,
DCNT and the relevant DST bit are automatically cleared to O, and DCNT stops counting. At the
sametime, 0 is output to the corresponding external pin.

By making the appropriate setting in timer interrupt enable register F (TIERF), an interrupt request
can be sent to the CPU when the corresponding down-counter (DCNT10A to DCNT10H) reaches
0.

It ispossible to forcibly output O to the output pin during the down-count by clearing DCNT to O
(since DST cannot be cleared to 0 by the user program). In this case, DCNT and the relevant DST
bit are automatically cleared to O when the DCNT value underflows, and DCNT stops counting.
At the same time, O is output to the corresponding external pin.

An example of one-shot pulse operation is shown in figure 10.15.

In the example in figure 10.15, one-shot pulse widths dataA and dataB are set for DCNT10A by
the user program, and one-shot pulse output is performed by writing 1 to DST10A.
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=

Down-count value
DCNT10A

DataB |---------- / --------------------
Data A .

H'0000

Write to DCNT10A ( Data A) DST10A=:1’ '(DataB) | DST10A=‘l't
and DST10A by ﬂ : |_| !

user program

DST10A s ‘\ Aj/,

! ' Automatically —
' clearedto 0 |
TOA10 One-shot | One-shot pulse

pulse ’ |

Figure10.15 Example of One-Shot Pulse Operation

10.3.6  Offset One-Shot Pulse Function

The ATU channel 10 down-counters (DCNT) can be coupled with compare-matches between the
channel 1 and 2 free-running counters (TCNT) and general registers (GR) by setting bits CN10A
to CN10H to 1 in the timer connection register (TCNR). At the same time, the external pins
(TOA10 to TOH10) corresponding to the eight channel 10 down-counters, DCNT10A to
DCNT10H, can be used as offset one-shot pulse output pins.

Setting 1 in timer start register (TSTR) bit STR1 or STR2 starts the up-count by TCNT1 or
TCNT2 in channel 1 or 2. When TCNT1 or TCNT2 matches the general register (GR!A to GR1F,
GR2A, GR2B) value, the down-count start register (DSTR) bit corresponding to bit CN10A to
CN10H in TCNR corresponding to GR automatically changesto 1, and the down-count is started.
When the down-count starts, 1 is output to the corresponding external pin (TOA10 to TOH10). If
the DCNT valueis 0, however, the external pinremainsat 0 even if DST issetto 1; inthiscase, a
one-shot pulseis not generated, but an interrupt is requested. When the DCNT value underflows,
DCNT and the relevant DST bit are automatically cleared to 0, and DCNT stops counting. At the
sametime, 0 is output to the corresponding external pin. Aslong asacount valueis setin DCNT
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from the CPU before the next match with the general register, one-shot pulses can be output
consecutively. DSTR cannot be rewritten while the offset one-shot pulse function is being used.

By making the appropriate setting in timer interrupt enable register F (TIERF), an interrupt request
can be sent to the CPU one clock cycle after the corresponding down-counter (DCNT10A to
DCNT10H) reaches 0.

It ispossible to forcibly output 0 to the output pin during the down-count by clearing DCNT to O
(since DST cannot be cleared to 0 by the user program). In this case, DCNT and the relevant DST
bit are automatically cleared to O when the DCNT value underflows, and DCNT stops counting.
At the same time, O is output to the corresponding external pin.

An example of offset one-shot pulse operation is shown in figure 10.16.

In the example in figure 10.16, the ATU channel 1 free-running counter is started, and offset one-
shot pulse output is performed by means of GR1A output compare-match and the DCNT10A
channel 10 down-counter corresponding to GR1A.

Counter value
TCNT1

H'0000 ;
P 1 1 ; Time
write to GR1A | |
Write to DCNTZ0A _ﬂ (dataA) | 3 I | (dataB);
by user program - & —
Down-count value
, | 3 " DCNT10A | ‘ :
. =] - , 1] -
TOAL0 — shot ! j ‘ " pulse
pulse

Figure10.16 Example of Offset One-Shot Pulse Operation
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10.3.7 Interval Timer Operation

The 8 bits of the interval interrupt request register (ITVRR) are connected to bits 10 to 13 of
TCNTOL in the channel 0 32-bit free-running counter (TCNTOH, TCNTOL). The upper 4 bits
(ITVAD3to ITVADQ) are used to start A/D converter sampling, and the lower 4 bits (ITVE3 to
ITVEO) generate signals to the interrupt controller (INTC).

For A/D converter activation, an edge sensor is provided for bits 10 to 13 of TCNTOL, and A/D
channel 0 sampling is started when the corresponding bit in TCNTOL changesto 1 as aresult of
setting 1 in one of the upper 4 bits ITVAD3 to ITVADO) of ITVRR.

For generation of interrupt signalsto the INTC, after detection of bits 10 to 13 of TCNTOL by the
edge sensor, when the corresponding bit in TCNTOL changesto 1 as aresult of setting 1 in one of
the lower 4 hits (ITVE3 to ITVED) of ITVRR after detection of bits 10 to 13 of TCNTOL by the
edge sensor, the corresponding flag (11F0 to 11F3) in timer status register TSRAH issetto 1 and an
interrupt request is sent to INTC. The above four interrupt sources have only one interrupt vector
address, and therefore when more than one of bitsITVE3to ITVEO in ITVRR is specified, control
branches to the same vector when any TCNTO bit corresponding to one of the specified bits
changesto 1.

To suppressinterruptsto INTC, or to prevent A/D sampling from being started, all ITVRR bits
should be cleared to O.

A schematic diagram of the interval timer is shown in figure 10.17.
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13 12 11 10bity TENTOL
L[ [ [ | NI

(32 bit FRT)

H:I H:I H:I I;dge sensor

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| i
|

! | | | | | Upper 4 bits | | | | | Lower 4 bits :
I of ITVRR of ITVRR I
| |
| |
| |
| |
| i
|

! TRSAH !
I (status flags) I
i |
| |
| |
| |
| |
| |
i |
|

\j
A/D converter INTC

activation signal

Figure10.17 Schematic Diagram of Interval Timer
An example of TCNTO and bit detection operation is shown in figure 10.18.

In the example in figure 10.18, free-running counter O (TCNTO) is started by setting 1in ITVELin
ITVRR.
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HFFFFFFFF

H'FFFFF800
H'00002800
H'00001800
H'00000800
H'00000000

CPU 0 write ; . . . |
to IIF1by user ” : ” : ”—?3 : ”

program : Lo Do .

Interrupt status H é—l_l
ﬂag (”Fl) h N 1 1 1 (\ 1 1

Figure 10.18 Exampleof Interval Timer Operation

10.3.8 Twin-Capture Function

The ATU’s channel 0 ICROA and channel 1 OSBR can be made to perform input capture in
response to the same trigger by means of a setting in timer 1/0 control register TIOROA. When the
ATU channel 0 counter (TCNTO) and channel 1 counter (TCNTL) are started by a setting in the
timer status register (TSR), and atrigger signal isinput from the ICROA input capture input pin
(TIAOQ), the TCNTO value can be transferred to ICROA, and the TCNT1 value to OSBR. Rising-
edge, falling-edge, or both-edge detection can be selected for the TIAO trigger input pin.

By making the appropriate setting in the timer interrupt enable register (TIER), an interrupt
request can be sent to the CPU when input capture occurs.

An example of twin-capture operation is shown in figure 10.19.

In the examplein figure 10.19, twin-capture is started using a both-edge detection specification.
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TIAO —| |
i
H'FFFFFFFF
Channel 0
counter Data X1
value Data X2
TCNTO
H'00000000
HFFFF | 5
Channel 1 Data Y1 p---------mmmmm-2 ; :
counter
value ' :
TCNT1 Data Y2 |- oot :
H'0000 . .
Time
ICROAH/L X Data X1 X Data X2
OSBR X Data Y1 X Data Y2

Figure10.19 Example of Twin-Capture Operation

10.3.9 PWM Timer Function

PWM mode is set unconditionally for ATU channels 6 to 9, and also by setting 1 in the
corresponding bit (T3PWM to TSPWM) of the ATU channel 3 to 5 timer mode registers (TMDR),
enabling the counters to be used as PWM timers.

In ATU channels 6 to 9, when the free-running counter (TCNT) is started, O is output to the
external pin if the corresponding duty register (DTR6 to DTR9) valueis0, and 1 is output to the
external pin if the DTR6 to DTR9 valueis 1. When the TCNT count matches the DTR6 to DTR9
value after the up-count is started, O is output to the corresponding external pin (unless 100% duty
has been set, in which case 1 is output). When the continuing TCNT up-count matches the cycle
register (CYLR) value, 1 isoutput to the corresponding external pin (unless 0% duty has been set,
in which case 0 is output). At the same time, the counter is cleared. 0% duty is specified by setting
DTR to H'0000, and 100% duty by setting DTR= CYLR.

The relationship between pins and registersis shown in table 10.4. Details of the buffer function
for ATU channels 6 to 9 are given in section 10.3.10, Buffer Function.
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An example of channel 6 to 9 PWM operation is shown in figure 10.20.

In the examplein figure 10.20, H'FO00 isset in CYLR6 to CYLRS8, H'FO00 in DTR6, H'7000 in
DTR7, and H'0000 in DTR8, ATU channels 6 to 8 are activated simultaneously, and waveform
output (100%, 50%, 0%) is generated on external pins TO6 to TO8.

\ Counter value
TCNT6 to TCNT8

R N
CYLRB=8, |-~ oo \ -----------------------------------------------
DTR6 (H'FO00)

DTR7 (H'7000) . SCORCEETEEEEY EEERETREE

DTRS8 (H'0000)
Time

i No change ! ' No change

E

TO6 Q : : .
TO7 m

No change ! i No change : ' No change

TOS (‘0

Figure 10.20 Example of PWM Waveform Output Operation

In ATU channels 3 to 5, when PWM maode is set, corresponding general register GR3D, GR4D,
and GR5B function as cycle registers, and GR3A to GR3C, GR4A to GR4C, and GR5A, as duty
registers. At the sametime, external pins TIOA3 to TIOC3, TIOA4 to TIOC4, and TIOAS
function as PWM waveform output pins. In channels 3 and 4, there are four duty registersfor one
cycleregister, and the cycleis the same for all the corresponding output pins.

In PWM mode, output of a 0% duty waveform cannot be set for ATU channels 3to 5. If 0% duty
isrequired, channels 6 to 9 should be used. Although constant 1 output is performed if 100% duty
isset (GR3A, B, C= GR3D, GR4A, B, C = GR4D or GR5A = GR5B), use of channels6to 9is
also recommended if 100% duty isto be set.

An example of channel 3 to 5 PWM operation is shown in figure 10.21.
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In the examplein figure 10.21, H'FO00 is set in GR3D, H'FO00 in GR3A, H'7000 in GR3B, and
H'0000 in GR3C, ATU channel 3 isactivated, and waveform output is generated on external pins
TIOA3to TIOD3.

y Counter value

=
GR3D,
GR3A (H'F000)

GR3B (H'7000)

GR3C (H'0000)

Time

No change No change

TIOA3 Q

TioC3 l : | ; |

Figure10.21 Example of PWM Waveform Output Operation

10.3.10 Buffer Function

ATU channels 6 to 9 each have afree-running counter (TCNT6 to TCNT9), cycle register
(CYLR6to CYLRY), duty register (DTR6 to DTR9), and buffer register (BFR6 to BFR9). PWM
waveform output by means of counter matches with the cycle register and duty register is
performed as described in section 10.3.9, PWM Timer Function. However, channels 6 to 9 also
include a buffer function, whereby the corresponding buffer register value is transferred to the
duty register on amatch between the cycle register and counter. If the corresponding bit in timer
interrupt enable register E (TIERE) is set to 1, an interrupt request can be sent to the CPU when
the cycle register value and counter value match.

An example of buffered PWM operation is shown in figure 10.22.

In the example in figure 10.22, H'4000 is set in BFR6, H'A000 in DTR6, and H'FO00 in CY LR,
and after the PWM operation is started, the BFR6 value is changed to H'BO00 and H'7000 during
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the operation, so that a waveform with varying duty cyclesis output continuously on external pin
TO6.

4 Counter value  Duty register value
TCNT6 DTR6

H'FFFF
CYLRS6 (H'FO00)
DTR6 (H'A000)
BFR6 (H'4000)

H'0000 / - : - : .

i Time
STR6 Q AT | i .
BFR6 4000 | g )( THB000 Q X 7000 gX 7000
DTR6 H'A000 )\(\ EH'4000 )\(\ H'BOOOé )z\ H'7;OOO

o i

Figure10.22 Example of Buffered PWM Waveform Output Operation

10.3.11 One-Shot Pulse Function Pulse Output Timing

There isamaximum delay of one DCNT input clock count clock cycle between setting of the
down-count start flag (DST) and the start of the DCNT down-count. One-shot pulse output also
varies by a delay of one CK state, but there is no error in the one-shot pulse output pulse width.

Figure 10.23 shows an example with a pulse width setting of H'0005.
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« JULUILUU DU DU U UL UUUL

1 written 1+
toDST | |
Internal write signal L Vo
1 1
1 DCNT start delay
) i

Down-count start
flag DST

DCNT input clock |_|

L]

H'0004 X H'0003 X H'0002 X H'0001 X H'0000 XH'OOOO

DCNT H'0005

1
i
One-shot pulse T
output ! L
P P
I I ] I
e —
1 1 I 1
1 state 1 state

Figure10.23 One-Shot Pulse Function Pulse Output Timing

10.3.12 Offset One-Shot Pulse Function Pulse Output Timing

Thereisadelay of one CK state between the occurrence of a compare-match between the channel
1 or 2 free-running counter (TCNT) and a general register (GR), and setting of the channel 10
down-count start flag (DST) is set. In addition, there is a maximum delay of one DCNT input
clock count clock cycle between setting of the DST flag and the start of the DCNT count. One-
shot pulse output varies by afurther delay of one CK state, but there is no error in the one-shot
pulse output pulse width.

Figure 10.24 shows an example with an offset width setting of H'0100, and a pulse width setting
of H'0003.
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1 state

TCNT input clock |_|

|
|
|
TCNT H'0100 X H'0101 X H'0102 X H'0103

|
|
|
|
|
!
|
T
|
! |
GR o H'0100
T
o
Compare-match |}_| i
signal VL
l
Down-count start
flag DST DCNT start
—' delay —
-~
| |
DCNT input clock |_| |_| |_| r
|
| |
! |
DCNT H'0003 X H'0002 X H'0001 X H'0000 KH'OOOO
| 1
3 |
One-shot pulse ! |
output 1 |
he —~
| | I !
g 1 state

1 state

Figure10.24 Offset One-Shot Pulse Function Pulse Output Timing

10.3.13 Channel 3to 5 PWM Output Waveform Actual Cycle and Actual Duty

In channel 3to 5 PWM mode, the actual cycle corresponding to the cycle register value is one
TCNT input clock cycle greater than the cycle register value, and the actual cycle corresponding to
the duty register value isone TCNT input clock cycle greater than the duty register value. This
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phenomenon is due to the fact that the value is H'0000 when the free-running counter (TCNT3 to
TCNTD5) iscleared.

Thetiming in this case is shown in figure 10.25. In this example, H'0005 is set as the cycle register
value and H'0000 as the duty register value, the actual cycle value is H'0006, and the actual duty
value is H'0001.

Actual cycle

Compare-match signal Lo

@) | o |
Compare-match signal : :

(cycle) || (- |

Counter clear signal J H H

Actual duty

L ———— o

PWM output ’_‘ ’_‘

Figure10.25 Channe 3to5 PWM Output Waveform and Counter Operation

10.3.14 Channe 3to5PWM Output Waveform Settingsand Interrupt Handling Times

Since channels 3 to 5 have no function for rewriting ageneral register (GR) simultaneoudly with
compare-match occurrence (buffer function) in PWM mode or when the counter clear function is
set, it may not be possible to generate waveform output with aresolution that exceeds the time
required to rewrite GR after a compare-match.
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Thetiming in this case is shown in figure 10.26. In this example, channel 5 is set to PWM mode,
H'O0FE is set in GR5A and H'00FF in GR5B, and free-running counter 5 (TCNT5) is started.
When H'0000 (0% duty) is set in GR5A in the interrupt handling routine after a compare-match
with GR5B, a 0% duty waveform cannot be output immediately since the TCNT5 value is already
H'0002, and so 1 continues to be output until the subsequent compare-match with GR5A.

TCNTS

TCNT input clock

Time from compare-match
to GR5A rewrite

! ! ))
GR5A OOFF | X 0000

! )
GR5B < . OOFF |

Compare-match signal [
| ((
))

Counter clear signal }

((
)

((
))

Interrupt status flag

GR5A write signal ‘
generated in interrupt «
handling routine ; —

((

D

PWM output

Period during which
PWM output is 1 although
duty value is O

Figure10.26 Channd 5 Waveform when Duty Changes from 100% to 0%
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10.3.15 PWM Output Operation at Start of Channel 3to 5 Counter

In channel 3to 5 PWM mode, free-running counter (TCNT3 to TCNT5) PWM outputisnot 1in
the first cycle when the counter is started. However, the interrupt status flag is set to 1 when there
isamatch with the duty register value in the first cycle.

The timing in this case is shown in figure 10.27. In this example, H'0003 is set as the duty register
value, and H'0005 as the cycle register value.

Duty

! i
PWM output |

Interrupt status flag

1st cycle 2nd cycle 1 3rd cycle

Figure 10.27 Channe 3to5PWM Output Waveform
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10.3.16 PWM Output Operation at Start of Channel 6 to 9 Counter

In channels 6 to 9, the maximum TCNT input clock error occurs between the cycle register value
or duty register value and the actual output waveform in the waveform of the first cycle when the
free-running counter starts (there is no error in the waveform in the second and subsequent cycles).
Thisis because the counter start signal from the CPU cannot be determined in synchronization
with the TCNT input clock timing. To output awaveform with no error in the waveform of the
first cycle, theinitial value of the duty register (DTR) should be set to H'0000 (in this case,
however, the interrupt status flag will be set when 1 isfirst output).

Thetiming in this case is shown in figure 10.28. In this example, H'0003 is set as the duty register
value, and H'0005 as the cycle register value.

PWM output

|
,
—_— !
‘
|

'Error with respect
'to counter start
Interrupt status flag

1st cycle ! 2nd cycle | 3rd cycle

Figure10.28 Channe 6to 9 PWM Output Waveform
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10.3.17 Timing of Buffer Register (BFR) Writeand Transfer by Buffer Function

In channels 6 to 9, if the BFR value is transferred to the duty register (DTR) by a compare-match
with the cycle register (CYLR) in the T2 state during awrite cycle from the CPU to the buffer
register (BFR), the value prior to the CPU write to BFR istransferred to DTR.

The timing in this case is shown in figure 10.29. In this example, a CY LR compare-match and a
write of HAAAA to BFR occur simultaneously when the BFR value is H'5555.

BFR write cycle

| T1 T2

CK
Address X BFR address X
H'AAAA
Internal write signal \t/(v)rlétgg
Compare-match signal
BFR H'5555 X H'AAAA
DTR X H'5555

Figure10.29 Contention between Buffer Register (BFR) Writeand Transfer by Buffer
Function
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10.4  Interrupts

The ATU has 44 interrupt sources of five kinds: input capture interrupts, compare-match
interrupts, overflow interrupts, underflow interrupts, and interval interrupts.

1041 StatusFlag Setting Timing

IMF (ICF) Setting Timing in Input Capture: When an input capture signal is generated, the
IMF bit (ICF bit in case of channel 0) is set to 1 in thetimer status register (TSR), and the TCNT
valueis simultaneously transferred to the corresponding GR (ICR in the case of channel 0).

Thetiming in this case is shown in figure 10.30.

In the example in figure 10.30, asignal isinput from an external pin, and input captureis
performed on detection of arising edge.

CK

—>» -« tycs (input capture input setup time)

Input capture input

Internal input capture

signal
TCNT N
GR (ICR) X N

Interrupt status flag
IMF (ICF)

Interrupt request signal
IMI (ICI)

Figure10.30 IMF (ICF) Setting Timing in Input Capture
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IMF (ICF) Setting Timing in Compare-Match: The IMF bit (CMF hit in case of channels 6 to
9) isset to 1 in the timer status register (TSR) by the compare-match signal generated when the
genera register (GR) or cycleregister (CYLR) value matches the timer counter (TCNT) value.
The compare-match signal is generated in the last state of the match (when the matched TCNT
count value is updated).

Thetiming in this case is shown in figure 10.31.

CK

TCNT input clock

TCNT N X N+1

GR(CYLR) N

Compare-match signal

Interrupt status flag
IMF (CMF)

Interrupt request signal
IMI (CMI)

Figure10.31 IMF (CMF) Setting Timing in Compare-Match
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OVF Setting Timing in Overflow: When TCNT overflows (from H'FFFF to H'0000, or from
H'FFFFFFFF to H'00000000), the OVF bit is set to 1 in the timer status register (TSR).

The timing in this case is shown in figure 10.32.

CK

TCNT input clock

TCNT  HFFFF X H'0000

Overflow signal

Interrupt status flag
OVF

Interrupt request signal
ovi

Figure 10.32 OVF Setting Timing in Overflow
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OSF Setting Timing in Underflow: When a down-counter (DCNT) counts down from H'0001 to
H'0000 on DCNT input clock input, the OSF bit is set to 1 in the timer status register (TSR) when
the next DCNT input clock pulse isinput (when underflow occurs). However, when DCNT is

H'0000, it remains unchanged at H'0000 no matter how many DCNT input clock pulses are input.

Thetiming in this case is shown in figure 10.33.

CK

DCNT input clock

DCNT H'0001 X H'0000 X H'0000

Underflow signal

Interrupt status flag
OSF

Interrupt request signal
oSl

Figure 10.33 OSF Setting Timing in Under flow
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Timing of 11F Setting by Interval Timer: When 1 is generated by ANDing therise of bit 10-13
in free-running counter TCNTOL with bit ITVEO-ITVE3 in theinterval interrupt request register
(ITVRR), the lIF bit is set to 1 in the timer status register (TSR).

Thetiming in this case is shown in figure 10.34. TCNTO value N in the figure is the counter value
when TCNTOL bit 10-13 changesto 1. (For example, N = H'00000400 in the case of bit 10,
H'00000800 in the case of bit 11, etc.)

CK

TCNT input clock

TCNTO N-1 AX N

Internal interval signal

Interrupt status flag
IIF

Interrupt request signal

Figure10.34 Timing of I1F Setting Timing by Interval Timer
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10.4.2 Interrupt Status Flag Clearing

Clearing by CPU Program: The interrupt status flag is cleared when the CPU writes 0 to the flag
after reading it while set to 1.

The procedure and timing in this case are shown in figure 10.35.

TSR write cycle
T1 T2

- |-

( Start )

CK
Read 1 from TSR

Address X TSR address X

Write 0 to TSR Internal write

signal

l Interrupt status flag

IMF, ICF, CMF,

Interrupt status OVF, OSF. IIF

flag cleared

Interrupt request
signal

Figure10.35 Procedureand Timing for Clearing by CPU Program
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Clearing by DMAC: Theinterrupt status flag (ICFOB, CMF6) is cleared automatically during
data transfer when the DMAC is activated by input capture (ICROB) or compare-match (CY LR6).

The procedure and timing in this case are shown in figure 10.36.

CK

( Start ) _
Clear request signal
from DMAC
Activate DMAC Interrupt status
flag clear signal
l Interrupt status flag
ICFOB, CMF6

Interrupt status
flag cleared during

data transfer Interrupt request
signal

Figure10.36 Procedureand Timing for Clearing by DMAC
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10.5 CPU Interface

1051 RegistersRequiring 32-Bit Access

Free-running counter 0 (TCNTO) and input capture registers OA to 0D (ICROA to ICROD) are 32-
bit registers. As these registers are connected to the CPU via an internal 16-bit data bus, aread or
write (read only, in the case of ICROA to ICROD) is automatically divided into two 16-bit
accesses.

Figure 10.37 shows aread from TCNTO, and figure 10.38 awrite to TCNTO.

When reading TCNTO, in the first read the TCNTOH (upper 16-bit) value is output to the internal
data bus, and at the same time, the TCNTOL (lower 16-bit) value is output to an internal buffer
register. Then, in the second read, the TCNTOL (lower 16-bit) value held in the internal buffer
register is output to the internal data bus.

When writing to TCNTO, in the first write the upper 16 bits are output to an internal buffer
register. Then, in the second write, the lower 16 bits are output to TCNTOL, and at the same time,
the upper 16 bits held in the internal buffer register are output to TCNTOH to complete the write.
The above method performs simultaneous reading and simultaneous writing of 32-bit data,
preventing contention with an up-count.

1st read operation
Internal data bus

H Module data bus H

oue TCNTOH
cPUCTT ] etace K
Internal L
buffer register<: TCNTOL
Module data
bus
Internal data bus 2nd read operation
L
Bus Module data
crulTTT ] B <:t) TCNTOH
L
Internal
buffer register TCNTOL

Figure 10.37 Read from TCNTO
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1st write operation
Internal data bus

H Bus H Internal buffer
CPU :> interface :> register TCNTOH
Module data
bus TCNTOL
Internal data bus 2nd write operation Module
L L H data bus

Bus Internal buffer
CPUL D iniertoce egister | TCNTOH

_‘ > TCNTOL

Module data bus

Figure10.38 Writeto TCNTO

10.5.2 RegistersRequiring 16-Bit Access

Free-running counters 1to 9 (TCNT1 to TCNT9), the general registers (GR), down-counters
(DCNT), offset base register (OSBR), cycleregisters (CYLR), buffer registers (BFR), duty
registers (DTR), and timer start register (TSTR) are 16-bit registers. These registers are connected
to the CPU viaan internal 16-bit data bus, and can be read or written (read only, in the case of
OSBR) aword at atime.

Figure 10.39 shows the operation when performing aword read or write accessto TCNT1.

Internal data bus Module data bus

CPU< > intSrlizce < > TCNTL

Figure 10.39 TCNT1 Read/Write Operation

Rev. 5.00 Jan 06, 2006 page 314 of 818
REJ09B0273-0500

RENESAS




Section 10 Advanced Timer Unit (ATU)

10.5.3 8-Bit or 16-Bit Accessible Registers

The timer control register (TCR), timer /O control registers1to 5 (TIOR1 to TIOR5), and the
timer connection register (TCNR) are 8-bit registers. These registers are connected to the upper 8
bits or lower 8 bits of the internal 16-bit data bus, and can be read or written abyte at atime.

In addition, a pair of 8-bit registers for which only the least significant bit of the addressis
different, such astimer 1/0 control register 4A (TIOR4A) and timer /O control register 4B
(TIOR4B), can be read or written in combination aword at atime.

Figures 10.40 and 10.41 show the operation when performing individual byte read or write
accessesto TIOR4A and TIOR4B. Figure 10.42 shows the operation when performing a word
read or write accessto TIOR4A and TIOR4B simultaneoudly.

Internal data bus 5 Module data bus TIORAA

cpu & S e >
S | interface /| TIOR4B
Only upper 8 bits used Only upper 8 bits used

Figure 10.40 Byte Read/Write Accessto TIOR4A

Internal data bus 5 Module data bus TIORAA
cpu & N >
e v

interface v"|  TIOR4B
Only lower 8 bits used Only lower 8 bits used

Figure 10.41 Byte Read/Write Accessto TIOR4B

Internal data bus Module data bus

CPU/ N Bus n| TIOR4A
N | interface | TIOR4B

Figure10.42 Word Read/Write Accessto TIOR4A and TIOR4B
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1054 RegistersRequiring 8-Bit Access

The timer mode register (TMOR), prescaler register 1 (PSCR1), timer /O control register 0
(TIORO), the trigger selection register (TGSR), interval interrupt request register (ITVRR), timer
status register (TSR), timer interrupt enable register (TIER), and down-count start register (DSTR)
are 8-bit registers. These registers are connected to the upper 8 bits or lower 8 bits of the internal
16-bit data bus, and can be read or written abyte at atime.

Figures 10.43 and 10.44 show the operation when performing individual byte read or write
accesses to TGSR and TIOROA.

Internal data bus Module data bus
N Bus N TGSR

£
CPU < | interface
Only upper 8 bits used Only upper 8 bits used

Figure 10.43 Byte Read/Write Accessto TGSR

Internal data bus Module data bus

cpu & SN
< | interface | TIOROA
Only lower 8 bits used Only lower 8 bits used

Figure 10.44 Byte Read/Write Accessto TIORA

10.6  Sample Setup Procedures
Sample setup procedures for activating the various ATU functions are shown below.

Sample Setup Procedurefor Input Capture: An example of the setup procedure for input
capture is shown in figure 10.45.

1. Set thefirst-stage counter clock @ in prescaler register 1 (PSCRL).
For channels 1 to 5, also select the second-stage counter clock @ with the CKSEL bit in the
timer control register (TCR). When selecting an external clock, also select the external clock
edge type with the CKEG bitin TCR.

2. Set the port E control register (PECR) or port G control register (PGCR), corresponding to the
port for signal input as the input capture trigger, to ATU input capture input.

3. Sdect rising edge, falling edge, or both edges as the input capture signal input edge(s) with the
timer 1/O control register (TIOR).
If necessary, an interrupt request can be sent to the CPU on input capture by making the
appropriate setting in the interrupt enable register (TIER).
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4. Set the corresponding bit to 1 in the timer start register (TSTR) to start the free-running
counter (TCNT) for the relevant channel.

Note: When channel 0 input capture (ICROA) occurs, the TCNT1 value is aways transferred to
the offset base register (OSBR), irrespective of channel 1 free-running counter (TCNT1)
activation.

For details, see section 10.3.8, Twin-Capture Function.

( Start )

Select counter clock 1

Set port-ATU connection | 2

Set input waveform edge
detection

Start counter 4

|

Input capture operation

Figure10.45 Sample Setup Procedurefor Input Capture
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Sample Setup Procedure for Waveform Output by Output Compare-Match: An example of
the setup procedure for waveform output by output compare-match is shown in figure 10.46.

1. Set thefirst-stage counter clock @ in prescaler register 1 (PSCRL), and select the second-stage
counter clock @' with the CKSEL bit in the timer control register (TCR). When selecting an
external clock, also select the external clock edge type with the CKEG bit in TCR.

2. Set the port E control register (PECR) or port G control register (PGCR), corresponding to the
waveform output port, to ATU output compare-match output. Also set the corresponding bit to
1linthe port E IO register (PEIOR) or port G 10 register (PGIOR) to specify the output
attribute for the port.

3. Sdect 0, 1, or toggle output for output compare-match output with the timer 1/0 control
register (TIOR). If necessary, an interrupt request can be sent to the CPU on output compare-
match by making the appropriate setting in the interrupt enable register (TIER).

4. Set thetiming for compare-match generation in the ATU general register (GR) corresponding
tothe port setin 2.

5. Set the corresponding bit to 1 in the timer start register (TSTR) to start the free-running
counter (TCNT). Waveform output is performed from the relevant port when the TCNT value
and GR value match.
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( Start )

Select counter clock 1

Set port-ATU connection | 2

Select waveform output

mode 3
Set output timing 4
Start counter 5

l

Waveform output

Figure10.46 Sample Setup Procedure for Waveform Output by Output Compare-Match
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Sample Setup Procedurefor ATU Channel O Input Capture Triggered by Channel 1
Compare-Match: An example of the setup procedure for ATU channel 0 input capture triggered
by channel 1 compare-match is shown in figure 10.47.

1. Set the channel 1 timer 1/O control register (TIOR1A) to output compare-match, and set the
timing for compare-match generation in the channel 1 general register (GR1A).

2. Set bits TRG1A and TRGI1D to 1 in the trigger selection register (TGSR).

3. Set the corresponding bit to 1 in the timer start register (TSTR) to start the channel 1 free-
running counter (TCNT1). On compare-match between TCNT1 and GR1A, the compare-
match signal is transmitted to channel 0 as the channel 0 TIAO and TIDO input capture signal .

( Start )

Set compare-match 1
Set TGSR 2
Start counter 3

l

Signal transmission

Figure 10.47 Sample Setup Procedurefor Compare-Match Signal Transmission
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Sample Setup Procedurefor One-Shot pulse Output: An example of the setup procedure for
one-shot pulse output is shown in figure 10.48.

1. Set thefirst-stage counter clock ¢ in prescaler register 1 (PSCRL), and select the second-stage
counter clock @' with the CKSEL bit in timer control register TCR10.

2. Set the port C control register (PCCR) corresponding to the waveform output port to ATU one-
shot pulse output. Also set the corresponding bit to 1 in the port C 10 register (PCIOR) to
specify the output attribute.

3. Set the one-shot pulse width in the down-counter (DCNT) corresponding to the port setin (2).
If necessary, an interrupt request can be sent to the CPU when the down-counter underflows by
making the appropriate setting in the interrupt enable register (TIERF).

4. Set the corresponding bit (DST10A to DST10H) to 1 in the down-count start register (DSTR)
to start the down-counter (DCNT).

( Start )

Select counter clock 1

Set port-ATU connection| 2

Set pulse width 3

Start down-count 4

l

One-shot pulse output

Figure 10.48 Sample Setup Procedurefor One-Shot Pulse Output
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Sample Setup Procedurefor Offset One-Shot Pulse Output: An example of the setup
procedure for offset one-shot pulse output is shown in figure 10.49.

1

Set the first-stage counter clock ¢ in prescaler register 1 (PSCRL1), and select the second-stage
counter clock @' with the CKSEL bit in the timer control register (TCR1, TCR2, TCR10).

Set the port C control register (PCCR) corresponding to the waveform output port to ATU one-
shot pulse output. Also set the corresponding bit to 1 in the port C 1O register (PCIOR) to
specify the output attribute.

Set the one-shot pulse width in the down-counter (DCNT) corresponding to the port setin (2).
If necessary, an interrupt request can be sent to the CPU when the down-counter underflows by
making the appropriate setting in the interrupt enable register (TIERF).

Set the offset width in the channel 1 or 2 general register (GR1IA-GR1F, GR2A, GR2B)
connected to the down-counter (DCNT) corresponding to the port set in (2).

Set the CN10A—CN10H hit in the timer connection register (TCNR) corresponding to the port
setin(2) to 1.

Set the corresponding bit to 1 in the timer start register (TSTR) to start the channel 1 or 2 free-
running counter (TCNT1, TCNT2). When the TCNT value and GR value match, the
corresponding DCNT starts counting down, and one-shot pulse output is performed.
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( Start )

Select counter clock 1

Set port-ATU connection| 2

Set pulse width 3
Set offset width 4
Set offset operation 5
Start count 6

|

Offset one-shot pulse output

Figure10.49 Sample Setup Procedurefor Offset One-Shot Pulse Output
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Sample Setup Procedurefor Interval Timer Operation: An example of the setup procedure for
interval timer operation is shown in figure 10.50.

1. Set thefirst-stage counter clock @ in prescaler register 1 (PSCRL).

2. Setthe I TVEOHTVES3 bit to be used in theinterval interrupt request register (ITVRR) to 1. An
interrupt request can be sent to the CPU when the corresponding bit changesto 1 in the
channel O free-running counter (TCNTO).

To start A/D converter sampling, set the ITVADO-ITVADS3 bitto beused in ITVRR to 1.

3. Setbit 0to 1inthetimer start register (TSTR) to start TCNTO.

Note: TCNTO bit 10 correspondsto ITVEO and ITVADO, bit 11 to ITVE1 and ITVAD1, bit 12
to ITVE2 and ITVAD2, and bit 13to ITVE3 and ITVADS3.

( Start )

Select counter clock 1

Set interval 2

Start counter 3

i

Interrupt request to CPU
or start of A/DO sampling

Figure 10.50 Sample Setup Procedurefor Interval Timer Operation
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Sample Setup Procedurefor PWM Timer Operation (Channels3to 5): Anexample of the
setup procedure for PWM timer operation (channels 3to 5) is shown in figure 10.51.

1. Set thefirst-stage counter clock ¢ in prescaler register 1 (PSCRL), and select the second-stage
counter clock @' with the CKSEL bit in the timer control register (TCR). When selecting an
external clock, at the same time select the external clock edge type with the CKEG bit in TCR.

2. Set the port E control register (PECR) or port G control register (PGCR), corresponding to the
waveform output port, to ATU output compare-match output. Also set the corresponding bit to
1linthe port E IO register (PEIOR) or port G 10 register (PGIOR) to specify the output
attribute.

3. Set bit T3PWM-T5PWM in the timer mode register (TMDR) to PWM mode. When PWM
mode is set, the TIOD3. TIOD4, and TIODS5 pins go to 0 output irrespective of the timer 1/0O
control register (TIOR) contents.

4. The GR3A-GR3C, GR4A-GRA4C, and GR5A ATU general registers are used as duty registers
(DTR), and the GR3D, GR4D, and GR5B ATU general registers as cycle registers (CYLR).
Set the PWM waveform output 0 output timing in DTR, and the PWM waveform output 1
output timing in CYLR.

5. Set the corresponding bit to 1 in the timer start register (TSTR) to start the free-running
counter (TCNT) for the relevant channel.
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( Start )

Select counter clock 1

Set port-ATU connection | 2

Set PWM timer 3
Set GR 4
Start count 5

l

PWM waveform output

Figure10.51 Sample Setup Procedurefor PWM Timer Operation (Channels 3 to 5)
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Sample Setup Procedurefor PWM Timer Operation (Channels 6 to 9): An example of the
setup procedure for PWM timer operation (channels 6 to 9) is shown in figure 10.52.

1

Set the first-stage counter clock @ in prescaler register 1 (PSCR1), and select the second-stage
counter clock @' with the CKSEL hit in the timer control register (TCR6-TCRO9).

Set the port B control register (PBCR) corresponding to the waveform output port to ATU
PWM output. Also set the corresponding bit to 1 in the port B 10 register (PBIOR) to specify
the output attribute.

Set PWM waveform output 1 output timing in the cycle register (CYLR6—CY LR9), and set the
PWM waveform output O output timing in the buffer register (BFR6-BFR9) and duty register
(DTR6-DTRY). If necessary, an interrupt request can be sent to the CPU on a compare-match
between the CY LR value and the free-running counter (TCNT) value by making the
appropriate setting in the interrupt enable register (TIERE).

Set the corresponding bit to 1 in the timer start register (TSTR) to start the TCNT counter for
the relevant channel.

Notes: 1. Do not make a setting in DTR after the counter is started. Use BFR to makeaDTR

setting. For details, see section 10.3.10, Buffer Function.
2. 0% duty is specified by setting H'0000 in the duty register (DTR), and 100% duty is
specified by setting buffer register (BFR) = cycle register (CYLR).
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( Start )

Select counter clock 1

Set port-ATU connection | 2

Set CYLR, BFR, DTR 3

Start count 4

i

PWM waveform output

Figure 10.52 Sample Setup Procedurefor PWM Timer Operation (Channels 6 to 9)
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10.7  Usage Notes
Note that the kinds of operation and contention described below occur during ATU operation.

Contention between TCNT Writeand Clearing by Compare-Match: With channel 3to 9 free-
running counters (TCNT3 to TCNT9), if acompare-match occursin the T2 state of a CPU write
cycle when clearing is enabled, the write to TCNT has priority and clearing is not performed.

The compare-match remains valid, and writing of 1 to the interrupt status flag and waveform
output to an external destination are performed in the same way as for anormal compare-match.

Thetiming in this case is shown in figure 10.53.

‘Tl‘TZ‘

CK

Address X TCNT address X

Internal write signal

Compare-match signal

Counter clear signal

TCNT >< CPU write value

Interrupt status flag

External output signal
(1 output)

Figure 10.53 Contention between TCNT Write and Clear

Rev. 5.00 Jan 06, 2006 page 329 of 818
REJ09B0273-0500

RENESAS



Section 10 Advanced Timer Unit (ATU)

Contention between GR Write and Data Transfer by Input Capture: If input capture occurs
in the T2 state of a CPU write cycle for achannel 1 to 5 general register (GR1A to GR1F, GR2A,
GR2B, GR3A to GR3D, GR4A to GR4D, GR5A, GR5B), the writeto TCNT has priority and the
datatransfer to GR is not performed.

Writing of 1 to the interrupt status flag due to input capture is performed in the same way as for
normal input capture.

Thetiming in this case is shown in figure 10.54.

‘ T1 T2 ‘

CK

Address X GR address X

Internal write signal

Internal input capture signal

GR X CPU write value

Interrupt status flag

Figure10.54 Contention between GR Write and Data Transfer by Input Capture
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Contention between TCNT Writeand Increment: If awriteto achannel 0to 9 free-running
counter (TCNTO to TCNTY) is performed while that counter is counting up, the write to the
counter has priority and the counter is not incremented.

Thetiming in this case is shown in figure 10.55. In this example, the CPU writes H'5555 at the
point at which TCNT isto be incremented from H'1001 to H'1002.

e

CK

TCNT input clock

Address X TCNT address X

Internal write signal

5555
TCNT X 1001 X(CPU write vaIue)X 5556

Figure 10.55 Contention between TCNT Write and Increment
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Contention between TCNT Writeand Counter Clearing by Overflow: With channel 3to 5
free-running counters (TCNT3 to TCNT5), if overflow occursin the T2 state of a CPU write cycle
when clearing is enabled, the write to TCNT has priority and the counter is not cleared to H'0000.

Writing of 1 to the interrupt status flag (OVF) dueto the overflow is performed in the same way as
for normal overflow.

Thetiming in this case is shown in figure 10.56. In this example, H'5555 is written at the point at
which TCNT overflows.

‘ T1 T2 ‘

CK

TCNT input clock

Address X TCNT address X

Internal write signal

Overflow signal

(CPU write value)X 5556

TCNT X FFFF X 5555

Interrupt status flag
(OVF)

Figure 10.56 Contention between TCNT Write and Overflow
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Contention between Interrupt Status Flag Setting by Interrupt Generation and Clearing: If
an event such as input capture/compare-match or overflow/underflow occursin the T2 state of an
interrupt status flag O write cycle by the CPU, setting of the interrupt status flag to 1 by that event
has priority and the interrupt status flag is not cleared.

Thetiming in this case is shown in figure 10.57.

TSR write cycle

‘Tl‘TZ

CK
Address X TSR address X
| | write si | 0 written
nternal write signal to TSR
TCNT N X N+1
GR N

Compare-match signal

Interrupt status flag

IME Remains unchanged at 1

Figure10.57 Contention between Interrupt Status Flag Setting by Compare-Match and
Clearing
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Contention between DTR Writeand BFR Valuetransfer by Buffer Function: Do not write to
the duty register (DTR) when the free-running counter (TCNT) has been started in channels 6 to 9.
If there is contention between transfer of the buffer register (BFR) value to the corresponding
DTR dueto acycle register compare-match, and awrite to DTR by the CPU, the OR of the BFR
value and CPU write value is written to DTR.

Figure 10.58 shows an example in which contention arises when the BFR valueis HAAAA and
the value to be written to DTR is H'5555.

CK
Address X DTR address X
H'5555
Internal write signal written
to DTR
Compare-match signal
BFR H'AAAA
DTR X HFFFF
(OR of H'5555 and
H'AAAA)

Figure 10.58 Contention between DTR Writeand BFR Value Transfer by Buffer Function
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Contention between Interrupt Status Flag Clearing by DMAC and Setting by Input
Capture/Compare-Match: If aclear request signal is generated by the DMAC when the interrupt
status flag (ICFOB, CMF6) is set by input capture (ICROB) or compare-match (CY LR®6), clearing
by the DMAC has priority and the interrupt status flag is not set.

The width of the DMAC clear request signal is normally two states, the same asan ATU access
cycle, and clearing is performed in two states. If abuswait, or a bus request from off-chip, occurs
while the DMAC clear request signal is being output, the DMAC clear request signal width will be
N states (N = 3).

The timing in this case is shown in figure 10.59

a. When the input capture/compare-match signal precedes the interrupt status flag
clear signal by 1/2 state

S U o

DMAC clear request
signal
Interrupt status flag F
clear signal
1/2 state —»  —
Input capture/ '
compare-match signal ¢

Interrupt status flag |
ICFOB, CMF6

(C
)7

b. When the input capture/compare-match signal follows the interrupt status flag
clear signal by 1/2 state, and contention arises

o« LML L
DMAC clear request request
signal ¢ ¢
Interrupt status flag
clear signal
Input capture/
compare-match signal ¢ ¢
)

Interrupt status flag L

ICFOB, CMF6

Figure 10.59 Contention between Interrupt Status Flag Clearing by DMAC and Setting by
Input Capture/Compare-Match
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Halting of a Down-Counter by the CPU: A down-counter (DCNT) can be halted by writing
H'0000 to it. The CPU cannot write O directly to the down-count start register (DSTR); instead, by
setting DCNT to H'0000, the corresponding DSTR bit is cleared to 0 and the count is stopped.
However, the OSF hit in the timer status register (TSR) is set when DCNT underflows.

Note that when H'0000 is written to DCNT, the corresponding DSTR bit is not cleared to 0
immediately; it is cleared to 0, and the down-counter is stopped, when underflow occurs following
the H'0000 write.

Thetiming in this case is shown in figure 10.60

CK

DCNT input clock

DCNT N X H'0000 X H'0000
H'0000
Int | write si | written
nternal write signa to DCNT
DSTR
TSR
Port output

(one-shot pulse)

Figure 10.60 Halting of a Down-Counter by the CPU
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Starting a Count with a Down-Counter Value of H'0000: A one-shot pulse will not be output if
the down-count start register (DSTR) is set and the down-counter (DCNT) count started from the
CPU, or the timer connection register (TCNR) is set and DCNT is started by a channel 1 or
channel 2 compare-match, when the DCNT value is H'0000. However, the OSF bit in the timer
status register (TSR) will be set to 1.

Thetiming in this case is shown in figure 10.61

CK

DCNT input clock

DCNT H'0000 X H'0000
1 written
fo DST
ita i it in
Internal write signal DSTR
DSTR
TSR

Port output Remains unchanged at 0

(one-shot pulse)

Figure10.61 Starting a Count with a Down-Counter Value of H'0000
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Input Capture Operation when Free-Running Counter is Halted: In channel 0 or channels 1
to 5, if input capture setting is performed and atrigger signal isinput from the input pin, the
TCNT value will be transferred to the corresponding general register (GR) or input capture
register (ICR) irrespective of whether the free-running counter (TCNT) is running or halted, and
the IMF or ICF bit will be set in the timer status register (TSR).

Thetiming in this case is shown in figure 10.62

CK

Timer status register
TSR

Internal input capture

signal
TCNT N
GR (ICR) X N

Interrupt status flag
IMF (ICF)

Figure 10.62 Input Capture Operation before Free-Running Counter is Started
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Contention between DCNT Write and Counter Clearing by Underflow: With the channel 10
down-counters (DCNT10A to DCNT10H), if the count is halted due to underflow occurring in the
T2 state of a down-counter write cycle by the CPU, retention of the H'0000 value has priority and
the writeto DCNT by the CPU is not performed. Writing of 1 to the interrupt status flag (OSF)
when the underflow occursis performed in the same way as for normal underflow.

The timing in this case is shown in figure 10.63. In this example, awrite of H'5555 to DCNT is
attempted at the same time as DCNT underflows.

‘ T1 T2

CK
DCNT input clock ]
Address X DCNT address X
Write data X 5555 X

Internal write signal

Underflow signal

H'0000 retained when DCNT halts

DCNT OOOIX 0000 X v 0000

Interrupt status flag
(OSF)

Figure 10.63 Contention between DCNT Write and Underflow
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Contention between DSTR Bit Setting by CPU and Clearing by Underflow: If underflow
occursin the T2 state of adown-counter start register (DSTR) “1” write cycle by the CPU,
clearing to 0 by the underflow has priority, and the corresponding bit of DSTR is not set to 1.

Thetiming in this case is shown in figure 10.64.

STR write cycle

CK
Address X DSTR address X
Internal write signal gon‘giStt_?g
DCNT 0001 X 0000 X 0000

Underflow signal

Down-count start
register

Figure 10.64 Contention between DSTR Bit Setting by CPU and Clearing by Under flow
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Timing of Prescaler Register (PSCR1), Timer Control Register (TCR), and Timer Mode
Register (TMDR) Setting: Settingsin the prescaler register (PSCR1), timer control register
(TCR), and timer mode register (TMDR) should be made before the counter is started. Operation
is not guaranteed if these registers are modified while the counter is running.

Interrupt Status Flag Clearing Procedure: When an interrupt status flag is cleared to 0 by the
CPU, it must first be read before O iswritten to it. Correct operation cannot be guaranteed if O is
written without first reading the flag.

Setting H'0000 in Free-Running Counters6to 9 (TCNT6to TCNT9): If H'0000 iswrittento a
channel 6 to 9 free-running counter (TCNT6 to TCNT9), and the counter is started, the interval up
to the first compare-match with the cycle register (CYLR) and duty register (DTR) will bea
maximum of one TCNT input clock cycle longer than the set value. With subsequent compare-
matches, the correct waveform will be output for the CYLR and DTR values.

Register Valueswhen a Free-Running Counter (TCNT) Halts: If the timer start register
(TSTR) valueis set to 0 during counter operation, only incrementing of the corresponding free-
running counter (TCNT) is stopped, and neither the free-running counter (TCNT) nor any other
ATU registers areinitialized. The externa output value at thetime TSTRis cleared to O will
continue to be output.

TCNTO Writing and Interval Timer Operation: If the CPU program writes 1 to a bit in free-
running counter O (TCNTO) corresponding to abit set to 1 in the interval interrupt request register
(ITVRR) when that TCNTO bitis0, TCNTO hit 10, 11, 12, or 13 will be detected as having
changed from 0 to 1, and an interrupt request will be sent to INTC and A/D sampling will be
started.

Automatic TSR Clearing by DMAC Activation by the ATU: When the DMAC is activated by
the ATU, automatic clearing of TSR will not be performed unless an addressin the ATU’s /O
space (H'FFFF8200 to H'FFFF82FF) is set as either the DMAC data transfer source address or
destination address. If it iswished to set an address outside the ATU’ s I/O space for both transfer
source and destination, the corresponding bit should be written with 0 after being read while set to
1 from within the interrupt handling routine.

Interrupt Status Flag Setting/Resetting: With TSRF, a0 writeto abit isinvalid only if
duplicate events have occurred for the same bit before writing O after reading 1 to clear a specific
bit. (The duplicate events are accepted.) In order to perform the O write, another 1 read is
necessary. Also, with TSRA to TSRE, events are not accepted even if duplicate events have
occurred for the same bit before a 0 write following a 1 read is performed.
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External Output Valuein Software Standby Mode: In software standby mode, the ATU
register and external output values are cleared to 0. However, while the TIOA to TIOFL, TIOA,
and TIOB2 external output values are cleared to 0 immediately after software standby mode is
exited, other external output values and all registers are cleared to O immediately before a
transition to software standby mode.

! Software standby mode !

o /1] “ UL

TIOA-F1, ;
TIOA, B2 ‘

NN
—

Other external i
outputs S 8 !

Figure10.65 External Output Value Transition Pointsin Relation to Software Standby
Mode
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10.8  Advanced Timer Unit Registers And Pins

Table10.4 ATU Registersand Pins

Channel
Register ~ Channel Channel Channel Channel Channel Channel Channel Channel Channel Channel Channel
Name 0 1 2 3 4 5 6 7 8 9 10
TSTR (16) TSTR TSTR TSTR TSTR TSTR TSTR TSTR TSTR TSTR TSTR —
TMDR (8) — — — TMDR TMDR  TMDR — — — — —
TCR (8) — TCR1 TCR2 TCR3 TCR4 TCR5 TCR6 TCR7 TCR8 TCR9 TCR10
PSCR1(8) PSCR1 PSCR1 PSCR1 PSCR1 PSCR1 PSCR1 PSCR1 PSCR1 PSCR1 PSCR1 PSCR1
TIOR (8) TIOROA TIOR1A TIOR2A TIOR3A TIOR4A TIOR5A — — — — —
to TIOR3B TIOR4B
TIOR1C
TGSR(8) TGSR — — — — — — — — — —
TSR (8) TSRAH, TSRB TSRC TSRDH TSRDH TSRDH TSRE TSRE TSRE TSRE TSRF
TSRAL TSRDL TSRDL TSRDL
TIER (8) TIERA TIERB TIERC TIERDH TIERDH TIERDH TIERE TIERE TIERE TIERE TIERF
TIERDL TIERDL TIERDL
ITVRR (8) ITVRR — — — — — — — — — —
DSTR(8) — — — — — — — — — — DSTR
TCNDR (8) — — — — — — — — — — TCNR
TCNT (16) TCNTOH, TCNT1 TCNT2 TCNT3 TCNT4 TCNT5 TCNT6 TCNT7 TCNT8 TCNT9 —
TCNTOL
ICR (16) ICROAH, — — — — — — — — — —
ICROAL
to
ICRODH,
ICRODL
GR (16) — GR1A GR2A GR3A GR4A GR5A — — — — —
to GR2B to to GR5B
GR1F GR3D GR4D
DCNT (16) — — — — — — — — — — DCNT10A
to
DCNT10
H
OSBR (16) — OSBR — — — — — — — — —
CYLR (16) — — — — — — CYLR6 CYLR7 CYLR8 CYLR9 —
BFR (16) — — — — — — BFR6 BFR7 BFR8 BFR9 —
DTR (16) — — — — — — DTR6 DTR7 DTR8 DTR9 —
Pins* TIAO TIOA1 TIOA2 TIOA3 TIOA4 TIOA5 TO6 TO7 TO8 TO9 TOA10
to to TIOB2 to to TIOB5 to
TIDO TIOF1, TIOD3  TIOD4 TOH10
TCLKA, TCLKA TCLKA TCLKA TCLKA
TCLKB TCLKB TCLKB TCLKB TCLKB

Note: * Pin functions should be set as described in section 16, Pin Function Controller (PFC).

The function of dual input/output pins (e.g. TIOA1) can also be set as described in
section 17, 1/0 Ports.

Rev. 5.00 Jan 06, 2006 page 343 of 818
REJ09B0273-0500

RENESAS



Section 10 Advanced Timer Unit (ATU)

Rev. 5.00 Jan 06, 2006 page 344 of 818
REJ09B0273-0500

RENESAS



Section 11 Advanced Pulse Controller (APC)

Section 11 Advanced Pulse Controller (APC)

111  Overview

The SH7050 series has an on-chip advanced pulse controller (APC) that can generate a maximum
of eight pulse outputs, using the advanced timer unit (ATU) as the time base.

11.1.1 Features
The features of the APC are summarized below.

» Maximum eight pulse outputs
The pulse output pins can be selected from among eight pins. Multiple settings are possible.
» Output trigger provided by advanced timer unit (ATU) channel 2
Pulse 0 output and 1 output is performed using the compare-match signal generated by the
ATU channel 2 compare-match register asthe trigger.
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11.1.2 Block Diagram

Figure 11.1 shows a block diagram of the advanced pulse controller.

:Internallextemal clock

Compare-

N e

GR2A

I
I
I
! |
| Compare !
I
I
I
I

match signal

Compare-
match

| h
' GR2B signal

Bit 6

Bit 14

I: Reset

|
— ) S i
|

Bit 5

Bit 13

{ > Reset |
|

— '
|

Bit 4

Bit 12

I: Reset

|
|
— il !

Bit 3

Bit 11

|3 Reset

Bit 2

Bit 10

|
|
 — B |
|
1
I:j Reset

— =
I

Bit 1

Bit 9

I:j Reset
——-set

) Reset]

Legend:
POPCR: Pulse output port control register

Figure11.1 Advanced Pulse Controller Block Diagram
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11.1.3  Pin Configuration

Table 11.1 summarizes the advanced pul se controller’s output pins.

Table11.1 Advanced Pulse Controller Pins

Pin Name 1/0 Function

PULSO Output APC pulse output O
PULS1 Output APC pulse output 1
PULS2 Output APC pulse output 2
PULS3 Output APC pulse output 3
PULS4 Output APC pulse output 4
PULS5 Output APC pulse output 5
PULS6 Output APC pulse output 6
PULS7 Output APC pulse output 7

11.1.4 Register Configuration
Table 11.2 summarizes the advanced pulse controller’ s register.

Table11.2 Advanced Pulse Controller Register

Name Abbreviation R/W Initial Value Address Access Size
Pulse output port control  POPCR R/W H'0000 H'FFFF83CO 8, 16
register

Note: Register access requires 2 cycles.
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11.2  Register Descriptions

11.21  Pulse Output Port Control Register (POPCR)
The pulse output port control register (POPCR) is a 16-bit readable/writable register.

POPCR isinitialized to H'0000 by a power-on reset and in hardware standby mode. It is not
initialized in software standby mode.

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

PULS7 PULS6 |PULSS5 PULS4 |PULS3 |PULS2 PULS1 PULSO PULS7 |PULS6 PULS5 PULS4 PULS3 PULS2 PULS1 PULSO
ROE | ROE | ROE | ROE | ROE | ROE | ROE | ROE | SOE | SOE | SOE | SOE | SOE | SOE | SOE | SOE

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/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bits 15 to 8—PUL S7 to PUL SO Reset Output Enable (PUL STROE to PUL SOROE): These
bits enable or disable 0 output to the APC pulse output pins (PULS7 to PUL S0) bit by bit.

Bits 15 to 8:

PULS7 to OROE Description

0 0 output to APC pulse output pin (PULS7—PULSO) is disabled (Initial value)
1 0 output to APC pulse output pin (PULS7—-PULSO0) is enabled

When one of these bitsis set to 1, 0 is output from the corresponding pin on a compare-match
between the GR2B and TCNT2 values.

Bits 7 to 0—PUL S7 to PUL SO Set Output Enable (PUL S7SOE to PUL SOSOE): These hits
enable or disable 1 output to the APC pulse output pins (PULS7 to PUL S0) hit by bit.

Bits 7 to 0:

PULS7 to 0SOE Description

0 1 output to APC pulse output pin (PULS7-PULSO) is disabled (Initial value)
1 1 output to APC pulse output pin (PULS7-PULSO) is enabled

When one of these bitsis set to 1, 1 is output from the corresponding pin on a compare-match
between the GR2A and TCNT2 values.
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11.3  Operation

11.3.1 Overview

APC pulse output is enabled by designating multiplex pinsfor APC pulse output with the pin
function controller (PFC), and setting the corresponding bitsto 1 in the pulse output port control
register (POPCR).

When general register 2A (GR2A) in the advanced timer unit (ATU) subsequently generates a
compare-match signal, 1 is output from the pins set to 1 by bits 7 to 0 in POPCR. When general
register 2B (GR2B) generates a compare-match signal, 0 is output from the pins set to 1 by bits 15
to 8 in POPCR.

0 is output from the output-enabled state until the first compare-match occurs.

The advanced pulse controller output operation is shown in figure 11.2.

CR Upper 8 bits
of POPCR
GR2B
Compare-match
signal
\ 4
Reset signal
< Port function |
selection ‘
APC output pins Set signal
(PULSO to PULS?7)
Compare-match
signal GR2A
Lower 8 bits
of POPCR

Figure11.2 Advanced Pulse Controller Output Operation
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11.3.2 Advanced Pulse Controller Output Operation

Example of Setting Procedurefor Advanced Pulse Controller Output Operation: Figure 11.3
shows an example of the setting procedure for advanced pulse controller output operation.

1

N

Set general registers GR2A and GR2B as output compare registers with the timer 1/0O control
register (TIOR).
Set the pulse rise point with GR2A and the pulse fall point with GR2B.

3. Select the timer counter 2 (TCNT2) counter clock with the timer prescale register (PSCR).

© N o g A

TCNT2 can only be cleared by an overflow.

Enable the respective interrupts with the timer interrupt enable register (TIER).

Set the pinsfor 1 output and O output with POPCR.

Set the control register for the port to be used by the APC to the APC output pin function.

Set the STR bit to 1 in the timer start register (TSTR) to start timer counter 2 (TCNT2).

Each time a compare-match interrupt is generated, update the GR value and set the next pulse
output time.

Each time a compare-match interrupt is generated, update the POPCR value and set the next
pin for pulse output.
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( APC output operation >

| GR function selection | 1
|
| GR setting | 2
ATU settings |
| Count operation setting | 3
|
| Interruptrequest setting | 4
|
APC setting | Rise/fall port setting | 5
|
Port setting | Port output setting | 6
|
ATU setting | Start count | 7

[
-

ATU setting | GR setting | 8

APC setting | Rise/fall port setting | 9

Figure 11.3 Example of Setting Procedurefor Advanced Pulse Controller Output
Operation

Example of Advanced Pulse Controller Output Operation: Figure 11.4 shows an example of
advanced pulse controller output operation.

1. Set ATU registers GR2A and GR2B (to be used for output trigger generation) as output
compare registers. Set the rise point in GR2A and the fall point in GR2B, and enable the
respective compare-match interrupts.

2. Write H'0101 to POPCR.

3. Start ATU timer 2. When a GR2A compare-match occurs, 1 is output from the PUL SO pin.
When a GR2B compare-match occurs, 0 is output from the PULSO pin.
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4. Pulse output widths and output pins can be continually changed by successively rewriting
GR2A, GR2B, and POPCR in response to compare-match interrupts.

5. By setting POPCR to avalue such as H'EOEOQ, pulses can be output from up to 8 pinsin
response to a single compare-match.

Cleared on overflow

TCNT value Rewritten Y
S U
Rewritten|
Rewritten T
Rewrittend
I
Rewritten _ [ I
Rewrittend :
Rewritten T : :
Rewrittend : I
, i |
Rewriten T | | |
Rewritten | : | |
—————— I I
| | !
I I
GR2B|——-—1—2 P ! I :
GR2AF———— L i | !
I
: : I : ' >
| I | | "
| | !
I I
| I
P! |

|
H'0000 !
|
|
1

EOEO

1
PULS6 —  1__
I

Figure11.4 Example of Advanced Pulse Controller Output Operation
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11.4  Usage Notes

Contention between Compare-Match Signals: If the same valueis set for both GR2A and
GR2B, and 0 output and 1 output are both enabled for the same pin by the POPCR settings, 0
output has priority on pins PUL S0 to PUL S7 when compare-matches occur.

TCNT value
A
H'FFFF
H'8000 b= - = o
|
I
I
|
I
|
I
|
I
|
I .
: >
I
GR2A X H'8000 !
I
GR2B X H'8000 |
|
POPCR X H0101 |
i
|
I
L

PULSO pin 1\

-

Pin output is 0

Figure11.5 Example of Compare-Match Contention
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Section 12 Watchdog Timer (WDT)

121  Overview

The watchdog timer (WDT) is a 1-channel timer for monitoring system operations. If a system
encounters a problem (crashes, for example) and the timer counter overflows without being
rewritten correctly by the CPU, an overflow signal (WDTOVF) is output externally. The WDT
can simultaneously generate an internal reset signal for the entire chip.

When the watchdog function is not needed, the WDT can be used as an interval timer. Inthe
interval timer operation, an interval timer interrupt is generated at each counter overflow. The
WNDT isalso used in recovering from the standby mode.

12.1.1 Features

»  Worksin watchdog timer mode or interval timer mode.

» Outputs WDTOVF in the watchdog timer mode. When the counter overflows in the watchdog
timer mode, overflow signal WDTOVF is output externally. Y ou can select whether to reset
the chip internally when this happens. Either the power-on reset or manual reset signal can be
selected asthe internal reset signal.

e Generatesinterruptsin the interval timer mode. When the counter overflows, it generates an
interval timer interrupt.

» Clears standby mode.

«  Workswith eight counter input clocks.
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12.1.2 Block Diagram

Figure 12.1 is the block diagram of the WDT.

|
- i <Overﬂow «— @2 !
(interrupt <+ Interrupt «— @64 |
signal) ! control |« «— @128 |
|
| Clock | Clock [¢—— @256
! select [ @512 !
! v «— @1024 |
WDTOVF <—E— Reset «— @409 |
Internal | control <« @8192
reset signal* 7 i Internal |
A
| clock sources |
i Ll
| v |3
I 8
| | RSTCSR }<—| | TONT > TCSR | |8
: s
| Bus : OEJ
| =
| Module bus S| interface 1 M=
|
: |
e WDT —----————————————— !
TCSR: Timer control/status register
TCNT: Timer counter
RSTCSR: Reset control/status register
Note: The internal reset signal can be generated by setting the register.
The type of reset can be selected (power-on or manual).
Figure12.1 WDT Block Diagram
12.1.3 Pin Configuration
Table 12.1 shows the pin configuration.
Table12.1 Pin Configuration
Pin Abbreviation /O Function
Watchdog timer overflow WDTOVF (0] Outputs the counter overflow signal in the

watchdog timer mode
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12.1.4 Register Configuration

Table 12.2 summarizes the three WDT registers. They are used to select the clock, switch the
WDT mode, and control the reset signal.

Table12.2 WDT Registers

Address
Name Abbreviation R/W Initial Value ~ Write™* Read™**
Timer control/status TCSR RI(W)*®  H18 H'FFFF8610 H'FFFF8610
register
Timer counter TCNT R/W H'00 H'FFFF8611
Reset control/status RSTCSR RI(W)*®  H1F H'FFFF8612 H'FFFF8613
register

Notes: In register access, three cycles are required for both byte access and word access.
1. Write by word transfer. It cannot be written in byte or longword.
2. Read by byte transfer. It cannot be read in word or longword.
3. Only 0 can be written in bit 7 to clear the flag.

12.2  Register Descriptions

1221 Timer Counter (TCNT)

The TCNT isan 8-bit read/write upcounter. (The TCNT differs from other registersinthat it is
more difficult to write to. See section 12.2.4, Register Access, for details.) When the timer enable
bit (TME) in the timer control/status register (TCSR) is set to 1, the watchdog timer counter starts
counting pulses of aninternal clock selected by clock select bits 2 to 0 (CKS2 to CKS0) in the
TCSR. When the value of the TCNT overflows (changes from H'FF to H'00), awatchdog timer
overflow signal (WDTOVF) or interval timer interrupt (ITI) is generated, depending on the mode
selected in the WT/IT bit of the TCSR.

The TCNT isinitialized to H'00 by a power-on reset and when the TME bit is cleared to O. It is not
initialized in the standby mode.

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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12.22 Timer Control/Status Register (TCSR)

The timer control/status register (TCSR) is an 8-hit read/write register. (The TCSR differs from
other registersin that it is more difficult to write to. See section 12.2.4, Register Access, for
details.) TCSR performs selection of the timer counter (TCNT) input clock and mode.

Bits 7 to 5 areinitialized to 000 by a power-on reset, in hardware standby mode and software
standby mode. Bits 2 to O areinitialized to 000 by a power-on reset and in hardware standby
mode, but retain their values in the software standby mode.

Bitt 7 6 5 4 3 2 1 0

\ OVF \ WT/IT \ TME \ — \ — \ CKS2 \ CKS1 \ CKSO \
Initial value: 0 0 0 1 1 0 0 0
RIW: RI(W)* RMW  RW R R RW RW  RMW

Note: * Only O can be written in bit 7 to clear the flag.

Bit 7—Overflow Flag (OVF): Indicates that the TCNT has overflowed from H'FF to H'00 in the
interval timer mode. It is not set in the watchdog timer mode.

Bit 7: OVF Description

0 No overflow of TCNT in interval timer mode (initial value)
Cleared by reading OVF, then writing 0 in OVF

1 TCNT overflow in the interval timer mode

Bit 6—Timer Mode Select (WT/IT): Selects whether to use the WDT as awatchdog timer or
interval timer. When the TCNT overflows, the WDT either generates an interval timer interrupt
(ITI) or generatesa WDTOVF signal, depending on the mode selected.

Bit 6: WTAT Description

0 Interval timer mode: interval timer interrupt request to the CPU when
TCNT overflows (initial value)

1 Watchdog timer mode: WDTOVF signal output externally when TCNT
overflows. (Section 12.2.3, Reset Control/Status Register (RSTCSR),
describes in detail what happens when TCNT overflows in the watchdog
timer mode.)
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Bit 5—Timer Enable (TME): Enables or disablesthe timer.

Bit 5: TME Description

0 Timer disabled: TCNT is initialized to H'00 and count-up stops (initial
value)

1 Timer enabled: TCNT starts counting. A WDTOVF signal or interrupt is

generated when TCNT overflows.

Bits 4 and 3—Reserved: These bits always read as 1. The write value should always be 1.

Bits2to 0: Clock Select 2to 0 (CKS2 to CK S0): These bits select one of eight internal clock
sources for input to the TCNT. The clock signals are obtained by dividing the frequency of the
system clock (¢).

Description
Overflow Interval*
Bit 2: CKS2 Bit1: CKS1 Bit0: CKSO Clock Source (=20 MHz)
0 0 0 @2 (initial value) 25.6 s
0 0 1 @64 819.2 us
0 1 0 @128 1.6 ms
0 1 1 @256 3.3ms
1 0 0 @512 6.6 ms
1 0 1 @1024 13.1 ms
1 1 0 @4096 52.4 ms
1 1 1 @8192 104.9 ms

Note: * The overflow interval listed is the time from when the TCNT begins counting at H'00
until an overflow occurs.
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12.23 Reset Control/Status Register (RSTCSR)

The RSTCSR is an 8-hit readable and writable register. (The RSTCSR differs from other registers
in that it is more difficult to write. See section 12.2.4, Register Access, for details.) It controls
output of the internal reset signal generated by timer counter (TCNT) overflow and selectsthe
internal reset signal type. RSTCR isinitialized to H'1F by input of areset signal from the RES pin,
but is not initialized by the internal reset signal generated by the overflow of the WDT. It is
initialized to H'1F in hardware standby mode and software standby mode.

Bit: 7 6 5 4 3 2 1 0

\ WOVF \ RSTE \ — \ — \ — \ — \ — \ —

Initial value: 0 0 0 0 1 1 1 1
RW: RIW)* R R R R R R R

Note: * Only 0 can be written in bit 7 to clear the flag.

Bit 7—Watchdog Timer Overflow Flag (WOVF): Indicates that the TCNT has overflowed
(H'FF to H'00) in the watchdog timer mode. It is not set in the interval timer mode.

Bit 7: WOVF Description

0 No TCNT overflow in watchdog timer mode (initial value)
Cleared when software reads WOVF, then writes 0 in WOVF

1 Set by TCNT overflow in watchdog timer mode

Bit 6—Reset Enable (RSTE): Selects whether to reset the chip internally if the TCNT overflows
in the watchdog timer mode.

Bit 6: RSTE Description

0 Not reset when TCNT overflows (initial value). LSI not reset internally,
but TCNT and TCSR reset within WDT.

1 Reset when TCNT overflows

Bit 5, 4—Reserved: These bits always read as 0. The write value should always be 0.

Bits 3 to 0—Reserved: These bits always read as 1. The write value should always be 1.
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12.2.4 Register Access

The watchdog timer’'s TCNT, TCSR, and RSTCSR registers differ from other registersin that they
are more difficult to write to. The procedures for writing and reading these registers are given
below.

Writing tothe TCNT and TCSR: These registers must be written by aword transfer instruction.
They cannot be written by byte transfer instructions.

The TCNT and TCSR both have the same write address. The write data must be contained in the
lower byte of the written word. The upper byte must be H'5A (for the TCNT) or H'A5 (for the
TCSR) (figure 12.2). Thistransfers the write data from the lower byte to the TCNT or TCSR.

Writing to the TCNT

15 8 7 0
Address: H'FFFF8610 H'5A Write data
Writing to the TCSR
15 8 7 0
Address: H'FFFF8610 H'A5 Write data

Figure12.2 Writingtothe TCNT and TCSR

Writing to the RSTCSR: The RSTCSR must be written by aword access to address
H'FFFF8612. It cannot be written by byte transfer instructions.

Procedures for writing 0 in WOVF (bit 7) and for writing to RSTE (bit 6) and RSTS (bit 5) are
different, as shown in figure 12.3.

To write 0 in the WOV bit, the write data must be H'A5 in the upper byte and H'00 in the lower
byte. This clearsthe WOVF bit to 0. The RSTE and RSTS bits are not affected. To write to the
RSTE and RSTS hits, the upper byte must be H'5A and the lower byte must be the write data. The
values of hits 6 and 5 of the lower byte are transferred to the RSTE and RSTS hits, respectively.
The WOVF hit is not affected.
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Writing 0 to the WOVF bit

15 8 7 0
Address: H'FFFF8612 H'A5 H'00
Writing to the RSTE bit
15 8 7 0
Address: H'FFFF8612 H'5A Write data

Figure12.3 Writingtothe RSTCSR

Reading from the TCNT, TCSR, and RSTCSR: TCNT, TCSR, and RSTCSR areread like
other registers. Use byte transfer instructions. The read addresses are H'FFFF8610 for the TCSR,
H'FFFF8611 for the TCNT, and H'FFFF8613 for the RSTCSR.

123  Operation

1231 Watchdog Timer Mode

To usethe WDT as awatchdog timer, set the WT/IT and TME bits of the TCSR to 1. Software
must prevent TCNT overflow by rewriting the TCNT value (normally by writing H'00) before
overflow occurs. No TCNT overflows will occur while the system is operating normally, but if the
TCNT failsto be rewritten and overflows occur due to a system crash or the like, aWDTOVF
signal is output externally (figure 12.4). The WDTOVF signal can be used to reset the system. The
WDTOVF signal is output for 128 ¢ clock cycles.

If the RSTE bitinthe RSTCSR is set to 1, asignal to reset the chip will be generated internally
simultaneous to the WDTOVF signal when TCNT overflows. Either a power-on reset or a manual
reset can be selected by the RSTS bit. Theinternal reset signal is output for 512 ¢ clock cycles.

When awatchdog overflow reset is generated simultaneously with areset input at the RES pin, the
RES reset takes priority, and the WOVF bit is cleared to 0.

The following are not initialized aWDT reset signal:

» PFC (Pin Function Controller) function register
e |/O port register

Initializing is only possible by external power-on reset.
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TCNT
value
A Overflow
HFF -
H00 L« »Time
toONt b Nt
WTAT =1  H'00 written WOVF=1 WT/AT =1 H'00 written
TME =1 in TCNT TME=1 in TCNT

WDTOVF and
internal reset generated

S v
WDTOVF
||

signal

128 @ clocks

Internal
reset signal®

1]

_ 512 @clocks
WT/IT: Timer mode select bit

TME: Timer enable bit

Note: * Internal reset signal occurs only when the RSTE bit is set to 1.

Figure12.4 Operation in the Watchdog Timer Mode
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12.3.2 Interval Timer Mode

To use the WDT as an interval timer, clear WT/IT to 0 and set TME to 1. An interval timer
interrupt (1TI) is generated each time the timer counter overflows. This function can be used to
generate interval timer interrupts at regular intervals (figure 12.5).

TCNT value
A Overflow Overflow Overflow Overflow
HFF e e e e e e
H'00 ? ¢ ¢ ¢ ¢ » Time
WT/IT =0 ITI ITI ITI ITI
TME=1

ITI: Interval timer interrupt request generation

Figure12.5 Operation inthelnterval Timer Mode

12.3.3 Clearing the Standby Mode

The watchdog timer has a special function to clear the standby mode with an NMI interrupt. When
using the standby mode, set the WDT as described below.

Before Transition to the Standby Mode: The TME bit in the TCSR must be cleared to 0 to stop
the watchdog timer counter before it enters the standby mode. The chip cannot enter the standby
mode while the TME bit is set to 1. Set bits CKS2 to CK S0 so that the counter overflow interval is
equal to or longer than the oscillation settling time. See section 22.3, AC Characteristics, for the
oscillation settling time.

Recovery from the Standby M ode: When an NMI request signal isreceived in standby mode,
the clock oscillator starts running and the watchdog timer starts incrementing at the rate selected
by bits CKS2 to CK SO before the standby mode was entered. When the TCNT overflows (changes
from H'FF to H'00), the clock is presumed to be stable and usable; clock signals are supplied to the
entire chip and the standby mode ends.

For details on the standby mode, see section 21, Power-Down States.
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12.3.4  Timing of Setting the Overflow Flag (OVF)

In the interval timer mode, when the TCNT overflows, the OVF flag of the TCSR is set to 1 and
an interval timer interrupt is simultaneously requested (figure 12.6).

o | Ll LI LT LTLT]

TCNT S H'FF ><H'OO
11

Overflow signal

(internal signal) —_—

N\

OVF « |

U

Figure12.6 Timing of Settingthe OVF

12.35 Timing of Setting the Watchdog Timer Overflow Flag (WOVF)

When the TCNT overflows in the watchdog timer mode, the WOVF bit of the RSTCSR issetto 1
and aWDTOVF signal is output. When the RSTE bit isset to 1, TCNT overflow enables an
internal reset signal to be generated for the entire chip (figure 12.7).

o [ LT LI LI LTIl

fL
TCNT S H'FF ><H'OO

11 7
Overflow signal §_,—\
(internal signal) g «

WOVF ( |

Figure12.7 Timing of Settingthe WOVF Bit
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12.4 Noteson Use

12.41 TCNT Writeand Increment Contention

If atimer counter increment clock pulse is generated during the T, state of awrite cycle to the
TCNT, the write takes priority and the timer counter is not incremented (figure 12.8).

TCNT write cycle
PELSNPELEANPEIERN
S T A S B

Address >< TCNT address ><
Internal
write signal
TCNT
input clock

TCNT N >< A M

Counter write data

Figure12.8 Contention between TCNT Write and Increment

1242 Changing CKS2to CK SO Bit Values

If the values of bits CKS2 to CK S0 are altered while the WDT is running, the count may
increment incorrectly. Always stop the watchdog timer (by clearing the TME bit to 0) before
changing the values of bits CKS2 to CKS0.

12.4.3  Changing between Watchdog Timer/Interval Timer Modes

To prevent incorrect operation, always stop the watchdog timer (by clearing the TME bit to 0)
before switching between interval timer mode and watchdog timer mode.
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12.4.4  System Reset With WDTOVF
If aWDTOVF signal isinput to the RES pin, the LSI cannot initialize correctly.

Avoid logical input of the WDTOVF output signal to the RES input pin. To reset the entire system
with the WDTOVF signal, use the circuit shown in figure 12.9.

SH7050 series

Reset input —C RES

Reset signal to
entire system WDTOVF

Figure12.9 Example of a System Reset Circuit with a WDTOVF Signal

1245 Internal Reset With the Watchdog Timer

If the RSTE bit is cleared to 0 in the watchdog timer mode, the LSI will not reset internally when a
TCNT overflow occurs, but the TCNT and TCSR in the WDT will reset.
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Section 13 Serial Communication Interface (SCI)

13.1 Overview

The SH7050 series has a serial communication interface (SCI) with three independent channels,
both of which possess the same functions.

The SCI supports both asynchronous and clock synchronous serial communication. It also hasa
multiprocessor communication function for serial communication among two or more processors.

13.1.1 Features

e Sdlect asynchronous or clock synchronous as the serial communications mode.

» Asynchronous mode: Serial data communications are synched by start-stop in character units.
The SCI can communicate with a universal asynchronous receiver/transmitter (UART), an
asynchronous communication interface adapter (ACIA), or any other chip that employsa
standard asynchronous serial communication. It can also communicate with two or more other
processors using the multiprocessor communication function. There are twelve selectable
serial data communication formats.

Datalength: seven or eight bits

Stop bit length: one or two bits

Parity: even, odd, or none

Multiprocessor bit: one or none

Receive error detection: parity, overrun, and framing errors

Break detection: by reading the RxD level directly when aframing error occurs

e Clocked synchronous mode: Serial data communication is synchronized with a clock signal.
The SCI can communicate with other chips having a clock synchronous communication
function. Thereis one serial data communication format.
O Datalength: eight bits
O Receiveerror detection: overrun errors

* Full duplex communication: The transmitting and receiving sections are independent, so the
SCI can transmit and receive simultaneously. Both sections use double buffering, so
continuous data transfer is possible in both the transmit and receive directions.

e On-chip baud rate generator with selectable bit rates.

« Internal or external transmit/receive clock source: baud rate generator (internal) or SCK pin
(external).

OoOoo0oogogo

Rev. 5.00 Jan 06, 2006 page 369 of 818
REJ09B0273-0500
RENESAS



Section 13 Serial Communication Interface (SCI)

« Four types of interrupts: Transmit-data-empty, transmit-end, receive-data-full, and receive-
error interrupts are requested independently. The transmit-data-empty and receive-data-full
interrupts can start the direct memory access controller (DMAC)/data transfer controller

(DTC) to transfer data.

13.1.2 Block Diagram

Figure 13.1 shows a block diagram of the SCI.

| |
| ® |
: S|
! = =\ Internal
! Module data bus o !
: < c : data bus
| (2] |
I = I
| |
| :
: RDR TDR SSR BRR :
| |
L U [ |
I T
RXD —| RSR TSR SMR Baudrate |«——1— @4
I - enerator ¢——+— (/16
A Transmit/ g < [ 564
o receive control !
TXD < - 7y 7y |
' Parity Clock [
| generation :
| . |
I Parity check I
SCK <E External clock i
! L TE|
| T » TxI
! L—> Rx
l —> ERI
—————————————————————————————————————— SCl--—------
RSR: Receive shift register SMR: Serial mode register
RDR: Receive data register SCR: Serial control register
TSR: Transmit shift register SSR: Serial status register
TDR: Transmit data register BRR: Bit rate register

Figure13.1 SCI Block Diagram
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13.1.3  Pin Configuration

Table 13.1 summarizes the SCI pins by channel.

Table13.1 SCI Pins

Channel Pin Name Abbreviation Input/Output Function

0 Serial clock pin SCKO Input/output SCIO clock input/output
Receive data pin RxDO Input SCIO receive data input
Transmit data pin TxDO Output SCIO0 transmit data output

1 Serial clock pin SCK1 Input/output SCI1 clock input/output
Receive data pin RxD1 Input SCI1 receive data input
Transmit data pin TxD1 Output SCI2 transmit data output

2 Serial clock pin SCK2 Input/output SCI2 clock input/output
Receive data pin RxD2 Input SCI2 receive data input
Transmit data pin TxD2 Output SCI2 transmit data output

13.14 Register Configuration

Table 13.2 summarizes the SCI internal registers. These registers select the communication mode
(asynchronous or clock synchronous), specify the dataformat and bit rate, and control the

transmitter and receiver sections.
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Table13.2 Registers
Initial Access

Channel Name Abbreviation R/W Value Address™ Size

0 Serial mode register SMRO R/W H'00 H'FFFF81A0 8, 16
Bit rate register BRRO R/W H'FF H'FFFF81A1 8,16
Serial control register SCRO R/W H'00 H'FFFF81A2 8, 16
Transmit data register ~ TDRO R/W H'FF H'FFFF81A3 8, 16
Serial status register SSRO RI(W) ** H'84 H'FFFF81A4 8, 16
Receive data register RDRO R H'00 H'FFFF81A5 8, 16

1 Serial mode register SMR1 R/W H'00 H'FFFF81BO 8, 16
Bit rate register BRR1 R/W H'FF H'FFFF81B1 8, 16
Serial control register SCR1 R/W H'00 H'FFFF81B2 8, 16
Transmit data register ~ TDRL1 R/W H'FF H'FFFF81B3 8, 16
Serial status register SSR1 RI(W) ** H'84 H'FFFF81B4 8, 16
Receive data register RDR1 R H'00 H'FFFF81B5 8, 16

2 Serial mode register SMR2 R/W H'00 H'FFFF81C0O 8,16
Bit rate register BRR2 R/W H'FF H'FFFF81C1 8,16
Serial control register SCR2 R/W H'00 H'FFFF81C2 8,16
Transmit data register ~ TDR2 R/W H'FF H'FFFF81C3 8, 16
Serial status register SSR2 RI(W) ** H'84 H'FFFF81C4 8,16
Receive data register RDR2 R H'00 H'FFFF81C5 8, 16

Notes: In register access, two cycles are required for byte access, and four cycles for word
access.

1. The only value that can be written is a 0 to clear the flags.
2. Do not access empty addresses.
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13.2 Register Descriptions

13.21 Receive Shift Register (RSR)

The receive shift register (RSR) receives seria data. Datainput at the RxD pin isloaded into the
RSR in the order received, LSB (bit 0) first, converting the data to parallel form. When one byte
has been received, it is automatically transferred to the RDR.

The CPU cannot read or write the RSR directly.

Bit: 7 6 5 4 3 2 1 0

RIW: — — — — — — — —

13.22 Receive Data Register (RDR)

The receive dataregister (RDR) stores serial receive data. The SCI completes the reception of one
byte of serial data by moving the received data from the receive shift register (RSR) into the RDR
for storage. The RSR is then ready to receive the next data. This double buffering allows the SCI
to receive data continuoudly.

The CPU can read but not write the RDR. The RDR isinitialized to H'00 by a power-on reset, in
hardware standby mode and software standby mode.

Bit: 7 6 5 4 3 2 1 0
| | | | | | | | |
Initial value: 0 0 0 0 0 0 0 0
R/W:
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13.2.3  Transmit Shift Register (TSR)

The transmit shift register (TSR) transmits serial data. The SCI loads transmit data from the
transmit data register (TDR) into the TSR, then transmits the data serially from the TxD pin, LSB
(bit 0) first. After transmitting one data byte, the SCI automatically loads the next transmit data
from the TDR into the TSR and starts transmitting again. If the TDRE bit of the SSRis 1,
however, the SCI does not |oad the TDR contents into the TSR.

The CPU cannot read or write the TSR directly.

Bit: 7 6 5 4 3 2 1 0

RW:  — — — — — — — —

13.24 Transmit Data Register (TDR)

The transmit dataregister (TDR) is an 8-bit register that stores data for serial transmission. When
the SCI detects that the transmit shift register (TSR) is empty, it moves transmit data written in the
TDR into the TSR and starts serial transmission. Continuous serial transmission is possible by
writing the next transmit datain the TDR during serial transmission from the TSR.

The CPU can awaysread and write the TDR. The TDR isinitialized to H'FF by a power-on reset,
in hardware standby mode and software standby mode.

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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13.25 Serial Mode Register (SMR)

The serial mode register (SMR) is an 8-bit register that specifies the SCI serial communication
format and selects the clock source for the baud rate generator.

The CPU can aways read and write the SMR. The SMR isinitialized to H'00 by a power-on reset,
in hardware standby mode and software standby mode.

Bit: 7 6 5 4 3 2 1 0
\ C/A \ CHR \ PE \ OE \ STOP \ MP \ CKS1 \ CKSO \
Initial value: 0 0 0 0 0 0 0 0

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

Bit 7—Communication Mode (C/A): Selects whether the SCI operates in the asynchronous or
clock synchronous mode.

Bit 7: C/A Description
0 Asynchronous mode (initial value)
1 Clocked synchronous mode

Bit 6—Character Length (CHR): Selects 7-hit or 8-bit data in the asynchronous mode. In the
clock synchronous mode, the data length is always eight bits, regardless of the CHR setting.

Bit 6: CHR Description
0 Eight-bit data (initial value)
1 Seven-bit data. (When 7-bit data is selected, the MSB (bit 7) of the

transmit data register is not transmitted.)

Bit 5—Parity Enable (PE): Selects whether to add a parity bit to transmit data and to check the
parity of receive data, in the asynchronous mode. In the clock synchronous mode, a parity bit is
neither added nor checked, regardless of the PE setting.

Bit 5: PE Description
0 Parity bit not added or checked (initial value)
1 Parity bit added and checked. When PE is set to 1, an even or odd

parity bit is added to transmit data, depending on the parity mode (O/E)
setting. Receive data parity is checked according to the even/odd (O/E)
mode setting.
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Bit 4—Parity Mode (O/E): Selects even or odd parity when parity bits are added and checked.
The OJE setting is used only in asynchronous mode and only when the parity enable bit (PE) is set
to 1 to enable parity addition and check. The O/E setting is ignored in the clock synchronous
mode, or in the asynchronous mode when parity addition and check is disabled.

Bit 4: O/E Description

0 Even parity (initial value). If even parity is selected, the parity bit is
added to transmit data to make an even number of 1s in the transmitted
character and parity bit combined. Receive data is checked to see if it
has an even number of 1s in the received character and parity bit
combined.

1 Odd parity. If odd parity is selected, the parity bit is added to transmit
data to make an odd number of 1s in the transmitted character and
parity bit combined. Receive data is checked to see if it has an odd
number of 1s in the received character and parity bit combined.

Bit 3—Stop Bit Length (STOP): Selects one or two bits as the stop bit length in the
asynchronous mode. This setting is used only in the asynchronous mode. It isignored in the clock
synchronous mode because no stop bits are added.

In receiving, only thefirst stop bit is checked, regardless of the STOP bit setting. If the second
stop bitis1, it istreated as a stop bit, but if the second stop bit is 0, it istreated as the start bit of
the next incoming character.

Bit 3: STOP Description

0 One stop bit (initial value). In transmitting, a single bit of 1 is added at
the end of each transmitted character.

1 Two stop hits. In transmitting, two bits of 1 are added at the end of each
transmitted character.

Bit 2—M ultiprocessor Mode (M P): Selects multiprocessor format. When multiprocessor format
is selected, settings of the parity enable (PE) and parity mode (O/E) bits are ignored. The MP bit
setting is used only in the asynchronous mode; it isignored in the clock synchronous mode. For
the multiprocessor communication function, see section 13.3.3, Multiprocessor Communication.

Bit 2: MP Description
0 Multiprocessor function disabled (initial value)
1 Multiprocessor format selected
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Bits 1 and 0—Clock Select 1 and 0 (CK S1 and CK S0): These bits select the internal clock
source of the on-chip baud rate generator. Four clock sources are available; @, ¢/4, ¢/16, or @/64.
For further information on the clock source, bit rate register settings, and baud rate, see section
13.2.8, Bit Rate Register.

Bit 1: CKS1 Bit 0: CKSO Description

0 0 @ (initial value)
1 @4

1 0 @16
1 @64

13.26  Serial Control Register (SCR)

The serial control register (SCR) operates the SCI transmitter/receiver, selects the serial clock
output in the asynchronous mode, enables/disables interrupt requests, and selects the
transmit/receive clock source. The CPU can always read and write the SCR. The SCRisinitialized
to H'00 by a power-on reset, in hardware standby mode and software standby mode. Manual reset
does not initialize SCR.

Bit: 7 6 5 4 3 2 1 0
\ TIE \ RIE \ TE \ RE \ MPIE \ TEIE \ CKE1 \ CKEO
Initial value: 0 0 0 0 0 0 0 0

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

Bit 7—Transmit Interrupt Enable (TIE): Enables or disables the transmit-data-empty interrupt
(TxI) requested when the transmit data register empty bit (TDRE) in the serial status register
(SSR) is set to 1 by transfer of serial transmit data from the TDR to the TSR.

Bit 7: TIE Description

0 Transmit-data-empty interrupt request (Txl) is disabled (initial value).
The Txl interrupt request can be cleared by reading TDRE after it has
been set to 1, then clearing TDRE to 0, or by clearing TIE to 0.

1 Transmit-data-empty interrupt request (TxI) is enabled
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Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full interrupt (RxI)
requested when the receive data register full bit (RDRF) in the serial statusregister (SSR) is set to
1 by transfer of serial receive datafrom the RSR to the RDR. It also enables or disables receive-
error interrupt (ERI) requests.

Bit 6: RIE

Description

0

Receive-data-full interrupt (RxI) and receive-error interrupt (ERI)
requests are disabled (initial value). Rxl and ERI interrupt requests can
be cleared by reading the RDRF flag or error flag (FER, PER, or ORER)
after it has been set to 1, then clearing the flag to 0, or by clearing RIE
to 0.

Receive-data-full interrupt (RxI) and receive-error interrupt (ERI)
requests are enabled.

Bit 5—Transmit Enable (TE): Enables or disables the SCI serial transmitter.

Bit 5: TE Description

0 Transmitter disabled (initial value). The transmit data register empty bit
(TDRE) in the serial status register (SSR) is locked at 1.

1 Transmitter enabled. Serial transmission starts when the transmit data

register empty (TDRE) bit in the serial status register (SSR) is cleared
to O after writing of transmit data into the TDR. Select the transmit
format in the SMR before setting TE to 1.

Bit 4—Receive Enable (RE): Enables or disables the SCI serial receiver.

Bit 4: RE Description

0 Receiver disabled (initial value). Clearing RE to 0 does not affect the
receive flags (RDRF, FER, PER, ORER). These flags retain their
previous values.

1 Receiver enabled. Serial reception starts when a start bit is detected in

the asynchronous mode, or synchronous clock input is detected in the
clock synchronous mode. Select the receive format in the SMR before
setting RE to 1.
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Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts.
The MPIE setting is used only in the asynchronous mode, and only if the multiprocessor mode bit
(MP) in the serial mode register (SMR) is set to 1 during reception. The MPIE setting isignored in
the clock synchronous mode or when the MP bit is cleared to 0.

Bit 3: MPIE Description

0 Multiprocessor interrupts are disabled (normal receive operation) (initial
value). MPIE is cleared when the MPIE bit is cleared to 0, or the
multiprocessor bit (MPB) is set to 1 in receive data.

1 Multiprocessor interrupts are enabled. Receive-data-full interrupt
requests (RxI), receive-error interrupt requests (ERI), and setting of the
RDRF, FER, and ORER status flags in the serial status register (SSR)
are disabled until data with the multiprocessor bit set to 1 is received.

The SCI does not transfer receive data from the RSR to the RDR, does
not detect receive errors, and does not set the RDRF, FER, and ORER
flags in the serial status register (SSR). When it receives data that
includes MPB = 1, MPB is set to 1, and the SCI automatically clears
MPIE to 0, generates Rxl and ERI interrupts (if the TIE and RIE bits in
the SCR are set to 1), and allows the FER and ORER bits to be set.

Bit 2—Transmit-End Interrupt Enable (TEIE): Enables or disables the transmit-end interrupt
(TEI) requested if TDR does not contain valid transmit data when the MSB is transmitted.

Bit 2: TEIE Description
0 Transmit-end interrupt (TEI) requests are disabled” (initial value)
1 Transmit-end interrupt (TEI) requests are enabled.*

Note: The TEI request can be cleared by reading the TDRE bit in the serial status register (SSR)
after it has been set to 1, then clearing TDRE to 0 and clearing the transmit end (TEND) bit
to O; or by clearing the TEIE bit to 0.

Bits 1 and 0—Clock Enable 1 and 0 (CKE1 and CK EQ): These hits select the SCI clock source
and enable or disable clock output from the SCK pin. Depending on the combination of CKEL and
CKEQ, the SCK pin can be used for serial clock output, or serial clock input. Select the SCK pin
function by using the pin function controller (PFC).

The CKEO setting is valid only in the asynchronous mode, and only when the SCI isinternally
clocked (CKEL = 0). The CKEO setting isignored in the clock synchronous mode, or when an
external clock source is selected (CKE1 = 1). Select the SCI operating mode in the serial mode
register (SMR) before setting CKE1 and CKEQ. For further details on selection of the SCI clock
source, seetable 13.10 in section 13.3, Operation.
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Bit 1: Bit O:

CKE1 CKEO Description™*

0 0 Asynchronous mode Internal clock, SCK pin used for input pin (input
signal is ignored) or output pin (output level is
undefined) **

Clock synchronous mode Internal clock, SCK pin used for synchronous
clock output™?

0 1 Asynchronous mode Internal clock, SCK pin used for clock output™®

Clock synchronous mode Internal clock, SCK pin used for synchronous
clock output

1 0 Asynchronous mode External clock, SCK pin used for clock input™*

Clock synchronous mode External clock, SCK pin used for synchronous
clock input

1 1 Asynchronous mode External clock, SCK pin used for clock input®*

Clock synchronous mode External clock, SCK pin used for synchronous
clock input

Notes: 1. The SCK pin is multiplexed with other functions. Use the pin function controller (PFC) to
select the SCK function for this pin, as well as the I/O direction.

2. Initial value.
The output clock frequency is the same as the hit rate.
4. The input clock frequency is 16 times the bit rate.

w

13.2.7 Serial Status Register (SSR)

The serial status register (SSR) is an 8-bit register containing multiprocessor bit values, and status
flags that indicate SCI operating status.

The CPU can always read and write the SSR, but cannot write 1 in the status flags (TDRE, RDRF,
ORER, PER, and FER). These flags can be cleared to 0 only if they have first been read (after
being set to 1). Bits2 (TEND) and 1 (MPB) are read-only bits that cannot be written. The SSR is
initialized to H'84 by a power-on reset, in hardware standby mode and software standby mode.
Manual reset does not initialize SSR.

Bitt 7 6 5 4 3 2 1 0

\ TDRE \ RDRF \ ORER \ FER \ PER \ TEND \ MPB \ MPBT \
Initial value: 1 0 0 0 0 1 0 0
RIW: RIW)* RIW)* RIW)* RIW)* RI(W)* R R RIW

Note: * The only value that can be written is a 0 to clear the flag.
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Bit 7—Transmit Data Register Empty (TDRE): Indicates that the SCI has loaded transmit data
from the TDR into the TSR and new serial transmit data can be written in the TDR.

Bit 7: TDRE Description

0 TDR contains valid transmit data
TDRE is cleared to 0 when software reads TDRE after it has been set to 1, then
writes 0 in TDRE or the DMAC writes data in TDR

1 TDR does not contain valid transmit data (initial value)

TDRE is set to 1 when the chip is power-on reset or enters standby mode, the
TE bit in the serial control register (SCR) is cleared to 0, or TDR contents are
loaded into TSR, so new data can be written in TDR

Bit 6—Receive Data Register Full (RDRF): Indicates that RDR contains received data.

Bit 6: RDRF Description

0 RDR does not contain valid received data (initial value)
RDRF is cleared to 0 when the chip is power-on reset or enters standby mode,
software reads RDRF after it has been set to 1, then writes 0 in RDRF, or the
DMAC reads data from RDR

1 RDR contains valid received data

RDRF is set to 1 when serial data is received normally and transferred from RSR
to RDR

Note: The RDR and RDRF are not affected by detection of receive errors or by clearing of the RE
bit to 0 in the serial control register. They retain their previous contents. If RDRF is still set
to 1 when reception of the next data ends, an overrun error (ORER) occurs and the
received data is lost.
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Bit 5—Overrun Error (ORER): Indicates that data reception ended abnormally due to an

overrun error.

Bit 5: ORER

Description

0

Receiving is in progress or has ended normally (initial value). Clearing the RE bit
to 0 in the serial control register does not affect the ORER bit, which retains its
previous value.

ORER is cleared to 0 when the chip is power-on reset or enters standby mode or
software reads ORER after it has been set to 1, then writes 0 in ORER

A receive overrun error occurred. RDR continues to hold the data received
before the overrun error, so subsequent receive data is lost. Serial receiving
cannot continue while ORER is set to 1. In the clock synchronous mode, serial
transmitting is disabled.

ORER is set to 1 if reception of the next serial data ends when RDRF is set to 1

Bit 4—Framing Error (FER): Indicates that data reception ended abnormally due to aframing
error in the asynchronous mode.

Bit 4: FER Description

0 Receiving is in progress or has ended normally (initial value). Clearing the RE bit
to 0 in the serial control register does not affect the FER bit, which retains its
previous value.
FER is cleared to 0 when the chip is power-on reset or enters standby mode or
software reads FER after it has been set to 1, then writes 0 in FER

1 A receive framing error occurred. When the stop bit length is two bits, only the

first bit is checked to see if it is a 1. The second stop bit is not checked. When a
framing error occurs, the SCI transfers the receive data into the RDR but does
not set RDRF. Serial receiving cannot continue while FER is set to 1. In the clock
synchronous mode, serial transmitting is also disabled.

FER is set to 1 if the stop bit at the end of receive data is checked and found to
be 0
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Bit 3—Parity Error (PER): Indicates that data reception (with parity) ended abnormally dueto a
parity error in the asynchronous mode.

Bit 3: PER

Description

0

Receiving is in progress or has ended normally (initial value). Clearing the RE bit
to 0 in the serial control register does not affect the PER bit, which retains its
previous value.

PER is cleared to 0 when the chip is power-on reset or enters standby mode or
software reads PER after it has been set to 1, then writes 0 in PER

A receive parity error occurred. When a parity error occurs, the SCI transfers the
receive data into the RDR but does not set RDRF. Serial receiving cannot
continue while PER is set to 1. In the clock synchronous mode, serial
transmitting is also disabled.

PER is set to 1 if the number of 1s in receive data, including the parity bit, does
not match the even or odd parity setting of the parity mode bit (O/E) in the serial
mode register (SMR)

Bit 2—Transmit End (TEND): Indicates that when the last bit of a serial character was
transmitted, the TDR did not contain valid data, so transmission has ended. TEND is aread-only
bit and cannot be written.

Bit 2: TEND Description

0 Transmission is in progress
TEND is cleared to 0 when software reads TDRE after it has been set to 1, then
writes 0 in TDRE, or the DMAC writes data in TDR

1 End of transmission (initial value)

TEND is set to 1 when the chip is power-on reset or enters standby mode, TE is
cleared to 0 in the serial control register (SCR), or TDRE is 1 when the last bit of
a one-byte serial character is transmitted.

Bit 1—Multiprocessor Bit (MPB): Stores the value of the multiprocessor bit in receive data
when a multiprocessor format is selected for receiving in the asynchronous mode. The MPB isa
read-only bit and cannot be written.

Bit 1: MPB Description

0 Multiprocessor bit value in receive data is 0 (initial value). If RE is cleared to 0
when a multiprocessor format is selected, the MPB retains its previous value.

1 Multiprocessor bit value in receive data is 1
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Bit 0—Multiprocessor Bit Transfer (MPBT): Stores the value of the multiprocessor bit added to
transmit data when a multiprocessor format is selected for transmitting in the asynchronous mode.
The MPBT setting isignored in the clock synchronous mode, when a multiprocessor format is not
selected, or when the SCI is not transmitting.

Bit 0: MPBT Description

0 Multiprocessor bit value in transmit data is O (initial value)

1 Multiprocessor bit value in transmit data is 1

13.28 Bit Rate Register (BRR)

The bit rate register (BRR) is an 8-hit register that, together with the baud rate generator clock
source selected by the CKS1 and CKS0 bitsin the serial mode register (SMR), determines the
serial transmit/receive bit rate.

The CPU can always read and write the BRR. The BRR isinitialized to H'FF by a power-on reset,
in hardware standby mode and software standby mode. Each channel has independent baud rate
generator control, so different values can be set in the two channels.

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Table 13.3 lists examples of BRR settings in the asynchronous mode; table 13.4 lists examples of
BBR settingsin the clock synchronous mode.
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The BRR setting is calculated as follows:
Asynchronous mode:

N:—(p x 106 —

64 x 221 x B
Synchronous mode:

N:—(p x106_

8 x22n—l x B

Bit rate (bit/s)

Baud rate generator BRR setting (0 < N < 255)

Operating frequency (MHz)

Baud rate generator input clock (n = 0 to 3)

(See the following table for the clock sources and value of n.)

=8 20

SMR Settings

n Clock Source CKS1 CKS2
0 [0} 0 0
1 @4 0 1
2 @16 1 0
3 @64 1 1

The bit rate error in asynchronous mode is cal cul ated as follows:

@ x10°
Error (%) = -1, x100
(N+1) xB x 64 x 2211
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Table 13.3 Bit Ratesand BRR Settingsin Asynchronous Mode

@ (MHz)
Bit Rate 4 4.9152 6
(Bits/s) n N Error (%) n N Error (%) n N Error (%)
110 2 70 0.03 2 86 0.31 2 106 -0.44
150 1 207 0.16 1 255 0.00 2 77 0.16
300 1 103 0.16 1 127 0.00 1 155 0.16
600 0 207 0.16 0 255 0.00 1 77 0.16
1200 0 103 0.16 0 127 0.00 0 155 0.16
2400 0 51 0.16 0 63 0.00 o 77 0.16
4800 0 25 0.16 0 31 0.00 0 38 0.16
9600 0 12 0.16 0 15 0.00 0 19 —-2.34
14400 0 8 -3.55 0 10 -3.03 0 12 0.16
19200 0O 6 -6.99 o 7 0.00 0 9 -2.34
28800 0 3 8.51 0 4 6.67 0 6 —6.99
31250 0 3 0.00 0 4 -1.70 0 5 0.00
38400 0 2 8.51 0 3 0.00 0 4 -2.34
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®(MHz)
Bit Rate 7.3728 8 9.8304
(Bits/s) n N Error (%) n N Error (%) n N Error (%)
110 2 130 -0.07 2 141 0.03 2 174 0.26
150 2 95 0.00 2 103 0.16 2 127 0.00
300 1 191 0.00 1 207 0.16 1 255 0.00
600 1 95 0.00 1 103 0.16 1 127 0.00
1200 0 191 0.00 0 207 0.16 0 255 0.00
2400 0 95 0.00 0 103 0.16 0 127 0.00
4800 0 47 0.00 0 51 0.16 0 63 0.00
9600 0 23 0.00 0 25 0.16 0 31 0.00
14400 0 15 0.00 0 16 2.12 0 20 1.59
19200 0 11 0.00 0 12 0.16 0 15 0.00
28800 0 0.00 0o 8 -3.55 0 10 -3.03
31250 0 0.54 0 0.00 0 -1.70
38400 0 0.00 0 -6.99 0 0.00

@ (MHz)
Bit Rate 10 11.0592 12
(Bits/s) n N Error (%) n N Error (%) n N Error (%)
110 2 177 -0.25 2 195 0.19 2 212 0.03
150 2 129 0.16 2 143 0.00 2 155 0.16
300 2 64 0.16 2 71 0.00 2 77 0.16
600 1 129 0.16 1 143 0.00 1 155 0.16
1200 1 64 0.16 1 71 0.00 1 77 0.16
2400 0 129 0.16 0 143 0.00 0 155 0.16
4800 0 64 0.16 0 71 0.00 o 77 0.16
9600 0 32 -1.36 0 35 0.00 0O 38 0.16
14400 0 21 -1.36 0 23 0.00 0 25 0.16
19200 0 15 1.73 0 19 0.00 0 19 -234
28800 0 10 -1.36 0 11 0.00 0 12 0.16
31250 0 0.00 0 10 0.54 0 11 0.00
38400 0o 7 1.73 0o 8 0.00 0 9 -2.34
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@ (MHz)
Bit Rate 12.288 14 14.7456
(Bits/s) n N Error (%) n N Error (%) n N Error (%)
110 2 217 0.08 2 248 -0.17 3 64 0.70
150 2 159 0.00 2 181 0.16 2 191 0.00
300 2 79 0.00 2 90 0.16 2 95 0.00
600 1 159 0.00 1 181 0.16 1 191 0.00
1200 1 79 0.00 1 90 0.16 1 95 0.00
2400 0 159 0.00 0 181 0.16 0 191 0.00
4800 0 79 0.00 0 90 0.16 0 95 0.00
9600 0 39 0.00 0 45 -0.93 0 47 0.00
14400 0 26 -1.23 0 29 1.27 0 31 0.00
19200 0 19 0.00 0 22 -0.93 0 23 0.00
28800 0 12 2.56 0 14 1.27 0 15 0.00
31250 0 11 2.40 0 13 0.00 0 14 -1.70
38400 0 9 0.00 0 10 3.57 0 11 0.00

®(MHz)
Bit Rate 16 17.2032 18
(Bits/s) n N Error (%) n N Error (%) n N Error (%)
110 3 70 0.03 3 75 0.48 3 79 -0.12
150 2 207 0.16 2 223 0.00 2 233 0.16
300 2 103 0.16 2 111 0.00 2 116 0.16
600 1 207 0.16 1 223 0.00 1 233 0.16
1200 1 103 0.16 1 111 0.00 1 116 0.16
2400 0 207 0.16 0 223 0.00 0 233 0.16
4800 0 103 0.16 0 111 0.00 0 116 0.16
9600 0 51 0.16 0 55 0.00 0 58 —-0.69
14400 0 34 -0.79 0 36 0.90 0 38 0.16
19200 0 25 0.16 0o 27 0.00 0 28 1.02
28800 0 16 2.12 0 18 -1.75 0 19 -2.34
31250 0 15 0.00 0 16 1.20 0 17 0.00
38400 0 12 0.16 0 13 0.00 0 14 -2.34
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®(MHz)
Bit Rate 18.432 19.6608 20
(Bits/s) n N Error (%) n N Error (%) n N Error (%)
110 3 81 -0.22 3 86 0.31 3 88 -0.25
150 2 239 0.00 2 255 0.00 3 64 0.16
300 2 119 0.00 2 127 0.00 2 129 0.16
600 1 239 0.00 1 255 0.00 2 64 0.16
1200 1 119 0.00 1 127 0.00 1 129 0.16
2400 0 239 0.00 0 255 0.00 1 64 0.16
4800 0 119 0.00 0 127 0.00 0 129 0.16
9600 0 59 0.00 0 63 0.00 0 64 0.16
14400 0 39 0.00 0 42 -0.78 0 42 0.94
19200 0 29 0.00 0 31 0.00 0 32 -1.36
28800 0 19 0.00 0 20 1.59 0 21 -1.36
31250 0 17 2.40 0 19 -1.70 0 19 0.00
38400 0 14 0.00 0 15 0.00 0 15 1.73
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Table13.4 Bit Ratesand BRR Settingsin Clocked Synchronous Mode

¢ (MHz)
Bit Rate 4 8 10 12
(Bits/s) n N n N n N n N
110 3 141 3 212 3 212 3 212
250 2 249 3 124 3 155 3 187
500 2 124 2 249 3 77 3 93
1k 1 249 2 124 2 155 2 187
2.5k 1 99 1 199 1 249 2 74
5k 0 199 1 99 1 124 1 149
10k 0 99 0 199 0 249 1 74
25k 0 39 0 79 0 99 0 119
50k 0 19 0 39 0 49 0 59
100k 0 0 19 0 24 0 29
250k 0 0 0 9 0 11
500k 0 0 0 0
M 0 — — 0
2.5M 0 o* 0 o*
5M
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@(MH2)
Bit Rate 16 20
(Bits/s) n N n N
110 3 212 3 212
250 3 249 3 249
500 3 124 3 155
1k 2 249 3 77
2.5k 2 99 2 124
5k 1 199 2 249
10k 1 99 1 124
25k 0 159 1 199
50k 0 79 0 99
100k 0 39 0 49
250k 0 15 0 19
500k 0 0 9
1M 0 0
2.5M — — 0
5M 0 o*
Note: * Settings with an error of 1% or less are recommended.
Legend:

Blank: No setting available
—: Setting possible, but error occurs

Table 13.5 indicates the maximum bit rates in the asynchronous mode when the baud rate
generator is being used for various frequencies. Tables 13.6 and 13.7 show the maximum rates for
external clock input.
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Table13.5 Maximum Bit Ratesfor Various Frequencies with Baud Rate Generator

(Asynchronous M ode)
Settings
@ (MHz) Maximum Bit Rate (Bits/s) n N
4 125000 0 0
49152 153600 0 0
6 187500 0 0
7.3728 230400 0 0
8 250000 0 0
9.8304 307200 0 0
10 312500 0 0
11.0592 345600 0 0
12 375000 0 0
12.288 384000 0 0
14 437500 0 0
14.7456 460800 0 0
16 500000 0 0
17.2032 537600 0 0
18 562500 0 0
18.432 576000 0 0
19.6608 614400 0 0
20 625000 0 0
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Table 13.6 Maximum Bit Rates during External Clock Input (Asynchronous M ode)

¢ (MHz) External Input Clock (MHz) Maximum Bit Rate (Bits/s)
4 1.0000 62500
4.9152 1.2288 76800
6 1.5000 93750
7.3728 1.8432 115200
8 2.0000 125000
9.8304 2.4576 153600
10 2.5000 156250
11.0592 2.7648 172800
12 3.0000 187500
12.288 3.0720 192000
14 3.5000 218750
14.7456 3.6864 230400
16 4.0000 250000
17.2032 4.3008 268800
18 4.5000 281250
18.432 4.6080 288000
19.6608 4.9152 307200
20 5.0000 312500

Table 13.7 Maximum Bit Rates during External Clock Input (Clock Synchronous Mode)

@ (MHz) External Input Clock (MHz) Maximum Bit Rate (Bits/s)
4 0.6667 666666.7

6 1.0000 1000000.0

8 1.3333 1333333.3

10 1.6667 1666666.7

12 2.0000 2000000.0

14 2.3333 2333333.3

16 2.6667 2666666.7

18 3.0000 3000000.0

20 3.3333 3333333.3
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13.3  Operation

13.3.1 Overview

For serial communication, the SCI has an asynchronous mode in which characters are
synchronized individually, and a clock synchronous mode in which communication is
synchronized with clock pulses. Asynchronous/clock synchronous mode and the transmission
format are selected in the serial mode register (SMR), as shown in table 13.8. The SCI clock
source is selected by the C/A bit in the serial mode register (SMR) and the CKE1 and CKEO bits
in the seria control register (SCR), as shown in table 13.9.

Asynchronous M ode:

» Datalength is selectable: seven or eight bits.

» Parity and multiprocessor bits are selectable, as well as the stop bit length (one or two bits).
These selections determine the transmit/receive format and character length.

» Inreceiving, itis possible to detect framing errors (FER), parity errors (PER), overrun errors
(ORER), and the break state.

* Aninternal or external clock can be selected as the SCI clock source.

O When aninternal clock is selected, the SCI operates using the on-chip baud rate generator
clock, and can output a clock with afrequency matching the bit rate.

O When an external clock is selected, the external clock input must have afrequency 16 times
the bit rate. (The on-chip baud rate generator is not used.)

Clock Synchronous Mode:

* The communication format has a fixed 8-bit data length.
e Inreceiving, itis possibleto detect overrun errors (ORER).
» Aninternal or external clock can be selected as the SCI clock source.
O When aninternal clock is selected, the SCI operates using the on-chip baud rate generator
clock, and outputs a synchronous clock signal to external devices.
O When an external clock is selected, the SCI operates on the input synchronous clock. The
on-chip baud rate generator is not used.
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Table 13.8 Serial Mode Register Settingsand SCI Communication Formats

SMR Settings SCI Communication Format
Mode Bit7 | Bit6 | Bit5 | Bit2 | Bit3 Data Parity | Multipro- | Stop Bit
C/A | CHR | PE MP | STOP | Length Bit |cessor Bit| Length
Asynchronous 0 0 0 0 0 8-bit Not set | Not set 1 bit
1 2 bits
1 0 Set 1 bit
1 2 bits
1 0 0 7-bit Not set 1 bit
1 2 bits
1 0 Set 1 bit
1 2 bits
Asynchronous 0 * 1 0 8-bit | Not set Set 1 bit
(multiprocessor * 1 2 bits
format)
1 * 0 7-bit 1 bit
* 1 2 bits
Clock 1 * * * * 8-bit Not set None
synchronous

Note: Asterisks (*) in the table indicate don't-care bits.

Table13.9 SMR and SCR Settingsand SCI Clock Source Selection

SMR | SCR Settings SCI Transmit/Receive Clock
Mode Bit7 | Bitl | BitO : -
C/A | CKE1 | CKEO Clock Source SCK Pin Function
Asynchronous 0 0 0 Internal SCI does not use the SCK pin
1 Outputs a clock with frequency
matching the bit rate
1 0 External Inputs a clock with frequency 16 times
1 the bit rate
Clock synch- 1 0 0 Internal Outputs the synchronous clock
ronous 1
1 0 External Inputs the synchronous clock
1
Note: * Select the function in combination with the pin function controller (PFC).
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13.3.2  Operation in Asynchronous Mode

In the asynchronous mode, each transmitted or received character begins with a start bit and ends
with a stop bit. Serial communication is synchronized one character at atime.

The transmitting and receiving sections of the SCI are independent, so full duplex communication
is possible. The transmitter and receiver are both double buffered, so data can be written and read
while transmitting and receiving are in progress, enabling continuous transmitting and receiving.

Figure 13.2 shows the general format of asynchronous serial communication. In asynchronous
serial communication, the communication lineis normally held in the marking (high) state. The
SCI monitorsthe line and starts serial communication when the line goes to the space (low) state,
indicating a start bit. One seria character consists of astart bit (low), data (LSB first), parity bit
(high or low), and stop bit (high), in that order.

When receiving in the asynchronous mode, the SCI synchronizes on the falling edge of the start
bit. The SCI samples each data bit on the eighth pulse of a clock with afrequency 16 times the bit
rate. Recelve datais latched at the center of each bit.

Idling (marking state)

1 (LSB) (MSB) 1
Serial|o|D0|D1|D2|D3|D4|D5|D6|D7|0/1|1 1
data -

Start Parity|  Stop
bit bit bit
PRy Transmit/receive data Ny -

1 bit1 7 or 8 bits | 1or | 1or
no bit 2 bits

One unit of communication data (characters or frames)

\ 4

<
«

Figure 13.2 Data Format in Asynchronous Communication (Example: 8-bit Data with
Parity and Two Stop Bits)
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Transmit/Receive Formats. Table 13.10 shows the 12 communication formats that can be
selected in the asynchronous mode. The format is selected by settings in the serial mode register
(SMR).

Table 13.10 Serial Communication Formats (Asynchronous M ode)

SMR Bits Serial Transmit/Receive Format and Frame Length
CHR PE MP STOP 1 2 3 4 5 6 7 8 9 10 11 12

0O 0 0 0 |START 8-Bit data | sToP |

o 0 o0 1 | START] 8-Bit data | STOP | STOP |

0 1 0 0 |START 8-Bit data | P |sToP|

o 1 o0 1 | START] 8-Bit data | P | STOP|STOP|
1 0 0 O | START] 7-Bit data | STOP |

1 0 0 1 | START| 7-Bit data | sTOP | sTOP |

1 1 0 o0 | START] 7-Bit data | P |sToP|

1 1 0 1 | START| 7-Bit data | P | STOP|STOP|

0 — 1 0 |START 8-Bit data | MPB | STOP |

o — 1 1 | START] 8-Bit data | MPB | STOP | STOP |
1 — 1 o | START| 7-Bit data | MPB | STOP |

1 — 1 1 | START] 7-Bit data | MPB | STOP | STOP |

—: Don't care bits.

Note: START: Start bit
STOP: Stop bit
P: Parity bit
MPB: Multiprocessor bit

Clock: Aninternal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected as the SCI transmit/receive clock. The clock source is selected
by the C/A bit in the serial mode register (SMR) and bits CKE1 and CKEOQ in the serial control
register (SCR) (table 13.9).
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When an external clock isinput at the SCK pin, it must have a frequency equal to 16 timesthe
desired bit rate.

When the SCI operates on an internal clock, it can output a clock signal at the SCK pin. The
frequency of this output clock is equal to the bit rate. The phase is aligned asin figure 13.3 so that
the rising edge of the clock occurs at the center of each transmit data bit.

N ) I B o A B A O I I

| o |[po|[D1|D2|D3|Da|D5|D6| D7|0O/L] 1 1

1 frame

< »
< >

Figure 13.3 Output Clock and Communication Data Phase Relationship (Asynchronous
Mode)

SCI Initialization (Asynchronous M ode): Before transmitting or receiving, clear the TE and RE
bitsto 0 in the serial control register (SCR), then initialize the SCI as follows.

When changing the operation mode or communication format, always clear the TE and RE bitsto
0 before following the procedure given below. Clearing TE to 0 sets TDRE to 1 and initiaizes the
transmit shift register (TSR). Clearing RE to 0, however, does not initialize the RDRF, PER, FER,
and ORER flags and receive data register (RDR), which retain their previous contents.

When an external clock is used, the clock should not be stopped during initialization or subsequent
operation. SCI operation becomes unreliable if the clock is stopped.

Figure 13.4 is a sample flowchart for initializing the SCI. The procedure is as follows (the steps
correspond to the numbersin the flowchart):

1. Select the communication format in the serial mode register (SMR).

2. Write the value corresponding to the bit rate in the bit rate register (BRR) unless an external
clock isused.

3. Sdlect the clock source in the serial control register (SCR). Leave RIE, TIE, TEIE, MPIE, TE
and RE cleared to 0. If clock output is selected in asynchronous mode, clock output starts
immediately after the setting is made to SCR.

4. Wait for at least the interval required to transmit or receive one bit, then set TE or RE in the
serial control register (SCR) to 1. Also set RIE, TIE, TEIE and MPIE as necessary. Setting TE
or RE enables the SCI to use the TxD or RxD pin. Theinitial states are the marking transmit
state, and the idle receive state (waiting for a start bit).
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< Initialize >
[
Clear TE and RE bits to 0 in SCR
I
Select transmit/receive format in SMR @
I
Set value to BRR | @
I

Set CKE1 and CKEO bits in SCR | (3)
(TE and RE bits are 0)

<
«

1-bit interval elapsed?

Set TE or RE to 1 in SCR; Set RIE, @
TIE, TEIE, and MPIE as necessary

C w )

Figure 13.4 Sample Flowchart for SCI Initialization

Transmitting Serial Data (Asynchronous Mode): Figure 13.5 shows a sample flowchart for
transmitting serial data. The procedure is as follows (the steps correspond to the numbersin the
flowchart):

1. SCl initialization: Set the TxD pin using the PFC.

2. SCI status check and transmit data write: Read the serial status register (SSR), check that the
TDRE bit is 1, then write transmit data in the transmit data register (TDR) and clear TDRE
to 0.

3. Continue transmitting serial data: Read the TDRE bit to check whether it is safe to write (if it
reads 1); if so, writedatain TDR, then clear TDRE to 0. When the DMAC is started by a
transmit-data-empty interrupt request (TxI) in order to write datain TDR, the TDRE bit is
checked and cleared automatically.

4. To output abreak at the end of serial transmission, first clear the port data register (DR) to 0,
then clear the TE to 0 in SCR and use the PFC to establish the TxD pin as an output port.

Rev. 5.00 Jan 06, 2006 page 399 of 818
REJ09B0273-0500
RENESAS



Section 13 Serial Communication Interface (SCI)

Initialize @
[

< Start transmitting >

le
L

Read TDRE bitin SSR |2

No

Yes

Write transmission data to TDR
and clear TDRE bit in SSR to 0

All data transmitted?

Yes

<
<«

Read TEND bit in SSR

Output break signal?

SetDR=0

Clear TE bit in SCR to O;
select theTxD pin as an
output port with the PFC

|A
[~

( End transmission >

Figure13.5 Sample Flowchart for Transmitting Serial Data
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In transmitting serial data, the SCI operates as follows:

1. The SCI monitorsthe TDRE hit in the SSR. When TDRE is cleared to O, the SCI recognizes

3.

that the transmit dataregister (TDR) contains new data, and loads this data from the TDR into
the transmit shift register (TSR).

After loading the data from the TDR into the TSR, the SCI sets the TDRE bit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) isset to 1 in the SCR, the
SCI requests a transmit-data-empty interrupt (TxI) at thistime.

Serial transmit datais transmitted in the following order from the TxD pin:

a. Start hit: one 0 hit is output.

b. Transmit data: seven or eight bits of data are output, LSB first.

c. Parity bit or multiprocessor bit: one parity bit (even or odd parity) or one multiprocessor bit
is output. Formats in which neither a parity bit nor a multiprocessor bit is output can also
be selected.

d. Stop bit: one or two 1 bits (stop bits) are output.

e. Marking: output of 1 bits continues until the start bit of the next transmit data.

The SCI checks the TDRE bit when it outputs the stop bit. If TDRE is 0, the SCI loads new
data from the TDR into the TSR, outputs the stop bit, then begins serial transmission of the
next frame. If TDRE is 1, the SCI setsthe TEND bit to 1 in the SSR, outputs the stop bit, then
continues output of 1 bits (marking). If the transmit-end interrupt enable bit (TEIE) in the SCR
isset to 1, atransmit-end interrupt (TEI) is requested.

Figure 13.6 shows an example of SCI transmit operation in the asynchronous mode.
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Start Parity Stop Start Parity Stop

1 it Data  pit” it it Data  pit~ pit 1
Sg“a' | 0 | Do| D1l D7| om_| 1 | 0 | Do| p1|” D7|(N1| 1 ldle
ata § < (marking
| ' state)

(C
)

TDRE | ! |
| ((

ol 11

f

2N

] )
|

TxI TxI interrupt TxI TEl interrupt request
interrupt handler writes request
request datain TDR |
: and clears I
| TDREt00 |
: 1 frame !

Example: 8-bit data with parity and one stop bit

Figure13.6 SCI Transmit Operation in Asynchronous Mode

Receiving Serial Data (Asynchronous Mode): Figures 13.7 and 13.8 show a sample flowchart
for receiving serial data. The procedure is as follows (the steps correspond to the numbersin the
flowchart).

1. SCl initialization: Set the RxD pin using the PFC.

2. Receive error handling and break detection: If areceive error occurs, read the ORER, PER,
and FER bits of the SSR to identify the error. After executing the necessary error handling,
clear ORER, PER, and FER all to 0. Receiving cannot resume if ORER, PER or FER remain
set to 1. When aframing error occurs, the RxD pin can be read to detect the break state.

3. SCI status check and receive-data read: Read the serial status register (SSR), check that RDRF
is set to 1, then read receive data from the receive data register (RDR) and clear RDRF to 0.
The RxI interrupt can also be used to determine if the RDRF bit has changed from O to 1.

4. Continue receiving serial data: Read the RDR and RDRF bit and clear RDRF to 0 before the
stop bit of the current frame is received. If the DMAC is started by areceive-data-full interrupt
(RxI) to read RDR, the RDRF hit is cleared automatically so this step is unnecessary.
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Initialization @

< Start reception >

»
| o

Read ORER, PER, and
FER bits in SSR

PER, FER,
ORER =17

Error handling

Read the RDRF bit in SSR @

No

Yes

Read reception data of RDR and @
clear RDRF bitin SSR to 0

All data received?

Clear the RE bit of SCR to O

( End reception >

Figure 13.7 Sample Flowchart for Receiving Serial Data (1)
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< Start of error handling >

No

Yes

Overrun error handling

»

Yes
Break?

Framing error handling Clear RE bitin SCRto 0

»
'

No
PER =17?

Yes

Parity error handling

<
€

Clear ORER, PER, and FER
to 0in SSR

|
( e )

Figure 13.8 Sample Flowchart for Receiving Serial Data (2)
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In receiving, the SCI operates as follows:

1

The SCI monitors the communication line. When it detects a start bit (0), the SCI synchronizes
internally and starts receiving.

Receive datais shifted into the RSR in order from the LSB to the M SB.

The parity bit and stop bit are received. After receiving these bits, the SCI makes the following

checks:

a. Parity check. The number of 1sin the receive data must match the even or odd parity
setting of the O/E bit in the SMR.

b. Stop bit check. The stop bit value must be 1. If there are two stop bits, only the first stop bit
is checked.

c. Status check. RDRF must be 0 so that receive data can be loaded from the RSR into the
RDR.

If the data passes these checks, the SCI sets RDRF to 1 and stores the received datain the

RDR. If one of the checksfails (receive error), the SCI operates asindicated in table 13.11.

Note: When areceive error occurs, further receiving is disabled. While receiving, the RDRF

bit is not set to 1, so be sure to clear the error flags.

After setting RDRF to 1, if the receive-data-full interrupt enable bit (RIE) isset to 1 in the
SCR, the SCI requests a receive-data-full interrupt (RxI). If one of the error flags (ORER,
PER, or FER) is set to 1 and the receive-data-full interrupt enable bit (RIE) in the SCR isalso
set to 1, the SCI requests a receive-error interrupt (ERI).

Figure 13.9 shows an example of SCI receive operation in the asynchronous mode.

Table 13.11 Receive Error Conditionsand SCI Operation

Receive Error  Abbreviation Condition Data Transfer
Overrun error ORER Receiving of next data ends while Receive data not loaded
RDREF is still setto 1 in SSR from RSR into RDR
Framing error FER Stop bitis 0 Receive data loaded from
RSR into RDR
Parity error PER Parity of receive data differs from Receive data loaded from

even/odd parity setting in SMR RSR into RDR
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Example: 8-bit data with parity and one stop bit

Start Parity Stop Start Parity Stop
bit Data bit  bit  bit Data bit  bit 1
. ) )
Serial o |po|pt|’|p7|on| 1|0 |pofp1| |p7]onf1 Idle
data | $ 5 (marking
l l state)
|
TDRF |
I ) 5
| t :
FER : . RxI interrulpt request | .
| )) | | )
| | | )
' - ! |
1 frame RxI interrupt Framing error
handler reads generates
data in RDR and ERI interrupt
clears RDRF to 0. request.

Figure13.9 SCI Receive Operation

13.3.3  Multiprocessor Communication

The multiprocessor communication function enables several processors to share asingle serial
communication line for sending and receiving data. The processors communicate in the
asynchronous mode using aformat with an additional multiprocessor bit (multiprocessor format).

In multiprocessor communication, each receiving processor is addressed by a unique ID. A seria
communication cycle consists of an ID-sending cycle that identifies the receiving processor, and a
data-sending cycle. The multiprocessor bit distinguishes | D-sending cycles from data-sending
cycles. The transmitting processor starts by sending the ID of the receiving processor with which it
wants to communicate as data with the multiprocessor bit set to 1. Next the transmitting processor
sends transmit data with the multiprocessor bit cleared to O.

Receiving processors skip incoming data until they receive data with the multiprocessor bit set to
1. When they receive data with the multiprocessor bit set to 1, receiving processors compare the
datawith their IDs. The receiving processor with amatching ID continues to receive further
incoming data. Processors with I Ds not matching the received data skip further incoming data
until they again receive data with the multiprocessor bit set to 1. Multiple processors can send and
receive datain this way.

Figure 13.10 shows the example of communication among processors using the multiprocessor
format.
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Communication Formats: Four formats are available. Parity-bit settings are ignored when the
multiprocessor format is selected. For details see table 13.9.

Clock: See the description in the asynchronous mode section.

Example: Sending data H'AA to receiving processor A

Transmitting
processor

v Serial communication line

A 4 ¢ ¢ ¢

Receiving Receiving Receiving Receiving
processor A processor B processor C processor D
(Ib=01) (ID =02) (ID =03) (ID =04)
Serial H'O1 H'AA
data
(MPB =1) (MPB =0)

\ 4

| |
| |
‘A ;‘A
| ID-transmit cycle: | Data-transmit cycle:
receiving processor address data sent to receiving

processor specified by ID

MPB: Multiprocessor bit

Figure13.10 Communication Among Processors Using M ultiprocessor For mat

Transmitting Multiprocessor Serial Data: Figure 13.11 shows a sample flowchart for
transmitting multiprocessor serial data. The procedure is as follows (the steps correspond to the
numbers in the flowchart):

1. SCl initialization: Set the TxD pin using the PFC.

2. SCI status check and transmit data write: Read the serial status register (SSR), check that the
TDRE bit is 1, then write transmit data in the transmit data register (TDR). Also set MPBT
(multiprocessor bit transfer) to 0 or 1 in SSR. Finaly, clear TDRE to 0.

3. Continue transmitting serial data: Read the TDRE bit to check whether it is safe to write (if it
reads 1); if so, writedatain TDR, then clear TDRE to 0. When the DMAC is started by a
transmit-data-empty interrupt request (TxI) to write datain TDR, the TDRE hit is checked and
cleared automatically.
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4. Output abreak at the end of serial transmission: Set the data register (DR) of the port to 0, then
clear TE to 0 in SCR and set the TxD pin function as output port with the PFC.

| Initialization | @

< Start transmission >

l€
I‘

| Read TDREDitinSSR | @

No

Yes

Write transmit data in TDR
and set MPBT in SSR

Clear TDRE bit to 0 |

All data transmitted?

Yes I:
Read TEND bit in SSR |

Output break signal?

SetDR =0 |

Clear TE bit in SCR to O;
select theTxD pin function as
an output port with the PFC

e
[

< End transmission >

Figure13.11 Sample Flowchart for Transmitting M ultiprocessor Serial Data
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In transmitting serial data, the SCI operates as follows:

1. The SCI monitors the TDRE hit in the SSR. When TDRE is cleared to 0 the SCI recognizes
that the transmit dataregister (TDR) contains new data, and loads this data from the TDR into
the transmit shift register (TSR).

2. After loading the data from the TDR into the TSR, the SCI sets the TDRE bit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) in the SCR is set to 1, the
SCI requests a transmit-data-empty interrupt (TxI) at thistime.

Serial transmit datais transmitted in the following order from the TxD pin:

a.  Start bit: one 0 bit is output.

Transmit data: seven or eight bits are output, L SB first.

Multiprocessor bit: one multiprocessor bit (MPBT value) is output.

Stop bit: one or two 1 bits (stop hits) are output.

Marking: output of 1 bits continues until the start bit of the next transmit data.

® 2o o

3. The SCI checks the TDRE bit when it outputs the stop bit. If TDRE is 0, the SCI loads data
from the TDR into the TSR, outputs the stop bit, then begins serial transmission of the next
frame. If TDRE is 1, the SCI setsthe TEND bit in the SSR to 1, outputs the stop bit, then
continues output of 1 bitsin the marking state. If the transmit-end interrupt enable bit (TEIE)
inthe SCRis set to 1, atransmit-end interrupt (TEI) is requested at thistime.

Figure 13.12 shows an example of SCI receive operation in the multiprocessor format.
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Example: 8-bit data with multiprocessor bit and one stop bit

Multiprocessor Multiprocessor
bit bit
Start Stop Start Stop
1 bit Data bit  bit Data bit 1
i )) ))
Sg;f‘a: |0|D0|D1| |D7|0/1|1|0|D0|D1 D7|0/1|1 Idle
) ) (marking
: : state)
I ((
TDRE | | | |
| (G |
| |
TEND T T T :
I (( I ((
| |
o | t
TxI TxI interrupt Tl ! TEI
interrupt  handler writes interrupt : interrupt
request datain TDR and request request

clears TDRE to O [

|

< »
< gl
|

1 frame

Figure13.12 SCI Multiprocessor Transmit Operation

Receiving Multiprocessor Serial Data: Figure 13.13 shows a sample flowchart for receiving
multiprocessor serial data. The procedure for receiving multiprocessor serial datais listed below.

1
2.
3.

SCl initialization: Set the RxD pin using the PFC.

ID receive cycle: Set the MPIE bit in the serial control register (SCR) to 1.

SCI status check and compare to 1D reception: Read the serial status register (SSR), check that
RDRF is set to 1, then read data from the receive data register (RDR) and compare with the
processor’sown ID. If the ID does not match the receive data, set MPIE to 1 again and clear
RDRF to 0. If the ID matches the receive data, clear RDRF to 0.

Receive error handling and break detection: If areceive error occurs, read the ORER and FER
bitsin SSR to identify the error. After executing the necessary error processing, clear both
ORER and FER to 0. Receiving cannot resume if ORER or FER remain set to 1. When a
framing error occurs, the RxD pin can be read to detect the break state.

SCI status check and data receiving: Read SSR, check that RDRF is set to 1, then read data
from the receive dataregister (RDR).
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| Initialization | @®
< Start relception >
:l
| SetmPIE bitin SCR 10 1 @
I

|Read ORER and FER bits of SSR |

Yes

FER =17

or ORER =17

Read RDRF bit in SSR

®

No

Yes
Read receive data from RDR

No

Is ID the station’s ID

Yes <
Read ORER and FER bits in SSR

FER =17 Yes

or ORER =17

Read RDRF bit of SSR

®

No

Yes

Read receive data from RDR |

All data received?

| ClearREDbitinSCRt00 |
|

< End reception >

Y

@

< Error processing >

Figure 13.13 Sample Flowchart for Receiving Multiprocessor Serial Data
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< Start error handling >

No

Yes

Overrun error handling

»

Framing error handling Clear RE bitin SCR to 0

»

<
«

Clear ORER and FER
bits in SSRto 0

(O

Figure 13.13 Sample Flowchart for Receiving Multiprocessor Serial Data (cont)
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Figures 13.14 and 13.15 show examples of SCI receive operation using a multiprocessor format.

Start Data Stop Start Data Stop
1 bt (D) MPB bit bit (datal) MPB  bit 1
i )
Sg;g: 0 | Do| D1| | D7| 101 | 0 | Do| Dl| | D7| 0 | 1 Idiing
> 5 (marking)
[(¢ (¢
U U
MPB . |
P
2] %
MPIE

RDRF . / ;
_ X / \\ e
value / \55 \

RxI interrupt request Rxl interrupt handler Not station’s No RxI interrupt,
(multiprocessor reads data in RDR ID, so MPIE is RDR maintains
interrupt), MPIE =0 and clears RDRF to 0 set to 1 again state

Figure13.14 SCI Receive Operation (ID Does Not Match)
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Example: Own ID matches data, 8-bit data with multiprocessor bit and one stop bit

Start Data Stop Start Data Stop
1 bit (D2 . MPB bit bit (data2) MPB  bit 1
i 55 ) -

Sggf‘; |0|D0|D1||D7|1 1|O|DO|D1||D7|O|1 Idling
> ) (marking)
[(¢ (¢
U U

MPB |
)
P —

MPIE |

A
RDRF \ L
(¢ («

o of /o \, ] | oaw

RxI interrupt request Rxl interrupt handler  Station’s ID, so receiving MPIE
(multiprocessor reads data in RDR continues, with data  bit is again
interrupt), MPIE = 0 and clears RDRF to 0 received by the RxI setto 1

interrupt processing routine

Figure 13.15 Example of SCI Receive Operation (ID Matches)

13.34 Clock Synchronous Operation

In the clock synchronous mode, the SCI transmits and receives data in synchronization with clock
pulses. This mode is suitable for high-speed serial communication.

The SCI transmitter and receiver are independent, so full duplex communication is possible while
sharing the same clock. The transmitter and receiver are also double buffered, so continuous
transmitting or receiving is possible by reading or writing data while transmitting or receivingisin
progress.

Figure 13.16 shows the general format in clock synchronous serial communication.
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Transfer direction
One unit (character or frame) of communication data

»

-—k-

|
|
|

* | *

Synchroni-
zation clock
|
LSB MSB |

Serial data ><Bit0 >< Bit1>< Bit2>< Bit3><Bit4><Bit5><Bit6 >< Bit7><
|

Note: * High except in continuous transmitting or receiving.

Figure13.16 Data Format in Clock Synchronous Communication

In clock synchronous serial communication, each data bit is output on the communication line
from one falling edge of the serial clock to the next. Data are guaranteed valid at the rising edge of
the serial clock. In each character, the serial data bits are transmitted in order from the LSB (first)
to the MSB (last). After output of the MSB, the communication line remains in the state of the
MSB. In the clock synchronous mode, the SCI transmits or receives data by synchronizing with
the falling edge of the synchronization clock.

Communication Format: The datalength isfixed at eight bits. No parity bit or multiprocessor bit
can be added.

Clock: Aninternal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected as the SCI transmit/receive clock. The clock sourceis selected
by the C/A bit in the serial mode register (SMR) and bits CKE1 and CKEOQ in the seria control
register (SCR). See table 13.9.

When the SCI operates on an internal clock, it outputs the clock signal at the SCK pin. Eight clock
pulses are output per transmitted or received character. When the SCI is not transmitting or
receiving, the clock signal remainsin the high state.

Note: An overrun error occurs only during the receive operation, and the sync clock is output
until the RE hit is cleared to 0. When you want to perform a receive operation in one-
character units, select external clock for the clock source.

SCI Initialization (Clock Synchronous Mode): Before transmitting or receiving, software must
clear the TE and RE bitsto 0 in the serial control register (SCR), then initialize the SCI as follows.

When changing the mode or communication format, always clear the TE and RE bitsto 0 before
following the procedure given below. Clearing TE to 0 sets TDRE to 1 and initializes the transmit
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shift register (TSR). Clearing RE to 0, however, does not initialize the RDRF, PER, FER, and
ORER flags and receive data register (RDR), which retain their previous contents.

Figure 13.17 is a sample flowchart for initializing the SCI.

1. Write the value corresponding to the bit rate in the bit rate register (BRR) unless an external
clock isused.

2. Select the clock sourcein the serial control register (SCR). Leave RIE, TIE, TEIE, MPIE, TE,
and RE cleared to 0.

3. Select the communication format in the serial mode register (SMR).

4. Wait for at least the interval required to transmit or receive one bit, then set TE or RE in the
serial control register (SCR) to 1. When selecting the simultaneous transmission and receiving,
set TE and RE hitsto 1 simultaneously. Also set RIE, TIE, TEIE, and MPIE. The TxD, RxD
pins becomes usable in response to the PFC corresponding bits and the TE, RE bit settings.

( Start of initialization )

Clear TE and RE bits to 0 in SCR

Set RIE, TIE, TEIE, MPIE, CKEL1,
and CKEO bits in SCR @
(TE and RE are 0)

Select transmit/receive
format in SMR @

Set value in BRR ®

Wait

1-bit interval elapsed?

Set TE and RE to 1 in SCR;
Set RIE, TIE, TEIE, and MPIE bits @

( )

Figure 13.17 Sample Flowchart for SCI Initialization
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Transmitting Serial Data (Synchronous Mode): Figure 13.18 shows a sample flowchart for
transmitting serial data and indicates the procedure to follow.

1. SCl initidization: Set the TxD pin function with the PFC.

2. SCI status check and transmit data write: Read SSR, check that the TDRE flag is 1, then write
transmit datain TDR and clear the TDRE flag to 0.

3. To continue transmitting serial data: After checking that the TDRE flag is 1, indicating that
data can be written, write datain TDR, then clear the TDRE flag to 0. When the DMAC is
activated by a transmit-data-empty interrupt request (TXI) to write datain TDR, the TDRE
flag is checked and cleared automatically.
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Initialize )
C Start transmitting >
-
Read TDRE flag in SSR @
No
TDRE =17
Yes

Write transmit data in TDR and
clear TDRE flag to 0 in SSR

All data transmitted?

Yes

Bl

Read TEND flag in SSR

No

TEND =17

Yes

Clear TE bitto 0 in SCR

( cra )

Figure 13.18 Sample Flowchart for Serial Transmitting
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Figure 13.19 shows an example of SCI transmit operation.

Transmit direction
Synchroni- 2
zation clock
LSB ) MSB «
. . . U . . . P . -
Serial data Bit 0 >< Bit 1 >C \ Bit7 X Bito >< Bit 1 >< s >< Bit 6 ><B|t7

((

N
TDRE .
A A 7 A
TEN D (¢ « r
U N *
TxI TxI interrupt TxI TEI
request handler writes request request

data in TDR and
clears TDRE to O

<
<

\ 4

1 frame

Figure 13.19 Example of SCI Transmit Operation
SCI serial transmission operates as follows.

1. The SCI monitors the TDRE bit in the SSR. When TDRE is cleared to 0 the SCI recognizes
that the transmit dataregister (TDR) contains new data and loads this data from the TDR into
the transmit shift register (TSR).

2. After loading the data from the TDR into the TSR, the SCI sets the TDRE bit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) in the SCRisset to 1, the
SCI requests a transmit-data-empty interrupt (TxI) at thistime.

If clock output mode is selected, the SCI outputs eight synchronous clock pulses. If an external
clock source is selected, the SCI outputs data in synchronization with the input clock. Data are
output from the TxD pin in order from the LSB (bit 0) to the MSB (bit 7).

3. The SCI checks the TDRE bit when it outputs the MSB (bit 7). If TDRE is 0, the SCI loads
data from the TDR into the TSR, then begins serial transmission of the next frame. If TDRE is
1, the SCI setsthe TEND hit in the SSR to 1, transmits the MSB, then holds the transmit data
pin (TxD) in the MSB state. If the transmit-end interrupt enable bit (TEIE) in the SCR is set to
1, atransmit-end interrupt (TEI) is requested at thistime.

4. After the end of seria transmission, the SCK pin is held in the high state.
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Receiving Serial Data (Clock Synchronous Mode): Figure 13.20 shows a sample flowchart for
receiving seria data. When switching from the asynchronous mode to the clock synchronous
mode, make sure that ORER, PER, and FER are cleared to 0. If PER or FER is set to 1, the RDRF
bit will not be set and both transmitting and receiving will be disabled.

The procedure for receiving serial datais listed below:

1. SCl initialization: Set the RxD pin using the PFC.

2. Receive error handling: If areceive error occurs, read the ORER bit in SSR to identify the
error. After executing the necessary error handling, clear ORER to 0. Transmitting/receiving
cannot resume if ORER remains set to 1.

3. SCI status check and receive dataread: Read the serial status register (SSR), check that RDRF
is set to 1, then read receive data from the receive data register (RDR) and clear RDRF to 0.
The RxI interrupt can also be used to determine if the RDRF bit has changed from O to 1.

4. Continue receiving serial datac Read RDR, and clear RDRF to 0 before the frame M SB (bit 7)
of the current frameisreceived. If the DMAC is started by areceive-data-full interrupt (RxI)
to read RDR, the RDRF bit is cleared automatically so this step is unnecessary.
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Initialization @

Start reception >

4R

Vl

Read the ORER bit of SSR

Yes
ORER = 1? | @
No ( Error processing )
Read RDRF bit of SSR ®

No

Yes

Read receive data from RDR @
and clear RDRF bit of SSR to 0

All data received?

Clear RE bit of SCR to 0

( End reception >

Figure13.20 Sample Flowchart for Serial Receiving
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( Error handling )

Overrun error processing

Clear ORER bit of SSRto O
|

O

Figure 13.20 Sample Flowchart for Serial Receiving (cont)

Figure 13.21 shows an example of the SCI receive operation.

Transfer direction
<—
Synchroni- ’_”—‘
zation clock
Serial §
o X Bit7 X Bito X X Bit7 X Bito X Bit1 X Bit 7
(¢
U

RDRF
«

AR N N

(C
| U \ U T

Rxl request | Read data with RxI RxI request
interrupt processing ERI interrupt
routine and clear request generated
RDRF bit to 0 by overrun error
D 1 frame

Figure13.21 Example of SCI Receive Operation
In receiving, the SCI operates as follows:

1. The SCI synchronizes with serial clock input or output and initializes internally.

2. Receive datais shifted into the RSR in order from the L SB to the MSB. After receiving the
data, the SCI checksthat RDRF is 0 so that receive data can be loaded from the RSR into the
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RDR. If this check passes, the SCI sets RDRF to 1 and stores the received datain the RDR. If
the check does not pass (receive error), the SCI operates as indicated in table 13.11 and no
further transmission or reception is possible. If the error flag is set to 1, the RDRF bit is not set
to 1 during reception, even if the RDRF bit is O cleared. When restarting reception, be sure to
clear the error flag.

After setting RDRF to 1, if the receive-data-full interrupt enable bit (RIE) isset to 1 in the
SCR, the SCI reguests a receive-data-full interrupt (RxI). If the ORER bit is set to 1 and the
receive-data-full interrupt enable bit (RIE) in the SCR is also set to 1, the SCI requests a
receive-error interrupt (ERI).

Transmitting and Receiving Serial Data Simultaneoudly (Clock Synchronous Mode): Figure
13.22 shows a sample flowchart for transmitting and receiving serial data simultaneously. The
procedure is as follows (the steps correspond to the numbers in the flowchart):

1
2.

SCl initialization: Set the TxD and RxD pins using the PFC.

SCI status check and transmit data write: Read the serial status register (SSR), check that the
TDRE bit is 1, then write transmit data in the transmit data register (TDR) and clear TDRE to
0. The TxI interrupt can also be used to determine if the TDRE bit has changed from O to 1.

Receive error handling: If areceive error occurs, read the ORER bit in SSR to identify the
error. After executing the necessary error processing, clear ORER to 0. Transmitting/receiving
cannot resume if ORER remains set to 1.

SCI status check and receive data read: Read the serial status register (SSR), check that RDRF
isset to 1, then read receive data from the receive data register (RDR) and clear RDRF to 0.
The RxI interrupt can also be used to determine if the RDRF bit has changed from 0 to 1.

Continue transmitting and receiving serial data: Read the RDRF bit and RDR, and clear RDRF
to 0 before the frame M SB (bit 7) of the current frame isreceived. Also read the TDRE hit to
check whether it is safe to write (if it reads 1); if so, write datain TDR, then clear TDRE to 0
before the MSB (bit 7) of the current frame is transmitted. When the DMAC or the DTC is
started by atransmit-data-empty interrupt request (Txl) to write datain TDR, the TDRE hit is
checked and cleared automatically. When the DMAC is started by areceive-data-full interrupt
(RxI) to read RDR, the RDRF hit is cleared automatically.

Note: When selecting the transmission or receiving mode to the simultaneous transmission and

receiving mode, clear TE and RE bits to zero once, then set both of themto 1
simultaneoudly.
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I
< Start transmitting/receive

N

71

No

Yes

Write transmission data in TDR
and clear TDRE bit of SSRto 0

‘I

No

|

Read ORER bit of SSR

Yes

Initialization @

Read TDRE bit in SSR @)

ORER =17?

No

Yes

data transmitted/and
received

Clear TE and RE bits of SCR to 0
I
< End transmission/reception >

Read RDRF bit of SSR @

Read receive data of RDR,
and clear RDRF bit of SSRt0 0 @

Figure 13.22 Sample Flowchart for Serial Transmission
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134  SCI Interrupt Sourcesand the DMAC

The SCI has four interrupt sources: transmit-end (TEI), receive-error (ERI), receive-data-full
(RxI), and transmit-data-empty (TxI). Table 13.12 lists the interrupt sources and indicates their
priority. These interrupts can be enabled and disabled by the TIE, RIE, and TEIE bitsin the serial
control register (SCR). Each interrupt request is sent separately to the interrupt controller.

TxI isrequested when the TDRE bit in the SSRis set to 1. TxI can start the direct memory access
controller (DMAC) to transfer data. TDRE is automatically cleared to 0 when the DMAC writes
datain the transmit data register (TDR).

Rx| is requested when the RDRF bit in the SSR is set to 1. RxI can start the DMAC to transfer
data. RDRF isautomatically cleared to O when the DMAC reads the receive data register (RDR).

ERI isrequested when the ORER, PER, or FER bit in the SSR is set to 1. ERI cannot start the
DMAC.

TEI isrequested when the TEND bit in the SSR is set to 1. TEI cannot start the DMAC. Where the
TxI interrupt indicates that transmit data writing is enabled, the TEI interrupt indicates that the
transmit operation is complete.

Table 13.12 SCI Interrupt Sources

Interrupt Source  Description DMAC Activation Priority
ERI Receive error (ORER, PER, or FER) No High
RxI Receive data full (RDRF) Yes

TxI Transmit data empty (TDRE) Yes I

TEI Transmit end (TEND) No Low
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135 Noteson Use

Sections 13.5.1 through 13.5.9 provide information for using the SCI.

1351 TDR Writeand TDRE Flags

The TDRE bit in the serial status register (SSR) is a status flag indicating loading of transmit data
from TDR into TSR. The SCI sets TDRE to 1 when it transfers datafrom TDR to TSR. Data can
be written to TDR regardless of the TDRE bit status. If new dataiswritten in TDR when TDRE is
0, however, the old data stored in TDR will be lost because the data has not yet been transferred to
the TSR. Before writing transmit data to the TDR, be sure to check that TDRE is set to 1.

13.5.2 Simultaneous Multiple Receive Errors

Table 13.13 indicates the state of the SSR status flags when multiple receive errors occur
simultaneously. When an overrun error occurs, the RSR contents cannot be transferred to the
RDR, so recelve dataislost.

Table 13.13 SSR Status Flagsand Transfer of Receive Data

Receive Data
SSR Status Flags Transfer

Receive Error Status RDRF ORER FER PER RSR - RDR

Overrun error 1 1 0 0 X
Framing error 0 0 1 0 o
Parity error 0 0 0 1 (0]
Overrun error + framing error 1 1 1 0 X
Overrun error + parity error 1 1 0 1 X
Framing error + parity error 0 0 1 1 o
Overrun error + framing error + parity 1 1 1 1 X

error

Note: O = Receive data is transferred from RSR to RDR.
X = Receive data is not transferred from RSR to RDR.
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13.5.3 Break Detection and Processing

Break signals can be detected by reading the RxD pin directly when aframing error (FER) is
detected. In the break state, the input from the RxD pin consists of all 0s, so FER is set and the
parity error flag (PER) may also be set. In the break state, the SCI receiver continues to operate, so
if the FER bitiscleared to O, it will be set to 1 again.

1354 Sending aBreak Signal

The TxD pin becomes ageneral /O pin with the I/O direction and level determined by the 1/0 port
dataregister (DR) and pin function controller (PFC) control register (CR). These conditions allow
break signals to be sent. The DR value is substituted for the marking status until the PFC is set.
Consequently, the output port is set to initially output a 1. To send a break in serial transmission,
first clear the DR to 0, then establish the TxD pin as an output port using the PFC. When TE is
cleared to O, the transmission section isinitialized regardless of the present transmission status.

1355 ReceiveError Flagsand Transmitter Operation (Clock Synchronous Maode Only)

When areceive error flag (ORER, PER, or FER) is set to 1, the SCI will not start transmitting
even if TDRE isset to 1. Be sure to clear the receive error flags to 0 before starting to transmit.
Note that clearing RE to 0 does not clear the receive error flags.

1356 Receive Data Sampling Timing and Receive Margin in the Asynchronous Mode

In the asynchronous mode, the SCI operates on a base clock of 16 times the bit rate frequency. In
receiving, the SCI synchronizes internally with the falling edge of the start bit, which it samples
on the base clock. Receive datais latched on the rising edge of the eighth base clock pulse (figure
13.23).
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16 clocks

<& »

8 clocks
78 150 78 150 5

lnternaluglﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂmlﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

base clock - :
_ —7.5clocks :: +7.5 clocks _::

Receive_ o . = -
data (RxD) |__Start bit | DO [ o1

Synchronizationﬁ
sampling timing

_Dgta N H

sampling timing

Figure 13.23 Receive Data Sampling Timing in Asynchronous M ode

The receive margin in the asynchronous mode can therefore be expressed as:

= ‘(0.5— i)—(L—o.s)F— M(1+F) x 100%
2N N

: Receive margin (%)
: Ratio of clock frequency to bit rate (N = 16)
: Clock duty cycle (D = 0-1.0)
Frame length (L = 9-12)
: Absolute deviation of clock frequency

mMrozzg

From the equation above, if F =0 and D = 0.5 the receive margin is 46.875%:

D =05F=0
M =(0.5- 1/(2 x 16)) x 100%
= 46.875%

Thisisatheoretical value. A reasonable margin to alow in system designsis 20-30%.
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13.5.7 Constraintson DMAC Use

* When using an external clock source for the synchronization clock, update the TDR with the
DMAC, and then after five system clocks or more elapse, input a transmit clock. If atransmit
clock isinput in the first four system clocks after the TDR iswritten, an error may occur
(figure 13.24).

« Before reading the receive data register (RDR) with the DMAC, select the receive-data-full
interrupt of the SCI as a start-up source.

see | ][] ] L] L)L

TDRE |
><DO><D1><D2><D3><D4><D5><D6><D7><:

Note: During external clock operation, an error may occur if t is 4@ or less.

Figure 13.24 Example of Clock Synchronous Transmission with DMAC

1358 Cautionsfor Clock Synchronous External Clock Mode

* Set TE = RE =1 only when the external clock SCK is 1.

¢ Donotset TE=RE = 1until at least four clocks after the external clock SCK has changed
fromOto 1.

¢ When receiving, RDRF is 1 when RE is set to zero 2.5-3.5 clocks after the rising edge of the
RxD D7 hit SCK input, but it cannot be copied to RDR.

1359 Caution for Clock SynchronousInternal Clock Mode

When receiving, RDRF is 1 when RE is set to zero 1.5 clocks after the rising edge of the RxD D7
bit SCK output, but it cannot be copied to RDR.
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Section 14 A/D Converter

141 Overview

The SH7050 series includes a 10-bit successive-approximation A/D converter., with software
selection of up to 16 analog input channels.

The A/D converter is composed of two independent modules, A/DO and A/D1. A/DO comprises
three groups, while A/D1 comprises a single group.

Module Analog Groups Channels

A/DO Analog group 0 ANO-AN3
Analog group 1 AN4-AN7
Analog group 2 AN8-AN11

A/D1 Analog group 3 AN12-AN15

14.1.1 Features
The features of the A/D converter are summarized bel ow.

* 10-hit resolution
16 input channels (A/DO: 12 channels, A/D1: 4 channels)
» High-speed conversion
Conversion time: minimum 6.7 ps per channel (when @ =20 MHz)
» Two conversion modes
O Single mode: A/D conversion on one channel
0 Scan mode:
Continuous conversion on 1 to 12 channels (A/DO0)
Continuous conversion on 1 to 4 channels (A/D1)
» Sixteen 10-bit A/D dataregisters
A/D conversion results are transferred for storage into data registers corresponding to the
channels.
e Two sample-and-hold circuits
A sample-and-hold circuit is built into each A/D converter module (AD/O and AD/1),
simplifying the configuration of external analog input circuitry.
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e A/D conversion interrupts and DMA function supported

An A/D conversion interrupt request (ADI) can be sent to the CPU at the end of A/D
conversion (ADIO: A/DO interrupt request; ADI1: A/D1 interrupt request). Also, the DMAC
can be activated by an ADI interrupt request.

» Two kinds of conversion activation
O Software or external trigger (pin, ATU) can be selected (A/DO)
O Software or external trigger (pin) can be selected (A/D1)
» Analog conversion voltage range can be set
The analog conversion voltage range can be set with the AV pin.
» ADEND output

Conversion timing can be monitored with the ADEND output pin when using channel 15in
scan mode.

14.1.2 Block Diagram

Figure 14.1 shows a block diagram of the A/D converter.
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ADCRO, ADCR1:

A/D control registers 0 and 1

ADCSRO0, ADCSR1: A/D control/status registers 0 and 1
ADDRO to ADDR15: A/D data registers 0 to 15

ADTRGR:

A/D trigger register

Figure14.1 A/D Converter Block Diagram
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Section 14 A/D Converter

14.1.3 Pin Configuration

Table 14.1 summarizes the A/D converter’ s input pins. There are 16 analog input pins, ANO to
AN15. The 12 pins ANO to AN11 are A/DO analog inputs, divided into three groups: ANO to AN3
(group 0), AN4 to AN7 (group 1), and AN8 to AN11 (group 2). The four pins AN12 to AN15 are
A/D1 analog inputs, comprising analog input group 3.

The ADTRG pinisused to provide A/D conversion start timing from off-chip. When alow-level
pulseisapplied to this pin, the A/D converter starts conversion. Thispinis shared by A/DO and
A/DL.

The ADEND pin isan output used to monitor conversion timing when channel 15 is used in scan
mode.

The AV and AV 4 pins are power supply voltage pins for the analog section in the A/D
converter. The AV, pin isthe A/D converter reference voltage pin. These pins are also shared by
A/DO and A/D1.

To maintain chip reliability, ensurethat AV, =V +10% and AV 4 = V during normal
operation, and never leave the AV . and AV . pins open, even when the A/D converter is not
being used.

The voltage applied to the analog input pins should be intherange AV < ANNn< AV .
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Table14.1 A/D Converter Pins

Pin Name Abbreviation 1/0 Function

Analog power supply pin AV Input  Analog section power supply

Analog ground pin AV Input  Analog section ground and reference voltage
Analog reference power AV, Input  Analog section reference voltage

supply pin

Analog input pin 0 ANO Input  A/DO analog inputs 0 to 3 (analog group 0)
Analog input pin 1 AN1 Input

Analog input pin 2 AN2 Input

Analog input pin 3 AN3 Input

Analog input pin 4 AN4 Input  A/DO analog inputs 4 to 7 (analog group 1)
Analog input pin 5 AN5 Input

Analog input pin 6 AN6 Input

Analog input pin 7 AN7 Input

Analog input pin 8 AN8 Input  A/DO analog inputs 8 to 11 (analog group 2)
Analog input pin 9 AN9 Input

Analog input pin 10 AN10 Input

Analog input pin 11 AN11 Input

Analog input pin 12 AN12 Input  A/D1 analog inputs 12 to 15 (analog group 3)
Analog input pin 13 AN13 Input

Analog input pin 14 AN14 Input

Analog input pin 15 AN15 Input

A/D conversion trigger ADTRG Input  A/D conversion trigger input

input pin

ADEND output pin ADEND Output A/D1 channel 15 conversion timing monitor

output
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1414

Register Configuration

Table 14.2 summarizes the A/D converter’s registers.

Table14.2 A/D Converter Registers

Initial Access

Name Abbreviation = R/W Value Address Size™*
A/D data register 0 (H/L) ADDRO (H/L) R H'0000 HFFFF85D0 8, 16
A/ID data register 1 (H/L) ADDR1 (H/L) R H'0000 HFFFF85D2 8, 16
A/D data register 2 (H/L) ADDR?2 (H/L) R H'0000 H'FFFF85D4 8, 16
AID data register 3 (H/L) ADDR3 (H/L) R H'0000 HFFFF85D6 8, 16
A/D data register 4 (H/L) ADDRA4 (H/L) R H'0000 H'FFFF85D8 8, 16
A/D data register 5 (H/L) ADDRS5 (H/L) R H'0000 HFFFF85DA 8, 16
A/D data register 6 (H/L) ADDRG6 (H/L) R H'0000 H'FFFF85DC 8, 16
AID data register 7 (H/L) ADDR7 (H/L) R H'0000 HFFFF85DE 8, 16
A/D data register 8 (H/L) ADDRS (H/L) R H'0000 H'FFFF85EQ 8, 16
AID data register 9 (H/L) ADDRO (H/L) R H'0000 HFFFF85E2 8,16
A/D data register 10 (H/L) ADDR10 (H/L) R H'0000 H'FFFF85E4 8,16
A/D data register 11 (H/L) ADDR11 (H/LL) R H'0000 HFFFF85E6 8, 16
AID data register 12 (H/L) ADDR12 (H/L) R H'0000 HFFFF85F0 8, 16
A/D data register 13 (H/L) ADDR13 (H/L) R H'0000 H'FFFF85F2 8, 16
AID data register 14 (H/L) ADDR14 (H/L) R H'0000 HFFFF85F4 8,16
A/D data register 15 (H/L) ADDR15 (H/L) R H'0000 H'FFFF85F6 8, 16
A/D control/status register O ADCSRO RI(W)**  H'00 H'FFFF85E8 8, 16
A/D control register 0 ADCRO R/W H'1F H'FFFF85E9 8, 16
A/D control/status register 1 ADCSR1 RI(W)**  H'00 H'FFFF85F8 8, 16
A/D control register 1 ADCR1 R/W H'7F H'FFFF85F9 8, 16
A/D trigger register ADTRGR R/W H'FF H'FFFF83B8 8

Notes: Register accesses consist of 3 cycles for byte access and 6 cycles for word access.
1. A 16-bit access must be made on a word boundary.
2. Only 0 can be written in bit 7, to clear the flag.
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14.2  Register Descriptions

1421 A/D Data Registers0to 15 (ADDRO to ADDR15)

A/D dataregisters0to 15 (ADDRO to ADDR15) are 16-bit read-only registers that store the
results of A/D conversion. There are 16 registers, corresponding to analog inputs O to 15 (ANO to
AN15).

The ADDR registers are initialized to H'0000 by a power-on reset, and in hardware standby mode
and software standby mode.

Bit: 7 6 5 4 3 2 1 0
ADDRnH AD9 AD8 AD7 AD6 AD5 ADR AD3 AD2
(upper byte)
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
ADDRNL
(lower byte) AD1 ADO o o o o o o
Initial value: 0 0 0 0 0 0 0 0
R/W:
(n=0to 15)

The A/D converter converts analog input to a 10-hit digital value. The upper 8 hits of this data are
stored in the upper byte of the ADDR corresponding to the selected channel, and the lower 2 bits
in the lower byte of that ADDR. Only the most significant 2 bits of the ADDR lower byte data are
valid.

Table 14.3 shows correspondence between the analog input channels and A/D dataregisters.
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Table 14.3 Analog Input Channelsand A/D Data Registers

Analog Analog Analog Analog

Input A/D Data Input A/D Data Input A/D Data Input A/D Data
Channel Register Channel Register Channel Register Channel Register
ANO ADDRO AN4 ADDR4 AN8 ADDRS8 AN12 ADDR12
AN1 ADDR1 AN5 ADDR5 AN9 ADDR9 AN13 ADDR13
AN2 ADDR2 AN6 ADDRG6 AN10 ADDR10 AN14 ADDR14
AN3 ADDR3 AN7 ADDR7 AN11 ADDR11  AN15 ADDR15

14.2.2 A/D Control/Status Register 0 (ADCSRO0)

A/D control/status register 0 (ADCSRO) is an 8-hit readabl e/writable register whose functions
include selection of the A/D conversion mode for A/DO.

ADCSRO isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.

Bit: 7 6 5 4 3 2 1 0
\ ADF \ ADIE \ ADM1 \ ADMO \ CH3 \ CH2 \ CH1 \ CHO
Initial value: 0 0 0 0 0 0 0 0

R/W: R/(W)* R/W R/W R/W R/W R/W R/W R/W
Note: * Only 0 can be written, to clear the flag.

Bit 7—A/D End Flag (ADF): Indicates the end of A/D conversion.

Bit 7:
ADF Description
0 Indicates that A/DOQ is performing A/D conversion, or is in the idle state.  (Initial value)

[Clearing conditions]
« When ADF is read while set to 1, then 0 is written in ADF
¢ When the DMAC is activated by ADIO

1 Indicates that A/DO has finished A/D conversion, and the digital value has been
transferred to ADDR.

[Setting conditions]

e Single mode: When A/D conversion ends
¢ Scan mode: When all A/D conversions end within one selected analog group
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The operation of the A/D converter after ADF is set to 1 differs between single mode and scan
mode.

In single mode, after the A/D converter transfers the digit value to ADDR, ADF is set to 1 and the
A/D converter entersthe idle state. In scan mode, after all conversions end within one selected
analog group, ADF is set to 1 and conversion is continued. For example, in the case of 12-channel
scanning, ADF is set to 1 immediately after the end of conversion for ANO to AN3 (group 0)

It isnot possible to write 1 to ADF.
Bit 6—A/D Interrupt Enable (ADIE): Enables or disablesthe A/D interrupt (ADI).

To prevent incorrect operation, ensure that the ADST bit in A/D control register 0 (ADCRO) is
cleared to 0 before switching the operating mode.

Bit 6:

ADIE Description

0 A/D interrupt (ADIO) is disabled (Initial value)
1 A/D interrupt (ADIO) is enabled

When A/D conversion ends and the ADF bit in ADCSRO is set to 1, an A/DO A/D interrupt
(ADIO) will be generated If the ADIE bitis 1. ADIO is cleared by clearing ADF or ADIE to 0.

Bits5and 4: A/D Mode 1 and 0 (ADM 1, ADMO): These hits select the A/D conversion mode
from single mode, 4-channel scan mode, 8-channel scan mode, and 12-channel scan mode.

To prevent incorrect operation, ensure that the ADST bit in A/D control register 0 (ADCRO) is
cleared to 0 before switching the operating mode.

Bit 5: Bit 4:

ADM1 ADMO Description

0 0 Single mode (Initial value)
1 4-channel scan mode (analog group 0/1/2)

1 0 8-channel scan mode (analog groups 0 and 1)
1 12-channel scan mode (analog groups 0, 1, and 2)
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When ADM1 and ADMO are set to 00, single mode is set. In single mode, operation ends after
A/D conversion has been performed once on the analog channels selected with bits CH3to CHO in
ADCSR.

When ADM1 and ADMO are set to 01, 4-channel scan mode is set. In scan mode, A/D conversion
is performed continuously on anumber of channels. The channels on which A/D conversion isto
be performed in scan mode are set with bits CH3 to CHO in ADCSRAO. In 4-channel scan mode,
conversion is performed continuously on the channelsin one of analog groups 0 (ANO to AN3), 1
(AN4to AN7), or 2 (AN8 to AN11).

When ADM1 and ADMO are set to 10, 8-channel scan mode is set. In 8-channel scan mode,
conversion is performed continuously on the 8 channelsin analog groups 0 (ANO to AN3) and 1
(AN4to AN7)

When ADM1 and ADMO are set to 11, 12-channel scan mode is set. In 12-channel scan mode,
conversion is performed continuously on the 12 channelsin analog groups 0 (ANO to AN3), 1
(AN4to AN7), and 2 (AN8 to AN11).

For details of the operation in single mode and scan mode, see section 14.4, Operation.

Bits 3to 0—Channel Select 3to 0 (CH3to CHO): These bits, together with the ADM1 and
ADMO bits, select the analog input channels.

To prevent incorrect operation, ensure that the ADST bit in A/D control register 0 (ADCRO) is
cleared to O before changing the analog input channel selection.
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Analog Input Channels

Bit 3: Bit 2: Bit 1: Bit O:
CH3 CH2 CH1 CHO Single Mode 4-Channel Scan Mode
0 0 0 0 ANO (Initial value) ANO
1 AN1 ANO, AN1
1 0 AN2 ANO-AN2
1 AN3 ANO-AN3
1 0 0 AN4 AN4
1 AN5 AN4, AN5S
1 0 ANG6 AN4-AN6
1 AN7 AN4-AN7
1 0** 0 0 AN8 AN8
1 AN9 ANBS8, AN9
1 0 AN10 AN8-AN10
1 AN11 AN8-AN11
Bit3: Bit2: Bitl: BitO: Analog Input Channels
CH3 CH2 CH1 CHO 8-Channel Scan Mode 12-Channel Scan Mode
0 0 0 0 ANO, AN4 ANO, AN4, AN8
1 ANO, AN1, AN4, AN5 ANO, AN1, AN4, AN5, AN8, AN9
1 0 ANO-AN2, AN4—-AN6 ANO-AN2, AN4—AN6, AN8—AN10
1 ANO-AN7 ANO-AN11
1 0 0 ANO, AN4 ANO, AN4, AN8
1 ANO, AN1, AN4, AN5 ANO, AN1, AN4, AN5, AN8, AN9
1 0 ANO-AN2, AN4—-AN6 ANO-AN2, AN4—AN6, AN8—AN10
1 ANO-AN7 ANO-AN11
1 o™ 0 0 Reserved*’ ANO, AN4, AN8
1 ANO, AN1, AN4, AN5, AN8, AN9
1 0 ANO-AN2, AN4—-ANG6, AN8—AN10
1 ANO-AN11

Notes: 1. Must be cleared to 0.
2. These modes are provided for future expansion, and cannot be used at present.
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14.23 A/D Control Register 0 (ADCRO)

A/D control register 0 (ADCRO) is an 8-hit readable/writable register that controls the start of A/D
conversion and selects the operating clock.

ADCRO isinitialized to H'1F by a power-on reset, and in hardware standby mode and software
standby mode.

Bits 4 to 0 of ADCRO are reserved. These bits cannot be written to, and always return 1 if read.

Bit: 7 6 5 4 3 2 1 0

| TRGE | CKS | ADST | — | — | — | — | —

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

Bit 7—Trigger Enable (TRGE): Enables or disables triggering of A/D conversion by external
input or the ATU.

Bit 7:

TRGE Description

0 A/D conversion triggering by external input or ATU is disabled (Initial value)
1 A/D conversion triggering by external input or ATU is enabled

For details of external or ATU trigger selection, see section 14.2.6, A/D Trigger Register.
When ATU triggering is selected, clear bit 7 of the ADTRGR register to 0.

When external triggering is selected, upon input of alow-level pulse to the ADTRG pin after
TRGE has been set to 1, the A/D converter detects the falling edge of the pulse, and setsthe
ADST bitto 1 in ADCR. The same operation is subsequently performed when 1 iswritten in the
ADST bhit by software. External triggering of A/D conversion is only enabled when the ADST hit
iscleared to 0.

When external triggering is used, the low-level pulse input to the ADTRG pin must be at least 1.5
@ clock cyclesin width. For details, see section 14.4.4, External Triggering of A/D Conversion.
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Bit 6—Clock Select (CKS): Selectsthe A/D conversion time. A/D conversion isexecuted in a
maximum of 266 states when CKSis 0, and a maximum of 134 states when 1. To prevent
incorrect operation, ensure that the ADST bit in A/D control register 0 (ADCRO) isclearedto O
before changing the A/D conversion time. For details, see section 14.4.3, Analog Input Setting and
A/D Conversion Time.

Bit 6:

CKS Description

0 Conversion time = 266 states (maximum) (Initial value)
1 Conversion time = 134 states (maximum)

Bit 5—A/D Start (ADST): Starts or stops A/D conversion. A/D conversion is started when ADST
is set to 1, and stopped when ADST iscleared to O.

Bit 5:

ADST Description

0 A/D conversion is stopped (Initial value)
1 A/D conversion is being executed

[Clearing conditions]
* Single mode: Automatically cleared to O when A/D conversion ends

¢ Scan mode: Cleared by writing 0 in ADST after confirming that ADF in ADCSRO
is1

Note that the operation of the ADST bit differs between single mode and scan mode.

In single mode and scan mode, ADST is automatically cleared to 0 when A/D conversion ends on
one channel. However, in scan mode, when all conversions have ended for the selected analog
inputs, ADST remains set to 1 in order to start A/D conversion again for all the channels.
Therefore, the ADST bit must be cleared to 0, stopping A/D conversion, before changing the
conversion time or the analog input channel selection.

Ensure that the ADST bit in ADCRO is cleared to 0 before switching the operating mode.

Also, make sure that A/D conversion is stopped (ADST is cleared to O) before changing A/D
interrupt enabling (bit ADIE in ADCSRO), the A/D conversion time (bit CKSin ADCRO), the
operating mode (bits ADM1 and ADMO in ADSCR), or the analog input channel selection (bits
CH3to CHOin ADCSRO0). The A/D dataregister contents will not be guaranteed if these changes
are made while the A/D converter is operating (ADST isset to 1).

Bits 4 to 0—Reserved: These bits are dwaysread as 1, and should only be written with 1.
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14.2.4  A/D Control/Status Register 1 (ADCSR1)

A/D control/status register 0 (ADCSRL1) is an 8-hit readabl e/writable register whose functions
include selection of the A/D conversion mode for A/D1.

ADCSRL1 isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.

Bitt 7 6 5 4 3 2 1 0
\ ADF \ ADIE \ADST \ SCAN‘ CKS \ — \ CH1 \ CHO \
Initial value: 0 0 0 0 0 0 0 0
RW: R(W)* RW RW RW  RW R RW  RMW

Note: * Only O can be written, to clear the flag.

Bit 7—A/D End Flag (ADF): Same as ADF in ADCSRO.
Bit 6—A/D Interrupt Enable (ADIE): Same as ADIE in ADCSRO.
Bit 5—A/D Start (ADST): Same as ADST in ADCRO.

Bit 4—Scan Mode (SCAN): Selects single mode or scan mode for A/D1. To prevent incorrect
operation, ensure that the ADST bit is cleared to O before switching the operating mode.

Bit 4:

SCAN Description

0 Single mode (Initial value)
1 Scan mode

For details of the operation in single mode and scan mode, see section 14.4, Operation.
Bit 3—Clock Select (CKS): Same as CKSin ADCRO.

Bit 2—Reserved: Thishit isawaysread as 0, and should only be written with O.
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Bits 1 and 0—Channel Select 1 and 0 (CH1 and CHO): These hits, together with the SCAN hit,
select the analog input channels.

To prevent incorrect operation, ensure that the ADST bit in A/D control/status register 1
(ADCSRY1) is cleared to 0 before changing the anal og input channel selection.

Analog Input Channels

Bit 1: Bit O:
CH3 CHO Single Mode Scan Mode
0 0 AN12  (Initial value) AN12
1 AN13 AN12, 13
1 0 AN14 AN12-14
1 AN15 AN12-15

1425 A/D Control Register 1 (ADCR1)

A/D control register 1 (ADCRL1) is an 8-hit readable/writable register that controls the start of A/D
conversion and selects the operating clock.

ADCR1 isinitialized to H'7F by a power-on reset, and in hardware standby mode and software
standby mode.

Bit: 7 6 5 4 3 2 1 0
TRGE | — | — | — | — | = | = | -

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

Bit 7—Trigger Enable (TRGE): Same as TRGE in ADCRO.

Bits 6 to 0—Reserved: These bits are always read as 1, and should only be written with 1.
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1426 A/D Trigger Register (ADTRGR)

The A/D trigger register (ADTRGR) is an 8-bit readable/writable register that selectsthe A/DO
trigger. Either externa pin (ADTRG) or ATU (ATU interval timer interrupt) triggering can be
selected.

ADTRGR isinitialized to H'FF by a power-on reset, and in hardware standby mode and software
standby mode.

Bit: 7 6 5 4 3 2 1 0
Bxwe| — | — | — | = | = | =] -

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R R R R R R R

Bit 7—Trigger Enable (EXTRG): Selects externa pin input (ADTRG) or the ATU interval
timer interrupt.

Bit 7:

EXTRGA Description

0 A/D conversion is triggered by the ATU channel O interval timer interrupt

1 A/D conversion is triggered by external pin input (ADTRG) (Initial value)

Bits 6 to 0—Reserved: These bits are dwaysread as 1, and should only be written with 1.

In order to select external triggering or ATU triggering, the TGRE bit in ADCRO must be set to 1.
For details, see section 14.2.3, A/D Control Register 0.
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14.3 CPU Interface

A/D dataregisters 0 to 15 (ADDRO to ADDR15) are 16-hit registers, but they are connected to the
CPU by an 8-bit data bus. Therefore, the upper and lower bytes must be read separately.

To prevent the data being changed between the reads of the upper and lower bytes of an A/D data
register, the lower byteisread viaatemporary register (TEMP). The upper byte can be read
directly.

Dataisread from an A/D dataregister as follows. When the upper byte isread, the upper-byte
valueistransferred directly to the CPU and the lower-byte value is transferred into TEMP. Next,
when the lower byte isread, the TEMP contents are transferred to the CPU.

When performing byte-size reads on an A/D dataregister, always read the upper byte before the
lower byte. It is possible to read only the upper byte, but if only the lower byte isread, incorrect
data may be obtained. If aword-size read is performed on an A/D dataregister, reading is
performed in upper byte, lower byte order automatically.

Figure 14.2 shows the data flow for access to an A/D dataregister.

Upper-byte read

Lower-byte read

CPU Bus Module data bus ,
(HAA) [—] interface |/\|
TEMP
(H'40)
ADDRNH ADDRNL
(H'AA) (H'40)

Module data bus

CPU Bus
(H'40) interface |/\|
TEMP
(H'40)
ADDRnNH ADDRnNL
(H'AA) (H'40)

Figure14.2 A/D Data Register Access Operation (Reading H'AA40)
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144  Operation

The A/D converter operates by successive approximations with 10-bit resolution. It hastwo
operating modes: single mode and scan mode. In single mode, conversion is performed once on
one specified channel, then ends. In scan mode, A/D conversion continues on one or more
specified channels until the ADST bit is cleared to 0.

1441 SingleMode

Single mode, should be selected when only one A/D conversion on one channel isrequired. Single
mode is selected for A/DO by setting the ADM1 and ADMO bitsin A/D control/status register 0
(ADSCRO) to 00, and for A/D1 by clearing the SCAN mode bit in ADCSR1 to 0. When the
ADST bhit (in ADCRO for A/DO, or in ADCSRL1 for A/D1) issetto 1, A/D conversion is started in
single mode.

The ADST bit remains set to 1 during A/D conversion, and is automatically cleared to O when
conversion ends.

When conversion ends, the ADF flagin ADCSR is set to 1. If the ADIE bitin ADCSRisalso 1,
an ADI interrupt is requested. To clear the ADF flag, first read ADF when set to 1, then write 0 in
ADF. If the DMAC is activated by the ADI interrupt, ADF is cleared automatically.

An example of the operation when analog input channel 1 (AN1) is selected and A/D conversion
is performed in single mode is described next. Figure 14.3 shows atiming diagram for this
example.

1. Singlemodeis selected (ADM1 = ADMO = 0), input channel AN1 is selected (CH3 =CH2 =
CH1 =0, CHO = 1), the A/D interrupt isenabled (ADIE = 1), and A/D conversion is started
(ADST =1).

2. When A/D conversion is completed, the result is transferred to ADDR1. At the same time the

ADF flag is set to 1, the ADST bit iscleared to 0, and the A/D converter becomesidle.

Since ADF =1 and ADIE = 1, an ADI interrupt is requested.

The A/D interrupt handling routine is started.

The routine reads ADF set to 1, then writes 0 in ADF.

The routine reads and processes the conversion result (ADDR1).

Execution of the A/D interrupt handling routine ends. After this, if the ADST bitissetto 1,
A/D conversion starts again and steps 2 to 7 are repeated.

N o oA~ w
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Set*
ADIE |
A/D conver- | Set* Set*
sion starts
ADST S
Clear* Clear*
ADF
State of channel 0 / /
(ANO) Idle ( ( ( (
State of Char(‘/zlfl'll) lde | AD con-CR Idle | AID con-CR Idle
version (1) \ version (2) \
State of channel 2
Idle
aN2) ) )
State of channel 3
Idl
(AN3) — e // //
ADDRO [ [
Read conversion Read conversion
| result | result
ADDR1 X A/D conversion result (1) XA/D conversion result (2)
ADDR2
ADDR3

Note:

* Vertical arrows ( +) indicate instructions executed by software.

Figure 14.3 Example of A/D Converter Operation (Single Mode, Channel 1 Selected)
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1442 Scan Mode

Scan mode is useful for monitoring analog inputs in a group of one or more channels. Scan mode
is selected for A/DO by setting the ADM1 and ADMO bitsin A/D control/status register O
(ADSCRO) to 01 (4-channel scan mode), 10 8-channel scan mode), or 11 (12-channel scan mode),
and for A/D1 by setting the SCAN bit in A/D control/status register 1 (ADCSRL1) to 1. When the
ADST hitissetto 1, A/D conversion is started in scan mode.

In scan mode, A/D conversion is performed in low-to-high analog input channel number order
(ANO, AN1 ... AN15). The ADST bit remains set to 1 until written with O by software.

When all conversions are completed within one selected analog group, the ADF flag in ADCSR is
set to 1 and A/D conversion us repeated. When ADF is set to 1, if the ADIE bit in ADCSR isalso
1, an ADI interrupt (ADIO or ADI1) isrequested. To clear the ADF flag, first read ADF when set
to 1, then write 0 in ADF. If the DMAC is activated by the ADI interrupt, ADF is cleared
automatically.

An example of the operation when analog input channels 0 to 2 and 4 to 6 (ANO to AN2 and AN4
to ANG) are selected and A/D conversion is performed in 8-channel scan mode is described in
Figure 14.4. Figure 14.6 shows atiming diagram for this example.

1. 8-channel scan modeis selected (ADM1 =1, ADMO = 0), input channels ANO to AN2 and
AN4 to ANG6 are selected (CH3 =0, CH2 =0, CH1 =1, CHO = 0), and A/D conversion is
started.

2. When conversion of the first channel (ANO) is completed, the result is transferred to ADDRO.
Next, conversion of the second channel (AN1) starts automatically.

3. Conversion proceeds in the same way through the third channel (AN2).

4. When conversion is completed for all the channels (ANO to AN2) in one selected analog group
(analog group 0), the ADF flag is set to 1. If the ADIE bit isalso 1, an ADI interrupt is
requested.

5. Conversion of the fourth channel (AN4) starts automatically.

6. Conversion proceeds in the same way through the sixth channel (ANG6)

7. Steps2to 6 arerepeated aslong asthe ADST hit remains set to 1. When the ADST bit is
cleared to O, A/D conversion stops. After this, if the ADST bit isset to 1, A/D conversion starts
again from the first channel (ANO).
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Section 14 A/D Converter

j-«———————— Continuous A/D conversion -
¥ Set™!
ADST Clear*!
* Clear*!
ADF |
State of cha’(‘z'il'o‘; dle |§cllﬁve S} Idle I/cxcl)ﬁvergp dle |
SN, il |
State of channel 1
Idl A/D Idl D Idl
(AN1) < ‘iconverg? | £ \ ‘Iﬁtx)nver-(/p = /
sion (2) \ \ \ sion (8) \ /
State of channel 2 —4 s
dle Jap & Idle | Nap @ die /
(AN2) conver- conver-
sion (3))\ / sion (9)/\
State of channel 3 die { / \ / / \ /
- AN AN |
State of Char(‘zﬁl"g de | Yab @ [ de | Vap ¢ e
conver- -/
T N
State of Char(‘f\ﬁ"; de | ] [ Yap | de | [ Yab [ e
= conver-
f channel 6 / / ’ g%r:]v(esr)/\ \ / / ' sion (11)
tat i
ate of ¢ a?;ﬁle) e | | | Yap & | Idle |

conver-
( / / sion (6) \ ( / /
State of channel 7 e |

(ANT) \ ] ] L
N Ly |

ADDRO X A/D conversion result (i) X A/D conversion result (7) [
ADDR1 X AID conversion result (2) X _AID conversion result/(8)
ADDR2 X_AID conversion result (3) X_AID conversion result (9)

]

ADDR3 | J | l
P )
ADDR4 X AID conversion result (4) X_AID conversion result (10)
5
ADDRS5 X A/D conversion result (5)
ADDR6 X A/D conversion result (6)
ADDR?7

Notes: 1. Vertical arrows (*) indicate instructions executed by software.
2. Data currently being converted is ignored.

Figure 14.4 Example of A/D Converter Operation (Scan Mode, Channels ANO to AN2 and
AN4 to AN6 Selected)
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1443 Analog Input Setting and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit in A/DO and A/D1. The A/D converter
samplesthe analog input at timet, (A/D conversion start delay time) after the ADST bit isset to 1,
then starts conversion. Figure 14.5 shows the A/D conversion timing.

The A/D conversion time (t,,) includes t, and the analog input sampling time (tg, ). The length of
t, isnot fixed, since it includes the time required for synchronization of the A/D conversion
operation. The total conversion time therefore varies within the ranges shown in table 14.4.

In scan mode, the t_,, values given in table 14.4 apply to the first conversion. In the second and
subsequent conversions, t,,, isfixed at 256 states when CKS = 0 or 128 states when CKS = 1.

Table14.4 A/D Conversion Time (Single M ode)

CKS =0 CKs=1
Item Symbol  Min Typ Max Min Typ Max Unit
A/D conversion start t, 10 — 17 6 — 9 States
delay time
Input sampling time ten, — 64 — — 32 —
(A/DO)
Input sampling time ten — 64 — — 32 —
(A/D1)
A/D conversion time t 259 — 266 131 — 134

CONV
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A/D conversion time (tcony)

A/D conversion start
delay time (tp)

Analog input
sampling time
(tspL)

Write cycle
A/D synchronization time

(3 states) |, (to 14 states)

¢ _|

Address __|

JEpSpEpEN

X

X

Internal write | f

signal

Analog input

ADST write timing

sampling signal

£
T

I

A/D converter

Idle

|Sample-and-ho|d |

A/D conversion

ADF

"
)T

£

End of A/D
conversion

Figure14.5 A/D Conversion Timing
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1444  External Triggering of A/D Conversion

A/D conversion can be externally triggered. To activate the A/D converter with an external trigger,
first set the pin functions with the PFC (pin function controller), then set the TRGE bit to 1 in the
A/D control register (ADCR). For the A/DO converter module, also set the EXTRG hit in the A/D
trigger register (ADTRGR). When alow-level pulseisinput to the ADTRG pin after these settings
have been made, the A/D converter detects the falling edge of the pulse and sets the ADST hit to
1. Figure 14.6 shows the timing for external trigger input.

The ADST bit is set to 1 one state after the A/D converter samples the falling edge on the ADTRG
pin. The timing from setting of the ADST bit until the start of A/D conversion is the same as when
1iswritten into the ADST bit by software.

ADTRG pin sampled

o/ \__J /A A Y

ADTRG input \

ADST bit d

ADST =1

Figure14.6 External Trigger Input Timing
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1445 A/D Converter Activation by ATU

The A/DO converter module can be activated by an A/D conversion request fromthe ATU’s
channel O interval timer.

To activate the A/D converter by means of the ATU, set the TRGE hit to 1 in A/D control register
0 (ADCRO) and clear the EXTRG bit to 0 in the A/D trigger register (ADTRGR). When an ATU
channel 0 interval timer A/D conversion request is generated after these settings have been made,
the ADST bit set to 1. The timing from setting of the ADST bit until the start of A/D conversionis
the same as when 1 iswritten into the ADST bit by software.

1446 ADEND Output Pin

When channel 15 is used in scan mode, the conversion timing can be monitored with the ADEND
output pin.

After the channel 15 analog voltage has been latched in scan mode, and conversion has started, the
ADEND pin goes high. The ADEND pin subsequently goes low when channel 15 conversion
ends.

ADEND ,_l ,_l

State of channel 12
A/D A/D
(AN12) Idle |conversion<p \dle |conversioncp Idle

\_/
7

State of channel 13 AD
(AN13) Idle \I conversioncp Idle xIconversion‘
State of channel 14
A/ID
(AN14) / Idle x|c0nversi0n<p / Idle
State of channel 15 AID dle XI AD_ dle
(AN15) |conversion conversion

Figure14.7 ADEND Output Timing
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145 Interrupt Sourcesand DMA Transfer Requests

The A/D converter can generate an A/D conversion end interrupt request (ADIO or ADI1) upon
completion of A/D conversions. The ADI interrupt can be enabled by setting the ADIE bit in the
A/D control/status register (ADCSR) to 1, or disabled by clearing the ADIE bit to O.

The DMAC can be activated by an ADI interrupt. In this case an interrupt request is not sent to the
CPU.

When the DMAC is activated by an ADI interrupt, the ADF bit in ADCSR is automatically
cleared when datais transferred by the DMAC.

See section 9.4.3, Example of DMA Transfer between A/D Converter and Internal Memory, for an
example of this operation.

146  Usage Notes
The following points should be noted when using the A/D converter.

1. Analog input voltage range
The voltage applied to analog input pins during A/D conversion should be in therange AV <
ANN< AV .

2. Relation between AV ., AV and V., Vg
When using the A/D converter, set AV . = V. £10%, and AV = V. When the A/D
converter isnot used, set AV =V, and do not leave the AV . pin open.

3. AV, input range
Set AV =45V to AV when the A/D converter is used, and AV < AV_. when not used..
If conditions 1, 2, and 3 above are not met, the reliability of the device may be adversely
affected.

4. Noteson board design
In board design, digital circuitry and analog circuitry should be as mutually isolated as
possible, and layout in which digital circuit signal lines and analog circuit signal lines cross or
arein close proximity should be avoided as far as possible. Failure to do so may result in
incorrect operation of the analog circuitry due to inductance, adversely affecting A/D
conversion values.
Also, digital circuitry must be isolated from the analog input signals (ANn), analog reference
voltage (AV ), and analog power supply (AV ) by the analog ground (AV). The AV 4
should be connected at one point to a stable digital ground (V) on the board.
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5. Notes on noise countermeasures

A protection circuit connected to prevent damage due to an abnormal voltage such as an
excessive surge at the analog input pins (ANn) and analog reference voltage (AV ) should be
connected between AV and AV as shown in figure 14.8.

Also, the bypass capacitors connected to AV . and AV, and thefilter capacitor connected to

AN must be connected to AV . If afilter capacitor is connected as shown in figure 14.8, the
input currents at the analog input pins (ANn) are averaged, and so an error may arise. Careful
consideration is therefore required when deciding the circuit constants.

. 1 e N

O [ AV
R A SH7050
Rin"2 100 Q

-
al el o—/\N\,# AN _L | | ANO-AN15

0.1 pF

O -

Notes: 1. ﬁ)

10uF == == 0.01pF

-

2. Rj,: Input impedance

Figure 14.8 Example of Analog Input Pin Protection Cir cuit

Table14.5 Analog Pin Specifications

Item Min Max Unit
Analog input capacitance — 20 pF
Permissible signal source impedance — 3 kQ
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6. A/D conversion precision definitions
A/D conversion precision definitions are given below.

a

Resolution
The number of A/D converter digital conversion output codes
Offset error

The deviation of the analog input voltage value from the ideal A/D conversion
characteristic when the digital output changes from the minimum voltage value
0000000000 to 0000000001 (see figure 14.9).

Full-scale error

The deviation of the analog input voltage value from the ideal A/D conversion
characteristic when the digital output changes from 1111111110to 111111111 (seefigure
14.9).

Quantization error

The deviation inherent in the A/D converter, given by 1/2 L SB (see figure 14.8).
Nonlinearity error

The error with respect to theideal A/D conversion characteristic between the zero voltage
and the full-scale voltage. Does not include the offset error, full-scale error, or quantization
error.

Absolute precision

The deviation between the digital value and the analog input value. Includes the offset
error, full-scale error, quantization error, and nonlinearity error.

Digital output Digital output Full-scale error
111 - ~ ldeal A/D conversion -
Ideal A/D conversionﬁ/ characteristic 4
110 - characteristic [ B J
101 | // - /
- / /
100 7 B X
011 - = Nonlinearity
7
o10 | i / error
t Quantization il )
001 - error - 7—Actual A/D conversion
, -
000 |- // i ,/ Characteristic
,/
| | | | | | | /
0 1/8 2/8 3/8 4/8 5/8 6/8 7/8 FS - — FS
Analog input voltage Offset error Analog input voltage

Figure14.9 A/D Conversion Precision Definitions
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Section 15 Compare Match Timer (CMT)

15.1 Overview

The SH7050 series has an on-chip compare match timer (CMT) configured of 16-bit timers for
two channels. The CMT has 16-bit counters and can generate interrupts at set intervals.

1511 Features
The CMT hasthe following features:

» Four types of counter input clock can be selected
O One of four internal clocks (@/8, ¢/32, /128, (/512) can be selected independently for each
channel.
* Interrupt sources
O A compare match interrupt can be requested independently for each channel.
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Section 15 Compare Match Timer (CMT)

15.1.2 Block Diagram

Figure 15.1 shows a block diagram of the CMT.

CM10 @8 @32 @128 /512 CMI1 @8 @32 @128 @512
------------ e g mae i
Control circuit Clock selection | | Control circuit |—>| Clock selection |

A

<
<
<

ol |o| |S o ol |8
El x| || T | |xl,ls
AR ol o5
o| 13| 13| |5 2l 13| |5
(@] 38 o S
‘ Bus
< Module bus interface

q
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

CMSTR: Compare match timer start register
CMCSR: Compare match timer control/status register
CMCOR: Compare match timer constant register
CMCNT: Compare match timer counter

CMI: Compare match interrupt

Figure15.1 CMT Block Diagram
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15.1.3 Register Configuration

Table 15.1 summarizes the CMT register configuration.

Table15.1 Register Configuration

Initial Access
Channel  Name Abbreviation R/W Value Address Size (Bits)
Shared Compare match CMSTR R/W H'0000 H'FFFF83DO0O 8, 16, 32
timer start register
0 Compare match CMCSRO R/(W)* H'0000 HFFFF83D2 8,16, 32
timer control/status
register 0
Compare match CMCNTO R/W H'0000 HFFFF83D4 8, 16, 32
timer counter O
Compare match CMCORO R/W H'FFFF H'FFFF83D6 8, 16, 32
timer constant
register 0
1 Compare match CMCSR1 R/(W)* H'0000 HFFFF83D8 8,16, 32
timer control/status
register 1
Compare match CMCNT1 R/W H'0000 H'FFFF83DA 8, 16, 32
timer counter 1
Compare match CMCOR1 R/W H'FFFF H'FFFF83DC 8, 16, 32

timer constant
register 1

Notes: With regard to access size, two cycles are required for byte access and word access, and

four cycles for longword access.

*  The only value that can be written to the CMCSRO and CMCSR1 CMF bits is a 0 to

clear the flags.
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152 Register Descriptions

1521 CompareMatch Timer Start Register (CMSTR)

The compare match timer start register (CMSTR) is a 16-bit register that selects whether to
operate or halt the channel 0 and channel 1 counters (CMCNT). It isinitialized to H'0000 by a
power-on reset and in standby modes.

Bit: 15 14 13 12 11 10 9 8
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
- - -1 -1 = | — [sR|sRo
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R/W R/W

Bits 15-2—Reserved: These bits always read as 0. The write value should always be 0.

Bit 1—Count Start 1 (STR1): Selects whether to operate or halt compare match timer counter 1.

Bit 1: STR1 Description
0 CMCNT1 count operation halted (initial value)
1 CMCNT1 count operation

Bit 0—Count Start 0 (STRO): Selects whether to operate or halt compare match timer counter O.

Bit 0: STRO Description
0 CMCNTO count operation halted (initial value)
1 CMCNTO count operation
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1522 Compare Match Timer Control/Status Register (CMCSR)

The compare match timer control/status register (CMCSR) is a 16-bit register that indicates the
occurrence of compare matches, sets the enable/disable of interrupts, and establishes the clock
used for incrementation. It isinitialized to H'0000 by a power-on reset and in hardware standby
mode and software standby mode.

Bit: 15 14 13 12 11 10 9 8
-l -1-1T-1T-=-1=-7T=-717=
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
\ CMF \ CMIE \ — \ — \ — \ — \ CKS1 \ CKS0 \
Initial value: 0 0 0 0 0 0 0 0
RIW: R/(W)* R/MW R R R R RIW RIW

Note: * The only value that can be written is a 0 to clear the flag.

Bits 15-8 and 5-2—Reserved: These bits aways read as 0. The write value should always be 0.

Bit 7—Compar e Match Flag (CMF): Thisflag indicates whether or not the CMCNT and
CMCOR values have matched.

Bit 7: CMF Description

0 CMCNT and CMCOR values have not matched (initial status)
Clear condition: Write a 0 to CMF after reading a 1 from it

1 CMCNT and CMCOR values have matched

Bit 6—Compare Match Interrupt Enable (CMIE): Selects whether to enable or disable a
compare match interrupt (CMI) when the CMCNT and CMCOR values have matched (CMF = 1).

Bit 6: CMIE Description
0 Compare match interrupts (CMI) disabled (initial status)
1 Compare match interrupts (CMI) enabled
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Bits 1, 0—Clock Select 1, 0 (CKS1, CK S0): These hits select the clock input to the CMCNT
from among the four internal clocks obtained by dividing the system clock (¢). When the STR bit
of the CMSTR is set to 1, the CMCNT begins incrementing with the clock selected by CKS1 and
CKS0.

Bit 1: CKS1 Bit 0: CKSO Description

0 0 @8 (initial status)
1 @32

1 0 @128
1 @512

1523 Compare Match Timer Counter (CMCNT)

The compare match timer counter (CMCNT) is a 16-hit register used as an upcounter for
generating interrupt requests.

When an internal clock is selected with the CKS1, CK S0 hits of the CMCSR register and the STR
bit of the CMSTR is set to 1, the CMCNT begins incrementing with that clock. When the CMCNT
value matches that of the compare match timer constant register (CMCOR), the CMCNT is
cleared to H'0000 and the CMF flag of the CMCSR is set to 1. If the CMIE bit of the CMCSR is
set to 1 at thistime, a compare match interrupt (CMI) is requested.

The CMCNT isinitialized to H'0000 by a power-on reset and in hardware standby mode and
software standby mode.

Bit: 15 14 13 12 11 10 9 8

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

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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15.24 Compare Match Timer Constant Register (CM COR)

The compare match timer constant register (CMCOR) is a 16-bit register that sets the compare
match period with the CMCNT.

The CMCOR isinitialized to H'FFFF by a power-on reset and in hardware standby mode and
software standby mode. Thereis no initializing with manual reset.

Bit: 15 14 13 12 11 10 9 8

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

15.3 Operation

15.3.1 Period Count Operation

When an internal clock is selected with the CKS1, CK S0 bits of the CMCSR register and the STR
bit of the CMSTR is set to 1, the CMCNT begins incrementing with the selected clock. When the
CMCNT counter value matches that of the compare match constant register (CMCOR), the
CMCNT counter is cleared to H'0000 and the CMF flag of the CMCSR register isset to 1. If the
CMIE bit of the CMCSR register is set to 1 at thistime, a compare match interrupt (CMI) is
requested. The CMCNT counter begins counting up again from H'0000.

Figure 15.2 shows the compare match counter operation.
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CMCNT value Counter cleared by
/ CMCOR compare match
CMGOR | oM
H'0000 > Time

Figure15.2 Counter Operation

1532 CMCNT Count Timing

One of four clocks (¢/8, /32, ¢/128, (/512) obtained by dividing the system clock (CK) can be
selected by the CKS1, CK S0 hits of the CMCSR. Figure 15.3 shows the timing.

o T ML LT LI LI

Internal clock _I . | ’ |
P
CMCNT input
clock 55 5
CMCNT _ N-1 X7 N X N+1

P P

Figure15.3 Count Timing
154  Interrupts

15.4.1 Interrupt Sourcesand DTC Activation

The CMT has a compare match interrupt for each channel, with independent vector addresses
allocated to each of them. The corresponding interrupt request is output when the interrupt request
flag CMF is set to 1 and the interrupt enable bit CMIE has also been set to 1.

When activating CPU interrupts by interrupt request, the priority between the channels can be
changed by using the interrupt controller settings. See section 6, Interrupt Controller, for details.
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1542 CompareMatch Flag Set Timing

The CMF bit of the CMCSR register is set to 1 by the compare match signal generated when the
CMCOR register and the CMCNT counter match. The compare match signal is generated upon
the final state of the match (timing at which the CMCNT counter matching count valueis
updated). Consequently, after the CMCOR register and the CMCNT counter match, a compare
match signal will not be generated until a CMCNT counter input clock occurs. Figure 15.4 shows
the CMF bit set timing.

CK __J

CMCNT
input clock |

CMCNT N 0

CMCOR N

Compare
match signal

CMF

CMI

Figure15.4 CMF Set Timing
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1543 CompareMatch Flag Clear Timing

The CMF bit of the CMCSR register is cleared either by writing a0 to it after reading a1, or by a
clear signal after aDTC transfer. Figure 15.5 shows the timing when the CMF it is cleared by the
CPU.

CMCSR write cycle
T1 T2

[

x| B

CMF

Figure15.5 Timing of CMF Clear by the CPU

Rev. 5.00 Jan 06, 2006 page 468 of 818
REJ09B0273-0500
RENESAS




Section 15 Compare Match Timer (CMT)

15.5 Noteson Use

Take care that the contentions described in sections 15.5.1-15.5.3 do not arise during CMT
operation.

155.1 Contention between CMCNT Writeand Compare Match

If acompare match signal is generated during the T, state of the CMCNT counter write cycle, the
CMCNT counter clear has priority, so the writeto the CMCNT counter is not performed. Figure
15.6 shows the timing.

CMCNT write cycle

Ty T

e

x| |
Address >< CMCNT ><

Internal
write signal

Compare
match signal

CMCNT N >< H'0000

Figure15.6 CMCNT Write and Compare Match Contention
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1552 Contention between CMCNT Word Write and I ncrementation

If an increment occurs during the T, state of the CMCNT counter word write cycle, the counter
write has priority, so no increment occurs. Figure 15.7 shows the timing.

CMCNT write cycle
Ta T2

[——sle——

x| |
Address >< CMCNT ><

Internal
write signal

Compare
match signal

CMCNT N >< M
X

CMCNT write data

Figure15.7 CMCNT Word Writeand Increment Contention
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1553 Contention between CMCNT Byte Write and I ncrementation

If an increment occurs during the T, state of the CMCNT byte write cycle, the counter write has
priority, so no increment of the write data results on the writing side. The byte data on the side not
performing the writing is also not incremented, so the contents are those before the write.

Figure 15.8 shows the timing when an increment occurs during the T, state of the CMCNTH write
cycle.

CMCNT write cycle
LK T2

[

o |

Address CMCNTH

Internal
write signal

CMCNT
input clock

CMCNTH N M

®

CMCNTH write data

CMCNTL X X

Figure15.8 CMCNT Byte Write and I ncrement Contention
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16.1

Section 16 Pin Function Controller (PFC)

Overview

The pin function controller (PFC) consists of registers for selecting multiplex pin functions and
their input/output direction. Table 16.1 shows the SH7050's multiplex pins.

Table16.1 SH7050 Multiplex Pins

Function 1 Function 2 Function 3 Function 4
Port (Related Module) (Related Module) (Related Module) (Related Module)
PAL15 input/output (port) A15 output (BSC)
PA14 input/output (port) Al4 output (BSC)
PA13 input/output (port) A13 output (BSC)

PA12 input/output (port)

A12 output (BSC)

PA11 input/output (port)

A1l output (BSC)

PA10 input/output (port) A10 output (BSC)
PA9 input/output (port) A9 output (BSC)
PA8 input/output (port) A8 output (BSC)
PA7 input/output (port) A7 output (BSC)
PAG input/output (port) A6 output (BSC)
PAS input/output (port) A5 output (BSC)
PA4 input/output (port) A4 output (BSC)

PA3 input/output (port)

A3 output (BSC)

PA2 input/output (port)

A2 output (BSC)

PA1 input/output (port)

Al output (BSC)

PAO input/output (port) A0 output (BSC)

PB11 input/output (port) A21 output (BSC) POD input (port)
PB10 input/output (port) A20 output (BSC)

PB9 input/output (port)  A19 output (BSC)

PB8 input/output (port)  A18 output (BSC)

PB7 input/output (port)  Al7 output (BSC)

PB6 input/output (port)  Al16 output (BSC)

W W W W ww|w >> > >

PB5 input/output (port)

TCLKB input (ATU)
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Function 1 Function 2 Function 3 Function 4
Port (Related Module) (Related Module) (Related Module) (Related Module)
B PB4 input/output (port)  TCLKA input (ATU)
B PB3 input/output (port)  TO9 output (ATU)
B PB2 input/output (port)  TO8 output (ATU)
B PB1 input/output (port)  TO7 output (ATU)
B PBO input/output (port)  TOG6 output (ATU)
C PC14 input/output (port) TOH210 output (ATU)
C PC13 input/output (port) TOG10 output (ATU)
C PC12 input/output (port) TOF10 output (ATU) DRAKT1 output
(DMAC)
C PC11 input/output (port) TOE10 output (ATU) DRAKO output
(DMAC)
C PC10 input/output (port) TOD10 output (ATU)
C PC9 input/output (port) TOC10 output (ATU)
C PC8 input/output (port)  TOB10 output (ATU)
C PC7 input/output (port) TOA10 output (ATU)
C PC6 input/output (port)  CS2 output (BSC) IRQ6 output ADEND output
(INTC) (A/D)
C PC5 input/output (port)  CST output (BSC)
C PC4 input/output (port)  CSO0 output (BSC)
C PC3 input/output (port)  RD output (BSC)
C PC2 input/output (port) ~ WAIT input (BSC)
C PC1 input/output (port)  WRH output (BSC)
C PCO input/output (port)  WRL output (BSC)
D PD15 input/output (port) D15 input/output (BSC)
D PD14 input/output (port) D14 input/output (BSC)
D PD13 input/output (port) D13 input/output (BSC)
D PD12 input/output (port) D12 input/output (BSC)
D PD11 input/output (port) D11 input/output (BSC)
D PD10 input/output (port) D10 input/output (BSC)
D PD9 input/output (port) D9 input/output (BSC)
D PD8 input/output (port) D8 input/output (BSC)
D PD7 input/output (port) D7 input/output (BSC)
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Port

Function 1
(Related Module)

Function 2
(Related Module)

Function 3

Function 4

(Related Module) (Related Module)

PD6 input/output (port)

D6 input/output (BSC)

PD5 input/output (port)

D5 input/output (BSC)

PD4 input/output (port)

D4 input/output (BSC)

PD3 input/output (port)

D3 input/output (BSC)

PD2 input/output (port)

D2 input/output (BSC)

PD1 input/output (port)

D1 input/output (BSC)

PDO input/output (port)

DO input/output (BSC)

PE14 input/output (port)

TIOCS3 input/output (ATU)

PE13 input/output (port)

TIOB3 input/output (ATU)

PE12 input/output (port)

TIOA3 input/output (ATU)

PE11 input/output (port)

TIDO input (ATU)

PE10 input/output (port)

TICO input (ATU)

PE9 input/output (port)

TIBO input (ATU)

PES8 input/output (port)

TIAO input (ATU)

PE7 input/output (port)

TIOB2 input/output (ATU)

PEG6 input/output (port)

TIOA2 input/output (ATU)

PES5 input/output (port)

TIOF1 input/output (ATU)

PE4 input/output (port)

TIOEL input/output (ATU)

PE3 input/output (port)

TIOD1 input/output (ATU)

PE2 input/output (port)

TIOCL1 input/output (ATU)

PE1 input/output (port)

TIOB1 input/output (ATU)

PEO input/output (port)

TIOAL input/output (ATU)

mmmMm MM MM MMMM MMM M M OO0 00|00

PF11 input/output (port)

BREQ input (BSC)

PULS?7 output
(APC)

F PF10 input/output (port) BACK output (BSC) PULS6 output
(APC)
F PF9 input/output (port)  CS3 output (BSC) IRQ7 input (INTC) PULSS output
(APC)
F PF8 input/output (port)  SCK2 input/output (SCI) PULS4 output
(APC)
F PF7 input/output (port)  DREQO input (DMAC) PULS3 output

(APC)
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Function 1 Function 2 Function 3

Port (Related Module) (Related Module) (Related Module) (Related Module)

F PF6 input/output (port)  DACKO output (DMAC) PULS2 output
(APC)

F PF5 input/output (port)  DREQT input (DMAC) PULS1 output
(APC)

F PF4 input/output (port)  DACK1 input (DMAC) PULSO output
(APC)

F PF3 input/output (port)  TRQ3 input (INTC)

F PF2 input/output (port)  TRQ2 input (INTC)

F PF1 input/output (port)  TRQT input (INTC)

F PFO input/output (port)  TRQO input (INTC)

G PG15 input/output (port) TRQ5 input (INTC) TIOB5 input/output
(ATU)

G PG14 input/output (port) TRQ4 input (INTC) TIOAS input/output
(ATU)

G PG13 input/output (port) TIOD4 input/output (ATU)

G PG12 input/output (port) TIOC4 input/output (ATU)

G PG11 input/output (port) TIOB4 input/output (ATU)

G PG10 input/output (port) TIOA4 input/output (ATU)

G PG9 input/output (port)  TIODS3 input/output (ATU)

G PG8 input/output (port)  RXD2 input (SCI)

G PG7 input/output (port)  TXD2 output (SCI)

G PG6 input/output (port)  RXD1 input (SCI)

G PG5 input/output (port)  TXD1 output (SCI)

G PG4 input/output (port)  SCK1 input/output (SCI)

G PG3 input/output (port)  RXDO input (SCI)

G PG2 input/output (port)  TXDO output (SCI)

G PG1 input/output (port)  SCKO input/output (SCI)

G PGO input/output (port)  ADTRG input (A/D) TRQOUT output
(INTC)

H PH15 input (port) AN15 input (A/D)

H PH14 input (port) AN14 input (A/D)

H PH13 input (port) AN13 input (A/D)

H PH12 input (port) AN12 input (A/D)
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Function 1 Function 2 Function 3 Function 4

Port (Related Module) (Related Module) (Related Module) (Related Module)
PH11 input (port) AN11 input (A/D)

H PH10 input (port) AN10 input (A/D)

H PH9 input (port) AN9 input (A/D)

H PH8 input (port) ANS8 input (A/D)

H PH7 input (port) AN7 input (A/D)

H PH6 input (port) ANG input (A/D)

H PHS5 input (port) ANS5 input (A/D)

H PH4 input (port) AN4 input (A/D)

H PH3 input (port) AN3 input (A/D)

H PH2 input (port) AN2 input (A/D)

H PH1 input (port) ANL1 input (A/D)

H PHO input (port) ANO input (A/D)
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16.2 Register Configuration
PFC registers are listed in table 16.2.

Table16.2 PFC Registers

Initial Access
Name Abbreviation R/W Value Address Size
Port A 10 register PAIOR R/W H'0000 HFFFF8382 8,16
Port A control register PACR R/W H'0000 H'FFFF8384 8, 16
Port B 10 register PBIOR R/W H'COCO H'FFFF8388 8,16
Port B control register PBCR R/W H'80CO HFFFF838A 8,16
Port C 10 register PCIOR R/W H'8000 H'FFFF8392 8,16
Port C control register 1 PCCR1 R/W H'C000 H'FFFF8394 8, 16
Port C control register 2 PCCR2 R/W H'OBFF H'FFFF8396 8, 16
Port D 10 register PDIOR R/W H'0000 H'FFFF839A 8, 16
Port D control register PDCR R/W H'0000 H'FFFF839C 8, 16
CK control register” CKCR R/W H'FFFE HFFFF839E 8,16
Port E 10 register PEIOR R/W H'8000 H'FFFF83A2 8,16
Port E control register PECR R/W H'8000 HFFFF83A4 8,16
Port F IO register PFIOR R/W H'FO00 H'FFFF83A8 8,16
Port F control register 1 PFCR1 R/W H'FFO0 H'FFFF83AA 8, 16
Port F control register 2 PFCR2 R/W H'00AA HFFFF83AC 8,16
Port G 10O register PGIOR R/W H'0000 H'FFFF83BO 8, 16
Port G control register 1 PGCR1 R/W H'0OAAA HFFFF83B2 8,16
Port G control register 2 PGCR2 R/W H'AA80 H'FFFF83B4 8, 16
Notes: A register access is performed in 2 cycles regardless of the access size.
*  CK control register is only bult in the version of flash memory. it is not in the version of

mask ROM.
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16.3 Register Descriptions

16.3.1 Port A 10 Register (PAIOR)

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

PA15PA14PA13|PA12|PA11PAL10| PA9 | PA8 | PA7 | PAG | PAS | PA4 | PA3 | PA2 | PAL | PAO
IOR [ IOR | IOR |IOR |IOR |IOR | IOR |IOR [IOR |IOR |IOR |IOR |IOR |IOR | IOR | IOR

Initial value: 0 0O O 0 O 0 0O O 0 O 0 0O O 0O O 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RIW RIW R/IW R/W R/W

The port A 10 register (PAIOR) is a 16-bit readable/writable register that selects the input/output
direction of the 16 pinsin port A. Bits PA15I0R to PAOIOR correspond to pins PA15/A15 to
PAO/AOQ. PAIOR is enabled when port A pins function as general input/output pins (PA15 to
PAO), and disabled otherwise.

When port A pins function as PA15 to PAO, a pin becomes an output when the corresponding bit
in PAIOR isset to 1, and an input when the bit is cleared to 0.

PAIOR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

16.3.2 Port A Control Register (PACR)

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

PA15PA14 PA13PA12 PA11|PAL10| PA9 | PA8 | PA7 | PAG6 | PA5 | PA4 | PA3 | PA2 | PALl | PAO
MD | MD | MD |MD | MD |MD | MD |MD | MD | MD | MD | MD | MD | MD | MD | MD

Initial value: 0 0O O 0 O 0 0O O 0 O 0 0O O 0O O 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RIW RIW RIW R/W R/W

The port A control register (PACR) is a 16-hit readable/writable register that selects the functions
of the 16 multiplex pinsin port A. PACR settings are not valid in all operating modes.

1. Expanded mode with on-chip ROM disabled
Port A pins function as address output pins, and PACR settings are invalid.
2. Expanded mode with on-chip ROM enabled

Port A pins are multiplexed as address output pins and general input/output pins. PACR
settings are valid.

3. Single-chip mode
Port A pins function as general input/output pins, and PACR settings are invalid.
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PACR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

Bit 15—PA15 Mode Bit (PA15MD): Selects the function of pin PA15/A15.

Description
Bit 15: Expanded Mode Expanded Mode
PA15MD  with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A15)  General input/output (PA15) General input/output (PA15)
(Initial value) (Initial value) (Initial value)
1 Address output (A15)  Address output (A15) General input/output (PA15)

Bit 14—PA14 Mode Bit (PA14MD): Selects the function of pin PA14/A14.

Description
Bit 14: Expanded Mode Expanded Mode
PA14MD  with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A14)  General input/output (PA14) General input/output (PA14)
(Initial value) (Initial value) (Initial value)
1 Address output (A14)  Address output (A14) General input/output (PA14)

Bit 13—PA13 Mode Bit (PA13MD): Selects the function of pin PA13/A13.

Description
Bit 13: Expanded Mode Expanded Mode
PA13MD  with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A13)  General input/output (PA13) General input/output (PA13)
(Initial value) (Initial value) (Initial value)
1 Address output (A13)  Address output (A13) General input/output (PA13)

Bit 12—PA12 Mode Bit (PA12M D): Selects the function of pin PA12/A12.

Description
Bit 12: Expanded Mode Expanded Mode
PA12MD  with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A12)  General input/output (PA12) General input/output (PA12)
(Initial value) (Initial value) (Initial value)
1 Address output (A12)  Address output (A12) General input/output (PA12)
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Bit 11—PA11 Mode Bit (PA11MD): Selects the function of pin PA11/A11.

Description
Bit 11: Expanded Mode Expanded Mode
PA11MD  with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A11)  General input/output (PA11) General input/output (PA11)
(Initial value) (Initial value) (Initial value)
1 Address output (A11)  Address output (A11) General input/output (PA11)

Bit 10—PA10 Mode Bit (PA10MD): Selects the function of pin PA10/A10.

Description
Bit 10: Expanded Mode Expanded Mode
PA10OMD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A10)  General input/output (PA10) General input/output (PA10)
(Initial value) (Initial value) (Initial value)
1 Address output (A10)  Address output (A10) General input/output (PA10)

Bit 9—PA9 Mode Bit (PA9MD): Selects the function of pin PAS/AS.

Description
Bit 9: Expanded Mode Expanded Mode
PA9OMD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A9) General input/output (PA9)  General input/output (PA9)
(Initial value) (Initial value) (Initial value)
1 Address output (A9) Address output (A9) General input/output (PA9)

Bit 8—PA8 Mode Bit (PABMD): Selects the function of pin PAS/AS.

Description
Bit 8: Expanded Mode Expanded Mode
PASMD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A8) General input/output (PA8)  General input/output (PA8)
(Initial value) (Initial value) (Initial value)
1 Address output (A8) Address output (A8) General input/output (PA8)
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Bit 7—PA7 Mode Bit (PA7MD): Selects the function of pin PA7/A7.

Description
Bit 7: Expanded Mode Expanded Mode
PA7MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A7) General input/output (PA7)  General input/output (PA7)
(Initial value) (Initial value) (Initial value)
1 Address output (A7) Address output (A7) General input/output (PA8)

Bit 6—PA6 Mode Bit (PA6MD): Selects the function of pin PAG/AG.

Description
Bit 6: Expanded Mode Expanded Mode
PAG6MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A6) General input/output (PA6)  General input/output (PA6)
(Initial value) (Initial value) (Initial value)
1 Address output (A6) Address output (A6) General input/output (PA6)

Bit 5—PA5 Mode Bit (PA5MD): Selects the function of pin PAS/AS.

Description
Bit 5: Expanded Mode Expanded Mode
PA5MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A5) General input/output (PA5)  General input/output (PA5)
(Initial value) (Initial value) (Initial value)
1 Address output (A5) Address output (A5) General input/output (PA5)

Bit 4—PA4 Mode Bit (PA4MD): Selects the function of pin PA4/AA4.

Description
Bit 4: Expanded Mode Expanded Mode
PA4MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A4) General input/output (PA4)  General input/output (PA4)
(Initial value) (Initial value) (Initial value)
1 Address output (A4) Address output (A4) General input/output (PA4)
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Bit 3—PA3 Mode Bit (PA3MD): Selects the function of pin PA3/A3.

Description
Bit 3: Expanded Mode Expanded Mode
PA3MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A3) General input/output (PA3)  General input/output (PA3)
(Initial value) (Initial value) (Initial value)
1 Address output (A3) Address output (A3) General input/output (PA3)

Bit 2—PA2 Mode Bit (PA2MD): Selects the function of pin PA2/A2.

Description
Bit 2: Expanded Mode Expanded Mode
PA2MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A2) General input/output (PA2)  General input/output (PA2)
(Initial value) (Initial value) (Initial value)
1 Address output (A2) Address output (A2) General input/output (PA2)

Bit 1—PA1 Mode Bit (PA1IMD): Selects the function of pin PAL/A1L.

Description
Bit 1: Expanded Mode Expanded Mode
PA1IMD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A1) General input/output (PA1)  General input/output (PAL)
(Initial value) (Initial value) (Initial value)
1 Address output (A1) Address output (A1) General input/output (PA1)

Bit 0—PAO Mode Bit (PAOMD): Selects the function of pin PAO/AOQ.

Description
Bit 0: Expanded Mode Expanded Mode
PAOMD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A0) General input/output (PAO)  General input/output (PAO)
(Initial value) (Initial value) (Initial value)
1 Address output (AO) Address output (AO) General input/output (PAO)
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16.3.3 Port B 10 Register (PBIOR)

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

PB11PB10|PB9 | PB8 |PB7 | PB6 PB5 | PB4 |PB3 |PB2 | PB1 |PBO

IOR | IOR | IOR | IOR |IOR |IOR IOR | IOR | IOR |IOR |IOR | IOR

Initial value: 1 1 0 0 O 0 0 O 1 1 0 0O O 0O O 0
RW: R R R/WR/WR/WRWRWRW R R RWR/WR/W R/W R/W R/W

The port B 10 register (PBIOR) is a 16-bit readable/writable register that selects the input/output
direction of the 12 pinsin port B. Bits PB11I0OR to PBOIOR correspond to pins PB11/A21/POD to
PBO/TO6. PBIOR is enabled when port B pins function as general input/output pins (PB11 to
PBO0), and disabled otherwise. PBIOR bits 4 and 5 should be cleared to 0 when ATU clock input is
selected.

When port B pins function as PB11 to PBO, a pin becomes an output when the corresponding bit
in PBIOR is set to 1, and an input when the bit is cleared to 0.

PBIOR isinitialized to H'COCO by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

16.3.4 Port B Control Register (PBCR)

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

PB11PB11|PB10|PB9 |PB8 | PB7 | PB6 PB5 | PB4 |PB3 |PB2 |PB1 | PBO

MD1 |[MDO| MD | MD | MD | MD | MD MD | MD | MD | MD | MD | MD

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

The port B control register (PBCR) is a 16-bit readable/writable register that selects the functions
of the 12 multiplex pinsin port B.

PBCR isinitialized to H'80CO0 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

Bit 15—Reserved: Thisbit isalwaysread as 1, and should only be written with 1.
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Bits 14 and 13—PB11 Mode Bits 1 and 0 (PB11M D1, PB11M DO): These bits select the

function of pin PB11/A21/POD.

Description
Bit 14: Bit 13: Expanded Mode Expanded Mode
PB11MD1 PB11MDO with ROM Disabled with ROM Enabled Single-Chip Mode
0 0 Address output (A21) General input/output  General input/output
(PB11) (PB11)
(Initial value) (Initial value) (Initial value)
1 Address output (A21)  Address output (A21)  General input/output
(PB11)
1 0 Address output (A21)  Port output disable Port output disable
input (POD) input (POD)
1 Reserved Reserved Reserved

Bit 122—PB10 M ode Bit (PB10M D):

Selects the function of pin PB10/A20.

Description
Bit 12: Expanded Mode Expanded Mode
PB10OMD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A20)  General input/output (PB10) General input/output (PB10)
(Initial value) (Initial value) (Initial value)
1 Address output (A20)  Address output (A20) General input/output (PB10)

Bit 11—PB9 Mode Bit (PBO9M D): Selects the function of pin PB9/A19.

Description
Bit 11: Expanded Mode Expanded Mode
PBOMD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A19)  General input/output (PB9)  General input/output (PB9)
(Initial value) (Initial value) (Initial value)
1 Address output (A19) Address output (A19) General input/output (PB9)
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Bit 10—PB8 Mode Bit (PB8M D): Selects the function of pin PB8/A18.

Description
Bit 10: Expanded Mode Expanded Mode
PB8MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A18)  General input/output (PB8)  General input/output (PB8)
(Initial value) (Initial value) (Initial value)
1 Address output (A18)  Address output (A18) General input/output (PB8)

Bit 9—PB7 Mode Bit (PB7MD): Selects the function of pin PB7/A17.

Description
Bit 9: Expanded Mode Expanded Mode
PB7MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A17)  General input/output (PB7)  General input/output (PB7)
(Initial value) (Initial value) (Initial value)
1 Address output (A17)  Address output (A17) General input/output (PB7)

Bit 8—PB6 Mode Bit (PB6M D): Selects the function of pin PB6/A16.

Description
Bit 8: Expanded Mode Expanded Mode
PB6MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A16)  General input/output (PB6)  General input/output (PB6)
(Initial value) (Initial value) (Initial value)
1 Address output (A16)  Address output (A16) General input/output (PB6)

Bits 7 and 6—Reserved: These hits are dlways read as 1, and should only be written with 1.

Bit 5—PB5 Mode Bit (PB5M D): Selects the function of pin PB5/TCLKB.

Bit 5:

PB5MD Description

0 General input/output (PB5) (Initial value)
1 ATU clock input (TCLKB)
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Bit 4—PB4 Mode Bit (PB4MD): Selects the function of pin PB4/TCLKA.

Bit 4:

PB4MD Description

0 General input/output (PB4) (Initial value)
1 ATU clock input (TCLKA)

Bit 3—PB3 Mode Bit (PB3M D): Selects the function of pin PB3/TOO9.

Bit 3:

PB3MD Description

0 General input/output (PB3) (Initial value)
1 ATU PWM output (TO9)

Bit 2—PB2 Mode Bit (PB2M D): Selects the function of pin PB2/TO8.

Bit 2:

PB2MD Description

0 General input/output (PB2) (Initial value)
1 ATU PWM output (TO8)

Bit 1—PB1 Mode Bit (PB1M D): Selects the function of pin PBL/TO?7.

Bit 1:

PB1MD Description

0 General input/output (PB1) (Initial value)
1 ATU PWM output (TO7)

Bit 0—PBO0 Mode Bit (PBOM D): Selects the function of pin PBL/TOG.

Bit 0:

PBOMD Description

0 General input/output (PBO) (Initial value)
1 ATU PWM output (TO6)
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16.35 Port C 10 Register (PCIOR)

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

PC14PC13PC12|PC11PC10|PC9 |PC8 |PC7 |PC6 |PC5 |PC4 |PC3 |PC2 PC1 |PCO
IOR | IOR |IOR |IOR | IOR | IOR |IOR |IOR [IOR |IOR |IOR | IOR |IOR |IOR | IOR

Initial value: 1 0O O 0 O 0 0 O 0O O 0 0O O 0O O 0
R/W: R R/W R/W R/W R/W R/W R/W R/W R/W R/W RIW RIW RIW RIW R/IW R/W

The port C 10 register (PCIOR) is a 16-bit readable/writable register that selects the input/output
direction of the 15 pinsin port C. Bits PC14IOR to PCOIOR correspond to pins PC14/TOH10 to
PCO/WRL. PCIOR is enabled when port C pins function as general input/output pins (PC14 to
PCO), and disabled otherwise.

When port C pins function as PC14 to PCO, a pin becomes an output when the corresponding bit
in PCIOR is set to 1, and an input when the bit is cleared to 0.

PCIOR isinitialized to H'8000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

16.3.6 Port C Control Registers1 and 2 (PCCR1, PCCR2)

Port C control registers 1 and 2 (PCCR1, PCCR2) are 16-bit readable/writable registers that select
the functions of the 15 multiplex pinsin port C. PCCR1 selects the functions of the pins for the
upper 7 bitsin port C, and PCCR2 selects the functions of the pins for the lower 8 bitsin port C.

PCCR1 and PCCR2 areinitialized to H'C000 and H'OBFF, respectively, by a power-on reset
(excluding aWDT power-on reset), and in hardware standby mode. They are not initialized in
software standby mode or sleep mode.

Port C control Register 1 (PCCR1)

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

PC14PC14/PC13PC13PC12|PC12PC11/PC11PC10PC10|PC9 |PC9 |PC8 |PC8
MD1 {MDO (MD1 |MDO |MD1 |MDO |MD1 ‘MDO |MD1 |MDO |MD1 |MDO |MD1 |MDO

Initial value: 1 1 0 0 O 0 0 O 0O O 0 0 O 0O O 0
RW: R R R/W R/W R/W R/W R/W RW RW R/W RIW RIW RIW RIW R/IW R/W
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Bits 15 and 14—Reserved: These bits are always read as 1, and should only be written with 1.

Bits 13 and 12—PC14 Mode Bits 1 and 0 (PC14M D1, PC14M DO0): These bits select the
function of pin PC14/TOH10.

Bit 13: Bit 12:

PC14MD1 PC14MDO Description

0 0 General input/output (PC14) (Initial value)
1 ATU one-shot pulse output (TOH10)

1 0 Reserved
1 Reserved

Bits 11 and 10—PC13 Mode Bits 1 and 0 (PC13M D1, PC13M DO): These hits select the
function of pin PC13/TOG10.

Bit 11: Bit 10:

PC13MD1 PC13MDO Description

0 0 General input/output (PC13) (Initial value)
1 ATU one-shot pulse output (TOG10)

1 0 Reserved
1 Reserved

Bits9 and 8—PC12 Mode Bits 1 and 0 (PC12M D1, PC12M DQ): These hits select the function
of pin PC12/TOF10/DRAK1.

Bit 9: Bit 8:

PC12MD1 PC12MDO Description

0 0 General input/output (PC12) (Initial value)
1 ATU one-shot pulse output (TOF10)

1 0 DMAC DREQ1 acceptance signal output (DRAK1)
1 Reserved
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Bits 7 and 6—PC11 Mode Bits 1 and 0 (PC11M D1, PC11M DQ): These bits select the function
of pin PC11/TOE10/DRAKO.

Bit 7: Bit 6:

PC11MD1 PC11MDO Description

0 0 General input/output (PC11) (Initial value)
1 ATU one-shot pulse output (TOE10)

1 0 DMAC DREQO acceptance signal output (DRAKO )
1 Reserved

Bits5 and 4—PC10 Mode Bits 1 and 0 (PC10M D1, PC10M DQ): These hits select the function

of pin PC10/TOD10.

Bit 5: Bit 4:

PC10MD1 PC10MDO Description

0 0 General input/output (PC10) (Initial value)
1 ATU one-shot pulse output (TOD10)

1 0 Reserved
1 Reserved

Bits 3 and 2—PC9 Mode Bits 1 and 0 (PCOM D1, PCOMDO): These hits select the function of

pin PC9/TOC10.

Bit 3: Bit 2:

PCOMD1 PCO9MDO Description

0 0 General input/output (PC9) (Initial value)
1 ATU one-shot pulse output (TOC10)

1 0 Reserved
1 Reserved
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Bits 1 and 0—PC8 Mode Bits 1 and 0 (PC8M D1, PC8MDO): These bits select the function of
pin PC8/TOB10.

Bit 1: Bit O:

PC8MD1 PC8MDOQO Description

0 0 General input/output (PC8) (Initial value)
1 ATU one-shot pulse output (TOB10)

1 0 Reserved
1 Reserved

Port C Control Register 2 (PCCR2)

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

PC7 |PC7 |PC6 |PC6 PC5 PC4 PC3 PC2 PC1 PCO

MD1 |MDO |[MD1 |MDO MD MD MD MD MD MD

Initial value: 0 0 0 0 1 0 1 1 1 1 1 1 1 1 1 1
RW: RW RW RWWRW R RW R RW R RW R RW R RW R R/MW

Bits 15 and 14—PC7 Mode Bits 1 and 0 (PC7M D1, PC7M DO0): These bits select the function of
pin PC7/TOA10.

Bit 15: Bit 14:

PC7MD1 PC7MDO Description

0 0 General input/output (PC7) (Initial value)
1 ATU one-shot pulse output (TOA10)

1 0 Reserved
1 Reserved
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Bits 13 and 12—PC6 Mode Bits 1 and 0 (PC6M D1, PC6MDO): These bits select the function of
pin PC6/CS2/IRQ6/ADEND.

Bit 13: Bit 12: Description

PC6MD1 PC6MDO Expanded Mode Single-Chip Mode

0 0 General input/output (PC6) General input/output (PC6)
(Initial value)

(Initial value)

Chip select output (CS2) General input/output (PC6)

1 0 Interrupt request input (IRQ6) Interrupt request input (IRQ6)
A/D conversion end output A/D conversion end output
(ADEND) (ADEND)

Bit 11—Reserved: Thishit isawaysread as 1, and should only be written with 1.

Bit 10—PC5 Mode Bit (PC5MD): Selects the function of pin PC5/CS1.

Bit 10: Description

PC5MD Expanded Mode Single-Chip Mode

0 General input/output (PC5) (Initial value) General input/output (PC5) (Initial value)
1 Chip select output (CST1) General input/output (PC5)

Bit 9—Reserved: Thishit isawaysread as 1, and should only be written with 1.

Bit 8—PC4 Mode Bit (PC4MD): Selects the function of pin PC4/CS0.

Bit 8: Description

PC4MD Expanded Mode Single-Chip Mode

0 General input/output (PC4) General input/output (PC4)

1 Chip select output (CS0) (Initial value) General input/output (PC4) (Initial value)

Bit 7—Reserved: Thishbit isawaysread as 1, and should only be written with 1.
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Bit 6—PC3 Mode Bit (PC3MD): Selects the function of pin PC3/RD.

Bit 6: Description

PC3MD Expanded Mode Single-Chip Mode

0 General input/output (PC3) General input/output (PC3)

1 Read output (RD) (Initial value) General input/output (PC3) (Initial value)

Bit 5—Reserved: Thishit isawaysread as 1, and should only be written with 1.

Bit 4—PC2 Mode Bit (PC2MD): Selects the function of pin PC2/WAIT.

Bit 4: Description

OC2ND Expanded Mode Single-Chip Mode

0 General input/output (PC2) General input/output (PC2)

1 Wait state input (WAIT)  (Initial value) General input/output (PC2) (Initial value)

Bit 3—Reserved: Thishit isawaysread as 1, and should only be written with 1.

Bit 2—PC1 Mode Bit (PC1MD): Selectsthe function of pin PCL/WRH.

Bit 2: Description

PC1MD Expanded Mode Single-Chip Mode

0 General input/output (PC1) General input/output (PC1)

1 High-end write (WRH) (Initial value) General input/output (PC1) (Initial value)

Bit 1—Reserved: Thishbit isawaysread as 1, and should only be written with 1.

Bit 0—PCO0 Mode Bit (PCOMD): Selects the function of pin PCO/WRL.

Bit O Description

PCOMD Expanded Mode Single-Chip Mode

0 General input/output (PCO0) General input/output (PCO0)

1 Low-end write (WRL) (Initial value)  General input/output (PCO) (Initial value)
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16.3.7 Port D 10 Register (PDIOR)

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

PD15PD14PD13PD12|PD11PD10|PD9 | PD8 | PD7 |PD6 |PD5 |PD4 | PD3 |PD2 | PD1 |PDO
IOR [ IOR |IOR |IOR |IOR |IOR | IOR |IOR [IOR |IOR |IOR |IOR |IOR |IOR | IOR | IOR

Initial value: 0 0O O 0 O 0 0 O 0O O 0 0O O 0O O 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RIW RIW RIW R/W R/W

The port D 10 register (PDIOR) is a 16-bit readable/writable register that selects the input/output
direction of the 16 pinsin port D. Bits PD15IOR to PDOIOR correspond to pins PD15/D15 to
PDO/DO. PDIOR is enabled when port D pins function as general input/output pins (PD15 to
PDO), and disabled otherwise.

When port D pins function as PD15 to PDO, a pin becomes an output when the corresponding bit
in PDIOR is set to 1, and an input when the bit is cleared to O.

PDIOR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby wode. It is not initialized in software standby mode or sleep mode.

16.3.8 Port D Control Register (PDCR)

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

PD15PD14PD13PD12PD11|PD10|PD9 |PD8 |PD7 |PD6 |PD5 |PD4 |PD3 |PD2 |PD1 | PDO
MD | MD | MD |MD |MD |MD | MD | MD | MD | MD | MD | MD | MD | MD | MD | MD

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/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

The port D control register (PDCR) is a 16-hit readable/writable register that selects the functions
of the 16 multiplex pinsin port D. PDCR settings are not valid in all operating modes.

1. Expanded mode with on-chip ROM disabled (area 0: 8-bit bus)

Port D pins DO to D7 function as data bus input/output pins, and PDCR settings are invalid.
2. Expanded mode with on-chip ROM disabled (area 0: 16-bit bus)

Port D pins function as data bus input/output pins, and PDCR settings are invalid.
3. Expanded mode with on-chip ROM enabled

Port D pins are multiplexed as data bus input/output pins and general input/output pins. PDCR
settings are valid.

4. Single-chip mode
Port D pins function as general input/output pins, and PDCR settings are invalid.
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PDCRisinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

Bit 15—PD15 Mode Bit (PD15M D): Selects the function of pin PD15/D15.

Description
Expanded Mode Expanded Mode
Bit 15: with ROM Disabled with ROM Disabled Expanded Mode
PD15MD  Area O: 8 Bits Area 0: 16 Bits with ROM Enabled Single-Chip Mode
0 General input/output Data input/output General input/output General input/output
(PD15) (D15) (PD15) (PD15)
(Initial value) (Initial value) (Initial value) (Initial value)
1 Data input/output Data input/output Data input/output General input/output
(D15) (D15) (D15) (PD15)

Bit 14—PD14 Mode Bit (PD14MD): Selects the function of pin PD14/D14.

Description
Expanded Mode Expanded Mode
Bit 14: with ROM Disabled with ROM Disabled Expanded Mode
PD14MD  Area O: 8 Bits Area 0: 16 Bits with ROM Enabled Single-Chip Mode
0 General input/output Data input/output General input/output General input/output
(PD14) (D14) (PD14) (PD14)
(Initial value) (Initial value) (Initial value) (Initial value)
1 Data input/output Data input/output Data input/output General input/output
(D14) (D14) (D14) (PD14)

Bit 13—PD13 Mode Bit (PD13MD): Selects the function of pin PD13/D13.

Description
Expanded Mode Expanded Mode
Bit 13: with ROM Disabled with ROM Disabled Expanded Mode
PD13MD Area 0: 8 Bits Area 0: 16 Bits with ROM Enabled Single-Chip Mode
0 General input/output Data input/output General input/output General input/output
(PD13) (D13) (PD13) (PD13)
(Initial value) (Initial value) (Initial value) (Initial value)
1 Data input/output Data input/output Data input/output General input/output
(D13) (D13) (D13) (PD13)
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Bit 12—PD12 Mode Bit (PD12MD): Selects the function of pin PD12/D12.

Description
Expanded Mode Expanded Mode
Bit 12: with ROM Disabled with ROM Disabled Expanded Mode
PD12MD  Area O: 8 Bits Area 0: 16 Bits with ROM Enabled Single-Chip Mode
0 General input/output Data input/output General input/output General input/output
(PD12) (D12) (PD12) (PD12)
(Initial value) (Initial value) (Initial value) (Initial value)
1 Data input/output Data input/output Data input/output General input/output
(D12) (D12) (D12) (PD12)

Bit 11—PD11 Mode Bit (PD11MD): Selects the function of pin PD11/D11.

Description
Expanded Mode Expanded Mode
Bit 11: with ROM Disabled with ROM Disabled Expanded Mode
PD11MD  Area O: 8 Bits Area 0: 16 Bits with ROM Enabled Single-Chip Mode
0 General input/output Data input/output General input/output General input/output
(PD11) (D11) (PD11) (PD11)
(Initial value) (Initial value) (Initial value) (Initial value)
1 Data input/output Data input/output Data input/output General input/output
(D11) (D11) (D11) (PD11)

Bit 10—PD10 Mode Bit (PD10MD): Selects the function of pin PD10/D10.

Description
Expanded Mode Expanded Mode
Bit 10: with ROM Disabled with ROM Disabled Expanded Mode
PD10MD Area O: 8 Bits Area 0: 16 Bits with ROM Enabled Single-Chip Mode
0 General input/output Data input/output General input/output General input/output
(PD10) (D10) (PD10) (PD10)
(Initial value) (Initial value) (Initial value) (Initial value)
1 Data input/output Data input/output Data input/output General input/output
(D10) (D10) (D10) (PD10)
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Bit 9—PD9 Mode Bit (PD9MD): Selects the function of pin PD9/D9.

Description
Expanded Mode Expanded Mode
Bit 9: with ROM Disabled with ROM Disabled Expanded Mode
PDOMD Area 0: 8 Bits Area 0: 16 Bits with ROM Enabled Single-Chip Mode
0 General input/output Data input/output General input/output General input/output
(PD9) (D9) (PD9) (PD9)
(Initial value) (Initial value) (Initial value) (Initial value)
1 Data input/output Data input/output Data input/output General input/output
(D9) (D9) (D9) (PD9)

Bit 8—PD8 Mode Bit (PD8MD): Selects the function of pin PD8/D8.

Description
Expanded Mode Expanded Mode
Bit 8: with ROM Disabled with ROM Disabled Expanded Mode
PD8MD Area 0: 8 Bits Area 0: 16 Bits with ROM Enabled Single-Chip Mode
0 General input/output Data input/output General input/output General input/output
(PD8) (D8) (PD8) (PD8)
(Initial value) (Initial value) (Initial value) (Initial value)
1 Data input/output Data input/output Data input/output General input/output
(D8) (D8) (D8) (PD8)

Bit 7—PD7 Mode Bit (PD7MD): Selects the function of pin PD7/D7.

Description
Bit 7: Expanded Mode Expanded Mode
PD7MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Data input/output (D7) General input/output (PD7)  General input/output (PD7)
(Initial value) (Initial value) (Initial value)
1 Data input/output (D7)  Data input/output (D7) General input/output (PD7)
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Bit 6—PD6 Mode Bit (PD6MD): Selects the function of pin PD6/D6.

Description
Bit 6: Expanded Mode Expanded Mode
PD6MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Data input/output (D6)  General input/output (PD6)  General input/output (PD6)
(Initial value) (Initial value) (Initial value)
1 Data input/output (D6)  Data input/output (D6) General input/output (PD6)

Bit 5—PD5 Mode Bit (PD5M D): Selects the function of pin PD5/D5.

Description
Bit 5: Expanded Mode Expanded Mode
PD5MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Data input/output (D5)  General input/output (PD5)  General input/output (PD5)
(Initial value) (Initial value) (Initial value)
1 Data input/output (D5) Data input/output (D5) General input/output (PD5)

Bit 4—PD4 Mode Bit (PD4MD): Selects the function of pin PD4/D4.

Description
Bit 4: Expanded Mode Expanded Mode
PD4AMD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Data input/output (D4)  General input/output (PD4)  General input/output (PD4)
(Initial value) (Initial value) (Initial value)
1 Data input/output (D4)  Data input/output (D4) General input/output (PD4)

Bit 3—PD3 Mode Bit (PD3MD): Selects the function of pin PD3/D3.

Description
Bit 3: Expanded Mode Expanded Mode
PD3MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Data input/output (D3)  General input/output (PD3)  General input/output (PD3)
(Initial value) (Initial value) (Initial value)
1 Data input/output (D3) Data input/output (D3) General input/output (PD3)
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Bit 2—PD2 Mode Bit (PD2MD): Selects the function of pin PD2/D2.

Description
Bit 2: Expanded Mode Expanded Mode
PD2MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Data input/output (D2) General input/output (PD2)  General input/output (PD2)
(Initial value) (Initial value) (Initial value)
1 Data input/output (D2) Data input/output (D2) General input/output (PD2)

Bit 1—PD1 Mode Bit (PD1MD): Selects the function of pin PD1/D1.

Description
Bit 1: Expanded Mode Expanded Mode
PD1MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Data input/output (D1)  General input/output (PD1)  General input/output (PD1)
(Initial value) (Initial value) (Initial value)
1 Data input/output (D1) Data input/output (D1) General input/output (PD1)

Bit 0—PDO Mode Bit (PDOMD): Selects the function of pin PDO/DO.

Description
Bit O: Expanded Mode Expanded Mode
PDOMD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Data input/output (DO)  General input/output (PD0)  General input/output (PDO)
(Initial value) (Initial value) (Initial value)
1 Data input/output (DO)  Data input/output (DO) General input/output (PDO)
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16.3.9 Port E 10 Register (PEIOR)

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

PE14|PE13|PE12|PE11|PE10| PE9 |PE8 | PE7 | PE6 | PE5 |PE4 | PE3 | PE2 | PE1 | PEO
IOR | IOR |IOR |IOR | IOR | IOR | IOR |IOR [IOR |IOR |IOR | IOR |IOR |IOR |IOR

Initial value: 1 0O O 0 O 0 0 O 0O O 0 0O O 0O O 0
R/W: R R/W R/W R/W R/W R/W R/W R/W R/W R/W RIW RIW RIW RIW R/IW R/W

The port E 10 register (PEIOR) is a 16-bit readable/writable register that selects the input/output
direction of the 15 pinsin port E. Bits PE14IOR to PEOIOR correspond to pins PE14/TIOC3 to
PEO/TIOAL. PEIOR is enabled when port E pins function as general input/output pins (PE14 to
PEO) or as ATU input/output pins, and disabled otherwise. PEIOR bits 8 to 11 should be cleared to
0 when ATU input capture input is selected.

When port E pins function as PE14 to PEQ, a pin becomes an output when the corresponding bit in
PEIOR is set to 1, and an input when the bit is cleared to O.

PEIOR isinitialized to H'8000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

16.3.10 Port E Control Register (PECR)

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

PE14PE13|PE12|PE11PE10|PE9S |PE8 | PE7 | PE6 | PE5 |PE4 | PE3 |PE2 |PE1 | PEO
MD | MD | MD | MD | MD |MD |MD |MD | MD | MD | MD | MD | MD | MD | MD

Initial value: 1 0O O 0 O 0 0 O 0O O 0 0 O 0O O 0
R/W: R R/W R/W R/W R/W R/W R/W R/W R/W R/W RIW RIW RIW RIW R/W R/W

The port E control register (PECR) is a 16-bit readable/writable register that selects the functions
of the 15 multiplex pinsin port E.

PECR isinitialized to H'8000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

Bit 15—Reserved: Thisbit isalwaysread as 1, and should only be written with 1.
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Bit 14—PE14 Mode Bit (PE14MD): Selects the function of pin PE14/TIOC3.

Bit 14:

PE14MD  Description

0 General input/output (PE14) (Initial value)
1 ATU input capture input/output compare output (TIOC3)

Bit 13—PE13 Mode Bit (PE13MD): Selects the function of pin PE13/TIOB3.

Bit 13:

PE13MD  Description

0 General input/output (PE13) (Initial value)
1 ATU input capture input/output compare output (TIOB3)

Bit 12—PE12 M ode Bit (PE12MD): Selects the function of pin PE12/TIOA3.

Bit 12:

PE12MD  Description

0 General input/output (PE12) (Initial value)
1 ATU input capture input/output compare output (TIOA3)

Bit 11—PE11 Mode Bit (PE11MD): Selects the function of pin PEIL/TIDO.

Bit 11:

PE11MD Description

0 General input/output (PE11) (Initial value)
1 ATU input capture input (TIDO

Bit 10—PE10 Mode Bit (PE10MD): Selects the function of pin PE10/TICO.

Bit 10:

PE1OMD  Description

0 General input/output (PE10) (Initial value)
1 ATU input capture input (TICO)
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Bit 9—PE9 Mode Bit (PE9MD): Selects the function of pin PE9/TIBO.

Bit 9:

PE9OMD Description

0 General input/output (PE9) (Initial value)
1 ATU input capture input (TIBO)

Bit 8—PE8 Mode Bit (PE8M D): Selects the function of pin PES/TIAOQ.

Bit 8:

PE8BMD Description

0 General input/output (PES8) (Initial value)
1 ATU input capture input (TIAQ)

Bit 7—PE7 Mode Bit (PE7MD): Selects the function of pin PE7/TIOB2.

Bit 7:

PE7MD Description

0 General input/output (PE7) (Initial value)
1 ATU input capture input/output compare output (TIOB2)

Bit 6—PE6 Mode Bit (PE6M D): Selects the function of pin PE6/TIOA2.

Bit 6:

PE6MD Description

0 General input/output (PE6) (Initial value)
1 ATU input capture input/output compare output (TIOA2)

Bit 5—PE5 Mode Bit (PE5SMD): Selects the function of pin PES/TIOFL.

Bit 5:

PE5MD Description

0 General input/output (PE5) (Initial value)
1 ATU input capture input/output compare output (TIOF1)
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Bit 4—PE4 Mode Bit (PE4AMD): Selects the function of pin PE4/TIOEL.

Bit 4:

PE4MD Description

0 General input/output (PE4) (Initial value)
1 ATU input capture input/output compare output (TIOE1)

Bit 3—PE3 Mode Bit (PE3MD): Selects the function of pin PE3/TIOD1.

Bit 3:

PE3MD Description

0 General input/output (PE3) (Initial value)
1 ATU input capture input/output compare output (TIOD1)

Bit 2—PE2 Mode Bit (PE2M D): Selects the function of pin PE2/TIOCL.

Bit 2:

PE2MD Description

0 General input/output (PE2) (Initial value)
1 ATU input capture input/output compare output (TIOC1)

Bit 1—PE1 Mode Bit (PE1IMD): Selects the function of pin PEL/TIOB1.

Bit 1:

PE1MD Description

0 General input/output (PE1) (Initial value)
1 ATU input capture input/output compare output (TIOB1)

Bit 0—PEO Mode Bit (PEOMD): Selects the function of pin PEO/TIOAL.

Bit O:

PEOMD Description

0 General input/output (PEO) (Initial value)
1 ATU input capture input/output compare output (TIOA1)

Rev. 5.00 Jan 06, 2006 page 503 of 818
REJ09B0273-0500
RENESAS



Section 16 Pin Function Controller (PFC)

16.3.11 Port F 10 Register (PFIOR)

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

PF11|PF10| PF9 | PF8 | PF7 |PF6 | PF5 | PF4 | PF3 | PF2 | PF1 | PFO
IOR |IOR | IOR | IOR |IOR |IOR | IOR |IOR | IOR | IOR | IOR |IOR

Initial value: 1 1 1 1 0 0 0 O 0O O 0 0O O 0O O 0
RW: R R R R R/WR/WRWRWRW RW RW RW R/W R/W R/W R/W

The port F 10 register (PFIOR) is a 16-bit readable/writable register that selects the input/output
direction of the 12 pinsin port F. Bits PF111OR to PFOIOR correspond to pins
PF11/BREQ/PUL S7 to PFO/IRQO. PFIOR is enabled when port F pins function as general
input/output pins (PF11 to PFO) or the PF8/SCK2/PUL $4 pin has the serial clock function
(SCK?2), and is disabled otherwise.

When port F pins function as PF11 to PFO or include the SCK2 function, a pin becomes an output
when the corresponding bit in PFIOR is set to 1, and an input when the bit is cleared to 0.

PFIOR isinitialized to H'FOO0 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

16.3.12 Port F Control Registers1 and 2 (PFCR1, PFCR2)

Port F control registers 1 and 2 (PFCR1, PFCR2) are 16-bit readable/writable registers that select
the functions of the 12 multiplex pinsin port F. PFCR1 selects the functions of the pins for the
upper 4 bitsin port F, and PFCR2 selects the functions of the pins for the lower 8 bitsin port F.

PFCR1 and PFCR2 areinitialized to H'FFOO and H'00AA, respectively, by a power-on reset
(excluding aWDT power-on reset), and in hardware standby mode. They are not initialized in
software standby mode or sleep mode.
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Port F Control Register 1 (PFCR1)

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

PF11|PF11|PF10 PF10| PF9 | PF9 | PF8 | PF8
MD1|MDO MD1 [MDO |MD1|MDO MD1 |MDO

Initial value: 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R/W R/W R/W R/W R/W R/W R/W R/W
Bits 15 to 8—Reserved: These bits are always read as 1, and should only be written with 1.

Bits 7 and 6—PF11 Mode Bits 1 and 0 (PF11M D1, PF11MDO): These hits select the function
of pin PF11/BREQ/PULSY.

Bit 7: Bit 6: Description

PF11MD1 PF11MDO Expanded Mode Single-Chip Mode

0 0 General input/output (PF11) General input/output (PF11)
(Initial value) (Initial value)
Bus request input (BREQ) General input/output (PF11)

1 0 APC pulse output (PULS7) APC pulse output (PULS7)
Reserved Reserved

Bits5 and 4—PF10 Mode Bits 1 and 0 (PF10M D1, PF10M DO): These bits select the function
of pin PF10/BACK/PUL S6.

Bit 5: Bit 4: Description

PF10MD1 PF10MDO Expanded Mode Single-Chip Mode

0 0 General input/output (PF10) General input/output (PF10)
(Initial value) (Initial value)

1 Bus request acknowledge output ~ General input/output (PF10)

(BACK)

1 0 APC pulse output (PULS6) APC pulse output (PULS6)
Reserved Reserved
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Bits 3 and 2—PF9 Mode Bits 1 and 0 (PFOM D1, PFOM D0): These hits select the function of
pin PF9/CS3/TIRQ7/PUL S5.

Bit 3: Bit 2: Description

PFOMD1 PFOMDO Expanded Mode Single-Chip Mode

0 0 General input/output (PF9) General input/output (PF9)
(Initial value) (Initial value)
Chip select output (CS3) General input/output (PF9)

1 0 Interrupt request input (IRQ7) Interrupt request input (IRQ7)
APC pulse output (PULS5) APC pulse output (PULS5)

Bits 1 and 0—PF8 Mode Bits 1 and 0 (PF8M D1, PF8M DQ): These hits select the function of
pin PF8/SCK/PUL 4.

Bit 1: Bit 0:

PF8MD1 PF8MDO  Description

0 0 General input/output (PF8) (Initial value)
1 Serial clock input/output (SCK2)

1 0 APC pulse output (PULS4)
1 Reserved
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Port F Control Register 2 (PFCR2)

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

PF7 | PF7 | PF6 | PF6 | PF5 | PF5 | PF4 | PF4 PF3 PF2 PF1 PFO

MD1 |MDO |[MD1 |MDO |MD1 MDO |MD1 |MDO MD MD MD MD

Initial value: 0 0 0 0 0 0 0 0 1 0 1 0 1 0 1 0
R/W: RIW RIW RIW R'W R'W RWW RW RIW R RW R RW R RW R R/W

Bits 15 and 14—PF7 Mode Bits 1 and 0 (PF7M D1, PF7M DQ): These bits select the function of
pin PF7/DREQO/PUL S3.

Bit 15: Bit 14:

PF7MD1 PF7MDO  Description

0 0 General input/output (PF7) (Initial value)
1 DMA transfer request input (DREQO)

1 0 APC pulse output (PULS3)
1 Reserved

Bits 13 and 12—PF6 Mode Bits 1 and 0 (PF6M D1, PF6M D0): These bits select the function of
pin PF6/DACKO0/PUL S2.

Bit 13: Bit 12: Description

PF6MD1 PF6MDO Expanded Mode Single-Chip Mode

0 0 General input/output (PF6) General input/output (PF6)
(Initial value)

1 DMA transfer request acceptance General input/output (PF6)

output (DACKO)

1 0 APC pulse output (PULS2) APC pulse output (PULS2)
Reserved Reserved
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Bits 11 and 10—PF5 Mode Bits 1 and 0 (PF5M D1, PF5M D0): These bits select the function of
pin PF5/DREQ1/PULSL.

Bit 11: Bit 10:

PF5MD1  PF5MDO  Description

0 0 General input/output (PF5) (Initial value)
1 DMA transfer request input (DREQT)

1 0 APC pulse output (PULS1)
1 Reserved

Bits9 and 8—PF4 Mode Bits 1 and 0 (PFAM D1, PF4AM DO): These bits select the function of
pin PF4/DACK1/PUL SO.

Bit O: Bit 8: Description

PF4MD1 PF4MDO Expanded Mode Single-Chip Mode

0 0 General input/output (PF4) General input/output (PF4)
(Initial value)

1 DMA transfer request acceptance General input/output (PF4)

output (DACK1)

1 0 APC pulse output (PULSO0) APC pulse output (PULSO0)
Reserved Reserved

Bit 7—Reserved: Thishbit isawaysread as 1, and should only be written with 1.

Bit 6—PF3 Mode Bit (PF3MD): Selects the function of pin PF3/IRQ3.

Bit 6:

PE3MD Description

0 General input/output (PF3) (Initial value)
1 Interrupt request input (IRQ3)

Bit 5—Reserved: Thishit isawaysread as 1, and should only be written with 1.
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Bit 4—PF2 Mode Bit (PF2M D): Selects the function of pin PF2/IRQ2.

Bit 4:

PE2MD Description

0 General input/output (PF2) (Initial value)
1 Interrupt request input (IRQ2)

Bit 3—Reserved: Thishit isawaysread as 1, and should only be written with 1.

Bit 2—PF1 Mode Bit (PF1MD): Selects the function of pin PFL/IRQI1.

Bit 2:

PE1MD Description

0 General input/output (PF1) (Initial value)
1 Interrupt request input (IRQ1)

Bit 1—Reserved: Thishbit isawaysread as 1, and should only be written with 1.

Bit 0—PFO0 Mode Bit (PFOM D): Selects the function of pin PFO/IRQO.

Bit O:

PEOMD Description

0 General input/output (PFO0) (Initial value)
1 Interrupt request input (IRQO)
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16.3.13 Port G 10 Register (PGIOR)

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

PGl PG1 PG1 PGl PGl PGl |PGY |PG8|PG7 PG6 PG5 |PG4|PG3 | PG2 |PG1 |PGO
5 4 3 2 1 0 |IOR [IOR |IOR |IOR |IOR |IOR [IOR |IOR |IOR | IOR
IOR | IOR | IOR |IOR |IOR | IOR

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/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

The port G 10 register (PGIOR) is a 16-hit readable/writable register that selects the input/output
direction of the 16 pinsin port G. Bits PG15IOR to PGOIOR correspond to pins
PG15/IRQ5/TIOB5 to PGO/ADTRG/IRQOUT. PGIOR is enabled when port G pins function as
general input/output pins (PG15 to PGO), serial clock pins (SCK1, SCKO0), or timer input/output
pins (TIOD3, TIOA4, TIOB4, TIOC4, TIOD4, TIOAS5, TIOBS), and is disabled otherwise.

When port G pins function as PG15 to PGO, SCK1 and SCKO, or TIOD3, TIOA4, TIOB4, TIOCA4,
TIOD4, TIOAS, and TIOB5, a pin becomes an output when the corresponding bit in PGIOR is set
to 1, and an input when the bit is cleared to 0.

PGIOR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

16.3.14 Port G Control Registers1 and 2 (PGCR1, PGCR2)

Port G control registers 1 and 2 (PGCR1, PGCR?2) are 16-hit readabl e/writable registers that select
the functions of the 16 multiplex pinsin port G. PGCR1 selects the functions of the pinsfor the
upper 8 bitsin port G, and PGCR2 selects the functions of the pins for the lower 8 bitsin port G.

PGCR1 and PGCR2 are initialized to H'OAAA and H'AAB80, respectively, by a power-on reset
(excluding aWDT power-on reset), and in hardware standby mode. They are not initialized in
software standby mode or sleep mode.

Rev. 5.00 Jan 06, 2006 page 510 of 818
REJ09B0273-0500

RENESAS



Section 16 Pin Function Controller (PFC)

Port G Control Register 1 (PGCR1)

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

PG15 |PG15 |PG14 |PG14 PG13 PG12 PG11 PG10 PG9 PG8

MD1 | MDO | MD1 | MDO MDO MDO MD MD MD MD

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

Bits 15 and 14—PG15 Mode Bits 1 and 0 (PG15M D1, PG15M DO): These hits select the
function of pin PG15/IRQ5/TIOBS.

Bit 15: Bit 14:

PG15MD1 PG15MDO0O Description

0 0 General input/output (PG15) (Initial value)
1 Interrupt request input (IRQ5)

1 0 ATU input capture input/output compare output (TIOB5)
1 Reserved

Bits 13 and 12—PG14 Mode Bits 1 and 0 (PG14M D1, PG14M DQ): These bits select the
function of pin PG14/IRQ4/TIOAS.

Bit 13: Bit 12:

PG14MD1 PG14MDO Description

0 0 General input/output (PG14) (Initial value)
1 Interrupt request input IRQ4)

1 0 ATU input capture input/output compare output (TIOAS)
1 Reserved

Bit 11—Reserved: Thisbit isalwaysread as 1, and should only be written with 1.

Bit 10—PG13 Mode Bit (PG13MD): Selects the function of pin PG13/TIODA4.

Bit 10:

PG13MD Description

0 General input/output (PG13) (Initial value)
1 ATU input capture input/output compare output (TIOD4)

Bit 9—Reserved: Thishit isawaysread as 1, and should only be written with 1.
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Bit 8—PG12 Mode Bit (PG12M D): Selects the function of pin PG12/TIOCA.

Bit 8:

PG12MD Description

0 General input/output (PG12) (Initial value)
1 ATU input capture input/output compare output (TIOC4)

Bit 7—Reserved: Thishit isawaysread as 1, and should only be written with 1.

Bit 6—PG11 Mode Bit (PG11MD): Selects the function of pin PG11/TIOBA4.

Bit 6:

PG11MD Description

0 General input/output (PG11) (Initial value)
1 ATU input capture input/output compare output (TIOB4)

Bit 5—Reserved: Thishit isawaysread as 1, and should only be written with 1.

Bit 4—PG10 Mode Bit (PG10MD): Selects the function of pin PG10/TIOAA4.

Bit 4:

PG10MD Description

0 General input/output (PG10) (Initial value)
1 ATU input capture input/output compare output (TIOA4)

Bit 3—Reserved: Thishit isawaysread as 1, and should only be written with 1.

Bit 2—PG9 Maode Bit (PG9MD): Selects the function of pin PG9/TIODS3.

Bit 2:

PGOMD Description

0 General input/output (PG9) (Initial value)
1 ATU input capture input/output compare output (TIOD3)

Bit 1—Reserved: Thishit isawaysread as 1, and should only be written with 1.
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Bit 0—PG8 M ode Bit (PG8M D): Selects the function of pin PG8/RXD2.

Bit O:

PG8MD Description

0 General input/output (PG8) (Initial value)
1 Receive data input (RXD2)

Port G Control Register 2 (PGCR2)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PG7 PG6 PG5 PG4 PG3 |PG2 |PG1 |PGO |PGO | IRQ | IRQ

MDO MDO MD MD MD | MD | MD |MD1|MDO |[MD1|MDO
Initial value: 1 0 1 0 1 0 1 0 1 0 0 0 0 0 0 0
RW: R RRW R RW R RW R RW R R/WR/W RW R/W R/W R/W R/W

Bit 15—Reserved: Thishit isalwaysread as 1, and should only be written with 1.

Bit 14—PG7 Mode Bit (PG7MD): Selects the function of pin PG7/TXD2.

Bit 14:

PG7MD Description

0 General input/output (PG7) (Initial value)
1 Transmit data output (TXD2)

Bit 13—Reserved: Thisbit isalwaysread as 1, and should only be written with 1.

Bit 12—PG6 Mode Bit (PG6MD): Selects the function of pin PG6/RXD1.

Bit 12:

PG6MD Description

0 General input/output (PG6) (Initial value)
1 Receive data input (RXD1)

Bit 11—Reserved: Thisbit isalwaysread as 1, and should only be written with 1.
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Bit 10—PG5 Mode Bit (PG5MD): Selects the function of pin PG5/TXD1.

Bit 10:

PG5MD Description

0 General input/output (PG5) (Initial value)
1 Transmit data output (TXD1)

Bit 9—Reserved: Thishit isawaysread as 1, and should only be written with 1.

Bit 8—PG4 Mode Bit (PG4M D): Selects the function of pin PG4/SCK1.

Bit 8:

PG4MD Description

0 General input/output (PG4) (Initial value)
1 Serial clock input/output (SCK1)

Bit 7—Reserved: Thishit isawaysread as 1, and should only be written with 1.

Bit 6—PG3 Mode Bit (PG3MD): Selects the function of pin PG3/RXDO.

Bit 6:

PG3MD Description

0 General input/output (PG3) (Initial value)
1 Receive data input (RXDO0)

Bit 5—PG2 Mode Bit (PG2M D): Selectsthe function of pin PG2/TXDO.

Bit 5:

PG2MD Description

0 General input/output (PG2) (Initial value)
1 Transmit data output (TXDO)
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Bit 4—PG1 Mode Bit (PG1MD): Selects the function of pin PGL/SCKO.

Bit 4:

PG1MD Description

0 General input/output (PG1) (Initial value)
1 Serial clock input/output (SCKO)

Bits 3 and 2—PG0 Mode Bits 1 and 0 (PGOM D1, PGOM DO): These bits select the function of
pin PGO/ADTRG/IRQOUT.

Bit 3: Bit 2:

PGOMD1 PGOMDO Description

0 0 General input/output (PGO) (Initial value)
1 A/D conversion trigger input (ADTRG)

1 0 Interrupt request output (IRQOUT)
1 Reserved

Bits 1 and 0—IRQOUT Mode Bits1 and 0 (IRQMD1, IRQMDO0): These bits select the
IRQOUT function for pin PGO/ADTRG/IRQOUT.

Bit 1: Bit O:

IRQMD1  IRQMDO  Description

0 0 TRQOUT is always high (Initial value)
1 Output on INTC interrupt request

1 0 Reserved
1 Reserved
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16.3.15 CK Control Register (CKCR)

CK control register (CKCR) is a 16-hit readable/writable register being used for controlling clock
output from CK terminal.

CKCRiisinitialized to H'FFFE by a power-on reset and in hardware standby mode. It is not
initialized in software standby mode or sleep mode.

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

e e e e e e e e e e e e e e e

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

Bits 15 to 1—Reserved: Thisbit isalwaysread as 1, and should only be written with 1.

Bit 0—CK low fixed bit (CKLO): Thishit is used for selecting the internal clock output or low
level output for output from the CK terminal.

Bit O:

CKLO Description

0 Selects the internal clock for the CK terminal output (Initial value)
1 Always selects the low level for the CK terminal output
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Section 17 1/O Ports (1/0)

171  Overview
The SH7050 series has eight ports: A, B, C, D, E, F, G, and H.

Ports A to G are input/output ports (A: 16 bits, B: 12 bits, C: 15 bits, D: 16 bits, E: 15 bits, F: 12
bits, G: 16 bits), and H is a 16-bit input port.

All the port pins are multiplexed as general input/output pins (general input pinsin the case of port
H) and specia function pins. The functions of the multiplex pins are selected by means of the pin
function controller (PFC). Each port is provided with a data register for storing the pin data.

17.2 Port A

Port A is an input/output port with the 16 pins shown in figure 17.1.

Expanded mode Expanded mode
with ROM disabled with ROM enabled Single-chip mode
A15 (output) PA15 (input/output)/A15 (output) | PAL5 (input/output)
Al14 (output) PA14 (input/output)/Al4 (output) |PA14 (input/output)
A13 (output) PA13 (input/output)/A13 (output) |PA13 (input/output)
A12 (output) PA12 (input/output)/A12 (output) |PA12 (input/output)
A1l (output) PA11 (input/output)/A11 (output) |PA11 (input/output)
A10 (output) PA10 (input/output)/A10 (output) |PA10 (input/output)
A9 (output) PA9 (input/output)/A9 (output) PA9 (input/output)
Port A A8 (output) PAS (input/output)/A8 (output) PAS (input/output)
A7 (output) PAY (input/output)/A7 (output) PAY (input/output)
A6 (output) PA6 (input/output)/A6 (output) PAG (input/output)
A5 (output) PA5 (input/output)/A5 (output) PAS5 (input/output)
A4 (output) PAA4 (input/output)/A4 (output) PA4 (input/output)
A3 (output) PA3 (input/output)/A3 (output) PAS3 (input/output)
A2 (output) PA2 (input/output)/A2 (output) PA2 (input/output)
Al (output) PAL1 (input/output)/Al (output) PAL1 (input/output)
A0 (output) PAO (input/output)/A0 (output) PAO (input/output)

Figurel17.1 Port A
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1721 Register Configuration
The port A register isshown in table 17.1.

Table17.1 Port A Register

Name Abbreviation R/W Initial Value Address Access Size
Port A data register PADR R/W H'0000 H'FFFF8380 8, 16
Note: A register access is performed in two cycles regardless of the access size.

17.22 Port A Data Register (PADR)

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

PA15PA14 PA13PA12 PA11|PA10| PA9 | PA8 | PA7 | PAG6 | PA5 |PA4 | PA3 | PA2 | PALl | PAO
DR |DR |DR |DR |[DR |DR |DR |DR |DR | DR |DR | DR | DR | DR | DR | DR

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/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

The port A dataregister (PADR) is a 16-bit readable/writable register that stores port A data. Bits
PA15DR to PAODR correspond to pins PA15/A15 to PAO/AO.

When a pin functions as a general output, if avalueiswritten to PADR, that value is output
directly from the pin, and if PADR is read, the register value is returned directly regardless of the
pin state. When the POD pin is driven low, general outputs go to the high-impedance state
regardless of the PADR value. When the POD pin is driven high, the written value is output from
the pin.

When apin functions as a general input, if PADR isread the pin state, not the register value, is
returned directly. If avalue iswritten to PADR, athough that value iswritten into PADR it does
not affect the pin state. Table 17.2 summarizes port A data register read/write operations.

PADR isinitialized by a power-on reset (excluding a WDT power-on reset), and in hardware
standby mode. It is not initialized in software standby mode or sleep mode.
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Table17.2 Port A Data Register (PADR) Read/Write Operations

PAIOR Pin Function Read Write
0 General input Pin state Value is written to PADR, but does not affect
pin state
Other than general  Pin state Value is written to PADR, but does not affect
input pin state
1 General output PADR value  Write value is output from pin (POD pin = high)
High impedance regardless of PADR value
(POD pin = low)
Other than general PADR value  Value is written to PADR, but does not affect
output pin state

17.3 Port B

Port B is an input/output port with the 12 pins shown in figure 17.2.

Expanded mode Expanded mode

with ROM disabled with ROM enabled Single-chip mode

I P A ot

A20 (output) PB10 (input/output)/A20 (output) | PB10 (input/output)

A19 (output) PB9 (input/output)/A19 (output) | PB9 (input/output)

A18 (output) PB8 (input/output)/A18 (output) | PB8 (input/output)

Al17 (output) PB7 (input/output)/A17 (output) | PB7 (input/output)
Port B A16 (output) PB6 (input/output)/A16 (output) | PB6 (input/output)

PB5 (input/output)/TCLKB (input)
PB4 (input/output)/TCLKA (input)
PB3 (input/output)/TO9 (output)
PB2 (input/output)/TO8 (output)
PB1 (input/output)/TO7 (output)
PBO (input/output)/TO6 (output)

Figure17.2 PortB
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17.3.1 Register Configuration
The port B register is shown in table 17.3.

Table17.3 Port B Register

Name Abbreviation R/W Initial Value Address Access Size
Port B data register PBDR R/W H'COCO H'FFFF8386 8, 16
Note: A register access is performed in two cycles regardless of the access size.

17.3.2 Port B Data Register (PBDR)

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

PB11PB10| PB9 | PB8 |PB7 | PB6 PB5 | PB4 |PB3 |PB2 |PB1 | PBO

DR |DR | DR | DR | DR | DR DR |DR | DR | DR | DR | DR

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

The port B data register (PBDR) is a 16-bit readable/writable register that stores port B data. Bits
PB11DR to PBODR correspond to pins PB11/A21/POD to PBO/TOG.

When a pin functions as a general output, if avalueiswritten to PBDR, that value is output
directly from the pin, and if PBDR isread, the register value is returned directly regardless of the
pin state. For PB6 to PB10, when the POD pin is driven low, general outputs go to the high-
impedance state regardless of the PBDR value. When the POD pin is driven high, the written
value is output from the pin.

When apin functions as a general input, if PBDR isread the pin state, not the register value, is
returned directly. If avalue iswritten to PBDR, athough that value iswritten into PBDR it does
not affect the pin state. Table 17.4 summarizes port B data register read/write operations.

PBDRisinitialized by a power-on reset (excluding aWDT power-on reset), and in hardware
standby mode. It is not initialized in software standby mode or sleep mode.
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Section 17 1/O Ports (I/O)

Table17.4 Port B Data Register (PBDR) Read/Write Operations

(Bits 8to 12)

PBIOR Pin Function Read Write
0 General input Pin state Value is written to PBDR, but does not affect
pin state
Other than general  Pin state Value is written to PBDR, but does not affect
input pin state
1 General output PBDR value  Write value is output from pin (POD pin = high)
High impedance regardless of PBDR value
(POD pin = low)
Other than general PBDR value  Value is written to PBDR, but does 