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Notice

All information included in this document is current as of the date this document is issued. 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 sal es office. Also, please pay regular and careful attention 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 ater, 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 losses incurred 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 development 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 errors in 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. You must check the quality grade of each Renesas Electronics product before using it in a particular
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 be in 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 el ectronic appliances, machine tools; persona electronic equipment; and industria 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; agrospace 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 a direct 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 physical 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 a result 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 sales 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.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




To all our customers

Regarding the change of names mentioned in the document, such as Mitsubishi
Electric and Mitsubishi XX, to Renesas Technology Corp.

The semiconductor operations of Hitachi and Mitsubishi Electric were transferred to Renesas
Technology Corporation on April 1st 2003. These operations include microcomputer, logic, analog
and discrete devices, and memory chips other than DRAMs (flash memory, SRAMs etc.)
Accordingly, although Mitsubishi Electric, Mitsubishi Electric Corporation, Mitsubishi
Semiconductors, and other Mitsubishi brand names are mentioned in the document, these names
have in fact all been changed to Renesas Technology Corp. Thank you for your understanding.
Except for our corporate trademark, logo and corporate statement, no changes whatsoever have been
made to the contents of the document, and these changes do not constitute any alteration to the

contents of the document itself.

Note : Mitsubishi Electric will continue the business operations of high frequency & optical devices

and power devices.

Renesas Technology Corp.
Customer Support Dept.
April 1, 2003

1RENESAS

RenesasTechnology Corp.
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All information contained in these materials, including products and product specifications,
represents information on the product at the time of publication and is subject to change by
Renesas Electronics Corp. without notice. Please review the latest information published by
Renesas Electronics Corp. through various means, including the Renesas Electronics Corp.
website (http:/www.renesas.com).

Renesas Electronics
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Keep safety first in your circuit designs!

Mitsubishi Electric Corporation puts the maximum effort into making semiconductor prod-
ucts 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 ap-
propriate measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of non-
flammable material or (iii) prevention against any malfunction or mishap.

Notes regarding these materials

These materials are intended as a reference to assist our customers in the selection of the
Mitsubishi semiconductor 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
Mitsubishi Electric Corporation or a third party.

Mitsubishi Electric Corporation 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.

All information contained in these materials, including product data, diagrams, charts, pro-
grams and algorithms represents information on products at the time of publication of these
materials, and are subject to change by Mitsubishi Electric Corporation without notice due
to product improvements or other reasons. It is therefore recommended that customers
contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product
distributor for the latest product information before purchasing a product listed herein.
The information described here may contain technical inaccuracies or typographical errors.
Mitsubishi Electric Corporation assumes no responsibility for any damage, liability, or other
loss rising from these inaccuracies or errors.

Please also pay attention to information published by Mitsubishi Electric Corporation by
various means, including the Mitsubishi Semiconductor home page (http://
www.mitsubishichips.com).

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 informa-
tion as a total system before making a final decision on the applicability of the information
and products. Mitsubishi Electric Corporation assumes no responsibility for any damage,
liability or other loss resulting from the information contained herein.

Mitsubishi Electric Corporation 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 Mitsubishi Electric Corporation or an authorized Mitsubishi Semicon-
ductor 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.

The prior written approval of Mitsubishi Electric Corporation is necessary to reprint or repro-
duce in whole or in part these materials.

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 im-
ported 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.

Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor
product distributor for further details on these materials or the products contained therein.




How to read internal 1/O register tables

O Bit Numbers: Each register is connected with an internal bus of 16-bit
wide, so the bit numbers of the registers located at even

addresses are D0O-D7, and those at odd addresses are
D8-D15.

O State of Register at Reset: Represents the initial state of each register
immediately after reset with hexadecimal numbers
(undefined bits after reset are indicated each in column 0.)

0 At read: O ... read enabled
? ... read disabled (read value invalid)
0 ... Read always as 0
1 ... Read always as 1

O At write: O : Write enabled
A : Write enable conditionally
(include some conditions at write)
- Write disabled (Written value invalid)

<Example of representation> Registers represented with thick rectangles
Not implemented are accessi_ble on_Iy with halfwords or words
in the shaded portion. (not accessible with bytes).
/ B
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Revision History
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Rev. | Date of Contents of revision
issue Pages Points
0.1 [Mar.17,00] — First edition issued
2.1 |Jan.16,03| Overall Description of the 32174 group added
P1-7 M32174F4 and M32174F3 added to the internal flash memory and internal
RAM in Figure 1.2.1
P1-10 Table 1.2.4 added
P1-11 Note 1 in Figure 1.3.1 corrected
Incorrect) Operates with a 5 V power supply.
Correct) Operates with 3.3 V and 5 V power supplies.
P1-12 M32174F4VWG and M32174F3VWG added to Figure 1.3.2
Note 1 corrected
Incorrect) Operates with a 5 V power supply.
Correct) Operates with 3.3 V and 5 V power supplies.
P1-13 Table 1.3.1, "Description of the 32170 Pin Function," corrected
P1-19 M32174F4VFP and M32174F3VFP added to Figure 1.4.1
P1-22 M32174F4VWG and M32174F3VWG added to Figure 1.4.2
pP2-14 Section 2.7, "Precautions on CPU," newly added
P3-6 Address space of the M32174F4 added to Figure 3.1.4
P3-7 Address space of the M32174F3 added to Figure 3.1.5
P3-10 M32174F4 and M32174F3 added to Table 3.3.1
P3-11 M32174F4 and M32174F3 added to Table 3.4.1
P3-12 Internal RAM area/SFR (Special Function Register) area of the M32174F4
and M32174F3 added to Figure 3.4.3
P5-7 Caution corrected
P5-8 Caution corrected
P5-20- Section 5.5.2, "Processing by Internal Peripheral /O Interrupt by Handlers," aftered
P5-21 Figure 5.5.2 altered
P6-2 M32174F4 and M32174F3 added to Table 6.2.1
P6-3 M32174F4 and M32174F3 added to Table 6.3.1
P6-40 Figure 6.5.15 corrected
P6-45 Bank configuration of the M32174F4 and M32174F3’s internal RAM added
to Figure 6.7.3
P6-46 Precautions in Notes 3 through 5 added
P6-50 M32174F4’s virtual-flash emulation area divided in units of 8 Kbytes added

to Figure 6.7.10
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issue Pages Points
2.1 [Jan.16,03| P6-50 M32174F4’s virtual-flash emulation area divided in units of 4 Kbytes added

to Figure 6.7.11

P6-51 M32174F3's virtual-flash emulation area divided in units of 8 Kbytes added
to Figure 6.7.12
M32174F3's virtual-flash emulation area divided in units of 8 Kbytes added
to Figure 6.7.13

P6-60 Precautions added

P7-4 Table 7.3.2 added

P8-31- Figures 8.4.1 through 8.4.4 corrected

P8-34

P8-35 Section 8.5, “Precautions on Input/output Ports,” newly added

P10-1- Chapter 10 overall. Prescalers uniformly referred to as PRS

P10-232

P10-83 Figure 10.3.8 corrected

P10-184— [ (1) TOD timer counter write enable/disable conditions newly added

P10-185

P10-213- [ (1) TOM timer counter write enable/disable conditions newly added

P10-214

P11-3 Table 11.1.1 corrected

P11-48 Contents of description in Section 11.3.5, “Definition of A-D Conversion
Accuracy,” altered

P11-49 Figure 11.3.5 altered
Figures 11.3.6 and 11.3.7 deleted

P11-51 Figure 11.4.1, “Internal Equivalent Circuit of the Analog Input Unit,” newly
added

P12-27 Description of the last line in Section 12.2.8, “SIO Baud Rate Register,”
corrected

Incorrect) 7 or less — Correct) 7 or more

P12-61 Figure 12.7.5, “Timing at Which to Latch Data during UART Reception,”
newly added

P13-2 Description in Section 13.1, “Outline of the CAN Module,” corrected

Incorrect) Compliant with CAN (Controller Area Network) Specification
2.0B
Correct) Compliant with CAN (Controller Area Network) Specification
2.0B active
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2.1 |Jan.16,03| P13-2 Contents of protocol description in Table 13.1.1 corrected
Incorrect) CAN Specification 2.0B
Correct) CAN Specification 2.0B active
Precautions added to Table 13.1.1
P13-9 Precautions added to (4) FRST (forcible reset) bit (D11)
P13-14 Precautions added to (11) MSN (message slot number) bits (D12—-D15)
P13-17 Precautions added
P13-21 Precautions added to Note 2
P13-35 Precautions added
P13-37 Precautions in Note 2 deleted
P13-44 Precautions added to description of CAN message slot data 0 (COMSLNnDT)
P13-59 Section 13.4.2, “CAN Timing,” newly added
P13-81 Figure 13.8.2 corrected
P13-82 Section 13.9, "Precautions about CAN Module," newly added
P18-2 Precautions added to Figure 18.1.1
P19-14 Description of BSDL for the 32170 (Figures 19.5.1 through 19.5.19) deleted
P19-15- [Precautions added to Figures 19.6.1 and 19.7.2
P19-16
P19-17- |Figure 19.7.1, “Processing Pins when Not Using JTAG (for 240QFP),”
P19-18 and Figure 19.7.2, “Processing Pins when Not Using JTAG (for 255QFP),”
newly added
P20-1- Power turn-on/turn-off sequences during VCCE = 3.3 V added to diagrams
P20-16 in Chapter 20
pP21-2 Absolute maximum ratings (-40 to 125°C) corrected
P21-3 Recommended operating conditions corrected
P21-5 Electrical characteristics in (1) f = (XIN) = 10 MHz corrected
pP21-7 Electrical characteristics in (3) f = (XIN) = 8 MHz corrected
P21-9 Standard sample’s ICCI-3V temperature characteristics (when operating:
f = 8 MHz, 10 MHz) and standard sample’s ICCI-3V temperature
characteristics (when reset: f = 8 MHz, 10 MHz) newly added
P21-11 A-D conversion characteristics (referenced to AVCC = VREF =VCCE =5.12 V,

Ta =-40 to 85°C, f(XIN) = 10.0 MHz unless otherwise noted) and
A-D conversion characteristics (referenced to AVCC = VREF =VCCE =5.12 V,
Ta =-40to 125°C, f(XIN) = 8.0 MHz unless otherwise noted) corrected
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1 OVERVIEW
1.1 Outline

1.1 OQutline

1.1.1 M32R Family CPU Core

(1) Based on RISC architecture

e The 32170 and 32174 are 32-bit RISC single-chip microcomputers; each of them is built
around the M32R family CPU core (hereafter referred to as the M32R) and incorporates flash
memory, RAM, and various other peripheral functions-all integrated into a single chip.

* The M32R is based on RISC architecture. Memory access is performed using load and store
instructions, and various arithmetic operations are executed using register-to-register
operation instructions. The M32R internally contains sixteen 32-bit general-purpose registers
and has 83 distinct instructions.

* The M32R supports compound instructions such as Load & Address Update and Store &
Address Update, in addition to ordinary load and store instructions. These compound
instructions help to speed up data transfers.

(2) 5-stage pipelined processing

* The M32R uses 5-stage pipelined instruction processing consisting of Instruction Fetch,
Decode, Execute, Memory Access, and Write Back. Not just load and store instructions or
register-to-register operation instructions, compound instructions such as Load & Address
Update and Store & Address Update also are executed in one cycle.

« Instructions are entered into the execution stage in the order they are fetched, but this does not
always mean that the first instruction entered is executed first. If the execution of a load or
store instruction entered earlier is delayed by one or more wait cycles inserted in memory
access, a register-to-register operation instruction entered later may be executed before said
load or store instruction. By using "out-of-order-completion” like this, the M32R controls
instruction execution without wasting clock cycles.

(3) Compact instruction code

* The M32R instructions come in two types: one consisting of 16 bits in length, and the other
consisting of 32 bits in length. Use of the 16-bit length instruction format especially helps to
suppress the program code size.

« Some 32-bit long instructions can branch directly to a location 32 Mbytes forward or backward
from the instruction address being executed. Compared to architectures where address space
is segmented, this direct jump allows for easy programming.
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1.1.2 Built-in Multiply-Accumulate Operation Function

(1) Built-in high-speed multiplier

» The M32R incorporates a 32-bit x 16-bit high-speed multiplier which enables it to execute a
32-bit x 32-bit integral multiplication instruction in three cycles (1 cycle = 25 ns when using a 40
MHz internal CPU clock).

(2) Supports Multiply-Accumulate operation instructions comparable to DSP

* The M32R supports the following four modes of Multiply-Accumulate operation instructions (or
multiplication instructions) using a 56-bit accumulator. Any of these operations can be
executed in one cycle.

(a) 16 high-order register bits x 16 high-order register bits
(b) 16 low-order register bits x 16 low-order register bits
(c) Entire 32 register bits x 16 high-order register bits

(d) Entire 32 register bits x 16 low-order register bits

* The M32R has instructions to round off the value stored in the accumulator to 16 or 32 bits, as
well as instructions to shift the accumulator value to adjust digits and store the digit-adjusted
value in a register. These instructions also can be executed in one cycle, so that when
combined with high-speed data transfer instructions such as Load & Address Update and
Store & Address Update, they enable the M32R to exhibit high data processing capability
comparable to that of DSP.

1.1.3 Built-in Flash Memory and RAM

* This microcomputer contains flash memory and RAM which can be accessed with no wait
states, allowing you to build a high-speed embedded system.

The internal flash memory allows for on-board programming (you can write to it while being
mounted on the printed circuit board). Use of flash memory means the chip engineered at the
development phase can be used directly in mass-production, so that you can smoothly
migrate from prototype to mass-production without changing the printed circuit board.

The internal flash memory can be rewritten 100 times.

The internal flash memory has a pseudo-flash emulation function, allowing the internal RAM to
be artificially mapped into part of the internal flash memory. This function, when combined with
the internal Real-Time Debugger (RTD), facilitates data tuning on ROM tables.

The internal RAM can be accessed for read or rewrite from an external device independently
of the M32R by using RTD (real-time debugger). It is communicated with external devices by
RTD's exclusive clock-synchronized serial 1/O.

1-3 32170/32174 Group User's Manual (Rev. 2.1)



1 OVERVIEW
1.1 Outline

1.1.4 Built-in Clock Frequency Multiplier

« This microcomputer internally multiplies the input clock signal frequency by 4 and the internal
peripheral clock by 2. If the input clock frequency is 10.0 MHz, the CPU clock frequency will be
40 MHz and the internal clock frequency 20 MHz.

1.1.5 Built-in Powerful Peripheral Functions

(1) Built-in multijunction timer (MJT)
« The multijunction timer is configured with the following timers:

(a) 16-bit output-related timer x 35 channels

(b) 16-bit input/output-related timer x 10 channels

(c) 16-bit input-related timer x 11 channels (incorporating three channels of multiply-by-4
counter)

(d) 32-bit input-related timer x 8 channels

Each timer has multiple modes of operation, which can be selected according of the purpose of use.

« The multijunction timer has internal clock bus, input event bus, and output event bus, allowing
multiple timers to be combined for use internally. This provides a flexible way to make use of
timer functions.

« The output-related timers (TOP) have a correction function. This function allows the timer's
count value in progress to be increased or reduced as desired, thus materializing real-time
output control.

(2) Built-in 10-channel DMA

* The 10-channel DMA is built-in, supporting data transfers between internal peripheral 1/0s or
between internal peripheral I/0O and internal RAM. Not only can DMA transfer requests be
generated in software, but can also be triggered by a signal generated by an internal
peripheral /0O (e.g., A-D converter, MJT, or serial I/O).

» Cascaded connection between DMA channels (DMA transfer in a channel is started by
completion of transfer in another) is also supported, allowing for high-speed transfer
processing without imposing any extra load on the CPU.

(3) Built-in 16-channel A-D converters

» This microcomputer contains two 16-channel A-D converters which can convert data in 10-bit
resolution. In addition to single A-D conversion in each channel, successive A-D conversion in
four, eight, or 16 channels combined into one unit is possible.

 In addition to ordinary A-D conversion, a comparator mode is supported in which the A-D
conversion result is compared with a given set value to determine the relative magnitudes of
two quantities.

* When A-D conversion is completed, this microcomputer can generate not only an interrupt, but
can also generate a DMA transfer request.

» This microcomputer supports two read out modes, so that A-D conversion results can be read
out in 8 bits or 10 bits.
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(4) High-speed serial /10

* This microcomputer incorporates 6 channels of serial 1/0, which can be set for clock-
synchronized serial /0 or UART.

« When set for clock-synchronized serial I/0O, the data transfer rate is a high 2 Mbits per second.

« When data reception is completed or the transmit buffer becomes empty, the serial I/O can
generate a DMA transfer request signal.

(5) Built-in Real-Time Debugger (RTD)

» The Real-Time Debugger (RTD) provides a function for the M32R/ECU's internal RAM to be
accessed directly from an external device. The debugger communicates with external devices
through its exclusive clock-synchronized serial 1/0.

« By using the RTD, you can read the contents of the internal RAM or rewrite its data from an
external device independently of the M32R.

» The debugger can generate an RTD interrupt to notify that RTD-based data transmission or
reception is completed.

(6) Eight-level interrupt controller

« The interrupt controller manages interrupt requests from each internal peripheral 1/0 by
resolving interrupt priority in eight levels including an interrupt-disabled state. Also, it can
accept external interrupt requests due to power-down detection or generated by a watchdog
timer as a System Break Interrupt (SBI).

(7) Three operation modes

* The M32R/ECU has three operation modes-single-chip mode, extended external mode, and
processor mode. The address space and external pin functions of the M32R/ECU are
switched over according to a mode in which it operates. The MODO and MODL1 pins are used
to set a mode.

(8) Wait controller

* The wait controller supports access to external devices by the M32R. In all but single-chip
mode, the extended external area provides 4 Mbytes of space.
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1.1.6 Built-in Full-CAN Function

 This microcomputer contains CAN Specification V2.0B active-compliant CAN module, thereby
providing 16 message slots.

1.1.7 Built-in Debug Function

 This microcomputer supports JTAG interface. Boundary scan test can be performed using this
JTAG interface.
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1.2 Block Diagram

Figure 1.2.1 shows a block diagram of the 32170/32174. Features of each block are shown in

Tables 1.2.1 through 1.2.3.

32170/32174
—/ Internal bus interface
M32R CPU core
(max 40MHz)
\L\ DMAC
Multiplier- — (10 channels)

accumulator
(32 x 16 + 56)

Internal flash memory
(M32170F6:768KB)
(M32170F4:512KB)
(M32170F3:384KB)
(M32174F4:512KB)
(M32174F3:384KB)

Multijunction timer
(MJT: 64 channels)

N A-D converter
—/| (10-bit resolution, 16 channels) x 2

Internal RAM
(M32170F6:40KB)
(M32170F4:32KB)
(M32170F3:32KB)
(M32174F4:40KB)
(M32174F3:40KB)

Serial /10
(6 channels)

terrupt controller

(31 sources, 8 levels)

g

Wait controller

—N
—
%]
a
E
&
/\:‘_g \
g
£ gL
=
©
-
g
s In
g —|
/;\,— —N
—
—N
—

Real-time debugger (RTD)

Full CAN
(1 channel)

External bus
interface

PLL clock generator circuit

paa 11 | Laddress

Input/output port (JTAG), 157 lines

Figure 1.2.1 Block Diagram of the 32170/32174
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Table 1.2.1 Features of the M32R Family CPU Core

Functional Block Features

M32R family « Bus specifications
CPU core Basic bus cycle: 25 ns (when operating with 40 MHz CPU clock)
Logical address space: 4Gbytes, linear
Extended external area: Maximum 4 Mbytes
External data bus: 16 bits
« Implementation: Five-stage pipeline
« Internal 32-bit architecture for the core
» Register configuration
General-purpose register: 32 bits x 16 registers
Control register: 32 bits x 5 registers
« Instruction set
16-bit and 32-bit instruction formats
83 distinct instructions and 6 addressing modes

« Built-in multiplier/accumulator (32 x 16 + 56)

Table 1.2.2 Features of Internal Memory

Functional Block Features

RAM » Capacity
M32170F6, M32174F4, M32174F3 : 40 Kbytes
M32170F4, M32170F3 : 32 Kbytes
« No-wait access (when operating with 40 MHz CPU clock)
« By using RTD (real-time debugger), the internal RAM can be accessed for read or
rewrite from external devices independently of the M32R.
Flash memory « Capacity
M32170F6 : 768 Kbytes
M32170F4, M32174F4 : 512 Kbytes
M32170F3, M32174F3 : 384 Kbytes
« No-wait access (when operating with 40 MHz CPU clock)
« Durability: Can be rewritten 100 times
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Table 1.2.3 Features of Internal Peripheral 1/0

Functional Block

Features

DMA

* 10-channel DMA

 Supports transfer between internal peripheral 1/0Os and between internal peripheral 1/0
and internal RAM.

» Capable of advanced DMA transfer when operating in combination with internal
peripheral 1/0

» Capable of cascaded connection between DMA channels (DMA transfer in a channel

is started by completion of transfer in another)

Multijunction

* 64-channel multifunction timer
« Contains output-related timer x 35 channels, input/output-related timer x 10 channels,
16-bit input-related timer x 11 channels, and 32-bit input-related timer x 8 channels.

» Capable of flexible timer configuration by mutual connection between each channel.

A-D converter

« 16-channel, 10-bit resolution A-D converter x 2 units
* Incorporates comparator mode
« Can generate interrupt or start DMA transfer upon completion of A-D conversion.

¢ Can read out conversion results in 8 or 10 bits.

Serial 110

* 6-channel serial I/0

 Can be set for clock-synchronized serial I/O or UART.

» Capable of high-speed data transfer at 2 Mbits per second when clock synchronized or
156 Kbits per second during UART.

Real-time debugger

» Can rewrite or monitor the internal RAM independently of the CPU by command input
from an external source.

* Has its exclusive clock-synchronized serial port.

Interrupt controller

» Accepts and manages interrupt requests from internal peripheral 1/0.

» Resolves interrupt priority in 8 levels including interrupt-disabled state.

Wait controller

« Controls wait state for access to extended external areas.
» Can insert 1 to 4 wait cycles by setting in software and extend wait period by external
WAIT signal.

Clock PLL » Multiply-by-4 clock generator circuit
* Maximum 40 MHz of CPU clock (CPU, internal ROM, internal RAM access)
* Maximum 20 MHz of internal peripheral clock (peripheral module access)
» Maximum external input clock frequency=10 MHz

CAN « Sixteen message slots

JTAG » Capable of boundary scan
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Table 1.2.4 List of Type Name

Type Name RAM Size (K bytes) ROM Size (K bytes) Package Number of Pins
M32170F3VFP 32 384 240QFP 240
M32170F4VFP 32 512 240QFP 240
M32170F6VFP 40 768 240QFP 240
M32170F3VWG 32 384 255FBGA 255
M32170F4VWG 32 512 255FBGA 255
M32170F6VWG 40 768 255FBGA 255
M32174F3VFP 40 384 240QFP 240
M32174F4VFP 40 512 240QFP 240
M32174F3VWG 40 384 255FBGA 255
M32174F4VWG 40 512 255FPGA 255
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1.3 Pin Function

Figure 1.3.1 shows a pin function diagram of the 32170/32174 in 240QFP package. Figure
1.3.2 shows a pin function diagram of the 32170/32174 in 255FBGA package. Table 1.3.1
explains the function of each pin of the 32170/32174. Table 1.3.2 explains the function of the
dedicated debug pins of the 32170/32174 in 255FBGA package.

Port 7

Port 22

Port 17
Port 15
Port 14
Port 13

Port 12

Port 21
Port 18
Port 16
Port 11
Port 10

Port 9

Port 6

Port 6

Port19 [

XIN R le——» P45/CS1
xouTt - > le—» PA44ICSO
Clock VCNT ] x P43/RD
osc-vee ] R
l« > P42/BHW/BHE
0SC-VSS ] N
- o l«—» P41/BLW/BLE
| P70/BCLK/WR - L>L P7LWAIT
Reset E RESET —— e l«—» P72/HREQ
- N l«—» P73/HACK
MODO — —
Mode MOD1 — S le—» P224/A11(Note2)
| FP J— s
- le——» P225/A12(Note2)
CAN [ P220/CTX PR a
P221/CRX 20
s e~ » P20—P27/A23—A30
. 34 s P30 —P37/A15 —A22
P190 —P197/TIN26 —TIN33 «—~<» L P46, P47IA13, Al4
P172, P173/TIN24, TIN25 <
P150 —P157/TINO —TIN7 ~ 16
P140 —P147/TIN8 —TIN15 o l«_~ » PO0—P0O7/DBO—DB7
P130 —P137/TIN16 —TIN23 g P10 —P17/DB8 —DB15
Multi- P124 —P127/ PN o le—» PB2/TXDO
jupeton | toLko—TCLK 3 L [« P83/RXDO
5 |> ?, > |le——» P84/SCLKIO/SCLKOO
P210-P217/TO37-TO44 w0 % o
P180-P187/TO29 -TO36
P160-P167/T0O21-TO28 ~ D Egg’,&%ll
P110-P117/TO0- TO7 IV
P100-P107/TO8-TO15 a2} le—» P87/SCLKIL/SCLKO1
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- le——» P174/TXD2
- 16 & l«—» P175/RXD2
ADOINO —ADOIN15 — S « _» P176/TXD3
AD1INO —AD1IN15 +>16 T PL77IRXD3
o la«—» P200/TXD4
P67/ADTRG - ~ l«» P201/RXD4
A-D 2 S le—» P202/TXD5
converter AVCCO, AVCC1 ] s le—» P203/RXD5
2
AVSSO0, AVSS1 AN N [ PB5/SCLKI4/SCLKO4
2
AVREFO, AVREF1 N L>L le——» P66/SCLKI5/SCLKO5
3 ©
Port 6 [ P61-P63 PN 5 [+—> P74/RTDTXD
2 l«—» P75/RTDRXD
g l«—» P76/RTDACK
Port 22 [ P222, P223 - ™ le» P77/RTDCLK
Interrupt ear = TS
le—— JTCK
controller[ P64/SBI " e JTRST
7 - » JTDO
VCCE e le —— JTDI
[S ]« voD
6 > ]
veal e |7 o la Fvcc
16
vss
Notel: : denotes blocks operating with a 3.3 V power supply.

: denotes blocks operating with a 5 V or 3.3V power supply.

Note2: Use caution when using this port because it has a debug event function.

Bus
control

Address
bus

Data
bus

Serial
110

Real-time
debugger

JTAG

Port 4

Port 7

Port 22
Port 2
Port 3
Port 4

Port 0
Port 1

Port 6
Port 8
Port 17
Port 20

Port 7

Figure 1.3.1 Pin Function Diagram of 240QFP
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Notel: : denotes blocks operating with a 3.3 V power supply
: denotes blocks operating with a 5 V or 3.3V power supply.

Note2: Use caution when using this port because it has a debug event function.

Note3: 255FBGA is currently under development.

Port 4
Bus
control
Port 7
Port 22
Port 2
Address
bus Port 3
Port 4
Data Port 0
bus Port 1
Port 6
Port 8
Serial Port17
1o Port 20
Real-time Port 7
debugger
JTAG

Figure 1.3.2 Pin Function Diagram of 255FBGA
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Table 1.3.1 Description of the 32170 Pin Function (1/6)

Type Pin Name Signal Name Input/Output Function

Power VCCE Power supply — Power supply to external I/O ports (5 V or 3.3V).
supply
VCCI Power supply — Power supply to internal logic (3.3 V).
VDD RAM power supply —— Power supply for internal RAM backup (3.3 V).
FvVCC FLASH power supply — Power supply for internal flash memory (3.3 V).
VSS Ground — Connect all VSS to ground (GND).
Clock XIN, Clock Input Clock input/output pins. These pins contains a PLL-based
XOUT Output frequency multiplier circuit. Apply a clock whose frequency

is 1/4 the operating frequency. (When using 40 MHz CPU
clock, XIN input = 10.0 MHz)

BCLK/WR System clock Output When BCLK pin is selected, it outputs a clock whose
frequency is twice that of an external input clock (e.g.,
BCLK output = 20 MHz when an external input clock is 10
MHz). Use this facility for external synchronization design.
When WR# pin is selected, it indicates the byte position in
which valid data is transferred when writing to an external

device.

OSC-VCC Power supply — Power supply for PLL circuit. Connect OSC-VCC to the
power supply rail.

OSC-VSS Ground — Connect OSC-VSS to ground.

VCNT PLL control Input This pin controls the PLL circuit. Connect a resistor and
capacitor to it. (For external circuits, refer to Section 18.1.1,

"Example of an Oscillator Circuit.")

Reset RESET Reset Input This pin resets the internal circuit.
Mode MODO Mode Input These pins set operation mode.
MOD1 FP MODO | MOD1 Mode
X 0 0 Single-chip mode
X 0 1 Extended external mode
0 1 0 Processor mode
1 1 0 (Boot mode) (Note)
X 1 1 (Reserved)
Address A1l - A30 Address Output The device has 20 address lines (A11-A30) to allow two
Bus Bus channels of up to 2 MB of memory space to be added

external to the chip. A31 is not output.

Note: For boot mode, refer to Chapter 6, "Internal Memory."
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Table 1.3.1 Description of the 32170 Pin Function (2/6)

Type Pin Name Signal Name Input/Output Function
Data DBO0-DB15 Data bus Input/Output These pins comprise 16-bit data bus to connect external
devices. In write bus cycles, the valid byte positions to be
written on the 16-bit data bus are output as BHW/BHE and
BLWY/BLE. In read cycles, data is always read from the 16-
bit data bus. However, when transferring to the internal
circuit of the M32R, only data at the valid byte positions are
transferred.
Bus CS0, Chip select Output These pins comprise external device chip select signal. For
control CS1 areas for which a chip select signal is output, refer to
Chapter 3, "Address Space."
RD Read Output This signal is output when reading an external device.
BHW/BHE Byte high Output Indicates the byte position to which valid data is transferred
write/enable when writing to an external device. BHW/BHE corresponds
BLW/BLE Byte low Output to the upper address (D0-D7 is valid); BLW/BLE
write/enable corresponds to the lower address (D8-D15 is valid).
WAIT Wait Input When the M32R accesses an external device, a low on this
WAIT input extends the wait cycle.
HREQ Hold request  Input This pin is used by an external device to request control of
the external bus. A low on this HREQ input causes the
M32R to enter a hold state.
HACK Hold Output This signal is used to notify that the M32R has entered a
acknowledge hold state and relinquished control of the external bus.
Multi- TINO-TIN 33 Timer input Input Input pins for multijunction timer.
Junction TOO0-TO44 Timer output Output Output pins for the multijunction timer.
timer
TCLK0-TCLK3 Timer clock  Input Clock input pins for the multijunction timer.
A-D AVCCO, Analog power supply —— AVCCO is the power supply for the A-DO converter. AVCC1
converter AVCC1 is the power supply for the A-D1 converter. Connect AVCCO
and 1 to the power supply rail.
AVSSO, Analog ground — AVSSO is analog ground for the A-DO converter. AVSS1 is
AVSS1 — analog ground for the A-D1 converter. Connect AVSSO and
1 to the ground.
ADOINO Analog input  Input 16-channel analog input pins for the A-DO converter.
—ADOIN15
AD1INO 16-channel analog input pins for the A-D1 converter.
—AD1IN15
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Table 1.3.1 Description of the 32170 Pin Function (3/6)

Type Pin Name Signal Name Input/Output Function

A-D VREFO, Reference Input VREFO is the reference voltage input pin for the A-DO converter.
converter VREF1 voltage input VREF1 is the reference voltage input pin for the A-D1 converter.
ADTRG Conversion Input Hardware trigger input pin to start A-D conversion.
trigger
Interrupt  SBI System break Input System break interrupt (SBI) input pin for the interrupt
controller interrupt controller

Serial /0 SCLKIO/ UART transmit/ Input/output When channel 0 is in UART mode:
SCLKOO  receive clock This pin outputs a clock derived from BRG output by halving it.
output or CSIO
transmit/receive When channel 0 is in CSIO mode:
clock input/output This pin accepts as its input a transmit/receive clock when external clock
source is selected or outputs a transmit/receive clock when internal clock

source is selected.

SCLKI1/ UART transmit/ Input/output When channel 1 is in UART mode:

SCLKO1 receive clock This pin outputs a clock derived from BRG output by halving it.
output or CSIO
transmit/receive When channel 1 is in CSIO mode:
clock input/output This pin accepts as its input a transmit/receive clock when external clock

source is selected or outputs a transmit/receive clock when internal clock

source is selected.

SCLKI4/ UART transmit/ Input/output When channel 4 is in UART mode:

SCLKO4  receive clock This pin outputs a clock derived from BRG output by halving it.
output or CSIO
transmit/receive When channel 4 is in CSIO mode:
clock input/output This pin accepts as its input a transmit/receive clock when external clock

source is selected or outputs a transmit/receive clock when internal clock

source is selected.

SCLKI5/  UART transmit/ Input/output When channel 5 is in UART mode:

SCLKO5  receive clock This pin outputs a clock derived from BRG output by halving it.
output or CSIO
transmit/receive When channel 5 is in CSIO mode:
clock input/output This pin accepts as its input a transmit/receive clock when external clock

source is selected or outputs a transmit/receive clock when internal clock
source is selected.

TXDO Transmit data output Transmit data output pin for serial /0O channel 0

RXDO Receive data Input Receive data input pin for serial I/0O channel 0
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Table 1.3.1 Description of the 32170 Pin Function (4/6)

Type Pin Name Signal Name Input/Output Function

TXD1 Transmit data Output Transmit data output pin for serial I/O channel 1.

RXD1 Receive data Input Receive data input pin for serial I/O channel 1.

TXD2 Transmit data Output Transmit data output pin for serial I/O channel 2.

RXD2 Receive data Input Receive data input pin for serial I/O channel 2.

TXD3 Transmit data Output Transmit data output pin for serial I/O channel 3.

RXD3 Receive data Input Receive data input pin for serial I/O channel 3.

TXD4 Transmit data Output Transmit data output pin for serial I/O channel 4.

RXD4 Receive data Input Receive data input pin for serial I/O channel 4.

TXD5 Transmit data Output Transmit data output pin for serial I/O channel 5.

RXD5 Receive data Input Receive data input pin for serial I/O channel 5.

Real-time RTDTXD Transmitdata Output Serial data output pin for the real-time debugger.
debugger

RTDRXD Receive data Input Serial data input pin for the real-time debugger.

RTDCLK  Clock input Input Serial data transmit/receive clock input pin for the
real-time debugger.

RTDACK Acknowledge Output This pin outputs a low pulse synchronously with the beginning
clock of the real-time debugger's serial data output word. The
duration of this low pulse indicates the type of command/data
that the real-time debugger has received.

Flash FP Flash Protect Input This mode pin has a function to protect the flash
-only memory against E/W in hardware.
CAN CTX Data output Output This pin outputs data from the CAN module.
CRX Data input Input This pin is used to input data to the CAN module.
JTAG JTMS Test mode Input Test mode select input to control state transition of the
test circuit.

JTCK clock Input Clock input for the debug module and test circuit.

JTRST Test reset Input Test reset input to initialize the test circuit
asynchronously.

JTDI Serial input Input This pin is used to input test instruction code or test
data serially.

JTDO Serial output  Output This pin outputs test instruction code or test data
serially.
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Table 1.3.1 Description of the 32170 Pin Function (5/6)

Type Pin Name Signal Name

Input/Output Function

Input/ P00 — PO7 Input/output  Input/output Programmable input/output port.
output port 0
port
(Note) P10 — P17 Input/output Input/output  Programmable input/output port.
port 1
P20 — P27 Input/output Input/output  Programmable input/output port.
port 2
P30 — P37 Input/output Input/output  Programmable input/output port.
port 3
P41 — P47 Input/output Input/output  Programmable input/output port.
port 4
P61 — P67 Input/output Input/output  Programmable input/output port.
port 6 (However, P64 is an input-only port.)
P70 — P77 Input/output Input/output  Programmable input/output port.
port 7
P82 — P87 Input/output Input/output  Programmable input/output port.
port 8
P93 — P97 Input/output Input/output  Programmable input/output port.
port 9
P100 Input/output Input/output  Programmable input/output port.
- P107 port 10
P110 Input/output Input/output  Programmable input/output port.
- P117 port 11
P124 Input/output Input/output  Programmable input/output port.
- P127 port 12
P130 Input/output Input/output  Programmable input/output port.
- P137 port 13
P140 Input/output Input/output  Programmable input/output port.
—P147 port 14
P150 Input/output Input/output  Programmable input/output port.
- P157 port 15
P160 Input/output Input/output  Programmable input/output port.
- P167 port 16

Note: Input/output port 5 is reserved for future use.
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Table 1.3.1 Description of the 32170 Pin Function (6/6)

Type Pin Name Signal Name Input/Output Function

Input/  P172 Input/output Input/ioutput  Programmable input/output port.
output  _p177 port 17
port

P180 Input/output Input/ioutput  Programmable input/output port.

- P187 port 18

P190 Input/output Input/output  Programmable input/output port.
- P197 port 19

P200 Input/output Input/output  Programmable input/output port.
- P203 port 20

P210 Input/output Input/output  Programmable input/output port.
- P217 port 21

P220 Input/output Inputioutput  Programmable input/output port. (Note)
- P225 port 22 (However, P221 is an input only port.)

Note: Use caution when using P224 and P225 because they have a debug event function.

Table 1.3.2 Description of the Debug-only Pin Function of 255FBGA

Type Pin Name Signal Name Input/Output Function

DEBOG JDBI Debug interrupt  Input Debug interrupt request input pin. A low on this input
request requests a debug interrupt.

JEVENTO, Eventoutput Output Output synchronously with TRCLK. When an event occurs,

JEVENT1 this output is driven high for a 1 TRCLK period.
TRCLK Trace clock Output Clock output pin for trace operation. Trace data is output
output synchronously with this clock.

TRSYNC  Trace packet Output This is a trace packet output start signal. When the device
output start signal starts outputting a trace packet, this signal is driven high for
a 1 TRCLK period.

TRDATAO Trace packet Output Trace packet output pin.
- TRDATA7 output

Note: 255FBGA is currently under development.
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1.4 Pin Layout

Figure 1.4.1 shows a pin layout diagram of the 32170/32174 in 240QFP package. Figure 1.4.2
shows a pin layout diagram of the 32170/32174 in 255FBGA package. Table 1.4.1 lists pin
assignments of the 240QFP. Table 1.4.2 lists pin assignments of the 255FBGA.
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Package: 240P6Y-A (0.5 mm pitch)

Note: Use caution when using these pins because they have a debug event function.
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Figure 1.4.1 Pin Layout Diagram of the 240QFP (Top View)
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Table 1.4.1 Pin Assignments of the 240QFP (1/2)

No. Pin Name No. Pin Name No. Pin Name No. Pin Name
1 AD1IN12 41 P26/A29 81  VSS 121 P87/SCLKI1/SCLKO1
2 AD1IN13 42 P27/A30 82  P180/TO29 122 P200/TXD4
3 AD1IN14 43 P00 /DBO 83  P181/TO30 123 P201/RXD4
4 ADI1IN15 44  P0O1/DB1 84  P182/TO31 124  P202/TXD5
5 AVSSl 45  P02/DB2 85  P183/TO32 125  P203/RXD5
6 P43/RD 46 P03/DB3 86  P184/TO33 126  VCCI
7  P44/CSO 47 P04 /DB4 87  P185/TO34 127  VSS
8 P45/CSl 48  P05/DB5 88  P186/TO35 128  FvVCC
9  P46/A13 49  P06/DB6 89  P187/TO36 129  VSS
10  P47/A14 50 PO7/DB7 90  P190/TIN26 130 P61
11 P220/CTX 51 VCCE 91  P191/TIN27 131 P62
12 P221/CRX 52 VSS 92  P192/TIN28 132 P63
13 P222 53 P10/DBS8 93 P193/TIN29 133 P64/SBI
14 P223 54 P11/DB9 94  P194/TIN30 134 P65/ SCLKI4/ SCLKO4
15 P224/A11 55 P12/DB10 95  P195/TIN31 135 P66/ SCLKI5 / SCLKO5
16 P225/A12 56 P13/DB11 96  P196/TIN32 136 P67 /ADTRG
17 VSS 57 P14/DB12 97  P197/TIN33 137  VCCl
18  0OSC-VSS 58 P15/DB13 98  vcCCl 138  VSS
19  XIN 59 P16/DB14 99  VSS 139  VCCE
20  XouT 60 P17/DB15 100  P160/T021 140  P70/BCLK/WR
21 0sc-vce 61 VREFO 101  P161/TO22 141 P71/WAIT
22 VSS 62 AVCCO 102  P162/T0O23 142  P72/HREQ
23 VCNT 63  ADOINO 103 P163/T024 143  P73/HACK
24 VSS 64  ADOIN1 104  P164/T025 144  P74/RTDTXD
25  P30/A15 65  ADOIN2 105  P165/T026 145 P75/ RTDRXD
26 P31/A16 66  ADOIN3 106  P166/T027 146 P76/ RTDACK
27 P32/A17 67  ADOIN4 107  P167/T028 147 P77 /RTDCLK
28  P33/A18 68  ADOINS 108  P172/TIN24 148  P93/TO16
29  P34/A19 69  ADOIN6 109  P173/TIN25 149  P94/TO17
30 P35/A20 70  ADOIN7 110  P174/TXD2 150 P95/T0O18
31 P36/A21 71  ADOINS 111  P175/RXD2 151  P96/TO19
32 P37/A22 72 ADOIN9 112 P176/TXD3 152  P97/T020
33 P20/A23 73 ADOIN10 113 P177/RXD3 153  RESET
34 P21/A24 74 ADOIN11 114  VCCE 154  MODO
35 P22/A25 75  ADOIN12 115  VSS 155  MOD1
36  P23/A26 76  ADOIN13 116  P82/TXDO 156  FP
37  VCCE 77  ADOIN14 117 P83/RXDO 157  VCCE
38 VSS 78  ADOIN15 118  P84/SCLKIO/SCLKOO 158  VSS
39 P24/A27 79  AVSSO 119  P85/TXD1 159  P110/TOO
40  P25/A28 80 VCCE 120  P86/RXD1 160 P111/TO1
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Table 1.4.1 Pin Assignments of the 240QFP (2/2)

No. Pin Name No. Pin Name No. Pin Name No. Pin Name
161 P112/TO2 181 JTMS 201  P134/TIN20 221  P156/TIN6
162 P113/TO3 182 JTCK 202  P135/TIN21 222 P157/TIN7
163 P114/TO4 183  JTRST 203 P136/TIN22 223 P41/BLW/BLE
164 P115/TO5 184 JTDO 204  P137/TIN23 224 P42 /BHW /BHE
165 P116/TO6 185 JTDI 205  VCCE 225  vCCl

166 P117/TO7 186 P103/TO11 206  VSS 226 VSS

167 P100/TO8 187 P104/TO12 207  P140/TIN8 227  VREF1

168 P101/TO9 188 P105/TO13 208  P141/TIN9 228  AVCCl

169 P102/TO10 189 P106/TO14 209  P142/TIN10 229  AD1INO
170 VDD 190 P107/TO15 210  P143/TIN11 230  ADI1IN1
171 vccl 191  P124/TCLKO 211 P144/TIN12 231  ADI1IN2
172 VSS 192 P125/TCLK1 212 P145/TIN13 232 ADI1IN3
173  P210/TO37 193 P126/TCLK2 213 P146/TIN14 233  ADI1IN4
174 P211/TO38 194 P127/TCLK3 214  P147/TIN15 234  ADI1INS
175 P212/TO39 195 VCCI 215  P150/TINO 235  AD1IN6
176  P213/TO40 196 VSS 216  P151/TIN1 236  AD1IN7
177 P214/TO41 197 P130/TIN16 217  P152/TIN2 237  ADI1IN8
178 P215/TO42 198  P131/TIN17 218  P153/TIN3 238  AD1IN9
179 P216/TO43 199 P132/TIN18 219  P154/TIN4 239  ADI1IN10
180 P217/TO44 200 P133/TIN19 220  P155/ TIN5 240  AD1IN11
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Package: 255F7F (0.8 mm pitch)

Note 1: NC pins (W19, Y1) are not internally connected. Leave them open.

Note 2: Use caution when using P224/A11 and P225/A12 because they have a debug event
function.

Note 3: 255FBGA is currently under development.

Figure 1.4.2 Pin Layout Diagram of the 255FBGA (Top View)
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Table 1.4.2 Pin Assignments of the 255FBGA (1/2)

No. Pin Name No. Pin Name No. Pin Name No. Pin Name
Al — Cl  AD1IN14 E1l P220 / CTX H1 VCNT

A2 AD1IN9 C2  AD1IN13 E2 P47/ Al4 H2 VSS

A3 AD1IN8 C3  AD1IN4 E3 P46/ A13 H3 osc-vce
A4 AD1ING C4  ADI1IN5 E4 P45/ CS1 H4 XOUT

A5  AD1IN2 C5  AD1IN1 E17 P101/TO9 H17  P111/TO1
A6  VREF1 C6  VSS E18 VCCI H18 TRDATA4
A7 P41/BLW C7  P157/TIN7 E19 VDD H19  P113/TO3
A8  P154/TIN4 C8  P153/TIN3 E20 P102/TO10 H20 P112/TO2
A9  P150/TINO C9  P147/TIN15 F1 P224 / A1l J1 P32/ A17
A10 P144/TIN12 C10 P143/TIN11 F2 P223 J2 P31/A16
All P140/TIN8 C11 P141/TIN9 F3 p222 J3 P30/ A15
Al2 P136/TIN22 C12 P137/TIN23 F4 P221 / CRX J4 VSS

A13 P132/TIN18 C13 P133/TIN19 F17 P115/TO5 J17 FP

Al4 VvCCl C14 VSS F18 P100/TO8 Ji8  P110/TOO
Al5 P124/TCLKO C15 P125/TCLK1 F19 P117/TO7 J19  VSS

Al6 P104/TO12 C16 P105/TO13 F20 P116/TO6 J20  VCCE

Al7 JEVENT1 C17 JTDO Gl  XIN K1 TRCLK
A18 JEVENTO C18 P213/TO40 G2  OSC-VSS K2 P35/ A20
A19 JTCK C19 P215/TO42 G3  VSS K3 P34/ A19
A20 JTMS C20 P214/TO41 G4  P225/A12 K4 P33/A18
Bl  ADI1IN12 D1 P44/CSO G17 TRDATA5 K17  P97/T020
B2  ADI1IN11 D2  P43/RD G18 P114/TO4 K18  MOD1

B3  ADI1IN10 D3  AVSS1 G19 TRDATA7 K19  MODO

B4  ADI1IN7 D4  ADI1IN15 G20 TRDATA6 K20  RESET

B5  ADI1IN3 D5  ADI1INO

B6 AVCCl D6 VCCI

B7  P42/BHW D7 P156/TING

B8  P155/TINS D8 P152/TIN2

B9  P151/TIN1 D9 P146/TIN14

B10 P145/TIN13 D10  P142/TIN10

B11 VSS D11 VCCE

B12 P135/TIN21 D12  P134/TIN20

B13 P131/TIN17 D13  P130/TIN16

B14 P127/TCLK3 D14 P126/TCLK2

B15 P107/TO15 D15 P106/TO14

B16 P103/TO11 D16 JTDI

B17 JTRST D17 VSS

B18 JDBI D18 P212/T039

B19 P217/TO44 D19 P211/T7038

B20 P216/T043 D20 P210/TO37
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OVERVIEW
1.4 Pin Layout

Table 1.4.2 Pin Assignments of the 255FBGA (2/2)

No. Pin Name No. Pin Name No. Pin Name No. Pin Name
L1 P36/A21 P1  P00/DBO Ul  P12/DB10 W1  P16/DB14
L2 P37/A22 P2  P01/DB1 u2 P13/ DB11 W2  VREFO
L3  P20/A23 P3  P02/DB2 U3  P14/DB12 W3 ADOINO
L4  TRSYNC P4 P27/A30 U4  P11/DB9 W4  ADOIN3
L17 P93/TO16 P17 P67 /ADTRG U5  ADOING W5  ADOIN7
L18 P94 /TO17 P18 VCCI U6  ADOIN10 W6  ADOIN11
L19 P95/TO18 P19 VSS U7  ADOIN14 W7  ADOIN15
L20 P96/TO19 P20 VCCE us  VSS w8  P180/TO29
M1  P22/A25 R1  P04/DB4 U9  P183/TO32 W9  P184/TO33
M2  P23/A26 R2  P05/DB5 U10 P187/TO36 W10 P190/ TIN26
M3  VCCE R3  P06/DB6 Ull  P193/TIN29 W11  P196/ TIN32
M4  P21/A24 R4  P03/DB3 Ul2 P197/TIN33 W12 P160/TO21
M17 P74 /RTDTXD R17 P63 Ul3 P161/TO22 W13  P164/T0O25
M18 P75/RTDRXD R18 P64/SBI Ul4 P165/TO26 W14  P172/TIN24
M19 P76 /RTDACK R19 P65/SCLK4 Uls  P173/TIN25 W15 P176/TXD3
M20 P77 /RTDCLK R20 P66 /SCLK5 Ul6 P177/RXD3 W16 P82/TXDO
N1  P24/A27 T1  VCCE Ul7  P83/RXDO W17 P86 /RXD1
N2  P25/A28 T2  VSS U18 P203/RXD5 W18 TRDATA2
N3  P26/A29 T3  P10/DB8 U1 vccl W19 N.C.
N4  VSS T4  PO7/DB7 U20 VSS W20  P201/RXD4
N17 P70/BCLK T17 FVCC Vi P15/ DB13 Y1 N.C.
N18 P71/WAIT T18 VSS V2 P17/ DB15 Y2 AVCCO
N19 P72/HREQ T19 P61 V3 ADOIN1 Y3 ADOIN2
N20 P73/HACK T20 P62 V4 ADOIN5 Y4 ADOIN4
V5  ADOIN9 Y5 ADOIN8
V6  ADOIN13 Y6 ADOIN12
V7  VCCE Y7 AVSS0
\:] P182 / TO31 Y8 P181/TO30
V9 P186 / TO35 Y9 P185/TO34
V10  P192/TIN28 Y10  P191/TIN27
V1l  P194/TIN30 Y11  P195/TIN31
V12 vCCl Y12  VSS
V13 P162/T023 Y13  P163/T024
V14  P166/TO27 Y14  P167/T028
V15  P174/TXD2 Y15  P175/RXD2
V16 VCCE Y16  VSS
V17 P84 /SCLKO Y17  P85/TXD1
V18 P87/SCLK1 Y18  TRDATAO
V19  P200/TXD4 Y19  TRDATA1
V20  P202/TXD5 Y20  TRDATA3
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2 CPU
2.1 CPU Registers

2.1 CPU Reqisters

The M32R has sixteen general-purpose registers, five control registers, an accumulator, and a
program counter. The accumulator is a 56-bit configuration, and all other registers are a 32-bit
configuration.

2.2 General-purpose Reqisters

General-purpose registers are 32 bits in width and there are sixteen of them (RO to R15), which are
used to hold data and base addresses. Especially, R14 is used as a link register, and R15 is used
as a stack pointer. The link register is used to store the return address when executing a subroutine
call instruction. The stack pointer is switched between an interrupt stack pointer (SPI) and a user
stack pointer (SPU) depending on the value of the Processor Status Word register (PSW)'s stack
mode (SM) bit.

0 31 0 31
RO R8
R1 R9
R2 R10
R3 R11
R4 R12
R5 R13
R6 R14 (Link register)
R7 R15 (Stack pointer)  (Note)

Note: The stack pointer is switched between an interrupt stack pointer (SPI) and a user stack pointer
(SPU) depending on the value of the PSW's SM bit.

Figure 2.2.1 General-purpose Registers
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CPU
2.3 Control Registers

2.3 Control Reqgisters

There are five control registers-Processor Status Word Register (PSW), Condition Bit Register
(CBR), Interrupt Stack Pointer (SPI), User Stack Pointer (SPU), and Backup PC (BPC).
Dedicated "MVTC" and "MVFC" instructions are used to set and read these control registers.

Control Registers

CRn 0 a1
CRO PSW
CR1 CBR
CR2 SPI
CR3 SPU
CR6 BPC

Note 1: CRn (n = 0-3, 6) denotes control register numbers.

Note 2: Dedicated "MVTC" and "MVFC" instructions are used to set and read the control registers.

Processor status Word Register
Condition Bit Register

Interrupt Stack Pointer

User Stack Pointer

Backup PC

Figure 2.3.1 Control Registers
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2 CPU

2.3 Control Registers

2.3.1 Processor Status Word Register: PSW (CRO0)

The Processor Status Word Register (PSW) is used to indicate the status of the M32R. It consists
of a regularly used PSW field and a special BPSW field which is used to save the PSW field when
an EIT occurs.

The PSW field consists of several bits labeled Stack Mode (SM), Interrupt Enable (IE), and
Condition bit (C). The BPSW field consists of backup bits of the foregoing, i.e., Backup SM bit
(BSM), Backup IE bit (BIE), and Backup C bit (BC).

BPSW field PSW field
0(MSB) 7 8 15‘ 16 17 2J24 25 31(LS‘»B)
PSW |0 0 00000 0[00000000| [ 00000 |/]0o00o0o0]
— | = |
BSM BIE BC SM IE C
(Note 1)
D Bit Name Function Initial R w
16 BSM (Backup SM) Holds the value of SM bit when EIT Indeterminate O O
is accepted.
17  BIE (Backup IE) Holds the value of IE bit when EIT Indeterminate O O
is accepted.
23 BC (Backup C) Holds the value of C bit when EIT Indeterminate O O
is accepted.
24  SM (Stack Mode) 0: Interrupt stack pointer is used. 0 o O
1: User stack pointer is used.
25 IE (Interrupt Enable) 0: No interrupt is accepted. 0 O O
1: Interrupt is accepted.
31 C (Condition bit) Depending on instruction execution, it indicates 0 O O

whether operation resulted in a carry, borrow, or overflow.

Note 1: "Initial" shows the state immediately after reset, R = O means the register is readable, W = O
means the register is writable.
Note 2: For changes of the state of each bit when an EIT event occurs, refer to Chapter 4, "EIT.”

2-4 32170/32174 Group User's Manual (Rev. 2.1)



CPU
2.3 Control Registers

2.3.2 Condition Bit Register: CBR (CR1)

The Condition Bit Register (CBR) is created as a separate register from the PSW by extracting the
Condition bit (C) from it. The value written to the PSW C bit is reflected in this register. This register
is a read-only register (writes to this register by "MVTC" instruction are ignored).

0(MSB) 31(LSB)
CBROIOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO|C|
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | I 1 1 1 1 1

2.3.3 Interrupt Stack Pointer: SPI (CR2)
User Stack Pointer: SPU (CR3)

The Interrupt Stack Pointer (SPI) and User Stack Pointer (SPU) hold the current address of the
stack pointer. These registers can be accessed as general-purpose register R15. In this case,
whether R15 is used as SPI or as SPU depends on the PSW's Stack Mode (SM) bit.

0(MSB) 31(LSB)
SPI |

0(MSB) 31(LSB
SPU |

2.3.4 Backup PC: BPC (CR6)

The Backup PC (BPC) is a register used to save the value of the Program Counter (PC) when an
EIT occurs. Bit 31 is fixed to 0.

When an EIT occurs, the value held in the PC immediately before the EIT occurred or the value of
the next instruction is set in this register. When the "RTE" instruction is executed, the saved value
is returned from the BPC to the PC. However, the two low-order bits of the PC when thus returned
are always fixed to "00" (control always returns to word boundaries.)

0(MSB) 31(LSB)
BPC BPC | 0 |
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

2-5 32170/32174 Group User's Manual (Rev. 2.1)



2 CPU

2.4 Accumulator

2.4 Accumulator

The accumulator (ACC) is a 56-bit register used by DSP function instructions. When read out or
written to, it is handled as a 64-bit register. When reading, the value of bit 8 is sign-extended. When
writing, bits 0--7 are ignored. Also, the accumulator is used by the multiplication instruction "MUL."
Note that when executing this instruction, the value of the accumulator is destroyed.

The "MVTACHI" and "MVTACLOQO" instructions are used to write to the accumulator. The
"MVTACHI" instruction writes data to the 32 high-order bits (bits 0-31), and the "MVTACLO"
instruction writes data to the 32 low-order bits (bits 32-63).

The "MVFACHI," "MVFACLO," and "MVFACMI" instructions are used to read data from the
accumulator. The "MVFACHI" instruction reads data from the 32 high-order bits (bits 0-31), the
"MVFACLO" instruction reads data from the 32 low-order bits (bits 32-63), and the "MVFACHI"
instruction reads data from the 32 middle bits (bits 16-47).

(Note) Range of bi_ts read_by MVFACMI
[ ] instruction

0(MSB) 78 15 16 31 32 47 48 63(LSB)
acc| ol | | |

L Range of bits read/written to by J L Range of bits read/written to by J

MVFACHI/MVTACHI instructions MVFACLO/MVTACLO instructions

Note: Bits 0-7 always show the sign-extended value of bit 8. Writes to this bit field are ignored.

2.5 Program Counter

The Program Counter (PC) is a 32-bit counter used to hold the address of the currently executed
instruction. Because M32R instructions each start from an even address, the LSB (bit 31) is always
0.

0(MSB) 31(LSB)
pC PC o]
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2.6 Data Formats

2.6 Data Formats

2.6.1 Data Types

There are several data types that can be handled by the M32R's instruction set. These include
signed and unsigned 8, 16, and 32-bit integers. Values of signed integers are represented by

2's complements.

0(MSB) 7(LSB)
Signed byte (8-bit) S
integer
0(MSB) 7(LSB)
Unsigned byte (8-bit)
integer
0(MSB) 15(LSB)
Signed halfword (16-bit) S
integer
0(MSB) 15(LSB)
Unsigned halfword
(16-bit) integer
0(MSB) 31(LSB)
Signed word (32-bit) S
integer
0(MSB) 31(LSB)
Unsigned word (32-bit)
integer

S : Sign bit

Figure 2.6.1 Data Types
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2.6 Data Formats

2.6.2 Data Formats

(1) Data formats in register

Data sizes in M32R registers are always words (32 bits).

When loading byte (8-bit) or halfword (16-bit) data from memory into a register, the data is sign-
extended (LDB, LDH instructions) or zero-extended (LDUB, LDUH instructions) into word (32-bit)
data before being stored in the register. When storing data from M32R register into memory, the
register data is stored in memory in different sizes depending on the instructions used. The ST
instruction stores the entire 32-bit data of the register, the STH instruction stores the least
significant 16-bit data, and the STB instruction stores the least significant 8-bit data.

. From memory (LDB,
<When loading> Sign-extended (LDB instruction) or ~ LDUB instructions)

0(MSB) zero-extended (LDUB instruction) 54 v 31(LSB)

Rn l ‘ Byte
Sign-extended (LDH instruction) or . .
zero-extended (LDUH instruction) From memory (LDH, LDUH instructions)

0(MSB) 16 # 31(LSB)

Rn [« | Hallfword
From memory (LD instructions)

0(MSB) $ 31(LSB)

Rn V\{ord
<When storing>

0(MSB) 24 31(LSB)

Rn Byte
To memory (STB instruction)

0(MSB) 16 31(LSB)

Rn Hah;word
To memory (STH instruction)

0(MSB) 31(LSB)

Rn | WPrd |
To memory (ST instruction)

Figure 2.6.2 Data Formats in Register
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2.6 Data Formats

(2) Data formats in memory

Data sizes in memory are either byte (8 bits), halfword (16 bits), or word (32 bits). Byte data can
be located at any address. However, halfword data must be located at halfword boundaries
(where the LSB address bit = "0"), and word data must be located at word boundaries (where two
LSB address bits = "00"). If an attempt is made to access memory data across these halfword or
word boundaries, an address exception is generated.

Address
+0address +1address +2address + 3 address
v v
0 7 8 15 16 23 24 31
[ Bye | | | |
| [ By | | |
Byte

| | [ Bre | |
| | | [ Bye |

~ (MsB) (LSB)
Halfword | Halfword | ‘ |
| | | HaIfWord |
(MsB) (LSB)
Word [ | W(:)rd |

Figure 2.6.3 Data Formats in Memory
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2.6 Data Formats

(3) Endian
The following shows the generally used endian methods and the M32R family endian.
Bit endian Byte endian
(H'01) (H'01234567)
MSB LSB MSB LSB
Big endian B'0000001 | HOL | H23 | H'45 | H'67 |
DO D7 HH HL LH LL
MSB LSB MSB LSB
Little endian B'0000001 | H'67 | H'45 | H23 | Ho1 |
D7 DO LL LH HL HH
Note: Even for bit big endian, H'01 is not B'20000000.
Figure 2.6.4 Endian Methods
7700 family - __ M32R family
MPU name M16C family Competition ~—Micfamily
Endi I . . .
(BiDBI)?ITE) Little/Little Little/Big Big/Big
Address +0 +1 +2 +3 +0 +1 +2 +3 +0 +1 +2 +3
MSB LSB MSB LSB MSB LSB
Data
LL LH HL HH HH HL LH LL HH HL LH LL
arrangement | | | | | 1 | | |
Bit number 31-24 23-16 15-8 7-0 31-24 23-16 15-8 7-0 0-7 8-15 16-23  24-31
Ex:0x01234567 byte 67,45,23,01 .byte 01,23,45,67 .byte 01,23,45,67
Note: The M32R's endian method is big endian for both bit and byte.

Figure 2.6.5 M32R Family Endian
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2.6 Data Formats

(4) Transfer instructions

» Constant transfer LD24 Rdest, #imm24
LD24 Rdest, #imm24 0 23

LDI Rdest, #imm16
LDI Rdest, #imm8
SETH Rdest, #imm16

Rdest | 00 |
0 8 31

SETH Rdest, #imm16

B

0 15

Rdest | | | 00 | 00
0 15 31

* Register to register transfer
MV Rdest, Rsrc

Rsrc | | 1 |
0 31
] |

MV Rdest, Rsrc

Rdest | |
0 31
« Control register transfer
MVTC Rsrc, CRdest
MVFC Rdest, CRsrc
Rsrc | | | |
MVTC Rsrc, CRdest
0 31
CRdest I | l |
0 31

Note: For the MVTC instruction, the condition bit C does not change unless CRdest is CRO (PSW).

Figure 2.6.6 Transfer instructions
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2.6 Data Formats

(5) Memory (signed) to register transfer

Memory Register
« Signed 32 bits l
LD24 Rsrc, #label label | Rdest
LD Rdest, @Rsrc | I | | | | |
+0 +1 +2 +3 0 31
« Signed 16 bits
label | Rdest
LD24 Rsrc, #label | | | | | | |
LDH  Rdest, @Rsrc o "y = = 00 , 00
L Check the Mss —
O=positve — [ FF | FF] |
1 = negative
0 31
« Signed 8 bits
label | l
Rdest
LD24 Rsrc, #label | | | |
LDB  Rdest, @Rsrc t o e = | [ 00, 00 00 | |
Check.t.hel\V | R FF | |
0 = positive /
1 = negative o 3t
Figure 2.6.7 Memory (signed) to register transfer
(6) Memory (unsigned) to register transfer
» Unsigned 32 bits Memory Register
Rdest l
LD24 Rsrc, #label label
LD Rdest, @Rsrc I | | I | I
+0 +1 +2 +3 0 31
* Unsigned 16 bits
label | l
LD24 Rsrc, #label Rdest
LDUH Rdest, @Rsfc | [ | 00 , 00 | | |
+0 +1 +2 +3 0 31
» Unsigned 8 bits
label | Rdest
LD24 Rsrc, #label
LDUB Rdest, @Rsrc [ | | 00 , 00, 00 | |
+0 +1 +2 +3 0 31

Figure 2.6.8 Memory (unsigned) to register transfer
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2.6 Data Formats

(7) Things to be noted for data transfer

Note that in data transfer, data arrangements in registers and those in memory are different.

Data in register Data in memory
(RO-R15) +0 +1 +2 +3
Word data (32 bits) | HH [ HL D LH L | HHOHL O LH L
DO D31 DO D31
MSB LSB MSB LSB
(RO-R15) +0 +1 +2 +3
Half-word data (16 bits) —— ", v | HoL ] |
DO D3l Do D15
MSB LSB MSB LSB
(RO-R15) +0 +1 +2 +3
Byte data (8 bits) | | } | | | |
Do D31 D0 D7
MSB LSB MSB LSB

Figure 2.6.9 Difference in Data Arrangements
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2.7 Precautions on CPU

2.7 Precautions on CPU

» Usage Notes for 0 Division Instruction

Problem and Conditions

Inaccurate calculations for the instructions listed in (2) will result from execution of the 0 division
instruction under the conditions described in (1).

(2) If O division calculation is executed when the divisor = 0 for instructions DIV, DIVU, REM
and REMU,

(2) the result will be inaccurate calculations for any of the following instructions that are executed
immediately after O division:

ADDV, ADDX, ADD, ADDI, ADDV3, ADD3,
CMP, CMPU, CMPI, CMPUI,

SUBYV, SUBX, SUB,

DIV, DIVU,

REM, REMU.

Countermeasure

Assuming that the 0 division occurrence itself is not expected by the system and therefore is the
cause of miscalculations, before executing division or remainder instructions, do a 0 check on the
divisor to make sure 0 division does not occur.
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3 ADDRESS SPACE
3.1 Outline of Address Space

3.1 Outline of Address Space

The M32R's logical addresses are always handled in 32 bits, providing 4 Gbytes of linear ad-
dress space. The M32R/ECU's address space consists of the following:

(1) User space
* Internal ROM area
» Extended external area
* Internal RAM area
 Special Function Register (SFR) area

(2) Boot program space

(3) System space (areas not open to the user)

(1) User space

A 2 Ghytes of address space from H'0000 0000 to H'7FFF FFFF is the user space. Located in
this space are the internal ROM area, extended external area, internal RAM area, and Spe-
cial Function Register (SFR) area, an area containing a group of internal peripheral 1/O regis-
ters. Of these, the internal ROM and extended external areas are located differently depend-
ing on mode settings which will be described later.

(2) Boot program space

A 1 Gbyte of address space from H'8000 0000 to H'BFFF FFFF is the boot program space.
This space stores a program (boot program) which enables on-board programming when the
internal flash area is blank.

(3) System space

A 1 Gbyte of address space from H'C000 0000 to H'FFFF FFFF is the system space. This
space is reserved for use by development tools such as an in-circuit emulator or a debug
monitor, and cannot be used by the user.
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ADDRESS SPACE
3.1 Outline of Address Space

. Extended external
<Logical address space of M32170F6> area
EIT vector entry
(4 Mbytes)
Logical address |
H'0000 0000 — _*] H'0000 0000
A Internal ROM area
(768 Kbytes)
(16 Mbytes) (Note 1)
H'000B FFFF
Reserved area
(256 Kbytes)
H'000F FFFF
H'0010 0000
CS0 area
2 Ghytes User space
Ghost area H.001F FFFF
p— in units of H0020 0000
—
16 Mbytes
CS1 area
v
H7ERE FEFF H'003F FFFF
78000 6000 H'0040 0000
H 8030 0000 BOOT ROM area
(8 Kbytes) .
H'8000 1FFF Ghost area in
F'8000 2000 T~ 4Mbyes
Reserved area
(8 Kbytes) - T
H'8000 3FFF H'007F FFFF
H'8000 4000
H'0080 0000
SFR area
16 Kbytes, v
1 Ghyte Boot (16 Kbytes) H'0080 3FFF
program -
space H'0080 4000
—_—~___ - Ghostarea Internal RAM area
N in units of (40 Kbytes)
16 Mbytes
H'0080 DFFF
H'0080 E00O
Reserved area
(72 Kbytes)
v .
H'BFFF FFFF - “_| H'BFFF FFFF H'0081 FFFF
= - H'0082 0000
H'C000 0000
T Ghost area in
1 Ghbyte System space w units of 128
l Kbytes
H'FFFF FFFF H'00FF FFFF
Note 1: This location varies with chip mode settings.
Note 2: The boot program space can read out only when FP = 1, MODO = 1, and MOD1 = 0.

Figure 3.1.1 Address Space of the M32170F6
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ADDRESS SPACE
3.1 Outline of Address Space

. Extended external
<Logical address space of M32170F4> area
EIT vector entry
(4 Mbytes)
Logical address |
H'0000 0000 — —T1] H'0000 0000
A Internal ROM area
(16 Mbytes) (512 Kbytes)
(Notei1) H'0007 FFFF
Reserved area
(512 Kbytes) | uo00F FRFF
H'0010 0000
CS0 area
2 Gbytes User space
Ghost area H'001F FFFF
in units of ;
% 16 Mbytes H'0020 0000
CS1 area
v
H7FEE FEFE H'003F FFFF
78000 5000 H'0040 0000
H SOO‘(: 0000 BOOT ROM area
(8 Kbytes) ' .
H'8000 1FFF Ghost area in
F'8000 2000 w 4 Mbytes
Reserved area
(8 Kbytes) i ) -
_| H8000 3FFF H'007F FFFF
H'8000 4000
H'0080 0000
SFR area
16 Kbytes 0
1 Gbyte Boot (16 Kbytes) H'0080 3FFF
program -
space H'0080 4000
% Ghosl_tarefa Internal RAM area
in units o
16 Mbytes (BRRVES
H'0080 BFFF
H'0080 C000
Reserved area
(80 Kbytes)
v .
H'BFFF FFFF | H'BFFE FFEE H'0081 FFFF
= = H'0082 0000
H'C000 0000
T Ghost area in
1 Gbyte System space N units of 128
l Kbytes
H'FFFF FFFF H'00FF FFFF
Note 1: This location varies with chip mode settings.
Note 2: The boot program space can read out only when FP = 1, MODO = 1, and MOD1 = 0.

Figure 3.1.2 Address Space of the M32170F4
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ADDRESS SPACE
3.1 Outline of Address Space

. Extended external
<Logical address space of M32170F3> area EIT vector ent
(4 Mbytes) vector entry
Logical address |
H'0000 0000 — _*] H'0000 0000
A Internal ROM area
(384 Kbytes)
(16 Mbytes) (Note 1)
H'0005 FFFF
Reserved area
(640 Kbytes)
H'000F FFFF
H'0010 0000
CS0 area
2 Ghytes User space
Ghost area H'001F FFFF
in units of ;
% 16 Mbytes H'0020 0000
CS1 area
v
S A H'003F FFFF
. 8000 0000 H'0040 0000
H 8003 0000 BOOT ROM area
(8 Kbytes) .
H'8000 1FFF Ghost area in
F'8000 2000 T~ 4Mbytes
Reserved area .
(8 Kbytes) ’ T
H'8000 3FFF H'007F FFFF
H'8000 4000
H'0080 0000
SFR area
16 Kbytes; 0
1 Gbyte Boot (16 Kbytes) H'0080 3FFF
program -
space H'0080 4000
—_—~___~  Ghostarea Internal RAM area
N in units of (32 Kbytes)
16 Mbytes
H'0080 BFFF
H'0080 C000
Reserved area
(80 Kbytes)
v -
H'BFFF FFFF o | H'BEFF EFFF H'0081 FFFF
= = H'0082 0000
H'C000 0000
T Ghost area in
1 Gbyte System space N units of 128
l Kbytes
H'FFFF FFFF H'00FF FFFF
Note 1: This location varies with chip mode settings.
Note 2: The boot program space can read out only when FP = 1, MODO = 1, and MOD1 = 0.

Figure 3.1.3 Address Space of the M32170F3
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ADDRESS SPACE
3.1 Outline of Address Space

. Extended external
<Logical address space of M32174F4> area EIT vector ent
(4 Mbytes) vector entry
Logical address \‘ ‘
H’0000 0000 i A [— —¥] H'0000 0000
A Internal ROM area
(16 Mbytes) (512 Kbytes)
((Yei= 1) H'0007 FFFF
Reserved area
(512 Kbytes) | {o00F FFFF
H’0010 0000
CSO0 area
2 Gbytes User space
Ghost area H'001F FFFF
in units of 0
% 16 Mbytes H’0020 0000
CS1 area
H’7FF‘|': FFFF H'003F FFFF
80005000 H’0040 0000
H 8003 0000 BOOT ROM area
(8 Kbytes) i .
H'8000 1FFF Ghost area in
F'8000 2000 N 4 Mbytes
Reserved area . ;
(8 Kbytes) ) h
H'8000 3FFF H'007F FFFF
H’8000 4000
H’0080 0000
SFR area
16 Kbytes, )
1 Gbyte Boot (16 Kbytes) H'0080 3FFF
program -
space H'0080 4000
% G_host_tare? Internal RAM area
in units o
16 Mbytes (40 Kbytes)
H'0080 BFFF
H’0080 C000
Reserved area
) . (72 Kbytes)
v L .
H'BFFF FFFF “_| H'BFFF FFFF H'0081 FFFF
- - H’0082 0000
H'C000 0000
T Ghost area in
1 Gbyte System space w units of 128
i Kbytes
H'FFFF FFFF H'00FF FFFF
Note 1: This location varies with chip mode settings.
Note 2: The boot program space can read out only when FP = 1, MODO = 1, and MOD1 = 0.

Figure 3.1.4 Address Space of the M32174F4
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ADDRESS SPACE
3.1 Outline of Address Space

. Extended external
<Logical address space of M32174F3> area EIT vector ent
(4 Mbytes) vector entry
Logical address |
H’0000 0000 — —*1 H0000 0000
A Internal ROM area
(384 Kbytes)
(16 Mbytes) (Note 1)
H'0005 FFFF
Reserved area
(640 Kbytes)
H'000F FFFF
H’0010 0000
CSO0 area
2 Gbytes User space
Ghost area H'001F FFFF
in units of 0
% 16 Mbytes H’0020 0000
CS1 area
v ,
S A— H'003F FFFF
80005000 H’0040 0000
H 8002 0000 BOOT ROM area
(8 Kbytes) .
H'8000 1FFF Ghost area in
H'8000 2000 N 4 Mbytes
Reserved area
(8 Kbytes) i .
H'8000 SFFF H'007F FFFF
H’8000 4000
H'0080 0000
SFR area
16 Kbytes, b
1 Gbyte Boot (16 Kbytes) H'0080 3FFF
program -
space H0080 4000
————~____~  Ghostarea Internal RAM area
N in units of (40 Kbytes)
16 Mbytes
H'0080 BFFF
H’0080 C000
Reserved area
(72 Kbytes)
v L -
H'BFFF FFFF .| HBFFF FFFF H'0081 FFFF
- - H’0082 0000
H'C000 0000
T Ghost area in
1 Gbyte System space w units of 128
l Kbytes
H'FFFF FFFF H'00FF FFFF
Note 1: This location varies with chip mode settings.
Note 2: The boot program space can read out only when FP = 1, MODO = 1, and MOD1 = 0.

Figure 3.1.5 Address Space of the M32174F3
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3

ADDRESS SPACE
3.2 Operation Modes

3.2 Operation Modes

This microcomputer is placed in one of the following modes by setting its operation mode (using
MODO and MODL1 pins). For details about the mode used to rewrite the internal flash memory, refer
to Section 6.5, "Programming of Internal Flash Memory."

Table 3.2.1 Setting Operation Modes

MODO MODL1 (Note 1) Operation Mode (Note 2)
VSS VSS Single-chip mode

VSS VCCE Extended external mode
VCCE VSS Processor mode (FP = VSS)
VCCE VCCE Reserved (cannot be used)

Note 1: VCCE connects to +5 V or 3.3V, and VSS connects to GND.
Note 2: For flash rewrite mode (FP = VCCE) not listed in the above table, refer to Section 6.5, "Programming

of Internal Flash Memory."

The internal ROM and extended external areas are located differently depending on this
microcomputer's operation mode. (All other areas in address space are located the same way.)
The address maps of internal ROM and extended external areas in each mode are shown below.

(For details about internal flash memory rewrite mode, refer to Section 6.5, "Programming of Internal
Flash Memory.")

H 0000 0000

H 000B FFFF

Non-CS0 area

Internal ROM
area
(768 Kbytes)

H 000C
H 000F

0000

FFFF
0000

H 0010

H 001F FFFF

H 0020 0000

H 003F FFFF

Extended external area

Y

Internal ROM
area
(768 Kbytes)

Reserved area
(256 Kbytes)

CSO0 area
(1 Mbyte)

CS1 area
(2 Mbytes)

CS0 area
(2 Mbytes)

Extended external area

v

CS1 area
(2 Mbytes)

<Single-chip mode>

<Extended external mode>

<Processor mode>

Figure 3.2.1 M32170F6 Operation Mode and Internal ROM/Extended External Areas
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ADDRESS SPACE
3.2 Operation Modes

H 0000

H 0007

0000

FFFF

Non-CS0 area

Internal ROM
area
(512 Kbytes)

H 0008

H 000F
H 0010

H 001F

0000

FFFF
0000

FFFF

H 0020

H 003F

0000

FFFF

Extended external area

A

Internal ROM
area
(512 Kbytes)

Reserved area
(512 Kbytes)

CSO0 area
(1 Mbyte)

CS1 area
(2 Mbytes)

CS0 area
(2 Mbytes)

Extended external area

A

CS1 area
(2 Mbytes)

<Single-chip mode>

<Extended external mode>

<Processor mode>

Figure 3.2.2 M32170F4 and M32174F4 Operation Mode and Internal ROM/Extended External Areas

H 0000

H 0005

0000

FFFF

Non-CS0 area

Internal ROM
area
(384 Kbytes)

H 0006

H 000F
H 0010

H 001F

0000

FFFF
0000

FFFF

H 0020

H 003F

0000

FFFF

Extended external area

y

Internal ROM
area
(384 Kbytes)

Reserved area
(640 Kbytes)

CSO0 area
(1 Mbyte)

CS1 area
(2 Mbytes)

CS0 area
(2 Mbytes)

Extended external area

y

CS1 area
(2 Mbytes)

<Single-chip mode>

<Extended external mode>

<Processor mode>

Figure 3.2.3 M32170F3 and M32174F3 Operation Mode and Internal ROM/Extended External Areas
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3 ADDRESS SPACE
3.3 Internal ROM/Extended External Area

3.3 Internal ROM Area and Extended External Area

The 8 Mbyte area at addresses H'0000 0000 to H'007F FFFF in the user space accommodates the
internal ROM and extended external areas. Of this, a 4 Mbytes of address space from H'0000 0000
to H'0003 FFFF is the area that the user can actually use. All other areas here comprise a 4 Mbytes
of ghost area. (When programming, do not use this ghost area intentionally.)

For details on how the internal ROM and extended external areas are located differently depending
on this microcomputer's operation modes set, refer to Section 3.2, "Operation Modes."

3.3.1 Internal ROM Area

The internal ROM is located in the area shown below. Also, this area has an EIT vector entry
(and ICU vector table) located in it at the beginning.

Table 3.3.1 Addresses at Which the Internal ROM is Located

Type Name Size Located address

MF32170F6 768 Kbytes H'0000 0000 - H'000B FFFF
MF32170F4, M32174F4 512 Kbytes H'0000 0000 - H'0007 FFFF
MF32170F3, M32174F3 384 Kbytes H'0000 0000 - H'0005 FFFF

3.3.2 Extended External Area

An extended external area is provided only when extended external mode or processor mode has
been selected when setting this microcomputer's operation mode. For access to this extended
external area, this microcomputer outputs the control signals necessary to access external
devices.

This microcomputer's CS0 and CS1 signals are output corresponding to the address mapping of
the extended external area. The CSO signal is output for the CSO area, and the CS1 signal is output
for the CS1 area.

Table 3.3.2 Address Mapping of the Extended External Area in Each Operation Mode

Operation Mode Address mapping of the extended external area

Single-chip mode None

Extended external mode Addresses H'0010 0000 to H'001F FFFF (CSO area: 1 Mbytes)
Addresses H'0020 0000 to H'003F FFFF (CS1 area: 2 Mbytes)

Processor mode Addresses H'0000 0000 to H'001F FFFF (CSO0 area: 2 Mbytes)
Addresses H'0020 0000 to H'003F FFFF (CS1 area: 2 Mbytes)
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3 ADDRESS SPACE
3.4 Internal ROM/SFR Area

3.4 Internal RAM Area and SFR Area

The 8 Mbyte area at addresses H'0080 0000 to H'00FF FFFF in the user space accommodates the
internal RAM area and Special Function Register (SFR) area. Of this, a 128 Kbytes of address
space from H'0080 0000 to H'0081 FFFF is the area that the user can actually use. All other areas
here comprise a ghost area in units of 128 Kbytes. (When programming, do not use this ghost area
intentionally.)

3.4.1 Internal RAM Area

The internal RAM is located in the area shown below.

Table 3.4.1 Addresses at Which the Internal ROM is Located

Type Name Size Located address
M32170F6 40 Kbytes H'0080 4000 - H'0080 DFFF
M32174F4

M32174F3

M32170F4 32 Kbytes H'0080 4000 - H'0080 BFFF
M32170F3

3.4.2 Special Function Register (SFR) Area

Addresses H'0080 0000 to H'0080 3FFFF are the Special Function Register (SFR) area. This area
has registers for internal peripheral I/O located in it.

H 0080 0000
SFR area
(16 Kbytes)
H 0080 3FFF
H 0080 4000 1
Virtual-flash emulation
Internal RAM areas separated in units of
(40 Kbytes) 8 Kbytes or 4 Kbytes can
be allocated here. For
details, refer to Section 6.7.
H 0080 DFFF \ 4

Figure 3.4.1 Internal RAM Area and Special Function Register (SFR) Area of the M32170F6
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ADDRESS SPACE
3.4 Internal ROM/SFR Area

H 0080 0000
SFR area
(16 Kbytes)
H 0080 3FFF
H 0080 4000
Internal RAM
(32 Kbytes)
H 0080 BFFF

Virtual-flash emulation

areas separated in units of

8 Kbytes or 4 Kbytes can

be allocated here. For details,
refer to Section 6.7.

Figure 3.4.2 Internal RAM Area and Special Function Register (SFR) Area of the M32170F4

and M32170F3

H 0080 0000
SFR area

(16 Kbytes)
H 0080 3FFF
H 0080 4000

Internal RAM

(32 Kbytes)
HO0080 BFFF | |
H 0080 DFFF

Virtual-flash emulation

areas separated in units of

8 Kbytes or 4 Kbytes can

be allocated here. For details,
refer to Section 6.7.

The low-order 8 Kbytes cannot be

used for virtual-flash emulation.

Figure 3.4.3 Internal RAM Area and Special Function Register (SFR) Area of the M32174F4

and M32174F3
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ADDRESS SPACE
3.4 Internal ROM/SFR Area

0 7 8 15 0 7 8 15
+0 address | +1 address ‘ +0 address | +1 address ‘
H’0080 0000 H’0080 078C MIT (TIDO
H’0080 078E ( ) T
N Interrupt H'0080 0790 Multijunction timer
controller (ICU) S MJT (TODO) (MIT)
) H'0080 07DE
110080 0080 H0080 07E0
A-DO converter Flash control
H'0080 00EE H’0080 07F2
H'0080 0100 A i
S Serial 1/00-3 H0080 0A00
0080 0146 S Serial 1104, 5
1 R H'0080 0A26
H'0080 0180 ; 7 A
Wait controller H'0080 0A80
A A S A-D1 converter
H'0080 0200 H'0080 OAEE
MJT (common part) A A
H'0080 023E ~ ~
H’0080 0240
H’0080 0B8C
MJT (TID1
S MJT (TOP) H'0080 OBSE (Tib1)
H’0080 0B90
H’0080 02FE
H’0080 0300 s U (LA
Multijunction timer H’0080 OBDE
S MJT (TIO) (MJIT) A A
H'0080 03BE 110080 chg A
H'0080 03C0 T (TS H'0080 O0CSE MJT (TID2) Multiiunction timer
S (s H'0080 0C90 (MIT)
H'0080 03D8 S MJT (TOMO)
M N H’0080 OCDE
H0080 03E0 R R
' MJT (TMLO) M N
H6650 0400 H'0080 OFEO
BYAE S MJT (TML1)
H’0080 0478 H’0080 OFFE
A A H’0080 1000
I~ I~ CANO
H’'0080 0700 S — s
nput/output po! ,
H 11FE
H'0080 0756 0080 i R
H’0080 0760 H'0080 3FFIgV /T/
Note: The Real-time Debugger (RTD) is designed to be an independent module
operated from an external source, and is transparent to the CPU.

Figure 3.4.4 Outline Address Mapping of the SFR Area
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ADDRESS SPACE
3.4 Internal ROM/SFR Area

Address +0 Address +1 Address
DO D7 | D8 D15
H’0080 0000 Interrupt Vector Register (IVECT)
H'0080 0002
H’0080 0004 Interrupt Mask Register (IMASK)
H’0080 0006 SBI Control Register (SBICR)
H’0080 0060 | CANO Transmit/Receive & Error Interrupt Control Register (ICANOCR) TML1 Input Interrupt Control Register (ITML1CR)
H’0080 0062 TID2 Output Interrupt Control Register (ITID2CR) A-D1 Conversion Interrupt Control Register (IAD1CCR)
H’0080 0064 S104,5 Transmit/Receive Interrupt Control Register (ISIO45CR) TOD1-TOMO Output Interrupt Control Register ITOMOCR)
H’0080 0066 TID1 Output Interrupt Control Register (ITID1CR) RTD Interrupt Control Register IRTDCR)
H’0080 0068 S102,3 Transmit/Receive Interrupt Control Register (ISO23CR) DMAB5-9 Interrupt Control Register (IDMA59CR)
H’0080 006A TODO Output Interrupt Control Register (ITODOCR) TIDO Output Interrupt Control Register (ITIDOCR)
H'0080 006C A-DO Conversion Interrupt Control Register (IADOCCR) SI00 Transmit Interrupt Control Register (ISIO0TXCR)
H'0080 006E SIOO0 Receive Interrupt Control Register (ISIOORXCR) SI01 Transmit Interrupt Control Register (ISIO1TXCR)
H’0080 0070 SIO1 Receive Interrupt Control Register (ISIOLRXCR) DMAO-4 Interrupt Control Register (IDMAO4CR)
H’0080 0072 MJT Output Interrupt Control Register 0 (IMJTOCRO) MJT Output Interrupt Control Register 1 (IMJTOCR1)
H'0080 0074 MJT Output Interrupt Control Register 2 (IMJTOCR2) MJT Output Interrupt Control Register 3 (IMJTOCR3)
H'0080 0076 MJT Output Interrupt Control Register 4 (IMJTOCR4) MJT Output Interrupt Control Register 5 (IMJTOCR5)
H’0080 0078 MJT Output Interrupt Control Register 6 (IMJTOCR®6) MJT Output Interrupt Control Register 7 (IMJTOCR7)
H’0080 007A MJT Input Interrupt Control Register 0 (IMJTICRO) MJT Input Interrupt Control Register 1 (IMJTICR1)
H'0080 007C MJT Input Interrupt Control Register 2 (IMJTICR2) MJT Input Interrupt Control Register 3 (IMJTICR3)
H’0080 007E MJT Input Interrupt Control Register 4 (IMJTICR4)
H’0080 0080 A-DO Single Mode Register 0 (ADOSIMO) A-DO Single Mode Register 1 (AD0OSIM1)
H'0080 0082
H’0080 0084 A-DO Scan Mode Register 0 (ADOSCMO0) A-DO Scan Mode Register 1 (ADOSCM1)
H’0080 0086
H’0080 0088 A-DO Successive Approximation Register (ADOSAR)
H'0080 008A |
H’0080 008C A-DO Comparate Data Register (ADOCMP)
3 | B
H0080 0090 10-bit A-DO Data Register 0 (ADODTO)
H’0080 0092 10-bit A-DO Data Register 1 (ADODT1)
H'0080 0094 10-bit A-DO Data Register 2 (ADODT2)
H’0080 0096 10-bit A-DO Data Register 3 (ADODT3)
H'0080 0098 10-bit A-DO Data Register 4 (ADODT4)
H’0080 009A 10-bit A-DO Data Register 5 (ADODT5)
H'0080 009C 10-bit A-DO Data Register 6 (ADODT6)
H’0080 009E 10-bit A-DO Data Register 7 (ADODT7)
H’0080 00A0 10-bit A-DO Data Register 8 (ADODTS8)
H’0080 00A2 10-bit A-DO Data Register 9 (ADODT9)
H’0080 00A4 10-bit A-DO Data Register 10 (ADODT10)
H0080 00A6 10-bit A-DO Data Register 11 (ADODT11)
H'0080 00A8 10-bit A-DO Data Register 12 (ADODT12)
H'0080 00AA 10-bit A-DO Data Register 13 (ADODT13)
H’0080 00AC 10-bit A-DO Data Register 14 (ADODT14)
H’0080 00AE 10-bit A-DO Data Register 15 (ADODT15)
/_‘r/
H'0080 00D0| 8-bit A-DO Data Register 0 (ADO8SDTO)

Blank addresses are reserved areas

Figure 3.4.5 Register Mapping of the SFR Area (1)
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ADDRESS SPACE
3.4 Internal ROM/SFR Area

Address +0 Address +1 Address
DO D7 D8 D15

H'0080 00D2 8-bit A-DO Data Register 1 (AD08DT1)
H'0080 00D4 8-bit A-DO Data Register 2 (AD08DT2)
H'0080 00D6 8-bit A-DO Data Register 3 (AD08DT3)
H'0080 00D8 8-bit A-DO Data Register 4 (AD0O8DT4)
H'0080 00DA 8-bit A-DO Data Register 5 (ADOSDT5)
H'0080 00DC 8-bit A-DO Data Register 6 (ADO8DT6)
H'0080 00DE 8-bit A-DO Data Register 7 (AD08DT7)
H’0080 00EO 8-bit A-DO Data Register 8 (AD0OSDTS)
H'0080 00E2 8-bit A-DO Data Register 9 (ADOSDT9)
H’0080 00E4 8-bit A-DO Data Register 10 (ADO8DT10)
H’0080 00E6 8-bit A-DO Data Register 11 (ADO8DT11)
H'0080 00E8 8-bit A-DO Data Register 12 (ADO8DT12)
H'0080 O0EA 8-bit A-DO Data Register 13 (ADO8DT13)
H'0080 0OEC 8-bit A-DO Data Register 14 (ADO8DT14)
H'0080 OOEE 8-bit A-DO Data Register 15 (ADO8DT15)
H'0080 0100 S1023 Interrupt Status Register (SI23STAT) SI003 Interrupt Mask Register (SI03MASK)

H'0080 0102 SI003 Receive Interrupt Cause Select Register (SI03SEL)

H'0080 0110 SI00 Transmit Control Register (SOTCNT) SI00 Transmit/Receive Mode Register (SOMOD)
H’'0080 0112 SIO0 Transmit Buffer Register (SOTXB)

H’'0080 0114 SIO0 Receive Buffer Register (SORXB)

H’0080 0116 SI00 Receive Control Register (SORCNT) S101 Baud Rate Register (S1BAUR)
H'0080 0120 SIO1 Transmit Control Register (SITCNT) SIO0 Transmit/Receive Mode Register (SIMOD)
H’0080 0122 SI01 Transmit Buffer Register (S1TXB)

H'0080 0124 SI101 Receive Buffer Register (SIRXB)

H'0080 0126 S101 Receive Control Register (SIRCNT) SI01 Baud Rate Register (S1BAUR)
H’0080 0130 SI02 Transmit Control Register (S2TCNT) SI02 Transmit/Receive Mode Register (S2MOD)
H'0080 0132 SI102 Transmit Buffer Register (S2TXB)

H'0080 0134 S102 Receive Buffer Register (S2RXB)

H'0080 0136 SIO2 Receive Control Register (S2RCNT) SI02 Baud Rate Register (S2BAUR)
H'0080 0140 SIO3 Transmit Control Register (S3TCNT) SI03 Transmit/Receive Mode Register (S3MOD)
H’0080 0142 SI03 Transmit Buffer Register (S3TXB)

H’0080 0144 S103 Receive Buffer Register (S3RXB)

H’0080 0146 SIO3 Receive Control Register (S3RCNT) SIO3 Baud Rate Register (S3BAUR)
H’0080 0180 Wait Cycles Control Register (WTCCR)

H’0080 0200 Clock Bus & Input Event Bus Control Register (CKIEBCR)
H’0080 0202 Prescaler Register 0 (PRS0) Prescaler Register 1 (PRS1)

H'0080 0204 Prescaler Register 2 (PRS2) Output Event Bus Control Register (OEBCR)
H’0080 0210 TCLK Input Processing Control Register (TCLKCR)

H'0080 0212 TIN Input Processing Control Register 0 (TINCRO)

H’0080 0214 TIN Input Processing Control Register 1 (TINCR1)

Blank addresses are reserved areas.

Figure 3.4.6 Register Mapping of the SFR Area (2)
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ADDRESS SPACE
3.4 Internal ROM/SFR Area

Address +0 Address +1 Address
DO D7 | D8 D15

H0080 0216 TIN Input Processing Control Register 2 (TINCR2)
H'0080 0218 TIN Input Processing Control Register 3 (TINCR3)
H'0080 021A TIN Input Processing Control Register 4 (TINCR4)
H0080 021C
H'0080 021E
H'0080 0220 F/F Source Select Register 0 (FFS0)
H’'0080 0222 F/F Source Select Register 1 (FFS1)
H'0080 0224 FIF Protect Register 0 (FFP0)
H’0080 0226 F/F Data Register 0 (FFDO)
H’'0080 0228 F/F Protect Register 1 (FFP1)
H'0080 022A F/F Data Register 1 (FFD1)
H'0080 0230 TOP Interrupt Control Register 0 (TOPIR0) TOP Interrupt Control Register 1 (TOPIR1)
H'0080 0232 TOP Interrupt Control Register 2 (TOPIR2) TOP Interrupt Control Register 3 (TOPIR3)
H'0080 0234 TIO Interrupt Control Register 0 (TIOIRO) TIO Interrupt Control Register 1 (TIOIR1)
H'0080 0236 TIO Interrupt Control Register 2 (TIOIR2) TMS Interrupt Control Register (TMSIR)
H’'0080 0238 TIN Interrupt Control Register 0 (TINIRO) TIN Interrupt Control Register 1 (TINIR1)
H'0080 023A TIN Interrupt Control Register 2 (TINIR2) TIN Interrupt Control Register 3 (TINIR3)
H'0080 023C TIN Interrupt Control Register 4 (TINIR4) TIN Interrupt Control Register 5 (TINIR5)
H'0080 023E TIN Interrupt Control Register 6 (TINIR6) TIN Interrupt Control Register 7 (TINIR7)
H'0080 0240 TOPO Counter (TOPOCT)
H'0080 0242 TOPO Reload Register (TOPORL)
H’0080 0244 |
H'0080 0246 TOPO Correction Register (TOPOCC)

=~ | A
H’0080 0250 TOP1 Counter (TOP1CT)
H'0080 0252 TOP1 Reload Register (TOP1RL)
H’0080 0254 |
H'0080 0256 TOP1 Correction Register (TOP1CC)

L | A
H’0080 0260 TOP2 Counter (TOP2CT)
H'0080 0262 TOP2 Reload Register (TOP2RL)
H'0080 0264 |
H'0080 0266 TOP2 Correction Register (TOP2CC)

- [ B
H'0080 0270 TOP3 Counter (TOP3CT)
H'0080 0272 TOP3 Reload Register (TOP3RL)
H'0080 0274 |
H’0080 0276 TOP3 Correction Register (TOP3CC)

- | -
H’0080 0280 TOP4 Counter (TOP4CT)
H’0080 0282 TOP4 Reload Register (TOP4RL)
H'0080 0284 |
H'0080 0286 TOP4 Correction Register (TOP4CC)

= | A
H'0080 0290 TOPS5 Counter (TOP5CT)
H'0080 0292 TOPS5 Reload Register (TOP5RL)
H0080 0294 I

Blank addresses are reserved areas.

Figure 3.4.7 Register Mapping of the SFR Area (3)
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3.4 Internal ROM/SFR Area

Address o +0 Address b7 l o8 +1 Address bis
H’'0080 0296 TOPS5 Correction Register (TOP5CC)
H’'0080 0298
H'0080 029A TOPO-5 Control Register 0 (TOPO5CRO)
H'0080 029C TOPO-5 Control Register 1 (TOPO5CR1)
H'0080 029E
H'0080 02A0 TOP6 Counter (TOP6CT)
H'0080 02A2 TOP6 Reload Register (TOP6RL)
H'0080 02A4 |
H'0080 02A6 TOP6 Correction Register (TOP6CC)
H'0080 02A8 I
H'0080 02AA TOPS, 7 Control Register (TOP67CR)
Y | o~
H'0080 02B0 TOP7 Counter (TOP7CT)
H'0080 02B2 TOP7 Reload Register (TOP7RL)
H'0080 0284 I
H'0080 02B6 TOP7 Correction Register (TOP7CC)
2L | o~
H0080 02C0O TOP8Counter (TOP8CT)
H'0080 02C2 TOP8 Reload Register (TOP8RL)
H0080 02C4
H’0080 02C6 TOP8 Correction Register (TOP8CC)
= | A
H0080 02D0 TOP9 Counter (TOP9CT)
H'0080 02D2 TOP9 Reload Register (TOP9RL)
H'0080 02D4 |
H’'0080 02D6 TOP9 Correction Register (TOP9CC)
o= | A
H'0080 02E0 TOP10 Counter (TOP10CT)
H'0080 02E2 TOP10 Reload Register (TOP10RL)
H'0080 02E4 |
H'0080 02E6 TOP10 Correction Register (TOP10CC)
H'0080 02E8 I
H'0080 02EA TOP8-10 Control Register (TOP810CR)
L | -~
H’'0080 02FA TOPO0-10 External Enable Register (TOPEEN)
H0080 02FC TOPO-10 Enable Protect Register (TOPPRO)
H0080 02FE TOPO-10 Count Enable Register (TOPCEN)
H’'0080 0300 TIOO Counter (TIOOCT)
H'0080 0302 I
H'0080 0304 TIOO Reload 1 Register (TIOORL)
H'0080 0306 TIOO Reload 0/Measure Register (TIOORLO)
- | A
H0080 0310 TIO1 Counter (TIO1CT)
H'0080 0312 |
H'0080 0314 TIO1 Reload 1 Register (TIO1RL)
H0080 0316 TIO1 Reload 0/Measure Register (TIO1RLO)
H'0080 0318 |
H'0080 031A TIO0-3 Control Register 0 (TIO03CRO0)

Blank addresses are reserved areas.

Figure 3.4.8 Register Mapping of the SFR Area (4)
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ADDRESS SPACE

3.4 Internal ROM/SFR Area

Address +0 Address +1 Address
DO D7 D8 D15

H'0080 031C TIOO0-3 Control Register 1 (TIO03CR1)
H'0080 0320 TIO2 Counter (TIO2CT)
H'0080 0322 |
H'0080 0324 TIO2 Reload 1 Register (TIO2RL1)
H0080 0326 TIO2 Reload 0/Measure Register (TIO2RLO)

A | :
H'0080 0330 TIO3 Counter (TIO3CT)
H'0080 0332 |
H'0080 0334 TIO3 Reload 1 Register (TIO3RL1)
H'0080 0336 TIO3 Reload 0/Measure Register (TIO3RLO)

£ | I
H’0080 0340 TIO4 Counter (TIO4CT)
H'0080 0342 |
H'0080 0344 TIO4 Reload 1 Register (TIO4RL1)
H'0080 0346 TIO4 Reload 0/Measure Register (TIO4RLO)
H'0080 0348
H'0080 034A TIO4 Control Register (TIO4CR) TIOS Control Register (TIO5CR)
H'0080 0350 TIO5 Counter (TIO5CT)
H'0080 0352 |
H'0080 0354 TIOS5 Reload 1 Register (TIO5RL1)
H'0080 0356 TIOS5 Reload 0/Measure Register (TIO5RLO)

Ry | ~
H'0080 0360 TIO6 Counter (TIO6CT)
H'0080 0362 |
H0080 0364 TIO6 Reload 1 Register (TIO6RL1)
H'0080 0366 TIO6 Reload 0/Measure Register (TIO6RLO)
H’0080 0368
H’0080 036A TIO6 Control Register (TIO6CR) TIO7 Control Register (TIO7CR)
H'0080 0370 TIO7 Counter (TIO7CT)
H'0080 0372 |
H'0080 0374 TIO7 Reload 1 Register (TIO7RL1)
H’0080 0376 TIO7 Reload 0/Measure Register (TIO7RLO)

~C | I
H'0080 0380 TIO8 Counter (TIO8CT)
H'0080 0382 |
H'0080 0384 TIO8 Reload 1 Register (TIO8RL1)
H'0080 0386 TIO8 Reload 0/Measure Register (TIOSRLO)
H’0080 0388
H'0080 038A TIO8 Control Register (TIOSCR) TIO9 Control Register (TIO9CR)
H'0080 0390 TIO9 Counter (TIO9CT)
H'0080 0392 |
H'0080 0394 TIO9 Reload 1 Register (TIO9RL1)
H’0080 0396 TIO9 Reload 0/Measure Register (TIO9RLO)

= | ¥

Blank addresses are reserved areas.

Figure 3.4.9 Register Mapping of the SFR Area (5)
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ADDRESS SPACE
3.4 Internal ROM/SFR Area

Address +0 Address +1 Address
DO D7I D8 D15

H'0080 03BC TIO0-9 Enable Protect Register (TIOPRO)
H'0080 03BE TIO0-9 Count Enable Register (TIOCEN)
H'0080 03CO TMSO Counter (TMSOCT)
H0080 03C2 TMS0 Measure 3 Register (TMSOMR3)
H'0080 03C4 TMSO0 Measure 2 Register (TMSOMR2)
H'0080 03C6 TMSO Measure 1 Register (TMSOMR1)
H’0080 03C8 TMSO0 Measure 0 Register (TMSOMRO)
H'0080 03CA TMSO0 Control Register (TMSOCR) TMS1 Control Register (TMS1CR)
H’0080 03D0 TMS1 Counter (TMS1CT)
H’0080 03D2 TMS1 Measure 3 Register (TMS1IMR3)
H’0080 03D4 TMS1 Measure 2 Register (TMS1IMR2)
H'0080 03D6 TMS1 Measure 1 Register (TMS1IMR1)
H'0080 03D8 TMS1 Measure 0 Register (TMS1MRO)
H'0080 03EO0 TMLO Counter, High (TMLOCTH)
H'0080 03E2 TMLO Counter, Low (TMLOCTL)
H’0080 03EA TMLO Control Register (TMLOCR)
H’'0080 03F0 TMLO Measure 3 Register, High (TMLOMR3H)
H’0080 03F2 TMLO Measure 3 Register, Low (TMLOMR3L)
H'0080 03F4 TMLO Measure 2 Register, High (TMLOMR2H)
H’0080 03F6 TMLO Measure 2 Register, Low (TMLOMR2L)
H'0080 03F8 TMLO Measure 1 Register, High (TMLOMR1H)
H’0080 03FA TMLO Measure 1 Register, Low (TMLOMR1L)
H'0080 03FC TMLO Measure 0 Register, High (TMLOMROH)
H'0080 03FE TMLO Measure 0 Register, Low (TMLOMROL)
H'0080 0400 DMAO-4 Interrupt Request Status Register (DM04ITST) DMAO-4 Interrupt Mask Register (DM04ITMK)
H'0080 0408 DMAG5-9 Interrupt Request Status Register (DM59ITST) DMAS5-9 Interrupt Mask Register (DM59ITMK)
H’0080 0410 DMAO Channel Control Register (DMOCNT) DMAO Transfer Count Register (DMOTCT)
H'0080 0412 DMAO Source Address Register (DMOSA)
H'0080 0414 DMAOQ Destination Address Register (DMODA)
H'0080 0416
H’0080 0418 DMAS5 Channel Control Register (DM5CNT) DMAGS Transfer Count Register (DM5TCT)
H'0080 041A DMAS5 Source Address Register (DM5SA)
H'0080 041C DMAS Destination Address Register (DM5DA)
H'0080 041E
H'0080 0420 DMAL1 Channel Control Register (DM1CNT) DMAL1 Transfer Count Register (DM1TCT)
H'0080 0422 DMA1 Source Address Register (DM1SA)
H0080 0424 DMAL Destination Address Register (DM1DA)
H'0080 0426
H'0080 0428 DMA6 Channel Control Register (DM6CNT) DMAG Transfer Count Register (DM6TCT)
H'0080 042A DMAG Source Address Register (DM6SA)
H'0080 042C DMAG Destination Address Register (DM6DA)
H'0080 042E |

Blank addresses are reserved areas.

Figure 3.4.10 Register Mapping of the SFR Area (6)
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ADDRESS SPACE
3.4 Internal ROM/SFR Area

Address

H’0080 0430
H'0080 0432
H'0080 0434
H’0080 0436
H'0080 0438
H'0080 043A
H'0080 043C
H'0080 043E
H’0080 0440
H'0080 0442
H’0080 0444
H’0080 0446
H'0080 0448
H'0080 044A
H'0080 044C

H'0080 044E

+0 Address

D7 D8

+1 Address

D15

DMA2 Channel Control Register (DM2CNT)

DMA2 Transfer Count Register (DM2TCT)

DMA2 Source Address Register (DM2SA)

DMA2 Destination Address Register (DM2DA)

DMAY7 Channel Control Register (DM7CNT)

DMAY Transfer Count Register (DM7TCT)

DMAY7 Source Address Register (DM7SA)

DMAY Destination Address Register (DM7DA)

DMA3 Channel Control Register (DM3CNT)

DMAS3 Transfer Count Register (DM3TCT)

DMAS3 Source Addres:

s Register (DM3SA)

DMAS3 Destination Address Register (DM3DA)

DMAB8 Channel Control Register (DM8CNT)

DMAB8 Transfer Count Register (DM8TCT)

DMAB8 Source Address Register (DM8SA)

DMAB8 Destination Address Register (DM8DA)

H’0080 0450

DMAA4 Channel Control Register (DM4CNT)

DMAA4 Transfer Count Register (DM4TCT)

H'0080 0452

DMAA4 Source Addres:

s Register (DM4SA)

H'0080 0454

DMA4 Destination Address Register (DM4DA)

H’0080 0456

H'0080 0458

DMA9 Channel Control Register (DM9CNT)

DMAJ9 Transfer Count Register (DM9TCT)

H'0080 045A

DMAQ9 Source Address Register (DM9SA)

H'0080 045C

DMAJ9 Destination Address Register (DM9DA)

H'0080 045E

H’0080 0460

DMAOQ Software Request Generation Register (DMOSRI)

H'0080 0462

DMAL1 Software Request Generation Register (DM1SRI)

H’0080 0464

DMA2 Software Request Generation Register (DM2SRI)

H’0080 0466

DMAS3 Software Request Generation Register (DM3SRI)

H'0080 0468

DMA4 Software Request Generation Register (DM4SRI)

H’0080 0470

DMAS Software Request Generation Register (DM5SRI)

H'0080 0472

DMAG Software Request Generation Register (DM6SRI)

H'0080 0474

DMA7 Software Request Generation Register (DM7SRI)

H’0080 0476

DMAS8 Software Request Generation Register (DM8SRI)

H'0080 0478

DMAJ9 Software Request Generation Register (DM9SRI)

H’0080 0700

PO Data Register (PODATA)

P1 Data Register (P1DATA)

H'0080 0702

P2 Data Register (P2DATA)

P3 Data Register (P3DATA)

H'0080 0704

P4 Data Register (P4DATA)

H'0080 0706

P6 Data Register (P6DATA)

P7 Data Register (P7DATA)

H'0080 0708

P8 Data Register (P8DATA)

P9 Data Register (PO9DATA)

H'0080 070A

P10 Data Register (P10DATA)

P11Data Register (P11DATA)

H'0080 070C

P12 Data Register (P12DATA)

P13 Data Register (P13DATA)

H’0080 070E

P14 Data Register (P14DATA)

P15 Data Register (P15DATA)

H'0080 0710

P16 Data Register (P16DATA)

P17 Data Register (P17DATA)

H'0080 0712

P18 Data Register (P18DATA)

P19 Data Register (P19DATA)

H'0080 0714

P20 Data Register (P20DATA)

P21 Data Register (P21DATA)

Blank addresses are reserved areas.

Figure 3.4.11 Register Mapping of the SFR Area (7)
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ADDRESS SPACE
3.4 Internal ROM/SFR Area

Address
DO

+0 Address

+1 Address

D15

H'0080 0716

P22 Data Register (P22DATA)

H'0080 0720

PO Direction Register (PODIR)

P1 Direction Register (P1DIR)

H'0080 0722

P2 Direction Register (P2DIR)

P3 Direction Register (P3DIR)

H'0080 0724

P4 Direction Register (P4DIR)

H'0080 0726

P6 Direction Register (P6DIR)

P7 Direction Register (P7DIR)

H'0080 0728

P8 Direction Register (P8DIR)

P9 Direction Register (P9DIR)

H'0080 072A

P10 Direction Register (P10DIR)

P11 Direction Register (P11DIR)

H'0080 072C

P12 Direction Register (P12DIR)

P13 Direction Register (P13DIR)

H'0080 072E

P14 Direction Register (P14DIR)

P15 Direction Register (P15DIR)

H'0080 0730

P16 Direction Register (P16DIR)

P17 Direction Register (P17DIR)

H'0080 0732

P18 Direction Register (P18DIR)

P19 Direction Register (P19DIR)

H’0080 0734

P20 Direction Register (P20DIR)

P21 Direction Register (P21DIR)

H'0080 0736

P22 Direction Register (P22DIR)

H'0080 0744

Port Input Function Enable Register (PIEN)

H'0080 0746

P6 Operation Mode Register (P6MOD)

P7 Operation Mode Register (P7MOD)

H'0080 0748

P8 Operation Mode Register (PBMOD)

P9 Operation Mode Register (P9MOD)

H'0080 074A

P10 Operation Mode Register (P1L0MOD)

P11 Operation Mode Register (P11MOD)

H'0080 074C

P12 Operation Mode Register (P12MOD)

P13 Operation Mode Register (P13MOD)

H'0080 074E

P14 Operation Mode Register (P14MOD)

P15 Operation Mode Register (P15MOD)

H'0080 0750

P16 Operation Mode Register (P16MOD)

P17 Operation Mode Register (P17MOD)

H'0080 0752

P18 Operation Mode Register (P18MOD)

P19 Operation Mode Register (P19MOD)

H'0080 0754

P20 Operation Mode Register (P20MOD)

P21 Operation Mode Register (P21MOD)

H'0080 0756

P22 Operation Mode Register (P22MOD)

H'0080 077E

Bus Mode Control Register (BUSMODC)

H'0080 078C

TIDO Counter (TIDOCT)

H'0080 078E

TIDO Reload Register (TIDORL)

H'0080 0790

TODO_0 Counter (TODOOCT)

H'0080 0792

H'0080 0794

TODO_O Reload 1 Register (TODOORL1)

H'0080 0796

TODO_0 Reload 0 Register (TODOORLO)

H'0080 0798

TODO_1 Counter (TODO1CT)

H'0080 079A

H'0080 079C

TODO_1 Reload 1 Register (TODO1RL1)

H'0080 079E

TODO_O Reload 0 Register (TODO1RLO)

H'0080 07A0

TODO_2 Counter (TOD02CT)

H'0080 07A2

H'0080 07A4

TODO_2 Reload 1 Register (TODO2RL1)

H'0080 07A6

TODO_2 Reload 0 Register (TOD02RLO0)

H'0080 07A8

TODO_3 Counter (TODO3CT)

H’0080 07AA

H'0080 07AC

TODO_3 Reload 1 Register (TODO3RL1)

H'0080 07AE

TODO_3 Reload 0 Register (TODO3RLO)

Blank addresses are reserved areas.

Figure 3.4.12 Register Mapping of the SFR Area (8)

3-21

32170/32174 Group User's Manual (Rev. 2.1)




ADDRESS SPACE
3.4 Internal ROM/SFR Area

Address +0 Address +1 Address
DO D7 | D8 D15
H'0080 07B0O TODO_4 Counter (TOD04CT)
H'0080 07B2
H'0080 07B4 TODO_4 Reload 1 Register (TOD04RL1)
H'0080 07B6 TODO_4 Reload 0 Register (TOD04RLO)
H'0080 07B8 TODO_5 Counter (TODO5CT)
H'0080 07BA
H'0080 07BC TODO_5 Reload 1 Register (TODO5RL1)
H'0080 07BE TODO_5 Reload 0 Register (TODO5RLO)
H'0080 07CO TODO_6 Counter (TODO6CT)
H0080 07C2
H'0080 07C4 TODO_6 Reload 1 Register (TODO6RL1)
H'0080 07C6 TODO_6 Reload 0 Register (TODO6RLO)
H'0080 07C8 TODO_7 Counter (TODO7CT)
H'0080 07CA
H'0080 07CC TODO_7 Reload 1 Register (TODO7RL1)
H’0080 07CE TODO_7 Reload 0 Register (TODO7RLO)
H'0080 07D0 Prescaler Register 3 (PRS3) TIDO Control & Prescaler 3 Enable Register (TIDOPRES3EN)
H'0080 07D2 TODO Interrupt Mask Register (TODOIMA) TODO Interrupt Status Register (TODOIST)
H'0080 07D4 FIF Protect Register 2 (FFP2)
H'0080 07D6 F/F Data Register 2 (FFD2)
H0080 07D8
H'0080 07DA TODO Control Register (TODOCR)
H'0080 07DC TODO Enable Protect Register (TODOPRO)
H'0080 07DE TODO Count Enable Register (TODOCEN)
H'0080 07E0 Flash Mode Register (FMOD) Flash Status Register 1 (FSTAT1)
H'0080 07E2 Flash Control Register 1 (FCNT1) Flash Control Register 2 (FCNT2)
H'0080 07E4 Flash Control Register 3 (FCNT3) Flash Control Register 4 (FCNT4)
H'0080 07E6
H’0080 07E8 Pseudo-flash L Bank Register 0 (FELBANKO)
H'0080 07EA Pseudo-flash L Bank Register 1 (FELBANK1)
H'0080 07EC Pseudo-flash L Bank Register 2 (FELBANK2)
H'0080 O7EE Pseudo-flash L Bank Register 3 (FELBANK3)
H'0080 07F0 Pseudo-flash S Bank Register 0 (FESBANKO)
H'0080 07F2 Pseudo-flash S Bank Register 1 (FESBANK1)
H’0080 0A00 S1045 Interrupt Status Register (SI45STAT) SI045 Interrupt Mask Register (SI45MASK)
H'0080 0A02 SI045 Receive Interrupt Cause Select Register (SI45SEL)
H’0080 0A10 S104 Transmit Control Register (S4TCNT) SI04 Transmit/Receive Mode Register (S4MOD)
H'0080 0A12 S104 Transmit Buffer Register (S4TXB)
H’0080 0A14 Sl04 Receive Buffer Register (S4RXB)
H'0080 0A16 SIO4 Receive Control Register (S4RCNT) SI04 Baud Rate Register (S4BAUR)
H'0080 0A20 SI05 Transmit Control Register (SSRCNT) SIO5 Transmit/Receive Mode Register (SSMOD)
H'0080 0A22 SIO5 Transmit Buffer Register (S5TXB)
H'0080 0A24 SIOS Receive Buffer Register (SSRXB)
H'0080 0A26 SIO5 Receive Control Register (SSRCNT) | SIO5 Baud Rate Register (SSBAUR)
Blank addresses are reserved areas.

Figure 3.4.13 Register Mapping of the SFR Area (9)
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ADDRESS SPACE
3.4 Internal ROM/SFR Area

Address +0 Address +1 Address
DO D7 D8 D15
H0080 0A80 A-D1 Single Mode Register 0 (AD1SIMO) A-D1 Single Mode Register 1 (AD1SIM1)
H'0080 0A82
H'0080 0A84 A-D1 Scan Mode Register 0 (AD1SCMO) A-D1 Scan Mode Register 1 (AD1SCM1)
H'0080 0A86
H'0080 0A88 A-D1 Successive Approximation Register (AD1SAR)
H'0080 0ABA |
H0080 0A8C A-D1 Comparate Data Register (AD1CMP)
A | A
H'0080 0A90 10-bit A-D1 Data Register 0 (AD1DTO)
H'0080 0A92 10-bit A-D1 Data Register 1 (AD1DT1)
H’0080 0A94 10-bit A-D1 Data Register 2 (AD1DT2)
H'0080 0A96 10-bit A-D1 Data Register 3 (AD1DT3)
H'0080 0A98 10-bit A-D1 Data Register 4 (AD1DT4)
H'0080 0A9A 10-bit A-D1 Data Register 5 (AD1DT5)
H'0080 0A9C 10-bit A-D1 Data Register 6 (AD1DT6)
H'0080 OA9E 10-bit A-D1 Data Register 7 (AD1DT7)
H'0080 0AAQ 10-bit A-D1 Data Register 8 (AD1DT8)
H'0080 0AA2 10-bit A-D1 Data Register 9 (AD1DT9)
H'0080 0AA4 10-bit A-D1 Data Register 10 (AD1DT10)
H'0080 0AA6 10-bit A-D1 Data Register 11 (AD1DT11)
H'0080 0AA8 10-bit A-D1 Data Register 12 (AD1DT12)
H'0080 0AAA 10-bit A-D1 Data Register 13 (AD1DT13)
H'0080 OAAC 10-bit A-D1 Data Register 14 (AD1DT14)
H'0080 DAAE 10-bit A-D1 Data Register 15 (AD1DT15)
H'0080 OADO 8-bit A-D1 Data Register 0 (AD18DTO)
H'0080 0OAD2 8-bit A-D1 Data Register 1 (AD18DT1)
H'0080 0AD4 8-bit A-D1 Data Register 2 (AD18DT2)
H'0080 OAD6 8-bit A-D1 Data Register 3 (AD18DT3)
H'0080 OAD8 8-bit A-D1 Data Register 4 (AD18DT4)
H'0080 OADA 8-bit A-D1 Data Register 5 (AD18DT5)
H'0080 OADC 8-bit A-D1 Data Register 6 (AD18DT6)
H'0080 OADE 8-bit A-D1 Data Register 7 (AD18DT7)
H'0080 OAEQ 8-bit A-D1 Data Register 8 (AD18DT8)
H'0080 OAE2 8-bit A-D1 Data Register 9 (AD18DT9)
H'0080 OAE4 8-bit A-D1 Data Register 10 (AD18DT10)
H'0080 0AE6 8-bit A-D1 Data Register 11 (AD18DT11)
H'0080 OAE8 8-bit A-D1 Data Register 12 (AD18DT12)
H'0080 OAEA 8-bit A-D1 Data Register 13 (AD18DT13)
H'0080 OAEC 8-bit A-D1 Data Register 14 (AD18DT14)
H'0080 OAEE 8-bit A-D1 Data Register 15 (AD18DT15)
H'0080 0B8C TID1 Counter (TID1CT)
H'0080 OBBE TID1 Reload Register (TID1RL)
H'0080 0B90 TOD1_0 Counter (TOD10CT)
H'0080 0B92
H'0080 0B94 TOD1_0 Reload 1 Register (TOD10RL1)

Blank addresses are reserved areas.

Figure 3.4.14 Register Mapping of the SFR Area (10)
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ADDRESS SPACE
3.4 Internal ROM/SFR Area

Address +0 Address +1 Address
DO D7 | D8 D15

H'0080 0B96 TOD1_0 Reload 0 Register (TOD10RLO)
H'0080 0B98 TOD1_1 Counter (TOD11CT)
H'0080 0B9A
H'0080 0B9C TOD1_1 Reload 1 Register (TOD11RL1)
H'0080 0B9E TOD1_1 Reload 0 Register (TOD11RLO)
H'0080 OBAO TOD1_2 Counter (TOD12CT)
H'0080 0BA2
H'0080 OBA4 TOD1_2 Reload 1 Register (TOD12RL1)
H'0080 0BA6 TOD1_2 Reload 0 Register (TOD12RLO0)
H'0080 0BA8 TOD1_3 Counter (TOD13CT)
H'0080 OBAA
H'0080 OBAC TOD1_3 Reload 1 Register (TOD13RL1)
H'0080 OBAE TOD1_3 Reload 0 Register (TOD13RLO)
H'0080 0BBO TOD1_4 Counter (TOD14CT)
H'0080 0BB2
H'0080 0BB4 TOD1_4 Reload 1 Register (TOD14RL1)
H'0080 0BB6 TOD1_4 Reload 0 Register (TOD14RLO0)
H'0080 0BB8 TOD1_5 Counter (TOD15CT)
H'0080 OBBA
H'0080 0BBC TOD1_5 Reload 1 Register (TOD15RL1)
H'0080 OBBE TOD1_5 Reload 0 Register (TOD15RLO0)
H'0080 0BCO TOD1_6 Counter (TOD16CT)
H0080 0BC2
H'0080 0BC4 TOD1_6 Reload 1 Register (TOD16RL1)
H'0080 0BC6 TOD1_6 Reload 0 Register (TOD16RLO)
H'0080 0BC8 TOD1_7 Counter (TOD17CT)
H'0080 OBCA
H'0080 OBCC TOD1_7 Reload 1 Register (TOD17RL1)
H'0080 OBCE TOD1_7 Reload 0 Register (TOD17RLO0)
H’0080 0BDO Prescaler Register 4 (PRS4) TID1 Control & Prescaler 4 Enable Register (TIDIPRS4EN)
H'0080 0BD2 TOD1 Interrupt Mask Register (TOD1IMA) TOD1 Interrupt Status Register (TOD1IST)
H'0080 0BD4 FIF Protect Register 3 (FFP3)
H’0080 0BD6 F/F Data Register 3 (FFD3)
H'0080 0BD8
H'0080 0BDA TODL1 Control Register (TOD1CR)
H0080 0BDC TOD1 Enable Protect Register (TOD1PRO)
H'0080 OBDE TOD1 Count Enable Register (TOD1CEN)
H'0080 0C8C TID2 Counter (TID2CT)
H’'0080 0C8E TID2 Reload Register (TID2RL)
H'0080 0C90 TOMO_O Counter (TOMOOCT)
H'0080 0C92
H'0080 0C94 TOMO_0 Reload 1 Register (TOMOORL1)
H'0080 0C96 TOMO_O Reload 0 Register (TOMOORLO)
H'0080 0C98 TOMO_1 Counter (TOMO1CT)
H'0080 0C9A
H0080 0C9C TOMO_1 Reload 1 Register (TOMO1RL1)

Blank addresses are reserved areas.

Figure 3.4.15 Register Mapping of the SFR Area (11)
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ADDRESS SPACE
3.4 Internal ROM/SFR Area

Address o +0 Address b7 D8 +1 Address 15
]
H'0080 OC9E TOMO_1 Reload 0 Register (TOMO1RLO)
H'0080 OCAO TOMO_2 Counter (TOM02CT)
H'0080 0CA2
H'0080 0CA4 TOMO_2 Reload 1 Register (TOMO2RL1)
H'0080 0CA6 TOMO_2 Reload 0 Register (TOMO02RLO)
H'0080 0CA8 TOMO_3 Counter (TOMO3CT)
H'0080 0CAA
H’0080 OCAC TOMO_3 Reload 1 Register (TOMO3RL1)
H’0080 OCAE TOMO_3 Reload 0 Register (TOMO3RLO0)
H'0080 0CBO TOMO_4 Counter (TOMO04CT)
H'0080 0CB2
H'0080 0CB4 TOMO_4 Reload 1 Register (TOM04RL1)
H’0080 0CB6 TOMO_4 Reload 0 Register (TOM04RLO)
H’0080 0CB8 TOMO_5 Counter (TOMO5CT)
H'0080 OCBA
H'0080 0OCBC TOMO_5 Reload 1 Register (TOMO5RL1)
H'0080 OCBE TOMO_5 Reload 0 Register (TOMO5RLO)
H'0080 0CCO TOMO_6 Counter (TOMO6CT)
H'0080 0CC2
H'0080 0CC4 TOMO_6 Reload 1 Register (TOMO6RL1)
H’0080 0CC6 TOMO_6 Reload 0 Register (TOMO6RLO)
H'0080 0CC8 TOMO_7 Counter (TOMO7CT)
H'0080 OCCA
H'0080 OCCC TOMO_7 Reload 1 Register (TOMO7RL1)
H'0080 0CCE TOMO_7 Reload 0 Register (TOMO7RLO)
H’0080 0CDO Prescaler Register 5 (PRS5) TID2 Control & Prescaler 5 Enable Register (TID2PRS5EN)
H'0080 0CD2 TOMO Interrupt Mask Register (TOMOIMA) TOMO Interrupt Status Register (TOMOIST)
H'0080 0CD4 F/F Protect Register 4 (FFP4)
H'0080 0CD6 F/F Data Register 4 (FFD4)
H'0080 0CD8
H'0080 OCDA TOMO Control Register (TOMOCR)
H'0080 0CDC TOMO Enable Protect Register (TOMOPRO)
H'0080 0OCDE TOMO Count Enable Register (TOMOCEN)
H'0080 OFEOQ TML1 Counter, High (TML1CTH)
H'0080 OFE2 TML1 Counter, Low (TML1CTL)
H'0080 OFEA TML1 Control Register (TML1CR)
H'0080 OFFO0 TML1 Measure 3 Register, High (TML1IMR3H)
H’0080 OFF2 TML1 Measure 3 Register, Low (TML1MR3L)
H'0080 OFF4 TML1 Measure 2 Register, High (TMLIMR2H)
H'0080 OFF6 TML1 Measure 2 Register, Low (TML1IMR2L)
H'0080 OFF8 TML1 Measure 1 Register, High (TMLIMR1H)
H'0080 OFFA TML1 Measure 1 Register, Low (TMLIMR1L)
H'0080 OFFC TML1 Measure 0 Register, High (TML1MROH)
H'0080 OFFE TML1 Measure 0 Register, Low (TML1MROL)
Blank addresses are reserved areas.

Figure 3.4.16 Register Mapping of the SFR Area (12)
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ADDRESS SPACE
3.4 Internal ROM/SFR Area

Address

H'0080 1000
H'0080 1002
H'0080 1004
H'0080 1006
H'0080 1008
H'0080 100A
H'0080 100C
H'0080 100E
H'0080 1010
H'0080 1012
H'0080 1014

H'0080 1016

H'0080 1028
H'0080 102A
H'0080 102C
H'0080 102E
H'0080 1030
H'0080 1032
H'0080 1034
H'0080 1036
H'0080 1038

H'0080 103A
H'0080 103C

H'0080 1050
H'0080 1052
H'0080 1054
H'0080 1056
H'0080 1058
H'0080 105A
H'0080 105C
H'0080 105E

+0 Address

DO

D7 D8

|

+1 Address

D15

CANO Control Register (CANOCNT)

CANO Status Register (CANOSTAT)

CANO extended ID Register (CANOEXTID)

CANO Configuration Register (CANOCONF)

CANO Time Stamp Count Register (CANOTSTMP)

CANO Receive Error Count Register (CANOREC)

CANO Transmit Error Count Register (CANOTEC)

CANO Slot Interrupt Status Register (CANOSLIST)

CANO Slot Interrupt Mask Register (CANOSLIMK)

CANO Error Interrupt Status Register (CANOERIST)

CANO Error Interrupt Mask Register (CANOERIMK)

CANO Baud Rate Prescaler (CANOBRP)

CANO Global Mask Register Standard IDO (COGMSKSO0)

CANO Global Mask Register Standard ID1 (COGMSKS1)

CANO Global Mask Register Extended IDO (COGMSKEOQ)

CANO Global Mask Register Extended ID1 (COGMSKE1)

CANO Global Mask Register Extended ID2 (COGMSKE?2)

CANO Local Mask Register A Standard IDO (COLMSKASO)

CANO Local Mask Register A Standard ID1 (COLMSKAS1)

CANO Local Mask Register A Extended 1D0 (COLMSKAEOQ)

CANO Local Mask Register A Extended ID1 (COLMSKAE1)

CANO Local Mask Register A Extended D2 (COLMSKAE?2)

CANO Local Mask Register B Standard IDO (COLMSKBSO0)

CANO Local Mask Register B Standard IDO (COLMSKBS1)

CANO Local Mask Register B Extended IDO (COLMSKBEQ)

CANO Local Mask Register B Extended IDO (COLMSKBE1)

CANO Local Mask Register B Extended IDO (COLMSKBEQ)

CANO Message Slot 0 Control Register (COMSLOCNT)

CANO Message Slot 1 Control Register (COMSL1CNT)

CANO Message Slot 2 Control Register (COMSL2CNT)

CANO Message Slot 3 Control Register (COMSL3CNT)

CANO Message Slot 4 Control Register (COMSL4CNT)

CANO Message Slot 5 Control Register (COMSL5CNT)

CANO Message Slot 6 Control Register (COMSLECNT)

CANO Message Slot 7 Control Register (COMSL7CNT)

CANO Message Slot 8 Control Register (COMSL8CNT)

CANO Message Slot 9 Control Register (COMSLICNT)

CANO Message Slot 10 Control Register (COMSL10CNT)

CANO Message Slot 11 Control Register (COMSL11CNT)

CANO Message Slot 12 Control Register (COMSL12CNT)

CANO Message Slot 13 Control Register (COMSL13CNT)

CANO Message Slot 14 Control Register (COMSL14CNT)

CANO Message Slot 15 Control Register (COMSL15CNT)

Blank addresses are reserved areas.

Figure 3.4.17 Register Mapping of the SFR Area (13)
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ADDRESS SPACE
3.4 Internal ROM/SFR Area

Address

H'0080 1100

H'0080 1102

H'0080 1104

H'0080 1106

H'0080 1108

H'0080 110A

H'0080 110C

H'0080 110E

H'0080 1110

H'0080 1112

H'0080 1114

H'0080 1116

H'0080 1118

H'0080 111A

H'0080 111C

H'0080 111E

H'0080 1120

H'0080 1122

H'0080 1124

H'0080 1126

H'0080 1128

H'0080 112A

H'0080 112C

H'0080 112E

H'0080 1130

H'0080 1132

H'0080 1134

H'0080 1136

H'0080 1138

H'0080 113A

H'0080 113C

H'0080 113E

H'0080 1140

H'0080 1142

H'0080 1144

H'0080 1146

H'0080 1148

H'0080 114A

H'0080 114C

H'0080 114E
H'0080 1150

H'0080 1152

+0 Address

DO D7

+1 Address

D8 D15

CANO Message Slot 0 Standard ID0 (COMSLO0SIDO)

CANO Message Slot 0 Standard ID1 (COMSLOSID1)

CANO Message Slot 0 Extended IDO (COMSLOEIDO)

CANO Message Slot 0 Extended ID1 (COMSLOEID1)

CANO Message Slot 0 Extended 1D2 (COMSLOEID2)

CANO Message Slot 0 Data Length Register (COMSLODLC)

CANO Message Slot 0 Data 0 (COMSLODTO)

CANO Message Slot 0 Data 1 (COMSLODT1)

CANO Message Slot 0 Data 2 (COMSLODT2)

CANO Message Slot 0 Data 3 (COMSLODT3)

CANO Message Slot 0 Data 4 (COMSLODT4)

CANO Message Slot 0 Data 5 (COMSLODTS5)

CANO Message Slot 0 Data 6 (COMSLODT6)

CANO Message Slot 0 Data 7 (COMSLODT?7)

CANO Message Slot 0 Ti

me Stamp (COMSLOTSP)

CANO Message Slot 1 Standard ID0 (COMSL1SIDO0)

CANO Message Slot 1 Standard ID1 (COMSL1SID1)

CANO Message Slot 1 Extended IDO (COMSL1EIDO)

CANO Message Slot 1 Extended ID1 (COMSL1EID1)

CANO Message Slot 1 Extended ID2 (COMSL1EID2)

CANO Message Slot 1 Data Length Register (COMSL1DLC)

CANO Message Slot 1 Data 0 (COMSL1DTO)

CANO Message Slot 1 Data 1 (COMSL1DT1)

CANO Message Slot 1 Data 2 (COMSL1DT2)

CANO Message Slot 1 Data 3 (COMSL1DT3)

CANO Message Slot 1 Data 4 (COMSL1DT4)

CANO Message Slot 1 Data 5 (COMSL1DT5)

CANO Message Slot 1 Data 6 (COMSL1DT6)

CANO Message Slot 1 Data 7 (COMSL1DT7)

CANO Message Slot 1 Time Stamp (COMSL1TSP)

CANO Message Slot 2 Standard IDO (COMSL2SIDO0)

CANO Message Slot 2 Standard ID1 (COMSL2SID1)

CANO Message Slot 2 Extended ID0 (COMSL2EIDO)

CANO Message Slot 2 Extended ID1 (COMSL2EID1)

CANO Message Slot 2 Extended 1D2 (COMSL2EID2)

CANO Message Slot 2 Data Length Register (COMSL2DLC)

CANO Message Slot 2 Data 0 (COMSL2DTO)

CANO Message Slot 2 Data 1 (COMSL2DT1)

CANO Message Slot 2 Data 2 (COMSL2DT2)

CANO Message Slot 2 Data 3 (COMSL2DT3)

CANO Message Slot 2 Data 4 (COMSL2DT4)

CANO Message Slot 2 Data 5 (COMSL2DT5)

CANO Message Slot 2 Data 6 (COMSL2DT6)

CANO Message Slot 2 Data 7 (COMSL2DT7)

CANO Message Slot 2 Ti

me Stamp (COMSL2TSP)

CANO Message Slot 3 Standard IDO (COMSL3SIDO0)

CANO Message Slot 3 Standard ID1 (COMSL3SID1)

CANO Message Slot 3 Extended IDO (COMSL3EIDO)

CANO Message Slot 3 Extended ID1 (COMSL3EID1)

CANO Message Slot 3 Extended ID2 (COMSL3EID2)

CANO Message Slot 3 Data Length Register (COMSL3DLC)

CANO Message Slot 3 Data 0 (COMSL3DTO)

CANO Message Slot 3 Data 1 (COMSL3DT1)

CANO Message Slot 3 Data 2 (COMSL3DT2)

CANO Message Slot 3 Data 3 (COMSL3DT3)

CANO Message Slot 3 Data 4 (COMSL3DT4)

CANO Message Slot 3 Data 5 (COMSL3DT5)

CANO Message Slot 3 Data 6 (COMSL3DT6)

CANO Message Slot 3 Data 7 (COMSL3DT7)

CANO Message Slot 3 Ti

me Stamp (COMSL3TSP)

CANO Message Slot 4 Standard IDO (COMSL4SIDO0)

CANO Message Slot 4 Standard ID1 (COMSL4SID1)

CANO Message Slot 4 Extended IDO (COMSL4EIDO)

CANO Message Slot 4 Extended ID1 (COMSL4EID1)

CANO Message Slot 4 Extended ID2 (COMSL4EID2)

CANO Message Slot 4 Data Length Register (COMSL4DLC)

CANO Message Slot 4 Data 0 (COMSL4DTO)

CANO Message Slot 4 Data 1 (COMSL4DT1)

CANO Message Slot 4 Data 2 (COMSL4DT2)

CANO Message Slot 4 Data 3 (COMSL4DT3)

CANO Message Slot 4 Data 4 (COMSL4DT4)

CANO Message Slot 4 Data 5 (COMSL4DT5)

CANO Message Slot 4 Data 6 (COMSL4DT6)

CANO Message Slot 4 Data 7 (COMSL4DT7)

CANO Message Slot 4 Time Stamp (COMSL4TSP)

CANO Message Slot 5 Standard IDO (COMSL5SIDO)

CANO Message Slot 5 Standard ID1 (COMSL5SID1)

CANO Message Slot 5 Extended IDO (COMSL5EIDO)

CANO Message Slot 5 Extended ID1 (COMSL5EID1)

Blank addresses are reserved areas.

Figure 3.4.18 Register Mapping of the SFR Area (14)
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ADDRESS SPACE
3.4 Internal ROM/SFR Area

Address

H'0080 1154

H'0080 1156

H'0080 1158

H'0080 115A

H'0080 115C

H'0080 115E

H'0080 1160

H'0080 1162

H'0080 1164

H'0080 1166

H'0080 1168

H'0080 116A

H'0080 116C

H'0080 116E

H'0080 1170

H'0080 1172

H'0080 1174

H'0080 1176

H'0080 1178

H'0080 117A

H'0080 117C

H'0080 117E

H'0080 1180

H'0080 1182

H'0080 1184

H'0080 1186

H'0080 1188

H'0080 118A

H'0080 118C

H'0080 118E

H'0080 1190

H'0080 1192

H'0080 1194

H'0080 1196

H'0080 1198

H'0080 119A

H'0080 119C

H'0080 119E

H'0080 11A0

H'0080 11A2

H'0080 11A4

H'0080 11A6

+0 Address

+1 Address

D7 D8 D15

CANO Message Slot 5 Extended ID2 (COMSL5EID2)

CANO Message Slot 5 Data Length Register (COMSL5DLC)

CANO Message Slot 5 Data 0 (COMSL5DTO)

CANO Message Slot 5 Data 1 (COMSL5DT1)

CANO Message Slot 5 Data 2 (COMSL5DT2)

CANO Message Slot 5 Data 3 (COMSL5DT3)

CANO Message Slot 5 Data 4 (COMSL5DT4)

CANO Message Slot 5 Data 5 (COMSL5DT5)

CANO Message Slot 5 Data 6 (COMSL5DT6)

CANO Message Slot 5 Data 7 (COMSL5DT7)

CANO Message Slot 5 Time Stamp (COMSL5TSP)

CANO Message Slot 6 Standard IDO (COMSL6SIDO)

CANO Message Slot 6 Standard ID1 (COMSL6SID1)

CANO Message Slot 6 Extended IDO (COMSL6EIDO)

CANO Message Slot 6 Extended ID1 (COMSL6EID1)

CANO Message Slot 6 Extended ID2 (COMSL6EID2)

CANO Message Slot 6 Data Length Register (COMSL6DLC)

CANO Message Slot 6 Data 0 (COMSL6DTO)

CANO Message Slot 6 Data 1 (COMSL6DT1)

CANO Message Slot 6 Data 2 (COMSL6DT2)

CANO Message Slot 6 Data 3 (COMSL6DT3)

CANO Message Slot 6 Data 4 (COMSL6DT4)

CANO Message Slot 6 Data 5 (COMSL6DT5)

CANO Message Slot 6 Data 6 (COMSL6DT6)

CANO Message Slot 6 Data 7 (COMSL6DT7)

CANO Message Slot 6 Time Stamp (COMSL6TSP)

CANO Message Slot 7 Standard IDO (COMSL7SIDO)

CANO Message Slot 7 Standard ID1 (COMSL7SID1)

CANO Message Slot 7 Extended IDO (COMSL7EIDO)

CANO Message Slot 7 Extended ID1 (COMSL7EID1)

CANO Message Slot 7 Extended ID2 (COMSL7EID2)

CANO Message Slot 7 Data Length Register (COMSL7DLC)

CANO Message Slot 7 Data 0 (COMSL7DTO)

CANO Message Slot 7 Data 1 (COMSL7DT1)

CANO Message Slot 7 Data 2 (COMSL7DT2)

CANO Message Slot 7 Data 3 (COMSL7DT3)

CANO Message Slot 7 Data 4 (COMSL7DT4)

CANO Message Slot 7 Data 5 (COMSL7DT5)

CANO Message Slot 7 Data 6 (COMSL7DT6)

CANO Message Slot 7 Data 7 (COMSL7DT7)

CANO Message Slot 7 Time Stamp (COMSL7TSP)

CANO Message Slot 8 Standard ID0 (COMSL8SIDO)

CANO Message Slot 8 Standard ID1 (COMSL8SID1)

CANO Message Slot 8 Extended IDO (COMSL8EIDO)

CANO Message Slot 8 Extended ID1 (COMSL8
PETENN

CANO Message Slot 8 Extended ID2 (COMSL8EID2)

f
B4
CANO Message Slot 8 Data Length Register (COMSL8DLC)

CANO Message Slot 8 Data 0 (COMSL8DTO)

CANO Message Slot 8 Data 1 (COMSL8DT1)

CANO Message Slot 8 Data 2 (COMSL8DT?2)

CANO Message Slot 8 Data 3 (COMSL8DT3)

CANO Message Slot 8 Data 4 (COMSL8DT4)

CANO Message Slot 8 Data 5 (COMSL8DT5)

CANO Message Slot 8 Data 6 (COMSL8DT6)

CANO Message Slot 8 Data 7 (COMSL8DT7)

CANO Message Slot 8 Time Stamp (COMSL8TSP)

CANO Message Slot 9 Standard IDO (COMSL9SIDO)

CANO Message Slot 9 Standard ID1 (COMSL9SID1)

CANO Message Slot 9 Extended IDO (COMSL9EIDO)

CANO Message Slot 9 Extended ID1 (COMSL9EID1)

CANO Message Slot 9 Extended ID2 (COMSL9EID2)

CANO Message Slot 9 Data Length Register (COMSL9DLC)

CANO Message Slot 9 Data 0 (COMSL9DTO)

CANO Message Slot 9 Data 1 (COMSL9DT1)

CANO Message Slot 9 Data 2 (COMSL9DT?2)

CANO Message Slot 9 Data 3 (COMSL9DT3)

CANO Message Slot 9 Data 4 (COMSLIDT4)

CANO Message Slot 9 Data 5 (COMSL9DT5)

CANO Message Slot 9 Data 6 (COMSL9DT6)

CANO Message Slot 9 Data 7 (COMSL9DT7)

CANO Message Slot 9 Time Stamp (COMSL9TSP)

CANO Message Slot 10 Standard IDO (COMSL10SIDO)

CANO Message Slot 10 Standard ID1 (COMSL10SID1)

CANO Message Slot 10 Extended IDO (COMSL10EIDO)

CANO Message Slot 10 Extended ID1 (COMSL10EID1)

CANO Message Slot 10 Extended ID2 (COMSL10EID2)

CANO Message Slot 10 Data Length Register (COMSL10DLC)

CANO Message Slot 10 Data 0 (COMSL10DTO)

CANO Message Slot 10 Data 1 (COMSL10DT1)

Blank addresses are reserved areas.

Figure 3.4.19 Register Mapping of the SFR Area (15)
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ADDRESS SPACE
3.4 Internal ROM/SFR Area

Address

DO

+0 Address

D7 D8

+1 Address
D15

H'0080 11A8

CANO Message Slot 10 Data 2 (COMSL10DT2)

CANO Message Slot 10 Data 3 (COMSL10DT3)

H'0080 11AA

CANO Message Slot 10 Data 4 (COMSL10DT4)

CANO Message Slot 10 Data 5 (COMSL10DT5)

H'0080 11AC

CANO Message Slot 10 Data 6 (COMSL10DT6)

CANO Message Slot 10 Data 7 (COMSL10DT7)

H'0080 11AE

CANO Message Slot 10 Time Stamp (COMSL10TSP)

H'0080 11BO

CANO Message Slot 11 Standard ID0 (COMSL11SIDO0)

CANO Message Slot 11 Standard ID1 (COMSL11SID1)

H'0080 11B2

CANO Message Slot 11 Extended IDO (COMSL11EIDO)

CANO Message Slot 11 Extended ID1 (COMSL11EID1)

H'0080 11B4

CANO Message Slot 11 Extended ID2 (COMSL11EID2)

CANO Message Slot 11 Data Length Register (COMSL11DLC)

H'0080 11B6

CANO Message Slot 11 Data 0 (COMSL11DTO0)

CANO Message Slot 11 Data 1 (COMSL11DT1)

H'0080 11B8

CANO Message Slot 11 Data 2 (COMSL11DT2)

CANO Message Slot 11 Data 3 (COMSL11DT3)

H'0080 11BA

CANO Message Slot 11 Data 4 (COMSL11DT4)

CANO Message Slot 11 Data 5 (COMSL11DT5)

H'0080 11BC

CANO Message Slot 11 Data 6 (COMSL11DT6)

CANO Message Slot 11 Data 7 (COMSL11DT7)

H'0080 11BE

CANO Message Slot 11 Time Stamp (COMSL11TSP)

H’0080 11CO

CANO Message Slot 12 Standard IDO (COMSL12SIDO0)

CANO Message Slot 12 Standard ID1 (COMSL12SID1)

H'0080 11C2

CANO Message Slot 12 Extended IDO (COMSL12EIDO)

CANO Message Slot 12 Extended ID1 (COMSL12EID1)

H'0080 11C4

CANO Message Slot 12 Extended ID2 (COMSL12EID2)

CANO Message Slot 12 Data Length Register (COMSL12DLC)

H’0080 11C6

CANO Message Slot 12 Data 0 (COMSL12DTO0)

CANO Message Slot 12 Data 1 (COMSL12DT1)

H'0080 11C8

CANO Message Slot 12 Data 2 (COMSL12DT2)

CANO Message Slot 12 Data 3 (COMSL12DT3)

H'0080 11CA

CANO Message Slot 12 Data 4 (COMSL12DT4)

CANO Message Slot 12 Data 5 (COMSL12DT5)

H'0080 11CC

CANO Message Slot 12 Data 6 (COMSL12DT6)

CANO Message Slot 12 Data 7 (COMSL12DT7)

H'0080 11CE

CANO Message Slot 12 Time Stamp (COMSL12TSP)

H'0080 11D0

CANO Message Slot 13 Standard IDO (COMSL13SIDO0)

CANO Message Slot 13 Standard ID1 (COMSL13SID1)

H'0080 11D2

CANO Message Slot 13 Extended IDO (COMSL13EIDO)

CANO Message Slot 13 Extended ID1 (COMSL13EID1)

H'0080 11D4

CANO Message Slot 13 Extended ID2 (COMSL13EID2)

CANO Message Slot 13 Data Length Register (COMSL13DLC)

H'0080 11D6

CANO Message Slot 13 Data 0 (COMSL13DTO0)

CANO Message Slot 13 Data 1 (COMSL13DT1)

H'0080 11D8

CANO Message Slot 13 Data 2 (COMSL13DT2)

CANO Message Slot 13 Data 3 (COMSL13DT3)

H'0080 11DA

CANO Message Slot 13 Data 4 (COMSL13DT4)

CANO Message Slot 13 Data 5 (COMSL13DT5)

H’0080 11DC

CANO Message Slot 13 Data 6 (COMSL13DT6)

CANO Message Slot 13 Data 7 (COMSL13DT7)

H'0080 11DE

CANO Message Slot 13 Time Stamp (COMSL13TSP)

H’0080 11E0

CANO Message Slot 14 Standard IDO (COMSL14SIDO)

CANO Message Slot 14 Standard ID1 (COMSL14SID1)

H'0080 11E2

CANO Message Slot 14 Extended IDO (COMSL14EIDO)

CANO Message Slot 14 Extended ID1 (COMSL14EID1)

H'0080 11E4

CANO Message Slot 14 Extended ID2 (COMSL14EID2)

CANO Message Slot 14 Data Length Register (COMSL14DLC)

H’0080 11E6

CANO Message Slot 14 Data 0 (COMSL14DTO)

CANO Message Slot 14 Data 1 (COMSL14DT1)

H'0080 11E8

CANO Message Slot 14 Data 2 (COMSL14DT2)

CANO Message Slot 14 Data 3 (COMSL14DT3)

H'0080 11EA

CANO Message Slot 14 Data 4 (COMSL14DT4)

CANO Message Slot 14 Data 5 (COMSL14DT5)

H'0080 11EC

CANO Message Slot 14 Data 6 (COMSL14DT6)

CANO Message Slot 14 Data 7 (COMSL14DT7)

H0080 11EE

CANO Message Slot 14 Time Stamp (COMSL14TSP)

H'0080 11F0

CANO Message Slot 15 Standard IDO (COMSL15SIDO)

CANO Message Slot 15 Standard ID1 (COMSL15SID1)

H'0080 11F2

CANO Message Slot 15 Extended IDO (COMSL15EIDO)

CANO Message Slot 15 Extended ID1 (COMSL15EID1)

H'0080 11F4

CANO Message Slot 15 Extended ID2 (COMSL15EID2)

CANO Message Slot 15 Data Length Register (COMSL15DLC)

H'0080 11F6

CANO Message Slot 15 Data 0 (COMSL15DTO)

CANO Message Slot 15 Data 1 (COMSL15DT1)

H'0080 11F8

CANO Message Slot 15 Data 2 (COMSL15DT2)

CANO Message Slot 15 Data 3 (COMSL15DT3)

H'0080 11FA

CANO Message Slot 15 Data 4 (COMSL15DT4)

CANO Message Slot 15 Data 5 (COMSL15DT5)

H'0080 11FC

CANO Message Slot 15 Data 6 (COMSL15DT6)

CANO Message Slot 15 Data 7 (COMSL15DT7)

H'0080 11FE

CANO Message Slot 15 Time Stamp (COMSL11TSP)

T

H'0080 3FFE |

Blank addresses are reserved areas.

Figure 3.4.20 Register Mapping of the SFR Area (16)
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ADDRESS SPACE
3.5 EIT Vector Entry

3.5 EIT Vector Entry

The EIT vector entry is located at the beginning of the internal ROM/extended external areas.
Instructions for branching to the start addresses of respective EIT event handlers are written here.
Note that it is branch instructions and not the jump addresses that are written here. For details, refer

to Chapter 4, "EIT."

H 0000 0000
H 0000 0004
H 0000 0008
0000 000C
0000 0010
0000 0014
0000 0018
0000 o001C

I T I T T T

0000 0020

I

0000 0024

I

0000 0028
H 0000 002C
H 0000 0030
H 0000 0034
H 0000 0038
H 0000 003C
H 0000 0040
H 0000 0044
H 0000 0048
H 0000 004C

I

0000 0050

I

0000 0054
H 0000 0058
H 0000 005C
H 0000 0060
H 0000 0064
H 0000 0068
0000 006C
0000 0070

I =

H 0000 0074
H 0000 0078
H 0000 007C
H 0000 0080

31

RI (Reset Interrupt) —

SBI (System Break Interrupt)

RIE —
(Reserved Instruction Exception)

AE (Address Exception) —

TRAPO

TRAP1

TRAP2

TRAP3

TRAP4

TRAPS

TRAP6

TRAP7

TRAP8

TRAP9

TRAP10

TRAP11

TRAP12

TRAP13

TRAP14

TRAP15

El (External Interrupt) (Note)

Note: When flash entry bit = 1 (i.e., flash enable mode), the El vector entry is at H'0080 4000.

Figure 3.5.1 EIT Vector Entry
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3.6 ICU Vector Table

The ICU vector table is used by the internal interrupt controller. The start addresses of interrupt
handlers for the interrupt requests from respective internal peripheral I/Os are set at the ad-
dresses shown below. For details, refer to Chapter 5, "Interrupt Controller."

The ICU vector table is shown in Figures 3.6.1 and 3.6.2.

Address . +0 Address D7 D8 +1 Address D15
\
H 0000 0094 MJT Input Interrupt 4 Handler Start Address (A0-A15)
H 0000 0096 |  MJT Input Interrupt 4 Handler Start Address (A16-A31)
H 0000 0098 MJT Input Interrupt 3 Handler Start Address (A0-A15)
H 0000 009A |  MJT Input Interrupt 3 Handler Start Address (A16-A31)
H 0000 009C MJT Input Interrupt 2 Handler Start Address (A0-A15)
H 0000 009E | MJT Input Inerrupt 2 Handler Start Address (A16-A31)
H 0000 00A0 MJT Input Interrupt 1 Handler Start Address (A0-A15)
H 0000 00A2 |  MJT Input Interrupt 1 Handler Start Address (A16-A31)
H 0000 00A4 MJT Input Interrupt 0 Handler Start Address (A0-A15)
H 0000 00A6 |  MJT Input Interrupt O Handler Start Address (A16-A31)
H 0000 00AS MJT Output Interrupt 7 Handler Start Address (A0-A15)
H 0000 00AA | MJT Output Interrupt 7 Handler Start Address (A16-A31)
H 0000 00AC MJT Output Interrupt 6 Handler Start Address (A0-A15)
H 0000 00AE |  MJT Output Interrupt 6 Handler Start Address (A16-A31)
H 0000 00BO MJT Output Interrupt 5 Handler Start Address (A0-A15)
H 0000 00B2 |  MJT Output Interrupt 5 Handler Start Address (A16-A31)
H 0000 00B4 MJT Output Interrupt 4 Handler Start Address (A0-A15)
H 0000 0086 |  MJT Output Interrupt 4 Handler Start Address (AL6-A31)
H 0000 00B8 MJT Output Interrupt 3 Handler Start Address (A0-A15)
H 0000 00BA |  MJT Output Interrupt 3 Handler Start Address (AL6-A31)
H 0000 00BC MJT Output Interrupt 2 Handler Start Address (A0-A15)
H 0000 00BE |  MJT Output Interrupt 2 Handler Start Address (A16-A31)
H 0000 0000 MJT Output Interrupt 1 Handler Start Address (A0-A15)
H 0000 00C2 | MJT Output Iterrupt 1 Handler Start Address (A16-A31)
H 0000 00C4 MJT Output Interrupt 0 Handler Start Address (A0-A15)
H 0000 00C5 | MJT Output Interrupt O Handler Start Address (A16-A31)
\

Figure 3.6.1 ICU Vector Table (1/2)
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3.6 ICU Vector Table

Address +0 Address +1 Address
DO D7 D8 D15

\
H 0000 00C8 | DMAO-4 Interrupt Handler Start Address (A0-A15)

H 0000 00CA | DMAO-4 Interrupt Handler Start Address (A16-A31)

H 0000 00CC | SIO1 Receive Interrupt Handler Start Address (A0-A15)

H 0000 O0CE | SIO1 Receive Interrupt Handler Start Address (A16-A31)

H 0000 00DO0 | SIO1 Transmit Interrupt Handler Start Address (A0-A15)

H 0000 00D2 | SIO1 Transmit Interrupt Handler Start Address (A16-A31)

H 0000 00D4 | SIOO Receive Interrupt Handler Start Address (A0-A15)

H 0000 00D6 | SIOO Receive Interrupt Handler Start Address (A16-A31)

H 0000 00D8 | SIOO Transmit Interrupt Handler Start Address (A0-A15)

H 0000 OODA | SIOO0 Transmit Interrupt Handler Start Address (A16-A31)

H 0000 00DC | A-DO Conversion Interrupt Handler Start Address (A0-A15)

H 0000 OODE | A-DO Conversion Interrupt Handler Start Address (A16-A31)

H 0000 OOEO TIDO Output Interrupt Handler Start Address (A0-A15)

H 0000 OOE2 TIDO Output Transmit Interrupt Handler Start Address (A16-A31)

H 0000 OOFE4 TODO Output Interrupt Handler Start Address (A0-A15)

H 0000 O00OE6 | TODO Output Interrupt Handler Start Address (A16-A31)

H 0000 OOE8 DMADB5-9 Interrupt Handler Start Address (A0-A15)

H 0000 OOEA | DMA5-9 Interrupt Handler Start Address (A16-A31)

H 0000 OOEC S102,3 Transmit/Receive Interrupt Handler Start Address (A0-A15)

H 0000 OOEE S102,3 Transmit/Receive Interrupt Handler Start Address (A16-A31)

H 0000 00F0 | RTD Interrupt Handler Start Address (A0O-A15)

H 0000 00F2 | RTD Interrupt Handler Start Address (A16-A31)

H 0000 O00F4 | TID1 Output Interrupt Handler Start Address (A0-A15)

H 0000 O00F6 | TID1 Output Interrupt Handler Start Address (A16-A31)

H 0000 OOF8 TOD1+TOMO Output Interrupt Handler Start Address (A0-A15)

H 0000 OOFA TOD1+TOMO Output Interrupt Handler Start Address (A16-A31)

H 0000 OOFC | SIO4,5 Transmit/Receive Interrupt Handler Start Address (A0-A15)

H 0000 OOFE | SI04,5 Transmit/Receive Interrupt Handler Start Address (A16-A31)

H 0000 0100 | A-D1 Conversion Interrupt Handler Start Address (A0-A15)

H 0000 0102 | A-D1 Conversion Interrupt Handler Start Address (A16-A31)

H 0000 0104 | TID2 Output Interrupt Handler Start Address (A0-A15)

H 0000 0106 TID2 Output Interrupt Handler Start Address (A16-A31)

H 0000 0108 | TML1 Input Interrupt Handler Start Address (A0-A15)

H 0000 010A | TML1 Input Interrupt Handler Start Address (A16-A31)

H 0000 010C | CANO Transmit/Receive & Error Interrupt Handler Start Address (A0-A15)

H 0000 O10E | CANO Transmit/Receive & Error Interrupt Handler Start Address (A16-A31)
I

Figure 3.6.2 ICU Vector Table (2/2)

3-32 32170/32174 Group User's Manual (Rev. 2.1)



3 ADDRESS SPACE
3.7 Notes on Address Space

3.7 Notes on Address Space

« Virtual-flash emulation function

The 32170 and 32174 have a function for mapping 8-Kbyte blocks (up to four blocks for the
M32170F6 or up to three blocks for the M32170F4, M32170F3, M32174F4, and M32174F3) of the
internal RAM beginning with its start address into the internal flash memory areas divided in units of
8 Kbytes (L banks), as well as mapping 4-Kbyte blocks (up to two blocks) of the internal RAM
beginning with address H'0080 C000 for the M32170F6 or H'0080 A000 for the M32170F4,
M32170F3, M32174F4, and M32174F3 into the internal flash memory areas divided in units of 4
Kbytes (S banks). This is referred to as the virtual-flash emulation function. For details about this
function, refer to Section 6.7, “Virtual-flash Emulation Function.”
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4 EIT
4.1 Outline of EIT

4.1 Qutline of EIT

If some event occurs when the CPU is executing an ordinary program, it may become necessary to
suspend the program being executed and execute another program. Events like this one are
referred to by a generic name as EIT (Exception, Interrupt, and Trap).

(1) Exception

This is an event related to the context being executed. It is generated by an error or violation
during instruction execution. In the M32R/ECU, this type of event includes Address Exception
(AE) and Reserved Instruction Exception (RIE).

(2) Interrupt

This is an event generated irrespective of the context being executed. It is generated in hardware
by a signal from an external source. In the M32R/ECU, this type of event includes External
Interrupt (El), System Break Interrupt (SBI), and Reset Interrupt (RI).

(3) Trap

This refers to a software interrupt generated by executing a TRAP instruction. This type of event
is intentionally generated in a program as in the OS's system call by the programmer.

EIT — Exception Reserved Instruction Exception (RIE)

Address Exception (AE)

—— Interrupt Reset Interrupt (RI)
System Break Interrupt (SBI)

External Interrupt (EI)

— Trap TRAP

Figure 4.1.1 Classification of EITs
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4.2 EIT Event

4.2 EIT Event

4.2.1 Exception

(1) Reserved Instruction Exception (RIE)

Reserved Instruction Exception (RIE) is generated when execution of a reserved instruction
(unimplemented instruction) is detected.

(2) Address Exception (AE)

Address Exception (AE) is generated when an attempt is made to access a misaligned address
in Load or Store instructions.

4.2.2 Interrupt

(1) Reset Interrupt (RI)

Reset Interrupt (RI) is always accepted by entering the RESET signal. The reset interrupt is
assigned the highest priority.

(2) System Break Interrupt (SBI)

System Break Interrupt (SBI) is an emergency interrupt which is used when power outage is
detected or a fault condition is notified by an external watchdog timer. This interrupt can only be
used in cases when after interrupt processing, control will not return to the program that was
being executed when the interrupt occurred.

(3) External Interrupt (El)

External Interrupt (El) is requested from internal peripheral I/Os managed by the interrupt
controller. The internal interrupt controller manages these interrupts by assigning each one of
eight priority levels including an interrupt-disabled state.

4.2.3 Trap

Traps are software interrupts which are generated by executing the TRAP instruction. Sixteen
distinct vector addresses are provided corresponding to TRAP instruction operands 0-15.
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4.3 EIT Processing Procedure

EIT processing consists of two parts, one in which they are handled automatically by hardware, and
one in which they are handled by user-created programs (EIT handlers). The procedure for
processing EITs when accepted, except for a rest interrupt, is shown below.

N ~
__ EITrequest __
o generated “

v

Program
Instruction| Instruction| Instruction suspended Instruction| Instruction| ...
A B C EIT request c D
accepted Instruction | NInstruction processing
processing- -completed type
canceled type (El, TRAP)
(RIE, AE)
v
PC »BPC Hardware Hardware (B)PSW’ PSW
PSW-»(B)PSW| preprocessing postpracessing BPC» PC
A
User-created EIT handler
EIT vector
entry handlers except for SBI
| G -
registors, BPSW, | ,| FTE
instruc-

(SBI)

registers saved to
stack

SBI

(System Break Interruptg’{
g processing)

Note: (B)PSW denotes the BPSW field of the PSW register.

Program execution restarted

and BPC restored

from stack tion

Program terminated or
system is reset

Figure 4.3.1 Outline of EIT Processing Procedure
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4.3 EIT Processing Procedure

When an EIT is accepted, the M32R/ECU saves the PC and PSW (as will be described later) and
branches to the EIT vector. The EIT vector has an entry address assigned for each EIT. This is

where the BRA (branch) instruction (note that these are not branch address) for the EIT handler is

written.

In the M32R/ECU's hardware preprocessing, only the contents of the PC and PSW registers are
transferred to the backup registers (BPC register and the BPSW field of the PSW register), and no
other operations are performed. Therefore, please make sure the BPC register, the PSW register
(including the BPSW field), and the general-purpose registers to be used in the EIT handler are
saved to the stack by the EIT handler you write. (Remember that these registers must be saved to
the stack in a program by the user.)

When processing by the EIT handler is completed, restore the saved registers from the stack and
finally execute the "RTE" instruction. Control is thereby returned from EIT processing to the
program that was being executed when the EIT occurred. (This does not apply to the System Break
Interrupt, however.)

In the M32R/ECU's hardware postprocessing, the contents of the backup registers (BPC register
and the BPSW field of the PSW register) are moved back to the PC and PSW registers.
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4.4 EIT Processing Mechanism

The M32R/ECU's EIT processing mechanism consists of the M32R CPU core and the interrupt
controller for internal peripheral I/Os. It also has the backup registers for the PC and PSW (BPC
register and the BPSW field of the PSW register). The M32R/ECU's internal EIT processing
mechanism is shown below.

M32R/ECU

M32R CPU core

. RI RI High
RESET ! > >

L

AE, RIE, TRAP
—

Priority
_ SBI SBI
SBIC ———> — »
—” Interrupt
—
. controller El El
Internal (Icu) »> v
peripheral Low
o
e
— IE flag
(PSW)

o B

[ BPsw| psw| | PcCregister |
PSW register

Figure 4.4.1 The M32R/ECU's EIT Processing Mechanism
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4.5 Acceptance of EIT Event

When an EIT event occurs, the M32R/ECU suspends the program it has hitherto been executing
and branches to EIT processing by the relevant handler. Conditions under which each EIT event
occurs and the timing at which they are accepted are shown below.

Table 4.5.1 Acceptance of EIT Events

EIT Event

Type of Processing

Acceptance Timing  Values Set in BPC Register

Reserved Instruction
Exception (RIE)

Instruction processing-

canceled type

Address Exception (AE)

Instruction processing-

canceled type

During instruction PC value of the instruction
execution which generated RIE
During instruction PC value of the instruction
execution which generated AE

Reset Interrupt (RI)

Instruction processing-

aborted type

Each machine cycle  Indeterminate value

System Break
Interrupt (SBI)

Instruction processing-

completed type

Break in instructions  PC value of the next instruction

(only word boundaries)

External Interrupt (EI)

Instruction processing-

completed type

Break in instructions ~ PC value of the next instruction

(only word boundaries)

Trap (TRAP)

Instruction processing-

completed type

Break in instructions  PC value of TRAP

instruction + 4
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4.6 _Saving and Restoring the PC and PSW

The following describes operation of the M32R at the time when it accepts an EIT and when it
executes the "RTE" instruction.

(1) Hardware preprocessing when an EIT is accepted

(a) Save the SM, IE, and C bits of the PSW register
BSM ~ SM
BIE ~ IE
BC - C

(b) Update the SM, IE, and C bits of the PSW register
SM ~ Remains unchanged (RIE, AE, TRAP)
or set to 0 (SBI, El, RI)
IE ~ SettoO
C ~ SettoO

(c) Save the PC register
BPC ~ PC

(d) Set the vector address in the PC register
Branches to the EIT vector and executes the branch instruction ("BRA" instruction) written
in it, thereby transferring control to the user-created EIT handler.

(2) Hardware postprocessing when the "RTE" instruction is executed

(e) Restore the SM, IE, and C bits of the PSW register from their backup bits.
SM ~ BSM
IE ~ BIE
c ~ BC

(f) Restore the value of the PC register from the BPC register
PC ~ BPC

Note: The value of the BPC register and those of the BSM, BIE, and BC bits of the PSW register
after execution of the "RTE" instruction are indeterminate.
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4.6 Saving and Restoring the PC and PSW

(a) Save the SM, IE, and C bits

BSM <« SM
BIE <~ IE
BC -~ C

(b) Update the SM, IE, and C bits

SM < Unchanged/0
IE < 0
C < 0

(e) Restore the BSM, BIE, and BC bits

SM ~ BSM
IE < BIE
C < BC

After executing the RTE instruction,
the values of the BSM, BIE, and
BC bits are indeterminate.

(c) Save the PC

BPC <« PC

(d) Set the vector address in the PC
PC <« Vector address

(f) Restore the BPC value into the PC

After executing the RTE
instruction, the value of the BPC
is indeterminate.

PSW BPC PC
D]]%l | |
When a‘ccepting (a) ©
an EIT
i (b) (j)
|| |
W . "
ﬁ ——
BPSW field PSW field
0(MSB) 7 8 15‘ 16 17 23‘,‘24 25 31(LSB‘)
PSW (00 000000 o‘o‘o‘olo‘o‘o‘o‘ | ‘ | ‘olo‘o‘o‘o‘ | ‘ | ‘ “o‘o‘o‘o‘o‘ “
— |
BSM BIE BC SM IE c

Figure 4.6.1 Saving and Restoring the PC and PSW
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4.7/ EIT Vector Entry

The EIT vector entry is located in the user space starting from address H'0000 0000. The table

below lists the EIT vector entry.

Table 4.7.1 EIT Vector Entry

Name Abbreviation Vector Address SM IE BPC

Reset Interrupt RI H'0000 0000 (Note 1) 0 0 Indeterminate

System Break Interrupt  SBI H'0000 0010 0 0 PC of the next instruction

Reserved Instruction RIE H'0000 0020 Indeterminate 0 PC of the instruction that

Exception generated EIT

Address Exception AE H'0000 0030 Indeterminate 0 PC of the instruction that

generated RIE

Trap TRAPO H'0000 0040 Indeterminate 0 PC of TRAP instruction + 4
TRAP1 H'0000 0044 Indeterminate 0 PC of TRAP instruction + 4
TRAP2 H'0000 0048 Indeterminate 0 PC of TRAP instruction + 4
TRAP3 H'0000 004C Indeterminate 0 PC of TRAP instruction + 4
TRAP4 H'0000 0050 Indeterminate 0  PC of TRAP instruction + 4
TRAPS5 H'0000 0054 Indeterminate 0 PC of TRAP instruction + 4
TRAP6 H'0000 0058 Indeterminate 0 PC of TRAP instruction + 4
TRAP7 H'0000 005C Indeterminate 0 PC of TRAP instruction + 4
TRAPS8 H'0000 0060 Indeterminate 0 PC of TRAP instruction + 4
TRAP9 H'0000 0064 Indeterminate 0 PC of TRAP instruction + 4
TRAP10 H'0000 0068 Indeterminate 0  PC of TRAP instruction + 4
TRAP11 H'0000 006C Indeterminate 0 PC of TRAP instruction + 4
TRAP12 H'0000 0070 Indeterminate 0 PC of TRAP instruction + 4
TRAP13 H'0000 0074 Indeterminate 0 PC of TRAP instruction + 4
TRAP14 H'0000 0078 Indeterminate 0 PC of TRAP instruction + 4
TRAP15 H'0000 007C Indeterminate 0 PC of TRAP instruction + 4

External Interrupt El H'0000 0080 (Note 2) 0 0 PC of the next instruction

Note 1: During boot mode, this vector address is moved to the beginning of the boot ROM (address H'8000
0000). For details, refer to Section 6.5, "Programming of Internal Flash Memory."

Note 2: During flash E/W enable mode, this vector address is moved to the beginning of the internal RAM
(address H'0080 4000). For details, refer to Section 6.5, "Programming of Internal Flash Memory."
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4.8 Exception Processing

4.8.1 Reserved Instruction Exception (RIE)

[Occurrence Conditions]

Reserved Instruction Exception (RIE) is generated when execution of a reserved instruction
(unimplemented instruction) is detected. Instruction check is performed on the op-code part of
the instruction.

When a reserved instruction exception occurs, the instruction which generated it is not executed.
If an external interrupt is requested at the same time a reserved instruction exception is detected,
it is the reserved instruction exception that is accepted.

[EIT Processing]

(1) Saving SM, IE, and C bits
The SM, IE, and C bits of the PSW register are saved to their backup bits — the BSM, BIE,

and BC bits.
BSM ~ SM
BIE ~ IE
BC - C

(2) Updating SM, IE, and C bits

The SM, IE, and C bits of the PSW register are updated as shown below.

SM ~ Unchanged

BIE ~ 0

BC ~ 0

(3) Saving PC

The PC value of the instruction that generated the reserved instruction exception is set in
the BPC register. For example, if the instruction that generated the reserved instruction
exception is at address 4, the value 4 is set in the BPC register. Similarly, if the instruction
is at address 6, the value 6 is set in the BPC register. In this case, the value of the BPC
register bit 30 indicates whether the instruction that generated the reserved instruction
exception resides on a word boundary (BPC[30] = 0) or not on a word boundary (BPC[30]
=1).
However, in either case of the above, the address to which the "RTE" instruction returns
after completion of processing by the EIT handler is address 4. (This is because the two
low-order bits are cleared to "00" when returning to the PC.)
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Address

H'00
Return ,
address > H04

H'08
H'0C

e e R

Address
H'00

RIE occurred‘

erc |« o

Return
address

> H04
H'08

H'0C

| ¥0 ] 1| #2 ) 43

‘ RIE occurred

“spc |« Hoo

Figure 4.8.1 Example of a Return Address for Reserved Instruction Exception (RIE)

(4) Branching to the EIT vector entry

Control branches to the address H'0000 0020 in the user space. This is the last operation
performed in hardware preprocessing by the M32R/ECU.

(5) Jumping from the EIT vector entry to the user-created handler

The M32R/ECU executes the "BRA" instruction written at address H'0000 0020 of the EIT
vector entry by the user to jump to the start address of the user-created handler. At the
beginning of the EIT handler you created, first save the BPC and PSW registers and the
necessary general-purpose registers to the stack.

(6) Returning from the EIT handler

At the end of the EIT handler, restore the general-purpose registers and the BPC and PSW
registers from the stack and then execute the "RTE" instruction. As you execute the "RTE"
instruction, hardware postprocessing is automatically performed by the M32R/ECU.
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4.8 Exception Processing

4.8.2 Address Exception (AE)

[Occurrence Conditions]

Address Exception (AE) is generated when an attempt is made to access a misaligned address
in Load or Store instructions. The following lists the combination of instructions and accessed
addresses that may cause address exceptions to occur:

¢ When the LDH, LDUH, or STH instruction accesssed an address whose two low-order bits are
"01" or "11"

* When the LD, ST, LOCK, or UNLOCK instruction accessed an address whose two low-order
bits are "01," "10," or "11"

When an address exception occurs, memory access by the instruction that generated the
exception is not performed. If an external interrupt is requested at the same time an address
exception is detected, it is the address exception that is accepted.

[EIT Processing]

(1) Saving SM, IE, and C bits
The SM, IE, and C bits of the PSW register are saved to their backup bits — the BSM, BIE,

and BC bits.
BSM « SM
BIE ~ IE
BC ~ C

(2) Updating SM, IE, and C bits

The SM, IE, and C bits of the PSW register are updated as shown below.
SM ~ Unchanged
IE ~ 0
C ~ 0

(3) Saving PC

The PC value of the instruction that generated the address exception is set in the BPC
register. For example, if the instruction that generated the address exception is at address
4, the value 4 is set in the BPC register. Similarly, if the instruction is at address 6, the value
6 is set in the BPC register. In this case, the value of the BPC register bit 30 indicates
whether the instruction that generated the address exception resides on a word boundary
(BPCJ[30] = 0) or not on a word boundary (BPC[30] = 1).

However, in either case of the above, the address to which the "RTE" instruction returns
after completion of processing by the EIT handler is address 4. (This is because the two
low-order bits are cleared to "00" when returning to the PC.)
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Address
H'00

Return
address

> Ho04
H08

H0C

| +0 | +1 ) 42| 43

I~ I~ Address
H’'00

AEoccurred‘ Return —» H'04

orC |« os

address H'08

H'0C

I I

‘ AE occurred

Cepc |« wos

Figure 4.8.2 Example of a Return Address for Address Exception (AE)

(4) Branching to the EIT vector entry

Control branches to the address H'0000 0030 in the user space. This is the last operation
performed in hardware preprocessing by the M32R/ECU.

(5) Jumping from the EIT vector entry to the user-created handler

The M32R/ECU executes the "BRA" instruction written at address H'0000 0030 of the EIT
vector entry by the user to jump to the start address of the user-created handler. At the
beginning of the EIT handler you created, first save the BPC and PSW registers and the
necessary general-purpose registers to the stack.

(6) Returning from the EIT handler

At the end of the EIT handler, restore the general-purpose registers and the BPC and PSW
registers from the stack and then execute the "RTE" instruction. As you execute the "RTE"
instruction, hardware postprocessing is automatically performed by the M32R/ECU.
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4.9 Interrupt Processing

4.9.1 Reset Interrupt (RI)

[Occurrence Conditions]

Reset Interrupt (RI) is unconditionally accepted in any machine cycle by pulling the RESET input
signal low. The reset interrupt is assigned the highest priority among all EITs.

[EIT Processing]
(1) Initializing SM, IE, and C bits

The SM, IE, and C bits of the PSW register are initialized in the manner shown below.
For the reset interrupt, the values of BSM, BIE, and BC bits are indeterminate.

SM -~ 0
IE ~ 0
C «— O

(2) Branching to the EIT vector entry

Control branches to the address H'0000 0000 in the user space. However, when operating
in boot mode, control goes to the beginning of the boot ROM (address H'8000 0000). For
details, refer to Section 6.5, "Programming of Internal Flash Memory."

(3) Jumping from the EIT vector entry to the user program

The M32R/ECU executes the instruction written at address H'0000 0000 of the EIT vector
entry by the user. In the reset vector entry, be sure to initialize the PSW and SPI registers
before jumping to the start address of the program you created.
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4.9 Interrupt Processing

4.9.2 System Break Interrupt (SBI)

System Break Interrupt (SBI) is an emergency interrupt which is used when power outage is
detected or a fault condition is notified by an external watchdog timer. The system break interrupt
cannot be masked by the PSW register IE bit. Therefore, the system break interrupt can only be
used when some fatal event has already occurred to the system when the interrupt is detected.
Also, this interrupt must be used on condition that after processing by the SBI handler, control will
not return to the program that was being executed when the system break interrupt occurred.

[Occurrence Conditions]

A system break interrupt is accepted by a falling edge on SBI input pin. (The system break
interrupt cannot be masked by the PSW register IE bit.)
In no case will a system break interrupt be activated immediately after executing a 16-bit
instruction that starts from a word boundary. (For 16-bit branch instructions, however, the
interrupt may be accepted immediately after branching.)

—> Order in which instructions are executed

Address 1000 Address 1002 Address 1004 Address 1008
‘16-bit instruction ‘16-bit instruction‘ 32-bit instruction ‘
X
Interrupt may Interrupt Interrupt may Interrupt may
be accepted cannot be be accepted be accepted
accepted

Figure 4.9.1 Timing at Which System Break Interrupt (SBI) is Accepted
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[EIT Processing]

(1) Saving SM, IE, and C bits
The SM, IE, and C bits of the PSW register are saved to their backup bits-the BSM, BIE,

and BC bits.
BSM ~ SM
BIE ~ IE
BC -~ C

(2) Updating SM, IE, and C bits
The SM, IE, and C bits of the PSW register are updated as shown below.

SM -~ 0
IE -~ 0
C «— O

(3) Saving PC

The content (always word boundary) of the PC register is saved to the BPC register.

(4) Branching to the EIT vector entry

Control branches to the address H'0000 0010 in the user space. This is the last operation
performed in hardware preprocessing by the M32R/ECU.

(5) Jumping from the EIT vector entry to the user-created handler

The M32R/ECU executes the "BRA" instruction written at address H'0000 0010 of the EIT
vector entry by the user to jump to the start address of the user-created handler. The
system break interrupt can only be used when some fatal event has occurred to the
system. Also, this interrupt must be used on condition that after processing by the SBI
handler, control will not return to the program that was being executed when the system
break interrupt occurred.
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4.9.3 External Interrupt (El)

An external interrupt is generated upon an interrupt request which is output by the internal interrupt
controller. The interrupt controller manages interrupt requests by assigning each one of seven
priority levels. For details, refer to Chapter 5, "Interrupt Controller.” For details about the interrupt
sources, refer to each section in which the relevant internal peripheral 1/O is described.

[Occurrence Conditions]

External interrupts are managed based on interrupt requests from each internal peripheral /O by
the internal interrupt controller. These interrupt requests are notified to the M32R CPU by the
interrupt controller. The M32R/ECU checks these interrupt requests at a break in instructions
residing on word boundaries, and when an interrupt request is detected and the PSW register |IE
flag = 1, accepts it as an external interrupt.

In no case will an external interrupt be activated immediately after executing a 16-bit instruction
that starts from a word boundary. (For 16-bit branch instructions, however, the interrupt may be
accepted immediately after branching.)

—> Order in which instructions are executed

Address 1000 Address 1002 Address 1004 Address 1008
‘16-bit instruction ‘16-bit instruction ‘ 32-bit instruction ‘
X
Interrupt may Interrupt Interrupt may Interrupt may
be accepted cannot be be accepted be accepted
accepted

Figure 4.9.2 Timing at Which External Interrupt (El) is Accepted
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[EIT Processing]

(1) Saving SM, IE, and C bits
The SM, IE, and C bits of the PSW register are saved to their backup bits — the BSM, BIE,

and BC bits.
BSM ~ SM
BIE ~ IE
BC -~ C

(2) Updating SM, IE, and C bits
The SM, IE, and C bits of the PSW register are updated as shown below.

SM -~ 0
IE -~ 0
C «— O

(3) Saving PC

The content (always word boundary) of the PC register is saved to the BPC register.

(4) Branching to the EIT vector entry

Control branches to the address H'0000 0080 in the user space. However, when operating
in flash E/W enable mode, control goes to the beginning of the internal RAM (address
H'0080 4000). (For details, refer to Section 6.5, "Programming of Internal Flash Memory.")
This is the last operation performed in hardware preprocessing by the M32R/ECU.

(5) Jumping from the EIT vector entry to the user-created handler

The M32R/ECU executes the "BRA" instruction written at address H'0000 0080 of the EIT
vector entry by the user to jump to the start address of the user-created handler. At the
beginning of the EIT handler you created, first save the BPC and PSW registers and the
necessary general-purpose registers to the stack.

(6) Returning from the EIT handler

At the end of the EIT handler, restore the general-purpose registers and the BPC and PSW
registers from the stack and then execute the "RTE" instruction. As you execute the "RTE"
instruction, hardware postprocessing is automatically performed by the M32R/ECU.

4-19 32170/32174 Group User's Manual (Rev. 2.1)



4 EIT

4.10 Trap Processing

4.10 Trap Processing

4.10.1 Trap (TRAP)

[Occurrence Conditions]

Traps refer to software interrupts which are generated by executing the "TRAP" instruction.
Sixteen distinct traps are generated, each corresponding to one of "TRAP" instruction operands
0-15. Accordingly, sixteen vector entries are provided.

[EIT Processing]

(1) Saving SM, IE, and C bits
The SM, IE, and C bits of the PSW register are saved to their backup bits — the BSM, BIE,

and BC bits.
BSM ~ SM
BIE ~ IE
BC ~ C

(2) Updating SM, IE, and C bits
The SM, IE, and C bits of the PSW register are updated as shown below.

Unchanged
SM < 0
IE ~ 0
C ~ 0

(3) Saving PC
When the trap instruction is executed, the "PC value of the TRAP instruction + 4" is set in
the BPC register. For example, if the "TRAP" instruction is located at address 4, the value
H'08 is set in the BPC register. Similarly, if the instruction is located at address 6, the value
H'OA is set in the BPC register. In this case, the value of the BPC register bit 30 indicates
whether the trap instruction resides on a word boundary (BPC[30] = 0) or not on a word
boundary (BPC[30] = 1).
However, in either case of the above, the address to which the "RTE" instruction returns
after completion of processing by the EIT handler is address 8. (This is because the two
low-order bits are cleared to "00" when returning to the PC.)
Normally, when the program has been written in assembler, the halfword that immediately
follows the "TRAP" instruction placed at a word boundary has the "NOP" instruction
automatically inserted by the assembler.
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| +0 [ +1 | +2 | +3 | | +0 [ +1 | +2 | +3 |

Address ~_ ~ Address ~_ ~
H’00 H'00

—— H'04 |TRAP occurred‘ m H'04 ‘TRAP occurred
address» H'08 address H'08
H'0C H'0C

| BPC |« H'08 | BPC |+ H'0A

Figure 4.10.1 Example of a Return Address for Trap (TRAP)

(4) Branching to the EIT vector entry

Control branches to the addresses H'0000 0040 through H'0000 007C in the user space.
This is the last operation performed in hardware preprocessing by the M32R/ECU.

(5) Jumping from the EIT vector entry to the user-created handler

The M32R/ECU executes the "BRA" instruction written at addresses H'0000 0040 through
H'0000 007C of the EIT vector entry by the user to jump to the start address of the user-
created handler. At the beginning of the EIT handler you created, first save the BPC and
PSW registers and the necessary general-purpose registers to the stack.

(6) Returning from the EIT handler

At the end of the EIT handler, restore the general-purpose registers and the BPC and PSW
registers from the stack and then execute the "RTE" instruction. As you execute the "RTE"
instruction, hardware postprocessing is automatically performed by the M32R/ECU.
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4.11 EIT Priority Levels

The table below lists the priority levels of EIT events. When multiple EITs occur simultaneously, the
event with the highest priority is accepted first.

Table 4.11.1 Priority of EIT Events and How Returned from EIT

PriorityEIT Event Type of Processing Values Set in BPC Register

1(Highest) Reset Interrupt (RI) Instruction processing Indeterminate

-aborted type

Address Exception (AE) Instruction processing- PC of the instruction that

canceled type generated AE
) Reserved Instruction Instruction processing- PC of the instruction that
Exception (RIE) canceled type generated AE
Trap (TRAP) Instruction processing- TRAP instruction + 4
completed type
3 System Break Instruction processing- PC of the next instruction
Interrupt (SBI) completed type
4 External Interrupt (El) Instruction processing- PC of the next instruction

completed type

Note that for External Interrupt (El), the priority levels of interrupt requests from each peripheral 1/0
are set by the internal interrupt controller. For details, refer to Chapter 5, "Interrupt Controller.”
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4.12 Example of EIT Processing

(1) When RIE, AE, SBI, EIl, or TRAP occurs singly

IE=1
P g
IE=0""
RIE, AE, SBI, EI,
or TRAP occurrs Singly = |
Return address A:
IE=1.
]

BPC register = Return address A

RTE instruction

If IE = 0, no events but reset
and SBI are accepted

:EIT handler

Figure 4.12.1 Processing of Events When RIE, AE, SBI, El, or TRAP Occurs Singly

(2) When RIE, AE, or TRAP and El occurs simultaneously

IE=1 v
IE=0"
RIE, AE, or TRAP and El - Yy
occurs simultaneously :
Return address A: |"|‘5‘:1n
 J

RIE, AE, or TRAP is accepted first
BPC register = Return address A

RTE instruction

El is accepted next
BPC register = Return address A

RTE instruction

:EIT handler

Figure 4.12.2 Processing of Events when RIE, AE, or TRAP and EIl Occurs Simultaneously
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EIT vector entry

BRA iNStruction @)-------------------noeeemeneeaas

N (Any event other than SBI) (SBI)
EIT handler
Hardware PC~>BPC Save BPC to stack
preprocessing| PSW> (B)PSW 7
Save PSW to stack
¥ System Break
i s | Interrupt processing
; ave general-purpose
beir?gr?a%(reaéz ed | reglgsters to stack
NoET /o _i_
— event — .
/ ocecurs \ Program terminated
or system reset
ey Processing by EIT
: : handler _
/\/

I

Restore general-
purpose registers

+
Hardware (B)PSW->PSW Restore PSW
postprocessing BPC>PC i
Restore BPC

!
( RTE )

d—/

Figure 4.12.3 Example of EIT Processing
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4.13 Precautions on EIT

Address Exception requires caution because when an address exception occurs pursuant to
execution of an instruction (one of the following three) that uses the “register indirect + register

update” addressing mode, the value of the automatically updated register (Rsrc or Rsrc2) becomes
indeterminate.

Except that the values of Rsrc and Rsrc2 are indeterminate, the behavior is the same as when
using other addressing modes.

* Applicable instructions

LD Rdest, @Rsrc+
ST Rsrcl, @-Rsrc2
ST Rsrcl, @+Rsrc2

If the above applies, because the register value becomes indeterminate as explained,
consideration must be taken before continuing with system processing. (If an address exception
occurs, it means that some fatal fault already occurred in the system at that point in time. Therefore,
use EIT on condition that after processing by the address exception handler, the CPU will not return
to the program it was executing when the exception occurred.)
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5.1 Qutline of Interrupt Controller (ICU)

The Interrupt Controller (ICU) manages maskable interrupts from internal peripheral I/Os and a
system break interrupt (SBI). The maskable interrupts from internal peripheral I/Os are notified to
the M32R CPU as external interrupts (El).

There are a total of 31 interrupt sources for the maskable interrupts from internal peripheral 1/0s,
which are managed by assigning them one of eight priority levels including an interrupt-disabled
state. When multiple interrupt requests of the same priority level occur simultaneously, their
priorities are resolved by predetermined hardware priority. The source of an interrupt request
generated in internal peripheral I/Os is identified by reading the relevant interrupt status register
provided for internal peripheral I/Os.

On the other hand, the system break interrupt (SBI) is recognized when a low-going transition
occurs on the SBI signal input pin. This interrupt is used for emergency purposes such as when
power outage is detected or a fault condition is notified by an external watchdog timer, so that it is
always accepted irrespective of the PSW register IE bit status. When the ICU has finished servicing
an SBI, terminate or reset the system without returning to the program that was being executed
when the interrupt occurred.

Specifications of the interrupt controller are outlined in the table below.

Table 5.1.1 Outline of Interrupt Controller (ICU)

Item Specification
Interrupt source Maskable interrupt from internal peripheral I/O: 31 sources

System break interrupt : 1 source (entered from SBI pin)
Level management Eight levels including an interrupt-disabled state

(However, interrupts of the same level have their priorities resolved by fixed

hardware priority.)
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Interrupt controller

System Break Interrupt
request generated

To

SBI Control Register|
(SBICR) SBIREQ
< |
o

control circuit

J— Bl
SBI 1 » the CPU
core
Peripheral
circuits
|][1etgaréjsljtt recognized o e
IREQ 2 1 3 | IevEL Maskable interrupt
Interruipt recognized | [\ oe 2 = request generated
e RIS R
|n[e|’|’upt recognize :'—’ = |
request IREQ & 3
o =3
S| &
o o -
E E Interrupt Vector Register(
gl IVECT)
= =
5| & 1, e CPU
. E >the
Level- IREQ 5|8 e ; core
Interrupt a = 3
control circuit \J U
Level- IREQ) % %
Interrupt Y < L -
control circuit - d T g Interrupt Mask Register
Level- IREQ) s S (IMASK)
Interrupt recognized o <
13
ol

L
v

Interrupt Control
Register

Figure 5.1.1 Block Diagram of the Interrupt Controller
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5.2 Interrupt Sources of Internal Peripheral 1/0Os

The interrupt controller receives as its inputs the interrupt requests from MJT (multijunction timery),
DMAC, serial I/O, A-D converter, RTD, and CAN. For details about these interrupts, refer to each

section in which the relevant internal peripheral I/O is described.

Table 5.2.1 Interrupt Sources of Internal Peripheral 1/0s (1/2)

Interrupt Cause

Contents

Number of Input

Sources

ICU Type of Input

Source(Note)

A-DO conversion interrupt

A-D1 conversion interrupt

SIO0 transmit interrupt
SIOO0 receive interrupt
SlO1transmit interrupt
SIO1 receive interrupt

S102,3 transmit/receive
interrupt

Sl04,5 transmit/receive
interrupt

TIDO output interrupt
TID1 output interrupt
TID2 output interrupt
TODO output interrupt

TOD1 + TOMO output
interrupt

TML1 input interrupt
RTD interrupt

DMA transfer interrupt O
DMA transfer interrupt 1

CANO transmit/receive
& error interrupt

Single-shot conversion in A-DO converter scan mode completed,
single mode completed, or comparator mode completed

Single-shot conversion in A-D1 converter scan mode completed,
single mode completed, or comparator mode completed

SIO0 transmit buffer empty interrupt
SIO0 reception completed or receive error interrupt
SI01 transmit buffer empty interrupt
SIO1 reception completed or receive error interrupt

SI02, 3 reception completed or receive error interrupt
Transmit buffer empty interrupt

SI04, 5 reception completed or receive error interrupt
Transmit buffer empty interrupt

TIDO output
TID1 output
TID2 output
TODO_0 to TODO_7 output

TOD1_0to TOD1_7 output + TOMO_O to
TOMO_7 output

TML1 input (TIN30 to TIN33 input)
RTD interrupt generation command
DMAO-4 transfer completed
DMAB-9 transfer completed

CANO transmission completed, CANO reception completed,
CANO error passive, CANO error bus-off, CANO bus error

1

EN N N =

® P R e

o o o = b

Edge-recognized

Edge-recognized

Edge-recognized
Edge-recognized
Edge-recognized
Edge-recognized

Level-recognized

Level-recognized

Edge-recognized
Edge-recognized
Edge-recognized
Level-recognized

Level-recognized

Level-recognized
Edge-recognized
Level-recognized
Level-recognized

Level-recognized

Note: ICU type of input source

« Edge-recognized: Interrupt requests are generated on a falling edge of the interrupt signal applied to

the ICU.

« Level-recognized: Interrupt requests are generated when the interrupt signal applied to the ICU is

held low. For these level-recognized interrupts, the ICU's Interrupt Control

Register IRQ bit cannot be set or cleared in software.
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Table 5.2.2 Interrupt Sources of Internal Peripheral 1/Os (2/2)

Interrupt Source

Content

Number of Input  ICU Type of Input

Sources Source (Note)

MJT output interrupt 7 MJT output interrupt group 7 (TMS0, TMS1 output) 2 Level-recognized
MJT output interrupt 6 MJT output interrupt group 6 (TOP8, TOP9 output) 2 Level-recognized
MJT output interrupt 5 MJT output interrupt group 5 (TOP10 output) 1 Edge-recognized
MJT output interrupt 4 MJT output interrupt group 4 (T104 - TIO7 output) 4 Level-recognized
MJT output interrupt 3 MJT output interrupt group 3 (TIO8, TIO9 output) 2 Level-recognized
MJT output interrupt 2 MJT output interrupt group 2 (TOPO - TOP5 output) 6 Level-recognized
MJT output interrupt 1 MJT output interrupt group 1 (TOP6, TOP7 output) 2 Level-recognized
MJT output interrupt O MJT output interrupt group 0 (TIOO0 - TIO3 output) 4 Level-recognized
MJT input interrupt 4 MJT input interrupt group 4 (TIN3-TING input) 4 Level-recognized
MJT input interrupt 3 MJT input interrupt group 3 (TIN20-TIN23 input) 4 Level-recognized
MJT input interrupt 2 MJT input interrupt group 2 (TIN12-TIN19 input) 8 Level-recognized
MJT input interrupt 1 MJT input interrupt group 1 (TINO-TINZ2 input) 3 Level-recognized
MJT input interrupt O MJT input interrupt group O (TIN7-TIN11 input) 5 Level-recognized

Note: ICU type of input source

« Edge-recognized: Interrupt requests are generated on a falling edge of the interrupt signal applied to

the ICU.

« Level-recognized: Interrupt requests are generated when the interrupt signal applied to the ICU is

held low. For these level-recognized interrupts, the ICU's Interrupt Control Register

IRQ bit cannot be set or cleared in software.
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5.3 ICU-Related Reqgisters

The diagram below shows a map of the Interrupt Controller (ICU)'s related registers.

Address +0 Address +1 Address
DO D7 D8 D15
|
H 0080 0000 Interrupt Vector Register (IVECT)
H 0080 0002
H 0080 0004 | Interrupt Mask Register (IMASK)
H 0080 0006 SBI Control Register (SBICR)
! CANO Transmit/Receive & Error TML1 Input Interrupt Control Register
H 0080 0060 Interrupt Control Register (ICANOCR) (ITML1CR)
) TID2 Output Interrupt Control Register A-D1 Conversion Interrupt
H 0080 0062 (ITID2CR) Control Register (IAD1CCR)
) Sl04,5 Transmit/Receive Interrupt TOD1+TOMO Output Interrupt
H 0080 0064 Control Register (ISIO45CR) Control Register (ITOMOCR)
; TID1 Output Interrupt Control RTD Interrupt Control Register
H 0080 0066 Register (ITID1CR) (IRTDCR)
) S102,3 Transmit/Receive Interrupt DMAS5-9 Interrupt Control Register
H 0080 0068 Control Register (ISI023CR) (IDMAS9CR)
) TODO Output Interrupt Control TIDO Output Interrupt Control
H 0080 006A Register (ITODOCR) Register (ITIDOCR)
) A-DO Conversion Interrupt Control SI00 Transmit Interrupt Control
H 0080 006C Register (IADOCCR) Register (ISIO0TXCR)
! SI00 Receive Interrupt Control SIO1 Transmit Interrupt Control
H 0080 006E Register (ISIOORXCR) Register (ISIO1TXCR)
) SIO1 Receive Interrupt Control DMAO-4 Interrupt Control
H 0080 0070 Register (ISIO1IRXCR) Register IDMAO4CR)
) MJT Output Interrupt Control Register 0| MJT Output Interrupt Control Register
H 0080 0072 (IMITOCRO) (IMITOCR1)
) MJT Output Interrupt Control Register 2 | MJT Output Interrupt Control Register 3
H 0080 0074 (IMITOCR2) (IMJTOCR3)
) MJT Output Interrupt Control Register 4 | MJT Output Interrupt Control Register5
H 0080 0076 (IMJTOCRA4) (IMJTOCRS)
, MJT Output Interrupt Control Register | MJT Output Interrupt Control Register7
H 0080 0078 (IMJTOCRS6) (IMJTOCRY?)
) MJT Input Interrupt Control MJT Input Interrupt Control
H 0080 007A Register 0 (IMJTICRO) Register 1 (IMJTICR1)
) MJT Input Interrupt Control MJT Input Interrupt Control
H 0080 007C Register 2 (IMJTICR2) Register 3 (IMJTICR3)
) MJT Input Interrupt Control
H 0080 O07E Register 4 (IMJTICR4)
Blank addresses are reserved for future use.
Note: The registers in the thick frames must always be accessed in halfwords.

Figure 5.3.1 Interrupt Controller (ICU) Related Register Map
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5.3.1 Interrupt Vector Register

m Interrupt Vector Register (IVECT) <Address:H'0080 0000>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

<When reset: Indeterminate>

D Bit Name Function R W
0-15 IVECT (16 low-order When an interrupt is accepted, the 16 low-order bits O -
bits of ICU vector in ICU vector table address for the accepted
table address) interrupt source is stored in this register.

Note: This register must always be accessed in halfwords.

The Interrupt Vector Register (IVECT) is used when an interrupt is accepted to store the 16 low-
order bits of ICU vector table address for the accepted interrupt source.

Before this function can work, the ICU vector table (addresses H'0000 0094 through H'0000
010F) must have set in it the start addresses of interrupt handlers for each internal peripheral 1/O.
When an interrupt is accepted, the 16 low-order bits of ICU vector table address for the accepted
interrupt source is stored in this IVECT register. The EIT handler reads out the content of the
IVECT register by the "LDH" instruction to acquire the ICU vector table address.

When the IVECT register is read out, operations (1) to (4) below are automatically performed in
hardware:

(1) The accepted new IMASK (NEW_IMASK) is set in the IMASK register.

(2) The accepted interrupt request is cleared (not cleared for level-recognized interrupt
sources).

(3) The interrupt request (El) to the CPU core is cleared.

(4) The ICU's internal sequencer is activated to start internal processing (interrupt priority
resolution).

CAUTION

Do not read the Interrupt Vector Register (IVECT) unless the PSW Register IE bit is disabled in
the EIT handler. Also, make sure that in the EIT handler, the Interrupt Mask Register (IMASK) is
read out before reading out the IVECT register.
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5.3.2 Interrupt Mask Register

m Interrupt Mask Register (IMASK) <Address:H'0080 0004>
DO 1 2 3 4 5 6 D7
IMASK

<When reset: H"07>

D Bit Name Function R w
0-4 No functions assigned 0 -
5-7 IMASK (Interrupt mask) 000 : Maskable interrupts are disabled O O

001 : Level O interrupts can be accepted

010 : Level 0-1 interrupts can be accepted
011 : Level 0-2 interrupts can be accepted
100 : Level 0-3 interrupts can be accepted
101 : Level 0-4 interrupts can be accepted

110 : Level 0-5 interrupts can be accepted
111 : Level 0-6 interrupts can be accepted

The Interrupt Mask Register (IMASK) is used to finally determine whether an interrupt request
can be accepted after comparing its priority with the priority levels that have been set for each
interrupt source (by setting the Interrupt Control Register ILEVEL bits). When the Interrupt Vector
Register (IVECT) described above is read out, a new mask value (NEW_IMASK) is set in this
IMASK register.

When any value is written to the IMASK register, operations (1) to (2) below are automatically
performed in hardware:

(1) The interrupt request (El) to the CPU core is cleared.

(2) The ICU's internal sequencer is activated to start internal processing (interrupt priority
resolution).

CAUTION

Do not write to the Interrupt Mask Register (IMASK) unless the PSW Register |E bit is disabled

in the EIT handler.
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5.3.3 SBI (System Break Interrupt) Control Register

m SBI (System Break Interrupt) Control Register <Address:H'0080 0006>
DO 1 2 3 4 5 6 D7
SBIREQ
|

<When reset: H"00>

D Bit Name Function R w
0-6 No functions assigned 0 -
7 SBI REQ (SBI request) 0 : SBl is not requested o A

1: SBlis requested

W = A : Writable for only clearing operation (see the description below)

The SBI (System Break Interrupt) is an interrupt generated by a falling edge on SBI signal input pin.
When an SBI occurs, the SBI Control Register's SBIREQ (SBI request) bit is setto 1. The SBIREQ
bit cannot be set in software. To clear the SBIREQ bit after being set, perform the operation
described below. (Be careful not to clear this bit when no SBI request has been generated.)

» Write a 1 and then a 0 to SBIREQ.
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5.3.4 Interrupt Control Registers

m CANO Transmit/Receive & Error Interrupt Control Register (ICANOCR)
m TML1 Interrupt Control Register (ITML1CR)

m TID2 Output Interrupt Control Register (ITID2CR)

m A-D1 Converter Interrupt Control Register (IAD1CCR)

m S|04,5 Transmit/Receive Interrupt Control Register (ISIO45CR)
m TOD1+TOMO Output Interrupt Control Register (ITOMOCR)

m TID1 Output Interrupt Control Register (ITID1CR)

m RTD Interrupt Control Register (IRTDCR)

m S|02,3 Transmit/Receive Interrupt Control Register (ISIO23CR)
m DMADB5-9 Interrupt Control Register (IDMA59CR)

m TODO Output Interrupt Control Register (ITODOCR)

m TIDO Output Interrupt Control Register (ITIDOCR)

m A-DO Converter Interrupt Control Register (IADOCCR)

m S|00 Transmit Interrupt Control Register (ISIO0TXCR)

m S|O0 Receive Interrupt Control Register (ISIOORXCR)

m S|O1 Transmit Interrupt Control Register (ISIO1TXCR)

m S|O1 Receive Interrupt Control Register (ISIO1RXCR)

m DMAO-4 Interrupt Control Register (IDMAO4CR)

MJT Output Interrupt Control Register 0 (IMJTOCRO)
MJT Output Interrupt Control Register 1 (IMJTOCR1)
MJT Output Interrupt Control Register 2 (IMJTOCR2)
MJT Output Interrupt Control Register 3 (IMJTOCR3)
MJT Output Interrupt Control Register 4 (IMJTOCR4)
MJT Output Interrupt Control Register 5 (IMJTOCRS5)
MJT Output Interrupt Control Register 6 (IMJTOCRG6)
MJT Output Interrupt Control Register 7 (IMJTOCRY7)

MJT Input Interrupt Control Register 0 (IMJTICRO)
MJT Input Interrupt Control Register 1 (IMJTICR1)
MJT Input Interrupt Control Register 2 (IMJTICR2)
MJT Input Interrupt Control Register 3 (IMJTICR3)
MJT Input Interrupt Control Register 4 (IMJTICR4)

<Address:H'0080 0060>
<Address:H'0080 0061>
<Address:H'0080 0062>
<Address:H'0080 0063>
<Address:H'0080 0064>
<Address:H'0080 0065>
<Address:H'0080 0066>
<Address:H'0080 0067>
<Address:H'0080 0068>
<Address:H'0080 0069>
<Address:H'0080 006A>
<Address:H'0080 006B>
<Address:H'0080 006C>
<Address:H'0080 006D>
<Address:H'0080 006E>
<Address:H'0080 006F>
<Address:H'0080 0070>
<Address:H'0080 0071>

<Address:H'0080 0072>
<Address:H'0080 0073>
<Address:H'0080 0074>
<Address:H'0080 0075>
<Address:H'0080 0076>
<Address:H'0080 0077>
<Address:H'0080 0078>
<Address:H'0080 0079>

<Address:H'0080 007A>
<Address:H'0080 007B>
<Address:H'0080 007C>
<Address:H'0080 007D>
<Address:H'0080 007E>
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DO 1 2 3 4 5 6 D7
(D8 9 10 11 12 13 14 D15)
IREQ ILEVEL
| | |

<When reset: H"07>

D Bit Name Function R W
0-2 No functions assigned 0 -
(8-10)

3 IREQ (Interrupt request) 0 : Interrupt is not requested O VAN

(11) 1: Interrupt is requested
4 No functions assigned 0 -
12
5-7 ILEVEL (Interrupt priority level) 000 : Interrupt priority level 0 O O
(13-15) 001 : Interrupt priority level 1

010 : Interrupt priority level 2
011 : Interrupt priority level 3
100 : Interrupt priority level 4
101 : Interrupt priority level 5
110 : Interrupt priority level 6
111 : Interrupt priority level 7 (Interrupt-disabled state)

W=A: Can be set and cleared only when the type of input source is "Edge-recognized" type (with
only one interrupt source being input).

(1) IREQ (Interrupt Request) bit (D3 or D11)

When an interrupt request from some internal peripheral I/0 occurs, the corresponding IREQ
(Interrupt Request) bit is set to 1.

This bit can be set and cleared in software for only edge-recognized interrupt sources (and not for
level-recognized interrupt sources). Also, when the IREQ bit is set by an interrupt request
generated by an edge-recognized interrupt source, it is automatically cleared to O by reading out
the Interrupt Vector Register (IVECT) (not cleared in the case of level-recognized interrupt
sources).

If the IREQ bit is cleared in software at the same time it is set by an interrupt request generated,
clearing in software has priority. Also, if the IREQ bit is cleared by reading out the IVECT register
at the same time it is set by an interrupt request generated, clearing by a read of IVECT has
priority.
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Interrupt request
from each
peripheral function

IREQ| et
Data bus —— D3,11 set/clear

FIF

Interrupt enabled

D5-7,13-15 3 ILEVEL B » Interrupt priority
(Levels 0-7) resolving circuit

Figure 5.3.2 Interrupt Control Register Configuration (Edge-recognized Type)

Group Interrupt request
from each ;
peripheral function — Group interrupt
RD Read-only circuit
Data bus ———  D3,11 'REQLA/'
b ~J

Interrupt enabled

D5-7,13-15 3 ILEVEL \} » Interrupt priority
(Levels 0-7) resolving circuit

Figure 5.3.3 Interrupt Control Register Configuration (Level-recognized Type)
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(2) ILEVEL (Interrupt Priority Level) (D5-D7 or D13-D15)

These bits set the priority levels of interrupt requests from each internal peripheral 1/0. Set
priority level 7 to disable interrupts from some internal peripheral I/O or priority levels 0-6 to
enable interrupts.

When an interrupt occurs, the interrupt controller resolves priority between this interrupt and
other interrupt sources based on ILEVEL settings and finally compares its priority with the IMASK
value to determine whether to forward an El request to the CPU or keep it pending.

The table below shows the relationship between ILEVEL settings and the IMASK values at which
interrupts are accepted.

Table 5.3.1 ILEVEL Settings and Accepted IMASK Values

ILEVEL values set IMASK values at which interrupts are accepted
0 (ILEVEL="000") Accepted when IMASK is 1-7

1 (ILEVEL="001") Accepted when IMASK is 2-7

2 (ILEVEL="010") Accepted when IMASK is 3-7

3 (ILEVEL="011") Accepted when IMASK is 4-7

4 (ILEVEL="100") Accepted when IMASK is 5-7

5 (ILEVEL="101") Accepted when IMASK is 6-7

6 (ILEVEL="110") Accepted when IMASK is 7

7 (ILEVEL="111") Not accepted (interrupts disabled)
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5.4 ICU Vector Table

5.4 ICU Vector Table

The ICU vector table is used to set the start addresses of interrupt handlers for each internal
peripheral /0. The 31-source interrupts are assigned the following addresses:

Table 5.4.1 ICU Vector Table Addresses

Interrupt Source

ICU Vector Table Address

MJT Input Interrupt 4
MJT Input Interrupt 3
MJT Input Interrupt 2
MJT Input Interrupt 1

MJT Input Interrupt O

H'0000 0094-H'0000 0097
H'0000 0098-H'0000 009B
H'0000 009C-H'0000 009F
H'0000 00A0-H'0000 00A3
H'0000 00A4-H'0000 00A7

MJT Output Interrupt 7
MJT Output Interrupt 6
MJT Output Interrupt 5
MJT Output Interrupt 4
MJT Output Interrupt 3
MJT Output Interrupt 2
MJT Output Interrupt 1

MJT Output Interrupt O

H'0000 00A8-H'0000 00AB
H'0000 0OAC-H'0000 00AF
H'0000 00BO-H'0000 00B3
H'0000 00B4-H'0000 00B7
H'0000 00B8-H'0000 00BB
H'0000 00BC-H'0000 00BF
H'0000 00C0-H'0000 00C3

H'0000 00C4-H'0000 00C7

DMAO-4 Interrupt

SIO1 Receive Interruptt

SIO1 Transmit Interruptt

SIO0 Receive Interruptt

SIO0 Transmit Interruptt

A-DO Converter Interruptt

TIDO Output Interruptt

TODO Output Interruptt

DMAB-9 Interruptt

S102,3 Transmit/Receive Interrupt t
RTD Interruptt

TID1 Output Interrupt
TOD1+TOMO Output Interrupt
S104,5 Transmit/Receive Interrupt
A-D1 Converter Interrupt

TID2 Output Interrupt

TML1 Input Interrupt

CANO Transmit/Receive & Error Interrupt

H'0000 00C8-H'0000 00CB
H'0000 00CC-H'0000 O0CF
H'0000 00DO-H'0000 00D3
H'0000 00D4-H'0000 00D7
H'0000 00D8-H'0000 00DB
H'0000 00DC-H'0000 OODF
H'0000 OOEO-H'0000 00E3
H'0000 O0OE4-H'0000 00E7
H'0000 OOE8-H'0000 O0EB
H'0000 OOEC-H'0000 OOEF
H'0000 OOFO0-H'0000 00F3
H'0000 00F4-H'0000 00F7
H'0000 OOF8-H'0000 00FB
H'0000 OOFC-H'0000 OOFF
H'0000 0100-H'0000 0103
H'0000 0104-H'0000 0107
H'0000 0108-H'0000 010B
H'0000 010C-H'0000 010F
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Address Do +0 Address b7 D8 +1 Address D15
\
H 0000 0094 MJT Input Interrupt 4 Handler Start Address (A0-A15)
H 0000 0096 |  MJT Inputinterrupt 4 Handler Start Address (AL6-A31)
H 0000 0098 MJT Input Interrupt 3 Handler Start Address (A0-A15)
H 0000 009A | MJT Inputinterrupt 3 Handler Start Address (AL6-A31)
H 0000 009C MJT Input Interrupt 2 Handler Start Address (A0-A15)
H 0000 009E |  MJT Inputinterrupt 2 Handler Start Address (AL6-A31)
H 0000 00AO MJT Input Interrupt 1 Handler Start Address (A0-A15)
H 0000 00A2 |~ MJT Inputinterrupt 1 Handler Start Address (A16-A31)
H 0000 00A4 MJT Input Interrupt 0 Handler Start Address (A0-A15)
H 0000 00A6 | MJT Inputinterrupt O Handler Start Address (A16-A31)
H 0000 00AS8 MJT Output Interrupt 7 Handler Start Address (A0-A15)
H 0000 00AA | MJIT Output Interrupt 7 Handler Start Address (A16-A31)
H 0000 O0AC MJT Output Interrupt 6 Handler Start Address (A0-A15)
H 0000 00AE | MJT Output Interrupt 6 Handler Start Address (A16-A31)
H 0000 00BO MJT Output Interrupt 5 Handler Start Address (A0-A15)
H 0000 00B2 | MJIT Output interrupt 5 Handler Start Address (A16-A31)
H 0000 00B4 MJT Output Interrupt 4 Handler Start Address (A0-A15)
H 0000 00B6 |  MJT Output Interrupt 4 Handler Start Address (A16-A31)
H 0000 00BS MJT Output Interrupt 3 Handler Start Address (A0-A15)
H 0000 00BA | MJT Output Interrupt 3 Handler Start Address (A16-A31)
H 0000 00BC MJT Output Interrupt 2 Handler Start Address (A0-A15)
H 0000 OOBE | MJT Output Interrupt 2 Handler Start Address (AL6-A31)
H 0000 00CO MJT Output Interrupt 1 Handler Start Address (A0-A15)
H 0000 00C2 |  MJIT Output Interrupt 1 Handler Start Address (A16-A31)
H 0000 00C4 MJT Output Interrupt O Handler Start Address (A0-A15)
H 0000 0006 |  MJT Output Interrupt O Handler Start Address (A16-A31)
\

Figure 5.4.1 ICU Vector Table Memory Map (1/2)
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5.4 ICU Vector Table

Address

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

H 0000

00C8

00CA

oocc

00CE

00DO

00D2

0o0D4

00D6

00D8

00DA

oobc

00DE

00EO

00E2

00E4

00E6

O0E8

00EA

00EC

00EE

00FO0

00F2

00F4

00F6

00F8

00FA

00FC

00FE

0100

0102

0104

0106

0108

010A

o10C

010E

+0 Address +1 Address
D7 D8 D15

DMAO-4 Interrupt Handler Start Address (A0-A15)

DMAO-4 Interrupt Handler Start Address (A16-A31)

SIO1 Receive Interrupt Handler Start Address (A0-A15)

SI01 Transmit Interrupt Handler Start Address (A16-A31)

SI00 Receive Interrupt Handler Start Address (A0-A15)

SIO0 Receive Interrupt Handler Start Address (A16-A31)

SIO0 Transmit Interrupt Handler Start Address (A0-A15)

SIO0 Transmit Interrupt Handler Start Address (A16-A31)

A-DO Converter Interrupt Handler Start Address (A0-A15)

A-DO Converter Interrupt Handler Start Address (A16-A31)

TIDO Input Interrupt Handler Start Address (A0-A15)

TIDO Input Interrupt Handler Start Address (A16-A31)

TODO Output Interrupt Handler Start Address (A0-A15)

TODO Output Interrupt Handler Start Address (A16-A31)

DMABS-9 Interrupt Handler Start Address (A0-A15)

S102,3 Transmit/Receive Interrupt Handler Start Address (A16-A31)

RTD Interrupt Handler Start Address (A0-A15)

RTD Interrupt Handler Start Address (A16-A31)

TID1 Input Interrupt Handler Start Address (A0-A15)

TID1 Input Interrupt Handler Start Address (A16-A31)

TOD1+TOMO Output Interrupt Handler Start Address (A0-A15)

S104,5 Transmit/Receive Interrupt Handler Start Address (A16-A31)

A-D1 Converter Interrupt Handler Start Address (A0-A15)

TID2 Input Interrupt Handler Start Address (A16-A31)

TML1 Input Interrupt Handler Start Address (A00-A15)

TML1 Input Interrupt Handler Start Address (A16-A31)

CANO Transmit/Receive & Error Interrupt Handler Start Address (A0-A15)

CANO Transmit/Receive & Error Interrupt Handler Start Address (A16-A31)

Figure 5.4.2 ICU Vector Table Memory Map (2/2)
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5.5 Description of Interrupt Operation

5.5.1 Acceptance of Internal Peripheral I/O Interrupts

An interrupt from any internal peripheral 1/0 is checked to see whether or not to accept by
comparing its ILEVEL value set by the Interrupt Control Register and the IMASK value of the
Interrupt Mask Register. If its priority is higher than the IMASK value, the interrupt is accepted.
However, when multiple interrupt requests occur simultaneously, the interrupt controller resolves
priority between these interrupt requests following the procedure described below.

(a) The ILEVEL values set by the Interrupt Control Register for each interrupt peripheral I/O are
compared with each other.

(b) If the ILEVEL values are the same, they are resolved according to the predetermined
hardware priority.

(c) The ILEVEL value is compared with IMASK value.

When multiple interrupt requests occur simultaneously, the interrupt controller first compares their
priority levels set by each Interrupt Control Register's ILEVEL bit to select an interrupt request
which has the highest priority. If the interrupt requests have the same LEVEL value, they are
resolved according to the hardware-fixed priority.

The interrupt request thus selected has its ILEVEL value compared with IMASK value and if its
priority is higher than the IMASK value, the interrupt controller sends an El request to the CPU.

Interrupt requests may be masked by setting the Interrupt Mask Register and the Interrupt Control
Register's ILEVEL bit (level 7 = disabled) provided for each internal peripheral I/0O and the PSW
register IE bit.

@) (b) ©
Resolve priority - . .
Interrupt according to Resolve priority Compare with Accept interrupt if
requested | —>f jiartint priority > according to > > PSW register |E bit
or not ptprionity hardware priority IMASK value -1
levels (ILEVEL)
(ILEVEL settings) : Can be accepted when
: : : : IMASK = 4-7
Level 3 : . Level 3 :
MJT Output Interrupt 4 . Requested j ' Ly

Level 4 :
MJT Output Interrupt 3 3 Requested >

Hardware-fixed :

MJT Output Interrupt 2 =2 Requested priority
MJT Output Interrupt 1 Level 3 Requested Level 3

DMAO-4 Interrupt ﬂ; Not requested :

A-DO Converter Interrupt Level 3 Requested Level 3 >

Figure 5.5.1 Example of Priority Resolution When Accepting Interrupt
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Table 5.5.1 Hardware-fixed Priority Levels

Priority

Interrupt Source

ICU Vector Table Address

Type of Input Source

High

Low

MJT Input Interrupt 4 (IRQ12)
MJT Input Interrupt 3 (IRQ11)
MJT Input Interrupt 2 (IRQ10)
MJT Input Interrupt 1 (IRQ9)
MJT Input Interrupt 0 (IRQ8)
MJT Output Interrupt 7 (IRQ7)
MJT Output Interrupt 6 (IRQ6)
MJT Output Interrupt 5 (IRQ5)
MJT Output Interrupt 4 (IRQ4)
MJT Output Interrupt 3 (IRQ3)
MJT Output Interrupt 2 (IRQ2)
MJT Output Interrupt 1 (IRQ1)
MJT Output Interrupt 0 (IRQO)
DMAO-4 Interrupt

SIO1 Receive Interrupt

SI01 Transmit Interrupt

SIO0 Receive Interrupt

SIO0 Transmit Interrupt

A-DO Converter Interrupt
TIDO Output Interrupt

TODO Output Interrupt
DMAB5-9 Interrupt

S102,3 Transmit/Receive Interrupt

RTD Interrupt
TID1 Output Interrupt
TOD1+TOMO Output Interrupt

S104,5 Transmit/Receive Interrupt

A-D1 Converter Interrupt
TID2 Output Interrupt
TML1 Input Interrupt

CANO Transmit/Receive & Error Interrupt

H'0000 0094-H'0000 0097

H'0000 0098-H'0000 009B

H'0000 009C-H'0000 009F
H'0000 00A0-H'0000 00A3
H'0000 00A4-H'0000 00A7
H'0000 00A8-H'0000 00AB
H'0000 OOAC-H'0000 O0AF
H'0000 00BO-H'0000 00B3
H'0000 00B4-H'0000 00B7
H'0000 00B8-H'0000 00BB
H'0000 00BC-H'0000 00BF
H'0000 00CO0-H'0000 00C3
H'0000 00C4-H'0000 00C7
H'0000 00C8-H'0000 00CB
H'0000 00CC-H'0000 00CF
H'0000 00D0-H'0000 00D3
H'0000 00D4-H'0000 00D7
H'0000 00D8-H'0000 00DB
H'0000 00DC-H'0000 0ODF
H'0000 OOEO-H'0000 O0E3
H'0000 00E4-H'0000 00E7
H'0000 OOE8-H'0000 O0EB
H'0000 OOEC-H'0000 00EF
H'0000 00F0-H'0000 00F3

H'0000 00F4-H'0000 00F7

H'0000 OOF8-H'0000 00FB

H'0000 OOFC-H'0000 O0FF
H'0000 0100-H'0000 0103

H'0000 0104-H'0000 0107

H'0000 0108-H'0000 010B

H'0000 010C-H'0000 010F

Level-recognized
Level-recognized
Level-recognized
Level-recognized
Level-recognized
Level-recognized
Level-recognized
Edge-recognized
Level-recognized
Level-recognized
Level-recognized
Level-recognized
Level-recognized
Level-recognized
Edge-recognized
Edge-recognized
Edge-recognized
Edge-recognized
Edge-recognized
Edge-recognized
Level-recognized
Level-recognized
Level-recognized
Edge-recognized
Edge-recognized
Level-recognized
Level-recognized
Edge-recognized
Edge-recognized
Level-recognized

Level-recognized
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Table 5.5.2 ILEVEL Settings and Accepted IMASK Values

ILEVEL values set IMASK values at which interrupts are accepted
0 (ILEVEL="000") Accepted when IMASK is 1-7

1 (ILEVEL="001") Accepted when IMASK is 2-7

2 (ILEVEL="010") Accepted when IMASK is 3-7

3 (ILEVEL="011") Accepted when IMASK is 4-7

4 (ILEVEL="100") Accepted when IMASK is 5-7

5 (ILEVEL="101") Accepted when IMASK is 6-7

6 (ILEVEL="110") Accepted when IMASK is 7

7 (ILEVEL="111") Not accepted (interrupts disabled)
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5.5.2 Processing by Internal Peripheral I/O Interrupt by Handlers

(1) Branching to the interrupt handler

Upon accepting an interrupt request, the CPU branches to the EIT vector entry after performing
the hardware preprocessing as described in Section 4.3, "EIT Processing Procedure." The EIT
vector entry for External Interrupt (El) is located at the address H'0000 0080. This address is
where the instruction (not the jump address itself) for branching to the beginning of the interrupt
handler routine for external interrupt requests is written.

(2) Processing in the External Interrupt (EI) handler

A typical operation of the External Interrupt (EI) handler (for interrupts from internal peripheral I/
O) is shown in Figure 5.5.2.

[1] Saving each register to the stack

Save the BPC, PSW and general-purpose registers to the stack. Also, save the
accumulator and FPSR register to the stack as necessary.
[2] Reading the Interrupt Request Mask Register (IMASK) and saving to the stack

Read the Interrupt Request Mask Register and save its content to the stack.
[3] Reading the Interrupt Vector Register (IVECT)

Read the Interrupt Vector Register. This register holds the 16 low-order address bits of the
ICU vector table for the accepted interrupt request source that was stored in it when
accepting an interrupt request. When the Interrupt Vector Register is read, the following
processing is automatically performed in hardware:
* The interrupt priority level of the accepted interrupt request (ILEVEL) is set in the IMASK
register as a new IMASK value. (Interrupts with lower priority levels than that of the
accepted interrupt request source are masked.)
» The accepted interrupt request source is cleared (not cleared for level-recognized
interrupt request sources).
* The interrupt request (El) to the CPU core is dropped.
» The ICU's internal sequencer is activated to start internal processing (interrupt priority
resolution).

[4] Reading and overwriting the Interrupt Request Mask Register (IMASK)

Read the Interrupt Request Mask Register and overwrite it with the read value. This write to
the IMASK register causes the following processing to be automatically performed in
hardware:

* The interrupt request (El) to the CPU core is dropped.

» The ICU's internal sequencer is activated to start internal processing (interrupt priority
resolution).

Note: « Processing in [4] here is unnecessary when multiple interrupts are to be enabled in
[6] below.
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[5] Reading the ICU vector table

Read the ICU vector table for the accepted interrupt request source. The relevant ICU
vector table address can be obtained by zero-extending the content of the Interrupt Vector
Register that was read in [3] (i.e., the 16 low-order address bits of the ICU vector table for
the accepted interrupt request source). The ICU vector table must have set in it the start
address of the interrupt handler for the interrupt request source concerned.)

[6] Enabling multiple interrupts

To enable another higher priority interrupt while processing the accepted interrupt (i.e.,
enabling multiple interrupts), set the PSW register IE bit to "1".
[7] Branching to the internal peripheral 1/0 interrupt handler
Branch to the start address of the interrupt handler that was read out in [5].
[8] Processing in the internal peripheral 1/O interrupt handler
[9] Disabling interrupts
Clear the PSW register IE bit to "0" to disable interrupts.
[10] Restoring the Interrupt Request Mask Register (IMASK)
Restore the Interrupt Request Mask Register that was saved to the stack in [2].
[11] Restoring registers from the stack

Restore the registers that were saved to the stack in [1].
[12] Completion of external interrupt processing

Execute the RTE instruction to complete the external interrupt processing. The program
returns to the state in which it was before the currently processed interrupt request was
accepted.

(3) Identifying the source of the interrupt request generated

If any internal peripheral I/O has two or more interrupt request sources, check the Interrupt
Request Status Register provided for each internal peripheral I/O to identify the source of the
interrupt request generated.

(4) Enabling multiple interrupts

To enable multiple interrupts in the interrupt handler, set the PSW register IE (Interrupt Enable)
bit to enable interrupt requests to be accepted. However, before writing "1" to the IE bit, be sure
to save each register (BPC, PSW, general-purpose registers and IMASK) to the stack.

Note: « Before enabling multiple interrupts, read the Interrupt Vector Register (IVECT) and then
the ICU vector table, as shown in Figure 5.5.2, "Typical Handler Operation for Interrupts from
Internal Peripheral 1/0."
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El (External Interrupt)
vector entry

~o ~

H'0000 0080 |BRA instruction®
El (External Interrupt)

~ ~ handler

A

Hardware preprocessing Save BPC to the stack
when EIT is accepted
(Note 1) 1] Save PSW to the stack

i Save general-purpose
Program being | registers to the stack
executed

. Read and save Interrupt
. [2]| Request Mask Register H'0080 0004 | IMASK
. (IMASK) to the stack
.. | Interrupt
generated
< H'0080 0000 IVECT
.
.
. Read and overwrite
.
[4] Interrupt Request Mask
Register (IMASK) (Note 2)
/\/ Note 3)

ICU vector table
R B B "~ Y

H'0000 0094 @ nterrupt handler|

R | @ start address |
Set PSW register IE bit to 1 | (Note 4) .
(Note 5)

H'0000 0113

[7] Branch to the interrupt handler ~ ~
for each internal peripheral I/O

Hardware postprocessing
when RTE instruction
is executed
Interrupt Interrupt
handler

(Note 1)

handler

Clear PSW register

IE bitto 0

(Note 4)

10 Restore Interrupt Request
[10]] " Mask Register (IMASK)
from the stack

(Note 2)

Restore general-purpose
registers from the stack

[11] Restore PSW from the stack
Restore BPC from the stack

[1] to [12]: Processing of El
by interrupt handler

RTE

Note 1: For operations at EIT acceptance and return from EIT, also see Section 4.3, "EIT Processing Procedure."

Note 2: Do not read the Interrupt Vector Register (IVECT) or write to the Interrupt Request Mask Register (IMASK)
in the EIT handler unless interrupts are disabled (PSW register IE bit = 0).

Note 3: When multiple interrupts are disabled, execute processing in [4]. Processing in [4] is unnecessary if multiple
interrupts are enabled by executing processing in [6] and [9].

Note 4: To enable multiple interrupts, execute processing in [6] and [9].

Note 5: To reenable interrupts (by setting the IE bit to 1) after reading the Interrupt Vector Register (IVECT),
perform a dummy access to the internal memory, etc. before reenabling interrupts. In the example here,
there is no need to add a dummy access because the ICU vector table is read after reading the IVECT register.
Similarly, to reenable interrupts (by setting the IE bit to 1) after writing to the Interrupt Request Mask Register
(IMASK), perform a dummy access to the internal memory, etc. before reenabling interrupts.

Figure 5.5.2 Typical Operation for Interrupts from Internal Peripheral 1/0
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5.6 Description of System Break Interrupt (SBI) Operation

5.6.1 Acceptance of SBI

System Break Interrupt (SBI) is an emergency interrupt which is used when power failure is
detected or a fault condition is notified by an external watchdog timer. The system break interrupt is
accepted anytime upon detection of a falling edge on the SBI signal regardless of how the PSW
register IE bit is set, and cannot be masked.

5.6.2 SBI Processing by Handler

When the system break interrupt generated has been serviced, always be sure to terminate or
reset the system without returning to the program that was being executed when the interrupt

occurred.
SBI (System Break Interrupt)
vector entry
H’0000 0010 |BRA instruction@ ---------------------o o :
; SBI (System Break
~ 3 Interrupt) handler
A i
v
Program
being
executed . .
Processing to
/\/ terminate the system
! <—— SBI generated
Terminate or reset
the system
/\/
/\/
Note: Do not return to the program that was being
executed when the interrupt occurred.

Figure 5.6.1 Typical SBI Operation
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O This is a blank page. O
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6.1 Outline of the Internal Memory

6.1 Qutline of the Internal Memory

This microcomputer internally contains the following types of memory:

* 40 Kbyte or 32 Kbyte RAM
» 768 Kbyte, 512 Kbyte, or 384 Kbyte flash memory

6.2 Internal RAM

Specifications of the internal RAM are shown below.

Table 6.2.1 Specifications of the Internal RAM

Item

Specification

Capacity

M32170F6, M32174F4, M32174F3 : 40 Kbytes
M32170F4, M32170F3 : 32Kbytes

Location address

M32170F6, M32174F4, M32174F3 : H'0080 4000 - H'0080 DFFF
M32170F4, M32170F3 : H'0080 4000 - H'0080 BFFF

Wait insertion

Operates with no wait states (when using 40 MHz CPU clock)

Internal bus connection

Connected by 32-bit bus

Dual port

By using the Real-Time Debugger (RTD), data can be read (monitored) or written to
any area of the internal RAM via serial communication from external devices
independently of the CPU. (Refer to Chapter 14, "Real-Time Debugger.")
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6.3 Internal Flash Memory

Specifications of the internal flash memory are shown below.

Table 6.3.1 Specifications of the Internal Flash Memory

Item Specification

Capacity M32170F6 : 768 Kbytes
M32170F4, M32174F4 : 512Kbytes
M32170F3, M32174F3 : 384Kbytes

Location address M32170F6 : H'0000 0000 - H'000B FFFF
M32170F4, M32174F4 : H'0000 0000 - H'0007 FFFF
M32170F3, M32174F3 : H'0000 0000 - H'0005 FFFF

Wait insertion Operates with no wait states (when using 40 MHz CPU clock)

Durability Can be rewritten 100 times

Internal bus connection  Connected by 32-bit bus

Other Virtual flash emulation function is included. (Refer to Section 6.7, "Virtual Flash

Emulation Function.")
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6.4 Registers Associated with the Internal Flash Memory

The diagram below shows a register map associated with the internal flash memory.

Address +0 Address +1 Address
DO D7 D8 D15
1 Flash Mode Register Flash Status Register 1
H 0080 07EO (FMOD) (FSTAT1)
1 Flash Controle Register 1 Flash Controle Register 2
H 0080 07E2 (FCNT1) (FCNT2)
H 0080 O7E4 Flash Controle Register 3 Flash Controle Register 4
(FCNT3) (FCNT4)
H 0080 O7E6
H 0080 O7ES Virtual Flash L Bank Register 0
(FELBANKO)
H 0080 O7EA Virtual Flash L Bank Register 1
(FELBANK1)
) Virtual Flash L Bank Register 2
H 0080 O7EC (FELBANK?)
) Virtual Flash L Bank Register 3
H 0080 O7EE (FELBANK3) (Note)
, Virtual Flash S Bank Register 0
H 0080 07F0 (FESBANKO)
H 0080 O7F2 Virtual Flash S Bank Register 1
(FESBANK1)
Blank addresses are reserved for future use.
Note: The M32170F4 and M32170F3 do not have the FELBANKS register.

Figure 6.4.1 Register Map Associated with the Internal Flash Memory
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6.4.1 Flash Mode Register

m Flash Mode Register (FMOD) <Address: H'0080 07E0>
DO 1 2 3 4 5 6 D7
FPMOD
| | | | | |

<When reset : H'0?>

D Bit Name Function R W

0-6 No functions assigned 0 —

7 FPMOD 0 : FP pin = low O —
(External FP pin status) 1: FP pin = high

The Flash Mode Register (FMOD) is a read-only status register, with its FPMOD bit indicating the
status of the FP (Flash Protect) pin. Write to the flash memory is enabled only when FPMOD = 1.
Writing to the flash memory when FPMOD = 0 has no effect.
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6.4.2 Flash Status Registers

The 32170 has two registers to indicate the flash memory status, one of which is Flash Status
Register 1 (FSTAT1) located in the SFR area (address: H'0080 07E1), and the other is Flash Status
Register 2 (FSTAT2) included in the flash memory itself. When programming or erasing the flash
memory, use these two status registers (FSTAT1, FSTAT2) to control the program/erase

operations.
m Flash Status Register 1 (FSTAT1) <Address: H'0080 07E1>
D8 9 10 11 12 13 14 D15
FSTAT
| | | | | |
<When reset : H'01>
D Bit Name Function R W
8-14  No functions assigned 0 —
15 FSTAT 0: Busy O —
(Ready/Busy status) 1: Ready

The Flash Status Register 1 (FSTAT1) is a read-only status register used to know the execution
status of whether the flash memory is being programmed or erased. When the FSTAT bit = 0, it
means that the flash memory is being programmed or erased, during which time any operation to
program the flash memory area is disabled.
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m Flash Status Register 2 (FSTAT?2)

D8 9 10 11 12 13 14 D15

FBUSY ERASE |WRERR1|WRERR2

<When reset : H'80>

D Bit Name Function R w

8 FBUSY 0 : Program or erase under way O —
(Flash busy) 1: Ready state

9 No functions assigned 0 —

10 ERASE 0 : Erase normally operating/terminated O —

(Auto Erase operating condition) 1 : Erase error occurred

11 WRERR1 0 : Program normally operating/terminated O —
(Program operating condition) 1: Program error occurred
12 WRERR2 0 : Program normally operating/terminated O —
(Program operating condition) 1: Over-programming occurred
13-15 No functions assigned 0 —

The Flash Status Register 2 (FSTAT2) consists of the following four read-only status bits which
indicate the operating condition of the flash memory.

(1) FBUSY (Flash Busy) bit (D8)

The FBUSY bit is used to determine whether the operation is terminated when programming or
erasing the flash memory. When FBUSY = 0, it means the program or erase operation is being
executed; when FBUSY = 1, the operation is terminated.

(2) ERASE (Auto Erase operating condition) bit (D10)

The ERASE bit is used to determine whether execution of the flash memory erase operation has
resulted in an error. When ERASE = 0, it means the erase operation terminated normally; when
ERASE =1, the operation terminated in an error.

(3) WRERR1 (Program operating condition) bit (D11)

The WRERR1 bit is used to determine after completion of execution whether the flash memory
program operation resulted in an error. When WRERR1 = 0, it means the program operation
terminated normally; when WRERRL1 = 1, the operation terminated in an error. The condition
under which WRERRL1 is set to 1 is when any bit other than those that must be 0 is found to be a
0 by comparison between the write data and the data in the flash memory.
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(4) WRERRZ2 (Program operating condition) bit (D12)

The WRERRZ2 bit is used to determine after execution whether the flash memory program
operation resulted in an error. When WRERR2 = 0, it means the program operation terminated
normally; when WRERR?2 = 1, the operation terminated in an error. The condition under which
WRERR?2 is set to 1 is when the flash memory could not be written to by repeating the write
operation a specified number of times.

Note: This status register is included in the internal flash memory itself, and can be read out by
writing the Read Status Command (H'7070) to any address of the flash memory. For
details, refer to Section 6.5, "Programming of Internal Flash Memory."
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6.4.3 Flash Control Registers

m Flash Control Register 1 (FCNT1) <Address: H'0080 07E2>
DO 1 2 3 4 5 6 D7
| | FENTRY | | FEMMOD

<When reset : H'00>

D Bit Name Function R W
0-2 No functions assigned 0 —
3 FENTRY 0 : Normal read O O
(Flash mode entry) 1 : Erase/program enable
4-6 No functions assigned 0 —
7 FEMMOD 0 : Normal mode O @)
(Virtual flash emulation mode) 1 : Virtual Flash emulation mode

The Flash Control Register 1 (FCNT1) consists of the following two bits to control the internal flash
memory.

(1) FENTRY (Flash Mode Entry) bit (D3)

The FENTRY bit controls entry to flash E/W enable mode. Flash E/W enable mode can be
entered only when FENTRY = 1.

To set the FENTRY bit to 1, write a 0 and then a 1 to the FENTRY bit in succession while the FP
pin = high.
The FENTRY bit is cleared in the following cases:

* When the device is reset
* When a 0 is written to the FENTRY bit
* When the FP pin changes state from high to low
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When using a program in the flash memory while the FENTRY bit = 0, the EI vector entry is
located at address H'0000 0080 of the flash memory. When running a flash rewrite program in
RAM while the FENTRY bit = 1, the El vector entry is located at address H'0080 4000 of the RAM,
allowing for flash rewrite operation to be controlled using interrupts.

Table 6.4.1 Changes of El Vector Entry by FENTRY

FENTRY El Vector Entry Address
0 Flash memory area H'0000 0080
1 Internal RAM area H'0080 4000

(2) FEMMOD (Virtual Flash Emulation Mode) bit (D7)

The FEMMOD bit controls entry to Virtual flash emulation mode. Virtual flash emulation mode is
entered by setting the FEMMOD bit to 1 while the FENTRY bit = 0. (For details, refer to Section
6.7, "Virtual Flash Emulation Function.")
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m Flash Control Register 2 (FCNT2)

D8

<Address: H'0080 07E3>

10 11 12 13 14 D15

FPROT

<When reset : H'00>

D Bit Name Function R w

8-14  No functions assigned 0 —

15 FPROT 0 : Protection by lock bit effective O O
(Unlock) 1 : Protection by lock bit not effective

The Flash Control Register 2 (FCNT2) controls invalidation of the internal flash memory protection
by a lock bit (to disable erasing or programming of the flash memory). The flash memory protection
becomes invalid (unlocked) by setting the FPROT bit to 1, so that any blocks protected by the lock
bit can be erased or programmed.

To set the FPROT bit to 1, write a 0 and then a 1 to the FPROT bit in succession while the FENTRY

bit = 1.

The FPROT bit is cleared to 0 by writing a 0 to the FPROT bit and setting the FP pin low or the
FENTRY bit to 0 immediately after reset.

=0

FPROT

NO
FENTRY=1 l

YES | FENTRY=1 |

FPROT=0
FPROT is not set to 1 if write
----- cycle to any other area occurs
v during this time
FPROT=1

=1

FPROT

<—>» <

Figure 6.4.2 Protection Unlocking Flow
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m Flash Control Register 3 (FCNT3) <Address: H'0080 07E4>
DO 1 2 3 4 5 6 D7
FELEVEL
| | | | | |

<When reset : H'00>

D Bit Name Function R w

0-6 No functions assigned 0 —

7 FELEVEL 0 : Normal level O O
(Raise erase margin) 1: Raise erase margin

The Flash Control Register 3 (FCNT3) controls the depth of erase levels when erasing the internal
flash memory with one of erase commands. By setting the FELEVEL bit to 1, the flash memory
erase level can be deepened, which will result in an increased reliability margin.
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m Flash Control Register 4 (FCNT4)

<Address: H'0080 07E5>

D8 10 11 12 13 14 D15
FRESET
| | | |
<When reset : H'00>
D Bit Name Function R w
8-14  No functions assigned 0 —
15 FRESET 0 : No operation performed O O
(Reset flash) 1: Reset the flash memory

The Flash Control Register 4 (FCNT4) controls canceling program/erase operation in the middle
and initializing each status bit of Flash Status Register 2 (FSTAT2). When the FRESET bit is set to
1, program/erase operation is canceled in the middle and each status bit of FSTAT2 is initialized

(H'80).

The FRESET bit is effective only when the FENTRY bit = 1. Information on FRESET bit is ignored

unless the FENTRY bit = 1.

Make sure that when programming or erasing the flash memory, the FRESET bit remains 0.
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FENTRY=0

FENTRY=1

Program/erase
flash memory

NO

Error found

A 4

YES
Program/erase
terminated normally
FRESET=1
FRESET=0
A4
Program/erase
flash memory

Figure 6.4.3 Example for Using the FCNT4 Register
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6.4.4 Virtual Flash L Bank Registers

m Virtual Flash L Bank Register 0 (FELBANKO) <Address: H'0080 07E8>
m Virtual Flash L Bank Register 1 (FELBANK1) <Address: H'0080 07EA>
m Virtual Flash L Bank Register 2 (FELBANK?2) <Address: H'0080 07EC>
m Virtual Flash L Bank Register 3 (FELBANK?3) <Address: H'0080 07EE>
MOD
LBANKAD
ENL | | | | | | | | | | |

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

<When reset : H'0000>

D Bit Name Function R w

0 MODENL 0 : Disable virtual flash function O O

(Virtual flash emulation enable) 1: Enable virtual flash function

1-7 No functions assigned 0 —

8-14 LBANKAD A12 - A18 of start address of the L bank O O
(L bank address) to be selected

15 No functions assigned 0 —

Note: This register must always be accessed in halfword.

(1) MODENL (Virtual Flash Emulation Enable) bit (DO)

The MODENL bit can be set to 1 after entering virtual flash emulation mode (by setting the
FEMMOD bit to 1 while the FENTRY bit = 0). This causes the virtual flash emulation function to
become effective for the L bank area selected by the LBANKAD bits.

(2) LBANKAD (L Bank Address) bits (D8-D14)

The LBANKAD bits are provided for selecting one L bank from a total of 96 L banks separated
every 8 KB. Use these LBANKAD bits to set the seven bits, A12-A18, of the 32-bit start address
of the L bank you want to select.

(For details, refer to Section 6.7, "Virtual Flash Emulation Function.")

Note: The M32170F4, M32170F3, M32174F4, and M32174F3 do not have Virtual Flash L Bank
Register 3 (FELBANK3).
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6.4.5 Virtual Flash S Bank Registers

m Virtual Flash S Bank Register 0 (FESBANKO) <Address: H'0080 07F0>
m Virtual Flash S Bank Register 1 (FESBANK1) <Address: H'0080 07F2>
[MOD
SBANKAD
ENS | | | | | | | | | | |

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

<When reset : H'0000>

D Bit Name Function R w
0 MODENS 0 : Disable virtual flash function O O
(Virtual flash emulation enable) 1: Enable virtual flash function
1-7 No functions assigned 0 —
8-15 SBANKAD A12 - A19 of start address of the S bank O O
(S bank address) to be selected

Note: This register must always be accessed in halfword.

(1) MODENS (Virtual Flash Emulation Enable) bit (DO)

The MODENS bit can be set to 1 after entering virtual flash emulation mode (by setting the
FEMMOD bit to 1 while the FENTRY bit = 0). This causes the virtual flash emulation function to
become effective for the S bank area selected by the SBANKAD bits.

(2) SBANKAD (S Bank Address) bits (D8-D15)

The SBANKAD bits are provided for selecting one S bank from a total of 192 S banks separated
every 4 KB. Use these SBANKAD bits to set the eight bits, A12-A19, of the 32-bit start address of
the S bank you want to select.

(For details, refer to Section 6.7, "Virtual Flash Emulation Function.")
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6.5 Programming of the Internal Flash Memory

6.5.1 Outline of Programming Flash Memory

When writing to the internal flash memory, there are following two methods to use depending on
situation:

(1) When the write program does not exist in the internal flash memory
(2) When the write program already exists in the internal flash memory

For (1), set the FP pin = high, MODO = high, and MODL1 = low to enter boot flash E/W enable mode.
In this case, the reset vector entry is located at the beginning of the boot program area (H'8000
0000). (Normally, the reset vector entry is located at the start address of the internal flash memory.)
Transfer the "flash write program" from the boot area into the internal RAM using a boot program.
After this transfer, jump to the RAM and set the Flash Control Register 1 FENTRY bit to 1 to make
the flash memory ready for write. You now can write to the internal flash memory using the "flash
write program” that has been transferred into the internal RAM.

For (2), set the FP pin = high, MODO = low, and MOD1 = low to enter flash E/W enable mode in
single-chip mode. Transfer the "flash write program" from the internal flash memory in which it has
been prepared beforehand into the internal RAM. After this transfer, jump to the RAM and set the
Flash Control Register 1 (FCNT1) FENTRY bit to 1 using a program in the RAM to make the flash
memory ready for write. You now can write to the internal flash memory using the "flash write
program" that has been transferred into the internal RAM. Or you can set the FP pin = high, MODO
= low, and MOD1 = high to enter flash E/W enable mode in extended external mode.

When in flash E/W enable mode (FP pin = 1, FENTRY bit = 1), the EIT vector entry for External

Interrupt (EI) is moved to the beginning of the internal RAM (H'0080 4000). During normal mode,
the EIT vector entry exists in the flash area (H'0000 0080).
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Flash E/W enable mode Normal mode
(FENTRY=1) (FENTRY=0)
H 0000 0000 H 0000 0000 El vector entry
B 1" (H 0000 0080)
Internal ROM area Internal ROM area
H 0080 3FFF El vector entry H 0080 3FFF
H 0080 4000 (H 0080 4000) 4 gogo 4000
Internal RAM Internal RAM
H 00FF FFFE| . H OOFF FFFF

Figure 6.5.1 El Vector Entry When in Flash E/W Enable Mode
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(1) When the write program does not exist in the internal flash memory

Use a program in the boot ROM located on memory map to write to the flash memory. To transfer
the write data, use serial I/O1 in clock-synchronized serial mode. Use this serial transfer when

writing to the flash memory using a flash programmer.

<Step 1>
FP=LorH MODI1=L MODO=L RESET=L « Initial state (where the write program does not

? ? F ? exist in the flash memory.

RAM ~» CPU

Boot ROM

memory

External device

M32R/ECU
<Step 2>
FP=H MOD1=L MODO=H RESET=H + Set the FP pin high, the MODO pin high, and
|? '? |? |? the MODL1 pin low to place the device in
boot mode + flash E/W enable mode.
- Deassert reset and start up using the boot
Flash write program.
RAM program CPU « Transfer the flash write program from boot
ROM to RAM.
+ Jump to the flash write program in RAM.
Boot ROM

memory

External device

M32R/ECU
<Step 3>
FP=H MOD1=L MODO=H RESET=H + Using the flash write program in RAM, set the
I? I? I? I? Flash Control Register 1 (FCNT1) FENTRY
bit to 1.
) * Write data to the internal flash memory using
RAM Fl;zgr‘ggqte <P Ccpu the flash wr_itg program.

- When you finished writing, reset MODO low
and jump to the flash memory or apply reset to
enter normal mode.

Elash Boot ROM
memory )
Flash write 4_@: Write data
data

External device
M32R/ECU

Figure 6.5.2 Procedure for Writing to Internal Flash Memory (when the write program does not

exist in the flash memory)
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Reset deasserted

(Boot program starts)
Reset deasserted
Mode selected

POWER ON Mode selected

;
Writes to flash memory 1
I

RESET VI A |
MODO / I § L
MODL /T
| ‘ | Settings by boot ' : |

program ; o

FENTRY

i
| by boot program
h

Figure 6.5.3 Internal Flash Memory Write Timings (when the write program does not exist in the
flash memory)
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(2) When the write program already exists in the internal flash memory

Use the flash write program already stored in the internal flash memory to write to the flash
memory. For write to the flash memory, use the internal peripheral circuits according to your
programming system. (The data bus, serial I1/0, and ports can be used.)

The following shows an example for writing to the flash memory by using serial /00 in single-chip
mode.

<Step 1>
FP=LorH MOD1=L MODO=L - Initial state (where the write program already
F F ? exists in the flash memory)

« Ordinary program in the flash memory is
being executed.

RAM CPU

Boot ROM

program

External device

M32R/ECU
— — _ <Step 2>
FP-H MOD1=L MODO=L + Set the FP pin high, the MOD1 pin low, and
I? I? I? the MODO pin low to place the device in
single-chip + flash E/W enable mode.
Flash write |4 + After determining the FP pin and MOD1 pin
RAM program CPU levels, transfer the flash write program from
the flash memory area into RAM.
» Jump to the flash write program in RAM.
Boot ROM

mFIaSh -
-IO Write data
emory S100

External device

M32R/ECU
<Step 3>
FP=H MOD1=L MODO=L - Using the flash write program in RAM, set the
l? F F Flash Control Register 1 (FCNT1) FENTRY
bit to 1.
. » Write data to the internal flash memory using
RAM F:ﬁzgr";g:e <» cpu the flash wr_it(-?- program in RAM.

» When you finished writing, jump to the
program in the flash memory or apply reset to
enter normal mode.

Elash Boot ROM
memory )
S 1 il Sl00 [« Write data
data
External device

M32R/ECU

Figure 6.5.4 Procedure for Writing to Internal Flash Memory (when the write program already
exists in the flash memory)
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Flash rewrite  Flash mode Flash mode
starts  turned on turned off

v
5

RESET HorL/////

MODO

FP "H" or "L

X

Write to flash memory by 3
flash rewrite program !

MOD1 "H"or"L" (Single-chip or extended external)
FENTRY :

Flash rewrite program'
transferred to RAM

Figure 6.5.5 Internal Flash Memory Write Timings (when the write program already exists in the
flash memory)
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6.5.2 Controlling Operation Mode during Programming Flash

The device's operation modes are set by MODO, MOD1, and Flash Control Register 1 (FCNT1)
FENTRY bit. The table below lists operation modes that may be set during flash write.

Table 6.5.1 Operation Modes Set during Flash Write

FP MODO MOD1 FENTRY(Notey Operation Mode Reset Vector Entry El Vector Entry
0 0 0 — Single-chip mode Start address of Flash area
1 0 0 0 flash memory (H'0000 0080)
(H'0000 0000)
0 1 0 — Processor mode Start address of External area
external area (H'0000 0080)
(H'0000 0000)
0 0 1 — Extended external mode Start address of Flash area
1 0 1 0 flash memory (H'0000 0080)
(H'0000 0000)
1 0 0 1 Single-chip mode Start address of Beginning of
+ flash E/W enable flash memory internal RAM
(H'0000 0000) (H'0080 4000)
1 1 0 0 Boot mode Start address of Flash area
boot program area (H'0000 0080)
(H'8000 0000)
1 1 0 1 Boot mode Start address of Beginning of
+ flash E/W enable boot program area internal RAM
(H'8000 0000) (H'0080 4000)
1 0 1 1 Extended external mode Start address of Beginning of
+ flash E/W enable flash memory internal RAM
(H'0000 0000) (H'0080 4000)
— 1 1 — reserved — —

Note: Indicates the FENTRY bit status of Flash Control Register 1 (FCNT1). The bar "—" denotes "Don't Care."

(1) Flash E/W enable mode

Flash E/W enable mode is a mode in which the internal flash memory can be programmed or
erased. In flash E/W enable mode, no programs can be executed in the internal flash memory.
Therefore, before entering flash E/W enable mode, you need to transfer the necessary program
into the internal RAM and run the program in RAM.
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(2) Entering flash E/W enable mode
Flash E/W enable mode can be entered only when the device is operating in single-chip mode or
extended external mode. Namely, you can enter flash E/W enable mode only when the FP pin =
high and the Flash Control Register 1 (FCNT1) FENTRY bit = 1. You cannot enter flash E/W
enable mode when the device is operating in processor mode or the FP pin = low.

(3) Detecting the MODO and MODL1 pin levels
The MODO and MOD1 pin levels (high or low) can be verified using the P8 Data Register (Port
Data Register, H'00800 0708) MODODT and MOD1DT bits.

m P8 Data Register (P8DATA) <Address: H'0080 0708>

DO 1 2 3 4 5 6 D7

MODODT | MOD1DT | P82DT P83DT P84DT P85DT P86DT P87DT

<When reset : Indeterminate>

D Bit Name Function R W

0 MODODT 0 : MODO pin = low O —
(MODO data) 1: MODO pin = high

1 MOD1DT 0 : MOD1 pin = low O —
(MOD1 data) 1: MOD1 pin = high

2 P82DT Depending on how the Port Direction Register is set O O
(Port P82 data) * When direction bit = 0 (input mode)

3 P83DT 0: Port input pin = low O O
(Port P83 data) 1: Port input pin = high

4 P84DT * When direction bit = 1 (output mode) O O
(Port P84 data) 0: Port output latch = low

5 P85DT 1: Port output latch = high O O

(Port P85 data)

6 P86DT O O
(Port P86 data)

7 P87DT O O

(Port P87 data)
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( START )

A 4

Enter one of the following modes:
* Single-chip mode + flash E/W enable

mode
* Boot mode + flash E/W enable mode FMOD(H'0080 07EQ)
» Extended external mode + flash E/W
bl d FPMOD
énabie mode PSDATA(H'0080 0708)

DO=MODODT
/ D1=MOD1DT

MODO, 1
FP pin levels
checked

END

Transfer E/W program to internal RAM in
each mode

Set Flash Control Register in SFR area
(FCNT1, H'0080 07E2) flash entry
(FENTRY) bit to 0

Switched to flash E/W
program

A
Set Flash Control Register in SFR area
(FCNT1, H'0080 07E2) flash entry

(FENTRY) bitto 1

N
1 ps wait
(by hardware timer or software timer)

A

Execute flash E/W command and various
read commands (Note)

Jump to flash memory

or apply reset Switched to normal mode

END

Note: For details about each command, refer to Section 6.5.3, "Programming Procedure to
Internal Flash Memory."

Figure 6.5.6 Procedure for Entering Flash E/W Enable Mode
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6.5.3 Programming Procedure to the Internal Flash Memory

To write to the internal flash memory, set the device's operation mode to enter flash E/W enable
mode first and then use the flash write program that has already been transferred from the flash
memory into the internal RAM.

In flash E/W enable mode, no data can be read out from the internal flash memory as in normal
mode, SO you cannot execute a program that exists in the internal flash memory. Therefore, the
flash write program must be prepared in the internal RAM before entering flash E/W enable mode.
Once you've entered flash E/W enable mode, you cannot use any command except flash

commands to access the flash memory.)
To access the internal flash memory in flash memory E/W enable mode, issue commands for the
internal flash memory address to be operated on. The table below lists the commands that can be

issued in flash memory E/W enable mode.

Note : During flash E/W enable mode, the flash memory cannot be accessed for read or write
wordwise.

Table 6.5.2 Commands in Flash Memory E/W Enable Mode

Command Name Issued Command Data
Read Array command H'FFFF
Page Program command H'4141
Lock Bit Program command H7777
Block Erase command H'2020
Erase All Unlock Block command HA7A7
Read Status Register command H'7070
Clear Status Register command H'5050
Read Lock Bit Status command H'7171
Verify command (Note) H'DODO

Note: This command is used in conjunction with Lock Bit Program, Block Erase, and Erase All Unlock Block operations.

(1) Read Array command

Read mode is entered by writing command data H'FFFF to any address of the internal flash
memory. Then read the flash memory address you want to read out, and the content of that
address will be read out.

Before exiting flash E/W enable mode, always be sure to execute the Read Array command.
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(2) Page Program command

Flash memory is programmed one page at a time, each page consisting of 256 bytes (lower
addresses H'00 to H'FF). To write data to the flash memory (i.e., to program the flash memory),
write the program command H'4141 to any address of the internal flash memory and then the
program data to the address to which you want to write.

With the Page Program command, you cannot write to the protected blocks.

Page Program is automatically performed by the internal control circuit, and the completion of
programming can be verified by checking the Flash Status Register 1 (FSTAT1) FSTAT bit.
(Refer to Section 6.4.2, "Flash Status Registers.") While the FSTAT bit = 0, the next
programming can not be performed.

(3) Lock Bit Program command

Flash memory can be protected against program/erase one block at a time. The Lock Bit
Program command is provided for protecting memory blocks.

Write the Lock Bit Program command data H'7777 to any address of the internal flash memory.
Next, write the Verify command data H'DODO to the last even address of the block you want to
protect, and this memory block is protected against program/erase. To remove protection,
disable lock bit-effectuated protection using the Flash Control Register 2 (FCNT2) FPROT bit
(see Section 6.4.3, "Flash Control Registers") and erase the block whose protection you want to
remove. (The content of this memory block is also erased.)

The table below lists the target blocks and their specified addresses when writing the Verify
command data.
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Table 6.5.3 M32170F6 Target Blocks and Specified Addresses

Target Block

Specified Address

0 H'0000 3FFE
1 H'0000 5FFE
2 H'0000 7FFE
3 H'0000 FFFE
4 H'0001 FFFE
5 H'0002 FFFE
6 H'0003 FFFE
7 H'0004 FFFE
8 H'0005 FFFE
9 H'0006 FFFE
10 H'0007 FFFE
11 H'0008 FFFE
12 H'0009 FFFE
13 H'000A FFFE
14 H'000B FFFE

Table 6.5.4 M32170F4 and M32174F4 Target Blocks and Specified Addresses

Target Block

Specified Address

0 H'0000 3FFE
1 H'0000 5FFE
2 H'0000 7FFE
3 H'0000 FFFE
4 H'0001 FFFE
5 H'0002 FFFE
6 H'0003 FFFE
7 H'0004 FFFE
8 H'0005 FFFE
9 H'0006 FFFE
10 H'0007 FFFE
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Table 6.5.5 M32170F3 and M32174F3 Target Blocks and Specified Addresses

Target Block Specified Address
0 H'0000 3FFE
1 H'0000 5FFE
2 H'0000 7FFE
3 H'0000 FFFE
4 H'0001 FFFE
5 H'0002 FFFE
6 H'0003 FFFE
7 H'0004 FFFE
8 H'0005 FFFE
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M32170F6’s Internal Flash Memory Area (768KB)
0000 0000 Y 5
16KB Block O
H'0000 3FFF v
F'0000 4000 4
H’0000 S5EEE 8KB ; Block 1
H’0000 6000
H'0000 7EEE 8KB Block 2
H'0000 8000 7y Uneven blocks
H'0000 FEFF 32KB 4 Block 3
0001 0000 [
64KB Block 4
H'0001 FEFF v v
H’0002 0000 4 4
64KB Block 5
H’0002 FFFF v
H'0003 0000 1
64KB Block 6
H'0003 FFFF v
H’0004 0000 1
64KB Block 7
H'0004 FFFF v
H’0005 0000 t
64KB Block 8
H'0005 FFFF v
H’0006 0000 1 Even blocks
64KB Block 9
H'0006 FFFF
H'0007 0000 [}
64KB Block 10
H'0007 FFFF v
H’0008 0000 [}
64KB Block 11
H'0008 FFFF v
H’0009 0000 [}
64KB Block 12
H'0009 FFFF v
H’000A 0000 4
64KB Block 13
H’000A FFFF !
H’000B 0000 4
64KB Block 14
H'000B FFFF v

Figure 6.5.7 Block Configuration of the M32170F6 Flash Memory
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M32170F4's and M32174F4’s Internal Flash Memory Area (512KB)
H'0000 0000 A A
16KB Block 0
H’0000 3FFF Y
H’0000 4000 7
H0000 SEEE 2 y Blockcd Uneven blocks
H’0000 6000 4
H'0000 7FFF 8KB J Block 2
H0000 8000 )
H'0000 FFFF 32KB Block 3 v
H’0001 0000 4 4
64KB Block 4
H'0001 FFFF Y
H’0002 0000 4
64KB Block 5
H'0002 FFFF v
H’0003 0000 t
64KB Block 6
H’0003 FFFF Y
H’0004 0000 1
Even blocks
64KB Block 7
H'0004 FFFF Y
H'0005 0000 t
64KB Block 8
H'0005 FFFE Y
H’0006 0000 1
64KB Block 9
H’0006 FFFF \
H’0007 0000 4
64KB Block 10
H'0007 FFFF Y

Figure 6.5.8 Block Configuration of the M32170F4 and M32174F4 Flash Memory
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6.5 Programming of the Internal Flash Memory

M32170F3's and M32174F3'’s Internal Flash Memory Area (384KB)

H'0000 0000 yy yY
16KB Block 0
H'0000 3FFF .
’ A
H'0000 4000 KB $Biock 1
H’0000 6000 4 Uneven blocks
H'0000 7FFF 8KB { Block 2
H'0000 8000 4
H’0000 FFFF 32KB | Block 3
H'0001 0000 A A
64KB Block 4
H'0001 FFFF Y
H'0002 0000 A
64KB Block 5
H'0002 FFFF v
H’0003 0000 4
64KB Block 6 Even blocks
H'0003 FFFF .
H'0004 0000 L
64KB Block 7
H'0004 FFFF 3
H’0005 0000 4
64KB Block 8
H'0005 FFFF \ v

Figure 6.5.9 Block Configuration of the M32170F3 and M32174F3 Flash Memory
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(4) Block Erase command

The Block Erase command erases the contents of internal flash memory one block at a time. For
Block Erase, write the command data H'2020 to any address of the internal flash memory. Next,
write the Verify command data H'DODO to the last even address of the memory block you want to
erase (see Table 6.5.3, Table 6.5.4, and Table 6.5.5, "Target Blocks and Specified Addresses").
The content of this memory block is erased.

With the Block Erase command, you cannot erase the protected blocks.

Block Erase is automatically performed by the internal control circuit, and the completion of Block
Erase can be verified by checking the Flash Status Register 1 (FSTAT1) FSTAT bit. (Refer to
Section 6.4.2, "Flash Status Registers.") While the FSTAT bit = 0, you cannot erase the next
block.

(5) Erase All Unlock Block command

The Erase All Unlock Block command erases all memory blocks that are not protected. To erase
all unlock blocks, write the command data H'A7A7 to any address of the internal flash memory.
Next, write the command data H'DODO to any address of the internal flash memory, and all of
unprotected memory blocks are erased.

(6) Read Status Register command

The Read Status Register command reads out the content of Flash Status Register 2 (FSTAT2)
that indicates whether flash memory write or erase operation has terminated normally or not. To
read Flash Status Register 2, write the command data H'7070 to any address of the internal flash
memory. Next, read any address of the internal flash memory, and the content of Flash Status
Register 2 (FSTAT2) is read out.

(7) Clear Status Register command

The Clear Status Register command clears the Flash Status Register 2 (FSTAT2) D10, D11, and
D12 bits to 0. Write the command data H'5050 to any address of the internal flash memory, and
Flash Status Register 2 is cleared to 0.

If an error occurs when programming or erasing the flash memory and the Flash Status Register
2 (FSTAT2) ERASE (Auto Erase operating condition) or WRERR?2 (Program operating condition

2) bit is set to 1. you cannot perform the next program or erase operation unless WRERR1

(Program operating condition 1) or WRERR?2 (Program operating condition 2) is cleared to 0.

6-33 32170/32174 Group User's Manual (Rev. 2.1)



INTERNAL MEMORY
6.5 Programming of the Internal Flash Memory

(8) Read Lock Bit Status command

The Read Lock Bit Status command allows you to check whether or not a memory block is
protected against program/erase. Write the command data H'7171 to any address of the internal
flash memory. Next, read the last even address of the block you want to check (see Table 6.5.3,
Table 6.5.4, and Table 6.5.5, "Target Blocks and Specified Addresses"), and the data you read
shows whether or not the target block is protected. If the FLBSTO (lock bit 0) bit and FLBST1 (lock
bit 1) bit of the data you read are 0s, it means that the target memory block is protected. If the
FLBSTO (lock bit 0) bit and FLBST1 (lock bit 1) bit are 1s, it means that the target memory block
is not protected.

m Lock Bit Status Register (FLBST)

FLBSTO| FLBST1

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

<When reset : Indeterminate>

D Bit Name Function R w

0 No functions assigned ? —

1 FLBSTO 0 : Protected O —
(Lock bit 0) 1: Not protected

2-8 No functions assigned ? —

9 FLBST1 0 : Protected O —
(Lock bit 1) 1: Not protected

(Same content as FLBSTO is output.)

10-15 No functions assigned ? —

The Lock Bit Status Register is a read-only register, which contains said lock bits independently
for each block.

6-34 32170/32174 Group User's Manual (Rev. 2.1)



INTERNAL MEMORY
6.5 Programming of the Internal Flash Memory

Follow the procedure described below to write to the lock bits.

a) Setting the lock bit to 0 (protect the block)
Issue the Lock Bit Program command (H'7777) to the memory block you want to protect.
b) Setting the lock bit to 1 (unprotect the block)

After setting the Flash Control Register 2 FPROT bit to invalidate lock bit-effectuated
protection, use the Block Erase command (H'2020) or Erase All Unprotect Block command
(H'A7A7) to erase the memory block you want to unprotect. This is the only way to
unprotect a memory block. You cannot set the lock bit alone to 1.

¢) Status when the lock bit is reset

The lock bit is unaffected by a reset or power outage because it is a nonvolatile bit.

(9) Execution flow of each command

The diagrams below show an execution flow of each command.

( START )

Write Read Array command (H'FFFF) to
any address of internal flash memory

Read the internal flash memory
address you want to read

END

Figure 6.5.10 Read Array
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Write Page Program command (H'4141)
to any address of internal flash memory.

!

Write data to the internal flash memory
address to which you want to write. (Note 1)

Go to next page

Increment the previous write address by 2
and write the next data to the new address.

Programmed
for one page 2

YES

Written to the internal flash memory by
Page Program (Note 2)

!

1 ps wait
(by hardware timer or software timer)

NO
FSTAT bit=1

YES

Read any address of internal flash memory|
to check for program error. (Note 3)

NO

Note 1: Start writing from the beginning of a 256-byte boundary of the flash memory (lower address H'00).
Note 2: When Program operation starts, you have the Read Status Register command automatically
entered. (You do not need to enter the Read Status Register command until you issue another

command.)

Note 3: Examine the Flash Status Register 2 ERESE (Auto Erase operating condition), WRERR1
(Program operating condition 1), and WRERR2 (Program operating condition 2) bits to check for

Last address ?

YES

Forcibly terminated

Al
A 4

( END )

program error.

Figure 6.5.11 Page Program
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( START )
:

Write Lock Bit Program command (H'7777)
to any address of internal flash memory.

l

Write Verify command (H'DODO) to the last
even address of the block you want to protect.

!

Written to the lock bit by program
(Note 1)

!

1 ps wait
(by hardware timer or software timer)

NO
FSTAT bit=1

YES

Read any address of internal flash memory
to check for program error. (Note 2)

Forcibly terminated

END

Note 1: When Program operation starts, you have the Read Status Register command automatically
entered. (You do not need to enter the Read Status Register command until you issue another
command.)

Note 2: Examine the Flash Status Register 2 ERESE (Auto Erase operating condition), WRERR1

(Program operating condition 1), and WRERR2 (Program operating condition 2) bits to check for
program error.

Figure 6.5.12 Lock Bit Program
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( START )
|

Write Erase command (H'2020) to any
address of internal flash memory.

!

Write Verify command (H'DODO) to the last
even address of the block you want to erase.

!

Flash memory contents erased by
Erase program (Note 1)

!

1 ps wait
(by hardware timer or software timer)

NO

FSTAT bit=1

YES

Read any address of internal flash memory
to check for erase error. (Note 2)

Forcibly terminated

END

Note 1: When Erase operation starts, you have the Read Status Register command automatically
entered. (You do not need to enter the Read Status Register command until you issue another
command.)

Note 2: Examine the Flash Status Register 2 ERESE (Auto Erase operating condition), WRERR1
(Program operating condition 1), and WRERR2 (Program operating condition 2) bits to check for
erase error.

Figure 6.5.13 Block Erase
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( START )
|

Write Erase All Unlock Block command
(H'A7A7) to any address of internal flash
memory.

!

Write Verify command (H'DODO) to any
address in memory blocks you want to
erase.

!

Flash memory contents erased by
Erase program (Note 1)

l

1 ps wait
(by hardware timer or software timer)

NO

FSTAT bit=1

YES

Read any address of internal flash memory
to check for erase error. (Note 2)

Forcibly terminated

END

Note 1: When Erase operation starts, you have the Read Status Register command automatically
entered. (You do not need to enter the Read Status Register command until you issue another
command.)

Note 2: Examine the Flash Status Register 2 ERESE (Auto Erase operating condition), WRERR1
(Program operating condition 1), and WRERR2 (Program operating condition 2) bits to check for
erase error.

Figure 6.5.14 Erase All Unlock Block
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( START )

A 4
Write Read Status command (H'7070) to any

address of internal flash memory.

Read any address of internal
flash memory.

END

Figure 6.5.15 Read Status Register

( START )

A 4
Write Clear Status command (H'5050) to any

address of internal flash memory.

END

Figure 6.5.16 Clear Status Register

( START )

A 4
Write Read Lock Bit Status command (H'7171)

to any address of internal flash memory.

Read the last even address of the block
whose status you want to read.

END

Figure 6.5.17 Read Lock Bit Status Register

6-40 32170/32174 Group User's Manual (Rev. 2.1)



6 INTERNAL MEMORY
6.5 Programming of the Internal Flash Memory

6.5.4 Flash Write Time (for Reference)
The time required for writing to the internal flash memory is shown below for your reference.

(1) M32170F6

(a) Transfer time by SIO (for a transfer data size of 768 KB)
1/57600 bps x 1 (frame) x 11 (number of transfer bits) x 768 KB = 150.2 [s]

(b) Flash write time
768 KB/256-byte block x 8 ms = 24.6 [s]

(c) Erase time (entire area)

50 ms x number of blocks = 750 [ms]

(d) Total flash write time (entire 768 KB area)

* When communicating at 57600 bps using UART, the flash write time can be ignored
because it is very short compared to the serial communication time. Therefore, the flash
write time can be calculated using the equation below:

(@) +(c) =151 [s]

When writing data to flash memory at high speed by speeding up the serial
communication or by other means, the fastest write time possible is as follows:
(b) +(c) = 25[s]

(2) M32170F4 and M32174F4

(a) Transfer time by SIO (for a transfer data size of 512 KB)
1/57600 bps x 1 (frame) x 11 (number of transfer bits) x 512 KB = 100.2 [s]

(b) Flash write time

512 KB/256-byte block x 8 ms = 16.4 [s]

(c) Erase time (entire area)

50 ms x number of blocks = 550 [ms]

(d) Total flash write time (entire 512 KB area)

* When communicating at 57600 bps using UART, the flash write time can be ignored
because it is very short compared to the serial communication time. Therefore, the flash
write time can be calculated using the equation below:

(@) +(c) = 101 [s]

When writing data to flash memory at high speed by speeding up the serial
communication or by other means, the fastest write time possible is as follows:
(b) + (c) = 17 [s]
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(3) M32170F3 and M32174F3

(a) Transfer time by SIO (for a transfer data size of 384 KB)
1/57600 bps x 1 (frame) x 11 (number of transfer bits) x 384 KB = 75.1 [s]

(b) Flash write time

384 KB/256-byte block x 8 ms = 12.3 [s]

(c) Erase time (entire area)

50 ms x number of blocks = 450 [ms]

(d) Total flash write time (entire 384 KB area)

* When communicating at 57600 bps using UART, the flash write time can be ignored
because it is very short compared to the serial communication time. Therefore, the flash
write time can be calculated using the equation below:

(@ +(c)= 76[s]

When writing data to flash memory at high speed by speeding up the serial
communication or by other means, the fastest write time possible is as follows:
(b) + (c) = 13]g]
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6.6 Boot ROM

The table below shows boot memory specifications of the 32170 and 32174.

Table 6.6.1 Boot Memory Specifications

Item

Specification

Capacity

8 Kbytes

Location address

H'8000 0000 - H'8000 1FFF

Wait insertion

Operates with no wait states (with 40 MHz internal CPU memory clock)

Internal bus connection

Connected by 32-bit bus

Read

Can only be read when FP =1, MODO = 1, and MOD1 = 0. When read in other

modes,indeterminate values are read out. Cannot be accessed for write.

Other

Because the boot ROM area is a reserved area that can only be used in boot
mode, the program cannot be modified.
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6.7 Virtual Flash Emulation Function

This microcomputer has a special function, called the "Virtual Flash Emulation Function," which
allows the internal RAM to be mapped in blocks of 8 Kbytes from the beginning (up to four blocks for
the M32170F6, up to three blocks for the M32170F4, M32170F3, M32174F4, and M32174F3) into
the internal flash memory area divided in units of 8 Kbytes (L banks). Similarly, this function allows
the internal RAM to be mapped in blocks of 4 Kbytes, for the M32170F6 (up to two blocks) starting
from the RAM address H'0080 C000, for the M32170F4, M32170F3, M32174F4, and M32174F3
(up to two blocks) starting from the RAM address H'0080 A00O into the internal flash memory area
divided in units of 4 Kbytes (S banks).

When this function is used, the data placed in 8 Kbyte or 4 Kbyte blocks of internal RAM can be
moved to or from the L or S banks in the flash memory that are specified by the Virtual Flash Bank
Register. For applications that require modifying data during program operation, this enables
dynamic modification of data using 8 Kbytes or 4 Kbytes of RAM areas. The RAM blocks allocated
for virtual flash emulation can be read or written to from both internal RAM and internal flash
memory areas. This function, when used in combination with the Real-Time Debugger (RTD),
permits you to look up or rewrite from outside the data tables created in the internal flash memory,
thus facilitating data table tuning from an external device.

Before accessing the internal flash memory for programming, be sure to terminate this virtual flash
emulation mode.

H’0080 4000
RAM bank L block 0
(FELBANKO)

8 Kbytes

H’0080 6000

RAM bank L block 1
(FELBANK1)
8 Kbytes

H’0080 8000

RAM bank L block 2
(FELBANK2)
8 Kbytes

H’0080 A0OO

RAM bank L block 3
(FELBANK3)
8 Kbytes

H’0080 C000 RAM bank S block 0
(FESBANKO)
4 Kbytes

H'0080 D000 RAM bank S block 1
(FESBANK1)
4 Kbytes

Figure 6.7.1 Internal RAM Bank Configuration of the M32170F6
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H’0080 4000

H’0080 6000

H'0080 8000

H'0080 A0OO

H'0080 BO0OO

RAM bank L block 0
(FELBANKO)
8 Kbytes

RAM bank L block 1
(FELBANK1)
8 Kbytes

RAM bank L block 2
(FELBANK?2)
8 Kbytes

RAM bank S block 0
(FESBANKO)
4 Kbytes

RAM bank S block 1
(FESBANK1)
4 Kbytes

Figure 6.7.2 Internal RAM Bank Configuration of the M32170F4 and M3170F3

H'0080 4000

H'0080 6000

H'0080 8000

H'0080 A00O

H'0080 BOOO

H'0080 C000

H'0080 DFFF

RAM bank L block 0
(FELBANKO)
8 Kbytes

RAM bank L block 1
(FELBANK1)
8 Kbytes

Areas usable for

RAM bank L block 2
(FELBANK?2)
8 Kbytes

virtual-flash emulation

RAM bank S block 0
(FESBANKO)
4K bytes

RAM bank S block 1
(FESBANK1)
4 Kbytes

Note: The 8-Kbyte area from H'0080 C000 to H'0080 DFFF cannot be used as a virtual-flash emulation area.

Figure 6.7.3 Internal RAM Bank Configuration of the M32174F4 and M32174F3
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6.7.1 Virtual-Flash Emulation Areas

The following shows the areas in which the virtual-flash emulation function is effective.

Using the Virtual-Flash L Bank Registers (FELBANKO-FELBANK3 for the M32170F6 or
FELBANKO-FELBANK?2 for the M32170F4, M32170F3, M32174F4, and M32174F3), select an
arbitrary L bank area from 8-Kbyte L banks in the flash memory area (by setting the seven start
address bits A12—A18 of the desired L bank in the Virtual-Flash L Bank Register LBANKAD bits).
Then set the Virtual-Flash L Bank Register MODENLO-3 bits (for the M32170F6) or MODENLO-2
bits (for the M32170F4, M32170F3, M32174F4, and M32174F3) to 1. The selected L bank areas
can be replaced with 8-Kbyte blocks of the internal RAM beginning with its start address, up to four
blocks for the M32170F6 or up to three blocks for the M32170F4, M32170F3, M32174F4, and
M32174F3.

Similarly, using the Virtual-Flash S Bank Registers (FESBANKO, FESBANK1), select an arbitrary S
bank area from 4-Kbyte S banks in the flash memory (by setting the eight start address bits A12—
A19 of each desired S bank in the Virtual-Flash S Bank Register SBANKAD bits). Then set the
Virtual-Flash S Bank Register MODENSO and MODENSL bits to 1. The selected S bank areas can
be replaced with up to two 4-Kbyte blocks of the internal RAM beginning with address H’'0080 C000
for the M32170F6 or H'0080 A00O for the M32170F4, M32170F3, M32174F4, and M32174F3.

In this way, the M32170F6 can have four 8-Kbyte blocks or L banks and two 4-Kbyte blocks or S
banks selected, for a total of up to six banks. For the M32170F4, M32170F3, M32174F4, and
M32174F3, three 8-Kbyte blocks or L banks and two 4-Kbyte blocks or S banks can be selected, for
a total of up to five banks.

Note 1: If the Virtual-Flash Emulation Enable bit is enabled while the same bank area is set in two
or more Virtual-Flash Bank Registers, the internal RAM area (8 or 4 Kbyte) to be replaced
with is selected according to the priority of Virtual-Flash Bank Registers as follows:

* M32170F6

FELBANKO > FELBANK1 > FELBANK2 > FELBANK3 > FESBANKO > FESBANK1
* M32170F4, M32170F3, M32174F4, and M32174F3

FELBANKO > FELBANK1 > FELBANK2 > FESBANKO > FESBANK1

Note 2: During virtual-flash emulation mode, the RAM can be accessed for read and write from the
internal RAM area and the area that has been set as a virtual-flash area.

Note 3: The internal RAM area from H'0080 C000 to H'0080 DFFF of the M32174F4 and M32174F3
cannot be used as a virtual-flash emulation area.

Note 4: When performing virtual-flash read after setting Flash Control Register 1's Virtual-Flash
Emulation Mode bit to 1, be sure to wait for three CPU clock periods or more before
performing virtual-flash read after setting the said bit to 1.

Note 5: When performing virtual-flash read after setting the Virtual-Flash Bank Register (L Bank or
S Bank Register)’s Virtual-Flash Emulation Enable bit and bank address bits, be sure to
wait for three CPU clock periods or more before performing virtual-flash read after setting
the Virtual-Flash Bank Register.
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H’0000 0000

H’0000 2000

H’0000 4000

<Internal flash>

L bank 0
(8 Kbytes)
L bank 1

(8 Kbytes)
L bank 2

<Internal RAM>

8 Kbytes

H’0080 4000

(8 Kbytes)
/_:\/

H’0080 6000
8 Kbytes

H’0080 8000

H 8 Kbytes
L bank 50

(8 Kbytes)
L bank 51
(8 Kbytes)

H’0006 4000

H'0080 A00O

H'0006 6000 BimiEs

4 Kbytes
4 Kbytes

H’000B C000 L bank 94
(8 Kbytes)
L bank 95

(8 Kbytes)

pi

H'000B EO00

Note 1: If after setting the same bank area in multiple Virtual Flash Bank Registers, you enable the Virtual
Flash Emulation Enable bit, the internal RAM area selected in order of priority FELBANKO >
FELBANK1 > FELBANK?2 > FELBANK3 > FESBANKO > FESBANK1 is assigned.

Note 2: When you access an 8-Kbyte area (L bank) specified by Virtual Flash L Bank Registers 0-3, its
corresponding internal RAM area is accessed. During Virtual Flash Emulation mode, RAM can
be read or written to from both internal RAM area and virtual flash setup area.

Figure 6.7.4 The M32170F6's Virtual Flash Emulation Area Divided in Units of 8 Kbytes

<Internal flash>

H'0000 0000 S bank 0
(4 Kbytes)
H'0000 1000 S bank 1 <Internal RAM>
(4 Kbytes) H'0080 4000
H'0000 2000 S bank 2 8 Kbytes
(4 Kbytes)
/_\/ 8 Kbytes
/\/
8 Kbytes
8 Kbytes
L} 4 Kbytes H'0080 C000
e A axoyes |H0080 D000
H'000B E000 S bank 190 //,////
(4 Kbytes)
H'000B FO00 S bank 191
(4 Kbytes)

Note 1: If after setting the same bank area in multiple Virtual Flash Bank Registers, you enable the Virtual
Flash Emulation Enable bit, the internal RAM area selected in order of priority FELBANKO >
FELBANK1 > FELBANK2 > FELBANK3 > FESBANKO > FESBANK1 is assigned.

Note 2: When you access an 4-Kbyte area (S bank) specified by Virtual Flash S Bank Registers 0,1, its
corresponding internal RAM area is accessed. During Virtual Flash Emulation mode, RAM can
be read or written to from both internal RAM area and virtual flash setup area.

Figure 6.7.5 The M32170F6's Virtual Flash Emulation Area Divided in Units of 4 Kbytes
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<Internal flash>

H'0000 0000 L bank 0
| (8Kbytes) | <
Internal RAM>
’ L bank 1
100002000 (8 Kbytes) H’0080 4000
H'0000 4000 L bank 2 i 8 Kbytes
: (8 Kbvtes) H'0080 6000
i 8 Kbytes
e H’0080 8000
/_:\/ 8 Kbytes
4 Kbytes
H’0007 C000 L bank 62
(8 Kbytes) 4 Kbytes
H'0007 E00O L bank 63
(8 Kbytes)

Note 1: If after setting the same bank area in multiple Virtual Flash Bank Registers, you enable the Virtual
Flash Emulation Enable bit, the internal RAM area selected in order of priority FELBANKO >
FELBANK1 > FELBANK2 > FESBANKO > FESBANK1 is assigned.

Note 2: When you access an 8-Kbyte area (L bank) specified by Virtual Flash L Bank Registers 0-2, its
corresponding internal RAM area is accessed. During Virtual Flash Emulation mode, RAM can
be read or written to from both internal RAM area and virtual flash setup area.

Figure 6.7.6 The M32170F4's Virtual Flash Emulation Area Divided in Units of 8 Kbytes

<Internal flash>

H'0000 0000 S bank 0
(4 Kbytes)
H'0000 1000 S bank 1
(4 Kbytes)
H'0000 2000 S bank 2
(4 Kbytes) <Internal RAM>
H H'0080 4000
/\/ 8 Kbytes
/_\/
: 8 Kbytes
% 8 Kbytes
E 4 Kbytes H'0080 A0OO
H'0007 EO0O S bank 126 fl Y '
| (4Kbytes) | v v 4 Kbytes H'0080 BO0OO
H'0007 FO00 S bank 127
(4 Kbytes)

Note 1: If after setting the same bank area in multiple Virtual Flash Bank Registers, you enable the Virtual
Flash Emulation Enable bit, the internal RAM area selected in order of priority FELBANKO >
FELBANK1 > FELBANK2 > FESBANKO > FESBANK1 is assigned.

Note 2: When you access an 4-Kbyte area (S bank) specified by Virtual Flash S Bank Registers 0,1, its
corresponding internal RAM area is accessed. During Virtual Flash Emulation mode, RAM can
be read or written to from both internal RAM area and virtual flash setup area.

Figure 6.7.7 The M32170F4's Virtual Flash Emulation Area Divided in Units of 4 Kbytes
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<Internal flash>

H0000 0000 [ [ bank 0
| (8Kbytes) |
H'0000 2000 | bank 1 <Internal RAM> ’
(8 Kbytes) H'0080 4000
H'0000 4000 L bank 2 8 Kbytes
; (8 Kbytes) H'0080 6000
8 Kbytes
: H'0080 8000
% 8 Kbytes
E 4 Kbytes
H'0005 C000 L bank 46 4 Kbytes
(8 Kbytes)
H'0005 E000 L bank 47
(8 Kbytes)

Note 1: If after setting the same bank area in multiple Virtual Flash Bank Registers, you enable the Virtual
Flash Emulation Enable bit, the internal RAM area selected in order of priority FELBANKO >
FELBANK1 > FELBANK2 > FESBANKO > FESBANK1 is assigned.

Note 2: When you access an 8-Kbyte area (L bank) specified by Virtual Flash L Bank Registers 0-2, its
corresponding internal RAM area is accessed. During Virtual Flash Emulation mode, RAM can
be read or written to from both internal RAM area and virtual flash setup area.

Figure 6.7.8 The M32170F3's Virtual Flash Emulation Area Divided in Units of 8 Kbytes

<Internal flash>

H'0000 0000 S bank 0
(4 Kbytes)
H'0000 1000 S bank 1
(4 Kbytes)
H'0000 2000 S bank 2
(4 Kbytes) <Internal RAM>
; H'0080 4000
/:\/ 8 Kbytes
/_\/
: 8 Kbytes
% 8 Kbytes
E 4 Kbytes H'0080 AOOO
H'0005 EO00 S bank 94 ‘
B < 4| akoyes  |H0080 8000
H'0005 FO00 S bank 95
(4 Kbytes)

Note 1: If after setting the same bank area in multiple Virtual Flash Bank Registers, you enable the Virtual
Flash Emulation Enable bit, the internal RAM area selected in order of priority FELBANKO >
FELBANK1 > FELBANK2 > FESBANKO > FESBANK1 is assigned.

Note 2: When you access an 4-Kbyte area (S bank) specified by Virtual Flash S Bank Registers 0,1, its
corresponding internal RAM area is accessed. During Virtual Flash Emulation mode, RAM can
be read or written to from both internal RAM area and virtual flash setup area.

Figure 6.7.9 The M32170F3's Virtual Flash Emulation Area Divided in Units of 4 Kbytes
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<Internal flash>

H'0000 0000 L Bank 0
(8 Kbytes) <Internal RAM>
H'0000 2000 L Bank 1 H'0080 4000
(8 Kbytes) 8 Kbytes
H'0000 4000 L Bank 2
. M H'0080 6000
8 Kbytes
/_\/
R — H'0080 8000
8 Kbytes
4 Kbytes
/_\/
/_\/ 4 Kbytes
H H'0080 C000
H'0007 CO00 [ L Bank 62 8 Kbytes
(8 Kbytes) H'0080 DFFF
H'0007 EOOO L Bank 63
(8 Kbytes)

Note 1: If the Virtual-Flash Emulation Enable bit is enabled while the same bank area is set in two or more
Virtual-Flash Bank Registers, the internal RAM area to be replaced with is selected by priority:
FELBANKO > FELBANK1 > FELBANK2 > FESBANKO > FESBANK1.

Note 2: When access is made to the 8-Kbyte area (L bank) selected by one of Virtual-Flash L Bank
Registers 0-2, what actually is accessed is the internal RAM area. During virtual-flash emulation
mode, it is possible to read and write to RAM from both the internal RAM area and the area that
has been set as a virtual-flash area.

Note 3: The internal RAM area from H'0080 C000 to H'0080 DFFF cannot be used as a virtual-flash
emulation area.

Figure 6.7.10 The M32174F4's Virtual Flash Emulation Area Divided in Units of 8 Kbytes

<Internal flash>

H'0000 0000 [ SBanko |
(4 Kbytes)
H'0000 1000 S Bank 1
(4 Kbytes)
H'0000 2000 S Bank 2 <Internal RAM>
(4 Kb:ytes) H'0080 4000
H 8 Kbytes
&
8 Kbytes
% 8 Kbytes
H'0080 AOOO
H'0007 E000 [ S Bank 126 AKOYes 0080 BOOO
(4 Kbytes) w5 v 4 Kbytes .
H'0007 FOOO | S Bank 127 H0080 C000
(4 Kbytes) 8 Kbytes
H'0080 DFFF

Note 1: If the Virtual-Flash Emulation Enable bit is enabled while the same bank area is set in two or more
Virtual-Flash Bank Registers, the internal RAM area to be replaced with is selected by priority:
FELBANKO > FELBANK1 > FELBANK2 > FESBANKO > FESBANK1.

Note 2: When access is made to the 4-Kbyte area (S bank) selected by Virtual-Flash S Bank Register 0
or 1, what actually is accessed is the internal RAM area. During virtual-flash emulation mode, it
is possible to read and write to RAM from both the internal RAM area and the area that has been
set as a virtual-flash area.

Note 3: The internal RAM area from H’0080 C000 to H'0080 DFFF cannot be used as a virtual-flash
emulation area.

Figure 6.7.11 The M32174F4's Virtual Flash Emulation Area Divided in Units of 4 Kbytes
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<Internal flash>

H'0000 0000 [ Bank0
(8 Kbytes) <Internal RAM>
H'0000 2000 LBank 1 H'0080 4000
(8 Kbytes) 8 Kbytes
H'0000 4000 L Bank 2
. 8 Kbytes) H'0080 6000
8 Kbytes
/_\_/
I — H'0080 8000
8 Kbytes
4 Kbytes
/_\/
S — 4 Kbytes
H H'0080 C000
H'0005 CO00 [ L Bank 46 8 Kbytes
(8 Kbytes) H'0080 DFFF
H'0005 EO0O0 L Bank 47
(8 Kbytes)

Note 1: If the Virtual-Flash Emulation Enable bit is enabled while the same bank area is set in two or more
Virtual-Flash Bank Registers, the internal RAM area to be replaced with is selected by priority:
FELBANKO > FELBANK1 > FELBANK?2 > FESBANKO > FESBANK1.

Note 2: When access is made to the 8-Kbyte area (L bank) selected by one of Virtual-Flash L Bank
Registers 0—-2, what actually is accessed is the internal RAM area. During virtual-flash emulation
mode, it is possible to read and write to RAM from both the internal RAM area and the area that
has been set as a virtual-flash area.

Note 3: The internal RAM area from H'0080 C000 to H’0080 DFFF cannot be used as a virtual-flash

emulation area.

Figure 6.7.12 The M32174F3's Virtual Flash Emulation Area Divided in Units of 8 Kbytes

<Internal flash>

H'0000 0000 S Bank 0
(4 Kbytes)
H'0000 1000 SBank 1
| (4Kbytes) |
H'0000 2000 S Bank 2 <Internal RAM>
M H'0080 4000
{ 8 Kbytes
8 Kbytes
8 Kbytes
: 5 H'0080 A000
H0005 £000 | aEency AKbyes | 10080 BO0O
(4 Kbytes) 4 Kbytes .
H'0005 FO00 S Bank 95 H'0080 C000
(4 Kbytes) 8 Kbytes
H'0080 DFFF

Note 1: If the Virtual-Flash Emulation Enable bit is enabled while the same bank area is set in two or more
Virtual-Flash Bank Registers, the internal RAM area to be replaced with is selected by priority:
FELBANKO > FELBANK1 > FELBANK2 > FESBANKO > FESBANK1.

Note 2: When access is made to the 4-Kbyte area (S bank) selected by Virtual-Flash S Bank Register 0
or 1, what actually is accessed is the internal RAM area. During virtual-flash emulation mode, it
is possible to read and write to RAM from both the internal RAM area and the area that has been
set as a virtual-flash area.

Note 3: The internal RAM area from H’'0080 C000 to H'0080 DFFF cannot be used as a virtual-flash
emulation area.

Figure 6.7.13 The M32174F3's Virtual Flash Emulation Area Divided in Units of 4 Kbytes
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bank Start address of bank in L bank address (LBANKAD)
L ban flash memory bit set value
L bank 0 H’0000 0000 H'00
(Note)
L bank 1 H’0000 2000 H'02
L bank 2 H’0000 4000 H'04
L bank 94 H’000B C000 H'BC
L bank 95 H’000B E000 H'BE
Note: Set the seven bits A12-A18 of the start address (32-bit) of each L bank of flash memory divided
every 8 Kbytes in the Virtual Flash L Bank Register's L bank address (LBANKAD) bits.

Figure 6.7.14 Values Set in the M32170F6's Virtual Flash Bank Register when Divided in Units

of 8 Kbytes
bank Start address of bank in S bank address (SBANKAD)
S ban flash memory bit set value
S bank 0 H’0000 0000 H'00
(Note)
S bank 1 H’0000 1000 H'01
S bank 2 H’0000 2000 H'02
S bank 190 H’000B E000 H'BE
S bank 191 H’000B_F000 H'BF
Note: Set the eight bits A12-A19 of the start address (32-bit) of each S bank of flash memory divided
every 4 Kbytes in the Virtual Flash S Bank Register's S bank address (SBANKAD) bits.

Figure 6.7.15 Values Set in the M32170F6's Virtual Flash Bank Register when Divided in Units
of 4 Kbytes
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bank Start address of bank in L bank address (LBANKAD)
L ban flash memory bit set value
L bank 0 H'0000 0000 H'00
(Note)
L bank 1 H’0000 2000 H'02
L bank 2 H’0000 4000 H'04
L bank 62 H'0007 C000 H'7C
L bank 63 H’0007 E000 H'7E
Note: Set the seven bits A12-A18 of the start address (32-bit) of each L bank of flash memory divided
every 8 Kbytes in the Virtual Flash L Bank Register's L bank address (LBANKAD) bits.

Figure 6.7.16 Values Set in the M32170F4's and the M32174F4's Virtual Flash Bank Register
when Divided in Units of 8 Kbytes

bank Start address of bank in S bank address (SBANKAD)
S ban flash memory bit set value
S bank 0 H’0000 0000 H'00
(Note)
S bank 1 H’0000 1000 H'01
S bank 2 H’0000 2000 H'02
S bank 126 H’0007 E000 H'7E
S bank 127 H’0007 FO00 H'7F
Note: Set the eight bits A12-A19 of the start address (32-bit) of each S bank of flash memory divided
every 4 Kbytes in the Virtual Flash S Bank Register's S bank address (SBANKAD) bits.

Figure 6.7.17 Values Set in the M32170F4's and the M32174F4's Virtual Flash Bank Register
when Divided in Units of 4 Kbytes
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bank Start address of bank in L bank address (LBANKAD)
L ban flash memory bit set value
L bank 0 H'0000 0000 H'00
(Note)
L bank 1 H’0000 2000 H'02
L bank 2 H’0000 4000 H'04
L bank 46 H’0005 C000 H'5C
L bank 47 H’0005 E000 H'5E
Note: Set the seven bits A12-A18 of the start address (32-bit) of each L bank of flash memory divided
every 8 Kbytes in the Virtual Flash L Bank Register's L bank address (LBANKAD) bits.

Figure 6.7.18 Values Set in the M32170F3's and the M32174F3's Virtual Flash Bank Register
when Divided in Units of 8 Kbytes

bank Start address of bank in S bank address (SBANKAD)
S ban flash memory bit set value
S bank 0 H'0000 0000 H'00
(Note)
S bank 1 H’0000 1000 H'01
S bank 2 H’0000 2000 H'02
S bank 94 H’0005 E000 H'5E
S bank 95 H’0005 FO00 H'5F
Note: Set the eight bits A12-A19 of the start address (32-bit) of each S bank of flash memory divided
every 4 Kbytes in the Virtual Flash S Bank Register's S bank address (SBANKAD) bits.

Figure 6.7.19 Values Set in the M32170F3's and the M32174F3's Virtual Flash Bank Register
when Divided in Units of 4 Kbytes
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6.7.2 Entering Virtual Flash Emulation Mode

To enter Virtual Flash Emulation Mode, set the Flash Control Register 1 (FCNT1) FEMMOD bit to
1. After entering Virtual Flash Emulation Mode, set the Virtual Flash Bank Register MODEN bit to 1
to enable the Virtual Flash Emulation Function.

Even during virtual-flash emulation mode, the internal RAM area (H'0080 4000 to H'0080 DFFF for
the M32170F6, H’0080 4000 to H'0080 BFFF for the M32170F4 and M32170F3, or H'0080 4000 to
H’0080 DFFF for the M32174F4 and M32174F3) can be accessed as internal RAM.

( Settings completed >

Write flash data to RAM

Go to Virtual Flash Emulation
Mode
FEMMOD ~ 1

Set RAM location address in
Virtual Flash Bank Register
LBANKADN ~ Address A12-A18
SBANKADN ~ Address A12-A19

Enable Virtual Flash Emulation
Function
MODENLN « 1
MODENSH « 1

( Settings completed >

Figure 6.7.20 Virtual Flash Emulation Mode Sequence
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6.7 Virtual Flash Emulation Function

6.7.3 Application Example of Virtual Flas

h Emulation Mode

By locating two RAM areas in the same virtual flash area using the Virtual Flash Emulation
Function, you can rewrite data in the flash memory successively.

(1) Operation when reset

Flash

Bank xx Initial value

'4— Replace area

RAM block 0

[4— Data write to RAMO

RAM block 1

(2) Program operation using RAM block 0
Flash
Replace
Bank xx Initial value <—| RAM block 0 |
Bank xx specified
RAM block 0
RAM block 1 '4— Data write to RAM1

(3) Program operation changed from RAM block 0 to RAM block 1

Flash

Replace

Bank xx Initial value

<« | RAMblock0 | |

RAM block 1 |

?

Bank xx specified

RAM block 0

?

Bank xx specified
(settings invalid)

RAM block 1

Figure 6.7.21 Application Example of Virtual

Flash Emulation (1/2)
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(4) Program operation using RAM block 1

Flash

Replace

Bank xx Initial value

RAM block 0 [4— Data write to RAMO ‘

{ RAM block 1 |

T

Bank xx specified

RAM block 1

(5) Program operation changed from RAM block 1 to RAM block 0

Flash
Bank xx Initial value <—| RAM block 0 | | RAM block 1 |
Bank xx specified Bank xx specified
RAM block 0 (setting‘s invalid)
RAM block 1

(6) Go to item (2)

Note : :] valid area

Figure 6.7.22 Application Example of Virtual Flash Emulation (2/2)
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6.8 Connecting to A Serial Programmer

When you rewrite the internal flash memory using a general-purpose serial programmer in Boot
Flash E/W Enable mode, you need to process the pins on the 32170 and 32174 shown below to
make them suitable for the serial programmer.

Table 6.8.1 Processing the 32170 Pins when Using a Serial Programmer

Pin Name Pin Number Function Remark
SCLKI1 121 Transfer clock input Need to be pulled high
Serial data input )
RXD1 120 (receive data) Need to be pulled high
TXD1 119 Serial d_ata output
(transmit data)
P83 117 Transmit/receive control Need to be pulled high
P84 118 Transmit/receive enable output | Need to be pulled high
FP 156 Flash memory protect
MODO 154 Operation mode 0
MOD1 155 Operation mode 1 Connect to ground
RESET 153 Reset
XIN 19 Clock input
XOUT 20 Clock output
VCNT 23 PLL circuit control input
OScC-vCcC 21 PLL circuit power supply Connect to 3.3 V power supply
0SC-VSS 18 PLL circuit ground Connect to ground
VREFO 61 A-D converter reference Connect to 5 V power supol
VREF1 227 voltage input P PPy
AVCCO 62
AVCC1 208 Analog power supply Connect to 5 V power supply
AVSSO 79
AVSS1 5 Analog ground Connect to ground
FvVCC 128 Flash memory power supply Connect to 3.3 V power supply
VDD 170 RAM backup power supply Connect to 3.3 V power supply
37,51,80,114,139,157,
VCCE 205 5V power supply
vcel | 98,126,137,171,195,225| 3.3 V power supply
17,22,24,38,52,81,99,
VSS 115,127,129,138,158, Ground
172,196,206,226

Note: All other pins do not need to be processed.
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6.8 Connecting to A Serial Programmer

The diagram below shows an example of user system configuration which has had a serial
programmer connected. After the user system is powered on, the serial programmer writes to the
flash memory in clock-synchronized serial mode. No communication problems associated with the
oscillation frequency may occur. If the system uses any 32170/32174 pins which will connect to a

serial programmer, care must be taken to prevent adverse effects on the system when a serial
programmer is connected. Note that the serial programmer uses the addresses H'0000 0084
through H'0000 0093 as an area to check ID for flash memory protection.

Various signals on flash

Note 1:
Note 2 :
Note 3:
Note 4 :
Note 5:
Note 6 :
Note 7 :

programmer

5V (Input)

RxD (Input)

User system circuit board

Connects to 5 V power supply

Connects to 3.3 V power supply
=g

AN
VVy

Connector

TxD (Output)

SCLKO(Output)

BUSY (Input)

MODO (Output)

FP (Output)

RESET(Output)

GND (Output)

To system circuit

Set microcomputer
operating conditions

Turn on the power to the user system before you write to the flash memory.
If the system circuit uses P83-P87, consideration must be taken for connection of a serial programmer.

> |

—|<5ccccc ><>ci

HH

AMN—

|
——

AVCCO, AvVCC1
VCCE

VREFO, VREF1

FvVCC
VCCI
osc-vce
VDD

P83/RXDO

P85/TXD1

P86/RXD1
P87/SCLKIL/SCLKO1
P84/SCLKIO/SCLKOO
MODO

FP

RESET

VsS

AVSSO0, AVSS1
0SCcvss

MOD1
XIN

XOouT
VCNT

32170
32174

P83 must have a high-level signal applied to it.

P64/SBI must be fixed high or low to ensure that interrupts will not be generated.

The pullup resistances of P83, P84, P86, and P87 must be set to suit system design conditions.
The typical pullup resistances of P83, P84, P86, and P87 are 4.7 to 10 kQ.

All other ports, whether high or low, do not affect flash memory programming.

Figure 6.8.1 Pin Connection Diagram
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6.9 Precautions to Be Taken When Rewriting Flash Memory

The following describes precautions to be taken when you rewrite the flash memory using a
general-purpose serial programmer in Boot Flash E/W Enable mode.

* When you use the pins with the system that are used by a serial programmer, take measures
not to affect the system when connecting a serial programmer.

« If the flash memory needs to be protected, set an appropriate ID in the flash memory protect ID
verification area (H'0000 0084 through H'0000 0093).

« If the flash memory does not require protection, fill the entire flash memory protect 1D
verification area (H'0000 0084 through H'0000 0093) with H'FF.

« Do not use wait function when entering the flash E/W mode because it may validate wait state
if a low-level signal is applied to the WAIT# pin.

6-60 32170/32174 Group User's Manual (Rev. 2.1)



CHAPTER 7
RESET

7.1 Outline of Reset

7.2 Reset Operation

7.3 Internal State Immediately
after Reset Release

7.4 Things To Be Considered after
Reset Release
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7.1 Outline of Reset

7.1 Qutline of Reset

The device is reset by applying a low-level signal to the RESET input pin. The device is gotten out
of a reset state by releasing the RESET input back high, upon which the reset vector entry address
is set in the Program Counter (PC) and the program starts executing from the reset vector entry.

7.2 Reset Operation

7.2.1 Reset at Power-on

When powering on the device, hold the RESET input low until its internal multiply-by-4 clock
generator becomes oscillating stably.

7.2.2 Reset during Operation

To reset the device during operation, hold the RESET input low for more than four clock periods of
XIN signal.

7.2.3 Reset Vector Relocation during Flash Rewrite
When placed in boot mode, the reset vector entry address is moved to the start address of the boot

program space (address H'8000 0000). For details, refer to Section 6.5, "Programming of Internal
Flash Memory."
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7.3 Internal State Immediately after Reset Release

The table below lists the register state of the device immediately after it has gotten out of reset. For
details about the initial register state of each internal peripheral I/O, refer to each section in this
manual where the relevant internal peripheral 1/O is described.

Table 7.3.1 Internal State Immediately after Reset

Register State after Reset Release

PSW (CRO) B'0000 0000 0000 0000 ??00 000? 0000 0000 (BSM, BIE, BC bits = indeterminate)
CBR (CR1) H'0000 0000 (C bit = 0)

SPI  (CR2) Indeterminate

SPU (CR3) Indeterminate

BPC (CR®6) Indeterminate

PC H'0000 0000 (Executed beginning with address H'0000 0000) (Note)

ACC (accumulator)

Indeterminate

Note: When in boot mode, this changes to the start address of the boot program space (H'8000 0000).
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Table 7.3.2 Pin Status When Reset

Mode

Single chip External extension Microprocessor Boot

Pin name

Reset, MODO,

MOD1, and FP Input

Input Input Input

XIN Input Input Input Input

XOuT Output Output Output Output

VCNT (Note 1) — — — —

P00 - P07,
P10 - P17,
P61 - P67,
P70 - P77,
P82 - P87,
P93 - P97,
P100 - P107,
P110 - P117,
P124 - P127,
P130 - P137,
P140 - P147,
P150 - P157,
P160 - P167,
P172 - P177,
P180 - P187,
P190 - P197,
P200 - P203,
P210 - P217,
P220 - P225

Input Input Input Input

Port

P20 - P27,
P30 - P37,
P41 - P47

Input Input Hi-Z Input

A-D converter

ADOINO - 7

ADLINO - 7 Input

Input Input Input

JTDI, JTMS,
JTCK, JTRST

JTAG
(Note 2)

Input Input Input Input

JTDO

Indeterminate

Indeterminate

Indeterminate

Indeterminate

(Note 3)
(Note 4)

High output

High output

High output

High output

EVENTIO0:1]
(Note 4)

Low-level output

Low-level output

Low-level output

Low-level output

TRCLK (Note 4)

Low-level output

Low-level output

Low-level output

Low-level output

TRSYNC(Note 4)

High-level output

High-level output

High-level output

High-level output

TRDATA[0:7]
(Note 4)

Indeterminate

Indeterminate

Indeterminate

Indeterminate

Note 1: The VCNT pin is used to control the PLL circuit.

Note 2: The JTAG pin is not initialized by a reset. It can be reset by pulling JTRST low.
Note 3: The DBI pin is pulled high internally.
Note 4: This applies only when using 255FBAG (not available when using 240QFP).
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7.4 Things To Be Considered after Reset Release

* Input/output ports

After reset release, the 32170's and 32174's input/output ports are disabled against input in order to
prevent current from flowing through the port. To use any ports in input mode, enable them for input
using the Port Input Function Enable Register (PIEN) PIENO bit. For details, refer to Section 8.3,
"Input/Output Port Related Registers."
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O This is a blank page. O
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8 INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.1 Outline of Input/Output Ports

8.1 Outline of Input/Output Ports

This microcomputer has a total of 157 input/output ports from PO to P22 (of which P5 is reserved for
future use, however). These input/output ports can be set for input or output mode by a direction
register.

Each input/output port serves as a dual-function or triple-function pin, sharing the pin with other
internal peripheral 1/0O or extended external bus signal line. Pin functions are selected depending on
the device's operation mode you choose or by setting the input/output port's Operation Mode
Register. (If any internal peripheral I/O has still another function, you need to set the register
provided for that peripheral 1/0.)

As a new function, the 32170 internally contains a Port Input Function Enable bit that can be used
to prevent current from flowing into the input ports. This helps to simplify the software and hardware
processing to be performed immediately after reset or during flash rewrite. To use any ports in input
mode, you need to set the Port Input Function Enable bit accordingly.

The input/output ports are outlined in the next pages.
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8.1 Outline of Input/Output Ports

Table 8.1.1 Outline of Input/Output Ports

Item Specification

Number of ports Total 157 lines
PO POO - PO7 (8 lines)
P1 P10 - P17 (8 lines)
P2 P20 - P27 (8 lines)
P3 P30 - P37 (8 lines)
P4 P41 - P47 (7 lines)
P6 P61 - P67 (7 lines)
P7 P70 - P77 (8 lines)
P8 P82 - P87 (6 lines)
P9 : P93-P97 (5 lines)
P10 : P100-P107 (8lines)
P11 : P110-P117 (8lines)
P12 : P124-P127 (4lines)
P13 : P130-P137 (8lines)
P14 : P140-P147 (8lines)
P15 : P150-P157 (8lines)
P16 : P160-P167 (8lines)
P17 : P172-P177 (6 lines)
P18 : P180-P187 (8lines)
P19 : P190-P197 (8lines)
P20 : P200-P203 (4 lines)
P21 : P210-P217 (8lines)
P22 : P220-P225 (6 lines)

Port function The input/output ports can individually be set for input or output mode using the

Direction Control Register provided for each input/output port. (However, P64 is an SBI

input-only port and P221 is a CAN input-only port.)

Pin function Shared with peripheral I/O or extended external signals to serve dual functions (or with

two or more peripheral 1/O functions to serve multiple functions)

Pin function switchover PO - P4, P224, P225

P6 - P22

: Depends on CPU operation mode (determined by setting

MODO and MOD1 pins)

. As set by each input/output port's Operation Mode Register

(However, peripheral 1/O pin functions are selected by
peripheral I/O registers.)
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8.2 Selecting Pin Functions

8.2 Selecting Pin Functions

Each input/output port serves dual functions sharing the pin with other internal peripheral 1/0 or
extended external bus signal line (or triple functions sharing the pin with two or more peripheral 1/0
functions). Pin functions are selected depending on the device's operation mode you choose or by
setting the input/output port's Operation Mode Register.

PO0-P4, P224, and P225, when the CPU is set to operate in extended external mode or processor
mode, all are switched to serve as signal pins for external access. The CPU operation mode is

determined by setting the MODO and MOD1 pins (see the table below).

Table 8.2.1 CPU Operation Mode and Pin Functions of P0-P4, P224, and P225

MODO MOD1 Operation Mode Pin Functions of PO-P4, P224, and P225
VSS VSS Single-chip mode input/output port pin
VSS VCCE Extended external mode
Extended external signal pin
VCCE VSS Processor mode
VCCE VCCE Reserved (Use inhibited) —

Note: VCCE and VSS are connected to +5 V and GND, respectively.

P6-P22 (except P64, P221, P224, and P225) have their pin functions switched between input/
output port pins and internal peripheral 1/0O pins by setting each port's Operation Mode Register. If
any internal peripheral 1/0 has multiple pin functions, you need to set the register provided for that
peripheral I/0 to select the desired pin function.

Note that settings of FP_pin and MOD1 pin during internal flash memory write operation do not
affect the pin functions.
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INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.2 Selecting Pin Functions

0 1 2 3 4 5 6 7
PO‘ DBO ‘ DB1 ‘ DB2 ‘ DB3 ‘ DB4 ‘ DB5 ‘ DB6 ‘ DB7 ‘
P1 ‘ DB8 ‘ DB9 ‘ DB10 ‘ DB11 ‘ DB12 ‘ DB13 ‘ DB14 ‘ DB15 ‘
Settings of CPU
operation mode PZ‘ A23 ‘ A24 ‘ A25 ‘ A26 ‘ A27 ‘ A28 ‘ A29 ‘ A30 ‘
(Note 1)
P3‘ Al5 ‘ Al6 ‘ Al7 ‘ Al8 ‘ Al9 ‘ A20 ‘ A21 ‘ A22 ‘
"""""""" BLW BEW/ — __ __
P4i 77777777 | BLE ‘ BHE ‘ D ‘ CSO0 ‘ CS1 ‘ Al3 ‘ Al4 ‘
]7 e e ey
(Reserved) p5 | :
,,,,,,,,,,,,,,,,, e
P6 I (P61) ‘ (P62) ‘ (P63) ‘ SBI ‘Ssgt,’ég‘i ggb’égg‘ADTRG‘
BCLK/ | o7 == | AL
p7 ‘ VR ‘ WAIT ‘ HREQ ‘ HACK ‘RTDTXD‘RTDRXD‘RTDACK‘RTDCLK‘
P8 | TXDO ‘ RXDO ‘S&E}%‘ TXD1 ‘ RXD1 ‘S&LKK'C}{‘
P9 | | ‘ TO16 ‘ ‘ 018 ‘ TO19 ‘ T020 ‘
PlO‘ TOS8 ‘ TO9 ‘ TO10 ‘ TO11 ‘ ‘ TO13 ‘ TO14 ‘ TO15 ‘
Pll‘ TOO ‘ TO1 ‘ TO2 ‘ TO3 ‘ TO4 ‘ TO5 ‘ TO6 ‘ TO7 ‘
P12 ‘ TCLKO ‘ TCLK1 ‘ TCLK2 ‘ TCLK3 ‘
. . P13‘ TIN16 ‘ TIN17 ‘ TIN18 ‘ TIN19 ‘ TIN20 ‘ TIN21 ‘ TIN22 ‘ TIN23 ‘
Settings of input/
output port
Operation Mode P14 | TIN8 | TIN9 | TINIO | TIN11 | TIN12 | TIN13 | TIN14 | TIN15
Register
PIS‘ TINO ‘ TIN1 ‘ TIN2 ‘ TIN3 ‘ TIN4 ‘ TINS5 ‘ TING ‘ TIN7 ‘
PIG‘ TO21 ‘ TO22 ‘ TO23 ‘ TO24 ‘ TO25 ‘ TO26 ‘ TO27 ‘ TO28 ‘
P17§ I TIN24 ‘ TIN25 ‘ TXD2 ‘ RXD2 ‘ TXD3 ‘ RXD3 ‘
P18‘ TO29 ‘ TO30 ‘ TO31 ‘ TO32 ‘ TO33 ‘ TO34 ‘ TO35 ‘ TO36 ‘
Plg‘ TIN26 ‘ TIN27 ‘ TIN28 ‘ TIN29 ‘ TIN30 ‘ TIN31 ‘ TIN32 ‘ TIN33 ‘
on‘ TXD4 ‘ RXD4 ‘ TXD5 ‘ RXD5 {
P21‘ TO37 ‘ TO38 ‘ TO39 ‘ TO40 ‘ TO41 ‘ TO42 ‘ TO43 ‘ TO44 ‘
A1l | A2 | P
PZZ‘ CTX ‘ CRX ‘ (P222) ‘ (P223)‘ (Note 2) | (Note 2) ’ 77777777777 P :
Note 1: Pin functions are switched over by setting MODO and MODL1 pins.
Note 2: Pin functions are switched over by setting MODO and MOD1 pins. Also, use of this pin requires
caution because it has a debug event function.

Figure 8.2.1 Input/Output Ports and Pin Function Assignments
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INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

8

8.3 Input/Output Port Related Reqisters

Included in the 32170 as input/output port related registers are the Port Data Registers, Port
Direction Registers, and Port Operation Mode Registers. Of these, the Port Operation Mode
Registers are provided for only P6-P22. Ports P0-P4, P224, and P225 have their pin functions
determined by setting the CPU operation mode (FP, MODO, and MOD1 pins). Port P5 is reserved
for future use. The tables below show an input/output port related register map.

Address DO +0 Address D7 D8 +1 Address D15
H 0080 0700 | PO Data Register (PODATA) P1 Data Register (P1DATA)
H 0080 0702 | P2 Data Register (P2DATA) P3 Data Register (P3DATA)
H 0080 0704 | P4 Data Register (P4DATA)
H 0080 0706 | P6 Data Register (P6DATA) P7 Data Register (P7DATA)
H 0080 0708 | P8 Data Register (P8DATA) P9 Data Register (P9DATA)
H 0080 070A | P10 Data Register (P10DATA) P11 Data Register (P11DATA)
H 0080 070C | P12 Data Register (P12DATA) P13 Data Register (P13DATA)
H 0080 070E | P14 Data Register (P14DATA) P15 Data Register (P15DATA)
H 0080 0710 | P16 Data Register (P16DATA) P17 Data Register (P17DATA)
H 0080 0712 | P18 Data Register (P18DATA) P19 Data Register (P19DATA)
H 0080 0714 | P20 Data Register (P20DATA) P21 Data Register (P21DATA)
H 0080 0716 | P22 Data Register (P22DATA)
H 0080 0720 | PO Direction Register (PODIR) P1 Direction Register (P1DIR)
H 0080 0722 | P2 Direction Register (P2DIR) P3 Direction Register (P3DIR)
H 0080 0724 | P4 Direction Register (P4DIR)
H 0080 0726 | P6 Direction Register (P6DIR) P7 Direction Register (P7DIR)
H 0080 0728 | P8 Direction Register (P8DIR) P9 Direction Register (P9DIR)
H 0080 072A | P10 Direction Register (P10DIR) P11 Direction Register (P11DIR)
H 0080 072C | P12 Direction Register (P12DIR) P13 Direction Register (P13DIR)
H 0080 072E | P14 Direction Register (P14DIR) P15 Direction Register (P15DIR)
H 0080 0730 | P16 Direction Register (P16DIR) P17 Direction Register (P17DIR)
H 0080 0732 | P18 Direction Register (P18DIR) | P19 Direction Register (P19DIR)
H 0080 0734 | P20 Direction Register (P20DIR) | P21 Direction Register (P21DIR)
H 0080 0736 | P22 Direction Register (P22DIR)
e e
Blank addresses are reserved.

Figure 8.3.1 Input/Output Port Related Register Map (1/2)
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INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

Address

H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080

0744
0746
0748
074A
074C
074E
0750
0752
0754
0756

+0 Address
D7

+1 Address

D8 D1

Port Input Function Enable Register (PIEN)

P6 Operation Mode Register (P6MOD)

P7 Operation Mode Register (P7MOD)

P8 Operation Mode Register (P8MOD)

P9 Operation Mode Register (P9MOD)

P10 Operation Mode Register (P10MOD)

P11 Operation Mode Register (P11MOD)

P12 Operation Mode Register (P12MOD)

P13 Operation Mode Register (P13MOD)

P14 Operation Mode Register (P14MOD)

P15 Operation Mode Register (P15MOD)

P16 Operation Mode Register (P16MOD)

P17 Operation Mode Register (P17MOD)

P18 Operation Mode Register (P18MOD)

P19 Operation Mode Register (P19MOD)

P20 Operation Mode Register (P20MOD)

P21 Operation Mode Register (P21MOD)

P22 Operation Mode Register (P22MOD)

T

Blank addresses are reserved.

T

8.3.2 Input/Output Port Related Register Map (2/2)
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INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

8.3.1 Port Data Registers

m PO Data Register (PODATA) <Address: H'0080 0700>
m P1 Data Register (P1DATA) <Address: H'0080 0701>
m P2 Data Register (P2DATA) <Address: H'0080 0702>
m P3 Data Register (P3DATA) <Address: H'0080 0703>
m P4 Data Register (PADATA) <Address: H'0080 0704>
m P6 Data Register (P6DATA) <Address: H'0080 0706>
m P7 Data Register (P7DATA) <Address: H'0080 0707>
m P8 Data Register (P8DATA) <Address: H'0080 0708>
m P9 Data Register (P9DATA) <Address: H'0080 0709>
m P10 Data Register (P10DATA) <Address: H'0080 070A>
m P11 Data Register (P11DATA) <Address: H'0080 070B>
m P12 Data Register (P12DATA) <Address: H'0080 070C>
m P13 Data Register (P13DATA) <Address: H'0080 070D>
m P14 Data Register (P14DATA) <Address: H'0080 070E>
m P15 Data Register (P15DATA) <Address: H'0080 070F>
m P16 Data Register (P16DATA) <Address: H'0080 0710>
m P17 Data Register (P17DATA) <Address: H'0080 0711>
m P18 Data Register (P18DATA) <Address: H'0080 0712>
m P19 Data Register (P19DATA) <Address: H'0080 0713>
m P20 Data Register (P20DATA) <Address: H'0080 0714>
m P21 Data Register (P21DATA) <Address: H'0080 0715>
m P22 Data Register (P22DATA) <Address: H'0080 0716>
DO 1 2 3 4 5 6 D7
( D8 9 10 11 12 13 14 D15 )

PnODT Pn1DT Pn2DT Pn3DT Pn4DT Pn5DT Pn6DT Pn7DT

Note: n =0 to 22 (except for P5)
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INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

<When reset : Indeterminate>

D Bit Name Function R W
0 PnODT (Port Pn0O data) Depending on how the Port Direction Register is set O O
1 Pn1DT (Port Pni data) « When direction bit = 0 (input mode) O O
2 Pn2DT (Port Pn2 data) 0: Port input pin = low O O
3 Pn3DT (Port Pn3 data) 1: Port input pin = high O O
4 Pn4DT (Port Pn4 data) « When direction bit = 1 (output mode) O O
5 Pn5DT (Port Pn5 data) 0: Port output latch = low O O
6 Pn6DT (Port Pn6 data) 1: Port output latch = high O O
7 Pn7DT (Port Pn7 data) O O

Note 1: The following bits have no functions assigned (when read, the bit = 0; writing to the bit has no effect).
P40, P60, P90-P92, P120-P123, P170, P171, P204-P207, P226, P227
Note 2: Port P64 is input mode-only. Writing to the P64DT bit has no effect.
Note 3: Port P221 is input mode-only. Writing to the P221DT bit has no effect.
Note 4: Ports P80 and P81 are input mode-only. Writing to the P80DT and P81DT bits has no effect. When
read out, P80 shows the MODO pin level and P81 shows the MOD1 pin level. The P80DT and P81DT

bits are write-protected.
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8.3 Input/Output Port Related Registers

8.3.2 Port Direction Registers

m PO Direction Register (PODIR) <Address: H'0080 0720>
m P1 Direction Register (P1DIR) <Address: H'0080 0721>
m P2 Direction Register (P2DIR) <Address: H'0080 0722>
m P3 Direction Register (P3DIR) <Address: H'0080 0723>
m P4 Direction Register (P4DIR) <Address: H'0080 0724>
m P6 Direction Register (P6DIR) <Address: H'0080 0726>
m P7 Direction Register (P7DIR) <Address: H'0080 0727>
m P8 Direction Register (P8DIR) <Address: H'0080 0728>
m P9 Direction Register (P9DIR) <Address: H'0080 0729>
m P10 Direction Register (P10DIR) <Address: H'0080 072A>
m P11 Direction Register (P11DIR) <Address: H'0080 072B>
m P12 Direction Register (P12DIR) <Address: H'0080 072C>
m P13 Direction Register (P13DIR) <Address: H'0080 072D>
m P14 Direction Register (P14DIR) <Address: H'0080 072E>
m P15 Direction Register (P15DIR) <Address: H'0080 072F>
m P16 Direction Register (P16DIR) <Address: H'0080 0730>
m P17 Direction Register (P17DIR) <Address: H'0080 0731>
m P18 Direction Register (P18DIR) <Address: H'0080 0732>
m P19 Direction Register (P19DIR) <Address: H'0080 0733>
m P20 Direction Register (P20DIR) <Address: H'0080 0734>
m P21 Direction Register (P21DIR) <Address: H'0080 0735>
m P22 Direction Register (P22DIR) <Address: H'0080 0736>
DO 1 2 3 4 5 6 D7
( D8 9 10 11 12 13 14 D15 )

PnODIR | Pn1DIR | Pn2DIR | Pn3DIR | Pn4DIR | Pn5DIR | Pn6DIR | Pn7DIR

Note: n =0 to 22 (except for P5)
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INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

<When reset : H'00>

D Bit Name Function R W

0 PnODIR (Port Pn0 direction bit) 0: Input mode (when reset)

1 Pn1DIR (Port Pn1 direction bit) 1: Output mode

2 Pn2DIR (Port Pn2 direction bit)

3 Pn3DIR (Port Pn3 direction bit)

4 Pn4DIR (Port Pn4 direction bit)

5 Pn5DIR (Port Pn5 direction bit)

o O O O 0 O O
o O O O 0 O O

6 Pn6DIR (Port Pn6 direction bit)

7 Pn7DIR (Port Pn7 direction bit) O O

Note 1: The following bits have no functions assigned (when read, the bit = 0; writing to the bit has no effect).
P40, P60, P64, P80, P81, P90-P92, P120-P123, P170, P171, P204-P207, P221, P226, P227

Note 2: When reset, all ports are placed in input mode.

Note 3: Port P64 is input mode-only. The register does not have a P64DIR bit.

Note 4: Ports P80 and P81 are input mode-only. The register does not have P80DIR and P81DIR bits.

Note 5: Port P221 is input mode-only. The register does not have a P221DIR bit.
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8 INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

8.3.3 Port Operation Mode Registers

m P6 Operation Mode Register (P6MOD) <Address: H'0080 0746>

DO 1 2 3 4 5 6 D7

P65MOD | P66MOD | P67MOD

<When reset : H'00>

D Bit Name Function R W
0-4 No functions assigned 0 —
5 P65MOD 0: P65 O O
(Port P65 operation mode) 1: SCLKI4 / SCLKO4
6 P66MOD 0: P66 O O
(Port P66 operation mode) 1: SCLKI5 / SCLKO5
7 P67MOD 0:P67 O O
(Port P67 operation mode) 1:ADTRG

Note 1: Port 60 is not accommodated.
Note 2: Ports P61-P63 are always input/output ports (single-function pins).
Note 3: Port P64 is an SBI input-only pin. The pin level can be verified by reading the P64 Data Register.
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8 INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

m P7 Operation Mode Register (P7MOD) <Address: H'0080 0747>

D8 9 10 11 12 13 14 D15

P70MOD | P71MOD | P72MOD | P73MOD | P74MOD | P75MOD | P76MOD | P77MOD

<When reset : H'00>

D Bit Name Function R w

8 P70MOD 0:P70 O O
(Port P70 operation mode) 1:BCLK/WR

9 P71MOD 0:P71 O @)
(Port P71 operation mode) 1:WAIT

10 P72MOD 0:P72 O O
(Port P72 operation mode) 1:HREQ

11 P73MOD 0:P73 O @)
(Port P73 operation mode) 1:HACK

12 P74MOD 0:P74 O O
(Port P74 operation mode) 1:RTDTXD

13 P75MOD 0:P75 O O
(Port P75 operation mode) 1: RTDRXD

14 P76MOD 0:P76 O O
(Port P76 operation mode) 1: RTDACK

15 P77MOD 0:P77 O O
(Port P77 operation mode) 1:RTDCLK
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8 INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

m P8 Operation Mode Register (P8BMOD) <Address: H'0080 0748>

DO 1 2 3 4 5 6 D7

P82MOD | P83MOD | P84MOD | P85MOD | PB6MOD | P87MOD

<When reset : H'00>

D Bit Name Function R w
0,1 No functions assigned 0 —
2 P82MOD 0:P82 O O
(Port P82 operation mode) 1:TXDO
3 P83MOD 0:P83 O O
(Port P83 operation mode) 1: RXDO
4 P84MOD 0: P84 O @)
(Port P84 operation mode) 1: SCLKIO / SCLKOO
5 P85MOD 0:P85 O O
(Port P85 operation mode) 1:TXD1
6 P86MOD 0:P86 O @)
(Port P86 operation mode) 1:RXD1
7 P87MOD 0:P87 O O
(Port P87 operation mode) 1:SCLKI1/SCLKO1

Note : Ports P80 and P81 are not accommodated.
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8 INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

m P9 Operation Mode Register (P9MOD) <Address: H'0080 0749>

D8 9 10 11 12 13 14 D15

P93MOD | P94MOD | P95MOD | P96MOD | P97MOD

<When reset : H'00>

D Bit Name Function R w

8-10 No functions assigned 0 —

11 P93MOD 0:P93 O O
(Port P93 operation mode) 1:TO16

12 P94MOD 0:P94 O O
(Port P94 operation mode) 1:TO17

13 P95MOD 0:P95 O @)
(Port P95 operation mode) 1:T0O18

14 P96MOD 0:P96 O O
(Port P96 operation mode) 1:TO19

15 P97MOD 0: P97 O @)
(Port P97 operation mode) 1:T0O20

Note : Ports P90 - P92 are not accommodated.
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8 INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

m P10 Operation Mode Register (PLOMOD) <Address: H'0080 074A>

DO 1 2 3 4 5 6 D7

P100MOD|P101MOD|P102MOD|P103MOD|P104MOD [P105MOD|P106MOD [P107MOD

<When reset : H'00>

D Bit Name Function R W

0 P100MOD 0:P100 O O
(Port P100 operation mode) 1:TO8

1 P101MOD 0:P101 O O
(Port P101 operation mode) 1:TO9

2 P102MOD 0:P102 O O
(Port P102 operation mode) 1:TO10

3 P103MOD 0:P103 O O
(Port P103 operation mode) 1:T7T011

4 P104MOD 0:P104 O O
(Port P104 operation mode) 1:TO12

5 P105MOD 0:P105 O O
(Port P105 operation mode) 1:TO13

6 P106MOD 0:P106 O O
(Port P106 operation mode) 1:TO14

7 P107MOD 0:P107 O O
(Port P107 operation mode) 1:TO15
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8 INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

m P11 Operation Mode Register (P11MOD) <Address: H'0080 074B>

D8 9 10 11 12 13 14 D15

P110MOD|P111MOD|P112MOD|P113MOD|P114MOD [P115MOD|P116MOD|P117MOD

<When reset : H'00>

D Bit Name Function R w

8 P110MOD 0:P110 O O
(Port P110 operation mode) 1:TOO

9 P111MOD 0:P111 O @)
(Port P111 operation mode) 1:TO1

10 P112MOD 0:P112 O O
(Port P112 operation mode) 1:TO2

11 P113MOD 0:P113 O @)
(Port P113 operation mode) 1:TO3

12 P114MOD 0:P114 O O
(Port P114 operation mode) 1:TO4

13 P115MOD 0:P115 O O
(Port P115 operation mode) 1:TO5

14 P116MOD 0:P116 O O
(Port P116 operation mode) 1:TO6

15 P117MOD 0:P117 O O
(Port P117 operation mode) 1:TO7
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8 INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

m P12 Operation Mode Register (P12MOD) <Address: H'0080 074C>

DO 1 2 3 4 5 6 D7

P124MOD|P125MOD|P126MOD|P127MOD

<When reset : H'00>

D Bit Name Function R w

0-3 No functions assigned 0 —

4 P124MOD 0:P124 O O
(Port P124 operation mode) 1:TCLKO

5 P125MOD 0:P125 O O
(Port P125 operation mode) 1:TCLK1

6 P126MOD 0:P126 O @)
(Port P126 operation mode) 1:TCLK2

7 P127MOD 0:P127 O O
(Port P127 operation mode) 1:TCLK3

Note : Ports P120 - P123 are not accommodated.
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8 INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

m P13 Operation Mode Register (P13MOD) <Address: H'0080 074D>

D8 9 10 11 12 13 14 D15

P130MOD|P131MOD|P132MOD|P133MOD|P134MOD [P135MOD|P136MOD|P137MOD

<When reset : H'00>

D Bit Name Function R w

8 P130MOD 0:P130 O O
(Port P130 operation mode) 1:TIN16

9 P131MOD 0:P131 O @)
(Port P131 operation mode) 1:TIN17

10 P132MOD 0:P132 O O
(Port P132 operation mode) 1:TIN18

11 P133MOD 0:P133 O @)
(Port P133 operation mode) 1:TIN19

12 P134MOD 0:P134 O O
(Port P134 operation mode) 1:TIN20

13 P135MOD 0:P135 O O
(Port P135 operation mode) 1:TIN21

14 P136MOD 0:P136 O O
(Port P136 operation mode) 1:TIN22

15 P137MOD 0:P137 O O
(Port P137 operation mode) 1:TIN23
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8.3 Input/Output Port Related Registers

m P14 Operation Mode Register (P14MOD) <Address: H'0080 074E>

DO 1 2 3 4 5 6 D7

P140MOD|P141MOD|P142MOD|P143MOD|P144MOD [P145MOD|P146MOD [P147MOD

<When reset : H'00>

D Bit Name Function R w

0 P140MOD 0:P140 O O
(Port P140 operation mode) 1:TIN8

1 P141MOD 0:P141 O @)
(Port P141 operation mode) 1:TIN9

2 P142MOD 0:P142 O O
(Port P142 operation mode) 1:TIN1O

3 P143MOD 0:P143 O @)
(Port P143 operation mode) 1:TIN11

4 P144MOD 0:P144 O O
(Port P144 operation mode) 1:TIN12

5 P145MOD 0:P145 O O
(Port P145 operation mode) 1:TTIN13

6 P146MOD 0:P146 O O
(Port P146 operation mode) 1:TIN14

7 P147MOD 0:P147 O @)
(Port P147 operation mode) 1:TIN15
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8.3 Input/Output Port Related Registers

m P15 Operation Mode Register (P15MOD) <Address: H'0080 074F>

D8 9 10 11 12 13 14 D15

P150MOD|P151MOD|P152MOD|P153MOD|P154MOD [P155MOD|P156MOD P157MOD

<When reset : H'00>

D Bit Name Function R w

8 P150MOD 0:P150 O O
(Port P150 operation mode) 1:TINO

9 P151MOD 0:P151 O @)
(Port P151 operation mode) 1:TIN1

10 P152MOD 0:P152 O O
(Port P152 operation mode) 1:TIN2

11 P153MOD 0:P153 O @)
(Port P153 operation mode) 1:TIN3

12 P154MOD 0:P154 O O
(Port P154 operation mode) 1:TIN4

13 P155MOD 0:P155 O O
(Port P155 operation mode) 1:TINS

14 P156MOD 0:P156 O O
(Port P156 operation mode) 1:TIN6

15 P157MOD 0:P157 O O
(Port P157 operation mode) 1:TIN7
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8 INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

m P16 Operation Mode Register (P16MOD) <Address: H'0080 0750>

DO 1 2 3 4 5 6 D7

P160MOD|P161MOD|P162MOD|P163MOD|P164MOD [P165MOD|P166MOD [P167MOD

<When reset : H'00>

D Bit Name Function R W

0 P160MOD 0:P160 O O
(Port P160 operation mode) 1:TO21

1 P161MOD 0:P161 O O
(Port P161 operation mode) 1:TO22

2 P162MOD 0:P162 O O
(Port P162 operation mode) 1:TO23

3 P163MOD 0:P163 O O
(Port P163 operation mode) 1:TO24

4 P164MOD 0:P164 O O
(Port P164 operation mode) 1:TO25

5 P165MOD 0:P165 O O
(Port P165 operation mode) 1:TO26

6 P166MOD 0:P166 O O
(Port P166 operation mode) 1:TO27

7 P167MOD 0:P167 O O
(Port P167 operation mode) 1:TO28
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8 INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

m P17 Operation Mode Register (P17MOD) <Address: H'0080 0751>

D8 9 10 11 12 13 14 D15

P172MOD|P173MOD|P174MOD|P175MOD|P176MOD|P177MOD

<When reset : H'00>

D Bit Name Function R w

8,9 No functions assigned 0 —

10 P172MOD 0:P172 O O
(Port P172 operation mode) 1:TIN24

11 P173MOD 0:P173 O O
(Port P173 operation mode) 1:TIN25

12 P174MOD 0:P174 O @)
(Port P174 operation mode) 1:TXD2

13 P175MOD 0:P175 O O
(Port P175 operation mode) 1:RXD2

14 P176MOD 0:P176 O @)
(Port P176 operation mode) 1:TXD3

15 P177MOD 0:P177 O O
(Port P177 operation mode) 1:RXD3

Note : Ports P170 and P171 are not accommodated.
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8 INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

m P18 Operation Mode Register (P18MOD) <Address: H'0080 0752>

DO 1 2 3 4 5 6 D7

P180MOD|P181MOD|P182MOD|P183MOD|P184MOD [P185MOD|P186MOD [P187MOD

<When reset : H'00>

D Bit Name Function R W

0 P180MOD 0:P180 O O
(Port P180 operation mode) 1:TO29

1 P181MOD 0:P181 O O
(Port P181 operation mode) 1:TO30

2 P182MOD 0:P182 O O
(Port P182 operation mode) 1:TO31

3 P183MOD 0:P183 O O
(Port P183 operation mode) 1:TO32

4 P184MOD 0:P184 O O
(Port P184 operation mode) 1:T0O33

5 P185MOD 0:P185 O O
(Port P185 operation mode) 1:TO34

6 P186MOD 0:P186 O O
(Port P186 operation mode) 1:TO35

7 P187MOD 0:P187 O O
(Port P187 operation mode) 1:TO36
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8 INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

m P19 Operation Mode Register (P19MOD) <Address: H'0080 0753>

D8 9 10 11 12 13 14 D15

P190MOD|P191MOD|P192MOD|P193MOD|P194MOD [P195MOD|P196MOD [P197MOD

<When reset : H'00>

D Bit Name Function R w

8 P190MOD 0:P190 O O
(Port P190 operation mode) 1:TIN26

9 P191MOD 0:P191 O @)
(Port P191 operation mode) 1:TIN27

10 P192MOD 0:P192 O O
(Port P192 operation mode) 1:TIN28

11 P193MOD 0:P193 O @)
(Port P193 operation mode) 1:TIN29

12 P194MOD 0:P194 O O
(Port P194 operation mode) 1:TIN30

13 P195MOD 0:P195 O O
(Port P195 operation mode) 1:TIN31

14 P196MOD 0:P196 O O
(Port P196 operation mode) 1:TIN32

15 P197MOD 0:P197 O O
(Port P197 operation mode) 1:TIN33
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8 INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

m P20 Operation Mode Register (P20MOD) <Address: H'0080 0754>

DO 1 2 3 4 5 6 D7

P200MOD|P201MOD|P202MOD (P203MOD

<When reset : H'00>

D Bit Name Function R W

0 P200MOD 0: P200 O O
(Port P200 operation mode) 1:TXD4

1 P201MOD 0:P201 O @)
(Port P201 operation mode) 1:RXD4

2 P202MOD 0:P202 O O
(Port P202 operation mode) 1:TXD5

3 P203MOD 0:P203 O @)
(Port P203 operation mode) 1:RXD5

4-7 No functions assigned 0 —

Note : Ports P204 - P207 are not accommodated.
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8 INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

m P21 Operation Mode Register (P21MOD) <Address: H'0080 0755>

D8 9 10 11 12 13 14 D15

P210MOD|P211MOD|P212MOD|P213MOD|P214MOD [P215MOD|P216MOD|P217MOD

<When reset : H'00>

D Bit Name Function R W

8 P210MOD 0:P210 O O
(Port P210 operation mode) 1:TO37

9 P211MOD 0:P211 O @)
(Port P211 operation mode) 1:T0O38

10 P212MOD 0:P212 O O
(Port P212 operation mode) 1:TO39

11 P213MOD 0:P213 O @)
(Port P213 operation mode) 1:TO40

12 P214MOD 0:P214 O O
(Port P214 operation mode) 1:TO41

13 P215MOD 0:P215 O O
(Port P215 operation mode) 1:TO42

14 P216MOD 0:P216 O O
(Port P216 operation mode) 1:TO43

15 P217MOD 0:P217 O O
(Port P217 operation mode) 1:TO44
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8

INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

m P22 Operation Mode Register (P22MOD) <Address: H'0080 0756>
DO 1 2 3 4 5 6 D7
P220MOD P224MOD [P225MOD
| | |

<When reset : H'00>

D Bit Name Function R w
0 P220MOD 0:P220 O O
(Port P220 operation mode) 1:CTX
1-3 No functions assigned 0 —
4 P224MOD 0:P224 O O
(Port P224 operation mode) 1 : Use inhibited
5 P225MOD 0:P225 O @)
(Port P225 operation mode) 1 : Use inhibited
6-7 No functions assigned 0 —

Note 1: P221 is a CAN input-only pin.

Note 2: P222-P223 are always input/output ports (single-function pins).

Note 3: P224 and P225 have their pin functions changed depending on how the MODO and MODL1 pins are
set. Also, use of these ports requires caution because they have a debug event function.

Note 4: P226 and P227 are not accommodated.
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INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

m Port Input Function Enable Register (PIEN)

<Address: H'0080 0745>

D8 10 11 12 13 14 D15
PIENO
| | | | |
<When reset : H'00>
D Bit Name Function R w
8-14  No functions assigned 0 —
15 PIENO 0 : Disables input (to prevent current from flowing in) O O

(Port input function enable bit)

1: Enables input

This register is provided to prevent current from flowing into the port input pin. Because after reset
this register is set to disable input, it must be set to 1 before input can be processed.

During boot mode, all pins shared with serial 1/O function are enabled for input, so that when
rewriting the flash memory via serial communication, you can set this register to O to prevent

current from flowing in from any pins other than serial I/O function.

The next page lists the pins that can be controlled by the Port Input Function Enable Register in
each mode.
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INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

Mode Name Controllable Pins Noncontrollable Pins
P00 - PO7, P10 - P17, P20 - P27 P64, P221, FP
P30 -P37, P41 - P47, P61 - P63

Single chip P65 - P67, P70 - P77, P82 - P87

P93 - P97, P100 - P107, P110 - P117
P124 - P127, P130 - P137, P140 - P147
P150 - P157, P160 - P167, P172 - P177
P180 - P187, P190 - P197, P200 - P203
P210 - P217, P220, P222 - P225

Extended external

Microprocessor

P61 - P63, P65 - P67, P70 - P77

P82 - P87, P93 -P97, P100 - P107
P110 - P117, P124 - P127, P130 - P137
P140 - P147, P150 - P157, P160 - P167
P172 - P177, P180 - P187, P190 - P197
P200 - P203, P210 - P217, P220

pP222 - P223

POO - P07, P10 - P17
P20 - P27, P30 - P37

P41 - P47, P64, P221, P224
P225, FP

Boot (single chip)

POO - PO7, P10 - P17, P20 - P27

P30 -P37, P41 - P47, P61 - P63

P67, P70 - P77, P93 - P97

P100 - P107, P110 - P117, P124 - P127
P130 - P137, P140 - P147, P150 - P157
P160 - P167, P172 - P173, P180 - P187
P190 - P197, P210 - P217, P220

P222 - P225

P64, P65, P66, P82 - P87
P174 - P177, P200 - P203

P221, FP

8-30

32170/32174 Group User's Manual (Rev. 2.1)



8

INPUT/OUTPUT PORTS AND PIN FUNCTIONS

8.4 Port Peripheral Circuits

8.4 Port Peripheral Circuits

Figures 8.4.1 through 8.4.4 show the peripheral circuit diagrams of the input/output ports described

in the preceding pages.

P00 - P07 (DBO-DB7)
P10 - P17 (DB8-DB15)
P20 - P27 (A23-A30)
P30 - P37 (A15-A22)
P41 (BLW / BLE)

P42 (BHW / BHE)

P43 (RD)

P44 (CS0)

P45 (CS1)

P46 - P47 (A13-Al4)
P61 - P63

P224 - P225 (A11-A12)
P222 - P223

P67 (ADTRG)

P201 (RXD4)
P203 (RXD5)

Note 2: O denotes pins.

Data bus

Direction
register

(DBO - DB15)

Port output

latch

|

~J

—

~J

Input function
enable

Note 1: Ports PO0O-P0O7, P10-P17, P20-P27, P30-P37, P41-P47, and P224-P225 when operating in
extended external mode or processor mode, function as external bus interface control signals,

but their functional description in this block diagram is omitted.

P75 (RTDRXD) Direction
register
P77 (RTDCLK) ]:: (1
P83 (RXDO) Data bus Port output O
P86 (RXD1) (DBO - DB15) | latch | %E@_{
P124 - P127 (TCLKO-TCLK3) J/\i
P130 - P137 (TIN16-TIN23) <
P140 - P147 (TIN8-TIN15) é
P150 - P157 (TINO-TIN7) ~
P172, P173 (TIN24, TIN25) Operation
P175 (RXD2) N mode register|
PL77 (RXD3) functon input CL
P190 - P197 (TIN26-TIN33) Input function

enable

Note 3: —«— indicates a parasitic diode. Make sure the voltages applied to each port do not exceed VCCE.
Note 4: The input capacitance of each pin is approximately 10 pF.

Figure 8.4.1 Port Peripheral Circuit Diagram (1)
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INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.4 Port Peripheral Circuits

P64 (SBI)
P221 / CRX Data bus o
(DBO - DB15)
B o< <7p
P72 (m) Direction |

register

Dw
Data bus __| Port output O
(DBO - DB15) latch %E@_{

1

Operation
mode register|
HREQ (= 6
Input function
enable

Note 1: O denotes pins.
Note 2: —«— indicates a parasitic diode. Make sure the voltages applied to each port do not exceed VCCE.

Note 3: The input capacitance of each pin is approximately 10 pF.

Figure 8.4.2 Port Peripheral Circuit Diagram (2)
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INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.4 Port Peripheral Circuits

P71 (WAIT)

Direction
register

D—?D%
Data bus Port output —O
(DBO - DB15) latch m_q

1

Operation
mode register|
WAIT o _G:
Input function
enable

P70 (BCLK / WR)
P73 (HACK)
P74 (RTDTXD) Direction
P76 (RTDACK) register
P82 (TXDO) ’—D ?D%
P85 (TXD1) Data bus Port output N O
P93 - P97 (TO16-T0O20) (DBO - DB15) latch L W

P110 - P117 (TOO-TO7)
P160 - P167 (TO21-TO28)
P174 (TXD2) Operation
P176 (TXD3) mode register|
P180 - P187 (TO29-TO36) Peripheral p
P200 (TXD4) function input

P202 (TXD5) Input function
P210 - P217 (TO37-TO44) enable
P220 (CTX)

P100 - P107 (TO8-TO15) 5
~J

N

Note 1: O denotes pins.
Note 2: —«— indicates a parasitic diode. Make sure the voltages applied to each port do not exceed VCCE.
Note 3: The input capacitance of each pin is approximately 10 pF.

Figure 8.4.3 Port Peripheral Circuit Diagram (3)
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INPUT/OUTPUT PORTS AND PIN FUNCTIONS

P84(SCLKI0,SCLKOO0) Direction
P87(SCLKI1,SCLKO1) register
P65(SCLKI4,SCLKO4) Databus Port output
P66(SCLKI5,SCLKO5) (DBO - DB15) latch

Y

T

8.4 Port Peripheral Circuits
Operation
mode register
function select bit

Internal/external <
clock select bit
SCLKOi output @
SCLKIi input

MODo MODO, MOD1 Qo @
MOD1 :

FP FP <|c @

JTDI
ITCK JTDI, JTCK, JTMS

JTMS

/N

JTDO JTDO \L

RESET
XIN RESET, XIN, JTRST oﬁ @c

R = STV SV T e se—"
O

O
JTRST
Sggl-vcc 0SC-VCC, VCCl, O
VOGE VCCE, VDD
VDD

Note 1: O denotes pins.
Note 2: —«— indicates a parasitic diode. Make sure the voltages applied to each port do not exceed VCCE.

Figure 8.4.4 Port Peripheral Circuit Diagram (4)
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8 INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.5 Precautions on Input/output Ports

8.5 Precautions on Input/output Ports

* When using the ports in output mode

Because the Port Data Register values immediately after a reset are indeterminate, it is necessary
that the initial value be written to the Port Data Register before setting the Port Direction Register
for output. Conversely, if the Port Direction Register is set for output before writing to the Port Data
Register, indeterminate values will be output for a while until the initial value is set in the Port Data
Register.
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8.5 Precautions on Input/output Ports

O This is a blank page. O
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DMAC
9.1 Outline of the DMAC

9.1 Qutline of the DMAC

This microcomputer contains a 10 channel-DMA (Direct Memory Access) Controller. It allows you to
transfer data at high speed between internal peripheral I/Os, between internal RAM and internal
peripheral /O, and between internal RAMs, as requested by a software trigger or from an internal

peripheral 1/0.

Table 9.1.1 Outline of the DMAC

Item

Description

Number of channel

10 channels

Transfer request

« Software trigger

* Request from internal peripheral 1/0s: A-D converter,multijunction timer, serial I/O
(reception completed, transmit buffer empty)

« Transfer operation can be cascaded between DMA channels (Note)

Maximum number
of times transferred

256 times

Transferable
address space

» 64 Kbytes (address space from H'0080 0000 to H'0080 FFFF)
« Transfers between internal peripheral 1/Os, between internal RAM and internal
peripheral /O, between internal RAMs are supported

Transfer data size

16 or 8 bits

Transfer method

Single transfer DMA (control of the internal bus is relinquished for each transfer
performed), dual-address transfer

Transfer mode

Single transfer mode

Direction of transfer

One of three modes can be selected for the source and destination:
« Address fixed

» Address incremental

* Ring buffered

Channel priority

Channel 0 > channel 1 > channel 2 > channel 3 > channel 4 > channel 5 > channel 6
>channel 7 > channel 8 > channel 9 (Priority is fixed)

Maximum transfer rate

13.3 Mbytes per second (with 20 MHz internal peripheral clock)

Interrupt request

Group interrupt request can be generated when each transfer count register underflows.

Transfer area

64 Kbytes from H'0080 0000 to H'0080 FFFF
(Transferable in the entire internal RAM/SFR area)

Note: Transfer operation can be cascaded between DMA channels as shown below.

Completion of one transfer in channel 0 starts DMA transfer in channel 1
Completion of one transfer in channel 1 starts DMA transfer in channel 2
Completion of one transfer in channel 2 starts DMA transfer in channel O
Completion of one transfer in channel 3 starts DMA transfer in channel 4
Completion of one transfer in channel 5 starts DMA transfer in channel 6
Completion of one transfer in channel 6 starts DMA transfer in channel 7
Completion of one transfer in channel 7 starts DMA transfer in channel 5
Completion of one transfer in channel 8 starts DMA transfer in channel 9
Completion of all DMA transfers in channel 0 (transfer count register underflow) starts DMA transfer

in channel 5
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DMAC
9.1 Outline of the DMAC

DMA channel 0
Software start E_L
One DMA2 transfer completed B register
A-DO conversion completed » DMA
MJT (TIO8_udf) p [equest register

selector Transfer count

@ntemal bus

MJT (input event bus 2) > register Udf\
[ S
DMA channel 1
Software start > DMA Source
MJT (output event bus 0) la request » Destinati
MJT (TIN3 input signal) i cstination —
One DMAQO transfer completed » Transfer count _udf

[

DMA channel 2

Software start

| bwma Source
MJT (output event bus 1 N
gt e 0[] reauest | —
MJT (TIN18 input signal) > selector
One DMAL1 transfer completed > Transfer count  udf —

[ S

DMA channel 3

DMA \%‘
o =
request Destination \,7:>
selector
Transfer count udf|
[

Software start

Serial 1/00 (transmit buffer empty)
Serial 1/01 (reception completed)
MJT (TINO input signal)

VVYVYY

DMA channel 4

\%‘
One DMA3 transfer completed DMAt N — L | Irr;tz[lr:;t
Serial /00 (reception completed) ;?elﬁzr Destination K j> i_> N
MJT (TIN19 input signal) Transfer count  ud 7

DMA start b

P Determination block |, Internal bus arbitration N
Software start j i: DMA channel 5 - v
One DMA?7 transfer completed > Source

DMA

All DMAO transfers completed (udf) > -
v : request Destination

Serial 1/02 (reception completed) > selector /l\’:‘>

MJT (TIN20 input signal) > Transfer count _udfj

[ S

Software start

y Y VYV

DMA channel 6

DMA Source
request ¥

selector
Transfer count  udf}

[ S

Software start

Serial 1/01 (transmit buffer empty)
MJT (TIN1 input signal)

One DMAS transfer completed

il
!

VYVYVYY

DMA channel 7

DMA Source
request ¥

selector
Transfer count  udfy

LI

Software start

Serial 1/02 (transmit buffer empty)
MJT (TIN2 input signal)

One DMAG transfer completed

il
!

VVYVYY

DMA channel 8

Software start > DMA \%‘

MJT (input event bus 0)

>
X L)
Serial 1/03 (reception completed) > ;Z?:gztr Destination N——]
MJT (TIN7 input signal) »> Transfer count __udf
+

DMA channel 9

Softw tart \—1
Serial /03 (transmit suﬁ;r:;;;) » DMA Source Interrupt
»
p o R I e = :
MJT (TINS input signal) » se?ector Destination é_ reques
One DMAB transfer completed » Transfer count  udf| /

.

DMA start N

Determination block Internal bus arbitration

Figure 9.1.1 Block Diagram of the DMAC
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DMAC

9.2 DMAC Related Registers

9.2 DMAC Related Reqisters

The diagram below shows a memory map of DMAC related registers.

H 0080

H 0080

H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080

H 0080
H 0080

Address

0400

0410
0412
0414
0416
0418
041A
041C
041E
0420
0422
0424
0426
0428
042A
042C
042E
0430
0432
0434
0436
0438
043A
043C
043E

+0 Address +1 Address
DO D7, D8 D15
DMAO-4 Interrupt Request Status DMAO-4 Interrupt Mask
Register (DMO4ITST) Register (DM04ITMK)

DMAS-9 Interrupt Request Status
Register (DM59ITST)

DMADB5-9 Interrupt Mask
Reqister (DM59ITMK)

DMAO Channel Control
Register (DMOCNT)

DMAO Transfer Count
Register (DMOTCT)

DMAO Source Address Register (DM0OSA)

DMAO Destination Address Register (DMODA)

DMAS5 Channel Control

DMADS Transfer Count

Register (DM5CNT) Register (DM5TCT)
DMAS Source Address Register (DM5SA)
DMAGS Destination Address Register (DM5DA)
DMA1 Channel Control DMAL Transfer Count
Register (DM1CNT) Register (DM1TCT)

DMA1 Source Address Register (DM1SA)

DMAL1 Destination Address Register (DM1DA)

DMAG6 Channel Control
Register (DM6CNT)

DMAG Transfer Count
Register (DM6TCT)

DMAG6 Source Address Register (DM6SA)

DMAG Destination Add

ress Register (DM6DA)

DMA2 Channel Control
Register (DM2CNT)

DMAZ2 Transfer Count
Register (DM2TCT)

DMAZ2 Source Addre:

ss Register (DM2SA)

DMAZ2 Destination Add

ress Register (DM2DA)

DMA7 Channel Control
Register (DM7CNT)

DMAT7 Transfer Count
Register (DM7TCT)

DMA7 Source Address Register (DM7SA)

DMAT7 Destination Address Register (DM7DA)

Blank addresses are reserved.

Note: The registers enclosed in thick frames can only be accessed in halfwords.

Figure 9.2.1 DMAC Related Register Map (1/2)
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9.2 DMAC Related Registers

(¢

Address DO +0 Address D7, D8 +1 Address D15
H 0080 0440 DMA3 Channel Control DMAS3 Transfer Count
Register (DM3CNT) Register (DM3TCT)
H 0080 0442 DMAB3 Source Address Register (DM3SA)
H 0080 0444 DMAS3 Destination Address Register (DM3DA)
H 0080 0446
o080 oase | Opecremacio T
H 0080 044A DMAB8 Source Address Register (DM8SA)
H 0080 044C DMAS8 Destination Address Register (DM8DA)
H 0080 044E
0080 0450 | DA Chapnd Conio e e
H 0080 0452 DMA4 Source Address Register (DM4SA)
H 0080 0454 DMA4 Destination Address Register (DM4DA)
H 0080 0456
H 0080 0458 P Regisier (DMOCNT “Regeter (DOTCT)
H 0080 045A DMA9 Source Address Register (DM9SA)
H 0080 045C DMA9 Destination Address Register (DM9DA)
H 0080 045E
H 0080 0460 DMAO Software Request Generation Register (DMOSRI)
H 0080 0462 DMAL Software Request Generation Register (DM1SRI)
H 0080 0464 DMAZ2 Software Request Generation Register (DM2SRI)
H 0080 0466 DMA3 Software Request Generation Register (DM3SRI)
H 0080 0468 DMA4 Software Request Generation Register (DM4SRI)
H 0080 0470 DMAGS Software Request Generation Register (DM5SRI)
H 0080 0472 DMAG Software Request Generation Register (DM6SRI)
H 0080 0474 DMA7 Software Request Generation Register (DM7SRI)
H 0080 0476 DMAB Software Request Generation Register (DM8SRI)
H 0080 0478 DMAJ9 Software Request Generation Register (DMISRI)
|

Blank addresses are reserved.

Note: The registers enclosed in thick frames can only be accessed in halfwords.

Figure 9.2.2 DMAC Related Register Map (2/2)
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9 DMAC
9.2 DMAC Related Registers

9.2.1 DMA Channel Control Register

m DMAO Channel Control Register (DMOCNT) <Address: H'0080 0410>
DO 1 2 3 4 5 6 D7
MDSELO | TREQFO REQSLO TENLO | TSZSLO | SADSLO | DADSLO
|

<When reset : H'00>

D Bit Name Function R W

0 MDSELO 0 : Normal mode O O

(Selects DMAO transfer mode) 1 : Ring buffer mode

1 TREQFO 0 : Not requested O A
(DMAO transfer request flag) 1: Requested
2,3 REQSLO 00 : Software start or one DMA2 transfer completed O O

(Selects cause of DMAO request) 01 : A-DO conversion completed
10 : MJT (TIO8_udf)

11 : MJT (input event bus 2)

4 TENLO 0 : Disables transfer O O
(Enables DMAQO transfer) 1: Enables transfer

5 TSZSLO 0 : 16 bits O O
(Selects DMAO transfer size) 1: 8 bits

6 SADSLO 0 : Fixed O O

(Selects DMAQ source address direction) 1 : Incremental

7 DADSLO 0 : Fixed O O
(Selects DMAO destination 1: Incremental

address direction)

W = A : Only writing a 0 is effective; when you write a 1, the previous value is retained.
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DMAC

9.2 DMAC Related Registers

m DMA1 Channel Control Register (DM1CNT)

<Address: H'0080 0420>

DO 1 2 3 4 5 6 D7
MDSEL1 | TREQF1 REQISLl TENL1 | TSZSL1 | SADSL1 | DADSL1
<When reset : H'00>
D Bit Name Function R w
0 MDSEL1 0 : Normal mode O O
(Selects DMAL transfer mode) 1 : Ring buffer mode
1 TREQF1 0 : Not requested O A
(DMAL1 transfer request flag) 1: Requested
2,3 REQSL1 00 : Software start O O
(Selects cause of DMA1 request) 01 : MJT (output event bus 0)
10 : MJT (TIN13 input signal)
11 : One DMAO transfer completed
4 TENL1 0 : Disables transfer O O
(Enables DMAL1 transfer) 1: Enables transfer
5 TSzsL1 0: 16 bits O @)
(Selects DMAL transfer size) 1: 8 bits
6 SADSL1 0 : Fixed O O
(Selects DMAL1 source address direction) 1 : Incremental
7 DADSL1 0 : Fixed O O

(Selects DMAL1 destination

address direction)

1: Incremental

W = A : Only writing a 0 is effective; when you write a 1, the previous value is retained.
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DMAC
9.2 DMAC Related Registers

m DMA2 Channel Control Register (DM2CNT)

DO

1

<Address: H'0080 0430>

3 4 5 6 D7

MDSEL2

TREQF2

REQSL2 TENL2 | TSZSL2 | SADSL2 | DADSL2
|

<When reset : H'00>

D Bit Name

Function R w

0 MDSEL2

0 : Normal mode O O

(Selects DMA2 transfer mode) 1 : Ring buffer mode

1 TREQF2

(DMAZ2 transfer request flag)

0 : Not requested O A

1: Requested

2,3 REQSL2

00 : Software start O O

(Selects cause of DMA2 request) 01 : MJT (output event bus 1)

10 : MJT (TIN18 input signal)

11 : One DMAL transfer completed

4 TENL2

(Enables DMA2 transfer)

0 : Disables transfer O O

1 : Enables transfer

5 TSZSL2 0 : 16 bits O O
(Selects DMA2 transfer size) 1: 8 bits
6 SADSL2 0 : Fixed O O

(Selects DMA2 source address direction) 1 : Incremental

7 DADSL2

(Selects DMA2 destination

address direction)

0 : Fixed O O

1: Incremental

W = A : Only writing a 0 is effective; when you write a 1, the previous value is retained.
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DMAC
9.2 DMAC Related Registers

m DMA3 Channel Control Register (DM3CNT)

DO

1

<Address: H'0080 0440>

3 4 5 6 D7

MDSEL3

TREQF3

REQSL3 TENL3 | TSZSL3 | SADSL3 | DADSL3
|

<When reset : H'00>

D Bit Name

Function R w

0 MDSEL3

0 : Normal mode O O

(Selects DMAR transfer mode) 1 : Ring buffer mode

1 TREQF3

(DMAS3 transfer request flag)

0 : Not requested O A

1: Requested

2,3 REQSL3

00 : Software start O O

(Selects cause of DMA3 request) 01 : Serial I/00 (transmit buffer empty)

10 : Serial /01 (reception completed)
11 : MJT (TINO input signal)

4 TENL3

(Enables DMA3 transfer)

0 : Disables transfer O O

1 : Enables transfer

5 TSZSL3 0: 16 bits O @)
(Selects DMAS transfer size) 1: 8 bits
6 SADSL3 0 : Fixed O O

(Selects DMA3 source address direction) 1 : Incremental

7 DADSL3

(Selects DMAS destination

address direction)

0 : Fixed O O

1: Incremental

W = A : Only writing a 0 is effective; when you write a 1, the previous value is retained.
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9 DMAC
9.2 DMAC Related Registers

m DMA4 Channel Control Register (DM4CNT) <Address: H'0080 0450>
DO 1 2 3 4 5 6 D7
MDSEL4 | TREQF4 REQSL4 TENL4 | TSZSL4 | SADSL4 | DADSL4
|

<When reset : H'00>

D Bit Name Function R w

0 MDSEL4 0 : Normal mode O O

(Selects DMA4 transfer mode) 1 : Ring buffer mode

1 TREQF4 0 : Not requested O A
(DMAA4 transfer request flag) 1: Requested
2,3 REQSL4 00 : Software start O O

(Selects cause of DMA4 request) 01 : One DMAS transfer completed
10 : Serial 1/00 (reception completed)
11 : MJT (TIN19 input signal)

4 TENL4 0 : Disables transfer O O
(Enables DMA4 transfer) 1: Enables transfer

5 TSzSL4 0 : 16 bits @) @)
(Selects DMA4 transfer size) 1: 8 bits

6 SADSL4 0 : Fixed O O

(Selects DMA4 source address direction) 1 : Incremental

7 DADSL4 0 : Fixed O O
(Selects DMA4 destination 1: Incremental

address direction)

W = A : Only writing a 0 is effective; when you write a 1, the previous value is retained.
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DMAC
9.2 DMAC Related Registers

m DMAS Channel Control Register (DM5CNT)

<Address: H'0080 0418>

DO 1 3 4 5 6 D7
MDSEL5 | TREQF5 REQISLS TENL5 | TSZSL5 | SADSL5 | DADSL5
<When reset : H'00>
D Bit Name Function R w
0 MDSEL5 0 : Normal mode O O
(Selects DMAGS transfer mode) 1 : Ring buffer mode
1 TREQF5 0 : Not requested O A
(DMAS transfer request flag) 1: Requested
2,3 REQSL5 00 : Software start or one DMA7 transfer completed O O

(Selects cause of DMA5 request) 0

1: All DMAO transfers completed

10 : Serial 1/02 (reception completed)
11 : MJT (TIN20 input signal)
4 TENL5 0 : Disables transfer O O
(Enables DMAS transfer) 1: Enables transfer
5 TSZSL5 0: 16 bits O @)
(Selects DMAS transfer size) 1: 8 bits
6 SADSL5 0 : Fixed O O
(Selects DMAS source address direction) 1 : Incremental
7 DADSL5 0 : Fixed O O
(Selects DMAS destination 1: Incremental

address direction)

W = A : Only writing a 0 is effective; when you write a 1, the previous value is retained.
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DMAC
9.2 DMAC Related Registers

m DMAG6 Channel Control Register (DM6CNT)

DO

1

<Address: H'0080 0428>

3 4 5 6 D7

MDSEL6

TREQF6

REQSL6 TENL6 | TSZSL6 | SADSL6 | DADSL6
|

<When reset : H'00>

D Bit Name

Function R w

0 MDSEL6

0 : Normal mode O O

(Selects DMAG transfer mode) 1 : Ring buffer mode

1 TREQF6

(DMAG transfer request flag)

0 : Not requested O A

1: Requested

2,3 REQSL6

00 : Software start O O

(Selects cause of DMAG request) 01 : Serial I/O1 (transmit buffer empty)

10 : MJT (TIN1 input signal)

11 : One DMAS transfer completed

4 TENLG6

(Enables DMAG transfer)

0 : Disables transfer O O

1 : Enables transfer

5 TSZSL6 0 : 16 bits O @)
(Selects DMAG transfer size) 1: 8 bits
6 SADSL6 0 : Fixed O O

(Selects DMAG source address direction) 1 : Incremental

7 DADSL6

(Selects DMAG destination

address direction)

0 : Fixed O O

1: Incremental

W = A : Only writing a 0 is effective; when you write a 1, the previous value is retained.
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DMAC

9.2 DMAC Related Registers

m DMA7 Channel Control Register (DM7CNT)

<Address: H'0080 0438>

DO 1 2 3 4 5 6 D7
MDSEL7 | TREQF7 REQISL7 TENL7 | TSZSL7 | SADSL7 | DADSL7
<When reset : H'00>
D Bit Name Function R w
0 MDSEL7 0 : Normal mode O O
(Selects DMA7 transfer mode) 1 : Ring buffer mode
1 TREQF7 0 : Not requested O A
(DMAY transfer request flag) 1: Requested
2,3 REQSL7 00 : Software start O O
(Selects cause of DMA7 request) 01 : Serial I/02 (transmit buffer empty)
10 : MJT (TINZ2 input signal)
11 : One DMAG transfer completed
4 TENL7 0 : Disables transfer O O
(Enables DMA7 transfer) 1: Enables transfer
5 TSZSL7 0: 16 bits O @)
(Selects DMAY transfer size) 1: 8 bits
6 SADSL7 0 : Fixed O O
(Selects DMA7 source address direction) 1 : Incremental
7 DADSL7 0 : Fixed O O

(Selects DMA7 destination

address direction)

1: Incremental

W = A : Only writing a 0 is effective; when you write a 1, the previous value is retained.
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DMAC
9.2 DMAC Related Registers

m DMAS8 Channel Control Register (DM8CNT)

DO

1

<Address: H'0080 0448>

3 4 5 6 D7

MDSEL8

TREQFS8

REQSLS8 TENL8 | TSZSL8 | SADSL8 | DADSL8
|

<When reset : H'00>

D Bit Name

Function R w

0 MDSEL8

0 : Normal mode O O

(Selects DMAS transfer mode) 1 : Ring buffer mode

1 TREQF8

(DMAS8 transfer request flag)

0 : Not requested O A

1: Requested

2,3 REQSLS

00 : Software start O O

(Selects cause of DMA8 request) 01 : MJT (input event bus 0)

10 : Serial /03 (reception completed)

11 : MJT (TIN7 input signal)

4 TENLS

(Enables DMAB transfer)

0 : Disables transfer O O

1 : Enables transfer

5 TSZSL8 0 : 16 bits O @)
(Selects DMAS transfer size) 1: 8 bits
6 SADSL8 0 : Fixed O O

(Selects DMAS8 source address direction) 1 : Incremental

7 DADSL8

(Selects DMAS8 destination

address direction)

0 : Fixed O O

1: Incremental

W = A : Only writing a 0 is effective; when you write a 1, the previous value is retained.
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DMAC
9.2 DMAC Related Registers

m DMA9 Channel Control Register (DM9CNT)

DO

1

<Address: H'0080 0458>

3 4 5 6 D7

MDSEL9

TREQF9

REQSL9 TENL9 | TSZSL9 | SADSL9 | DADSL9
|

<When reset : H'00>

D Bit Name

Function R w

0 MDSEL9

0 : Normal mode O O

(Selects DMA9 transfer mode) 1 : Ring buffer mode

1 TREQF9

(DMAQ9 transfer request flag)

0 : Not requested O A

1: Requested

2,3  REQSL9

00 : Software start O O

(Selects cause of DMA9 request) 01 : Serial I/03 (transmit buffer empty)

10 : MJT (TIN8 input signal)

11 : One DMAS8 transfer completed

4 TENL9

(Enables DMAG9 transfer)

0 : Disables transfer O O

1 : Enables transfer

5 TSZSL9 0: 16 bits O @)
(Selects DMA9 transfer size) 1: 8 bits
6 SADSL9 0 : Fixed O O

(Selects DMA9 source address direction) 1 : Incremental

7 DADSL9

(Selects DMA9 destination

address direction)

0 : Fixed O O

1: Incremental

W = A : Only writing a 0 is effective; when you write a 1, the previous value is retained.
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9.2 DMAC Related Registers

The DMA Channel Control Register consists of bits to select DMA transfer mode in each channel,
set DMA transfer request flag, and the bits to select the cause of DMA request, enable DMA
transfer, and set the transfer size and the source/destination address directions.

(1) MDSELN (DMAnN transfer mode select) bit (DO0)

This bit when in single transfer mode selects normal mode or ring buffer mode. Normal mode is
selected by setting this bit to O or ring buffer mode is selected by setting it to 1.

In ring buffer mode, transfer begins from the transfer start address and after performing transfers
32 times, control is recycled back to the transfer start address, from which transfer operation is
repeated. In this case, the Transfer Count Register counts in free-run mode during which time
transfer operation is continued until the transfer enable bit is reset to 0 (to disable transfer). No
interrupt is generated at completion of DMA transfer.

(2) TREQFn (DMAN transfer request flag) bit (D1)

This flag is set to 1 when a DMA transfer request occurs. Reading this flag helps to know DMA
transfer requests in each channel.

The generated DMA request is cleared by writing a 0 to this bit. If you write a 1, the value you
wrote is ignored and the bit retains its previous value. If a new DMA transfer request is generated
for a channel whose DMA transfer request flag has already been set to 1, the next DMA transfer
request is not accepted until the transfer under way in that channel is completed.

(3) REQSLn (cause of DMAnN request select) bits (D2, D3)

These bits select the cause of DMA request in each DMA channel.

(4) TENLn (DMAnN transfer enable) bit (D4)
Transfer is enabled by setting this bit to 1, so that the channel is ready for DMA transfer.
Conversely, transfer is disabled by setting this bit to 0. However, if a transfer request has already
been accepted, transfer in that channel is not disabled until after the requested transfer is
completed.

(5) TSZSLn (DMAnN transfer size select) bit (D5)
This bit selects the number of bits to be transferred in one DMA transfer operation (unit of one
transfer). The unit of one transfer is 16 bits when TSZSL = 0 or 8 bits when TSZSL = 1.

(6) SADSLn (DMAN source address direction select) bit (D6)
This bit selects the direction in which the source address changes as transfer proceeds. This
mode can be selected from two choices: address fixed or address incremental.

(7) DADSLN (DAMnN destination address direction select) bit (D7)

This bit selects the direction in which the destination address changes as transfer proceeds. This
mode can be selected from two choices: address fixed or address incremental.
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9.2 DMAC Related Registers

9.2.2 DMA Software Request Generation Registers

m DMAO Software Request Generation Register (DMOSRI)  <Address: H'0080 0460>
m DMA1 Software Request Generation Register (DM1SRI)  <Address: H'0080 0462>
m DMA?2 Software Request Generation Register (DM2SRI)  <Address: H'0080 0464>
m DMA3 Software Request Generation Register (DM3SRI)  <Address: H'0080 0466>
m DMA4 Software Request Generation Register (DM4SRI)  <Address: H'0080 0468>
m DMAS Software Request Generation Register (DM5SRI)  <Address: H'0080 0470>
m DMAG6 Software Request Generation Register (DM6SRI)  <Address: H'0080 0472>
m DMAY7 Software Request Generation Register (DM7SRI)  <Address: H'0080 0474>
m DMAS8 Software Request Generation Register (DM8SRI)  <Address: H'0080 0476>
m DMAS9 Software Request Generation Register (DM9SRI)  <Address: H'0080 0478>
Do 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15
| DN,OSRI - DMQTC.RI ‘

<When reset : Indeterminate>

D Bit Name Function R w

0-15 DMOSRI - DM9SRI DMA transfer request is generated ? O

(Generates DMA software request) by writing any data

Note: This register can be accessed in either bytes or halfwords.

The DMA Software Request Generation Register is used to generate DMA transfer requests in
software. A DMA transfer request can be generated by writing any data to this register when

"Software start" has been selected for the cause of DMA request.

DMOSRI - DM9SRI (DMA software request generate) bit

A software DMA transfer request is generated by writing any data to this register in halfword (16
bits) or in byte (8 bits) beginning with an even or odd address when "Software" is selected as the
cause of DMA transfer request (by setting the DMA Channel Control Register D2, D3 bits to "00").
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9.2 DMAC Related Registers

9.2.3 DMA Source Address Registers

m DMAO Source Address Register (DMOSA) <Address: H'0080 0412>
m DMA1 Source Address Register (DM1SA) <Address: H'0080 0422>
m DMA2 Source Address Register (DM2SA) <Address: H'0080 0432>
m DMA3 Source Address Register (DM3SA) <Address: H'0080 0442>
m DMA4 Source Address Register (DM4SA) <Address: H'0080 0452>
m DMAS Source Address Register (DM5SA) <Address: H'0080 041A>
m DMAG6 Source Address Register (DM6SA) <Address: H'0080 042A>
m DMA7 Source Address Register (DM7SA) <Address: H'0080 043A>
m DMAS Source Address Register (DM8SA) <Address: H'0080 044A>
m DMA9 Source Address Register (DM9SA) <Address: H'0080 045A>
po 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15
| DMOSA -‘DMQS‘A

<When reset : Indeterminate>

D Bit Name Function R w

0-15 DMOSA - DMISA A16-A31 of the source address O O

(A0-A15 are fixed to H'0080)

Note: This register must always be accessed in halfwords.

The DMA Source Address Register is used to set the source address of DMA transfer in such a way
that DO corresponds to A16, and D15 corresponds to A31. Because this register is comprised of a
current register, the value you get by reading this register is always the current value.

When DMA transfer finishes (at which the Transfer Count Register underflows), the value in this
register if "Address fixed" is selected, is the same source address that was set in it before DMA
transfer began; if "Address incremental” is selected, the value in this register is the last transfer
address + 1 (for 8-bit transfer) or the last transfer address + 2 (for 16-bit transfer).

Make sure the DMA Source Address Register is always accessed in halfwords (16 bits) beginning
with an even address. If accessed in bytes, the value read from this register is indeterminate.

DMOSA-DM9SA (A16-A31 of the source address)

By setting this register, specify the source address of DMA transfer in internal I/O space ranging
from H'0080 0000 to H'0080 FFFF or in the RAM space.

The 16 high-order bits of the source address (A0-A15) are always fixed to H'0080. Use this
register to set the 16 low-order bits of the source address (with DO corresponding to A16, and
D15 corresponding to A31).
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9.2 DMAC Related Registers

9.2.4 DMA Destination Address Registers

m DMAO Destination Address Register (DMODA) <Address: H'0080 0414>
m DMAL1 Destination Address Register (DM1DA) <Address: H'0080 0424>
m DMAZ2 Destination Address Register (DM2DA) <Address: H'0080 0434>
m DMAZ3 Destination Address Register (DM3DA) <Address: H'0080 0444>
m DMAA4 Destination Address Register (DM4DA) <Address: H'0080 0454>
m DMADS Destination Address Register (DM5DA) <Address: H'0080 041C>
m DMAG Destination Address Register (DM6DA) <Address: H'0080 042C>
m DMA7 Destination Address Register (DM7DA) <Address: H'0080 043C>
m DMAS Destination Address Register (DM8DA) <Address: H'0080 044C>
m DMAS9 Destination Address Register (DM9DA) <Address: H'0080 045C>
Do 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15
| DMODA -‘DMQD‘A

<When reset : Indeterminate>

D Bit Name Function R w

0-15 DMODA - DM9DA A16-A31 of the destination address O O

(A0-A15 are fixed to H'0080)

Note: This register must always be accessed in halfwords.

The DMA Destination Address Register is used to set the destination address of DMA transfer in
such a way that DO corresponds to A16, and D15 corresponds to A31. Because access to this
register is comprised of a current register, the value you get by reading this register is always the
current value.

When DMA transfer finishes (at which the Transfer Count Register underflows), the value in this
register if "Address fixed" is selected, is the same destination address that was set in it before DMA
transfer began; if "Address incremental” is selected, the value in this register is the last transfer
address + 1 (for 8-bit transfer) or the last transfer address + 2 (for 16-bit transfer).

Make sure the DMA Destination Address Register is always accessed in halfwords (16 bits)
beginning with an even address. If accessed in bytes, the value read from this register is

indeterminate.

DMODA-DM9DA (A16-A31 of the destination address)

By setting this register, specify the destination address of DMA transfer in internal 1/0 space
ranging from H'0080 0000 to H'0080 FFFF or in the RAM space.

The 16 high-order bits of the destination address (A0-A15) are always fixed to H'0080. Use this
register to set the 16 low-order bits of the destination address (with DO corresponding to A16, and
D15 corresponding to A31).
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9.2 DMAC Related Registers

9.2.5 DMA Transfer Count Registers

m DMAO Transfer Count Register (DMOTCT) <Address: H'0080 0411>
m DMA1 Transfer Count Register (DM1TCT) <Address: H'0080 0421>
m DMA2 Transfer Count Register (DM2TCT) <Address: H'0080 0431>
m DMA3 Transfer Count Register (DM3TCT) <Address: H'0080 0441>
m DMA4 Transfer Count Register (DM4TCT) <Address: H'0080 0451>
m DMAS Transfer Count Register (DM5TCT) <Address: H'0080 0419>
m DMAG Transfer Count Register (DM6TCT) <Address: H'0080 0429>
m DMAY Transfer Count Register (DM7TCT) <Address: H'0080 0439>
m DMAS Transfer Count Register (DM8TCT) <Address: H'0080 0449>
m DMA9 Transfer Count Register (DM9TCT) <Address: H'0080 0459>
D8 9 10 11 12 13 14 D15

DMOTCT - DMOTCT
|

<When reset : Indeterminate>

D Bit Name Function R W

8-15 DMOTCT - DMITCT DMA transfer count O O
(ignored during 32-channel ring buffer mode)

The DMA Transfer Count Register is used to set the number of times data is transferred in each
channel. However, the value in this register is ignored during ring buffer mode.

The transfer count is the (value set in the transfer count register + 1). Because the DMA Transfer
Count Register is comprised of a current register, the value you get by reading this register is
always the current value. (However, if you read this register in a cycle immediately after transfer,
the value you get is the value that was in the count register before the transfer began.) When
transfer finishes, this count register underflows, so that the read value you get is H'FF.

If any cascaded channel exists, each time one DMA transfer (byte or halfword) is completed or
when all transfers are completed (at which the transfer count register underflows), transfer in the
cascaded channel starts.
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9.2 DMAC Related Registers

9.2.6 DMA Interrupt Request Status Registers

m DMAO-4 Interrupt Request Status Register (DM0O4ITST) <Address: H'0080 0410>

DO 1 2 3 4 5 6 D7

DMITST4 | DMITST3 | DMITST2 | DMITST1 | DMITSTO

<When reset : H'00>

D Bit Name Function R w

0-2 No functions assigned 0 —
3 DMITST4 (DMA4 interrupt request status) 0 : No interrupt request O A
4 DMITST3 (DMAS interrupt request status) 1: Interrupt requested

5 DMITST2 (DMA2 interrupt request status)

6 DMITST1 (DMAL interrupt request status)

7 DMITSTO (DMAO interrupt request status)

W = A : Only writing a 0 is effective; when you write a 1, the previous value is retained.

The DMAO-4 Interrupt Request Status Register lets you know the status of interrupt requests in
channels 0-4. If the DMAnN interrupt request status bit (n = 0 to 4) is set to 1, it means that a DMAn
interrupt request in the corresponding channel has been generated.

DMITSTn (DMAn interrupt request status) bit (n =0 to 4)

[Setting the DMAnN interrupt request status bit]

This bit can only be set in hardware, and cannot be set in software.

[Clearing the DMAn interrupt request status bit]

This bit is cleared by writing a O in software.

Note: The DMAnN interrupt request status bit cannot be cleared by writing a 0 to the
"Interrupt cause bit" of the DMA Interrupt Control Register that the interrupt
controller has.

When writing to the DMAO-4 Interrupt Request Status Register, be sure to set the bits you want to
clear to 0 and all other bits to 1. The bits which are thus set to 1 are unaffected by writing in
software, and retain the value they had before you wrote.
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9.2 DMAC Related Registers

m DMAS5-9 Interrupt Request Status Register (DM59ITST)

<Address: H'0080 0408>

DO 1 2 3 4 5 6 D7
| | DMITSTO | DMITST8 |DMITST7 | DMITST6 | DMITSTS
<When reset : H'00>

D Bit Name Function R w
0-2 No functions assigned 0 —

3 DMITST9 (DMADJ interrupt request status) 0 : No interrupt request O A

4 DMITST8 (DMAS interrupt request status) 1: Interrupt requested

5 DMITST7 (DMAY interrupt request status)

6 DMITST6 (DMAG interrupt request status)

7 DMITST5 (DMAS interrupt request status)

W = A : Only writing a 0 is effective; when you write a 1, the previous value is retained.

The DMADB5-9 Interrupt Request Status Register lets you know the status of interrupt requests in
channels 5-9. If the DMAnN interrupt request status bit (n =5 to 9) is set to 1, it means that a DMAn

interrupt request in the corresponding channel has been generated.

DMITSTn (DMAn interrupt request status) bit (n =5to 9)

[Setting the DMAnN interrupt request status bit]

[Clearing the DMAn interrupt request status bit]

This bit is cleared by writing a 0 in software.

This bit can only be set in hardware, and cannot be set in software.

Note: The DMAn interrupt request status bit cannot be cleared by writing a 0 to the
"Interrupt cause bit" of the DMA Interrupt Control Register that the interrupt

controller has.

When writing to the DMAS-9 Interrupt Request Status Reqister, be sure to set the bits you want to
clear to 0 and all other bits to 1. The bits which are thus set to 1 are unaffected by writing in

software, and retain the value they had before you wrote.
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9.2 DMAC Related Registers

9.2.7 DMA Interrupt Mask Registers

m DMAO-4 Interrupt Mask Register (DM04ITMK) <Address: H'0080 0401>

D8 9 10 11 12 13 14 D15

DMITMK4 |DMITMK3 [DMITMK2 |DMITMK1 | DMITMKO

<When reset : H'00>

D Bit Name Function R w

8-10 No functions assigned 0 —
11 DMITMK4 (DMA4 interrupt request mask) 0 : Enables interrupt request O O
12 DMITMK3 (DMAS3 interrupt request mask) 1: Masks (disables) interrupt request

13 DMITMK2 (DMAZ2 interrupt request mask)

14 DMITMK1 (DMAL interrupt request mask)

15 DMITMKO (DMAO interrupt request mask)

The DMAO-4 Interrupt Mask Register is used to mask interrupt requests in DMA channels 0-4.

DMITMKn (DMAn interrupt request mask) bit (n =0 to 4)

DMAn interrupt request is masked by setting the DMAnN interrupt request mask bit to 1. However,
when an interrupt request is generated, the DMAn interrupt request status bit is always set to 1
irrespective of the contents of this register.
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9.2 DMAC Related Registers

m DMAS5-9 Interrupt Mask Register (DM59ITMK) <Address: H'0080 0409>

D8 9 10 11 12 13 14 D15

DMITMK9 |DMITMKS8 [DMITMK7 |DMITMK6G | DMITMK5

<When reset : H'00>

D Bit Name Function R w

8-10 No functions assigned 0 —
11 DMITMK9 (DMA9 interrupt request mask) 0 : Enables interrupt request O O
12 DMITMKS8 (DMAS interrupt request mask) 1: Masks (disables) interrupt request

13 DMITMKY7 (DMAY interrupt request mask)

14 DMITMK®6 (DMAG interrupt request mask)

15 DMITMKS5 (DMADS interrupt request mask)

The DMA5-9 Interrupt Mask Register is used to mask interrupt requests in DMA channels 5-9.

DMITMKn (DMAn interrupt request mask) bit (n =5to 9)

DMAnN interrupt request is masked by setting the DMAnR interrupt request mask bit to 1. However,
when an interrupt request is generated, the DMAn interrupt request status bit is always set to 1
irrespective of the contents of this register.
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9.2 DMAC Related Registers

Data bus

DMO4ITST <H'0080 0400>
DMO04ITMK <H'0080 0401>

5-source inputs

DMA4UDF
DMITST4
DMITMK4
bll
DMA3UDF
DMITST3
b4 FIF
DMITMK3 F&
FIF
DMA2UDF
DMITST2
b5 FIF
DMITMK2 Fd}
bl3 | pr
DMA1UDF
DMITST1
b6 FIF
DMITMK1 Fdji
b14 EE
DMAOUDF
DMITSTO
b FIF
DMITMKO Fd}
blS ' pr

: (Level)

DMA transfer
interrupt O

Figure 9.2.3 Block Diagram of DMA Transfer Interrupt O
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9.2 DMAC Related Registers

Data bus

DMSQITST <H'0080 0408>
DM59ITMK <H'0080 0409>

5-source inputs

DMAQUDF
DMITST9
DMITMK9
bll
DMABUDF
DMITST8
b4 FIF
DMITMKS F&
FIF
DMA7UDF
DMITST?
b5 FIF
DMITMK? Fd}
bl3 ' pr
DMA6UDF
DMITST6
b6 FIF
DMITMK6 Fdji
b14 EE
DMA5UDF
DMITST5
b7 FIF
DMITMK5 Fd}
blS | pr

: (Level)

DMA transfer
interrupt 1

Figure 9.2.4 Block Diagram of DMA Transfer Interrupt 1
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9.3 Functional Description of the DMAC

9.3.1 Cause of DMA Request

For each DMA channel (channels 0 to 9), DMA transfer can be requested from multiple sources.
There are various causes (or sources) of DMA transfer, so that DMA transfer can be started by a
request from internal peripheral I/O, started in software by a program, or can be started upon
completion of one transfer or all transfers in a DMA channel (cascade mode).

The cause of DMA request is selected using the cause of request select bit provided for each
channel, REQSLn (DMAn Channel Control Register bits D2, D3). The table below lists the causes

of DMA requests in each channel.

Table 9.3.1 Causes of DMA Requests in DMAO and Generation Timings

REQSLO Cause of DMA Request DMA Request Generation Timing

0 O Software start When any data is written to DMAO Software Request
or one DMA2 transfer completed Generation Register (software start)

or one DMAZ2 transfer is completed (cascade mode)

0 1 A-DO conversion completed When A-DO conversion is completed
1 O MJT (TIO8_udf) When MJT TIO8 underflow occurs
1 1 MJT (input event bus 2) When MJT's input event bus 2 signal is generated

Table 9.3.2 Causes of DMA Requests in DMA1 and Generation Timings

REQSL1 Cause of DMA Request DMA Request Generation Timing

0 O Software start When any data is written to DMA1 Software Request

Generation Register

0 1 MJT (output event bus 0) When MJT's output event bus 0 signal is generated
1 0 MJT (TIN13 input signal) When MJT's TIN13 input signal is generated
1 1 One DMAO transfer completed When one DMAO transfer is completed (cascade mode)
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Table 9.3.3 Causes of DMA Requests in DMA2 and Generation Timings

REQSL2 Cause of DMA Request DMA Request Generation Timing
0 O Software start When any data is written to DMA2 Software Request
Generation Register
0 1 MJT (output event bus 1) When MJT's output event bus 1 signal is generated
1 0 MJT (TIN18 input signal) When MJT's TIN18 input signal is generated
1 1 One DMA1 transfer completed When one DMAL transfer is completed (cascade mode)
Table 9.3.4 Causes of DMA Requests in DMA3 and Generation Timings
REQSL3 Cause of DMA Request DMA Request Generation Timing
0 0 Software start When any data is written to DMA3 Software Request
Generation Register
0 1 Serial 1/00 (transmit buffer empty) ~ When serial 1/00 transmit buffer is emptied
1 0 Serial /01 (reception completed) When serial 1/01 reception is completed
1 1 MJT (TINO input signal) When MJT's TINO input signal is generated
Table 9.3.5 Causes of DMA Requests in DMA4 and Generation Timings
REQSL4 Cause of DMA Request DMA Request Generation Timing
0 0 Software start When any data is written to DMA4 Software Request
Generation Register
0 1 One DMAS3 transfer completed When one DMAS transfer is completed (cascade mode)
1 0 Serial 1/00 (reception completed) When serial 1/00 reception is completed
1 1 MJT (TIN19 input signal) When MJT's TIN19 input signal is generated
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Table 9.3.6 Causes of DMA Requests in DMAS5 and Generation Timings

REQSL5 Cause of DMA Request DMA Request Generation Timing

0 O Software start When any data is written to DMA5 Software Request
or one DMAY transfer completed Generation Register or one DMA7 transfer is completed

(cascade mode)

0 1 All DMAQO transfers completed When all DMAO transfers are completed (cascade mode)
1 0 Serial /02 (reception completed) When serial I/02 reception is completed
1 1 MJT (TIN20 input signal) When MJT's TIN20 input signal is generated

Table 9.3.7 Causes of DMA Requests in DMAG6 and Generation Timings

REQSL6 Cause of DMA Request DMA Request Generation Timing

0 O Software start When any data is written to DMA6 Software Request

Generation Register

0 1 Serial /01 (transmit buffer empty)  When serial /01 transmit buffer is emptied
1 0 MJT (TIN1 input signal) When MJT's TIN1 input signal is generated
1 1 One DMAS transfer completed When one DMAS transfer is completed (cascade mode)

Table 9.3.8 Causes of DMA Requests in DMA7 and Generation Timings

REQSL7 Cause of DMA Request DMA Request Generation Timing

0 O Software start When any data is written to DMA7 Software Request

Generation Register

0 1 Serial /02 (transmit buffer empty)  When serial /02 transmit buffer is emptied
1 0 MJT (TIN2 input signal) When MJT's TIN2 input signal is generated
1 1 One DMAG transfer completed When one DMAG transfer is completed (cascade mode)
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Table 9.3.9 Causes of DMA Requests in DMA8 and Generation Timings

REQSLS8 Cause of DMA Request

DMA Request Generation Timing

0 O Software start When any data is written to DMA8 Software Request
Generation Register

0 1 MJT (input event bus 0) When MJT's input event bus 0 signal is generated

1 0 Serial 1/03 (reception completed) When serial 1/03 reception is completed

1 1 MJT (TIN7 input signal) When MJT's TIN7 input signal is generated

Table 9.3.10 Causes of DMA Requests in DMA9 and Generation Timings

REQSL9 Cause of DMA Request

DMA Request Generation Timing

0 0 Software start When any data is written to DMA9 Software Request
Generation Register

0 1 Serial 1/03 (transmit buffer empty)  When serial /03 transmit buffer is emptied

1 0 MJT (TIN8 input signal) When MJT's TIN8 input signal is generated

1 1 One DMAS8 transfer completed When one DMAS8 transfer is completed (cascade mode)
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9.3.2 DMA Transfer Processing Procedure

Shown below is an example of how to control DMA transfer in cases when performing transfer in
DMA channel 0.

@MA transfer processing star@

Setting interrupt [~ - ¢
controller related Set the interrupt controller's DMAO-4

Interrupt Control Register

v

Set DMAO Channel Control Register -~ ¢ Transfers disabled

v

Set DMAO-4 Interrupt Request Status Register (- * Clears interrupt request

-~ e Interrupt priority level
registers

* status bit
Set DMAO-4 Interrupt Mask Register "« Enables interrupt request
Setting DMAC Set DMAO Source Address Register -« Source address of transfer
related registers *
Set DMAOQ Destination Address Register - o Address

Set DMAO Count Register

Set DMAO Channel Control Register - * Transfer mode, cause of
‘ request, transfer size,

: address direction, and
v transfer enable

-« Number of times DMA
transfer performed

Starting DMA B DMA transfer starts as requested by
transfer L internal peripheral /0
_ v
Transfer count register underflows
DMA transfer +
completed

Interrupt request generated

@MA operation complete@

Figure 9.3.1 Example of a DMA Transfer Processing Procedure
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9.3.3 Starting DMA

Use the REQSL (cause of DMA request select) bit to set the cause of DMA request. To enable
DMA, set the TENL (DMA transfer enable) bit to 1. DMA transfer begins when the specified cause
of DMA request becomes effective after setting the TENL (DMA transfer enable) bit to 1.

Note: If the requesting source selected with the REQSL (DMA request source select) bit is MJT
(TIN input signal), it takes at least three cycles (e.g., 150 ns when the internal peripheral
clock is operating with 20 MHz) before DMA transfer begins after detecting the rising or
falling edge or both edges of the TIN input signal. Or, depending on the bus usage condition
before or after that, up to six cycles (e.g., 300 ns when the internal peripheral clock is
operating with 20 MHz) may be needed. (Note, however, that this applies to the case where
external bus, HOLD, and LOCK instruction are unused.)

To ensure that changes of the TIN input signal are detected correctly, apply a TIN input
signal in pulse width of 7 tc (BCLK)/2 or more. (For details, see Section 21.5, “AC
Characteristics.”)

9.3.4 Channel Priority

Channel 0 has the highest priority. The priority of this and other channels is shown below.

Channel 0 > channel 1 > channel 2 > channel 3 > channel 4 > channel 5 > channel 6 > channel 7 >
channel 8 > channel 9

This order of priority is fixed and cannot be changed. Among channels for which DMA transfers are
requested, the channel that has the highest priority is selected. Channel selection is made every
transfer cycle (one DMA bus cycle consisting of three machine cycles).
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9.3.5 Gaining and Releasing Control of the Internal Bus

For any channel, control of the internal bus is gained and released in "single transfer DMA" mode.
In single transfer DMA, the DMA gains control of the internal bus when DMA transfer request is
accepted and after executing one DMA transfer (consisting of one read cycle + one write cycle of
internal peripheral clock), returns bus control to the CPU. The diagram below shows DMA
operation in single transfer DMA.

Requested___ Gained Requested___Gained Requested___Gained
Internal bus

arbitration (control
requested by DMAC)

1 A | A i A
Internal | Released | Released | Released
bus § i i i
v i v i v i
oMAC ——{ R W )R fw) R fw)—
L 1 L 1 L 1
One DMA transfer One DMA transfer One DMA transfer

R: Read
W: Write

Figure 9.3.2 Gaining and Releasing Control of the Internal Bus

9.3.6 Transfer Units

Use the TSZSL (DMA transfer size select) bit to set for each channel the number of bits (8 or 16
bits) to be transferred in one DMA transfer.

9.3.7 Transfer Counts

Use the DMA Transfer Count Register to set transfer counts for each channel. Transfer can be
performed up to 256 times. The value of the DMA Transfer Count Register is decremented by one
each time one transfer unit is transferred. In ring buffer mode, the DMA Transfer Count Register
operates in free-run mode, with the value set in it ignored.
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9.3.8 Address Space

The address space in which data can be transferred by DMA is the internal peripheral I/O or 64
Kbytes of RAM space (H'0080 0000 through H'0080 FFFF) for either source or destination. To set
the source and destination addresses in each channel, use the DMA Source Address Register and
DMA Destination Address Register.

9.3.9 Transfer Operation

(1) Dual-address transfer

Irrespective of the size of transfer unit, data is transferred in two bus cycles, one for source read
access and one for destination write access. (The transfer data is temporarily taken into the
DMA's internal temporary register.)

(2) Bus protocol and bus timing
Because the bus interface is shared with the CPU, the same applies to both bus protocol and bus
timing as in peripheral module access from the CPU.

(3) Transfer rate
The maximum transfer rate is calculated using the equation below:

1

Maximum transfer rate [bytes/second] = 2 bytes x
1/f(BCLK) x 3 cycles

(4) Address count direction and address changes

The direction in which the source and destination addresses are counted as transfer proceeds
("Address fixed" or "Address incremental") is set for each channel using the SADSL (source
address direction select) and DADSL (destination address select) bits.

When the transfer size is 16 bits, the address is incremented by two for each DMA transfer
performed; when the transfer size is 8 bits, the address is incremented by one.

Table 9.3.11 Address Count Direction and Address Changes

Address Count Direction Transfer Unit Address Change for One DMA
Address fixed 8 bits 0

16 bits 0
Address incremental 8 bits +1

16 bits +2
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(5) Transfer count value

The transfer count value is decremented by one at a time irrespective of the size of transfer unit

(8 or 16 hits).

(6) Transfer byte positions

When the transfer unit = 8 bits, the LSB of the address register is effective for both source and
destination. (Therefore, in addition to data transfers between even addresses or between odd
addresses, data may be transferred from even address to odd address, or from odd address to

even address.)

When the transfer unit = 8 bits, the LSB of the address register (D15 of the address register) is
ignored, and data are always transferred in two bytes aligned to the 16-bit bus.

The diagram below shows the valid transfer byte positions.

<When transfer unit = 8 bits>

<When transfer unit = 16 bits>

+ + + +
po O prps 1 Dpis po O p7rps 1 Dpis
T
Source 8 bits 8 bits 16 bits
|
Destination 8 bits 8 bits 16 bits
Figure 9.3.3 Transfer Byte Positions
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(7) Ring buffer mode

When ring buffer mode is selected, transfer begins from the transfer start address and after
performing transfers 32 times, control is recycled back to the transfer start address, from which
transfer operation is repeated. In this case, however, the five low-order bits of the ring buffer start
address must always be B'00000. The address increment operation in ring buffer mode is
described below.

(a) When the transfer unit = 8 bits

The 27 high-order bits of the transfer start address are fixed, and the five low-order bits are
incremented by one at a time. When as transfer proceeds the five low-order bits reach
B'11111, they are recycled to B'00000 by the next increment operation, thus returning to
the start address again.

(b) When the transfer unit = 16 bits

The 26 high-order bits of the transfer start address are fixed, and the six low-order bits are
incremented by two at a time. When as transfer proceeds the six low-order bits reach
B'111110, they are recycled to B'000000 by the next increment operation, thus returning to
the start address again.

When the source address has been set to be incremented, it is the source address that recycles
to the start address; when the destination address has been set to be incremented, it is the
destination address that recycles to the start address. If both source and destination addresses
have been set to be incremented, both addresses recycle to the start address. However, the start
address on either side must have their five low-order bits initially being B'00000.

During ring buffer mode, the transfer count register is ignored. Also, once DMA operation starts,
the counter operates in free-run mode, and the transfer continues until the transfer enable bit is
cleared to (to disable transfer).

<When transfer unit = 8 bits> <When transfer unit = 16 bits>
Transfer count Transfer address Transfer count Transfer address

1 H'0080 1000 1 H'0080 1000
2 H'0080 1001 2 H'0080 1002
3 H'0080 1002 3 H'0080 1004
| | | I

31 H'0080 101E 31 H'0080 103C

32 H'0080 101F 32 H'0080 103E
! ! ! 1

1 H'0080 1000 1 H'0080 1000
2 H'0080 1001 2 H'0080 1002
| | | I

Figure 9.3.4 Example of Address Increment Operation in 32-Channel Ring Buffer Mode
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9.3.10 End of DMA and Interrupt

In normal mode, DMA transfer is terminated when the transfer count register underflows. When
transfer finishes, the transfer enable bit is cleared to 0 and transfers are thereby disabled. Also, an
interrupt request is generated at completion of transfer. However, this interrupt is not generated for
channels where interrupt requests have been masked by the DMA Interrupt Mask Register.

During ring buffer mode, the transfer count register operates in free-run mode, and transfer
continues until the transfer enable bit is cleared to O (to disable transfer). In this case, therefore, the
DMA transfer-completed interrupt request is not generated. Nor is this interrupt request generated
even when transfer in ring buffer mode is terminated by clearing the transfer enable bit.

9.3.11 Status of Each Register after Completion of DMA Transfer

When DMA transfer is completed, the status of the source address and destination address
registers becomes as follows:

(1) Address fixed

» The value set in the address register before DMA transfer started remains intact (fixed).

(2) Address incremental

« For 8-bit transfer, the value of the address register is the last transfer address + 1.
« For 16-bit transfer, the value of the address register is the last transfer address + 2.

The transfer count register when DMA transfer completed is in an underflow state (H'FF).
Therefore, to perform another DMA transfer, set the transfer count register newly again, except
when you are performing transfers 256 times (H'FF).
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9.4 Precautions about the DMAC

* About writing to DMAC related registers

Because DMA transfer involves exchanging data via the internal bus, basically you only can write to
the DMAC related registers immediately after reset or when transfer is disabled (transfer enable bit
= 0). When transfer is enabled, do not write to the DMAC related registers because write operation
to those registers, except the DMA transfer enable bit, transfer request flag, and the DMA Transfer
Count Register which is protected in hardware, is instable.

The table below shows the registers that can or cannot be accessed for write.

Table 9.4.1 DMAC Related Registers That Can or Cannot Be Accessed for Write

Status Transfer enable bit Transfer request flag  Other DMAC related registers
When transfer is enabled O O O
When transfer is disabled O O O

(O Can be accessed ; [ : Cannot be accessed

For even registers that can exceptionally be written to while transfer is enabled, the following
requirements must be met.

(a) DMA Channel Control Register's transfer enable bit and transfer request flag

For all other bits of the channel control register, be sure to write the same data that those
bits had before you wrote to the transfer enable bit or transfer request flag. Note that you
only can write a O to the transfer request flag as valid data.

(b) DMA Transfer Count Register
When transfer is enabled, this register is protected in hardware, so that any data you write
to this register is ignored.

(c) Rewriting the DMA source and DMA destination addresses on different channels by DMA
transfer

In this case, you are writing to the DMAC related registers while DMA is enabled, but this
practically does not present any problem. However, you cannot DMA-transfer to the DMAC
related registers on the local channel itself in which you are currently operating.
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* Manipulating DMAC related registers by DMA transfer

When manipulating DMAC related registers by means of DMA transfer (e.g., reloading the DMAC
related registers' initial values by DMA transfer), do not write to the DMAC related registers on the
local channel itself through that channel. (If this precaution is neglected, device operation cannot be
guaranteed.)

Only if residing on other channels, you can write to the DMAC related registers by means of DMA
transfer. (For example, you can rewrite the DMAn Source Address and DMAnN Destination Address
Registers on channel 1 by DMA transfer through channel 0.)

* About the DMA Interrupt Request Status Register

When clearing the DMA Interrupt Request Status Register, be sure to write 1s to all bits but the one
you want to clear. The bits to which you wrote 1s retain the previous data they had before the write.

» About the stable operation of DMA transfer

To ensure the stable operation of DMA transfer, never rewrite the DMAC related registers, except
the DMA Channel Control Register's transfer enable bit, unless transfer is disabled. One exception
is that even when transfer is enabled, you can rewrite the DMA Source Address and DMA
Destination Address Registers by DMA transfer from one channel to another.
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* This is a blank page.*
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10

10.1 Outline of Multijunction Timers

The multijunction timers (abbreviated MJT) have input event and output event buses. Therefore, in
addition to being used as a single unit, the timers can be internally connected to each other. This
capability allows for highly flexible timer configuration, making it possible to meet various
application needs. It is because the timers are connected to the internal event bus at multiple points

that they are called the "multijunction” timers.

This microcomputer has seven types of multijunction timers as listed in the table below, providing a
total of 64 channels of timers.

Table 10.1.1 Outline of Multijunction Timers (1/2)

Name Type Number of Channels Description
TOP Output-related 11 One of three output modes can be selected by software.
(Timer Output) 16-bit timer <With correction function>
(down-counter) « Single-shot output mode
« Delayed single-shot output mode
<Without correction function>
« Continuous output mode
TIO Input/output-related 10 One of three input modes or four output modes can be
(Timer 16-bit timer selected by software.
Input Output) (down-counter) <Input modes>
* Measure clear input mode
* Measure free-run input mode
 Noise processing input mode
<Output mode without correction function>
* PWM output mode
« Single-shot output mode
» Delayed single-shot output mode
« Continuous output mode
TMS Input-related 8 16-bit input measure timer
(Timer 16-bit timer
Measure Small)  (up-counter)
TML Input-related 8 32-bit input measure timer
(Timer 32-bit timer
Measure Large) (up-counter)
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Table 10.1.1 Outline of Multijunction Timers (2/2)

Name Type Number of Channels ~ Description
TID Input-related 3 One of three input modes can be selected by software.
(Timer Input 16-bit timer * Fixed period mode
Derivation) (up/down-counter) « Event count mode
« Multiply-by-4 event count mode
TOD Output-related 16 One of four output modes can be selected by software.
(Timer Output  16-bit timer <Without correction function>
Derivation) (down-counter) « PWM output mode
« Single-shot output mode
« Delayed single-shot output mode
« Continuous output mode
TOM Output-related 8 One of four output modes can be selected by software.
(Timer Output ~ 16-bit timer <Without correction function>
Modification)  (down-counter) *« PWM output mode

« Single-shot PWM output mode
« Single-shot output mode

« Continuous output mode

Table 10.1.2 MJT Interrupt Generation Functions of the M32170

Signal Name  Source of MJT Interrupt Requested  Interrupt Controller (ICU) Input ICU Cause Input
IRQ18 TIN30 - TIN33 input TML1 input interrupt 4
IRQ17 TID2 output TID2 output interrupt 1
IRQ16 TOD1_0 - TOD1_7 output, TOD1+TOMO output interrupt 16
TOMO_O - TOMO_7 output

IRQ15 TID1 output TID1 output interrupt 1
IRQ14 TIDO output TIDO output interrupt 1
IRQ13 TODO_O - TODO_7 output TODO output interrupt 8
IRQ12 TIN3 - TING input MJT input interrupt 4 4
IRQ11 TIN20 - TIN23 input MJT input interrupt 3 4
IRQ10 TIN12 - TIN19 input MJT input interrupt 2 8
IRQ9 TINO - TIN2 input MJT input interrupt 1 3
IRQ8 TIN7 - TIN11 input MJT input interrupt O 5
IRQ7 TMSO0, TMS1 output MJT output interrupt 7 2
IRQ6 TOPS8, TOP9 output MJT output interrupt 6 2
IRQ5 TOP10 output MJT output interrupt 5 1
IRQ4 TIO4 - 7 output MJT output interrupt 4 4
IRQ3 TIO8, TIO9 output MJT output interrupt 3 2
IRQ2 TOPO - 5 output MJT output interrupt 2 6
IRQ1 TOP6, TOP7 output MJT output interrupt 1 2
IRQO TIOO - 3 output MJT output interrupt O 4
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Table 10.1.3 DMA Transfer Request Generation by MJT

Signal Name Source of DMA Request Generated DMAC Input Channel
DRQO TIO8 underflow Channel 0
DRQ1 Input event bus 2 Channel 0
DRQ2 Output event bus 0 Channel 1
DRQ3 TIN13 input Channel 1
DRQ4 Output event bus 1 Channel 2
DRQ5 TIN18 input Channel 2
DRQ6 TIN19 input Channel 4
DRQ7 TINO input Channel 3
DRQ8 TIN1 input Channel 6
DRQ9 TINZ2 input Channel 7
DRQ10 TIN7 input Channel 8
DRQ11 TIN8 input Channel 9
DRQ12 TIN20 input Channel 5
DRQ13 Input event bus 0 Channel 8

Table 10.1.4 A-D Conversion Start Request by MJT

Signal Name Source of A-D Conversion Start Requested ~ A-D Converter
ADOTRG Output event bus 3 Can be input to A-DO conversion start trigger
AD1TRG TID1 overflow/underflow Can be input to A-D1 conversion start trigger
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210 3210 ‘ INRQZ 0123
1% o ToPoO ud] FIF0}-0 T0 0
IRQ2
TOLKO O—[TCLKOS|——+ 1
NOte Y ’—1 clk en TOP 1 udf F/F1 TO1
IRQ2
IRQ9
Q "1 ck TOP 2 uur} r {FlF2l-0T0 2
er
TINO o[ TINOS | \ IRQ2
L, F;E‘E—‘ b—‘ clk en TOP 3 um{ r F/IF3[—O TO 3
IRQ2
DRQ7 ’—1 clk en TOP4 uul% I FIFA-OTO 4
| I’IRQZ
ek Tops udf [F/Fs}-0T05
— IRQ1
IRQ9 'S ﬂdk en TOP 6 udf{’I:t'OT Shcalan s OTO6
TINL O TINIS | | IRQ1
T—V F;E‘Eﬂ <‘ clk en TOP 7 Udf{—LTO\O—A
DRQ8 S| FIF7 TO7
} IRQ6 ‘
IRQ LS|k en  TOPB udf it oTo8
o
| | [*IRQ6
TIN2  O—{TINZS [S}¢ 1ok en  TOPO VLl B == 0709
| [*IRQ5
DRQ9 ﬂ clk en TOP 10 udf] =— S OTO 10
f IRQO
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o I
IRQ13 El |k oeap  TIO 4 udfFr—rO\&”*
14070 " ls 0TO 15
TIN6 O TIN6S == {sH
P
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-~ SI—|F/F19/—O TO 19
TINIO O—{TINLOS ] en/cap o s 0
r IRQ3
IRQ8 I's oIk I r
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TINIL o TINLLS B enicap ‘
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[PRS0- 5] : Prescaler : Output flip-flop : Selector
Note 1: IRQO0-18 denote interrupt signals, of which the same number indicates the same group of interrupts. (See Table
10.1.2.) DRQO-13 denote DMA request signals fed to the DMAC. (See Table 10.1.3.) ADOTRG and AD1TRG
denote trigger signals to A-DO and A-D1 converters, respectively.
Note 2: Indicates timer input pin edge selection output.
Note 3: Indicates input signals from peripheral circuits (AD and SIO).

Figure 10.1.1 Block Diagram of MJT (1/4)
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IR1QL0 cap3 cap2 capl cap0
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TIN16 O— TIN16S s]
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3210 3210 0123
. Selector

Figure 10.1.2 Block Diagram of MJT (2/4)
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10 MULTIJUNCTION TIMERS
10.1 Outline of Multijunction Timers

Clock bus Input event bus (ll\gte) Output event bus
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Figure 10.1.3 Block Diagram of MJT (3/4)
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MULTIJUNCTION TIMERS
10.1 Outline of Multijunction Timers

Clock bus  Input event bus Output event bus
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(Note 3)
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(Note 3)
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Figure 10.1.4 Block Diagram of MJT (4/4)

10-8

32170/32174 Group User's Manual (Rev. 2.1)



10 MULTIJUNCTION TIMERS
10.2 Common Units of Multijunction Timer

10.2 Common Units of Multijunction Timer

The common units of the multijunction timer include the following:

* Prescaler unit

* Clock bus/input-output event bus control unit
* Input processing control unit

« Output flip-flop control unit

« Interrupt control unit

10.2.1 Timer Common Register Map

The diagrams in the next pages show a map of registers in the common units of the multijunction
timer.
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10.2 Common Units of Multijunction Timer

H 0080

H 0080

H 0080
H 0080
H 0080
H 0080
H 0080
H 0080

H 0080
H 0080
H 0080
H 0080
H 0080
H 0080

H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080

H 0080
H 0080
H 0080

H 0080
H 0080

H 0080
H 0080
H 0080

Address

0200

H 0080 0202

0204

0210
0212
0214
0216
0218
021A

0220
0222
0224
0226
0228
022A

0230
0232
0234
0236
0238
023A
023C
023E

07D0
07D2
07D4

07D6
07D8

07DA
07DC
07DE

+0 Address

DO D7

D8 +1 Address D15

Clock Bus & Input Event Bus
Control Register (CKIEBCR)

Prescaler Register 0 (PRSO0)

Prescaler Register 1 (PRS1)

Prescaler Register 2 (PRS2)

Output Event Bus Control Register
(OEBCR)

TCLK Input Processing Control Register (TCLKCR)

TIN Input Processing Control Register 0 (TINCRO)

TIN Input Processing Control Register 1 (TINCR1)

TIN Input Processing Control Register 2 (TINCR2)

TIN Input Processing Control Register 3 (TINCR3)

TIN Input Processing Control Register 4 (TINCR4)

F/F Source Select

Register 0 (FFSO0)

F/F Source Select Register 1
(FFS1)

F/F Protect Re

gister O (FFPO)

F/F Data Reg

ister 0 (FFDO)

F/F Protect Register 1 (FFP1)

F/F Data Register 1 (FFD1)

(

TOP Interrupt Control Register 0
(TOPIRO)

TOP Interrupt Control Register 1

(TOPIR1)

TOP Interrupt Control Register 2 TOP Interrupt Control Register 3
(TOPIR2) (TOPIR3)

TIO Interrupt Control Register 0 TIO Interrupt Control Register 1
(TIOIRO) (TIOIR1)

TIO Interrupt Control Register 2 TMS Interrupt Control Register
(TIOIR2) (TMSIR)

TIN Interrupt Control Register 0 TIN Interrupt Control Register 1
(TINIRO) (TINIR1)

TIN Interrupt Control Register 2 TIN Interrupt Control Register 3
(TINIR2) (TINIR3)

TIN Interrupt Control Register 4 TIN Interrupt Control Register 5
(TINIR4) (TINIR5)

TIN Interrupt Control Register 6 TIN Interrupt Control Register 7
(TINIR6) (TINIR7)

—~_

Prescaler Register 3 (PRS3)

TIDO Control & Prescaler 3
Enable Register (TIDOPRS3EN)

TODO Interrupt Mask Register
(TODOIMA)

TODO Interrupt Status Register
(TODOIST)

F/F Protect Register 2 (FFP2)

F/F Data Register 2 (FFD2)

TODO Control Re

gister (TODOCR)

TODO Enable Protect Register
(TODOPRO)

TODO Count Enable Register
(TODOCEN)

Blank addresses are reserved.
Note: The registers included in thick frames must always be accessed in halfwords.

Figure 10.2.1 Timer Common Register Map (1/2)
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10.2 Common Units of Multijunction Timer

H 0080
H 0080
H 0080
H 0080

H 0080
H 0080
H 0080
H 0080

Address

0BDO
0BD2
0BD4
0BD6

0CDO
0CD2
oct4
0CD6

DO

+0 Address
D7

+1 Address

D8 D15

Prescaler Register 4 (PRS4)

TID1 Control & Prescaler 4
Enable Register (TIDIPRS4EN)

TODL1 Interrupt Mask Register
(TOD1IMA)

TODL1 Interrupt Status Register
(TOD1IST)

F/F Protect Register 3 (FFP3)

F/F Data Register 3 (FFD3)

Prescaler Register 5 (PRS5)

TID2 Control & Prescaler 5
Enable Register (TID2PRS5EN)

TOMO Interrupt Mask Register
(TOMOIMA)

TOMO Interrupt Status Register
(TOMOIST)

F/F Protect Register 4 (FFP4)

F/F Data Register 4 (FFDA4)

Blank addresses are reserved.
Note: The registers included in thick frames must always be accessed in halfwords.

Figure 10.2.2 Timer Common Register Map (2/2)
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10 MULTIJUNCTION TIMERS
10.2 Common Units of Multijunction Timer

10.2.2 Prescaler Unit

The prescalers PRS0-5 are an 8-bit counter, which generates clocks supplied to each timer (TOP,
TIO, TMS, TML, TID, TOD, and TOM) from the divide-by-2 frequency of the internal peripheral
clock (10.0 MHz when the internal peripheral clock = 20 MHz).

The values of prescaler registers are initialized to H'00 when reset. Also, when you rewrite the set
value of any prescaler register, the device starts operating with the new value simultaneously when
the prescaler underflows.

Values H'00 to H'FF can be set in the counter registers of prescalers. The prescalers' divide-by
ratios are given by the equation below.

1

Prescaler divide-by ratio =
Prescaler set value + 1

m Prescaler Register 0 (PRSO0) <Address: H'0080 0202>
m Prescaler Register 1 (PRS1) <Address: H'0080 0203>
m Prescaler Register 2 (PRS2) <Address: H'0080 0204>
m Prescaler Register 3 (PRS3) <Address: H'0080 07D0>
m Prescaler Register 4 (PRS4) <Address: H'0080 0BDO>
m Prescaler Register 5 (PRS5) <Address: H'0080 0CDO0O>
DO 1 2 3 4 5 6 D7
( D8 9 10 11 12 13 14 D15 )
PRS0 - PRS5
| | | | | |

<When reset : H'00>

D Bit Name Function R W

0-7 PRS0, 2 -5 Sets the prescaler's divide-by value O O

8-15 PRS1

Prescaler Registers 0-2 start counting after reset removal. Prescaler Registers 3-5 each are
activated by setting the TIDO Control & Prescaler 3 Enable Register, TID1 Control & Prescaler 4
Enable Register, and TID2 Control & Prescaler 5 Enable Register to 1 (= count start), upon which
they reload the prescaler register value and start counting. For details, refer to Section 10.7, "TID
(Input-related 16-bit Timer)."
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10 MULTIJUNCTION TIMERS
10.2 Common Units of Multijunction Timer

10.2.3 Clock Bus/Input-Output Event Bus Control Unit

(1) Clock bus

The clock bus is provided for supplying clock to each timer, and is comprised of four lines of clock
bus 0-3. Each timer can use this clock bus signal as clock input signal. The table below lists the
signals that can be fed to the clock bus.

Table 10.2.1 Signals That Can Be Fed to Each Clock Bus Line

Clock Bus Acceptable Signal
3 TCLKO input
2 Internal prescaler (PRS2) or TCLK3 input
1 Internal prescaler (PRS1)
0 Internal prescaler (PRSO0)

(2) Input event bus

The input event bus is provided for supplying a count enable signal or measure capture signal to
each timer, and is comprised of four lines of input event bus 0-3. Each timer can use this input
event bus signal as enable (or capture) signal input. The table below lists the signals that can be
fed to the input event bus.

Table 10.2.2 Signals That Can Be Fed to Each Input Event Bus Line

Input Event Bus Acceptable Signal

3 TIN3 input, output event bus 2 or TIO7 underflow signal
2 TINO input, TIN2 input or TIN4 input
1 TIN5 input or TIO6 underflow signal
0 TING input or TIO5 underflow signal
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MULTIJUNCTION TIMERS
10.2 Common Units of Multijunction Timer

(3) Output event bus

The output event bus has the underflow signal from each timer connected to it, and is comprised
of four lines of output event bus 0-3. Output event bus signals are connected to output flip-flops,
and can also be connected to other peripheral circuits-output event bus 3 to A-DO converter,
output event bus 0 to DMA channel 1, and output event bus 1 to DMA channel 2. Furthermore,
output event bus 2 can be connected to input event bus 3.

The table below lists the signals that can be connected to the output event bus.

Table 10.2.3 Signals That Can Be Connected (Fed) to Each Output Event Bus Line

Output Event Bus

Connectable (Acceptable) Signal (Note)

3 TOPS8, TIO3, TIO4, or TIO8 underflow signal
2 TOP9 or TIO2 underflow signal
1 TOP7 or TIO1 underflow signal
0 TOP6 or TIOO underflow signal

Note: For details about the output destinations of output event bus signals, refer to Figure 10.1.1, "Block
Diagram of MJT."

Timings at which signals are generated to the output event bus by each timer (and those
generated to the input event bus by TIO5, 6) are shown below. (Note that they are generated at
different timings than those forwarded to output flip-flops by timers.)

Table 10.2.4 Timings at Which Signals Are Generated to the Output Event Bus by Each Timer (1/2)

Timer Mode Timings at which signals are generated to the output event bus
TOP Single-shot output mode When the counter underflows
Delayed single-shot output mode  When the counter underflows
Continuous output mode When the counter underflows
TIO (Note)  Measure clear input mode When the counter underflows
Measure free-run input mode When the counter underflows
Noise processing input mode When the counter underflows
PWM output mode When the counter underflows
Single-shot output mode When the counter underflows
Delayed single-shot output mode  When the counter underflows
Continuous output mode When the counter underflows
TMS (16-bit measure input) No signal generation function
TML (32-bit measure input) No signal generation function
TID Fixed period mode No signal generation function
Event count mode No signal generation function
Multiply-by-4 event count mode No signal generation function
TOD PWM output mode No signal generation function

Single-shot output mode
Delayed single-shot output mode
Continuous output mode

No signal generation function
No signal generation function
No signal generation function

Note: TIO5, 6 output underflow signals to the input event bus.
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10.2 Common Units of Multijunction Timer

Table 10.2.4 Timings at Which Signals Are Generated to the Output Event Bus by Each Timer (2/2)

Timer Mode Timings at which signals are generated to the output event bus
TOM PWM output mode No signal generation function
Single-shot PWM output mode No signal generation function
Single-shot output mode No signal generation function
Continuous output mode No signal generation function
Clock bus Input event bus Output event bus
3210 3210
TCLKO O i TOP 6 udf—5~o—
TINO  O—{ TINOS TOP 7 udt|—oo
TOP 8 ud|—o™o
TOP 9 udf }—O\O
TIN2  O—{ TIN2S }—o"©
TIN3 O—{ TIN3S |-0™© TIO 0 udf }—O\O—‘
e
TINA O TIO 1 Udf}_o

TIO 2 udf <o
TIO 3 udf—o™o
TIO 4 udf <o

TIN5  O—{ TIN5S

TIN6 O] TIN6S

1/2 internal r( PRS0 + o o
peripheral PRSI +-—G"0
clock PRS2-0 01 o

i

TIO 5 udf

TCLK3 O—[TCLK3S

Ny

TIO 6 udf%

3210 3210

TIO 7 udf

TIO 8 udf }—o\o
PRS0 - 2] : Prescaler . Selector
0123

Figure 10.2.3 Conceptual Diagram of the Clock Bus and Input/Output Event Bus
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10.2 Common Units of Multijunction Timer

The clock bus/input-output bus control unit has the following registers:

* Clock Bus & Input Event Bus Control Register (CKIEBCR)
* Output Event Bus Control Register (OEBCR)

m Clock Bus & Input Event Bus Control Register (CKIEBCR) <Address: H'0080 0201>

D8 9 10 11 12 13 14 D15

IEB3S IEB2S IEB1S IEBOS CKB2S

<When reset : H'00>

D Bit Name Function R w

8,9 IEB3S 0X : Selects external input 3 (TIN3) O O
(input event bus 3 input selection) 10 : Selects output event bus 2
11 : Selects TIO7 output

10,11 IEB2S 00 : Selects external input 0 (TINO) O O
(input event bus 2 input selection) 01 : Selects external input 2 (TIN2)
1X : Selects external input 4 (TIN4)

12 IEB1S 0 : Selects external input 5 (TIN5) O O
(input event bus 1 input selection) 1 : Selects TIO6 output

13 IEBOS 0 : Selects external input 6 (TING) O O
(input event bus 0 input selection) 1 : Selects TIOS5 output

14 No functions assigned 0 —

15 CKB2S 0 : Selects prescaler 2 O O
(Clock Bus 2 input selection) 1: Selects external clock 3 (TCLK3)

The register CKIEBCR is used to select the clock source (external input or prescaler) supplied to
the clock bus and the count enable/capture signal (external input or output event bus) supplied to
the input event bus.
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m QOutput Event Bus Control Register (OEBCR) <Address: H'0080 0205>
D8 9 10 11 12 13 14 D15
OEB3S OEB2S OEB1S OEBOS
|

<When reset : H'00>

D Bit Name Function R w
8,9 OEB3S 00 : Selects TOPS8 output O O
(output event bus 3 input selection) 01 : Selects TIO3 output
10 : Selects TIO4 output
11 : Selects TIO8 output
10 No functions assigned 0 —
11 OEB2S 0 : Selects TOP9 output O O
(output event bus 2 input selection) 1 : Selects TIO2 output
12 No functions assigned 0 —
13 OEB1S 0 : Selects TOP7 output O O
(output event bus 1 input selection) 1 : Selects TIO1 output
14 No functions assigned 0 —
15 OEBOS 0 : Selects TOP6 output O O

(output event bus 0 input selection)

1: Selects TIOO0 output

The register OEBCR is used to select the timer (TOP or TIO) whose underflow signal is supplied to
the output event bus.
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10.2 Common Units of Multijunction Timer

10.2.4 Input Processing Control Unit

The input processing control unit processes the TCLK and TIN signals fed into the MJT. In the
TCLK input processing unit, selection is made of the source of TCLK signal, or for external input,
the active edge (rising or falling or both) or level (high or low) of the signal, with or at which to
generate the clock signal fed to the clock bus.

In the TIN input processing unit, selection is made of the active edge (rising or falling or both) or
level (high or low) of the signal at which to generate the enable, measure or count source signal for
each timer or the signal fed to each event bus.

Following input processing control registers are included:

* TCLK Input Processing Control Register (TCLKCR)
* TIN Input Processing Control Register O (TINCRO)
* TIN Input Processing Control Register 1 (TINCR1)
* TIN Input Processing Control Register 2 (TINCR2)
* TIN Input Processing Control Register 3 (TINCR3)
* TIN Input Processing Control Register 4 (TINCR4)
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(1) Functions of TCLK input processing control registers

Item Function

1/2 internal

peripheral clock
1/2 internal peripheral clock
| i

Count

clock

Rising clock edge

TCLK M

Count ﬂ H

clock

Falling clock edge

TCLK

Count [ ﬂ

clock

Both edges
TCLK m
Count : | ‘ ‘
clock H H H H
Low level ’7
TCLK 4‘ l i
1/2 internal ‘ !
peripheral clock | | |
- | |
Count = [ I
clock RER I N Y
High level

TCLK 4} ‘ |

! 1/2 internal
' peripheral clock
| g

Count [T L
clock
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(2) Functions of TIN input processing control registers

Item Function
Rising edge
TIN I‘II—
|
Internal H ﬂ
edge signal
Falling edge
TIN m
Internal m H
edge signal
Both edges
pe— N S S
Internal H H H H
edge signal
Low level
TIN 41 |
PRS x clock width | ' ‘
or TCLK x input H
- : |
Internal S
edge signal
High level

™| | I

'PRS x clock width
| or TCLK x input |
Internal | | |

edge signal

10-20 32170/32174 Group User's Manual (Rev. 2.1)



10 MULTIJUNCTION TIMERS
10.2 Common Units of Multijunction Timer

m TLCK Input Processing Control Register (TCLKCR) <Address: H'0080 0210>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TCLK3S TCLK2S TCLK1S TCLKOS
| | | | | |

<When reset : H'0000>

D Bit Name Function R W
0,1 No functions assigned 0 —
2,3 TCLK3S 00 : 1/2 internal peripheral clock O O

(TCLK3 input 01 : Rising edge
processing selection) 10 : Falling edge

11 : Both edges

4 No functions assigned 0 —

5-7 TCLK2S 000 : Invalidates input O O
(TCLK2 input 001 : Rising edge
processing selection) 010 : Falling edge

011 : Both edges
10X : Low level

11X : High level
8 No functions assigned 0 —
9-11 TCLK1S 000 : Invalidates input O O
(TCLK1Z input 001 : Rising edge
processing selection) 010 : Falling edge

011 : Both edges
10X : Low level

11X : High level
12,13 No functions assigned 0 —
14,15 TCLKOS 00 : 1/2 internal peripheral clock O O
(TCLKO input 01 : Rising edge
processing selection) 10 : Falling edge

11 : Both edges

Note: This register must always be accessed in halfwords.
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m TIN Input Processing Control Register 0 (TINCRO) <Address: H'0080 0212>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TIN4S TIN3S TIN2S TIN1S TINOS
| | | |

<When reset : H'0000>

D Bit Name Function R W

0 No functions assigned 0 —

1-3 TIN4S 000 : Invalidates input O O
(TIN4 input 001 : Rising edge
processing selection) 010 : Falling edge

011 : Both edges
10X : Low level

11X : High level
4 No functions assigned 0 —
5-7 TIN3S 000 : Invalidates input O O
(TIN3 input 001 : Rising edge
processing selection) 010 : Falling edge

011 : Both edges
10X : Low level

11X : High level
8,9 No functions assigned 0 —
10,11  TIN2S 00 : Invalidates input O O
(TINZ2 input 01 : Rising edge
processing selection) 10 : Falling edge

11 : Both edges

12,13 TIN1S 00 : Invalidates input O O
(TINT input 01 : Rising edge
processing selection) 10 : Falling edge

11 : Both edges

14,15 TINOS 00 : Invalidates input O O
(TINO input 01 : Rising edge
processing selection) 10 : Falling edge

11 : Both edges

Note: This register must always be accessed in halfwords.
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m TIN Input Processing Control Register 1 (TINCR1) <Address: H'0080 0214>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TIN8S TIN7S TINGS TIN5S
| | |

<When reset : H'0000>

D Bit Name Function R W

0 No functions assigned 0 —

1-3  TIN8S 000 : Invalidates input O @)
(TIN8 input 001 : Rising edge
processing selection) 010 : Falling edge

011 : Both edges
10X : Low level

11X : High level
4 No functions assigned 0 —
5-7 TIN7S 000 : Invalidates input O O
(TIN7 input 001 : Rising edge
processing selection) 010 : Falling edge

011 : Both edges
10X : Low level

11X : High level
8 No functions assigned 0 —
9-11 TIN6S 000 : Invalidates input O O
(TING input 001 : Rising edge
processing selection) 010 : Falling edge

011 : Both edges
10X : Low level

11X : High level
12 No functions assigned 0 —
13-15 TIN5SS 000 : Invalidates input O O
(TIN5 input 001 : Rising edge
processing selection) 010 : Falling edge

011 : Both edges
10X : Low level
11X : High level

Note: This register must always be accessed in halfwords.
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m TIN Input Processing Control Register 2 (TINCR2) <Address: H'0080 0216>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TIN11S TIN10S TIN9S
| | | | | |

<When reset : H'0000>

D Bit Name Function R W
0-4 No functions assigned 0 —
5-7  TIN11S 000 : Invalidates input O O

(TIN11 input 001 : Rising edge
processing selection) 010 : Falling edge

011 : Both edges
10X : Low level

11X : High level
8 No functions assigned 0 —
9-11 TIN10S 000 : Invalidates input O O
(TIN20O input 001 : Rising edge
processing selection) 010 : Falling edge

011 : Both edges
10X : Low level

11X : High level
12 No functions assigned 0 —
13-15 TINOS 000 : Invalidates input O @)
(TIN9 input 001 : Rising edge
processing selection) 010 : Falling edge

011 : Both edges
10X : Low level
11X : High level

Note: This register must always be accessed in halfwords.
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m TIN Input Processing Control Register 3 (TINCR3)

<Address: H'0080 0218>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15
TIN‘19$ TIN‘18$ TIN‘17$ TIN‘168 TIN‘158 TIN‘14S TIN‘13S TIN‘125
<When reset : H'0000>
D Bit Name Function R W
0,1 TIN19S (TIN19 input processing selection) 00 : Invalidates input O O

2,3 TIN18S (TIN18 input processing selection)

4,5 TIN17S (TIN17 input processing selection)

6,7 TIN16S (TIN16 input processing selection)

8,9 TIN15S (TIN15 input processing selection)

10,11 TIN14S (TIN14 input processing selection)
12,13 TIN13S (TIN13 input processing selection)
14,15 TIN12S (TIN12 input processing selection)

01 : Rising edge
10 : Falling edge

11 : Both edges

Note: This register must always be accessed in halfwords.

m TIN Input Processing Control Register 4 (TINCR4)

<Address: H'0080 021A>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15
TIN‘33S TIN‘?:ZS TIN‘315 TIN‘?:OS TIN‘23S TIN‘ZZS TIN‘215 TIN‘ZOS
<When reset : H'0000>
D Bit Name Function R W
0,1  TIN33S (TIN33 input processing selection) 00 : Invalidates input O O

2,3 TIN32S (TIN32 input processing selection)

4,5 TIN31S (TIN31 input processing selection)

6,7 TIN30S (TIN30 input processing selection)

8,9 TIN23S (TIN23 input processing selection)

10,11 TIN22S (TIN22 input processing selection)
12,13 TIN21S (TIN21 input processing selection)
14,15 TIN20S (TIN20 input processing selection)

01 : Rising edge
10 : Falling edge

11 : Both edges

Note: This register must always be accessed in halfwords.
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10.2.5 Output Flip-Flop Control Unit

The output flip-flop control unit controls the flip-flop (F/F) provided for each timer output. Following
flip-flop control registers are included:

* F/F Source Select Register 0 (FFSO0)
* F/F Source Select Register 1 (FFS1)
* F/F Protect Register 0 (FFPO)

* F/F Protect Register 1 (FFP1)

* F/IF Protect Register 2 (FFP2)

* F/F Protect Register 3 (FFP3)

* F/F Protect Register 4 (FFP4)

* F/F Data Register 0 (FFDO)

* F/F Data Register 1 (FFD1)

* F/F Data Register 2 (FFD2)

* F/F Data Register 3 (FFD3)

* F/F Data Register 4 (FFD4)

Timings at which signals are generated to the output flip-flop by each timer are shown in Table
10.2.5 below. (Note that signals are generated at different timings than those fed to the output
event bus.)
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Table 10.2.5 Timings at Which Signals Are Generated to the Output Flip-Flop by Each Timer

Timer Mode Timings at which signals are generated to the output flip-flop
TOP Single-shot output mode When counter is enabled and when underflows
Delayed single-shot output mode  When counter underflows
Continuous output mode When counter is enabled and when underflows
TIO Measure clear input mode When counter underflows
Measure free-run input mode When counter underflows
Noise processing input mode When counter underflows
PWM output mode When counter is enabled and when underflows
Single-shot output mode When counter is enabled and when underflows
Delayed single-shot output mode  When counter underflows
Continuous output mode When counter is enabled and when underflows
T™MS (16-bit measure input) No signal generation function
TML (32-bit measure input) No signal generation function
TID Fixed period count mode No signal generation function
Event count mode No signal generation function
Multiply-by-4 event count mode No signal generation function
TOD PWM output mode When counter is enabled and when underflows
Single-shot output mode When counter is enabled and when underflows
Delayed single-shot output mode  When counter underflows
Continuous output mode When counter is enabled and when underflows
TOM PWM output mode When counter is enabled and when underflows

Single-shot PWM output mode
Single-shot output mode

Continuous output mode

When counter underflows
When counter is enabled and when underflows

When counter is enabled and when underflows
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TOP ;
F/E source Port operation mode

Tio . register(PnMOD)

TOD selection (FFn)

TOM udf — O FIF
Output event bus 0 — O .

Internal edge signal
Output eventbus 1 —— 0 —0 | Temna’ eege sig
Output event bus 2 — O
Output event bus 3 —— O
vy F/Fn output data (FDn)
bn——| F/F L [_|Ton
Qutput control (ON/OFF)
WR
F/F protect (FPn)
Dn > FIF

Note: Dn denotes the data bus.

Figure 10.2.4 Configuration of the F/F Output Circuit
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m F/F Source Select Register 0 (FFSO0) <Address: H'0080 0220>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

FF15 | FF14 | FF13 | FF12 |FF11|  FF10 FF9 FF8 FF7 | FF6
|

<When reset : H'0000>

D Bit Name Function R W

0-2 No functions assigned 0 —

3 FF15 (F/F15 source selection) 0 : TIO4 output O O
1: Output event bus 0

4 FF14 (F/F14 source selection) 0 : TIO3 output O O
1 : Output event bus 0

5 FF13 (F/F13 source selection) 0 : TIO2 output O O
1: Output event bus 3

6 FF12 (F/F12 source selection) 0 : TIO1 output O O
1: Output event bus 2

7 FF11 (F/F11 source selection) 0 : TIOO output O O
1: Output event bus 1

8,9  FF10 (F/F10 source selection) 0X : TOP10 output O O
10 : Output event bus 0
11 : Output event bus 1

10,11  FF9 (F/F9 source selection) 0X : TOP9 output O O
10 : Output event bus 0
11 : Output event bus 1

12,13 FF8 (F/F8 source selection) 00 : TOPS8 output O O
01 : Output event bus 0
10 : Output event bus 1
11 : Output event bus 2

14 FF7 (FIF7 source selection) 0 : TOP7 output O O
1: Output event bus 0

15 FF6 (F/F6 source selection) 0 : TOP6 output O O
1: Output event bus 1

Note: This register must always be accessed in halfwords.
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m F/F Source Select Register 1 (FFS1) <Address: H'0080 0223>

D8 9 10 11 12 13 14 D15

FF19 FF18 FF17 FF16
| | | |

<When reset : H'00>

D Bit Name Function R W

8,9  FF19 (F/F19 source selection) 0X : TIO8 output O O
10 : Output event bus 0
11 : Output event bus 1

10,11 FF18 (F/F18 source selection) 0X : TIO7 output O O
10 : Output event bus 0
11 : Output event bus 1

12,13 FF17 (FIF17 source selection) 0X : TIO6 output O O
10 : Output event bus 0
11 : Output event bus 1

14,15 FF16 (F/F16 source selection) 00 : TIO5 output O O
01 : Output event bus 0
10 : Output event bus 1
11 : Output event bus 3

The registers FFSO and FFS1 are used to select the signal sources fed to each output F/F (flip-
flop). For these signal sources, you can choose signals from the internal output bus or underflow
output from each timer.
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m F/F Protect Register 0 (FFPO) <Address: H'0080 0224>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

FP15 | FP14 | FP13 | FP12 | FP11 |FP10 | FP9 | FP8 | FP7 | FP6 | FP5 | FP4 | FP3 | FP2 | FP1 | FPO

<When reset : H'0000>

D Bit Name Function R W
0 FP15 (F/F15 protect) 0 : Enables write to F/F output bit O O
1 FP14 (F/F14 protect) 1 : Disables write to F/F output bit

2 FP13 (F/F13 protect)

3 FP12 (F/F12 protect)

4 FP11 (F/F11 protect)

5 FP10 (F/F10 protect)

6 FP9 (F/F9 protect)

7 FP8 (F/F8 protect)

8 FP7 (F/F7 protect)

9 FP6 (F/F6 protect)

10 FP5 (F/F5 protect)

11 FP4 (F/F4 protect)

12 FP3 (F/F3 protect)

13 FP2 (F/F2 protect)

14 FP1 (F/F1 protect)

15 FPO (F/FO protect)

Note: This register must always be accessed in halfwords.

This register controls write to each output F/F (flip-flop) by enabling or disabling it. When this
register is set to disable write to any output F/F, writing to the F/F Data Register has no effect.
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m F/F Protect Register 1 (FFP1)

D8 9 10

<Address: H'0080 0229>

11 12 13 14 D15

FP20 FP19 FP18 FP17 FP16

<When reset : H'00>

D Bit Name Function R W
8-10 No functions assigned 0 —
11 FP20 (F/F20 protect) 0 : Enables write to F/F output bit O O

12 FP19 (F/F19 protect)

13 FP18 (F/F18 protect)

14 FP17 (F/F17 protect)

15 FP16 (F/F16 protect)

1: Disables write to F/F output bit

m F/F Protect Register 2 (FFP2)

D8 9 10

<Address: H'0080 07D5>

11 12 13 14 D15

FP21 FP22 FP23

FP24 | FP25 FP26 FP27 FP28

<When reset : H'00>

D Bit Name

Function R w

8 FP21 (F/F21 protect)

9 FP22 (F/F22 protect)

10 FP23 (F/F23 protect)

11 FP24 (F/F24 protect)

12 FP25 (F/F25 protect)

13 FP26 (F/F26 protect)

14 FP27 (F/IF27 protect)

15 FP28 (F/F28 protect)

0 : Enables write to F/F output bit O O

1: Disables write to F/F output bit

This register controls write to each output F/F (flip-flop) by enabling or disabling it. When this
register is set to disable write to any output F/F, writing to the F/F Data Register has no effect.
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m F/F Protect Register 3 (FFP3)

<Address: H'0080 0BD5>

D8 9 10 11 12 13 14 D15
FP29 FP30 FP31 FP32 FP33 FP34 FP35 FP36
<When reset : H'00>

D Bit Name Function R W
8 FP29 (F/F29 protect) 0 : Enables write to F/F output bit O O
9 FP30 (F/F30 protect) 1: Disables write to F/F output bit
10 FP31 (F/F31 protect)
11 FP32 (F/F32 protect)
12 FP33 (F/F33 protect)
13 FP34 (F/F34 protect)
14 FP35 (F/F35 protect)
15 FP36 (F/F36 protect)

m F/F Protect Register 4 (FFP4)

<Address: H'0080 0CD5>

D8 9 10 11 12 13 14 D15
FP37 FP38 FP39 FP40 FP41 FP42 FP43 FP44
<When reset : H'00>

D Bit Name Function R W
8 FP37 (F/F37 protect) 0 : Enables write to F/F output bit O O
9 FP38 (F/F38 protect) 1: Disables write to F/F output bit
10 FP39 (F/F39 protect)
11 FP40 (F/F40 protect)
12 FP41 (F/F41 protect)
13 FP42 (F/F42 protect)
14 FP43 (F/F43 protect)
15 FP44 (F/F44 protect)

This register controls write to each output F/F (flip-flop) by enabling or disabling it. When this
register is set to disable write to any output F/F, writing to the F/F Data Register has no effect.
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m F/F Data Register 0 (FFDO) <Address: H'0080 0226>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

FD15 | FD14 | FD13 | FD12 | FD11 |FD10 | FD9 | FD8 | FD7 | FD6 | FD5 | FD4 | FD3 | FD2 | FD1 | FDO

<When reset : H'0000>

D Bit Name Function R w
0 FD15 (F/F15 output data) 0 : F/F output data = 0 O O
1 FD14 (F/F14 output data) 1:F/Foutputdata=1

2 FD13 (F/F13 output data)

3 FD12 (F/F12 output data)

4 FD11 (F/F11 output data)

5 FD10 (F/F10 output data)

6 FD9 (F/F9 output data)

7 FD8 (F/F8 output data)

8 FD7 (F/F7 output data)

9 FD6 (F/F6 output data)

10 FD5 (F/F5 output data)

11 FD4 (F/F4 output data)

12 FD3 (F/F3 output data)

13 FD2 (F/F2 output data)

14 FD1 (F/F1 output data)

15 FDO (F/FO output data)

Note: This register must always be accessed in halfwords.

This register is used to set data in each output F/F (flip-flop). Normally, the data output from F/F
changes with timer output, but by setting data O or 1 in this register you can produce the desired
output from any F/F. The F/F Data Register can only be accessed for write when the F/F Protect
Register described above is enabled for write.
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m F/F Data Register 1 (FFD1) <Address: H'0080 022B>

D8 9 10 11 12 13 14 D15

FD20 FD19 FD18 FD17 FD16

<When reset : H'00>

D Bit Name Function R W

8-10 No functions assigned 0 —
11 FD20 (F/F20 output data) 0 : F/F output data = 0 O O
12 FD19 (F/F19 output data) 1: F/F output data = 1

13 FD18 (F/F18 output data)

14 FD17 (F/F17 output data)

15 FD16 (F/F16 output data)

m F/F Data Register 2 (FFD2) <Address: H'0080 07D7>

D8 9 10 11 12 13 14 D15

FD21 FD22 FD23 FD24 FD25 FD26 FD27 FD28

<When reset : H'00>

D Bit Name Function R W
8 FD21 (F/F21 output data) 0 : F/F output data = 0 O O
9 FD22 (F/F22 output data) 1: F/F output data = 1

10 FD23 (F/F23 output data)

11 FD24 (F/F24 output data)

12 FD25 (F/F25 output data)

13 FD26 (F/F26 output data)

14 FD27 (F/F27 output data)

15 FD28 (F/F28 output data)

This register is used to set data in each output F/F (flip-flop). Normally, the data output from F/F
changes with timer output, but by setting data 0 or 1 in this register you can produce the desired
output from any F/F. The F/F Data Register can only be accessed for write when the F/F Protect
Register described above is enabled for write.
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m F/F Data Register 3 (FFD3) <Address: H'0080 0BD7>

D8 9 10 11 12 13 14 D15

FD29 FD30 FD31 FD32 FD33 FD34 FD35 FD36

<When reset : H'00>

D Bit Name Function R w
8 FD29 (F/F29 output data) 0 : F/F output data = 0 O O
9 FD30 (F/F30 output data) 1:F/Foutputdata=1

10 FD31 (F/F31 output data)

11 FD32 (F/F32 output data)

12 FD33 (F/F33 output data)

13 FD34 (F/F34 output data)

14 FD35 (F/F35 output data)

15 FD36 (F/F36 output data)

m F/F Data Register 4 (FFD4) <Address: H'0080 0CD7>

D8 9 10 11 12 13 14 D15

FD37 FD38 FD39 FD40 FD41 FD42 FD43 FD44

<When reset : H'00>

D Bit Name Function R w
8 FD37 (F/F37 output data) 0 : F/F output data = 0 O O
9 FD38 (F/F38 output data) 1:F/Foutputdata=1

10 FD39 (F/F39 output data)

11 FD40 (F/F40 output data)

12 FD41 (F/F41 output data)

13 FD42 (F/F42 output data)

14 FD43 (F/F43 output data)

15 FD44 (F/F44 output data)

This register is used to set data in each output F/F (flip-flop). Normally, the data output from F/F
changes with timer output, but by setting data O or 1 in this register you can produce the desired
output from any F/F. The F/F Data Register can only be accessed for write when the F/F Protect
Register described above is enabled for write.
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10.2.6 Interrupt Control Unit

The interrupt control unit controls the interrupt signals sent to the interrupt controller by each timer.
Following 22 timer interrupt control registers are provided for each timer.

* TOP Interrupt Control Register 0 (TOPIRO)
* TOP Interrupt Control Register 1 (TOPIR1)
* TOP Interrupt Control Register 2 (TOPIR2)
* TOP Interrupt Control Register 3 (TOPIR3)

« TIO Interrupt Control Register 0 (TIOIRO0)
* TIO Interrupt Control Register 1 (TIOIR1)
* TIO Interrupt Control Register 2 (TIOIR2)

* TMS Interrupt Control Register (TMSIR)

« TIN Interrupt Control Register 0 (TINIRO)
* TIN Interrupt Control Register 1 (TINIR1)
« TIN Interrupt Control Register 2 (TINIR2)
 TIN Interrupt Control Register 3 (TINIR3)
* TIN Interrupt Control Register 4 (TINIR4)
« TIN Interrupt Control Register 5 (TINIR5)
 TIN Interrupt Control Register 6 (TINIR6)
* TIN Interrupt Control Register 7 (TINIR7)

» TODO Interrupt Mask Register (TODOIMA)
» TODO Interrupt Status Register (TODOIST)
» TOD1 Interrupt Mask Register (TOD1IMA)
* TOD1 Interrupt Status Register (TOD1IST)
* TOMO Interrupt Mask Register (TOMOIMA)
* TOMO Interrupt Status Register (TOMOIST)

For interrupts which have only one source of interrupt in one interrupt table, no interrupt control
registers are provided in the timer, and the interrupt status flags are automatically managed within
the interrupt controller. For details, refer to Chapter 14, "Interrupt Controller.”

*« TOP10 MJT Output Interrupt 5 (IRQ5)

« TIDO TIDO Output Interrupt (IRQ14)

*TID1 TID1 Output Interrupt (IRQ15)

* TID2 TID2 Output Interrupt (IRQ17)
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For interrupts which have two or more sources of interrupt in one interrupt table, interrupt control
registers are provided, with which to control interrupt requests and determine interrupt input.
Therefore, the status flags in the interrupt controller function only as a bit to show whether an
interrupt-enabled interrupt request occurred and cannot be written to.

(1) Interrupt request status bit

This status bit shows whether an interrupt request occurred. When an interrupt request is
generated, this bit is set in hardware (but cannot be set in software). The status bit is cleared by
writing a 0, but not affected by writing a 1, in which case the bit holds the status intact. Because
the status bit is unaffected by interrupt mask bits, it can also be used to check the operation of
peripheral function. In interrupt processing, make sure that among grouped interrupt flags, only
the flag for the serviced interrupt is cleared. Clearing flags for unserviced interrupts results in the
pending interrupt requests also being cleared.

(2) Interrupt mask bit

This bit is used to disable unnecessary interrupts among grouped interrupt requests. Set this bit
to 0 to enable interrupts or 1 to disable interrupts.

® Group interrupt

Each timer or TIN input
interrupt request

Set
Data=0 y Interrupt status
Data bus clear =
E/IE - Interrupt
: controller

Interrupt enable

Figure 10.2.5 Interrupt Status Register and Mask Register
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Example for clearing the interrupt status
Interrupt status flag

b4 5 6 b7

Initial state —» | o ol ol o

//Interrupt
request
b6 event occurred—» | 0 | 0 1| 0 q

b4 event occurred—» | 1 | 0 110

Write to the interrupt status

b4 5 6 b7

1 1 0 1 |—»| 1 0 0 0
T | S Only b6 cleared

b4 data retained

Figure 10.2.6 Example for Clearing the Interrupt Status
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The table below shows the relationship between the interrupt signals generated by multijunction
timers and the interrupt sources input to the interrupt controller.

Table 10.2.6 Interrupt Signals Generated by MJT

Signal Name Source of Interrupt Generated Interrupt Sources Input to ICU (Note 1) Number of Input Sources
IRQO TIOO, TIO1, TIO2, TIO3 MJT output interrupt O 4
IRQ1 TOP6, TOP7 MJT output interrupt 1 2
IRQ2 TOPO, TOP1, TOP2, TOP3, TOP4, TOP5 MJT output interrupt 2 6
IRQ3 TIO8, TIO9 MJT output interrupt 3 2
IRQ4 TIO4, TIOS5, TIO6, TIO7 MJT output interrupt 4 4
IRQ6 TOPS8, TOP9 MJT output interrupt 6 2
IRQ7 TMSO0, TMS1 MJT output interrupt 7 2
IRQ8 TIN7, TINS, TIN9, TIN10, TIN11 MJT input interrupt O 5
IRQ9 TINO, TINZ1, TIN2 MJT input interrupt 1 3
IRQ10 TIN12, TIN13, TIN14, TIN15, TIN16, MJT input interrupt 2 8
TIN17, TIN18, TIN19
IRQ11 TIN20, TIN21, TIN22, TIN23 MJT input interrupt 3 4
IRQ12 TIN3, TIN4, TIN5, TIN6 MJT input interrupt 4 4
IRQ13 TODO_0, TODO_1, TODO_2, TODO_3, TODO output interrupt 8

TODO_4, TODO_5, TODO_6, TODO_7
IRQ16 TOD1_0,TOD1_1,TOD1_2,TOD1_3, TOD1 + TOMO output interrupt 16
TOD1_4,TOD1_5, TOD1_6, TOD1 7,
TOMO_0, TOMO_1, TOMO_2, TOMO_3,
TOMO_4, TOMO_5, TOMO_6, TOMO_7

IRQ18 TIN30, TIN31, TIN32, TIN33 TML1 input interrupt 4

Note 1: Refer to Chapter 5, "Interrupt Controller (ICU)."
Note 2: For TOP10 and TIDO-2, there are no interrupt status and mask bits in MJT interrupt control registers
because they only have one source of interrupt in the group. (They are controlled directly by the

interrupt controller.)
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m TOP Interrupt Control Register 0 (TOPIRO)

DO 1 2

<Address: H'0080 0230>

3 4 5 6 D7

TOPIS5

TOPIS4 | TOPIS3 | TOPIS2 | TOPIS1 | TOPISO

<When reset : H'00>

D Bit Name Function R W
0,1 No functions assigned 0 —
2 TOPIS5 (TOPS interrupt status) 0 : No interrupt request O AN

3 TOPIS4 (TOP4 interrupt status)

4 TOPIS3 (TOP3 interrupt status)

5 TOPIS2 (TOP2 interrupt status)

6 TOPIS1 (TOPL1 interrupt status)

7 TOPISO (TOPO interrupt status)

1 : Interrupt request generated

W = A : Only writing a 0 is effective; when you write a 1, the previous value is retained.

m TOP Interrupt Control Register 1 (TOPIR1)

<Address: H'0080 0231>

D8 9 10 11 12 13 14 D15
| TOPIM5 | TOPIM4 | TOPIM3 | TOPIM2 | TOPIM1 | TOPIMO
<When reset : H'00>
D Bit Name Function R w
8,9 No functions assigned 0 —
10 TOPIMS5 (TOP5 interrupt mask) 0 : Enables interrupt request O O

11 TOPIM4 (TOP4 interrupt mask)

12 TOPIM3 (TOP3 interrupt mask)

13 TOPIM2 (TOP2 interrupt mask)

14 TOPIM1 (TOP1 interrupt mask)

15 TOPIMO (TOPO interrupt mask)

1: Masks (disables) interrupt request
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6-source inputs
MJT output

» interrupt 2

;1/ (Level) |RQ2

[

TOPIRO <H'0080 0230>
TOPIR1 <H'0080 0231>
TOPSudf
Data bus TOPISS
b2 FIF
TOPIMS
b0 |
TOP4udf
TOPIS4
b3 FIF
TOPIM4
bl FIF
TOP3udf
TOPIS3
o FIF
TOPIM3
b12 FIF
TOP2udf
TOPIS2
bS FIF
TOPIM2
b13 FIF
TOP1udf
TOPIS1
b6 FIF
TOPIM1
bld | pp
TOPOudf
TOPISO
b7 FIF
TOPIMO
b15 FIF

Figure 10.2.7 Block Diagram of MJT Output Interrupt 2
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m TOP Interrupt Control Register 2 (TOPIR2) <Address: H'0080 0232>
DO 1 2 3 4 5 6 D7
TOPIS7 | TOPIS6 TOPIM7 | TOPIM6
| |

<When reset : H'00>

D Bit Name Function R W
0,1 No functions assigned 0 —
2 TOPIS7 (TOP7 interrupt status) 0 : No interrupt request O AN

3 TOPIS6 (TOPE6 interrupt status) 1: Interrupt request generated

4,5 No functions assigned 0 —

6 TOPIM7 (TOP7 interrupt mask) 0 : Enables interrupt request O O

7 TOPIM6 (TOPS6 interrupt mask) 1 : Masks (disables) interrupt request

W = A : Only writing a 0 is effective; when you write a 1, the previous value is retained.

TOPIR2 <H'0080 0232>
TOP7udf
Data bus ToPIS7 2-source inputs
b2 ’?‘ MJT output
[ interrupt 1
TOPIM7 (Level) IRQ1
b6 FIF
TOP6udf
TOPIS6
b3 FIF
TOPIM6
b7 FIF

Figure 10.2.8 Block Diagram of MJT Output Interrupt 1
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m TOP Interrupt Control Register 3 (TOPIR3)

<Address: H'0080 0233>

D8 9 10 11 12 13 14 D15
| TOPIS9 | TOPIS8 | TOPIM9 | TOPIM8
<When reset : H'00>
D Bit Name Function R w
8,9 No functions assigned 0 —
10 TOPIS9 (TOP9 interrupt status) 0 : No interrupt request O AN
11 TOPIS8 (TOPS8 interrupt status) 1: Interrupt request generated
12,13 No functions assigned 0 —
14 TOPIM9 (TOP9 interrupt mask) 0 : Enables interrupt request O O
15 TOPIM8 (TOP8 interrupt mask) 1: Masks (disables) interrupt request

W = A : Only writing a O is effective; when you write a 1, the previous value is retained.

Note: For TOP10, there are no interrupt status and mask bits in MJT interrupt control registers because it only
has one source of interrupt in the group. (It is controlled directly by the interrupt controller.)

TOPIR3 <H'0080 0233>
TOP9udf

TOPIS9

FIF

TOPIM9
FIF

Data bus b10

bl4

TOP8udf
TOPIS8

TOPIM8

bl5 FIF

2-source inputs

MJT output
interrupt 6

(Level) IRQ6

Figure 10.2.9 Block Diagram of MJT Output Interrupt 6
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m TIO Interrupt Control Register 0 (TIOIRO)

<Address: H'0080 0234>

DO 1 2 3 4 5 6 D7
TIOIS3 TIOIS2 TIOIS1 TIOISO | TIOIM3 | TIOIM2 | TIOIM1 | TIOIMO
<When reset : H'00>
D Bit Name Function R w
0 TIOIS3 (TIO3 interrupt status) 0 : No interrupt request O A
1 TIOIS2 (TIO2 interrupt status) 1: Interrupt request generated
2 TIOIS1 (TIO1 interrupt status)
3 TIOISO (TIOO interrupt status)
4 TIOIM3 (TIO3 interrupt mask) 0 : Enables interrupt request O O
5 TIOIM2 (TIO2 interrupt mask) 1: Masks (disables) interrupt request
6 TIOIM1 (TIO1 interrupt mask)
7 TIOIMO (TIOO interrupt mask)
W = A : Only writing a 0 is effective; when you write a 1, the previous value is retained.
TIOIRO <H'0080 0234>
TIO3udf
Data bus —Tléls3 4-source inputs
MJT output
interrupt O

(Level) IRQO

TIOlud ——
b2 FIF

b6 FIF

TIOOudf ﬁ

b3

J

Figure 10.2.10 Block Diagram of MJT Output Interrupt O
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10.2 Common Units of Multijunction Timer

m TIO Interrupt Control Register 1 (TIOIR1) <Address: H'0080 0235>

D8 9 10 11 12 13 14 D15

TIOIS7 | TIOIS6 | TIOIS5 | TIOIS4 | TIOIM7 | TIOIM6 | TIOIM5 | TIOIM4

<When reset : H'00>

D Bit Name Function R W
8 TIOIS7 (TIO7 interrupt status) 0 : No interrupt request O A
9 TIOIS6 (TIO6 interrupt status) 1: Interrupt request generated

10 TIOIS5 (TIOS interrupt status)

11 TIOIS4 (TIO4 interrupt status)

12 TIOIM7 (TIO7 interrupt mask) 0 : Enables interrupt request O O

13 TIOIM6 (TIO6 interrupt mask) 1: Masks (disables) interrupt request

14 TIOIMS5 (TIO5 interrupt mask)

15 TIOIM4 (T1O4 interrupt mask)

W = A : Only writing a O is effective; when you write a 1, the previous value is retained.

TIOIR1 <H’'0080 0235>

TIO7udf
Data bus TIOIS7 4-source inputs
MJT output
interrupt 4
(Level) IRQ4

Figure 10.2.11 Block Diagram of MJT Output Interrupt 4
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m TIO Interrupt Control Register 2 (TIOIR2)

<Address: H'0080 0236>

DO 1 2 3 5 6 D7
TIOIS9 | TIOIS8 TIOIM9 | TIOIM8
|
<When reset : H'00>
D Bit Name Function R W
0,1 No functions assigned 0 —
2 TIOIS9 (TIOY interrupt status) 0 : No interrupt request O AN
3 TIOIS8 (TIO8 interrupt status) 1: Interrupt request generated
4,5 No functions assigned 0 —
6 TIOIM9 (TIO9 interrupt mask) 0 : Enables interrupt request O O
7 TIOIM8 (TIO8 interrupt mask) 1: Masks (disables) interrupt request
W = A : Only writing a 0 is effective; when you write a 1, the previous value is retained.
TIOIR2 <H'0080 0236>
TIO9udf
Data bus TIOIS9 2-source inputs
MJT output
interrupt 3
Level) IRQ3
be Mo (Level) IRQ
TIO8udf
TIOIS8
b3 FIF
TIOIM8
b7 FIF

Figure 10.2.12 Block Diagram of MJT Output Interrupt 3

10-47

32170/32174 Group User's Manual (Rev. 2.1)



10 MULTIJUNCTION TIMERS
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m TMS Interrupt Control Register (TMSIR) <Address: H'0080 0237>
D8 9 10 11 12 13 14 D15
TMSIS1 | TMSISO TMSIM1 | TMSIMO
| |

<When reset : H'00>

D Bit Name Function R W
8,9 No functions assigned 0 —
10 TMSIS1 (TMS1 interrupt status) 0 : No interrupt request O AN

11 TMSISO (TMSO interrupt status) 1: Interrupt request generated

12,13 No functions assigned 0 —

14 TMSIM1 (TMS1 interrupt mask) 0 : Enables interrupt request O O

15 TMSIMO (TMSO interrupt mask) 1: Masks (disables) interrupt request

W = A : Only writing a O is effective; when you write a 1, the previous value is retained.

TMSIR <H'0080 0237>

TMS1ovf
Data bus TMSIS1 2-source inputs
MJT output
interrupt 7
TMSIM1 Level) IRQ7
bia [ o | (Leveh 1RQ
TMSO0ovf

TMSISO

TMSIMO
FIF

b15

Figure 10.2.13 Block Diagram of MJT Output Interrupt 7

10-48 32170/32174 Group User's Manual (Rev. 2.1)



10 MULTIJUNCTION TIMERS
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m TIN Interrupt Control Register O (TINIRO) <Address: H'0080 0238>
DO 1 2 3 4 5 6 D7
TINIS2 | TINISL | TINISO TINIM2 | TINIML | TINIMO

<When reset : H'00>

D Bit Name Function R w
0 No functions assigned 0 —
1 TINIS2 (TIN2 interrupt status) 0 : No interrupt request O AN
2 TINIS1 (TIN1 interrupt status) 1: Interrupt request generated

3 TINISO (TINO interrupt status)

4 No functions assigned 0 —
5 TINIM2 (TIN2 interrupt mask) 0 : Enables interrupt request O O
6 TINIM1 (TIN1 interrupt mask) 1: Masks (disables) interrupt request

7 TINIMO (TINO interrupt mask)

W = A : Only writing a 0 is effective; when you write a 1, the previous value is retained.

TINIRO <H'0080 0238>

T|N2edge—¢

Data bus 3-source inputs

MJT input
interrupt 1

(Level) IRQ9

TINOedgej
b3 FIF

L PP | rd}
TINIMO
b7

FIF

Figure 10.2.14 Block Diagram of MJT Input Interrupt 1
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m TIN Interrupt Control Register 1 (TINIR1) <Address: H'0080 0239>

D8 9 10

11 12 13 14 D15

TINIS6 TINIS5 TINIS4 TINIS3 | TINIM6 | TINIM5 | TINIM4 | TINIM3

<When reset : H'00>

D Bit Name Function R w
8 TINIS6 (TING interrupt status) 0 : No interrupt request O A
9 TINIS5 (TIN5 interrupt status) 1: Interrupt request generated

10 TINIS4 (TIN4 interrupt status)

11 TINIS3 (TIN3 interrupt status)

12 TINIM6 (TING interrupt mask) 0 : Enables interrupt request O O
13 TINIMS (TIN5 interrupt mask) 1: Masks (disables) interrupt request

14 TINIM4 (TIN4 interrupt mask)

15 TINIM3 (TIN3 interrupt mask)

W = A : Only writing a O is effective; when you write a 1, the previous value is retained.

TINIR1 <H'0080 0239>

T|N6edgej
Data bus TINIS% 4-source inputs
b8 FIF MJT input
\—ITINIMB interrupt 4
b12 [ | (Level) 1RQ2
TINSedgeﬁ
b9 FIF
TINIMS
13 | FE
TIN4edgej

b10

FIF

TIN3edge

TINIS3
b1l FIF

F/F
TINIMlﬁ

L
TINIM3

b15

Fd%

FIF

Figure 10.2.15 Block Diagram of MJT Input Interrupt 4
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10.2 Common Units of Multijunction Timer

m TIN Interrupt Control Register 2 (TINIR2) <Address: H'0080 023A>

DO 1 2 3 4 5 6 D7

TINIS11 | TINIS10 | TINIS9 TINIS8 TINIS7

<When reset : H'00>

D Bit Name Function R W
0,1,2  No functions assigned 0 —
3 TINIS11 (TIN11 interrupt status) O : No interrupt request O AN

4 TINIS10 (TIN1O interrupt status) 1 : Interrupt request generated

5 TINISO (TIN9 interrupt status)

6 TINIS8 (TIN8 interrupt status)

7 TINIS7 (TIN7 interrupt status)

W = A : Only writing a 0 is effective; when you write a 1, the previous value is retained.

= TIN Interrupt Control Register 3 (TINIR3) <Address: H'0080 023B>

D8 9 10 11 12 13 14 D15

TINIM11 | TINIM1O | TINIM9 | TINIM8 | TINIM7

<When reset : H'00>

D Bit Name Function R W
8,9,10 No functions assigned 0 —
11 TINIM11 (TIN11 interrupt mask) 0 : Enables interrupt request O O

12 TINIM10 (TIN10 interrupt mask) 1: Masks (disables) interrupt request

13 TINIM9 (TIN9 interrupt mask)

14 TINIM8 (TIN8 interrupt mask)

15 TINIM7 (TIN7 interrupt mask)

10-51 32170/32174 Group User's Manual (Rev. 2.1)



10 MULTIJUNCTION TIMERS
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TINIR2 <H’0080 023A>
TINIR3 <H'0080 023B>
TIN1ledge
5-source inputs
Data bus TINIS11 p MJT input
b3 FIF [ ) interrupt 0
p
TINIM11 (Level) IRQ8
b1 FIF
L=
TINlOedge—¢
TINIS10
b4 FIF
L
TINIM10
2 Fr
TIN9edgej
TINIS9
b3 FIF
L
TINIM9
i
TIN8edge
TINIS8
b6 FIF
L
TINIMS8
P e |
TIN7edge—¢
TINIS7
b7 FIF
L
TINIM7
blS | pF

Figure 10.2.16 Block Diagram of MJT Input Interrupt O
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m TIN Interrupt Control Register 4 (TINIR4)

<Address: H'0080 023C>

DO 1 2 3 4 5 6 D7
TINIS19 | TINIS18 | TINIS17 | TINIS16 | TINIS15 | TINIS14 | TINIS13 | TINIS12
<When reset : H'00>

D Bit Name Function R w
0 TINIS19 (TIN19 interrupt status) 0 : No interrupt request O A
1 TINIS18 (TIN18 interrupt status) 1 : Interrupt request generated

2 TINIS17 (TIN17 interrupt status)

3 TINIS16 (TIN16 interrupt status)

4 TINIS15 (TIN15 interrupt status)

5 TINIS14 (TIN14 interrupt status)

6 TINIS13 (TIN13 interrupt status)

7 TINIS12 (TIN12 interrupt status)

W = A : Only writing a 0 is effective; when you write a 1, the previous value is retained.

= TIN Interrupt Control Register 5 (TINIR5)

<Address: H'0080 023D>

D8 9 10 11 12 13 14 D15
TINIM19 | TINIM18 | TINIM17 | TINIM16 | TINIM15 | TINIM14 | TINIM13 | TINIM12
<When reset : H'00>

D Bit Name Function R w
8 TINIM19 (TIN19 interrupt mask) 0 : Enables interrupt request O O
9 TINIM18 (TIN18 interrupt mask) 1: Masks (disables) interrupt request

10 TINIM17 (TIN17 interrupt mask)

11 TINIM16 (TIN16 interrupt mask)

12 TINIM15 (TIN15 interrupt mask)

13 TINIM14 (TIN14 interrupt mask)

14 TINIM13 (TIN13 interrupt mask)

15 TINIM12 (TIN12 interrupt mask)
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TINIR4 <H'0080 023C>
TINIR5 <H'0080 023D>
TIN19edge
Data bus TINIS19 8-source inputs
interrupt 2
TINIM19 Fd_J (Level) IRQ10
b8 FIF
TIN18edge
TINIS18
b1 FIF
L]
TINIM18
b9 FIF
TIN17edge
TINIS17
b2 FIF
L]
TINIM17
b0 MeF
TIN16edge
TINIS16
b3 FIF
L]
TINIM16
b1l ]
TIN15edge
TINIS15
b4 FIF
L
TINIM15
12 rF
TIN14edge
TINIS14
b5 FIF
L]
TINIM14
D
TIN13edge
TINIS13
b6 FIF
L]
TINIM13
b4 FIF
L
TIN12edge
TINIS12
b7 FIF
L]
TINIM12
1S IFF
L

Figure 10.2.17 Block Diagram of MJT Input Interrupt 2
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10

m TIN Interrupt Control Register 6 (TINIR6) <Address: H'0080 023E>

DO 1 2 3 4 5 6 D7

TINIS23 | TINIS22 | TINIS21 | TINIS20 | TINIM23 | TINIM22 | TINIM21 | TINIM20

<When reset : H'00>

D Bit Name Function R w

0 TINIS23 (TIN23 interrupt status) 0 : No interrupt request O A

1 TINIS22 (TIN22 interrupt status) 1 : Interrupt request generated

2 TINIS21 (TIN21 interrupt status)

3 TINIS20 (TIN20 interrupt status)

4 TINIM23 (TIN23 interrupt mask) 0 : Enables interrupt request O O

5 TINIM22 (TIN22 interrupt mask) 1: Masks (disables) interrupt request

6 TINIM21 (TIN21 interrupt mask)

7 TINIM20 (TIN20 interrupt mask)

W = A : Only writing a 0 is effective; when you write a 1, the previous value is retained.

TINIR6 <H'0080 023E>
TIN23edge
Data bus TINIS23 4-source inputs .
b0 ’F—/F‘ MJT input
interrupt 3
L
TINIM23 (Level)” IRQLL
b4 FIF
L
TIN22edge
TINIS22
b1 FIF
L
TINIM22
b5 FIF
L
TIN21edge
TINIS21
b2 FIF
L
TINIM21
b6 FIF
L
TIN20edge
TINIS20
b3 FIF
L |
TINIM20
b7 FIF
L

Figure 10.2.18 Block Diagram of MJT Input Interrupt 3
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m TIN Interrupt Control Register 7 (TINIR7) <Address: H'0080 023F>

D8 9 10 11 12 13 14 D15

TINIS33 | TINIS32 | TINIS31 | TINIS30 | TINIM33 | TINIM32 | TINIM31 | TINIM30

<When reset : H'00>

D Bit Name Function R w

8 TINIS33 (TIN33 interrupt status) 0 : No interrupt request O A

9 TINIS32 (TIN32 interrupt status) 1 : Interrupt request generated

10 TINIS31 (TIN31 interrupt status)

11 TINIS30 (TIN30 interrupt status)

12 TINIM33 (TIN33 interrupt mask) 0 : Enables interrupt request O O

13 TINIM32 (TIN32 interrupt mask) 1: Masks (disables) interrupt request

14 TINIM31 (TIN31 interrupt mask)

15  TINIM30 (TIN3O0 interrupt mask)

W = A : Only writing a O is effective; when you write a 1, the previous value is retained.

Note : For TIN24-TIN29, there are no interrupt status and mask bits in MJT interrupt control registers because

they do not have interrupt functions.

TINIR7 <H'0080 023F>
TIN33edge
Data bus TINIS33 4-source inputs .
Mo | TML1 input
FIF interrupt
TINIM33 (Level) ~ IRQ18
b12 FIF
L
TIN32edge
TINIS32
b9 FIF
L]
TINIM32
b13 FIF
[
TIN3ledge
TINIS31
b0 [pF
L
TINIM31
b14 FIF
L
TIN30edge
TINIS30
bi1 FIF
L
TINIM30
b5 ["FF
L

Figure 10.2.19 Block Diagram of TML1 Input Interrupt
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m TODO Interrupt Mask Register (TODOIMA) <Address: H'0080 07D2>

DO 1 2 3 4 5 6 D7

TODO7IMA | TODO6IMA [TODO5IMA | TOD04IMA [ TODO3IMA [ TODO2IMA | TODO1IMA [ TODOOIMA

<When reset : H'00>

D Bit Name Function R W
0 TODO7IMA (TODO_7 interrupt mask) 0 : Enables interrupt request O O
1 TODO6IMA (TODO_6 interrupt mask) 1 : Masks (disables) interrupt request

2 TODO5IMA (TODO_5 interrupt mask)

3 TODO4IMA (TODO_4 interrupt mask)

4 TODO3IMA (TODO_3 interrupt mask)

5 TODO2IMA (TODO_2 interrupt mask)

6 TODO1IMA (TODO_1 interrupt mask)

7 TODOOIMA (TODO_0 interrupt mask)

m TODO Interrupt Status Register (TODOIST) <Address: H'0080 07D3>

D8 9 10 11 12 13 14 D15

TODO7IST | TODOGIST | TODOSIST | TODO4IST | TODO3IST | TODO2IST | TODO1IST | TODOOIST

<When reset : H'00>

D Bit Name Function R w
8 TODO7IST (TODO_7 interrupt status) 0 : No interrupt request O AN
9 TODO6IST (TODO_6 interrupt status) 1 : Interrupt request generated

10 TODOSIST (TODO_5 interrupt status)

11 TODO4IST (TODO_4 interrupt status)

12 TODO3IST (TODO_3 interrupt status)

13 TODO2IST (TODO_2 interrupt status)

14 TODO1IST (TODO_1 interrupt status)

15 TODOOIST (TODO_O0 interrupt status)

W = A : Only writing a 0 is effective; when you write a 1, the previous value is retained.
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TODOIMA <H'0080 07D2>
TODOIST <H'0080 07D3>

TODO7udf
Data bus TODO7IST

8-source inputs

TODO output
N » interrupt 2

FIF

TODO6udf
TODO6IST

FIF
TODO6IMA

FIF

b9

TODO5udf
TODOSIST

TODO5IMA
FIF

TODO4udf
TODO4IST

TODO4IMA
FIF

TODO3udf
TODO3IST
b12

FIF
TODO3IMA
ba [ __ |

TODO2udf
TODO2IST

FIF ™
TODO7IMA IRQ13
g/ (Level) Q

TODO2IMA
FIF

TODO1udf
TODO1IST

b14
LFF | rd%

Figure 10.2.20 Block Diagram of TODO Output Interrupt
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m TODL1 Interrupt Mask Register (TOD1IMA) <Address: H'0080 0BD2>

DO 1 2 3 4 5 6 D7

TOD17IMA|TOD16IMA [TOD15IMA|TOD14IMA [TOD13IMA [TOD12IMA | TOD11IMA [TOD10IMA

<When reset : H'00>

D Bit Name Function R W
0 TOD17IMA (TOD1_7 interrupt mask) 0 : Enables interrupt request O O
1 TOD16IMA (TOD1_6 interrupt mask) 1 : Masks (disables) interrupt request

2 TOD15IMA (TODZ1_5 interrupt mask)

3 TOD14IMA (TOD1_4 interrupt mask)

4 TOD13IMA (TOD1_3 interrupt mask)

5 TOD12IMA (TOD1_2 interrupt mask)

6 TOD11IMA (TOD1_1 interrupt mask)

7 TOD10IMA (TODZ1_0 interrupt mask)

m TODL1 Interrupt Status Register (TOD1IST) <Address: H'0080 0BD3>

D8 9 10 11 12 13 14 D15

TOD17IST | TOD16IST | TOD15IST | TOD14IST | TOD13IST | TOD12IST | TOD11IST | TOD10IST

<When reset : H'00>

D Bit Name Function R w
8 TOD17IST (TOD1_7 interrupt status) 0 : No interrupt request O AN
9 TOD16IST (TOD1_6 interrupt status) 1 : Interrupt request generated

10 TOD15IST (TOD1_5 interrupt status)

11 TOD14IST (TOD1_4 interrupt status)

12 TOD13IST (TOD1_3 interrupt status)

13 TOD12IST (TOD1_2 interrupt status)

14 TOD11IST (TOD1_1 interrupt status)

15 TOD10IST (TOD1_0 interrupt status)

W = A : Only writing a 0 is effective; when you write a 1, the previous value is retained.
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m TOMO Interrupt Mask Register (TOMOIMA)

<Address: H'0080 0CD2>

DO 1 2 4 5 6 D7
TOMO7IMA [TOMO6IMA [TOMOSIMA [TOMO4IMA | TOMO3IMA | TOM02IMA | TOMO1IMA | TOMOOIMA
<When reset : H'00>

D Bit Name Function R w
0 TOMO7IMA (TOMO_7 interrupt mask) 0 : Enables interrupt request O O
1 TOMOG6IMA (TOMO_6 interrupt mask) 1 : Masks (disables) interrupt request

2 TOMOS5IMA (TOMO_5 interrupt mask)

3 TOMO4IMA (TOMO_4 interrupt mask)

4 TOMO3IMA (TOMO_3 interrupt mask)

5 TOMO2IMA (TOMO_2 interrupt mask)

6 TOMO1IMA (TOMO_1 interrupt mask)

7 TOMOOIMA (TOMO_O interrupt mask)

m TOMO Interrupt Status Register (TOMOIST)

<Address: H'0080 0CD3>

D8 9 10 11 12 13 14 D15
TOMO7IST | TOMOGIST [ TOMOSIST [ TOMO4IST [TOMO3IST | TOMO2IST | TOMO1IST | TOMOOIST
<When reset : H'00>

D Bit Name Function R w
8 TOMO7IST (TOMO_7 interrupt status) 0 : No interrupt request O AN
9 TOMOGIST (TOMO_6 interrupt status) 1: Interrupt request generated

10 TOMOSIST (TOMO_S5 interrupt status)

11 TOMO4IST (TOMO_4 interrupt status)

12 TOMOSIST (TOMO_3 interrupt status)

13 TOMO2IST (TOMO_2 interrupt status)

14 TOMOLIST (TOMO_1 interrupt status)

15 TOMOOIST (TOMO_O interrupt status)

W = A : Only writing a 0 is effective; when you write a 1, the previous value is retained.
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TOD1IMA <H'0080 0BD2>
TOD1IST <H'0080 0BD3>

16-source inputs

TOD17udf —
Data bus T T
—bﬁ—‘ FIF
TOD17IMA
b0 FIF
TOD16udf
T T
b9 FIF
TOD16IMA
bl FIF

TOD15IMA

FIF

TOD13IMA

FIF

TOD12IMA

FIF

TOD11IMA
b6 FIF
ToD10udf

FIF

To 8 input sources in the next page

TOD1 + TOMO
» output interrupt
(Level) IRQ16

Figure 10.2.21 Block Diagram of TOD1 + TOMO Output Interrupt (1/2)
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TOMOIMA <H'0080 0CD2>
TOMOIST <H'0080 0CD3>

TOMO7udf
TOMO7IST
F
TOMO7IMA
bo FIF

Data bus

b8

J
J
J

» To the preceding page

!
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i

TOMO6udf
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b9
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>
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b2

3

TOMO4udf
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n
3

bll

i

LA L N

b3 FIF

TOMO3udf

b12

b4 ,

TOMO2udf

b13

bs FIF

TOMO1udf

b14

TOMOOudf

b15 y

Figure 10.2.22 Block Diagram of TOD1 + TOMO Output Interrupt (2/2)
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10.3 TOP (Output-related 16-bit Timer)

10.3 TOP (Output-related 16-bit Timer)

10.3.1 Outline of TOP

TOP (Timer Output) is an output-related 16-bit timer, whose operation mode can be selected from
the following by mode switching in software:

« Single-shot output mode
» Delayed single-shot output mode

« Continuous output mode

The table below shows specifications of TOP. The diagram in the next page shows a block diagram
of TOP.

Table 10.3.1 Specifications of TOP (Output-related 16-bit Timer)

Item Specification

Number of channels 11 channels

Counter 16-bit down-counter

Reload register 16-bit reload register

Correction register 16-bit correction register

Timer startup Started by writing to enable bit in software or by enabling with external input

(rising or falling edge or both)

Mode selection <With correction function>
« Single-shot output mode
« Delayed single-shot output mode
<Without correction function>

» Continuous output mode

Interrupt generation Can be generated by a counter underflow
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Clock bus  Input event bus Output event bus
3210 3210 0123
TOP 0
Reload register

udf| 7 RQ2

— Down-counter F/FO TOO
gl
(16 bits)
en

E— —» IRQ2
TCLKO O—{TCLKOS . ~—1 ok o ToP 1 udf} FFLl-0TO 1

4 ———7 —» IRQ2
IRQ9 '—1 ko, TOP 2 udf} FIF2|-0TO 2

18070 [ r— - IRQ2
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Figure 10.3.1 Block Diagram of TOP (Output-related 16-bit Timer)
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10.3.2 Outline of Each Mode of TOP

Each mode of TOP is outlined below. For each TOP channel, only one of the following modes can
be selected.

(1) Single-shot output mode

In single-shot output mode, the timer generates a pulse in width of (reload register set value + 1)
only once and then stops without performing any operation.

When after setting the reload register, the timer is enabled (by writing to the enable bit in software
or by external input), the content of the reload register is loaded into the counter synchronously
with the count clock, letting the counter start counting. The counter counts down clock pulses and
stops when it underflows after reaching the minimum count.

The F/F output waveform in single-shot output mode is inverted at startup and upon underflow,
generating a single-shot pulse waveform in width of (reload register set value + 1) only once.
Also, an interrupt can be generated when the counter underflows.

(2) Delayed single-shot output mode

In delayed single-shot output mode, the timer generates a pulse in width of (reload register set
value + 1) only once, with the output delayed by an amount of time equal to (counter set value +
1) and then stops without performing any operation.

When after setting the counter and reload register, the timer is enabled (by writing to the enable
bit in software or by external input), it starts counting down from the counter's set value
synchronously with the count clock. The first time the counter underflows, the reload register
value is loaded into the counter causing it to continue counting down, and the counter stops when
it underflows next time.

The F/F output waveform in delayed single-shot output mode is inverted when the counter
underflows first time and next, generating a single-shot pulse waveform in width of (reload
register set value + 1) only once, with the output delayed by an amount of time equal to (first set
value of counter + 1) . Also, an interrupt can be generated when the counter underflows first time
and next.

(3) Continuous output mode

In continuous output mode, the timer counts down clock pulses starting from the set value of the
counter and when the counter underflows, reloads it with the reload register value. Thereafter,
this operation is repeated each time the counter underflows, thus generating consecutive pulses
whose waveform is inverted in width of (reload register set value + 1).
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When after setting the counter and reload register, the timer is enabled (by writing to the enable
bit in software or by external input), it starts counting down from the counter's set value
synchronously with the count clock and when the minimum count is reached, generates an
underflow. This underflow causes the counter to be reloaded with the content of the reload
register and start counting over again. Thereafter, this operation is repeated each time an
underflow occurs. To stop the counter, disable count by writing to the enable bit in software.

The F/F output waveform in continuous output mode is inverted at startup and upon underflow,
generating consecutive pulses until the timer stops counting. Also, an interrupt can be generated
each time the counter underflows.
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10.3.3 TOP Related Register Map

The diagram below shows a TOP-related register map.

Address +0 Address +1 Address
DO D7 D8 D15
H 0080 0240 TOPO Counter (TOPOCT)
H 0080 0242 TOPO Reload Register (TOPORL)
H 0080 0244
H 0080 0246 TOPO Correction Register (TOPOCC)
H 0080 0250 TOP1 Counter (TOP1CT)
H 0080 0252 TOP1 Reload Register (TOP1RL)
H 0080 0254
H 0080 0256 TOP1 Correction Register (TOP1CC)
H 0080 0260 TOP2 Counter (TOP2CT)
H 0080 0262 TOP2 Reload Register (TOP2RL)
H 0080 0264
H 0080 0266 TOP2 Correction Register (TOP2CC)
H 0080 0270 TOP3 Counter (TOP3CT)
H 0080 0272 TOP3 Reload Register (TOP3RL)
H 0080 0274
H 0080 0276 TOP3 Correction Register (TOP3CC)
Blank addresses are reserved.
Note: The registers enclosed in thick frames must always be accessed
in halfwords.

Figure 10.3.2 TOP Related Register Map (1/3)
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H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080
H 0080
H 0080

H 0080

Address

+0 Address +1 Address
D7 D8 D15

0280

TOP4 Counter (TOP4CT)

0282

TOP4 Reload Register (TOP4RL)

0284

0286

TOP4 Correction Register (TOP4CC)

«(

))

(

0290

TOPS5 Counter (TOP5CT)

0292

TOPS5 Reload Register (TOP5RL)

0294

0296

TOPS5 Correction Register (TOP5CC)

0298

029A

TOPO-5 Control Register 0 (TOPO5CRO)

029C

TOPO-5 Control Register 1
(TOPO5CR1)

02A0

TOP6 Counter (TOP6CT)

02A2

TOP6 Reload Register (TOP6RL)

02A4

02A6

TOPG6 Correction Register (TOP6CC)

02A8

02AA

TOP6,7 Control Register (TOP67CR)

)

))

(

02B0

TOP7 Counter (TOP7CT)

02B2

TOP7 Reload Register (TOP7RL)

02B4

02B6

TOP7 Correction Register (TOP7CC)

Blank addresses are reserved.
Note: The registers enclosed in thick frames must always be accessed

in halfwords.

Figure 10.3.3 TOP Related Register Map (2/3)
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Address

H 0080 02C0
H 0080 02C2
H 0080 02C4

H 0080 02Cs

H 0080 02D0
H 0080 02D2
H 0080 02D4

H 0080 02D6

H 0080 02EO0
H 0080 02E2
H 0080 02E4
H 0080 02E6
H 0080 02E8

H 0080 02EA

H 0080 02FA
H 0080 02FC

H 0080 02FE

DO

+0 Address +1 Address
D7D8 D15

TOPS8 Counter (TOP8CT)

TOP8 Reload Register (TOP8RL)

TOPS8 Correction Register (TOP8CC)

(

TOP9 Counter (TOP9OCT)

TOP9 Reload Register (TOP9RL)

TOP9 Correction Register (TOP9CC)

(

€4

TOP10 Counter (TOP10CT)

TOP10 Reload Register (TOP10RL)

TOP10 Correction Register (TOP10CC)

TOP8-10 Control Register (TOP810CR)

(

TOPO-10 External Enable Enable Register (TOPEEN)

TOPO0-10 Enable Protect Register (TOPPRO)

TOPO0-10 Count Enable Register (TOPCEN)

Blank addresses are reserved.

Note: The registers enclosed in thick frames must always be accessed
in halfwords

Figure 10.3.4 TOP Related Register Map (3/3)
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10.3.4 TOP Control Registers

The TOP control registers are used to select operation modes of TOPO0-10 (single-shot, delayed
single-shot, or continuous mode), as well as select the counter enable and counter clock sources.
Following four TOP control registers are provided for each timer group.

« TOPO-5 Control Register 0 (TOPO5CRO0)
« TOPO-5 Control Register 1 (TOP0O5CR1)
TOPG6, 7 Control Register (TOP67CR)

TOP8-10 Control Register (TOP810CR)
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m TOPO-5 Control Register 0 (TOPO5CRO) <Address:H'0080 029A>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TOP3M TOP2M TOP1M TOPOM TOPO5ENS TOPO5CKS
| | | | | | |

<When reset:H'0000>

D Bit Name Function R W

0,1 TOP3M (TOP3 operation mode selection)  00: Single-shot output mode O O

2,3 TOP2M (TOP2 operation mode selection)  01: Delayed single-shot output mode

4,5 TOP1M (TOP1 operation mode selection)  1X: Continuous output mode

6,7 TOPOM (TOPO operation mode selection)

8 No functions assigned 0 -
9-10 TOPO5ENS 0XX: External TINO input O O
(TOPO-5 enable source selection) 100: Input event bus 0

101: Input event bus 1
110: Input event bus 2

111: Input event bus 3

12,13  No functions assigned 0 -
14,15 TOPO5CKS 00: Clock bus 0 O O
(TOPO-5 clock source selection) 01: Clock bus 1

10: Clock bus 2
11: Clock bus 3

Note 1: This register must always be accessed in halfwords.

Note 2: Always make sure the counter has stopped and is idle before setting or changing operation modes.
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m TOPO-5 Control Register 1 (TOPO5CR1) <Address:H'0080 029D>

D8 9 10 11 12 13 14 D15

TOP5M TOP4M

<When reset:H'00>

D Bit Name Function R W
8-11 No functions assigned 0 -
12,13 TOP5M (TOPS5 operation mode selection) 00: Single-shot output mode O O

14,15 TOP4M (TOP4 operation mode selection) 01: Delayed single-shot output mode

1X: Continuous output mode

Note: Always make sure the counter has stopped and is idle before setting or changing operation modes.

Clock bus  Input event bus
3210 3210
|

E ek o, ToPO

\

clk

>—1 en TOP1

\
>—1 cdk , ToP2

\
>—1 ck o, TOP 3

\
ik oy TOP 4

\

Jne ﬂ clk
[° TOP 5
en
TINO TINOS s i
: Selector
Note: This diagram is shown for the explanation of TOP control registers, and is partly omitted

Figure 10.3.5 Outline Diagram of TOPO0-5 Clock/Enable Inputs
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m TOP6,7 Control Register (TOP67CR)

<Address:H'0080 02AA>

Do 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15
s TOP7M TOP6M TOPG7ENS TOP67CKS
<When reset:H'0000>
D Bit Name Function R W
0 No functions assigned 0 -
1 TOP7ENS 0: Result selected by TOP67ENS bit O O
(TOP7 enable source selection) 1: TOP6 output
2,3 TOP7M (TOP7 operation mode selection)  00: Single-shot output mode O O
01: Delayed single-shot output mode
1X: Continuous output mode
4,5 No functions assigned 0 -
6,7 TOP6M (TOP6 operation mode selection)  00: Single-shot output mode O O
01: Delayed single-shot output mode
1X: Continuous output mode
8 No functions assigned 0 -
9-11 TOPG67ENS 0XX: External TIN1 input O O
(TOP6, TOP7 enable source selection) 100: Input event bus 0
101: Input event bus 1
110: Input event bus 2
111: Input event bus 3
12,13  No functions assigned 0 -
14,15 TOP67CKS 00: Clock bus 0 O O

(TOP6, TOP7 clock source selection)

01: Clock bus 1
10: Clock bus 2
11: Clock bus 3

Note 1: This register must always be accessed in halfwords.

Note 2: Always make sure the counter has stopped and is idle before setting or changing operation modes.
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Clock bus  Input event bus

3210 3210
'S ﬂclk en TOP 6 udfT»
\

ﬂc'k en TOP 7 udf}—>

S S

TIN1 TIN1S

1]

: Selector

Note: This diagram is shown for the explanation of TOP control registers, and is partly omitted.

Figure 10.3.6 Outline Diagram of TOP6, TOP7 Clock/Enable Inputs
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m TOP8-10 Control Register (TOP810CR) <Address:H'0080 02EA>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TOP
TOP10M TOP9M TOP8M gﬁ% TOP810CKS
| | | |
<When reset:H'0000>
D Bit Name Function R W
0,1 No functions assigned 0 -
2,3 TOP10M (TOP10 operation mode selection) 00: Single-shot output mode O O

4,5 TOP9M (TOP9 operation mode selection)  01: Delayed single-shot output mode

6,7 TOP8M (TOPS8 operation mode selection)  1X: Continuous output mode

8-10 No functions assigned 0 -
11 TOP810ENS 0: External TIN2 input O O
(TOP8-10 enable source selection) 1: Input event bus 3
12,13  No functions assigned 0 —
14,15 TOP810CKS 00: Clock bus 0 O O
(TOP8-10 clock source selection) 01: Clock bus 1

10: Clock bus 2
01: Clock bus 3

Note 1: This register must always be accessed in halfwords.

Note 2: Always make sure the counter has stopped and is idle before setting or changing operation modes.
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Clock bus  Input event bus

3210 3210
s Ik

w ﬂc en TOP 8

]
’—10”( en TOP 9

]
ﬂC”‘ en  TOP 10

TIN2 O-{TIN2S [ S—

: Selector

Note: This diagram is shown for the explanation of TOP control registers, and is partly omitted.

Figure 10.3.7 Outline Diagram of TOP8-10 Clock/Enable Inputs
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10.3.5 TOP Counters (TOPOCT-TOP10CT)

m TOPO Counter (TOPOCT) <Address:H'0080 0240>
m TOP1 Counter (TOP1CT) <Address:H'0080 0250>
m TOP2 Counter (TOP2CT) <Address:H'0080 0260>
m TOP3 Counter (TOP3CT) <Address:H'0080 0270>
m TOP4 Counter (TOP4CT) <Address:H'0080 0280>
m TOPS5 Counter (TOP5CT) <Address:H'0080 0290>
m TOP6 Counter (TOP6CT) <Address:H'0080 02A0>
m TOP7 Counter (TOP7CT) <Address:H'0080 02B0>
m TOP8 Counter (TOP8CT) <Address:H'0080 02C0>
m TOP9 Counter (TOP9CT) <Address:H'0080 02D0>
m TOP10 Counter (TOP10CT) <Address:H'0080 02E0>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TOPOCT-TOP10CT
|

<When reset: Indeterminate>

D Bit Name Function R W

0-15 TOPOCT-TOP10CT 16-bit counter value O O

Note: This register must always be accessed in halfwords.

The TOP counters are a 16-bit down-counter. After the timer is enabled (by writing to the enable bit
in software or by external input), the counter starts counting synchronously with the count clock.
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10.3.6 TOP Reload Registers (TOPORL-TOP10RL)

m TOPO Reload Register (TOPORL) <Address:H'0080 0242>
m TOP1 Reload Register (TOP1RL) <Address:H'0080 0252>
m TOP2 Reload Register (TOP2RL) <Address:H'0080 0262>
m TOP3 Reload Register (TOP3RL) <Address:H'0080 0272>
m TOP4 Reload Register (TOP4RL) <Address:H'0080 0282>
m TOP5 Reload Register (TOP5RL) <Address:H'0080 0292>
m TOPG6 Reload Register (TOP6RL) <Address:H'0080 02A2>
m TOP7 Reload Register (TOP7RL) <Address:H'0080 02B2>
m TOP8 Reload Register (TOP8RL) <Address:H'0080 02C2>
m TOP9 Reload Register (TOP9RL) <Address:H'0080 02D2>
m TOP10 Reload Register (TOP10RL) <Address:H'0080 02E2>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TOPORL-TOP10RL
| | | | |

<When reset: Indeterminate>

D Bit Name Function R W

0-15  TOPORL-TOP10RL 16-bit reload register value O O

Note: This register must always be accessed in halfwords.

The TOP reload registers are used to load data into the TOP counter registers (TOPOCT-
TOP10CT). Itis in the following cases that the content of the reload register is loaded in the counter:

« When the counter is enabled in single-shot mode
« When the counter underflowed in delayed single-shot or continuous mode

Writing data to the reload register does not mean that the data is loaded into the counter
simultaneously.

Note that data reloading after an underflow is performed synchronously with the clock period in
which the counter underflowed.
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10.3.7 TOP Correction Registers (TOPOCC-TOP10CC)

m TOPO Correction Register (TOPOCC) <Address:H'0080 0246>
m TOP1 Correction Register (TOP1CC) <Address:H'0080 0256>
m TOP2 Correction Register (TOP2CC) <Address:H'0080 0266>
m TOP3 Correction Register (TOP3CC) <Address:H'0080 0276>
m TOP4 Correction Register (TOP4CC) <Address:H'0080 0286>
m TOPS5 Correction Register (TOP5CC) <Address:H'0080 0296>
m TOP6 Correction Register (TOP6CC) <Address:H'0080 02A6>
m TOP7 Correction Register (TOP7CC) <Address:H'0080 02B6>
m TOP8 Correction Register (TOP8CC) <Address:H'0080 02C6>
m TOP9 Correction Register (TOP9CC) <Address:H'0080 02D6>
m TOP10 Correction Register (TOP10CC) <Address:H'0080 02E6>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TOPOCC-TOP10CC
| | | | | | | |

(Acceptable set values +32767- —32768)

<When reset: Indeterminate>

D Bit Name Function R W

0-15 TOPOCC-TOP10CC 16-bit correction register value O O

Note: This register must always be accessed in halfwords.

The TOP correction registers are used to correct the TOP counter value by adding or subtracting it
in the middle of operation. To increase or reduce the counter value, write a value to this correction
register, the value by which you want to be increased or reduced from the initial count set in the
counter. To add, write the value you want to add to the correction register directly as is; to subtract,
write the two's complement of the value you want to subtract to the correction register.

Correction of the counter is performed synchronously with a clock period next to the one in which
the correction value was written to the TOP correction register. In this case, one down-count in the
clock period during which the correction was performed is canceled. Therefore, note that the
counter value actually is corrected by (correction register value + 1). For example, if the initial
counter value is 10 and you write a value 3 to the correction register when the counter has counted
down to 5, then the counter underflows after a total of 15 counts.
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10.3.8 TOP Enable Control Register

m TOPO0-10 External Enable Permit Register (TOPEEN) <Address:H'0080 02FA>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TOP10| TOP9 | TOP8 | TOP7 | TOP6 | TOP5 | TOP4 | TOP3 | TOP2 | TOP1 | TOPO|
EEN | EEN | EEN | EEN | EEN | EEN | EEN | EEN | EEN | EEN | EEN

D Bit Name Function R W
0-4 No functions assigned 0 -
5 TOP10EEN (TOP10 external enable permit) O: Disables external enable O O

6 TOP9EEN (TOP9 external enable permit) 1: Enables external enable

7 TOPS8EEN (TOP8 external enable permit)

8 TOP7EEN (TOP7 external enable permit)

9 TOPG6EEN (TOP6 external enable permit)

10 TOPS5EEN (TOP5 external enable permit)

11 TOP4EEN (TOP4 external enable permit)

12 TOP3EEN (TOP3 external enable permit)

13 TOP2EEN (TOP2 external enable permit)

14 TOP1EEN (TOP1 external enable permit)

15 TOPOEEN (TOPO external enable permit)

Note: This register must always be accessed in halfwords.

The TOPO0-10 External Enable Permit Register controls enable operation from sources external
to the TOP counter by enabling or disabling it.

10-80 32170/32174 Group User's Manual (Rev. 2.1)



10 MULTIJUNCTION TIMERS
10.3 TOP (Output-related 16-bit Timer)

m TOPO0-10 Enable Protect Register (TOPPRO) <Address:H'0080 02FC>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TOP10 TOP9 | TOP8 | TOP7 | TOP6 | TOP5 | TOP4 | TOP3 | TOP2 | TOP1 | TOPO|
PRO | PRO | PRO | PRO | PRO | PRO | PRO | PRO | PRO | PRO | PRO

<When reset:H'0000>

D Bit Name Function R w
0-4 No functions assigned 0 -
5 TOP10PRO (TOP10 enable protect) 0: Enables rewrite O O
6 TOP9PRO (TOP9 enable protect) 1: Disables rewrite

7 TOP8PRO (TOP8 enable protect)

8 TOP7PRO (TOP7 enable protect)

9 TOP6PRO (TOP6 enable protect)

10 TOP5PRO (TOP5 enable protect)

11 TOP4PRO (TOP4 enable protect)

12 TOP3PRO (TOP3 enable protect)

13 TOP2PRO (TOP2 enable protect)

14 TOP1PRO (TOP1 enable protect)

15 TOPOPRO (TOPO enable protect)

Note: This register must always be accessed in halfwords.

The TOPO0-10 Enable Protect Register controls rewriting of the TOP0-10 count enable bits shown
in the next page by enabling or disabling rewrite.
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m TOPO0-10 Count Enable Register (TOPCEN) <Address:H'0080 02FE>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TOP10| TOP9 | TOP8 | TOP7 | TOP6 | TOP5 | TOP4 | TOP3 | TOP2 | TOP1 | TOPO|
CEN | CEN | CEN | CEN | CEN | CEN | CEN | CEN | CEN | CEN | CEN

<When reset:H'0000>

D Bit Name Function R w
0-4 No functions assigned 0 -
5 TOP10CEN (TOP10 count enable) 0: Stops count O O
6 TOP9CEN (TOP9 count enable) 1: Enables count

7 TOPS8CEN (TOPS8 count enable)

8 TOP7CEN (TOP7 count enable)

9 TOPG6CEN (TOP6 count enable)

10 TOP5CEN (TOPS5 count enable)

11 TOP4CEN (TOP4 count enable)

12 TOP3CEN (TOP3 count enable)

13 TOP2CEN (TOP2 count enable)

14 TOP1CEN (TOP1 count enable)

15 TOPOCEN (TOPO count enable)

Note: This register must always be accessed in halfwords.

The TOPO0-10 Count Enable Register controls the operation of TOP counter. To enable the counter
in software, enable the relevant TOP0-10 Enable Protect Register for write and set the count
enable bit by writing a 1. To stop the counter, enable the TOP0-10 Enable Protect Register for write
and reset the count enable bit by writing a 0.

In all but continuous mode, when the counter stops due to an occurrence of underflow, the count
enable bit is automatically reset to 0. Therefore, what you get by reading the TOP0-10 Count
Enable Register is the status that indicates the counter's operating status (active or idle).
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TOPmM external enable
(TOPmMEEN)

FIF

Edge selection

TINNS —O

Event bus

TOPM enable protect
(TOPMPRO)

EN-ON

TOPmM enable

Dn_—

FIF ————» TOP enable control

(TOPmMCEN)

A

WR

WR

Figure 10.3.8 Configuration of the TOP Enable Circuit
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10.3.9 Operation in TOP Single-shot Output Mode (with Correction Function)

(1) Outline of TOP single-shot output mode

In single-shot output mode, the timer generates a pulse in width of (reload register value + 1) only
once and stops without performing any operation.

When after setting the reload register, the timer is enabled (by writing to the enable bit in software
or by external input), it loads the content of the reload register into the counter synchronously with
the count clock, letting the counter start counting. The counter counts down clock pulses and
stops when it underflows after reaching the minimum count.

The F/F output waveform in single-shot output mode is inverted (F/F output levels change from
low to high, or vice versa) at startup and upon underflow, generating a single-shot pulse
waveform in width of (reload register set value + 1) only once. Also, an interrupt can be generated
when the counter underflows.

The count value is (reload register set value + 1). In the case shown below, for example, if the
reload register value = 7, then the count value = 8.

Because all internal circuits operate synchronously with the count clock, a finite time equal to a
prescaler delay is included before F/F output changes state after the timer is enabled.

Count value =8

1 2 3 4 5 6 7 8l

Count clock !
Enable— (Note 1)
M
Counter ;
Reload —; IR
registeri+ H'FEFE

FIF outputfq \;
’7

Interrupt

* A finite time equal to a prescaler delay is
included before F/F output changes state
after the timer is enabled.

Underflow

Note 1: What you actually see in the cycle immediately after reload is
the previous counter value, and not 7.
Note 2: This diagram does not show detail timing information

Figure 10.3.9 Example of Counting in TOP Single-shot Output Mode
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In the example below, the reload register has the initial value H'A00O set in it. (The initial value of
the counter can be indeterminate, and does not have to be specific.) When the timer starts, the
reload register value is loaded into the counter causing it to start counting. Thereafter, it continues
counting down clock pulses until it underflows after reaching the minimum count.

Enabled (by writing to enable bit
or by external input) Disabled (by underflow)

Y \
Count clock - M rrrrrrrrrrrrrrrr HML rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
Enable bit —'
CHFFFF S
i _ H'FFFF
Starts; counting down
from the reload register set value
H'A000 > :
Counter
L HIO00O oo I
Reload register HA000 O

Correction register (Not used)

FIF output—l

Data inverted Data inverted
by enable by underflow

TOP interrupt %ﬁ

due to underflow

Note: This diagram does not show detail timing information.

Figure 10.3.10 Typical Operation in TOP Single-shot Output Mode
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(2) Correction function of TOP single-shot output mode

If you want to change the counter value during operation, write a value to the TOP correction
register, the value by which you want to be increased or reduced from the initial count set in the
counter. To add, write the value you want to add to the correction register directly as is; to
subtract, write the two's complement of the value you want to subtract to the correction register.

Correction of the counter is performed synchronously with a clock period next to the one in which
the correction value was written to the TOP correction register. In this case, one down-count in
the clock period during which the correction was performed is canceled. Therefore, note that the
counter value actually is corrected by (correction register value + 1).

For example, if the initial counter value is 7 and you write a value 3 to the correction register when
the counter has counted down to 3, then the counter underflows after a total of 12 counts.

Count value =(7+1)+(3+1)=12

‘ 1 2 3 4 5 6 7 8 9 10 11 12 ‘
Count clock

Prescaler delay

Enable J

Counter C
Reload g— e
register7:— HFEFF

Correction 53

(Note 1)
]

register
Interrupt

Underflow

Note 1: What you actually see in the cycle immediately after reload is the
previous counter value, and not 7
Note 2: This diagram does not show detail timing information.

Figure 10.3.11 Example of Counting in TOP Single-shot Output Mode When Count is
Corrected
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When writing to the correction register, be careful not to cause the counter to overflow. Even
when the counter overflows due to correction of counts, no interrupt is generated for the
occurrence of overflow.

In the example below, the reload register has the initial value H'8000 set in it. When the timer
starts, the reload register value is loaded into the counter causing it to start counting down. In the
example diagram here, H'4000 is written to the correction register when the counter has counted
down to H'5000. As a result of this correction, the count has been increased to H'9000, so that the
counter stops after counting a total of (H'8000 + 1 + H'4000 + 1) counts.
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Enable bit

Write to

Countclock ...

Enabled

(by writing to enable bit
or by external input)

Disabled (by underflow)

correction register

F/F output

TOP interrupt

s ‘
H'FFFF
. H'5000+H4000
Counter H'8000
! H'5000
L HO0000
Reload register H8000 (O~
Correction register  |ndeterminate >< H4000

A

Data inverted
by enable

A

Data inverted
by underflow

due to underflow

Note: This diagram does not show detail timing information.

A

Figure 10.3.12 Example of Counting in TOP Single-shot Output Mode When Count is

Corrected
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(3) Precautions to be observed when using TOP single-shot output mode

The following describes precautions to be observed when using TOP single-shot output mode.

« If the counter stops due to underflow in the same clock period as the timer is enabled by
external input, the former has priority (so that the counter stops).

« If the counter stops due to underflow in the same clock period as count is enabled by writing to
the enable bit, the latter has priority (so that count is enabled).

« If the timer is enabled by external input in the same clock period as count is disabled by writing
to the enable bit, the latter has priority (so that count is disabled).

« Because the internal circuit operation is synchronized to the count clock (prescaler output), a
finite time equal to a prescaler delay is included before F/F starts operating after the timer is

enabled.

l

Internal clock f ﬂ

Write to enable bit

. f]

-~

Prescaler cycle

D)
¢ ; <<
—_—>

DY) ﬂ DY)

Count clock f

[€¢ ! [€¢

Enable |

<

Delay till prescaler

cycle —

F/F operation

X

Figure 10.3.13 Prescaler Delay

* When writing to the correction register, be careful not to cause the counter to overflow. Even
when the counter overflows due to correction of counts, no interrupt is generated for the
occurrence of overflow. When the counter underflows in the subsequent down-count after
overflow, a false underflow interrupt is generated due to overcounting.

In the example below, the reload register has the initial value H'FFF8 set in it. When the timer
starts, the reload register value is loaded into the counter causing it to start counting down. In the
example diagram here, H'0014 is written to the correction register when the counter has counted
down to H'FFFO. As a result of this correction, the count overflows to H'0004 and fails to count
correctly. Also, an interrupt is generated for an erroneous overcount.
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Enabled (by writing to enable bit
or by external input) Disabled (by underflow)

Y .
Countclock ... H_L __________ ﬂ_ﬂ> ________________________________________________________________

Enablebit | ]

Write to m 5
correction register ;
/— Overflow occurs
H'(FFF0+0014)

— HFFFF

HFFF8 HFFFF

Indeterminate \
H'FFFO

Counter

H'0004 /— Actual count
after overflow

L— H0000

Reload register H'FFF8 Cad

Correction register  Indeterminate H0014

F/F output T T
Data inverted Data inverted

by enable by gnderflow

TOP interrupt WVT

due to underflow

Note: This diagram does not show detail timing information.

Figure 10.3.14 Example of Operation in TOP Single-shot Output Mode Where Count
Overflows due to Correction
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10.3.10 Operation in TOP Delayed Single-shot Output Mode (With Correction Function)

(1) Outline of TOP delayed single-shot output mode

In delayed single-shot output mode, the timer generates a pulse in width of (reload register set
value + 1) only once, with the output delayed by an amount of time equal to (counter set value +
1) and then stops without performing any operation.

When after setting the counter and reload register, the timer is enabled (by writing to the enable
bit in software or by external input), it starts counting down from the counter's set value
synchronously with the count clock. The first time the counter underflows, the reload register
value is loaded into the counter causing it to continue counting down, and the counter stops when
it underflows next time.

The F/F output waveform in delayed single-shot output mode is inverted (F/F output levels
change from low to high, or vice versa) when the counter underflows first time and next,
generating a single-shot pulse waveform in width of (reload register set value + 1) only once, with
the output delayed by an amount of time equal to (first set value of counter + 1). Also, an interrupt
can be generated when the counter underflows first time and next.

The valid count values are the (counter set value + 1) and (reload register set value + 1). The
diagram below shows timer operation as an example when the initial counter value = 4 and the
initial reload register value = 5.

| Count value =(4+1)+(5+1)=11 ‘
! |

1 2 3 4 5 6 7 8 9 1 1
Count clock ffffffffffoflf

Prescaler deléy
Enable |
i (Note 1) ((’\é())te 2
i@ 4
Counter :
Reload
register
F/F output
Interrupt

Underflow Underflow

Note 1: What you actually see in the cycle immediately after enable is the previous counter value, and not 4.
Note 2: What you actually see in the cycle immediately after reload is H'FFFF (underflow value), and not 5.
Note 3: This diagram does not show detail timing information.

Figure 10.3.15 Example of Counting in TOP Delayed Single-shot Output Mode
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In the example below, the counter has the initial value H'A00O set in it and the reload register has
the initial value H'FOOO set in it. When the timer starts, the counter starts counting down clock
pulses and when it underflows after reaching the minimum count, the counter is reloaded with the
content of the reload register. Then when the counter underflows next time while continuing down-
count, it stops.

_ _Enabled ) Underflow Underflow
(by writing to enable bit (first time) (second time)
or by external input)

Countclock ... JLHJL ,,,,,,,,,,,,,,,,,,,,,,,,, H_H_TL ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, H_H_TL ,,,,,,,,,,,,,
Enable bit : E—

H'FFFF
—  HFFFF
H'F000 -}
| H'(FO00-1)
Down-count starting Down-count St?f“ng
H'A000 - from counter's from reload register's
B set value set value
Counter :
L HO000 - - e NS
Reload register H’FO00 O

Correction register  (Not used)

F/F output l \—

Data inverted by Data inverted by
underflow underflow

TOP interrupt ﬁﬁ W)ﬁ;

due to underflow

Note: This diagram does not show detail timing information

Figure 10.3.16 Typical Operation in TOP Delayed Single-shot Output
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(2) Correction function of TOP delayed single-shot output mode

If you want to change the counter value during operation, write a value to the TOP correction
register, the value by which you want to be increased or reduced from the initial count set in the
counter. To add, write the value you want to add to the correction register directly as is; to
subtract, write the two's complement of the value you want to subtract to the correction register.

Correction of the counter is performed synchronously with a clock period next to the one in which
the correction value was written to the TOP correction register. In this case, one down-count in
the clock period during which the correction was performed is canceled. Therefore, note that the
counter value actually is corrected by (correction register value + 1).

For example, if the initial counter value is 7 and you write a value 3 to the correction register when
the counter has counted down to 3, then the counter underflows after a total of 12 counts after

reload.
Count value after reload =(7+1)+(3+1)=12
| |
‘ 1 2 3 4 5 6 7 8 9 10 11 12 ‘
Count clock
Enable = "H"
Counter C
0
Reload
register )
Correction 53
register
Interrupt
Underflow
Note 1: What you actually see in the cycle immediately after reload is the previous counter valu
and not 7.
Note 2: This diagram does not show detail timing information.

Figure 10.3.17 Example of Counting in TOP Delayed Single-shot Output Mode When Count
is Corrected

When writing to the correction register, be careful not to cause the counter to overflow. Even
when the counter overflows due to correction of counts, no interrupt is generated for the
occurrence of overflow.
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Underflow Underflow
(first time) (second time)
Count clock H—H—L """""""""""" H—H—L """"""""""""""""""""""""""" H—H—L
Enable bit——— = 5 -
Write to 'y ‘
correction register : A :
T HERRF . I
H'(FO00+0008+1)
H'F000 [ Counter corrected
Counter ‘
H'A000 :
L H'0000 ---eeeoemeioeeeeee NN
Reload register HFo00 O
Correction register  Indeterminate >< H’0008

F/F output ‘ L
| A A

Data inverted by Data inverted by
underflow underflow

TOP interrupt [—887 [—82

due to underflow

Note: This diagram does not show detail timing information.

Figure 10.3.18 Typical Operation in TOP Delayed Single-shot Output Mode when Correction
Applied
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(3) Precautions to be observed when using TOP delayed single-shot output mode

The following describes precautions to be observed when using TOP delayed single-shot output
mode.

« If the counter stops due to underflow in the same clock period as the timer is enabled by
external input, the former has priority (so that the counter stops).

« If the counter stops due to underflow in the same clock period as count is enabled by writing to
the enable bit, the latter has priority (so that count is enabled).

« If the timer is enabled by external input in the same clock period as count is disabled by writing
to the enable bit, the latter has priority (so that count is disabled).

« Even when the counter overflows due to correction of counts, no interrupt is generated for the
occurrence of overflow. When the counter underflows in the subsequent down-count after
overflow, a false underflow interrupt is generated due to overcounting.

* When you read the counter immediately after reloading it pursuant to underflow, the value you
get is temporarily H'FFFF. But this counter value immediately changes to (reload value - 1) at
the next clock edge.

Reload due to
underflow

v
Countclock 4] £ ﬂ £ £

Enable bit
m
Down-count starting

Reload from reloaded register —>
cycle value

Counter value H'0001 H’0000 >< H'FFFF H'AAA9 H'AAA8

’\ H(AAAA-L)  H'(AAAA-2)
Reload register HAAMA ) \

\

During reload cycle, you always see H'FFFF,
and not the reload register value (in this case,
H'AAAA).

Figure 10.3.19 Counter Value Immediately after Underflow
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10.3.11 Operation in TOP Continuous Output Mode (Without Correction Function)

(1) Outline of TOP continuous output mode

In continuous output mode, the timer counts down clock pulses starting from the set value of the
counter and when the counter underflows, reloads it with the reload register value. Thereafter,
this operation is repeated each time the counter underflows, thus generating consecutive pulses
whose waveform is inverted in width of (reload register set value + 1).

When after setting the counter and reload register, the timer is enabled (by writing to the enable
bit in software or by external input), it starts counting down from the counter's set value
synchronously with the count clock and when the minimum count is reached, generates an
underflow. This underflow causes the counter to be reloaded with the content of the reload
register and start counting over again. Thereafter, this operation is repeated each time an
underflow occurs. To stop the counter, disable count by writing to the enable bit in software.

The F/F output waveform in continuous output mode is inverted (F/F output levels change from
low to high, or vice versa) at startup and upon underflow, generating consecutive pulses until the
timer stops counting. Also, an interrupt can be generated each time the counter underflows.
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The valid count values are the (counter set value + 1) and (reload register set value + 1). The

diagram below shows timer operation as an example when the initial counter value = 4 and the
initial reload register value = 5.

Count value =5 Count value =6 Count value =6

Countclockgiuuuuuluuuuuuuuuuuuu

Prescaler delay |

Enable J (Note 1) (Note 2) (Note 2) (Note 2)

4 (5) 4 (5) 4 (5)

Counter

register

Reload 5 G/ G/ G/

F/F output J ‘ ‘ \;

Interrupt r&)ﬁ rgg—l—‘—g%
A A A

Underflow Underflow Underflow

Note 1: What you actually see in the cycle immediately after enable is the previous counter value, and not 4.
Note 2: What you actually see in the cycle immediately after reload is H'FFFF (underflow value), and not 5.
Note 3: This diagram does not show detail timing information.

Figure 10.3.20 Example of Counting in TOP Continuous Output Mode
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In the example below, the counter has the initial value H'A00O set in it and the reload register has
the initial value H'E0QO set in it. When the timer starts, the counter starts counting down clock
pulses and when it underflows after reaching the minimum count, the counter is reloaded with the
content of the reload register and continues counting down.

Enabled
(by writing to enable bit Underflow Underflow
or by external input)  (first time) (second time)
Countclock | LUL _____________ LLH
Enable bit
H'FFFF H'FFFF
M HFRRF -  IRRRRREEREEEERRERRRERR o IRRRRRERREEEREEEREE
H'E000 ... / H'(E000-1) / H'(E000-1)
Down-count : Down-count | Down-count
H'A000 starting from starting from starting from
counter's reload register reload register
Counter set value set value set value
= HI0000 «oeeeee e NN
Reload register HEOOO O O
Correction register  (Not used)
F/F output
Data inverted by ~ Data inverted by Data inverted by
enable underflow underflow
TOP interrupt %27 7>
due to underflow

Note: This diagram does not show detail timing information.

Figure 10.3.21 Typical Operation in TOP Continuous Output Mode
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(2) Precautions to be observed when using TOP continuous output mode

The following describes precautions to be observed when using TOP continuous output mode.

« If the timer is enabled by external input in the same clock period as count is disabled by writing
to the enable bit, the latter has priority (so that count is disabled).

* When you read the counter immediately after reloading it pursuant to underflow, the value you
get is temporarily H'FFFF. But this counter value immediately changes to (reload value - 1) at
the next clock edge.

» Because the internal circuit operation is synchronized to the count clock (prescaler output), a
finite time equal to a prescaler delay is included before F/F starts operating after the timer is
enabled.

Write to enable bit

Internal clock j ﬂ % ill ﬂ il o—

¢
<——— Prescaler cycle — >

Count clock

>
[€¢

I =

Enable ‘—1 Delay

=<—till prescaler cycle —

X

F/F operation

Figure 10.3.22 Prescaler Delay
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10.4 TIO (Input/Output-related 16-bit Timer)

10.4.1 OQutline of TIO

TIO (Timer Input/Output) is an input/output-related 16-bit timer, whose operation mode can be
selected from the following by mode switching in software:

<Input mode>

» Measure clear input mode

» Measure free-run input mode

» Nose processing input mode
<Output mode without correction function>

* PWM output mode

* Single-shot output mode

* Delayed single-shot output mode

« Continuous output mode

The table below shows specifications of TIO. The diagram in the next page shows a block diagram
of TIO.

Table 10.4.1 Specifications of TIO (Input/Output-related 16-bit Timer)

Item Specification

Number of channels 10 channels

Counter 16-bit down-counter

Reload register 16-bit reload register

Measure register 16-bit capture register

Timer startup Started by writing to enable bit in software or by enabling with external input

(rising/falling edge or both or high/low level)

Mode selection <Input mode>
* Measure clear input mode
* Measure free-run input mode
* Nose processing input mode
<Output mode without correction function>
* PWM output mode
« Single-shot output mode
« Delayed single-shot output mode

« Continuous output mode

Interrupt generation Can be generated by a counter underflow
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Clock bus Input event bus (¢] utput event bus
3210 3210 0123
TIO 0

Reload 0/measure register|

Down-counter

Reload 1 register (note)|

IRQO
udf < . S o0TO11

E‘* clk

IRQ12 (16 bits)
o en/cap
)
TIN3 O TIN3S -4 %EF%
IRQ12 IRQo
[ »ﬂclk enfcap  TIO 1 udf oL L¢1S oTO12
*O
TIN4 TINAS | S ——7 IRQO
IRQ12 S OTO 13
o ._‘dk onfeap TIO 2 udfled oo [ FIF13]
TIN5 TIN5S | 77;@7% IRQO
1S -F/F14 OTO 14
ﬂ clk en/cap TIO 3 udf S
IRQ12 S ﬂ K o
| bi cl o
— ‘ enjcap TIO 4 udf
$00 «— (s 0TO15
TING TINGS | s
12 PRSO o <
internal PRSI S o S
clock 0 o 5o < S
IRQ4
TCLK1O-{TCLK1S| - s ok i1
N7 1RQ8 2] | enicap TIO 5 udry ===l 0TO 16
TIN7S [s} \
DRQ1Y - IRQ4
TCLK2 TCLK2S] | [
IRQ8 | S clk udf | ‘
N enicap TIO 6 Sl—{FF17}0 1017
TINg O TIN8S |+ S | : i
DRQ1T IRQ4
IRQ8 1S clk TIO 7 udf | ~
il en/cap | =S 0TO 18
TIN9 O—{ TIN9S 47;@—1 IRQ3
{' DRQO
IRQ8 s clk df |
— { en/cap TIO 8 u 1S [FIF19}0 TO 19
TIN10O-[ TIN10S sl I T o &
,;4 IRQ3
IRQ8 s oIk L
IRQS | enicap TIO 9 udf | FIF20}-0 TO 20
TIN11O-{ TIN11S s
3210 3210 0123

: Prescaler : Output flip-flop : Selector

Note: Reload 1 Register is used in only PWM output mode.

Figure 10.4.1 Block Diagram of TIO (Input/Output-related 16-bit Timer)
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10.4.2 Outline of Each Mode of TIO

Each mode of TIO is outlined below. For each TIO channel, only one of the following modes can be
selected.

(1) Measure clear/free-run input modes

In measure clear/free-run input modes, the timer measures a duration of time from when it starts
counting till when an external capture signal is entered.

After the timer is enabled (by writing to the enable bit in software), the counter starts counting
down synchronously with the count clock. When a capture signal is entered from an external
device, the counter value at that point in time is written to a register called the "measure register.”

Especially in measure clear input mode, the counter value is initialized to H'FFFF upon capture,
from which the counter starts counting down again. In measure free-run mode, the counter
continues counting down even after capture and upon underflow, recycles to H'FFFF, from which
it starts counting down again.

To stop the counter, disable count by writing to the enable bit in software. Note that an interrupt
can be generated by a counter underflow or execution of measure operation.

(2) Noise processing input mode

In noise processing input mode, the timer detects the status of an input signal that it remained in
the same state for over a predetermined time.

In noise processing input mode, the counter is started by entering a high or low-level signal from
an external device and if the signal remains in the same state for over a predetermined time
before the counter underflows, the counter stops after generating an interrupt. If the valid-level
signal being applied turns to an invalid level before the counter underflows, the counter
temporarily stops counting and when a valid-level signal is entered again, it is reloaded with the
initial count and restarts counting.

The timer stops at the same time the counter underflows or count is disabled by writing to the
enable bit. An interrupt can be generated by a counter underflow.
(3) PWM output mode (without correction function)

In PWM output mode, the timer uses two reload registers to generate a waveform with a given
duty cycle.
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When after setting the initial values in reload 0 and reload 1 registers, the timer is enabled (by
writing to the enable bit in software or by external input), it loads the reload O register value into
the counter synchronously with the count clock letting the counter start counting down. The first
time the counter underflows, the reload 1 register value is loaded into the counter letting it
continue counting. Thereafter, the counter is reloaded with the reload 0 and reload 1 register
values alternately each time an underflow occurs.

The F/F output waveform in PWM output mode is inverted at count startup and upon each
underflow. The timer stops at the same time count is disabled by writing to the enable bit (and not
in synchronism with PWM output period). An interrupt can be generated when the counter
underflows every other time (second time, fourth time, and so on) after being enabled.

(4) Single-shot output mode (without correction function)

In single-shot output mode, the timer generates a pulse in width of (reload O register set value +
1) only once and stops without performing any operation.

When after setting the reload O register, the timer is enabled (by writing to the enable bit in
software or by external input), it loads the content of reload O register into the counter
synchronously with the count clock, letting the counter start counting. The counter counts down
clock pulses and stops when it underflows after reaching the minimum count.

The F/F output waveform in single-shot output mode is inverted at startup and upon underflow,
generating a single-shot pulse waveform in width of (reload O register set value + 1) only once.
Also, an interrupt can be generated when the counter underflows.

(5) Delayed single-shot output mode (without correction function)

In delayed single-shot output mode, the timer generates a pulse in width of (reload O register set
value + 1) only once, with the output delayed by an amount of time equal to (counter set value +
1) and then stops without performing any operation.

When after setting the counter and reload O register, the timer is enabled (by writing to the enable
bit in software or by external input), it starts counting down from the counter's set value
synchronously with the count clock. The first time the counter underflows, the reload 0 register
value is loaded into the counter causing it to continue counting down, and the counter stops when
it underflows next time.

The F/F output waveform in delayed single-shot output mode is inverted when the counter
underflows first time and next, generating a single-shot pulse waveform in width of (reload 0
register set value + 1) only once, with the output delayed by an amount of time equal to (first set
value of counter + 1). Also, an interrupt can be generated when the counter underflows first time
and next.
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(6) Continuous output mode (without correction function)

In continuous output mode, the timer counts down clock pulses starting from the set value of the
counter and when the counter underflows, reloads it with the reload O register value. Thereafter,
this operation is repeated each time the counter underflows, thus generating consecutive pulses
in width of (reload O register set value + 1).

When after setting the counter and reload 0O register, the timer is enabled (by writing to the enable
bit in software or by external input), it starts counting down from the counter's set value
synchronously with the count clock and when the minimum count is reached, generates an
underflow. This underflow causes the counter to be reloaded with the content of reload O register
and start counting over again. Thereafter, this operation is repeated each time an underflow
occurs. To stop the counter, disable count by writing to the enable bit in software.

The F/F output waveform in continuous output mode is inverted at startup and upon underflow,
generating consecutive pulses until the timer stops counting. Also, an interrupt can be generated
each time the counter underflows.
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10.4.3 TIO Related Register Map

The diagram below shows a TIO related register map.

Address
Do +0 Address D7 D8 +1 Address D15
|
H 0080 0300 TIO0 Counter (TIOOCT)
H 0080 0302
H 0080 0304 TIOO Reload 1 Register (TIOORL)
H 0080 0306 TIOO Reload 0/ Measure Register (TIOORLO)
H 0080 0310 TIO1 Counter (TIO1CT)
H 0080 0312
H 0080 0314 TIO1 Reload 1 Register (TIO1RL1)
H 0080 0316 TIO1 Reload 0/ Measure Register (TIO1RLO)
H 0080 0318
H 0080 031A TIO0-3 Control Register 0 (TIO03CRO)
TIOO0-3 Control Register 1
H 0080 031C (TIO03CR1)
H 0080 0320 TIO2 Counter (TIO2CT)
H 0080 0322
H 0080 0324 TIO2 Reload 1 Register (TIO2RL1)
H 0080 0326 TIO2 Reload 0/ Measure Register (TIO2RLO)
H 0080 0330 TIO3 Counter (TIO3CT)
H 0080 0332
H 0080 0334 TIO3 Reload 1 Register (TIO3RL1)
H 0080 0336 TIO3 Reload 0/ Measure Register (TIO3RLO)
Blank addresses are reserved.
Note: The registers enclosed in thick frames must always be accessed in halfwords.

Figure 10.4.2 TIO Related Register Map (1/3)
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Address +0 Address +1 Address
DO D7‘ D8 D15
H 0080 0340 TI04 Counter (TIO4CT)
H 0080 0342
H 0080 0344 TIO4 Reload 1 Register (TIO4RL1)
H 0080 0346 TIO4 Reload 0/ Measure Register (TIO4RLO)
H 0080 0348
H 0080 034A TIO4 ((:g:gza(l:g;agister TIO5 ((:_Ic_)lrgrso(l:gssgister
H 0080 0350 TIO5 Counter (TIO5CT)
H 0080 0352
H 0080 0354 TIOS5 Reload 1 Register (TIO5RL1)
H 0080 0356 TIO5 Reload 0/ Measure Register (TIO5RLO)
H 0080 0360 TI06 Counter (TIO6CT)
H 0080 0362
H 0080 0364 TIO6 Reload 1 Register (TIO6RL1)
H 0080 0366 TIO6 Reload 0/ Measure Register (TIO6RLO)
H 0080 0368
H 0080 036A TIO6 ((:%rgré)é%egister TIO7 ((Z_Ic_)Irgr?o(I:E;agister
H 0080 0370 TIO7 Counter (TIO7CT)
H 0080 0372
H 0080 0374 TIO7 Reload 1 Register (TIO7RL1)
H 0080 0376 TIO7 Reload 0/ Measure Register (TIO7RLO)
!
Blank addresses are reserved.
Note: The registers enclosed in thick frames must always be accessed in halfwords.

Figure 10.4.3 TIO Related Register Map (2/3)
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Address

DO

+0 Address
D7 D8

+1 Address

D15

H 0080 0380

TIO8 Counter (TIOSCT)

H 0080 0382

H 0080 0384

TIO8 Reload 1 Register (TIO8RL1)

H 0080 0386

TIO8 Reload 0/ Measure Register (TIO8RLO0)

H 0080 0388

H 0080 038A

TIO8 Control Register
(TIO8CR)

TIO9 Control Register
(TIO9CR)

) )
C(

H 0080 0390

TIO9 Counter (TIO9CT)

H 0080 0392

H 0080 0394

TIO9 Reload 1 Register (TIO9RL1)

H 0080 0396

TIO9 Reload 0/ Measure Register (TIO9RLO0)

C(

) )
C(

H 0080 03BC

TIO0-9 Enable Protect Register (TIOPRO)

H 0080 03BE

TIO0-9 Count Enable Register (TIOCEN)

Blank addresses are reserved.
Note: The registers enclosed in thick frames must always be accessed in halfwords.

Figure 10.4.4 TIO Related Register Map (3/3)
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10.4.4 TIO Control Registers

The TIO control registers are used to select TIO0-9 operation modes (measure input, noise
processing input, PWM output, single-shot output, delayed single-shot output, or continuous output
mode), as well as select the counter enable and counter clock sources. Following eight TIO control
registers are provided for each timer group.

e TIO0-3 Control Register 0 (TIO03CRO0)
« TIOO0-3 Control Register 1 (TIO03CR1)
* TIO4 Control Register (TIO4CR)

« TIO5 Control Register (TIO5CR)
* TIO6 Control Register (TIO6CR)
« TIO7 Control Register (TIO7CR)
« TIO8 Control Register (TIO8CR)
« TIO9 Control Register (TIO9CR)
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m TIO0-3 Control Register 0 (TIO3CRO) <Address:H'0080 031A>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TIO3 TIO2 TIO1 TIOO
EEN T1o3Mm ENS ENS ENS

TIO2M
| |

TIO1M
| |

TIOOM
| |

<When reset:H'0000>

D Bit Name Function R W

0 TIO3EEN (TI03 external input enable) 0: Disables external input O O

(Note 2) 1: Enables external input

1-3 TIO3M (TIO3 operation mode selection) 000: Single-shot output mode O O
001: Delayed single-shot output mode
010: Continuous output mode
011: PWM output mode
100: Measure clear input mode
101: Measure free-run input mode

11X: Noise processing input mode

4 TIO2ENS (TIO2 enable/ 0: No selection O O

measure input source selection) 1: External input TIN5

5-7 TIO2M 000: Single-shot output mode O O
(TIO2 operation mode selection) 001: Delayed single-shot output mode
010: Continuous output mode
011: PWM output mode
100: Measure clear input mode
101: Measure free-run input mode

11X: Noise processing input mode

8 TIO1ENS (TIO1 enable/ 0: No selection O O

measure input source selection) 1: External input TIN4

(Continues to the next page)

Note 1: To select the TIO3 enable/measure input source, use the TIO4 Control Register's TIO34ENS (TIO3,
TIO4 enable/measure input source selection) bit.

Note 2: During measure free-run/clear input mode, even if this bit is set to O (external input disabled), when a
capture signal is entered from an external device, the counter value at that point in time is written to
the measure register. However, because in measure clear input mode, if this bit = 0 (external input
disabled), the counter value is not initialized (H'FFFF) upon capture, we recommend that this bit be
set to 1 (external input enabled) when using measure clear input mode.

Note 3: This register must always be accessed in halfwords.

Note 4: Always make sure the counter has stopped and is idle before setting or changing operation modes.

10-109 32170/32174 Group User's Manual (Rev. 2.1)



10

MULTIJUNCTION TIMERS
10.4 TIO (Input/Output-related 16-bit Timer)

(Continued from the preceding page)

D Bit Name Function R w
9-11 TIO1M 000: Single-shot output mode O O
(TIO1 operation mode selection) 001: Delayed single-shot output mode
010: Continuous output mode
011: PWM output mode
100: Measure clear input mode
101: Measure free-run input mode
11X: Noise processing input mode
12 TIOOENS (TIOO0 enable/ 0: No selection O O
measure input source selection) 1: External input TIN3
13-15 TIOOM 000: Single-shot output mode O O

(TIOO0 operation mode selection)

001:
010:
011:
100:
101:
11X:

Delayed single-shot output mode
Continuous output mode

PWM output mode

Measure clear input mode
Measure free-run input mode

Noise processing input mode

Note 1: This register must always be accessed in halfwords.
Note 2: Always make sure the counter has stopped and is idle before setting or changing operation modes.

Clock bus Input event bus
3210 3210
|
| S
™0
TIN3 TIN3S IO ﬁ;@i
o
TIN4 TIN4S IO ﬁ;@i
o
TINS TIN5S IO ﬁg@i
|
' S
TING TINGS IO s
|
3210 3210

: Selector

Note: This diagram is shown for the explanation of TIO control registers, and is partly omitted

’—‘ clk en/cap TIO 0
|
’—1 clk enfcap TIO 1
|
1k
’—‘ ¢ enjcap T10 2
|
ﬂdk en/cap TIO 3
]
ﬂ clk en/cap TIO 4
|

Figure 10.4.5 Outline Diagram of TIO0-4 Clock/Enable Inputs
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m TIOO0-3 Control Register 1 (TIOO3CR1) <Address:H'0080 031D>
D8 9 10 11 12 13 14 D15
TIO03CKS
| | | | | |

<When reset:H'00>

D Bit Name Function R w

8-13 No functions assigned 0 -

14,15 TIO03CKS 00: Clock bus 0 O @)
(TIO0-3 clock source selection) 01: Clock bus 1

10: Clock bus 2
11: Clock bus 3
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m T1O4 Control Register (TIO4CR)

<Address:H'0080 034A>

DO 1 2 3 4 5 6 D7
TIO4ICKS TIO4EEN TIO34|1ENS | TIO4AM
<When reset:H'00>
D Bit Name Function R w
0,1  TIO4ACKS 00: Clock bus 0 O O
(T104 clock source selection) 01: Clock bus 1
10: Clock bus 2
11: Clock bus 3
2 TIO4EEN (Note 1) 0: Disables external input O O
(TI04 external input enable) 1: Enables external input
34 TIO34ENS 0X: External input TING O O
(T103,4 enable/measure 10: Input event bus 2
input source selection) 11: Input event bus 3
5-7 TIO4M 000: Single-shot output mode O O
(T104 operation mode selection) 001: Delayed single-shot output mode

010:
011:
100:
101:
11X:

Continuous output mode
PWM output mode

Measure clear input mode
Measure free-run input mode

Noise processing input mode

Note 1: During measure free-run/clear input mode, even if this bit is set to O (external input disabled), when a
capture signal is entered from an external device, the counter value at that point in time is written to

the measure register. However, because in measure clear input mode, if this bit = 0 (external input
disabled), the counter value is not initialized (H'FFFF) upon capture, we recommend that this bit be
set to 1 (external input enabled) when using measure clear input mode.

Note 2: Always make sure the counter has stopped and is idle before setting or changing operation modes.
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Clock bus Input event bus
3210 3210
TCLK1 TCLK1S ok
S \ en/cap Tio 5
TIN7 O{ TIN7S sl ‘
TCLK2 TCLK2S :
S \Clk enfcap 110 6
TIN8 TIN8S [ sl ‘
|
'S '—‘C”‘ enfcap TIO 7
TIN
TIN9 9sS S
s clk
| en/cap TIO 8
TIN20 O] TIN10S s |
7
|
LS idk enicap T10 9
TIN11 TIN11S s
3210 3210
: Selector
Note: This is an outline diagram shown for the explanation of TIO Control Register

Figure 10.4.6 Outline Diagram of TIO5-9 Clock/Enable Inputs
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m TIO5 Control Register (TIO5CR) <Address:H'0080 034B>
D8 9 10 11 12 13 14 D15
TIO5CKS TIO5ENS TIO5M
| | | | |

<When reset:H'00>

D Bit Name Function R w
8-10  TIO5CKS OXX: External input TCLK1 O O
(TIO5 clock source selection) 100: Clock bus O

101: Clock bus 1
110: Clock bus 2
111: Clock bus 3

11,12 TIO5ENS 0X: No selection O O
(TIO5 enable/measure 10: External input TIN7
input source selection) 11: Input event bus 3

13-15 TIO5M 000: Single-shot output mode O O
(TIO5 operation mode selection) 001: Delayed single-shot output mode

010: Continuous output mode
011: PWM output mode

100: Measure clear input mode
101: Measure free-run input mode

11X: Noise processing input mode

Note: Always make sure the counter has stopped and is idle before setting or changing operation modes.
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m TIO6 Control Register (TIO6CR)

<Address:H'0080 036A>

DO 1 2 3 4 5 6 D7
ITIO6CKS I TIOGIENS I TIO6M I
<When reset:H'00>
D Bit Name Function R W
0-2 TIOBCKS 0XX: External input TCLK2 O O
(TIOG6 clock source selection) 100: Clock bus 0
101: Clock bus 1
110: Clock bus 2
111: Clock bus 3
34 TIO6ENS 00: No selection O O
(TIO6 enable/measure 01: External input TIN8
input source selection) 10: Input event bus 2
11: Input event bus 3
5-7 TIO6M 000: Single-shot output mode O O
(TIO6 operation mode selection) 001: Delayed single-shot output mode
010: Continuous output mode
011: PWM output mode
100: Measure clear input mode
101: Measure free-run input mode
11X: Noise processing input mode

Note: Always make sure the counter has stopped and is idle before setting or changing operation modes.
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m TIO7 Control Register (TIO7CR) <Address:H'0080 036B>
D8 9 10 11 12 13 14 D15
TIO7CKS TIO7ENS TIOTM
| | | |

<When reset:H'00>

D Bit Name Function R w

8 No functions assigned 0 -

9,10  TIO7CKS 00: Clock bus 0 O O
(TIO7 clock source selection) 01: Clock bus 1

10: Clock bus 2
11: Clock bus 3

11,12 TIO7ENS 00: No selection O O
(TIO7 enable/measure 01: External input TIN9
input source selection) 10: Input event bus 0

11: Input event bus 3

13-15 TIO7™M 000: Single-shot output mode O O
(TIO7 operation mode selection) 001: Delayed single-shot output mode
010: Continuous output mode
011: PWM output mode
100: Measure clear input mode
101: Measure free-run input mode

11X: Noise processing input mode

Note: Always make sure the counter has stopped and is idle before setting or changing operation modes.
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m TIO8 Control Register (TIO8CR)

<Address:H'0080 038A>

DO 1 2 3 4 5 6 D7
TIO|8CKS ITIO8ENS I I TIO8M I
<When reset:H'00>
D Bit Name Function R W
0,1 TIO8CKS 00: Clock bus 0 O O
(TIO8 clock source selection) 01: Clock bus 1
10: Clock bus 2
11: Clock bus 3
2-4 TIOBENS 0XX: No selection O O
(TIO8 enable/measure 100: External input TIN10
input source selection) 101: Input event bus 1
110: Input event bus 2
111: Input event bus 3
5-7 TIO8M 000: Single-shot output mode O O

(TIO8 operation mode selection)

001: Delayed single-shot output mode
010: Continuous output mode

011: PWM output mode

100: Measure clear input mode

101: Measure free-run input mode

11X: Noise processing input mode

Note: Always make sure the counter has stopped and is idle before setting or changing operation modes.
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m TIO9 Control Register (TIO9CR) <Address:H'0080 038B>
D8 9 10 11 12 13 14 D15
TIO9CKS TIO9ENS TIO9M
| | | |

<When reset:H'00>

D Bit Name Function R w

8 No functions assigned 0 -

9,10  TIO9CKS 00: Clock bus 0 O O
(TIO9 clock source selection) 01: Clock bus 1

10: Clock bus 2
11: Clock bus 3

11,12 TIO9ENS 00: No selection O O
(TIO9 enable/measure 01: External input TIN1
input source selection) 10: Input event bus 1

11: Input event bus 3

13-15 TIO9M 000: Single-shot output mode O O
(T1O9 operation mode selection) 001: Delayed single-shot output mode
010: Continuous output mode
011: PWM output mode
100: Measure clear input mode
101: Measure free-run input mode

11X: Noise processing input mode

Note: Always make sure the counter has stopped and is idle before setting or changing operation modes.
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10.4.5 TIO Counter (TIOOCT-TIO9CT)

m TIOO0 Counter (TIOOCT) <Address:H'0080 0300>
m TIO1 Counter (TIO1CT) <Address:H'0080 0310>
m TIO2 Counter (TIO2CT) <Address:H'0080 0320>
m TIO3 Counter (TIO3CT) <Address:H'0080 0330>
m TIO4 Counter (TIO4CT) <Address:H'0080 0340>
m TIO5 Counter (TIO5CT) <Address:H'0080 0350>
m TIO6 Counter (TIO6CT) <Address:H'0080 0360>
m TIO7 Counter (TIO7CT) <Address:H'0080 0370>
m TIO8 Counter (TIO8CT) <Address:H'0080 0380>
m TIO9 Counter (TIO9CT) <Address:H'0080 0390>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TIOOCT-TIO9CT
| | |

<When reset: Indeterminate>

D Bit Name Function R W

0-15 TIOOCT-TIO9CT 16-bit counter value O AN

W=A\ : Write to this register is not accepted is disabled in PWM output mode.
Note: This register must always be accessed in halfwords.

The TIO Counters are a 16-bit down-counter. After the timer is enabled (by writing to the enable bit
in software or by external input), the counter starts counting synchronously with the count clock.
The counter cannot be written to during PWM output mode.
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10.4.6  TIO Reload 0/ Measure Register (TIOORLO-TIO9RLDO)

m TIOO Reload 0/ Measure Register (TIOORLO) <Address:H'0080 0306>
m TIO1 Reload 0/ Measure Register (TIO1RLO) <Address:H'0080 0316>
m TIO2 Reload 0/ Measure Register (TIO2RLO0) <Address:H'0080 0326>
m TIO3 Reload 0/ Measure Register (TIO3RLO) <Address:H'0080 0336>
m TIO4 Reload 0/ Measure Register (TIO4RLO0) <Address:H'0080 0346>
m TIO5 Reload 0/ Measure Register (TIO5RL0) <Address:H'0080 0356>
m TIO6 Reload 0/ Measure Register (TIO6RL0) <Address:H'0080 0366>
m TIO7 Reload 0/ Measure Register (TIO7RLO) <Address:H'0080 0376>
m TIO8 Reload 0/ Measure Register (TIO8RLO) <Address:H'0080 0386>
m TIO9 Reload 0/ Measure Register (TIO9RLO0) <Address:H'0080 0396>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TIOORLO-TIO9RLO
| | | |

<When reset: Indeterminate>

D Bit Name Function R W

0-15 TIOORLO-TIO9RLO 16-bit reload register value O AN

W=A\ : Write to this register is not accepted is disabled in PWM output mode.

Note: This register must always be accessed in halfwords.

The TIO Reload 0/ Measure Registers serve dual purposes as a register for reloading TIO Count
Registers (TIOOCT-TIO9CT) with data, and as a measure register during measure input mode.
These registers are disabled against write during measure input mode.

Itis in the following cases that the content of reload O register is loaded into the counter:

* When after the counter started counting in noise processing input mode, the input signal is
inverted and a valid-level signal is entered again before the counter underflows

* When the counter is enabled in single-shot mode

* When the counter underflowed in delayed single-shot or continuous mode

* When the counter is enabled in PWM mode and when the counter value set by reload 1
register underflowed

Writing data to the reload O register does not mean that the data is loaded into the counter
simultaneously.

When used as a measure register, the counter value is latched into the measure register by an
event input.
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10.4.7 TIO Reload 1 Registers (TIOORL1-TIO9RL1)

m TIOO Reload 1 Register (TIOORL1) <Address:H'0080 0304>
m TIO1 Reload 1 Register (TIO1RL1) <Address:H'0080 0314>
m TIO2 Reload 1 Register (TIO2RL1) <Address:H'0080 0324>
m TIO3 Reload 1 Register (TIO3RL1) <Address:H'0080 0334>
m TIO4 Reload 1 Register (TIO4RL1) <Address:H'0080 0344>
m TIO5 Reload 1 Register (TIO5RL1) <Address:H'0080 0354>
m TIO6 Reload 1 Register (TIO6RL1) <Address:H'0080 0364>
m TIO7 Reload 1 Register (TIO7RL1) <Address:H'0080 0374>
m TIO8 Reload 1 Register (TIO8RL1) <Address:H'0080 0384>
m TIO9 Reload 1 Register (TIO9RL1) <Address:H'0080 0394>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TIOORL1-TIO9RL1
| | |

<When reset: Indeterminate>

D Bit Name Function R w

0-15  TIOORL1-TIO9RL1 16-bit reload register value O O

Note: This register must always be accessed in halfwords.

The TIO Reload 1 Registers are used to reload the TIO Counter Registers (TIOOCT-TIO9CT) with
data.
Itis in the following cases that the content of reload 1 register is loaded into the counter:

* When the count value set by reload 0 register underflowed in PWM output mode

Writing data to the reload 1 register does not mean that the data is loaded into the counter
simultaneously.
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10.4.8 TIO Enable Control Registers

m TIO0-9 Enable Protect Register (TIOPRO) <Address:H'0080 03BC>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TIO9 | TIO8 | TIO7 | TIO6 | TIO5 | TIO4 | TIO3 | TIO2 | TIO1 | TIOO
PRO | PRO | PRO | PRO | PRO | PRO | PRO | PRO | PRO | PRO

<When reset:H'0000>

D Bit Name Function R w
0-5 No functions assigned 0 -
6 TIO9PRO (TIO9 Enable Protect) 0: Enables rewrite O O
7 TIO8PRO (TIO8 Enable Protect) 1: Disables rewrite

8 TIO7PRO (TIO7 Enable Protect)

9 TIO6PRO (TIO6 Enable Protect)

10 TIO5PRO (TIO5 Enable Protect)

11 TIO4PRO (T104 Enable Protect)

12 TIO3PRO (TIO3 Enable Protect)

13 TIO2PRO (TIO2 Enable Protect)

14 TIO1PRO (TIO1 Enable Protect)

15 TIOOPRO (TIOO0 Enable Protect)

Note: This register must always be accessed in halfwords.

The TIO0-9 Enable Protect Register controls rewriting of the TIO count enable bit described in the
next page by enabling or disabling rewrite.
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m TIO0-9 Count Enable Register (TIOCEN)

<Address:H'0080 03BE>

Do 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15
TIO9 | TIO8 | TIO7 | TIO6 | TIOS | TIO4 | TIO3 | TIO2 | TIO1 | TIOO
CEN | CEN | CEN | CEN | CEN | CEN | CEN | CEN | CEN | CEN
<When reset:H'0000>
D Bit Name Function R w
0-5 No functions assigned 0 -
6 TIO9CEN (TIO9 count enable) 0: Stops count O O
7 TIO8CEN (TIO8 count enable) 1: Enables count
8 TIO7CEN (TIO7 count enable)
9 TIOB6CEN (TIO6 count enable)
10 TIO5CEN (TIOS5 count enable)
11 TIO4CEN (TIO4 count enable)
12 TIO3CEN (TIO3 count enable)
13 TIO2CEN (TIO2 count enable)
14 TIO1CEN (TIO1 count enable)
15 TIOOCEN (TIOO0 count enable)

Note: This register must always be accessed in halfwords.

The TIO0-9 Count Enable Register controls operation of TIO counters. To enable the counter in
software, enable the relevant TIO0-9 Enable Protect Register for write and set the count enable
bit by writing a 1. To stop the counter, enable the TIO0-9 Enable Protect Register for write and

reset the count enable bit by writing a 0.

In all but continuous mode, when the counter stops due to an occurrence of underflow, the
count enable bit is automatically reset to 0. Therefore, what you get by reading the TIO0-9
Count Enable Register is the status that indicates the counter's operating status (active or idle).
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TIOm external enable
(TIOMEEN or TIOMENS)

FIF

Edge selection

TINNS O
/
Event busj

TIOm enable protect
(TIOMPRO)

EN-ON

TIOm enable
(TIOMCEN)

Dn——» FIF——— »TIO enable control

WR

Figure 10.4.7 Configuration of the TIO Enable Circuit
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10.4.9 Operation in TIO Measure Free-run/Clear Input Modes

(1) Outline of TIO measure free-run/clear input modes

In TIO measure free-run/clear input modes, the timer measures a duration of time from when it
starts counting till when an external capture signal is entered. An interrupt can be generated by a
counter underflow or execution of measure operation.

After the timer is enabled (by writing to the enable bit in software), the counter starts counting
down synchronously with the count clock. When a capture signal is entered from an external
device, the counter value at that point in time is written to the measure register.

Especially in measure clear input mode, the counter value is initialized to H'FFFF upon capture,
from which the counter starts counting down again. When the counter underflows after reaching
the minimum count, it starts counting down from H'FFFF again. In measure free-run input mode,
the counter continues counting down even after capture and upon underflow, recycles to H'FFFF,
from which it starts counting down again.

To stop the counter, disable count by writing to the enable bit in software.
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Enabled Measure event Measure event
(by writing to enable bit) ~ (capture) (capture)
occurs occurs

Countclock - m ,,,,,,,,,,,,,,,,,,, H_ML H_H_H L L
Enable bit 41

— HFFFF

Counter

L— H0000

Measure register

TIN interrupt

TIN interrupt by TIN interrupt by
external event input :T&Le‘xternal event input

TIO interrupt ﬁ
TIO interrupt by
underflow

Note: This diagram does not show detail timing information

Figure 10.4.8 Typical Operation in Measure Free-run Input Mode
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Measure event

Counter

Enabled (capture)
(by writing to enable bit) occurs
Count clock H—H—H H—H—H H_H_H
Enable bit Q
— HFFFF

Measure register  Indeterminate

TIN interrupt

TIO interrupt

external event input

TIN interrupt by

.

Note: This diagram does not show detail timing information.

A

TIO interrupt by
underflow

Figure 10.4.9 Typical Operation in Measure Clear Input Mode
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(2) Precautions to be observed when using TIO measure free-run/clear input modes
The following describes precautions to be observed when using TIO measure free-run/clear

input modes.

« If measure event input and write to the counter occur simultaneously in the same clock period,
the write value is set in the counter while at the same time latched into the measure register.
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10.4.10 Operation in TIO Noise Processing Input Mode

In noise processing input mode, the timer detects the status of an input signal that it remained in the
same state for over a predetermined time.

In noise processing input mode, the counter is started by entering a high or low-level signal from an
external device and if the signal remains in the same state for over a predetermined time before the
counter underflows, the counter stops after generating an interrupt. If the valid-level signal being
applied turns to an invalid level before the counter underflows, the counter temporarily stops
counting and when a valid-level signal is entered again, it is reloaded with the initial count and
restarts counting. The valid count value is (reload O register set value + 1).

The timer stops at the same time the counter underflows or count is disabled by writing to the
enable bit.

An interrupt can be generated by a counter underflow.

Enabled
(by writing to enable bit
or by external input)

Count clock
: ;[ Disabled
: : by underflow
Enable bit# M———
External input \_1

(noise processing)

Invalld Invalid | Valid signal width

Counter

Reload O register ~ H’A000

ol

TIO interrupt ¢

TIO interrupt by
Note: This diagram does not show detail timing information underflow

Figure 10.4.10 Typical Operation in Noise Processing Input Mode
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10.4.11 Operation in TIO PWM Output Mode

(1) Outline of TIO PWM output mode

In PWM output mode, the timer uses two reload registers to generate a waveform with a given
duty cycle.

When after setting the initial values in reload 0 and reload 1 registers, the timer is enabled (by
writing to the enable bit in software or by external input), it loads the reload 0 register value into
the counter synchronously with the count clock letting the counter start counting down. The first
time the counter underflows, the reload 1 register value is loaded into the counter letting it
continue counting. Thereafter, the counter is reloaded with the reload 0 and reload 1 register
values alternately each time an underflow occurs. The valid count values are (reload O register
set value + 1) and (reload 1 register set value + 1). The timer stops at the same time count is
disabled by writing to the enable bit (and not in synchronism with PWM output period).

The F/F output waveform in PWM output mode is inverted (F/F output levels change from low to
high, or vice versa) at count startup and upon each underflow. An interrupt can be generated
when the counter underflows every other time (second time, fourth time, and so on) after being
enabled.

Note that TIO's PWM output mode does not have the correction function.
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Enabled
(by writing to enable bit Underflow Underflow
or by external input) ~ (first time) (second time)

Count clock Um M ,,,,,,,,,,,,,,,,,,,,,,,,,, ﬂ_[LUL ,,,,,,,,,,,, ML

Enable bit —— Down-count Down-count

starting from i Down-count starting relsézglggr;roiger
reload O register | | from reload 1 register : set valuge
set value . set value i
— HFFFF - T . A
H’(C000-1)
H'CO000 ... [

k H'(A000-1)

H'AQOQ- - - o N H'A000 {. - / ,,,,,,,,,,,,,,,,
Counter R

Reload 0 register HA000 (O O

Reload 1 register ~ H'C000 O O

Foupt 1|

Data inverted Data inverted Data inverted
by enable by underflow by underflow

TIO interrupt r&

by underflow

< PWM output period S

Note: This diagram does not show detail timing information

Figure 10.4.11 Typical Operation in PWM Output Mode
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(2) Reload register updates in TIO PWM output mode

In PWM output mode, when the timer remains idle, reload O and reload 1 registers are updated at
the same time data are written to the registers. But when the timer is active, reload 1 register is
updated by updating reload O register. However, when you read reload 0 and reload 1 registers,
the values you get are always the data written to the registers.

< Internal bus >
Reload 1 JL
TIOnRL1 [«—— Reload1wR
ReloadOWR
Reload 1
‘ Buffer ‘47 ‘ TIONRLO }47
PWM mode control
O
1
Prescaler output ————  16-bit counter | FIF o TO

Figure 10.4.12 PWM Circuit Diagram

If you want to rewrite reload 0 and reload 1 registers while the timer is operating, rewrite reload 1
register first and then reload O register. In this way, reload 0 and reload 1 registers both are
updated synchronously with PWM periods, from which the timer starts operating again. This
operation can normally be performed collectively by accessing register addresses wordwise (in
32 bhits) beginning with that of reload 1 register. (Data are automatically written to reload 1 and
then reload O registers in succession.)

If you update the reload registers in reverse by updating reload O register first and then reload 1
register, only reload O register is updated. when you read reload O and reload 1 registers, the
values you get are always the data written to the registers, and not the reload values being
actually used.

Note that when updating the PWM period, if the PWM period is terminated before you finished
writing to reload 0, the PWM period is not updated in the current period and what you've set is
reflected in the next period.
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(a) When reload register updates take effect in the current period (reflected in the next period)

Write to reload 0
Write to reload 1 (reload 1 data latched)

A\ A

\ /
Reload 0 register H'1000 X H'8000
©)

Reload 1 register H'2000 H’9000

New PWM

«—— Old PWM output period > output period —»

F/F output
Operation by new reload value written

_ Enlarged view Tooeos

/ ——————»<+—— New PWM output period \
Count clock I I I I
Counter H0001) HO0000 Y HFFFF >< H7FFF H'7FFE
Interrupt M ‘
by underflow
Reload 0 register H'1000 ©) H'8000
Reload 1 register H2000) () H'9000
Reload 1 buffer H2000 >< © H’9000
F/F output E— ?
Timing at which reload 1 .
\\ and reload 0 registers are updated PWM period latched /

Note: This diagram does not show detail timing information.

(b) When reload register updates take effect in the next period (reflected one period later)

Write to reload 0
Write to reload 1 (reload 1 data latched)
|

Reload 0 register H'1000 H'8000
A :
Reload 1 register H'2000 . [©) H'9000
I Old PWM
l«—— Old PWM output period <~ output period _p

F/F output

Operation by old reload value

/‘ Enlarged/\}i;w \
-~ p«——— Old PWM output period
Count clock H H H H
Counter H000 H'000 X H >< H'OFEF H'OFFE
T 0 ' FFFF :
Interrupt ﬂ
by underflow .
Reload 0 register Hi10007 | O H’goo
Reload 1 register H'2000 : H'9000 : O
Reload 1 buffer 2000 O ; H'9000
F/F output %
PWM period latched
Timing at which reload 1
\\ and reload 0 registers are updated /

Note: This diagram does not show detail timing information.

Figure 10.4.13 Reload 0 and Reload 1 Register Updates in PWM Output Mode
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10.4.12 Operation in TIO Single-shot Output Mode (without Correction Function)

(1) Outline of TIO single-shot output mode

In single-shot output mode, the timer generates a pulse in width of (reload 0 register set value +
1) only once and stops without performing any operation.

When after setting the reload O register, the timer is enabled (by writing to the enable bit in
software or by external input), it loads the content of reload 0 register into the counter
synchronously with the count clock, letting the counter start counting. The counter counts down
clock pulses and stops when it underflows after reaching the minimum count.

The F/F output waveform in single-shot output mode is inverted (F/F output levels change from
low to high, or vice versa) at startup and upon underflow, generating a single-shot pulse
waveform in width of (reload O register set value + 1) only once. Also, an interrupt can be
generated when the counter underflows.

The count value is (reload O register set value + 1). (For details about count operation, also refer
to Section 10.3.9, "Operation in TOP Single-shot Output Mode (with Correction Function).”

(2) Precautions to be observed when using TIO single-shot output mode
The following describes precautions to be observed when using TIO single-shot output mode.

« If the counter stops due to underflow in the same clock period as the timer is enabled by
external input, the former has priority (so that the counter stops).

« If the counter stops due to underflow in the same clock period as count is enabled by writing to
the enable bit, the latter has priority (so that count is enabled).

« If the timer is enabled by external input in the same clock period as count is disabled by writing
to the enable bit, the latter has priority (so that count is disabled).

« Because the internal circuit operation is synchronized to the count clock (prescaler output), a
finite time equal to a prescaler delay is included before F/F starts operating after the timer is
enabled.
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Enabled
(by writing to enable bit
or by external input)

Disabled
(by underflow)

. v
Count clock ﬂ_ﬂ_ﬂ H_H;W

Enable bit —]

i Counts down starting
H'A000 _ from reload O register
Counter set value

— H0000

Reload O register H'A000 O

Reload 1 register (Not used)

F/F output 4 .
Data inverted Data inverted
by qnable by underflow
TIO interrupt 7)87
by underflow :

Note: This diagram does not show detail timing information

Figure 10.4.14 Typical Operation in TIO Single-shot Output Mode (without Correction
Function)
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10.4.13 Operation in TIO Delayed Single-shot Output Mode (without Correction
Function)

(1) Outline of TIO delayed single-shot output mode

In delayed single-shot output mode, the timer generates a pulse in width of (reload O register set
value + 1) only once, with the output delayed by an amount of time equal to (counter set value +
1) and then stops without performing any operation.

When after setting the counter and reload O register, the timer is enabled (by writing to the enable
bit in software or by external input), it starts counting down from the counter's set value
synchronously with the count clock. The first time the counter underflows, the reload 0 register
value is loaded into the counter causing it to continue counting down, and the counter stops when
it underflows next time.

The F/F output waveform in delayed single-shot output mode is inverted (F/F output levels
change from low to high, or vice versa) when the counter underflows first time and next,
generating a single-shot pulse waveform in width of (reload O register set value + 1) only once,
with the output delayed by an amount of time equal to (first set value of counter + 1). Also, an
interrupt can be generated when the counter underflows first time and next.

The valid count values are the (counter set value + 1) and (reload O register set value + 1). For
details about count operation, also see Section 10.3.10, "Operation in TOP Delayed Single-shot
Output Mode (With Correction Function)."

(2) Precautions to be observed when using TIO delayed single-shot output mode
The following describes precautions to be observed when using TIO delayed single-shot output

mode.

« If the counter stops due to underflow in the same clock period as the timer is enabled by
external input, the former has priority (so that the counter stops).

« If the counter stops due to underflow in the same clock period as count is enabled by writing to
the enable bit, the latter has priority (so that count is enabled).

« If the timer is enabled by external input in the same clock period as count is disabled by writing
to the enable bit, the latter has priority (so that count is disabled).

* When you read the counter immediately after reloading it pursuant to underflow, the value you
get is temporarily H'FFFF. But this counter value immediately changes to (reload value - 1) at
the next clock edge.
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Enabled Underflow Underflow
(by writing to enable bit  (first time) (second time)
or by external input)

Count clock |
Enable bit ——— ]—

L | ! et e E [
H’FO00
D t starti Down-count starting
H'A000 own-count starting from reload O register
from counter set value
Counter set value
B 0000 e
Reload 0 register H’FO00 O

Reload 1 register  (Not used)

F/F output 4 T
Data inverted Data inverted

by underflow by underflow

TIO interrupt %ﬁ ng—L

by underflow

Note: This diagram does not show detail timing information

Figure 10.4.15 Typical Operation in TIO Deleted Single-shot Output Mode (without
Correction Function)
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10.4.14 Operation in TIO Continuous Output Mode (Without Correction Function)

(1) Outline of TIO continuous output mode

In continuous output mode, the timer counts down clock pulses starting from the set value of the
counter and when the counter underflows, reloads it with reload 0 register value. Thereafter, this
operation is repeated each time the counter underflows, thus generating consecutive pulses
whose waveform is inverted in width of (reload O register set value + 1).

When after setting the counter and reload O register, the timer is enabled (by writing to the enable
bit in software or by external input), it starts counting down from the counter's set value
synchronously with the count clock and when the minimum count is reached, generates an
underflow. This underflow causes the counter to be reloaded with the content of reload O register
and start counting over again. Thereafter, this operation is repeated each time an underflow
occurs. To stop the counter, disable count by writing to the enable bit in software.

The F/F output waveform in continuous output mode is inverted (F/F output levels change from
low to high, or vice versa) at startup and upon underflow, generating consecutive pulses until the
timer stops counting. Also, an interrupt can be generated each time the counter underflows.

The valid count values are the (counter set value + 1) and (reload O register set value + 1). For
details about count operation, also see Section 10.3.11, "Operation in TOP Continuous Output
M10.4 TIO (Input/Output-related 16-bit Timer)

(2) Precautions to be observed when using TIO continuous output mode
The following describes precautions to be observed when using TIO continuous output mode.

« If the timer is enabled by external input in the same clock period as count is disabled by writing
to the enable bit, the latter has priority (so that count is disabled).

« When you read the counter immediately after reloading it pursuant to underflow, the value you
get is temporarily H'FFFF. But this counter value immediately changes to (reload value - 1) at
the next clock edge.

« Because the internal circuit operation is synchronized to the count clock (prescaler output), a
finite time equal to a prescaler delay is included before F/F starts operating after the timer is
enabled.
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Enabled Underflow Underflow
(by writing to enable bit  (first time) (second time)
or by external input)

Count clock ULH MULL ,,,,,,,,,,,,,,,,,,,,,,,, MLUL ,,,,,,,,,,,,,,,,,,,,,,,,
Enable bit
— HFFFF - e e
H'DFFF H'DFFF
H'E000 ----- s J
Down-count Down-count Down-count
H'’A000 starting from starting from starting from
Counter counter reload O register| reload O register
set value set value set value
L. H0000 oo N N
Reload 0 register H'E000 O O

Reload 1 register ~ (Not used)

F/F output

Data inverted Data inverted
by enable by underflow

TIO interrupt 7)87 7)87

by underflow

Note: This diagram does not show detail timing information.

Figure 10.4.16 Typical Operation in TIO Continuous Output Mode (without Correction
Function)
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10.5 TMS (Input-related 16-bit Timer)

10.5.1 Qutline of TMS

TMS (Timer Measure Small) is an input-related 16-bit timer capable of measuring input pulses in
two circuit blocks comprising a total eight channels.

The table below shows specifications of TMS. The diagram in the next page shows a block diagram
of TMS.

Table 10.5.1 Specifications of TMS (Input-related 16-bit Timer)

Item Specification

Number of channels 8 channels (2 circuit blocks consisting of 4 channels each, 8 channels in total)
Counter 16-bit up-counter x 2

Measure register 16-bit measure register x 8

Timer startup Started by writing to enable bit in software

Interrupt generation Can be generated by a counter overflow

10.5.2 Outline of TMS Operation

In TMS, when the timer is started by writing to the enable bit in software, the counter starts
operating. The counter is a 16-bit up-counter, where when a measure signal is entered from an
external device, the counter value is latched into each measure register.

The counter stops counting at the same time count is disabled by writing to the enable bit in
software.

A TIN interrupt can be generated by entering an external measure signal. Also, a TMS interrupt can
be generated by a counter overflow.
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Clock bus Input event bus Output event bus
3210 3210 0123
TMS 0
ovf IRQ7
faclican clk !
TCLK3 O TCLK3S @7 Counter Measure register 3‘
o510
IRO10 cap3 cap2 capl cap0
TIN12 O TINI2S & s]
IRQ10
TINI3 O] TIN13S p S|
DRQ3
IRQ10
TINL14 O TIN14S . s
IRQ10
TIN15 O TINIES e S
IRQ7
'S clk TMS 1 ovf
IRQ10 cap3 cap2 capl cap0
TINL6 O] TIN16S o s}
IRQ10
TINL17 O TINLTS . (s}
DRQ5
IRQ10
TIN18 O-{ TIN18S pe (s
DRQ6
IRQ10
TIN19 O TIN19S e [sf———
3210 3210 0123

: Selector

Figure 10.5.1 Block Diagram of TMS (Input-related 16-bit Timer)
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10.5.3 TMS Related Register Map

The diagram below shows a TMS related register map.

Address

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

DO +0 Address D7 DS +1 Address D15

|

03C0 TMS Counter (TMSOCT)

03C2 TMSO0 Measure 3 Register (TMSOMR3)

034 TMSO Measure 2 Register (TMSOMR2)

03C6 TMSO0 Measure 1 Register (TMSOMR1)

03C8 TMSO0 Measure 0 Register (TMSOMRO)

03CA TMSO0 Control Register TMS1 Control Register

(TMSOCR) (TMS1CR)

03D0 TMS1 Counter (TMS1CT)

03D2 TMS1 Measure 3 Register (TMS1MR3)

034 TMS1 Measure 2 Register (TMS1MR2)

03D6 TMS1 Measure 1 Register (TMS1MR1)

0308 TMS1 Measure 0 Register (TMS1MRO)
|

Blank addresses are reserved.
Note: The registers enclosed in thick frames must always be accessed in halfwords.

Figure 10.5.2 TMS Related Register Map
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10.5.4 TMS Control Registers

The TMS control registers are used to select TMSO0/1 input events and the counter clock source, as
well as control counter startup. Following two TMS control registers are included:

e TMSO Control Register (TMSOCR)
* TMS1 Control Register (TMS1CR)

m TMSO Control Register (TMSOCR) <Address: H'0080 03CA>
DO 1 2 3 4 5 6 D7
TMSO TMSO TMSO TMSO
TMSOCKS TMSOCEN
SSO SS1 SS2 SS3 |

<When reset:H'00>

D Bit Name Function R w
0 TMS0SS0 0: External input TIN15 O O
(TMSO0 measure 0 source selection) 1: Input event bus 0
1 TMS0SS1 0: External input TIN14 O O
(TMSO0 measure 1 source selection) 1: Input event bus 1
2 TMS0SS2 0: External input TIN13 O O
(TMSO0 measure 2 source selection) 1: Input event bus 2
3 TMS0SS3 0: External input TIN12 O O
(TMSO0 measure 3 source selection) 1: Input event bus 3
4,5 TMSOCKS 00: External input TCLK3 O O
(TMSO clock source selection) 01: Clock bus 0

10: Clock bus 1
11: Clock bus 3

6 No functions assigned 0 -
7 TMSOCEN 0: Count stops O O
(TMSO count enable) 1: Count starts
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m TMS1 Control Register (TMS1CR) <Address: H'0080 03CB>
D8 9 10 11 12 13 14 D15
TMS1 TMS1 TMS1 TMS1
SS0 ss1 SS2 sS3 TMS1CKS TMS1CEN

<When reset:H'00>

D Bit Name Function R W

8 TMS1SS0 0: External input TIN19 O O
(TMS1measure 0 source selection) 1: Input event bus 0

9 TMS1SS1 0: External input TIN18 O O
(TMS1 measure 1 source selection) 1: Input event bus 1

10 TMS1SS2 0: External input TIN17 O O
(TMS1 measure 2 source selection) 1: Input event bus 2

11 TMS1SS3 0: External input TIN16 O O
(TMS1 measure 3 source selection) 1: Input event bus 3

12 No functions assigned 0 -

13 TMS1CKS 0: Clock bus 0 O O
(TMS1 clock source selection) 1: Clock bus 3

14 No functions assigned 0 -

15  TMSI1CEN 0: Count stops O @)
(TMS1 count enable) 1: Count starts
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10.5.5 TMS Counter (TMSOCT, TMS1CT)

m TMSO Counter (TMSOCT) <Address: H'0080 03C0>
m TMS1 Counter (TMS1CT) <Address: H'0080 03D0>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TMSOCT, TMS1CT
| | |

<When reset: Indeterminate>

D Bit Name Function R W

0-15  TMSOCT, TMSICT 16-bit counter value O O

Note: This register must always be accessed in halfwords.

The TMS counters are a 16-bit up-counter, which starts counting when the timer is enabled (by
writing to the enable bit in software). The counter can be read on-the-fly.
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10.5.6 TMS Measure Registers (TMSOMR3-0, TMS1MR3-0)

m TMSO Measure 3 Register (TMSOMR3)
m TMSO Measure 2 Register (TMSOMR?2)
m TMSO Measure 1 Register (TMSOMR1)
m TMSO Measure 0 Register (TMSOMRO)

m TMS1 Measure 3 Register (TMS1MR3)
m TMS1 Measure 2 Register (TMS1MR2)
m TMS1 Measure 1 Register (TMS1MR1)
m TMS1 Measure 0 Register (TMS1MRO)

<Address:
<Address:
<Address:
<Address:

<Address:
<Address:
<Address:
<Address:

H'0080 03C2>
H'0080 03C4>
H'0080 03C6>
H'0080 03C8>

H'0080 03D2>
H'0080 03D4>
H'0080 03D6>
H'0080 03D8>

DO 1 2 3 4 5 6 7 8 10 11 12 13 14 D15
TMSOMR3-0, TMS1IMR3-0
\ \ \ \ \
<When reset: Indeterminate>
D Bit Name Function R w

0-15 TMSOMR3-TMSOMRO 16-bit reload register value O -

TMS1MR3-TMS1MRO

Note 1: This register is a read-only register.
Note 2: This register can be accessed in either byte or halfword.

The TMS measure registers are used to latch counter contents upon event input. The TMS

measure registers are a read-only register.
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10.5.7 Operation of TMS Measure Input

(1) Outline of TMS measure input

In TMS measure input, the counter starts counting up clock pulses when the timer is actuated by
writing to the enable bit in software. When event input is entered to TMS while the timer is
operating, the counter value is latched into measure registers 0-3. The timer stops at the same
time count is disabled by writing to the enable bit.

A TIN interrupt can be generated by entering a measure signal from an external device. Also,
when the counter overflows, a TMS interrupt can be generated.

Enabled Measure Measure Measure Measure
(by writingto event0 event 1 Overflow  event 0 event 1
enable bit)  occurs  occurs occurs occurs occurs

Y A S \ v
Count clock ﬂﬂﬂ 77777 jﬂ 7777777 jﬂ 7777777 ﬂ ﬂﬂ Hﬂ

Counter

Indeterminate

valug crereeeeeeeeeeee
b= H'0000 - -~ -remmrmmre e
Measure O register Initial value (indeterminate)>< H’8000 >< H’6000
TIN15 interrupt rgﬁ ﬁ)ﬁ
Measure 1 register Initial value (indeterminate) >< H’C000 ><H'DOOO

TIN14 interrupt rfﬁ W)()—L
TMS interrupt rgﬁ

by overflow

Note: This diagram does not show detail timing information.

Figure 10.5.3 Typical Operation in TMS Measure Input
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(2) Precautions to be observed when using TMS measure input

The following describes precautions to be observed when using TMS measure input.

« If measure event input and write to the counter occur simultaneously in the same clock period,
the write value is set in the counter while at the same time latched to the measure register.
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10.6 TML (Input-related 32-bit Timer)

10.6.1 Outline of TML

TML (Timer Measure Large) is an input-related 32-bit timer capable of measuring input pulses in
two circuit blocks comprising a total of eight channels.

The table below shows specifications of TML. The diagram in the next page shows a block diagram
of TML.

Table 10.6.1 Specifications of TML (Input-related 32-bit Timer)

Item Specification

Number of channels 8 channels (2 circuit blocks consisting of 4 channels each, 8 channels in total)

Input clock Divided-by-2 frequency of the internal peripheral operating clock (e.g., 10.0
MHz when using 20 MHz internal peripheral operating clock) or clock bus 1
input

Counter 32-bit up-counter x 2

Measure register 32-bit measure register x 8

Timer startup Starts counting after leaving reset
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Clock bus Input event bus Output event bus
3210 3210 0123
TMLO
1/2 internal clk
peripheral @74{ Counter Measure register 3 ‘
clock f
@2t
cap3  cap2 capl cap0
IRQ11
TIN20 O-[TINZOS|—+— H
IRQ11
TIN21 O-[TIN21S} 4 S|
IRQ11
TIN22 O-{TIN22S}—+— s
IRQ11
TIN23 O-{TIN23S] s SF———
TML1
clk )
4@——{ Counter Measure register 3‘
@2t
cap3 cap2 capl cap0
RO P p P P!
TIN30 O-{TIN30S| ¢ [S)——
IRQ18
TIN31 O-{TIN31S—4— S|
IRQ18
TIN32 O TIN32S—6— [SF—"—
IRQ18
TIN33 O-{ TIN33S—+— sk
3210 3210 0123
: Selector

Figure 10.6.1 Block Diagram of TML (Input-related 32-bit Timer)

10.6.2 Outline of TML Operation

In TML, the counter starts counting upon deassertion of reset. The counter is a 32-bit up-counter,
where when a measure event signal is entered from an external device, the counter value at that
point in time is stored in each 32-bit measure register.

When reset input is deasserted, the counter starts operating with a divided-by-2 frequency of the
internal peripheral clock, and cannot be stopped once it has started. The counter is idle only when

the device remains reset.

A TIN interrupt can be generated by entering an external measure signal. However, no TML
counter overflow interrupts are available.
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10.6.3 TML Related Register Map

The diagram below shows a TML related register map.

Address +0 Address +1 Address

DO D7‘ D8 D15
H 0080 O3EO TMLO Counter, High (TMLOCTH)
H 0080 03E2 TMLO Counter, Low (TMLOCTL)

))

TMLO Control Register

H 0080 03EA (TMLOCR)

H 0080 03F0 TMLO Measure 3 Register, High (TMLOMR3H)
H 0080 03F2 TMLO Measure 3 Register, Low (TMLOMR3L)
H 0080 03F4 TMLO Measure 2 Register, High (TMLOMR2H)
H 0080 03F6 TMLO Measure 2 Register, Low (TMLOMR2L)
H 0080 03F8 TMLO Measure 1 Register, High (TMLOMR1H)
H 0080 03FA TMLO Measure 1 Register, Low (TMLOMR1L)
H 0080 O3FC TMLO Measure 0 Register, High (TMLOMROH)
H 0080 O3FE TMLO Measure 0 Register, Low (TMLOMROL)
H 0080 OFEOQ TML1 Counter, High (TML1CTH)

H 0080 OFE2 TML1 Counter, Low (TML1CTL)

) )
(

H 0080 OFEA TML1 Control Register

(TMLICR)
H 0080 OFFO TML1 Measure 3 Register, High (TML1IMR3H)
H 0080 OFF2 TML1 Measure 3 Register, Low (TML1MR3L)
H 0080 OFF4 TML1 Measure 2 Register, High (TML1IMR2H)
H 0080 OFF6 TML1 Measure 2 Register, Low (TML1IMR2L)
H 0080 OFF8 TML1 Measure 1 Register, High (TML1MR1H)
H 0080 OFFA TML1 Measure 1 Register, Low (TML1IMR1L)
H 0080 OFFC TML1 Measure 0 Register, High (TMLLMROH)
H 0080 OFFE TML1 Measure 0 Register, Low (TML1IMROL)

Blank addresses are reserved.
Note: The registers enclosed in thick frames must always be accessed in halfwords.

Figure 10.6.2 TML Related Register Map
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10.6.4 TML Control Registers

m TMLO Control Register (TMLOCR)

<Address: H'0080 03EB>

D8 9 10 11 12 13 14 D15
TMLOSSO | TMLOSS1 |TMLOSS2 | TMLOSS3 | | TMLOCKS
<When reset:H'00>
D Bit Name Function R w
8 TMLOSSO0 0: External input TIN23 O O
(TMLO measure 0 source selection) 1: Input event bus 0
9 TMLOSS1 0: External input TIN22 O O
(TMLO measure 1 source selection) 1: Input event bus 1
10 TMLOSS2 0: External input TIN21 O O
(TMLO measure 2 source selection) 1: Input event bus 2
11 TMLOSS3 0: External input TIN20 O O
(TMLO measure 3 source selection) 1: Input event bus 3
12-14  No functions assigned 0 -
15 TMLOCKS 0: 1/2 internal peripheral clock O O

(TMLO clock source selection)

1: Clock bus 1

The TMLO Control Register is used to select TMLO input event and the counter clock source.

Note: The counter can be written to normally only when the selected clock source is a 1/2 internal peripheral
clock. When using any other clock source, you cannot write to the counter normally. Under this
condition, do not write to the counter.
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m TML1 Control Register (TML1CR)

<Address: H'0080 OFEB>

D8 9 10 11 12 13 14 D15
TML1SSO | TML1SS1|TML1SS2 |TML1SS3 | | TML1CKS
<When reset:H'00>
D Bit Name Function R W
8 TML1SS0 0: External input TIN33 O O
(TML1 measure 0 source selection) 1: Input event bus 0
9 TML1SS1 0: External input TIN32 O O
(TML1 measure 1 source selection) 1: Input event bus 1
10 TML1SS2 0: External input TIN31 O O
(TML1 measure 2 source selection) 1: Input event bus 2
11 TML1SS3 0: External input TIN30 O O
(TML1 measure 3 source selection) 1: Input event bus 3
12-14  No functions assigned 0 -
15 TML1CKS 0: 1/2 internal peripheral clock O O

(TML1 clock source selection)

1: Clock bus 1

The TML1 Control Register is used to select TML1 input event and the counter clock source.

Note: The counter can be written to normally only when the selected clock source is a 1/2 internal peripheral

clock. When using any other clock source, you cannot write to the counter normally. Under this condition,

do not write to the counter.
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10.6.5 TML Counters

m TMLO Counter, High (TMLOCTH) <Address: H'0080 03E0>
m TMLO Counter, Low (TMLOCTL) <Address: H'0080 03E2>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TMLOCTH (16 high-order bits)
| | | | |

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TMLOCTL (16 low-order bits)
| | | | |

<When reset: Indeterminate>

D Bit Name Function R w
0-15  TMLOCTH 32-bit counter value (16 high-order bits) O O
TMLOCTL 32-bit counter value (16 low-order bits)

Note: This register must always be accessed in words (32 bits) beginning with the address of TMLOCTH.

The TMLO Counter is a 32-bit up-counter, which starts counting upon deassertion of reset. The
TMLOCTH register accommodates the 16 high-order bits, and the TMLOCTL register
accommodates the 16 low-order bits of the 32-bit counter.

The counter can be read on-the-fly.
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m TML1 Counter, High (TML1CTH) <Address: H'0080 OFEO>
m TML1 Counter, Low (TML1CTL) <Address: H'0080 OFE2>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TML1CTH (16 high-order bits)
| | | | |

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TML1CTL (16 low-order bits)
| | | | |

<When reset: Indeterminate>

D Bit Name Function R w
0-15 TMLICTH 32-hit counter value (16 high-order bits) O O
TML1CTL 32-bit counter value (16 low-order bits)

Note: This register must always be accessed in words (32 bits) beginning with the address of TML1CTH.

The TML1 Counter is a 32-bit up-counter, which starts counting upon deassertion of reset. The
TML1CTH register accommodates the 16 high-order bits, and the TML1CTL register
accommodates the 16 low-order bits of the 32-bit counter.

The counter can be read on-the-fly.
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10.6.6 TML Measure Registers

m TMLO Measure 3 Register (TMLOMR3H) <Address: H'0080 03F0>
m TMLO Measure 3 Register (TMLOMRS3L) <Address: H'0080 03F2>
m TMLO Measure 2 Register (TMLOMR2H) <Address: H'0080 03F4>
m TMLO Measure 2 Register (TMLOMR2L) <Address: H'0080 03F6>
m TMLO Measure 1 Register (TMLOMR1H) <Address: H'0080 03F8>
m TMLO Measure 1 Register (TMLOMR1L) <Address: H'0080 03FA>
m TMLO Measure 0 Register (TMLOMROH) <Address: H'0080 03FC>
m TMLO Measure 0 Register (TMLOMROL) <Address: H'0080 03FE>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TMLOMR3H-TMLOMROH (16 high-order bits)
| | | | | | |

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TMLOMR3L-TMLOMROL (16 low-order bits)
| | | | | | |

<When reset: Indeterminate>

D Bit Name Function R W
0-15 TMLOMR3H-0H 32-bit counter value (16 high-order bits) O -
TMLOMR3L-0L 32-bit counter value (16 low-order bits)

Note 1: These registers are a read-only register.
Note 2: These registers must always be accessed in words (32 bits) beginning with a word boundary.

The TMLO Measure Registers are used to latch counter contents upon event input. The TMLO
Measure Registers are configured with 32 bits, the TMLOMR3H-0H accommodating the 16 high-
order bits, and the TMLOMR3L-0OL accommodating the 16 low-order bits. The TMLO Measure
Registers are a read-only register. These registers must always be accessed in words (32 bits)
beginning with a word boundary.
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m TML1 Measure 3 Register (TML1MR3H) <Address: H'0080 OFF0>
m TML1 Measure 3 Register (TML1MR3L) <Address: H'0080 OFF2>
m TML1 Measure 2 Register (TML1MR2H) <Address: H'0080 OFF4>
m TML1 Measure 2 Register (TML1MR2L) <Address: H'0080 OFF6>
m TML1 Measure 1 Register (TML1MR1H) <Address: H'0080 OFF8>
m TML1 Measure 1 Register (TML1IMR1L) <Address: H'0080 OFFA>
m TML1 Measure 0 Register (TML1MROH) <Address: H'0080 OFFC>
m TML1 Measure 0 Register (TML1MROL) <Address: H'0080 OFFE>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TML1IMR3H-TML1MROH (16 high-order bits)
| | | | | | | |

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TML1IMR3L-TML1MROL (16 low-order bits)
| | | | | | |

<When reset: Indeterminate>

D Bit Name Function R w
0-15 TML1IMR3H-0H 32-hit counter value (16 high-order bits) O -
TML1IMR3L-0L 32-bit counter value (16 low-order bits)

Note 1: These registers are a read-only register.
Note 2: These registers must always be accessed in words (32 bits) beginning with a word boundary.

The TML1 Measure Registers are used to latch counter contents upon event input. The TML1
Measure Registers are configured with 32 bits, the TML1IMR3H-0H accommodating the 16 high-
order bits, and the TML1MR3L-0L accommodating the 16 low-order bits. The TML1 Measure
Registers are a read-only register. These registers must always be accessed in words (32 bits)
beginning with a word boundary.
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10.6.7 Operation of TML Measure Input

(1) Outline of TML measure input

In TML measure input, the counter starts counting up clock pulses upon deassertion of reset.
When event input is entered to measure registers 0-3, the counter value is latched into the
measure registers.

A TIN interrupt can be generated by entering an external measure signal. (No TML counter
overflow interrupts are available.)

Enabled Measure Measure Measure  Measure
(by deassertion event0 event 1 Overflow event 0 event 1
of reset) occurs  occurs  occurs occurs occurs
Countclock A | S 2| —|
Reset ‘;

— HFFFF FFFF oo SR PR R N A

: H'C000 0000

 H'DO00 0000

Counter (32 bits) e 2 H'8000 0000

H'6000 0000

Indeterminate ‘
valug =rrorrrrrereees :

| H'00000000 S b b L A

Measure O register _Inital value (indeterminate) } H'8000 0000 (H'6000 0000
TIN23 interrupt rg()j rg()j
Measure 1 register njial value (indeterminate) X H’C000 0000 >< H’D000 0000

3 e

Note: This diagram does not show detail timing information.

TIN22 interrupt

Figure 10.6.3 Typical Operation in TML Measure Input
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(2) Precautions to be observed when using TML measure input

The following describes precautions to be observed when using TML measure input.

« If measure event input and write to the counter occur simultaneously in the same clock period,
the write value is set in the counter, whereas the up-count value (before being rewritten) is
latched to the measure register.

« If the timer operates with any clock other than the 1/2 internal peripheral clock while clock bus
1 is selected for the count clock, the counter cannot be written to normally. Therefore, when
operating with any clock other than the 1/2 internal peripheral clock, do not write to the counter.

« If the timer operates with any clock other than the 1/2 internal peripheral clock while clock bus
1 is selected for the count clock, the captured value is one that leads the actual counter value
by one clock period. However, during the 1/2 internal peripheral clock interval from the count
clock, this problem does not occur and the counter value is captured at exact timing.

The diagram below shows the relationship between counter operation and the valid data that can
be captured.

When 1/2 internal peripheral clock is selected

1/2 internal |_| —| |_| |_|

peripheral clock

Counter J( A B C X D X E X F
Capture X A B c X b X E X F

When clock bus 1 is selected

vainternal - [P LU T

peripheral clock

Count clock |_| |_| |_| :
Counter :X A X B X c X:
Capture X B X C X D

Figure 10.6.4 Mistimed Counter Value and Captured Value
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10.7 TID (Input-related 16-bit Timer)

10.7.1 Outline of TID

TID (Timer Input Derivation) is an input-related 16-bit timer, whose operation mode can be selected
from the following by mode switching in software:

* Fixed period count mode
 Event count mode
* Multiply-by-4 event count mode

The table below shows specifications of TID. The diagram in the next page shows a block diagram
of TID.

Table 10.7.1 Specifications of TID (Input-related 16-bit Timer)

Item Specification

Number of channels 3 channels

Counter 16-bit up/down-counter

Reload register 16-bit reload register

Timer startup Started by writing to enable bit in software
Mode selection <Input mode>

« Fixed period count mode
« Event count mode

« Multiply-by-4 event count mode

Interrupt generation Can be generated by a counter underflow and overflow

10-160 32170/32174 Group User's Manual (Rev. 2.1)



10

MULTIJUNCTION TIMERS

10.7 TID (Input-related 16-bit Timer)

TIDO

Built-in edge

CLK1 control circuit

CLK2

TIN24 ©
TIN25 O———

1/2 internal PRS3 clk

‘ Reload register

v

‘ Up/down-counter

\——» IRQ14

TID1

‘ Reload register

‘ IRQ15

v

‘ Up/down-counter

AD1TRG

(To A-D1 converter)

oo TOD1_0-TOD1_7
Enable signal

TID2

‘ Reload register

v

peripheral
clock
% TOD0 0-7
Built-in edge
control circuit
CLK1
TIN26 © s
TINZ7 O——CLK2
1/2 internal clk
peripheral PRSA
clock
-—» TOD1 0-7
Built-in edge
control circuit
TIN28 o CLK1

S
TIN29 O—— CLK2

1/2 internal
ipheral [PRS8!+-

‘ Up/down-counter

% IRQ17
5op TOMO_O - TOMO_7

Enable signal

PRS3 -5/ : Prescaler

L » TOM0_0-7

Figure 10.7.1 Block Diagram of TID (Input-related 16-bit Timer)
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10.7.2 TID Related Register Map

The diagram below shows a TID related register map.

H 0080
H 0080

H 0080

H 0080
H 0080

H 0080

H 0080
H 0080

H 0080

Address

078C
078E

+0 Address

DO D7 | D8 D15

+1 Address

TIDO Count

er (TIDOCT)

TIDO Reload Register (TIDORL)

Prescaler Register 3 (PRS3)

TIDO Control & Prescaler 3
Enable Register (TIDOPRS3EN)

TID1 Count

er (TID1CT)

TID1 Reload Register (TID1RL)

Prescaler Register 4 (PRS4)

TID1 Control & Prescaler 4
Enable Register (TIDIPRS4EN)

TID2 Count

er (TID2CT)

TID2 Reload Register (TID2RL)

C(

Prescaler Register 5 (PRS5)

TID2 Control & Prescaler 5
Enable Register (TID2PRS5EN)

Blank addresses are reserved.
Note: The registers enclosed in thick frames must always be accessed in halfwords.

Figure 10.7.2 TID Related Register Map
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10.7.3 TID Control &Prescaler Enable Registers

m TIDO Control &Prescaler 3 Enable Register (TIDOPRS3EN) <Address: H'0080 07D1>

D8 9 10 11 12 13 14 D15

TIDOM TIDOCEN PRS3EN
|

<When reset : H'00>

D Bit Name Function R w
8 No functions assigned 0 —
9,10 TIDOM 0X : Fixed period count mode O O

(TIDO operation mode selection) 10 : Multiply-by-4 event count mode

11 : Event count mode

11 TIDOCEN 0 : Count stops O O
(TIDO count enable) 1: Count starts

12 - 14 No functions assigned 0 —

15 PRS3EN 0 : Count stops O O
(Prescaler 3 enable) 1: Count starts

Note: Always make sure the counter has stopped and is idle before setting or changing operation modes.

The TIDO Control & Prescaler 3 Enable Register selects TIDO operation mode (Fixed period count
mode, Event count mode, or Multiply-by-4 event count mode) and controls prescaler 3 startup.
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m TID1 Control &Prescaler 4 Enable Register (TID1IPRS4EN) <Address: H'0080 0BD1>

D8 9 10 11 12 13 14 D15

TID1IM TID1CEN TID1ENO PRS4EN
|

<When reset : H'00>

D Bit Name Function R w
8 No functions assigned 0 —
9,10 TIDIM 0X : Fixed period count mode O O

(TID1 operation mode selection) 10 : Multiply-by-4 event count mode

11 : Event count mode

11 TID1CEN 0 : Count stops O O
(TID1 count enable) 1: Count starts

12 No functions assigned 0 —

13 TIDIENO 0 : Disables enable output to TOD1_0-7 O O
(TID1 enable output enable) 1: Enables enable output to TOD1_0-7

14 No functions assigned 0 —

15 PRS4EN 0 : Count stops O O
(Prescaler 4 enable) 1: Count starts

Note: Always make sure the counter has stopped and is idle before setting or changing operation modes.

The TID1 Control & Prescaler 4 Enable Register selects TID1 operation mode (Fixed period count
mode, Event count mode, or Multiply-by-4 event count mode) and controls prescaler 4 startup.
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m TID2 Control &Prescaler 5 Enable Register (TID2PRS5EN) <Address: H'0080 0CD1>

D8 9 10 11 12 13 14 D15

TID2M TID2CEN TID2ENO PRS5EN
|

<When reset : H'00>

D Bit Name Function R w
8 No functions assigned 0 —
9,10 TID2M 0X : Fixed period count mode O O

(TID2 operation mode selection) 10 : Multiply-by-4 event count mode

11 : Event count mode

11 TID2CEN 0 : Count stops O O
(TID2 count enable) 1: Count starts

12 No functions assigned 0 —

13 TID2ENO 0 : Disables enable output to TOMO_0-7 O O
(TID2 enable output enable) 1: Enables enable output to TOMO_0-7

14 No functions assigned 0 —

15 PRS5EN 0 : Count stops O O
(Prescaler 5 enable) 1: Count starts

Note: Always make sure the counter has stopped and is idle before setting or changing operation modes.

The TID2 Control & Prescaler 5 Enable Register selects TID2 operation mode (Fixed period count
mode, Event count mode, or Multiply-by-4 event count mode) and controls prescaler 5 startup.
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10.7.4 TID Counters (TIDOCT, TID1CT, TID2CT)

m TIDO Counter (TIDOCT) <Address: H'0080 078C>
m TID1 Counter (TID1CT) <Address: H'0080 0B8C>
m TID2 Counter (TID2CT) <Address: H'0080 0C8C>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TID‘OCT, "I'ID1C"F, TID‘2CT

<When reset : Indeterminate>

D Bit Name Function R w

0-15 TIDOCT, TIDICT, TID2CT 16-bit counter value O O

Note: This register must always be accessed in halfwords.

The TID counters are a 16-bit up/down-counter. After the timer is enabled (by writing to the enable
bit in software), the counter starts counting synchronously with the count clock.
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10.7.5 TID Reload Registers (TIDORL, TID1RL, TID2RL)

m TIDO Reload Register (TIDORL) <Address: H'0080 078E>
m TID1 Reload Register (TID1RL) <Address: H'0080 OBSE>
m TID2 Reload Register (TID2RL) <Address: H'0080 OC8E>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TID‘ORL, "I'IDlRI‘_, TIDZ‘RL

<When reset : Indeterminate>

D Bit Name Function R w

0-15 TIDORL, TID1RL, TID2RL 16-bit reload register value O O

Note: This register must always be accessed in halfwords.

The TID reload registers are used to reload the TID counter registers (TIDOCT, TID1CT, or
TID2CT) with data.

Itis in the following cases that the content of the reload register is loaded into the counter:

* When the counter underflowed in fixed period count mode
* When the counter is enabled in fixed period count mode

Writing data to the reload register does not mean that the data is loaded into the counter
simultaneously.
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10

10.7.6 Outline of Each Mode of TID

Each mode of TID is outlined below. TID modes can be selected from the following, only one at a time:

(1) Fixed period count mode

In fixed period count mode, the timer uses a reload register to generate an interrupt at intervals of
(reload register set value + 1).

When after setting the reload register (initial value being indeterminate), the timer is enabled (by
writing to the enable bit in software), it loads the content of the reload register into the counter
synchronously with the count clock, letting the counter start counting. The counter counts down
clockpulses and when it underflows after reaching the minimum count, the counter is reloaded
with the content of the reload register again and continues counting. To stop the counter, disable
count by writing to the enable bit. Also, an interrupt can be generated each time the counter
underflows.

The valid count value is the (reload register set value + 1).

Enabled
(by writing to enable bit) Underflow Underflow
(first time) (second time)
Count clock W H H (LU_H LL ,,,,,,,,,,,,,,,,,,,,,,,,
Enable bit
Enable-
— H'FFFF ----- synchronized. ................................ . .
write H'DFFF H'DFFF
H'E000 -~ HE000 | |/ e
Down-count o Down-count o Down-count
starting from starting from starting from
reload register reload register reload register
Counter set value set value set value
Fm HO000 - e N N
Reload register HE000 O O O
TIDO interrupt ‘827 %ﬁ
by underflow
Note: This diagram does not show detail timing information

Figure 10.7.3 Typical Operation in TID Fixed Period Count Mode
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(2) Event count mode

In event count mode, the timer uses an external input signal (TIN24, TIN26, or TIN28) as the
clock source with which to operate the counter.

Note: TIN25, TIN27, and TIN29 cannot be used as the clock source.

By detecting rising and falling edges of the external input signal (TIN24, TIN26, or TIN28), the
timer generates clock pulses synchronized to the internal clock. When after setting the counter,
the timer is enabled (by writing to the enable bit in software), the counter starts counting up from
the set count value synchronously with the generated clock. An interrupt can be generated by a
counter overflow.

To stop the counter, disable count by writing to the enable bit in software or fix the external input
signal high or low.

YR L S S S R T

Counter value 7|:|:|:>< 8000 >< 8001 >< 8002 >< 8003 8004

Figure 10.7.4 Typical Operation in TID Event Count Mode (Basic Operation)

mea—— b b e

Countervalue FFFD ) FFFE / FFFF { 0000 / 0001 0002 J 0003

TID interrupt

by overflow

Figure 10.7.5 Typical Operation in TID Event Count Mode (when Overflow Occurs)
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(3) Multiply-by-4 event count mode

In multiply-by-4 event count mode, the timer uses two external input signals in pairs (TIN24 and
TIN25, TIN26 and TIN27, or TIN28 and TIN29) as the clock sources with which to operate the
counter. The count direction is switched between up-count and down-count depending on the
status of the two input signals.

The two externally sourced signals both are sampled to detect rising and falling edges as the
timer generates clock pulses synchronized to the internal clock. When after setting the counter,
the timer is enabled (by writing to the enable bit in software), the counter starts counting up
synchronously with the generated clock. For details on whether the counter counts up or counts
down, see Table 10.7.2 below.

An interrupt can be generated by a counter overflow and/or underflow.

To stop the counter, disable count by writing to the enable bit in software or fix the external input
signals high or low.

Table 10.7.2 Count Direction during Multiply-by-4 Event Count Mode

Count Direction
Input Up-count Down-count
TIN24
(TIN26, TIN28) H 1 L 1 H 1 L I
TIN25
(TIN27, TIN29) 1 H 1 L 1 L f H
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TIN24

TIN25 j@j ﬁ

Counter value 7TFFE ><7FFF>< 8000>§< 8001 8002>§< 8003>§< 8002 8001 8000>§< 7FFF>§< 7FFEi

Switched over

Counter
7FFE

«4———— Up-count 4’ 47 Down-count —

Figure 10.7.6 Up/Down Count Operation (Switchover Timing)

— e

‘v

A ;
TIN25 |
Counter value  7FFE Y 7FFF 8000 | 8001 | ><8000 : [ TFFF |
SWItChtd over ;
Timer enableg ‘ = ‘ : ; -
5 Count ' ¢ Count ' ' Count ' ' Count ' < Count
‘_:enabled dlsabled Eg<_d|sabled enabled dlsabled_>
: --------------------------------------------
4—— Up-count —p 4— Down-count —p»

Figure 10.7.7 Up/Down Count Operation (Count Enabled and Disabled)

10-171 32170/32174 Group User's Manual (Rev. 2.1)



10 MULTIJUNCTION TIMERS
10.7 TID (Input-related 16-bit Timer)

TIN24

ﬁ ﬁ

Counter value FFFD >< FFFE>< FFFF>< OOOO>< 0001>< 0002>< 0001 >< 0000 >< FFFF>< FFFE>< FFFD><:

+

Sw!tched over

Counter I~ ; i v

0000

<4— Up-count H 44— Down-count ———p

TID Interrupt

Figure 10.7.8 Up/Down Count Operation (Interrupt Timing)
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10.8 TOD (Output-related 16-bit Timer)

10.8.1 Outline of TOD

TOD (Timer Output Derivation) is an output-related 16-bit timer, whose operation mode can be
selected from the following by mode switching in software.
This timer is a variation of TIO, with TIO input modes removed.

<Output modes without correction function>
* PWM output mode
« Single-shot output mode
« Delayed single-shot output mode
 Continuous output mode

The table below shows specifications of TOD. The diagram in the next page shows a block diagram
of TOD.

Table 10.8.1 Specifications of TOD (Output-related 16-bit Timer)

Item Specification

Number of channels 16 channels (two circuit blocks consisting of 8 channels each, 16 channels in total)
Counter 16-bit down-counter x 2

Reload register 16-bit reload register x 2

Timer startup TODO : Started by writing to enable bit in software

TOD1 : Started by writing to enable bit in software or by TID1 timer

underflow/overflow signal

Mode selection <Output modes without correction function>
* PWM output mode
« Single-shot output mode
* Delayed single-shot output mode

» Continuous output mode

Interrupt generation Can be generated by a counter underflow
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ﬂ clk TODO_0 udf}i FIF21}-0 TO 21
sk TODO_1 udf| FIF221-0 10 22
’—1 clk TODO_2 udf} FIF23]-0 TO 23
’—1 clk TODO_3 udf} FIF241-0 10 24
1/2 internal
peripheral PRS3 ﬂ clk TODO_4 udf} EEZE-0 TO 25
clock
’—1 clk TODO_5 udf} FIF26]-0 TO 26
’—1 clk TODO_6 udf FIF27}-0 TO 27
’—1 clk TODO_7 udf} F/F28]-0O TO 28
IRQ13
clk udf
4{ cLk1 cike PO ovf }—' IRQ14
TIN24 O ; |
TIN25 ©
clk TOD1_0 udf FIF29]-O TO 29
en -
 a —
'—1 K e TOD1_1 udf} FIF30-0 TO 30
|
’—1 ok en TOD1 2 udf} FIF31]-O TO 31
T
’—1 K en TOD1 3 Udf} FIF32|-0 TO 32
1/2 internal ‘ I
periphlereLI PRS4 ‘clk en TOD1 4 udf} FIE33-0 TO 33
cloc T
sl TOD1_5 ud | FIF34l o TO 34
T
’—1 ck o TOD1_6 udf FIF35}-O TO 35
T
oK en TOD1_7 ud +[FIF36}-0 TO 36
T
IRQ16
—» IRQ15
AD1TRG
f
ﬂ ok CLK1 CLK2 TID1 gsf *— > (To A-D1 converter)
TIN26 © i
TIN27 O
: Prescaler : Output flip-flop

Figure 10.8.1 Block Diagram of TOD (Output-related 16-bit Timer)
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10.8.2 Outline of Each Mode of TOD

Each mode of TOD is outlined below. For each TOD channel, only one of the following modes can
be selected.

(1) PWM output mode (without correction function)

In PWM output mode, the timer uses two reload registers to generate a waveform with a given
duty cycle.

When after setting the initial values in reload 0 and reload 1 registers, the timer is enabled (by
writing to the enable bit in software or by TID1 underflow/overflow signal), it loads the reload 0O
register value into the counter synchronously with the count clock, letting the counter start
counting down. The first time the counter underflows, the reload 1 register value is loaded into the
counter letting it continue counting. Thereafter, the counter is reloaded with the reload 0 and
reload 1 register values alternately each time an underflow occurs.

The F/F output waveform in PWM output mode is inverted at count startup and upon each
underflow. The timer stops at the same time count is disabled by writing to the enable bit (and not
in synchronism with PWM output period). An interrupt can be generated when the counter
underflows every other time (second time, fourth time, and so on) after being enabled.

(2) Single-shot output mode (without correction function)

In single-shot output mode, the timer generates a pulse in width of (reload 0 register set value +
1) only once and stops without performing any operation.

When after setting the reload O register, the timer is enabled (by writing to the enable bit in
software or by TID1 underflow/overflow signal), it loads the content of reload O register into the
counter synchronously with the count clock, letting the counter start counting. The counter counts
down clock pulses and stops when it underflows after reaching the minimum count.

The F/F output waveform in single-shot output mode is inverted at startup and upon underflow,
generating a single-shot pulse waveform in width of (reload O register set value + 1) only once.
Also, an interrupt can be generated when the counter underflows.
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(3) Delayed single-shot output mode (without correction function)

In delayed single-shot output mode, the timer generates a pulse in width of (reload O register set
value + 1) only once, with the output delayed by an amount of time equal to (counter set value +
1) and then stops without performing any operation.

When after setting the counter and reload O register, the timer is enabled (by writing to the enable
bit in software or by TID1 underflow/overflow signal), it starts counting down from the counter's
set value synchronously with the count clock. The first time the counter underflows, the reload 0
register value is loaded into the counter causing it to continue counting down, and the counter
stops when it underflows next time.

The F/F output waveform in delayed single-shot output mode is inverted when the counter
underflows first time and next, generating a single-shot pulse waveform in width of (reload 0
register set value + 1) only once, with the output delayed by an amount of time equal to (first set
value + 1) only once, with the output delayed by an amount of time equal to (first set value of
counter + 1).

Also, an interrupt can be generated when the counter underflows first time and next.

(4) Continuous output mode (without correction function)

In continuous output mode, the timer counts down clock pulses starting from the set value of the
counter and when the counter underflows, reloads it with the reload 0 register value. Thereafter,
this operation is repeated each time the counter underflows, thus generating consecutive pulses
in width of (reload O register set value + 1).

When after setting the counter and reload O register, the timer is enabled (by writing to the enable
bit in software or by TID1 underflow/overflow signal), it starts counting down from the counter's
set value synchronously with the count clock and when the minimum count is reached, generates
an underflow. This underflow causes the counter to be reloaded with the content of reload 0
register and start counting again. Thereafter, this operation is repeated each time an underflow
occurs. To stop the counter, disable count by writing to the enable bit in software.

The F/F output waveform in continuous output mode is inverted at startup and upon underflow,
generating consecutive pulses until the timer stops counting. Also, an interrupt can be generated
each time the counter underflows.
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10.8.3 TOD Related Register Map

The diagram below shows a TOD related register map.

H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080
H 0080

Address

0790
0792
0794
0796
0798
079A
079C
079E
07A0
07A2
07A4
07A6
07A8
07AA
07AC
07AE
07B0
07B2
07B4
07B6
07B8
07BA
07BC
07BE

DO

+0 Address

D7| D8

+1 Address

D15

TODO_0 Counter (TODOOCT)

TODO_O Reload 1 Register (TODOORL1)

TODO_0 Reload 0 Register (TODOORLO)

TIDO_1 Counter (TODOLCT)

TODO_1 Reload 1 Register (TODO1RL1)

TODO_1 Reload 0 Register (TODO1RLO)

TIDO_2 Counter (TOD02CT)

TODO_2 Reload 1 Register (TODO2RL1)

TODO_2 Reload 0 Register (TOD02RLO)

TIDO_3 Counter (TODO03CT)

TODO_3 Reload 1 Register (TODO3RL1)

TODO_3 Reload 0 Register (TODO3RLO0)

TIDO_4 Counter (TOD04CT)

TODO_4 Reload 1 Register (TOD04RL1)

TODO_4 Reload 0 Register (TOD04RLO0)

TIDO_5 Counter (TODO5CT)

TODO_5 Reload 1 Register (TODO5RL1)

TODO_5 Reload 0 Register (TODO5RLO0)

Blank addresses are reserved.

Note: The registers enclosed in thick frames must always be accessed in halfwords

Figure 10.8.2 TOD Related Register Map (1/3)
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+0 Address +1 Address
Address DO D7 | D8 D15
H 0080 07C0 TODO_6 Counter (TODO6CT)
H 0080 07C2 |
H 0080 07C4 TODO_6 Reload 1 Register (TODO6RL1)
H 0080 07C6 TODO_6 Reload 0 Register (TODO6RLO)
H 0080 07C8 TIDO_7 Counter (TODO7CT)
H 0080 07CA
H 0080 07CC TODO_7 Reload 1 Register (TODO7RL1)
H 0080 07CE TODO_7 Reload 0 Register (TODO7RLO)
H 0080 07D0 |  Prescaler Register 3 (PRS3) T'DOngg;tsrgr%%eggﬁe'grszr\Eu)n?ﬁlfe 1)
H 0080 07D2 TODO Int?_lr_rcL;gtol}/I'\;allzl; Register TODO Inte(r_lr_Lg)éatg%s Register
H 0080 07D4 F/F Protect Register 2 (FFP2)
H 0080 07D6 F/F Data Register 2 (FFD2)
H 0080 07D8
H 0080 07DA TODO Control Register (TODOCR)
H 0080 07DC TODO Eng_%%ggjé%:)t Register
H 0080 O7DE TODO Cc()#gtDEOrgEk‘e)Register
H 0080 0B90 TOD1_0 Counter (TOD10CT)
H 0080 0B92 |
H 0080 0B94 TOD1_0 Reload 1 Register (TOD10RL1)
H 0080 0B96 TOD1_0 Reload 0 Register (TOD10RLO0)
H 0080 0B98 TID1_1 Counter (TOD11CT)
H 0080 OB9A |
H 0080 0B9C TOD1_1 Reload 1 Register (TOD11RL1)
H 0080 OB9E TOD1_1 Reload 0 Register (TOD11RL0)
H 0080 0BAO TOD1_2 Counter (TOD12CT)
H 0080 0BA2
H 0080 0BA4 TOD1_2 Reload 1 Register (TOD12RL1)
H 0080 0OBA6 TOD1_2 Reload 0 Register (TOD12RLO0)
H 0080 OBA8 TID1_3 Counter (TOD13CT)
H 0080 OBAA
H 0080 OBAC TOD1_3 Reload 1 Register (TOD13RL1)
H 0080 OBAE TOD1_3 Reload 0 Register (TOD13RLO)
Blank addresses are reserved. |
Note 1: Prescaler Register 3 is shared with TODO_0-7 and TIDO, and TIDO Control & Prescaler 3
Enable Register is used in TIDO control.
Note 2: The registers enclosed in thick frames must always be accessed in halfwords.

Figure 10.8.3 TOD Related Register Map (2/3)
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Address Do +0 Address D7 | D8 +1 Address D15
H 0080 0BBO TOD1_4 Counter (TOD14CT)
H 0080 0BB2
H 0080 0BB4 TOD1_4 Reload 1 Register (TOD14RL1)
H 0080 0BB6 TOD1_4 Reload 0 Register (TOD14RL0)
H 0080 0BB8 TOD1_5 Counter (TOD15CT)
H 0080 OBBA
H 0080 0BBC TOD1_5 Reload 1 Register (TOD15RL1)
H 0080 OBBE TOD1_5 Reload 0 Register (TOD15RL0)
H 0080 0BCO TOD1_6 Counter (TOD16CT)
H 0080 0BC2
H 0080 0BC4 TOD1_6 Reload 1 Register (TOD16RL1)
H 0080 OBC6 TOD1_6 Reload 0 Register (TOD16RLO0)
H 0080 0BC8 TOD1_7 Counter (TOD17CT)
H 0080 OBCA
H 0080 OBCC TOD1_7 Reload 1 Register (TOD17RL1)
H 0080 OBCE TOD1_7 Reload 0 Register (TOD17RLO)
H 0080 0BDO Prescaler Register 4 (PRS4) TIDlRi(;?St::: ?Tréiff;lseié,\gn?ﬂete 1
H 0080 OBD2 TOD1 Int?_lr_rougtll:/ll\jzl)( Register TOD1 Ime(r‘lr}g)tt)fltg'trL;S Register
H 0080 0BD4 F/F Protect Register 3 (FFP3)
H 0080 0BD6 F/F Data Register 3 (FFD3)
H 0080 0BD8
H 0080 OBDA TOD1 Control Register (TOD1CR)
H 0080 OBDC TOD1 En(e}rboleDig:éeoc; Register
H 0080 OBDE TOD1 C?$2;Dﬁr?g:\?)Register
Blank addresses are reserved.
Note 1: Prescaler Register 3 is shared with TODO_0-7 and TIDO, and TIDO Control & Prescaler 3
Enable Register is used in TIDO control.
Note 2: The registers enclosed in thick frames must always be accessed in halfwords.

Figure 10.8.4 TOD Related Register Map (3/3)
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10.8.4 TOD Control Registers (TODOCR)

m TODO Control Registers (TODOCR)

<Address: H'0080 07DA>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15
TOD‘OOM TOD‘01M TOD‘OZM TOD‘O3M TOD‘O4M TOD‘OSM TOD‘OGM TOD‘O7M
<When reset : H'0000>
D Bit Name Function R W
0,1 TODOOM 00 : Single-shot output mode O O
(TODO_O operation mode selection) 01 :Delayed single-shot output mode
2,3 TODO1M 10 : Continuous output mode
(TODO_1 operation mode selection) 11 : PWM output mode
4,5 TODO2M
(TODO_2 operation mode selection)
6,7 TODO3M
(TODO_3 operation mode selection)
8,9 TODO04M
(TODO_4 operation mode selection)
10,11 TODO5M
(TODO_5 operation mode selection)
12,13 TODO06M
(TODO_6 operation mode selection)
14,15 TODO7M

(TODO_7 operation mode selection)

The TODO Control Register is used to select TODO_0-7 operation modes (PWM output, single-shot
output, delayed single-shot output, or continuous output mode).
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m TOD1 Control Registers (TOD1CR)

DO

1 2 3 4 5 6

<Address: H'0080 OBDA>

8 9 10 11 12 13 14 D15

TOD‘10M TOD‘11M TOD‘12M TOD‘13M

TOD‘14M TOD‘15M TOD‘16M TOD‘17M

<When reset : H'0000>

D Bit Name Function R W
0,1 TOD1OM 00 : Single-shot output mode O O
(TOD1_0 operation mode selection) 01 :Delayed single-shot output mode
2,3 TOD11M 10 : Continuous output mode
(TOD1_1 operation mode selection) 11 : PWM output mode
4,5 TOD12M
(TOD1_2 operation mode selection)
6,7 TOD13M
(TOD1_3 operation mode selection)
8,9 TOD14M
(TOD1_4 operation mode selection)
10,11 TOD15M
(TOD1_5 operation mode selection)
12,13 TOD16M
(TOD1_6 operation mode selection)
14,15 TOD17M

(TOD1_7 operation mode selection)

The TOD1 Control Register is used to select TOD1_0-7 operation modes (PWM output, single-shot
output, delayed single-shot output, or continuous output mode).

10-181 32170/32174 Group User's Manual (Rev. 2.1)



10

MULTIJUNCTION TIMERS
10.8 TOD (Output-related 16-bit Timer)

10.8.5 TOD Counters

m TODO_0 Counter (TODOOCT) <Address: H'0080 0790>
m TODO_1 Counter (TODO1CT) <Address: H'0080 0798>
m TODO_2 Counter (TOD02CT) <Address: H'0080 07A0>
m TODO_3 Counter (TODO3CT) <Address: H'0080 07A8>
m TODO_4 Counter (TODO4CT) <Address: H'0080 07B0>
m TODO_5 Counter (TODO5CT) <Address: H'0080 07B8>
m TODO_6 Counter (TODO6CT) <Address: H'0080 07C0>

TODO_7 Counter (TODO7CT)

DO 1 2 3 4 5 6 7 8 9 10

<Address:

12

13

H'0080 07C8>

14 D15

‘TODO(‘)CT - "I'ODO7‘CT |

<When reset : Indeterminate>

D Bit Name Function

R W

0-15 TODOOCT - TODO7CT 16-bit counter value

O A

W = A : Write to this register is accepted in all but PWM output mode.

Note: This register must always be accessed in halfwords.

The TODO Counter is a 16-bit down-counter. After the timer is enabled (by writing to the enable bit
in software), it starts counting synchronously with the count clock. During PWM output mode, this

counter is disabled against write.
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m TOD1 0 Counter (TOD10CT) <Address: H'0080 0B90>
m TOD1 1 Counter (TOD11CT) <Address: H'0080 0B98>
m TOD1_2 Counter (TOD12CT) <Address: H'0080 OBAO>
m TOD1 3 Counter (TOD13CT) <Address: H'0080 OBA8>
m TOD1_4 Counter (TOD14CT) <Address: H'0080 0BBO>
m TOD1_5 Counter (TOD15CT) <Address: H'0080 0BB8>
m TOD1 6 Counter (TOD16CT) <Address: H'0080 0BCO>
m TOD1_7 Counter (TOD17CT) <Address: H'0080 0BC8>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

| TO‘DlOC"F - TOI‘317CT‘

<When reset : Indeterminate>

D Bit Name Function R w

0-15 TOD10CT - TOD17CT 16-bit counter value O A

W = A : Write to this register is accepted in all but PWM output mode.

Note: This register must always be accessed in halfwords.

The TOD1 Counter is a 16-bit down-counter. After the timer is enabled (by writing to the enable bit
in software or by TID1 underflow/overflow signal), it starts counting synchronously with the count
clock. During PWM output mode, this counter is disabled against write.
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(1) TOD timer counter write enable/disable conditions

Whether TOD timer counter is enabled for or disabled against write is determined depending on
a combination of TOD timers and a combination of their operation modes.

These counter write enable/disable conditions are described below. Also, Figure 10.8.5
schematically shows a TODO/TOD1 counter write circuit configuration.

(a) Table 10.8.2 shows the relationship of each timer in cases where writing to the counter is

enabled or disabled by a combination of timers.

Whether writing to the counter in software is enabled or disabled depends on a combination of
timers in Table 10.8.2 and a combination of their operation modes in Table 10.8.3.

Table 10.8.2 Relationship of Each Timer

Target timer

Related timer

TODO-2 TODO-1
TODO-4 TODO-2
TODO-6 TODO-3
TOD1-2 TOD1-1
TOD1-4 TOD1-2
TOD1-6 TOD1-3

Table 10.8.3 Behavior by a Combination of Timer Operation Modes

Operation mode

of the target timer

Operation mode

of arelated timer

Whether writing to the target timer’s

counter in software is enabled or disabled

PWM output

Single-shot output
Delayed single-shot output

Continuous output

Writing in software is enabled

Single-shot output
Delayed single-shot output

Continuous output

PWM output

Writing in software is disabled
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(b) For cases other than the combinations in Tables 10.8.2 and 10.8.3, whether writing to the
counter in software is enabled or disabled depends on operation mode of the target timer.

Table 10.8.4 Writes to Counter Enabled/Disabled by Timer Operation Modes

Operation mode of the target timer Whether writing to the target timer’s counter in software is

enabled or disabled

PWM output Writing in software is disabled

Single-shot output Writing in software is enabled
Delayed single-shot output

Continuous output

Write control signal:
PWM output mode: Low
Other modes: High

\
\

TODn-1

Timer mode Wi ) |
select circuit rite signa

Write control signal - e
T O D n-1 write signal

T O D n-1 counter

Y

] TODN-2
Timer mode

select circuit Write signal
Write control signal

T O D n-2 counter

T

T O D n-2 write signal

Timer mode TO Dn-3

select circuit Write signal
Write control signal

T O D n-3 counter

Y

T O D n-3 write signal

TODnN-4
Write signal

T O D n-4 counter

Y

T O D n-4 write signal

TODN-5

TODnN-6
Write signal

T O D n-6 counter

Y

T O D n-6 write signal

TODN-7

Note: TODn denotes TODO and TOD1.

Figure 10.8.5 Configuration of TOD Timer Counter Write Circuit

10-185 32170/32174 Group User's Manual (Rev. 2.1)



10 MULTIJUNCTION TIMERS
10.8 TOD (Output-related 16-bit Timer)

10.8.6 TOD Reload 0 Registers

m TODO_O Reload 0 Register (TODOORLO) <Address: H'0080 0796>
m TODO_1 Reload 0 Register (TODO1RLO) <Address: H'0080 079E>
m TODO_2 Reload 0 Register (TOD0O2RLO0) <Address: H'0080 07A6>
m TODO_3 Reload 0 Register (TODO3RLO) <Address: H'0080 07AE>
m TODO_4 Reload 0 Register (TOD04RLO) <Address: H'0080 07B6>
m TODO_5 Reload 0 Register (TODO5RLO0) <Address: H'0080 07BE>
m TODO_6 Reload 0 Register (TODO6RLO) <Address: H'0080 07C6>
m TODO_7 Reload 0 Register (TODO7RLO0) <Address: H'0080 07CE>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TO‘DOORL‘O - TO‘D07R‘LO |

<When reset : Indeterminate>

D Bit Name Function R W

0-15 TODOORLO - TODO7RLO 16-bit reload register value O O

Note: This register must always be accessed in halfwords.

The TODO Reload 0 Register is used to reload the TODO Counter Registers (TODOOCT-TODO7CT)
with data. It is in the following cases that the content of reload O register is loaded into the counter:

» When the counter is enabled in single-shot output or PWM output mode
» When the counter underflowed in delayed single-shot output or continuous output mode
» When the count value set by reload 1 register underflowed in PWM output mode

Writing data to the reload O register does not mean that the data is loaded into the counter
simultaneously.
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m TOD1 0 Reload 0 Register (TOD10RLO) <Address: H'0080 0B96>
m TOD1 1 Reload 0 Register (TOD11RLO) <Address: H'0080 OB9E>
m TOD1 2 Reload 0 Register (TOD12RLO0) <Address: H'0080 OBA6>
m TOD1 3 Reload 0 Register (TOD13RLO) <Address: H'0080 OBAE>
m TOD1 4 Reload 0 Register (TOD14RLO0) <Address: H'0080 0BB6>
m TOD1 5 Reload 0 Register (TOD15RL0) <Address: H'0080 OBBE>
m TOD1 6 Reload 0 Register (TOD16RL0) <Address: H'0080 0BC6>
m TOD1 7 Reload 0 Register (TOD17RL0) <Address: H'0080 OBCE>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TO\D:LORITO - TO‘DlYR‘LO |

<When reset : Indeterminate>

D Bit Name Function R w

0-15 TODI10RLO - TOD17RLO 16-bit reload register value O O

Note: This register must always be accessed in halfwords.

The TOD1 Reload 0 Register is used to reload the TOD1 Counter Registers (TOD10CT-TOD17CT)
with data. It is in the following cases that the content of reload O register is loaded into the counter:

« When the counter is enabled in single-shot output or PWM output mode
» When the counter underflowed in delayed single-shot output or continuous output mode
* When the count value set by reload 1 register underflowed in PWM output mode

Writing data to the reload O register does not mean that the data is loaded into the counter
simultaneously.
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10.8.7 TOD Reload 1 Registers

m TODO_O Reload 1 Register (TODOORL1) <Address: H'0080 0794>
m TODO_1 Reload 1 Register (TODO1RL1) <Address: H'0080 079C>
m TODO_2 Reload 1 Register (TODO2RL1) <Address: H'0080 07A4>
m TODO_3 Reload 1 Register (TODO3RL1) <Address: H'0080 07AC>
m TODO_4 Reload 1 Register (TOD04RL1) <Address: H'0080 07B4>
m TODO_5 Reload 1 Register (TODO5RL1) <Address: H'0080 07BC>
m TODO_6 Reload 1 Register (TODO6RL1) <Address: H'0080 07C4>
m TODO_7 Reload 1 Register (TODO7RL1) <Address: H'0080 07CC>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TO‘DOORL‘l - TO‘D07R‘L1 |

<When reset : Indeterminate>

D Bit Name Function R W

0-15 TODOORL1 - TODO7RL1 16-bit reload register value O O

Note: This register must always be accessed in halfwords.

The TODO Reload 1 Register is used to reload the TODO Counter Registers (TODOOCT-TODO7CT)
with data. It is in the following cases that the content of reload 1 register is loaded into the counter:

» When the count value set by reload 0 register underflowed in PWM output mode

Writing data to the reload 1 register does not mean that the data is loaded into the counter
simultaneously.
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m TOD1_0 Reload 1 Register (TOD10RL1) <Address: H'0080 0B94>
m TOD1 1 Reload 1 Register (TOD11RL1) <Address: H'0080 0B9C>
m TOD1 2 Reload 1 Register (TOD12RL1) <Address: H'0080 OBA4>
m TOD1 3 Reload 1 Register (TOD13RL1) <Address: H'0080 OBAC>
m TOD1 4 Reload 1 Register (TOD14RL1) <Address: H'0080 0BB4>
m TOD1 5 Reload 1 Register (TOD15RL1) <Address: H'0080 0BBC>
m TOD1_6 Reload 1 Register (TOD16RL1) <Address: H'0080 OBC4>
m TOD1 7 Reload 1 Register (TOD17RL1) <Address: H'0080 0BCC>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TO‘D10RIT1 - TO‘D17R‘L1 |

<When reset : Indeterminate>

D Bit Name Function R W

0-15 TOD10RL1 - TOD17RL1 16-bit reload register value O O

Note: This register must always be accessed in halfwords.

The TOD1 Reload 1 Register is used to reload the TOD1 Counter Registers (TOD10CT-TOD17CT)
with data. It is in the following cases that the content of reload 1 register is loaded into the counter:

» When the count value set by reload 0 register underflowed in PWM output mode

Writing data to the reload 1 register does not mean that the data is loaded into the counter
simultaneously.
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10.8.8 TOD Enable Protect Registers

m TODO Enable Protect Register (TODOPRO)

<Address: H'0080 07DD>

D8 9 11 12 13 14 D15
ITODOOPRO|TOD01PROTOD02PRO[TODO3PRO[TOD04PRO[TODO5PRO[TODO6PRO[TODO7PRO|
<When reset : H'00>
D Bit Name Function R W
8 TODOOPRO 0 : Enables rewrite O O
(TODO_0 enable protect) 1 :Disables rewrite

9 TODO1PRO

(TODO_1 enable protect)
10 TODO2PRO

(TODO_2 enable protect)
11 TODO3PRO

(TODO_3 enable protect)
12 TODO4PRO

(TODO_4 enable protect)
13 TODO5PRO

(TODO_5 enable protect)
14 TODO6PRO

(TODO_6 enable protect)
15 TODO7PRO

(TODO_7 enable protect)

The TODO Enable Protect Register controls rewriting of the TODO counter enable bit described in
Section 10.8.9 by enabling or disabling rewrite.
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m TOD1 Enable Protect Register (TOD1PRO) <Address: H'0080 0OBDD>

D8 9 10 11 12 13 14 D15

ITOD10PRO[TOD11PRO[TOD12PRO|TOD13PROTOD14PRO[TOD15PRO[TOD16PRO[TOD17PRO

<When reset : H'00>

D Bit Name Function R W
8 TOD10PRO 0 : Enables rewrite O O
(TOD1_0 enable protect) 1 :Disables rewrite

9 TOD11PRO

(TOD1_1 enable protect)

10 TOD12PRO

(TOD1_2 enable protect)

11 TOD13PRO

(TOD1_3 enable protect)

12 TOD14PRO

(TOD1_4 enable protect)

13 TOD15PRO

(TOD1_5 enable protect)

14 TOD16PRO

(TOD1_6 enable protect)

15 TOD17PRO

(TOD1_7 enable protect)

The TOD1 Enable Protect Register controls rewriting of the TOD1 counter enable bit described in
Section 10.8.9 by enabling or disabling rewrite.
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10.8.9 TOD Cout Enable Registers

m TODO Count Enable Register (TODOCEN) <Address: H'0080 07DF>

D8 9 10 11 12 13 14 D15

'TODOOCEN|TODO1CEN|TODO2CENTODO3CEN|TOD04CEN[TODO5CEN[TODO6CEN|TODO7CEN

<When reset : H'00>

D Bit Name Function R w
8 TODOOCEN 0 : Stops count O O
(TODO_O0 count enable) 1 :Enables count

9 TODO1CEN

(TODO_1 count enable)

10 TODO2CEN

(TODO_2 count enable)

11 TODO3CEN
(TODO_3 count enable)

12 TODO4CEN

(TODO_4 count enable)

13 TODO5CEN

(TODO_5 count enable)

14 TODO6CEN

(TODO_6 count enable)

15 TODO7CEN

(TODO_7 count enable)

The TODO Count Enable Register controls operation of TODO counters. To enable the counter in
software, enable the relevant TODO Enable Protect Register for write and set the count enable bit
by writing a 1. To stop the counter, enable the TODO Enable Protect Register for write and reset the
count enable bit by writing a 0.

In single-shot output and delayed single-shot output modes, when the counter stops due to an
occurrence of underflow, the count enable bit is automatically reset to 0. Therefore, what you get by
reading the TODO Count Enable Register is the status that indicates the counter's operating status
(active or idle).
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m TOD1 Count Enable Register (TODOCEN) <Address: H'0080 OBDF>

D8 9 10 11 12 13 14 D15

TOD10CEN[TOD11CEN|TOD12CENTOD13CEN|TOD14CEN[TOD15CENTOD16CEN[TOD17CEN

<When reset : H'00>

D Bit Name Function R W
8 TOD10CEN 0 : Stops count O O
(TOD1_0 count enable) 1 :Enables count

9 TOD11CEN

(TOD1_1 count enable)

10 TOD12CEN

(TOD1_2 count enable)

11 TOD13CEN

(TOD1_3 count enable)

12 TOD14CEN

(TOD1_4 count enable)

13 TOD15CEN

(TOD1_5 count enable)

14 TOD16CEN

(TOD1_6 count enable)

15 TOD17CEN

(TOD1_7 count enable)

The TOD1 Count Enable Register controls operation of TOD1 counters. To enable the counter in
software, enable the relevant TOD1 Enable Protect Register for write and set the count enable bit
by writing a 1. To stop the counter, enable the TOD1 Enable Protect Register for write and reset the
count enable bit by writing a 0.

In single-shot output and delayed single-shot output modes, when the counter stops due to an
occurrence of underflow, the count enable bit is automatically reset to 0. Therefore, what you get by
reading the TOD1 Count Enable Register is the status that indicates the counter's operating status
(active or idle).
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Figure 10.8.6 Configuration of TODO Enable Circuit
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Figure 10.8.7 Configuration of TOD1 Enable Circuit
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10.8.10 Operation in TOD PWM Output Mode

(1) Outline of TOD PWM output mode

In PWM output mode, the timer uses two reload registers to generate a waveform with a given
duty cycle.

When after setting the initial values in reload 0 and reload 1 registers, the timer is enabled (by
writing to the enable bit in software or by TID1 underflow/overflow signal), it loads the reload 0
register value into the counter synchronously with the count clock letting the counter start
counting down. The first time the counter underflows, the reload 1 register value is loaded into the
counter letting it continue counting. Thereafter, the counter is reloaded with the reload 0 and
reload 1 register values alternately each time an underflow occurs. The valid count values are
(reload O register set value + 1) and (reload 1 register set value + 1). The timer stops at the same
time count is disabled by writing to the enable bit (and not in synchronism with PWM output
period).

The F/F output waveform in PWM output mode is inverted (F/F output levels change from low to
high, or vice versa) at count startup and upon each underflow. An interrupt can be generated
when the counter underflows every other time (second time, fourth time, and so on) after being
enabled.

Note that TOD's PWM output mode does not have the correction function.
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Figure 10.8.8 Typical Operation in PWM Output Mode
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(2) Reload register updates in TOD PWM output mode

In PWM output mode, when the timer remains idle, reload 0 and reload 1 registers are updated at
the same time data are written to the registers. But when the timer is active, reload 1 register is
updated by updating reload O register. However, when you read reload 0 and reload 1 registers,
the values you get are always the data written to the registers.

Internal bus >
Reload 1 @
| TODmRL1 |+ ReloadiwR
ReloadOWR

Reload 0

| Buffer — TODNRLO  je——

PWM mode control

O
1
Prescaler output4{ 16-bit counter | F/IF O TO

Figure 10.8.9 PWM Circuit Diagram

If you want to rewrite reload 0 and reload 1 registers while the timer is operating, rewrite reload 1
register first and then reload O register. In this way, reload 0 and reload 1 registers both are updated
synchronously with PWM periods, from which the timer starts operating again. This operation can
normally be performed collectively by accessing register addresses wordwise (in 32 bits) beginning
with that of reload 1 register. (Data are automatically written to reload 1 and then reload O registers
in succession.)

If you update the reload registers in reverse by updating reload 0 register first and then reload 1
register, only reload O register is updated. In this case when you read reload 0 and reload 1
registers, the values you get are always the data written to the registers, and not the reload values
being actually used.

Note that when updating the PWM period, if the PWM period is terminated before you finished
writing to reload 0, the PWM period is not updated in the current period and what you've set is
reflected in the next period.
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Figure 10.8.10 Reload 0 and Reload 1 Register Updates in PWM Output Mode
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10.8.11 Operation in TOD Single-shot Output Mode (without Correction Function)

(1) Outline of TOD single-shot output mode

In single-shot output mode, the timer generates a pulse in width of (reload 0 register set value +
1) only once and stops without performing any operation.

When after setting the reload 0 register, the timer is enabled (by writing to the enable bit in
software or by TID1 underflow/overflow signal), it loads the content of reload 0 register into the
counter synchronously with the count clock, letting the counter start counting. The counter counts
down clock pulses and stops when it underflows after reaching the minimum count.

The F/F output waveform in single-shot output mode is inverted (F/F output levels change from
low to high, or vice versa) at startup and upon underflow, generating a single-shot pulse
waveform in width of (reload O register set value + 1) only once. Also, an interrupt can be
generated when the counter underflows.

The count value is (reload O register set value + 1). (For details about count operation, also refer
to Section 10.3.11, "Operation in TOP Single-shot Output Mode (with Correction Function)."

(2) Precautions to be observed when using TOD single-shot output mode
The following describes precautions to be observed when using TOD single-shot output mode.

« If the counter stops due to underflow in the same clock period as the timer is enabled by
external input, the former has priority (so that the counter stops).

« If the counter stops due to underflow in the same clock period as count is enabled by writing to
the enable bit, the latter has priority (so that countis enabled).

« If the timer is enabled by external input in the same clock period as count is disabled by writing
to the enable bit, the latter has priority (so that count is disabled).

» Because the internal circuit operation is synchronized to the count clock (prescaler output), a
finite time equal to a prescaler delay is included before F/F starts operating after the timer is
enabled.
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Figure 10.8.11 Typical Operation in TOD Single-shot Output Mode (without Correction Function)
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10.8.12 Operation in TOD Delayed Single-shot Output Mode (without Correction Function)

(1) Outline of TOD delayed single-shot output mode

In delayed single-shot output mode, the timer generates a pulse in width of (reload O register set
value + 1) only once, with the output delayed by an amount of time equal to (counter set value +
1) and then stops without performing any operation.

When after setting the counter and reload O register, the timer is enabled (by writing to the enable
bit in software or by TID1 underflow/overflow signal), it starts counting down from the counter's
set value synchronously with the count clock. The first time the counter underflows, the reload 0
register value is loaded into the counter causing it to continue counting down, and the counter
stops when it underflows next time.

The F/F output waveform in delayed single-shot output mode is inverted (F/F output levels
change from low to high, or vice versa) when the counter underflows first time and next,
generating a single-shot pulse waveform in width of (reload 0 register set value + 1) only once,
with the output delayed by an amount of time equal to (first set value of counter + 1). Also, an
interrupt can be generated when the counter underflows first time and next.

The valid count values are the (counter set value + 1) and (reload O register set value + 1). For
details about count operation, also see Section 10.3.12, "Operation in TOP Delayed Single-shot
Output Mode (With Correction Function).”

(2) Precautions to be observed when using TOD delayed single-shot output mode

The following describes precautions to be observed when using TOD delayed single-shot output
mode.

« If the counter stops due to underflow in the same clock period as the timer is enabled by
external input, the former has priority (so that the counter stops).

« If the counter stops due to underflow in the same clock period as count is enabled by writing to
the enable bit, the latter has priority (so that count is enabled).

« If the timer is enabled by external input in the same clock period as count is disabled by writing
to the enable bit, the latter has priority (so that count is disabled).

* When you read the counter immediately after reloading it pursuant to underflow, the value you
get is temporarily H'FFFF. But this counter value immediately changes to (reload value - 1) at
the next clock edge.

» Because the internal circuit operation is synchronized to the prescaler output, a finite time
equal to a prescaler delay is included before F/F starts operating after the timer is enabled.
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Figure 10.8.12 Typical Operation in TOD Delayed Single-shot Output Mode (without
Correction Function)
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10.8.13 Operation in TOD Continuous Output Mode (Without Correction Function)

(1) Outline of TOD continuous output mode

In continuous output mode, the timer counts down clock pulses starting from the set value of the
counter and when the counter underflows, reloads it with reload 0 register value. Thereafter, this
operation is repeated each time the counter underflows, thus generating consecutive pulses
whose waveform is inverted in width of (reload O register set value + 1).

When after setting the counter and reload O register, the timer is enabled (by writing to the enable
bit in software or by TID1 underflow/overflow signal), it starts counting down from the counter's
set value synchronously with the count clock and when the minimum count is reached, generates
an underflow. This underflow causes the counter to be reloaded with the content of reload 0
register and start counting over again. Thereafter, this operation is repeated each time an
underflow occurs. To stop the counter, disable count by writing to the enable bit in software.

The F/F output waveform in continuous output mode is inverted (F/F output levels change from
low to high, or vice versa) at startup and upon underflow, generating consecutive pulses until the
timer stops counting. Also, an interrupt can be generated each time the counter underflows.

The valid count values are the (counter set value + 1) and (reload O register set value + 1). For
details about count operation, also see Section 10.3.11, "Operation in TOP Continuous Output
Mode (Without Correction Function).”

(2) Precautions to be observed when using TOD continuous output mode

The following describes precautions to be observed when using TOD continuous output mode.

« If the timer is enabled by external input in the same clock period as count is disabled by writing
to the enable bit, the latter has priority (so that count is disabled).

* When you read the counter immediately after reloading it pursuant to underflow, the value you
get is temporarily H'FFFF. But this counter value immediately changes to (reload value - 1) at
the next clock edge.

» Because the internal circuit operation is synchronized to the count clock (prescaler output), a
finite time equal to a prescaler delay is included before F/F starts operating after the timer is
enabled.
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Function)

10-204

32170/32174 Group User's Manual (Rev. 2.1)



10 MULTIJUNCTION TIMERS
10.9 TOM (Output-related 16-bit Timer)

10.9 TOM (Output-related 16-bit Timer)

10.9.1 Outline of TOM

TOM (Timer Output Modification) is an output-related 16-bit timer, whose operation mode can be
selected from the following by mode switching in software.

<Output modes without correction function>

* PWM output mode
 Single-shot output mode

* Single-shot PWM output mode
« Continuous output mode

The table below shows specifications of TOM. The diagram in the next page shows a block diagram
of TOM.

Table 10.9.1 Specifications of TOM (Output-related 16-bit Timer)

Item Specification

Number of channels 8 channels

Counter 16-bit down-counter

Reload register 16-bit reload register

Timer startup Started by writing to enable bit in software or by TID2 timer underflow/overflow signal
Mode selection <Output modes without correction function>

* PWM output mode
« Single-shot output mode
* Single-shot PWM output mode

» Continuous output mode

Interrupt generation Can be generated by a counter underflow
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Figure 10.9.1 TOM (Output-related 16-bit Timer)
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10.9.2 Outline of Each Mode of TOM

Each mode of TOM is outlined below. For each TOM channel, only one of the following modes can
be selected.

(1) PWM output mode (without correction function)

In PWM output mode, the timer uses two reload registers to generate a waveform with a given
duty cycle.

When after setting the initial values in reload 0 and reload 1 registers, the timer is enabled (by
writing to the enable bit in software or by TID2 underflow/overflow signal), it loads the reload 0
register value into the counter synchronously with the count clock, letting the counter start
counting down. The first time the counter underflows, the reload 1 register value is loaded into the
counter letting it continue counting. Thereafter, the counter is reloaded with the reload 0 and
reload 1 register values alternately each time an underflow occurs.

The F/F output waveform in PWM output mode is inverted at count startup and upon each
underflow. The timer stops at the same time count is disabled by writing to the enable bit (and not
in synchronism with PWM output period). An interrupt can be generated when the counter
underflows every other time (second time, fourth time, and so on) after being enabled.

(2) Single-shot output mode (without correction function)

In single-shot output mode, the timer generates a pulse in width of (reload 0 register set value +
1) only once and stops without performing any operation.

When after setting the reload O register, the timer is enabled (by writing to the enable bit in
software or by using TID2 underflow/overflow signal), it loads the content of reload O register into
the counter synchronously with the count clock, letting the counter start counting. The counter
counts down clock pulses and stops when it underflows after reaching the minimum count.

The F/F output waveform in single-shot output mode is inverted at startup and upon underflow,
generating a single-shot pulse waveform in width of (reload O register set value + 1) only once.
Also, an interrupt can be generated when the counter underflows.
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(3) Single-shot PWM output mode (without correction function)

In single-shot PWM output mode, the timer uses two reload registers to generate a waveform
with a given duty cycle only once.

When after setting the initial values in reload 0 and reload 1 registers, the timer is enabled (by
writing to the enable bit in software or by TID2 underflow/overflow signal), it loads the reload 0
register value into the counter synchronously with the count clock, letting the counter start
counting down. The first time the counter underflows, the reload 1 register value is loaded into the
counter letting it continue counting. Then when the counter underflows next time, it stops. The
valid count values are the (reload O register set value + 1) and (reload 1 register set value + 1)
each. To stop the timer in software, disable count by writing to the enable bit. The timer stops at
the same time count is disabled (and not in synchronism with PWM output period).

The F/F output waveform in single-shot PWM output mode is inverted (F/F output levels change
from low to high, or vice versa) upon each underflow. (Unlike in PWM output mode, F/F output is
not inverted at counter startup.) An interrupt can be generated when the counter underflows
second time after being enabled.

(4) Continuous output mode (without correction function)

In continuous output mode, the timer counts down clock pulses starting from the set value of the
counter and when the counter underflows, reloads it with the reload 0 register value. Thereafter,
this operation is repeated each time the counter underflows, thus generating consecutive pulses
in width of (reload O register set value + 1).

When after setting the counter and reload O register, the timer is enabled (by writing to the enable
bit in software or by TID2 underflow/overflow signal), it starts counting down from the counter's
set value synchronously with the count clock and when the minimum count is reached, generates
an underflow. This underflow causes the counter to be reloaded with the content of reload 0
register and start counting again. Thereafter, this operation is repeated each time an underflow
occurs. To stop the counter, disable count by writing to the enable bit in software.

The F/F output waveform in continuous output mode is inverted at startup and upon underflow,
generating consecutive pulses until the timer stops counting. Also, an interrupt can be generated
each time the counter underflows.
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10.9.3 TOM Related Register Map

The diagram below shows a TOM related register map.

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

Address

0C90

0C92

0C94

0C96

0Co8

0C9A

0coC

0C9E

0CAO

0CA2

0CA4

0CA6

0CA8

0CAA

0CAC

0CAE

0CBO

0CB2

0CB4

0CB6

0CB8

0CBA

oceC

0CBE

DO

+0 Address +1 Address

D7‘ D8

D15

TOMO_O Counter (TOMOOCT)

TOMO_0 Reload 1 Register (TOMOORL1)

TOMO_0 Reload 0 Register (TOMOORLO)

TOMO_1 Counter (TOMO1CT)

TOMO_1 Reload 1 Register (TOMO1RL1)

TOMO_1 Reload 0 Register (TOMO1RLO)

TOMO_2 Counter (TOMO02CT)

TOMO_2 Reload 1 Register (TOMO2RL1)

TOMO_2 Reload 0 Register (TOMO2RLO)

TOMO_3 Counter (TOMO3CT)

TOMO_3 Reload 1 Register (TOMO3RL1)

TOMO_3 Reload 0 Register (TOMO3RLO)

TOMO_4 Counter (TOMOACT)

TOMO_4 Reload 1 Register (TOMO04RL1)

TOMO_4 Reload 0 Register (TOMO04RLO)

TOMO_5 Counter (TOMO5CT)

TOMO_5 Reload 1 Register (TOMO5RL1)

TOMO_5 Reload 0 Register (TOMO5RLO)

Blank addresses are reserved.
Note: The registers enclosed in thick frames must always be accessed in halfwords.

Figure 10.9.2 TOM Related Register Map (1/2)
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H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080
H 0080

Address

0CCco

0cc2

occ4

0CC6

0CC8

0CCA

occc

0CCE

0CDOo

0CD2

oct4

0CD6

0CD8

0CDA

0CDC
0CDE

DO

+0 Address

D7‘ D8

+1 Address

D15

TOMO_6 Counter (TOMO6CT)

TOMO_6 Reload 1 Register (TOMO6RL1)

TOMO_6 Reload 0 Register (TOMO6RLO)

TOMO_7 Counter (TOMO7CT)

TOMO_7 Reload 1 Register (TOMO7RL1)

TOMO_7 Reload 0 Register (TOMO7RLO)

Prescaler Register 5
(PRS5)

TID2 Control & Prescaler 5 Enable
Register (TID2PRS5EN) (Note 1)

TOMO Interrupt Mask Register

TOMO Interrupt Status Register

(TOMOIMA)

(TOMOIST)

F/F Protect Register 4

(FFP4)

F/F Data Register 4

(FFD4)

TOMO Control Register (TOMOCR)

TOMO

Enable Protect Register
(TOMOPRO)

TOMO Count Enable Register

(TOMOCEN)

Blank addresses are reserved.
Note 1: Prescaler Register 5 is shared with TOMO_0-7 and TID2, and

TID2 Control & Prescaler 5 Enable Register is used in TID2 control.

Note 2: The registers enclosed in thick frames must always be accessed in halfwords.

Figure 10.9.3 TOM Related Register Map (2/2)
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10.9.4 TOM Control Registers

m TOMO Control Register (TOMOCR)

<Address: H'0080 OCDA>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15
TOMOOM TOMOlM TOMOZM TOMOSM TOM04M TOMOSM TOMOGM TOMO?M
<When reset:H'0000>
D Bit Name Function R w
0,1 TOMOOM 00: Single-shot output mode O O

(TOMO_O operation mode selection)

2,3 TOMO1M

(TOMO_1 operation mode selection)

4,5 TOMO2M

(TOMO_2 operation mode selection)

6,7 TOMO3M

(TOMO_3 operation mode selection)

8,9 TOMO04M

(TOMO_4 operation mode selection)

10,11 TOMO5M

(TOMO_5 operation mode selection)
12,13 TOMO6M

(TOMO_6 operation mode selection)
14,15 TOMO7M

(TOMO_7 operation mode selection)

01: Single-shot PWM output mode

10: Continuous output mode

11: PWM output mode

The TOMO Control Register is used to select TOMO_0-7 operation modes (PWM output, single-
shot output, single-shot PWM output, or continuous output mode).
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10.9.5 TOM Counters

m TOMO_O Counter (TOMOOCT)
m TOMO_1 Counter (TOMO1CT)
m TOMO_2 Counter (TOMO2CT)
m TOMO_3 Counter (TOMO3CT)
m TOMO_4 Counter (TOMO4CT)
m TOMO_5 Counter (TOMO5CT)
m TOMO_6 Counter (TOMO6CT)
m TOMO_7 Counter (TOMO7CT)

DO 1 2 3 4

6 7

<Address: H'0080 0C90>
<Address: H'0080 0C98>
<Address: H'0080 0CAQ>
<Address: H'0080 0CA8>
<Address: H'0080 0CBO0>
<Address: H'0080 0CB8>
<Address: H'0080 0CCO0>
<Address: H'0080 0CC8>

8 9 10 11 12 13 14 D15

TOMOOCT-TOMO7CT

<When reset: Indeterminate>

D Bit Name

Function R w

0-15  TOMOOCT-TOMO7CT

16-bit counter value O AN

W=A : Whether writing to the counter is enabled or disabled depends on a combination of timers and timer

operation modes.

For details, see (1) TOM timer counter write enable/disable conditions.

Note: This register must always be accessed in halfwords.

The TOMO Counter is a 16-bit down-counter. After the timer is enabled (by writing to the enable bit
in software or by TID2 underflow/overflow signal), it starts counting synchronously with the count
clock. During PWM output and single-shot PWM output modes, this counter is disabled against

write.
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(1) TOM timer counter write enable/disable conditions

Whether TOM timer counter is enabled for or disabled against write is determined depending on
a combination of TOM timers and a combination of their operation modes.
These counter write enable/disable conditions are described below. Also, Figure 10.9.4
schematically shows a configuration of the TOM timer counter write circuit.

(a) Table 10.9.2 shows the relationship of each timer in cases where writing to the counter is

enabled or disabled by a combination of timers.

Whether writing to the counter in software is enabled or disabled depends on a combination
of timers in Table 10.9.2 and a combination of their operation modes in Table 10.9.3.

Table 10.9.2 Relationship of Each Timer

Target timer Related timer
TOMO-2 TOMO-1
TOMO0-4 TOMO-2
TOMO-6 TOMO-3

Table 10.9.3 Behavior by a Combination of Timer Operation Modes

Operation mode Operation mode Whether writing to the target timer’s

of the target timer of arelated timer counter in software is enabled or disabled
PWM output Single-shot output Writing in software is enabled

Single-shot PWM output Continuous output

Single-shot output PWM output Writing in software is disabled

Continuous output Single-shot PWM output

(b) For cases other than the combinations in Tables 10.9.2 and 10.9.3, whether writing to the
counter in software is enabled or disabled depends on operation mode of the target timer.

Table 10.9.4 Writes to Counter Enabled/Disabled by Timer Operation Modes

Operation mode of the target timer Whether writing to the target timer’s counter in software is

enabled or disabled

PWM output Writing in software is disabled

Single-shot PWM output

Single-shot output Writing in software is enabled

Continuous output
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Write control signal:
PWM/single-shot PWM output mode: Low
Other modes: High \

\ TOMO-0

TOMO-1

Timer mode o
select circuit Write signal
Write control signal

T O M 0-1 counter

J

T O M 0-1 write signal

TOMO-2
Timer mode

select circuit Write signal
Write control signal

T O M 0-2 counter

Y

T O M 0-2 write signal

- TOMO-3
Timer mode

select circuit Write signal
Write control signal ®

. T O M 0-3 counter
T O M 0-3 write signal

Y

TOMO-4

Write signal

T O M 0-4 counter

Y

T O M 0-4 write signal

TOMO-5

TOMO-6

Write signal

o T O M 0-6 counter
T O M 0-6 write signal

Y

TOMO-7

Figure 10.9.4 Configuration of TOM Timer Counter Write Circuit
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10.9.6 TOM Reload 0 Registers

m TOMO_O Reload 0 Register (TOMOORLO) <Address: H'0080 0C96>
m TOMO_1 Reload 0 Register (TOMO1RLO0) <Address: H'0080 0OC9E>
m TOMO_2 Reload 0 Register (TOMO2RLO) <Address: H'0080 0CA6>
m TOMO_3 Reload 0 Register (TOMO3RLO0) <Address: H'0080 OCAE>
m TOMO_4 Reload 0 Register (TOMO0O4RLO) <Address: H'0080 0CB6>
m TOMO_5 Reload 0 Register (TOMO5RLO0) <Address: H'0080 OCBE>
m TOMO_6 Reload 0 Register (TOMO6RLO) <Address: H'0080 0CC6>
m TOMO_7 Reload 0 Register (TOMO7RLO) <Address: H'0080 OCCE>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TOMOORLO-TOMO7RLO
| | | | |

<When reset: Indeterminate>

D Bit Name Function R w

0-15 TOMOORLO-TOMO7RLO 16-bit reload register value O O

Note: This register must always be accessed in halfwords.

The TOMO Reload O Registers are used to reload the TOMO Counter Registers (TOMOOCT-
TOMO7CT) with data. It is in the following cases that the content of reload 0O register is loaded into
the counter:

* When the counter is enabled in single-shot output, PWM output, or single-shot PWM output

mode
* When the counter underflowed in continuous output mode
« When the count value set by reload 1 register underflowed in PWM output mode

Writing data to the reload O register does not mean that the data is loaded into the counter
simultaneously.
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10.9.7 TOM Reload 1 Registers

m TOMO_O Reload 1 Register (TOMOORL1) <Address: H'0080 0C94>
m TOMO_1 Reload 1 Register (TOMO1RL1) <Address: H'0080 0C9C>
m TOMO_2 Reload 1 Register (TOMO2RL1) <Address: H'0080 0CA4>
m TOMO_3 Reload 1 Register (TOMO3RL1) <Address: H'0080 OCAC>
m TOMO_4 Reload 1 Register (TOM04RL1) <Address: H'0080 0CB4>
m TOMO_5 Reload 1 Register (TOMO5RL1) <Address: H'0080 0CBC>
m TOMO_6 Reload 1 Register (TOMO6RL1) <Address: H'0080 0CC4>
m TOMO_7 Reload 1 Register (TOMO7RL1) <Address: H'0080 0OCCC>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

TOMOORL1-TOMO7RL1
| | | | |

<When reset: Indeterminate>

D Bit Name Function R w

0-15 TOMOORL1-TOMO7RL1 16-bit reload register value O O

Note: This register must always be accessed in halfwords.

The TOMO Reload 1 Registers are used to reload the TOMO Counter Registers (TOMOOCT-
TOMO7CT) with data. It is in the following cases that the content of reload 1 register is loaded into
the counter:

« When the count value set by reload 1 register underflowed in PWM output mode.

Writing data to the reload 1 register does not mean that the data is loaded into the counter
simultaneously.
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10.9.8 TOM Enable Protect Registers

m TOMO Enable Protect Register (TOMOPRO) <Address: H'0080 0CDD>

D8 9 10 11 12 13 14 D15

TOMOOPRO| TOMO1PRO | TOM02PRO | TOMO3PRO | TOM04PRO [TOMO5PRO | TOMO6PRO | TOMO7PRO

<When reset:H'00>

D Bit Name Function R W
8 TOMOOPRO 0: Enables rewrite O O
(TOMO_O enable protect) 1: Disables rewrite

9 TOMO1PRO

(TOMO_1 enable protect)

10 TOMO2PRO
(TOMO_2 enable protect)

11 TOMO3PRO
(TOMO_3 enable protect)

12 TOMO4PRO

(TOMO_4 enable protect)

13 TOMO5PRO

(TOMO_5 enable protect)

14 TOMO6PRO
(TOMO_6 enable protect)

15 TOMO7PRO

(TOMO_7 enable protect)

The TOMO Enable Protect Register controls rewriting of the TOMO counter enable bit described in
the next page by enabling or disabling rewrite.
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10.9.9 TOM Count Enable Registers

m TOMO Count Enable Register (TOMOCEN)

<Address: H'0080 OCDF>

D8 9 11 12 13 14 D15
TOMOOCEN|TOMO1CEN|TOMO2CEN TOMO3CEN|TOMO4CEN|TOMO5CEN|{TOMO6CEN|TOMO7CEN
<When reset:H'00>
D Bit Name Function R w
8 TOMOOCEN 0: Stops count O O
(TOMO_O count enable) 1: Enables count
9 TOMO1CEN
(TOMO_1 count enable)
10 TOMO2CEN
(TOMO_2 count enable)
11 TOMO3CEN
(TOMO_3 count enable)
12 TOMO4CEN
(TOMO_4 count enable)
13 TOMO5CEN
(TOMO_5 count enable)
14 TOMOG6CEN
(TOMO_6 count enable)
15 TOMO7CEN

(TOMO_7 count enable)

The TOMO Count Enable Register controls operation of TOMO counters. To enable the counter in
software, enable the relevant TOMO Enable Protect Register for write and set the count enable bit
by writing a 1. To stop the counter, enable the TOMO Enable Protect Register for write and reset the

count enable bit by writing a 0.

In single-shot output and single-shot PWM output modes, when the counter stops due to an
occurrence of underflow, the count enable bit is automatically reset to 0. Therefore, what you get by
reading the TOMO Count Enable Register is the status that indicates the counter's operating status
(active or idle).
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FIF

TID2 output

TOMOm enable protect
(TOMOMPRO)

TID2 enable output enable
(TID2ENO)

EN-ON

TOMOmM enable

Dn ——» F/IF —— TOMOm enable control

(TOMOMCEN)

WR

WR

Figure 10.9.5 Configuration of the TOM Enable Circuit
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10.9.10 Operation in TOM PWM Output Mode

(1) Outline of TOM PWM output mode

In PWM output mode, the timer uses two reload registers to generate a waveform with a given
duty cycle.

When after setting the initial values in reload 0 and reload 1 registers, the timer is enabled (by
writing to the enable bit in software or by TID2 underflow/overflow signal), it loads the reload 0
register value into the counter synchronously with the count clock letting the counter start
counting down. The first time the counter underflows, the reload 1 register value is loaded into the
counter letting it continue counting. Thereafter, the counter is reloaded with the reload 0 and
reload 1 register values alternately each time an underflow occurs. The valid count values are
(reload O register set value + 1) and (reload 1 register set value + 1). The timer stops at the same
time count is disabled by writing to the enable bit (and not in synchronism with PWM output
period).

The F/F output waveform in PWM output mode is inverted (F/F output levels change from low to
high, or vice versa) at count startup and upon each underflow. An interrupt can be generated
when the counter underflows every other time (second time, fourth time, and so on) after being
enabled.

Note that TOM's PWM output mode does not have the correction function.
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Enabled
(by writing to enable bit Underflow Underflow
or by external |npu’[) (fll’st tlme) (Second t|me)

Countlock - L 110
Enable bit Down-count i Down-count
starting from | : Down-count starting starting from |
reload O register ;| | from reload 1 register reload O register:
set value P set value setvalue |
 HFFFE b .. -
H'C000
H’(A000-1)
H'AQD0- - oo ' - / ,,,,,,,,,,,,,,,
Counter b
L— HO0000 - b NN
Reload O register ~ HA000 (O O
Reload 1 register ~ H'C000 O O

F/F output 4,—‘ L:

Data inverted Data inverted Data inverted

by enable by underflow by underflow

TOM interrupt y—gﬁ

by underflow

<———  PWM output period ——>

Note: This diagram does not show detail timing information.

Figure 10.9.6 Typical Operation in PWM Output Mode
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(2) Reload register updates in TOM PWM output mode

In PWM output mode, when the timer remains idle, reload 0 and reload 1 registers are updated at
the same time data are written to the registers. But when the timer is active, reload 1 register is
updated by updating reload 0 register. However, when you read reload 0 and reload 1 registers,
the values you get are always the data written to the registers.

Internal bus

< >

Reload 1
| TOMOPRLL  |«— ReloadlWR

ReloadOWR

Reload 0
\ Buffer \4— | TOMOMRLO  fe—

PWM mode control

Prescaleroutputg{ 16-bit counter } FIF O TO

Figure 10.9.7 PWM Circuit Diagram

If you want to rewrite reload 0 and reload 1 registers while the timer is operating, rewrite reload 1
register first and then reload 0 register. In this way, reload 0 and reload 1 registers both are
updated synchronously with PWM periods, from which the timer starts operating again. This
operation can normally be performed collectively by accessing register addresses wordwise (in
32 bits) beginning with that of reload 1 register. (Data are automatically written to reload 1 and
then reload O registers in succession.)

If you update the reload registers in reverse by updating reload 0O register first and then reload 1
register, only reload O register is updated. When you read reload 0 and reload 1 registers, the
values you get are always the data written to the registers, and not the reload values being
actually used.

Note that when updating the PWM period, if the PWM period is terminated before you finished
writing to reload 0, the PWM period is not updated in the current period and what you've set is
reflected in the next period.
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(a) When reload register updates take effect in the current period (reflected in the next period)

(b) When reload register updates take effect in the next period (reflected one period later)

) Write to reload 0
Write to reload 1 (reload 1 data latched)

\/

Reload 1 register H'2000 H'9000

J: Old PWM output period —#» OL’:‘IT)VL\IItT)\éVrmd >
F/F output \—7

IR L______ Operation by new reload value written

!
Reload 0 register H1000 >< H'8000
©)

/;‘ Enlarééd \}{ew e

—¥»<+—— New PWM output period ———

Count clock H H H H
Counter H0001 H'0000 H'FFFF X H'7FFF H'7FFE
Interrupt [
by underflow :
Reload 0 register H'1000 >< @ H'8000
Reload 1 register H'2000 ©) H'9000
Reload 1 buffer H2000 >< O H'9000
F/F output é ?
Timing at which reload 1
\\ and reload O registers are updated PWM period latched

Note: This diagram does not show detail timing information

Write to reload 0
Write to reload 1 (reload 1 data latched)
|

Reload 0 register H'1000 H’8000
v :
Reload 1 register H'2000 . O H'9000
. ‘ old PWM
-«—— Old PWM output period —»l« output period
F/F output —‘—
Operation by old reload value
e Enlarged view S ~
————— p«+—— OIld PWM output period
Count clock H H H H
Counter H'0001 H'0000 >< HFFFF H'OFFF H'OFFE
Interrupt ﬂ
by underflow
Reload O register H1000 @ ; H'8000
Reload 1 register H'2000 H'9000 | O
Reload 1 buffer H2000 @ ; H'9000
F/F output 4‘ :
PWM period latched
Timing at which reload 14T

and reload 0 registers are updated /
Note: This diagram does not show detail timing information.

Figure 10.9.8 Reload 0 and Reload 1 Register Updates in PWM Output Mode
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10.9.11 Operation in TOM Single-shot Output Mode (without Correction Function)

(1) Outline of TOM single-shot output mode

In single-shot output mode, the timer generates a pulse in width of (reload 0 register set value +
1) only once and stops without performing any operation.

When after setting the reload O register, the timer is enabled (by writing to the enable bit in
software or by TID2 underflow/overflow signal), it loads the content of reload O register into the
counter synchronously with the count clock, letting the counter start counting. The counter counts
down clock pulses and stops when it underflows after reaching the minimum count.

The F/F output waveform in single-shot output mode is inverted (F/F output levels change from
low to high, or vice versa) at startup and upon underflow, generating a single-shot pulse
waveform in width of (reload O register set value + 1) only once. Also, an interrupt can be
generated when the counter underflows.

The count value is (reload O register set value + 1). (For details about count operation, also refer
to Section 10.3.11, "Operation in TOP Single-shot Output Mode (with Correction Function).”

(2) Precautions to be observed when using TOM single-shot output mode
The following describes precautions to be observed when using TOM single-shot output mode.

« If the counter stops due to underflow in the same clock period as the timer is enabled by
external input, the former has priority (so that the counter stops).

« If the counter stops due to underflow in the same clock period as count is enabled by writing to
the enable bit, the latter has priority (so that count is enabled).

« If the timer is enabled by external input in the same clock period as count is disabled by writing
to the enable bit, the latter has priority (so that count is disabled).

» Because the internal circuit operation is synchronized to the count clock (prescaler output), a
finite time equal to a prescaler delay is included before F/F starts operating after the timer is
enabled.
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Enabled _
(by writing to enable bit Disabled
or by external input) (by underflow)

Count clock - IUUL ,,,,,,,,,,,,,,,,,,,,,,,,,,, HJL

Enable bit—!
— HFFFF o
Counts down starting
. from reload O register
H'A000 | set value
Counter
L HO000 -
Reload O register HA000 O

Reload 1 register (Not used)

F/F output H
Data inverted Data in
by enable by und

TOM interrupt

verted
erflow

=a

by underflow

Note: This diagram does not show detail timing information.

Figure 10.9.9 Typical Operation in TOM Single-shot Output Mode (without Correction

Function)
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10.9.12 Operation in TOM Single-shot PWM Output Mode (without Correction Function)

(1) Outline of TOM single-shot PWM output mode

In single-shot PWM output mode, the timer uses two reload registers to generate a waveform
with a given duty cycle only once.

When after setting the initial values in reload 0 and reload 1 registers, the timer is enabled (by
writing to the enable bit in software or by TID2 underflow/overflow signal), it loads the reload 0
register value into the counter synchronously with the count clock, letting the counter start
counting down. The first time the counter underflows, the reload 1 register value is loaded into the
counter letting it continue counting. Then when the counter underflows next time, it stops. The
valid count values are the (reload O register set value + 1) and (reload 1 register set value + 1)
each. To stop the timer in software, disable count by writing to the enable bit. The timer stops at
the same time count is disabled (and not in synchronism with PWM output period).

The F/F output waveform in single-shot PWM output mode is inverted (F/F output levels change
from low to high, or vice versa) upon each underflow. (Unlike in PWM output mode, F/F output is
not inverted at counter startup.) An interrupt can be generated when the counter underflows
second time after being enabled.

Note that TOM's single-shot PWM output mode does not have the correction function.
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Enabled
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H’A000 set value

Counter

0000 oo N P

Reload O register  HA000 (O

Reload 1 register ~ H'FO00 O

F/F output \—
A

Data inverted Data inverted
by underflow by underflow

TOM interrupt ﬁ%—L

by underflow

~<~——— PWNM output period —>

Note: This diagram does not show detail timing information.

Figure 10.9.10 Typical Operation in TOM Single-shot PWM Output Mode (without Correction
Function)

10-227 32170/32174 Group User's Manual (Rev. 2.1)



10 MULTIJUNCTION TIMERS
10.9 TOM (Output-related 16-bit Timer)

10.9.13 Operation in TOM Continuous Output Mode (Without Correction Function)

(1) Outline of TOM continuous output mode

In continuous output mode, the timer counts down clock pulses starting from the set value of the
counter and when the counter underflows, reloads it with reload 0 register value. Thereafter, this
operation is repeated each time the counter underflows, thus generating consecutive pulses
whose waveform is inverted in width of (reload O register set value + 1).

When after setting the counter and reload O register, the timer is enabled (by writing to the enable
bit in software or by TID2 underflow/overflow signal), it starts counting down from the counter's
set value synchronously with the count clock and when the minimum count is reached, generates
an underflow. This underflow causes the counter to be reloaded with the content of reload 0
register and start counting over again. Thereafter, this operation is repeated each time an
underflow occurs. To stop the counter, disable count by writing to the enable bit in software.

The F/F output waveform in continuous output mode is inverted (F/F output levels change from
low to high, or vice versa) at startup and upon underflow, generating consecutive pulses until the
timer stops counting. Also, an interrupt can be generated each time the counter underflows.

The valid count values are the (counter set value + 1) and (reload O register set value + 1). For
details about count operation, also see Section 10.3.11, "Operation in TOP Continuous Output
Mode (Without Correction Function).”

(2) Precautions to be observed when using TOM continuous output mode
The following describes precautions to be observed when using TOM continuous output mode.

« If the timer is enabled by external input in the same clock period as count is disabled by writing
to the enable bit, the latter has priority (so that count is disabled).

« When you read the counter immediately after reloading it pursuant to underflow, the value you
get is temporarily H'FFFF. But this counter value immediately changes to (reload value - 1) at
the next clock edge.

« Because the internal circuit operation is synchronized to the count clock (prescaler output), a
finite time equal to a prescaler delay is included before F/F starts operating after the timer is
enabled.
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Note: This diagram does not show detail timing information.

Figure 10.9.11 Typical Operation in TOM Continuous Output Mode (Without Correction F
unction)
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10.9.14 Example Application for Using the 32170 in Motor Control

The 16-bit timer TOM incorporated in the 32170 helps to reduce software burdens during motor
control. The following shows an example application for using the 32170 in motor control.

The three-phase motor control waveform is materialized by starting TOM in 20 kHz fixed cycles
generated by TID2. The new single-shot PWM output function of TOM enables the output
waveform to be configured easily by storing waveform data only when the data needs to be
rewritten. Note that the high/low transistor shorting prevention time can be provided by changing
the set time of TOM in software.

[ Circuit board — ] [~ Power-MOS ]
U Motor

TOM A
TOM ) '

wzriEss| TN ' 0 /
TOM N \@f@l
TOM W f
TOM W

TMS TMS TMS

Figure 10.9.12 System Configuration Diagram

Single-shot PWM
ﬂ k[ TOMO_O udﬂ‘ FIF37 O TOM(U)
I
Startu Single-shot PWM
p "—1 clk EN TOMO 1 udfj‘ [FIF38] O TOM(/U)
K ‘ Single-shot PWM n e
"—1 c gy TOMO_2 udf ——FIF39 O TOM(V)
Single-shot PWM
"—‘ ck £y Tomo 3 udlﬂ‘ F/F40 O TOM(V)
‘ ek ‘ Single-shot PWM n
PSC5 ‘C En  TOMO_4 udf | FIF41 O TOM(W)
] .
ook SinglershotPWW  rran o TOM(W)
EN TOMO_5 | AN
I
Fixed cycle — 20 kHz generated
4 clk TID2 udf

Figure 10.9.13 Timer Connections When Used for Three-phase Motor Control
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Figure 10.9.14 Diagram of Control Image
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11.1 Outline of A-D Converters

11.1 Outline of A-D Converter

The 32170 contains two 10-bit A-D converters of a successive approximation type (A-DO and A-D1
converters). These converters have 32 analog input pins (channels) ADOINO to ADOIN15 and
AD1INO to AD1IN 15. The A-D conversion results can be read out in either 8 bits or 10 bits.

For A-D conversion, there are following conversion modes and operation modes:

(1) Conversion mode

« A-D conversion mode: Ordinary mode in which analog input voltages are converted into digital
guantities.

« Comparator mode (Note): A mode in which analog input voltage is compared with a preset
comparison voltage to only find the relative magnitude of two quantities. (Single mode only)

(2) Operation mode

 Single mode: Analog input voltage in one channel is A-D converted once or comparated(note)
with a given quantity.

« Scan mode: Analog input voltages in multiple selected channels (4, 8, or 16 channels) are
sequentially A-D converted.

(3) Types of scan modes

« Single-shot scan mode: Scan operation is performed for one machine cycle.
« Continuous scan mode: Scan operation is performed repeatedly until stopped.

(4) Special operation mode

» Forcible single mode execution during scan mode: Conversion is forcibly executed in single
mode during scan operation.

e Scan mode start after single mode execution: Scan operation is started subsequently after
executing conversion in single mode.

« Conversion restart: A-D conversion being executed in single or scan mode is restarted.

The A-D conversion and comparate rates can be selected between normal and double rate. An A-
D conversion interrupt request or a DMA transfer request (for the A-DO converter only) can be
generated at completion of A-D conversion, comparate operation, single-shot scan operation, or
one cycle of continuous scan operation.

Note: To discriminate between the comparison operation performed internally by the successive
approximation-type A-D converter and the operation in comparator mode performed using the A-D
converter as a comparator, the comparison operation in comparator mode in this manual is referred to
as "comparate.”
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Table 11.1.1 outlines the A-D converters. Figures 11.1.1 and 11.1.2 show block diagrams of A-DO

and A-D1 converters, respectively.

Table 11.1.1 Outline of A-D Converters

Item

Content

Analog input

16 channels x 2

A-D conversion method

Successive approximation method

Resolution

10 bits (Conversion results can be read out in either 8 bits or 10 bits)

Absolute accuracy (Notel)

(Conditions : Ta = -40 to 125°C,
AVCCO0,1=VREF0,1=5.12V)

Normal mode +2L.SB

Double-speed mode +21. SB

Conversion mode

A-D conversion mode, comparator mode

Operation mode

Single mode, scan mode

Scan mode

Single-shot scan mode, continuous scan mode

Conversion start trigger

Software start Started by setting A-D converter start bit to 1

Hardware start A-DO converter started by MJT output event
bus 3, A-D1 converter started by TID1

overflow or underflow (Note 2)

Started by external ADTRG pin input

Conversion rate
f(BCLK):
Internal peripheral clock

operating frequency

During single mode Normal rate 299 x 1/f(BCLK) (Note 3)

(shortest time) Double rate 173 x 1/f(BCLK)

During comparator mode Normal rate 47 x 1/f(BCLK)

(shortest time) Double rate 29 x 1/f(BCLK)

Interrupt request generation function

Generated at completion of A-D conversion, comparate operation,

single-shot scan operation, or one cycle of continuous scan operation

DMA transfer request generation

function (Note 4)

Generated at completion of A-D conversion, comparate operation,

single-shot scan operation, or one cycle of continuous scan operation

Note 1: The rated value of conversion accuracy here is that of the microcomputer’s own as a single unit,

which can only be obtained in an environment where the power supply wiring on the board is stable

and the microcomputer is unaffected by noise.

Note 2: Refer to Chapter 10, "Multijunction Timers."

Note 3: When BCLK = 20 MHz, this is 1/f(BCLK) = 50 ns.

Note 4: The DMA transfer request generation function is available for only the A-DO converter. The A-D1
converter does not have this function.
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Internal data bus

<

8-bit readout

8

10-bit readout

ADODTO 10-bit A-DO Data Register 0
ADODT1 10-bit A-DO Data Register 1 ADOSIMO,1| A-DO Single Mode Register
ADODT2 10-bit A-DO Data Register 2 ADOSCMO,1| A-DO Scan Mode Register
ADODT3 10-bit A-DO Data Register 3 y
ADODT4 10-bit A-DO Data Register 4
ADODT5 10-bit A-DO Data Register 5
ADODT6 10-bit A-DO Data Register 6
ADODT7 10-bit A-DO Data Register 7
ADODTS8 10-bit A-DO Data Register 8
ADODT9 10-bit A-DO Data Register 9
ADODT10 10-bit A-DO Data Register 10
ADODT11 10-bit A-DO Data Register 11
ADODT12 10-bit A-DO Data Register 12
ADODT13 10-bit A-DO Data Register 13
ADODT14 10-bit A-DO Data Register 14 Output event bus 3
ADODT15 10-bit A-DO Data Register 15 (multijunction timer)
Y
A-D Comparate
ADOCMP Data Register <
P67/ADTRG [ »O A-D Control Circuit
AVCCO O Alo-bit A-D _S“Cées$i"e P - Mode selection
AVSSO (—» ppm)z,\m;éggmeg'swr X + Channel selection | interrupt request
- Conversion time L
{} selection
R ) « Flag control
VREFO [} 10-bit A-D Converter « Interrupt control | DMA transfer request
Comparator >  E—
ADOINO [ —»
ADOIN1 [}
ADOIN2 [}
ADOIN3 [}
ADOIN4 [} >
ADOIN5 [ >
ADOIN6 [}
ADOIN7 [
ADOINS [ Selector
ADOIN9 [}
ADON10 [}
ADOIN11[} <
ADOIN12[}
ADOIN13[] >
ADOIN141 >
ADOIN15[} > Successive Approximation
-type A-D Converter Unit

Figure 11.1.1 Block Diagram of A-DO Converter
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Internal data bus

<

8-bit readout

10-bit readout

AD1DTO 10-bit A-D1 Data Register 0
AD1DT1 10-bit A-D1 Data Register 1 AD1SIMO,1| A-D1 Single Mode Register
ADIDT2 10-bit A-D1 Data Register 2 ADISCMO0,1| A-D1 Scan Mode Register
AD1DT3 10-bit A-D1 Data Register 3 Y
AD1DT4 10-bit A-D1 Data Register 4
AD1DT5 10-bit A-D1 Data Register 5
AD1DT6 10-bit A-D1 Data Register 6
AD1DT7 10-bit A-D1 Data Register 7
AD1DT8 10-bit A-D1 Data Register 8
AD1DT9 10-bit A-D1 Data Register 9
AD1DT10 10-bit A-D1 Data Register 10
AD1DT11 10-bit A-D1 Data Register 11
AD1DT12 10-bit A-D1 Data Register 12
AD1DT13 10-bit A-D1 Data Register 13
AD1DT14 10-bit A-D1 Data Register 14 TID1 underflow
AD1DT15 10-bit A-D1 Data Register 15 loverflow
A-D Comparate P ‘
ADICMP Data Register h
P67/ADTRG [ »O A-D Control Circuit
AVCC1 [J—» 10-bit A-D Successive « Mode selection
AVSS1 [+—» App“”z!\“;gz%eg'sm D + Channel selection | interrupt request
- Conversion time >
selection
VREF1 [J »  10-bit A-D Converter * Flag control
« Interrupt control
Comparator L
AD1INO [} > —>
AD1IN1 [ >
AD1IN2 [ g
AD1IN3 [ >
AD1IN4 [} >
AD1IN5 [} >
AD1IN6 [J >
AD1IN7 O >
ADL1INS OJ .| Selector
AD1IN9 [} >
AD1IN10 3 >
AD1IN11[} > <
AD1IN12[} >
AD1IN13[} >
AD1IN14[3 >
AD1IN15[} > Successive Approximation
-type A-D Converter Unit

Figure 11.1.2 Block Diagram of A-DO Converter
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11.1.1 Conversion Modes

The A-D converters have two conversion modes: "A-D conversion mode" and "Comparator mode."

(1) A-D conversion mode

In A-D conversion mode, the analog input voltage in a specified channel is converted into digital
quantity.

In single mode, A-D conversion is performed on a channel selected by the Single Mode Register
1 analog input pin select bit. In scan mode, A-D conversion is performed on channels selected by
Scan Mode Register 1 according to settings of Scan Mode Register 0. The conversion result is
stored in each channel's corresponding 10-bit A-D Data Register. Also, 8-bit A-D conversion
results can be read from each 8-bit A-D Data Register.

An A-D conversion interrupt request or a DMA transfer request (for the A-DO converter only) can
be generated at completion of A-D conversion when in single mode, or when operating in scan
mode, at completion of one cycle of scan loop.

(2) Comparator mode

In comparator mode, the analog input voltage in a specified channel is "comparated" (compared)
with the Successive Approximation Register value, and the result (relative magnitude of two
values) is returned to a flag.

The channel to be comparated is selected using the Single Mode Register 1 analog input pin
select bit. The result of comparate operation is flagged (1 or 0) by setting or resetting the A-D
Comparate Data Register bit that corresponds to the selected channel.

An A-D conversion interrupt request or a DMA transfer request (for the A-DO converter only) can
be generated at completion of comparate operation.
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11.1.2 Operation Modes

The A-D converters operate in two modes: "Single mode" and "Scan mode."

(1) Single mode

In single mode, the analog input voltage in one selected channel is A-D converted once or
comparated with a given quantity. An A-D conversion interrupt request or a DMA transfer request
(for the A-DO converter only) can be generated at completion of A-D conversion.

M A-D conversion interrupt request
or DMA transfer request (Note 2)

Completed =g 1
n=0-15

Conversion
starts
(Note 1)

ADIDTn

10-bit A-Di data register

Note 1: A-DO conversion start: Software trigger — Started by setting A-DO conversion start bit to 1
Hardware trigger — Started by output event bus 3 or ADTRG signal input
A-D1 conversion start: Software trigger — Started by setting A-D1 conversion start bit to 1
Hardware trigger — Started by TID1 overflow/underflow or ADTRG signal input
Note 2: DMA transfer request: Can be generated for only the A-DO converter.

Figure 11.1.3 Operation in Single Mode (A-D Conversion)

A-D successive approximation register

ADISAR

A-D conversion interrupt request
or DMA transfer request (Note 2)

Conversion Completed i=0,1

starts n=0-15
(Note 1)
ADICMP Comparate result
A-Di comparate ADICMP=0 (ANNn>ADIiSAR)
data register ADICMP=1 (ANN<ADISAR)

Note 1: Comparate start: Started by writing a comparison value to the successive approximation register (ADISAR)
Note 2: DMA transfer request: Can be generated for only the A-DO converter.

Figure 11.1.4 Operation in Single Mode (Comparate)
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(2) Scan mode

In scan mode, analog input voltages in multiple selected channels (4, 8, or 16 channels) are
sequentially A-D converted.

There are two types of scan modes: "Single-shot scan mode" in which A-D conversion is
completed by performing one cycle of scan operation, and "Continuous scan mode" in which
scan operation is continued until halted by setting the Scan Mode Register A-D conversion stop
bit to 1.

These types of scan modes are selected using Scan Mode Register 0. The channels to be
scanned are selected using Scan Mode Register 1. The number of channels and the sequence to
be scanned can be selected from three combinations available: 4, 8, or 16 channels. Channels
ADIINO to ADIIN3 (i = 0, 1) are used for 4-channel scan. Similarly, channels ADIINO to ADiIN7 and
channels ADIINO to ADiIN15 are used for 8-channel scan and 16-channel scan, respectively.

An A-D conversion interrupt request or a DMA transfer request (for the A-DO converter only) can
be generated at completion of one cycle of scan operation.

<4-channel scan>

During continuous scan mode

Conversion Completed here when
starts operating in single-shot

(Note 1) scan mode

10-bit A-Di data register ‘ ADIDTO ‘ ‘ ADIDT1 ‘ ‘ ADIDT2 ‘ ‘ ADIDT3 ‘

// A-D conversion interrupt request or DMA transfer request (Note 2)
i=0,1

Note 1: A-DO conversion start: Software trigger — Started by setting A-DO conversion start bit to 1
Hardware trigger — Started by output event bus 3 or ADTRG signal input
A-D1 conversion start: Software trigger - Started by setting A-D1 conversion start bit to 1
Hardware trigger — Started by TID1 overflow/underflow or ADTRG signal input
Note 2: DMA transfer request: Can be generated for only the A-DO converter.

Figure 11.1.5 Operation of A-D Conversion in Scan Mode (for 4-channel Scan)
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<8-channel scan>

During continuous scan mode

Conversion
starts
(Note 1)

10-bit A-Di data register ‘ ADIDTO ‘ ‘ ADIDT1 ‘ ‘ ADIDT2 ‘ ‘ ADIDT3 ‘

Completed here when
operating in single-shot

scan mode

‘ ADIDT4 ‘ ‘ ADIDT5 ‘ ‘ ADIDT6 ‘ ‘ ADIDT7 ‘

<16-channel scan>

During continuous scan mode

Conversion
starts
(Note 1)

‘ ADiDTB‘ ‘ ADiDTQ‘ ‘ ADiDTlO‘ ‘ ADiDTll‘

4 Completed here when
operating in single-shot

scan mode

‘ ADiDT12‘ ‘ ADiDTl3‘ ‘ ADiDT14‘ ‘ ADiDTl5‘

/V' A-D conversion interrupt request or DMA transfer request (Note 2)
i=0,1

Note 1: A-DO conversion start: Software trigger - Started by setting A-DO conversion start bit to 1
Hardware trigger — Started by output event bus 3 or ADTRG signal input
A-D1 conversion start: Software trigger - Started by setting A-D1 conversion start bit to 1
Hardware trigger — Started by TID1 overflow/underflow or ADTRG signal input
Note 2: DMA transfer request: Can be generated for only the A-DO converter.

Figure 11.1.6 Operation of A-D Conversion in Scan Mode (for 8-channel/16-channel Scan)
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Table 11.1.2 Registers in Which Scan Mode A-D Conversion Results Are Stored

Scan loop Selected channels Selected channels A-D conversion result

selection for single-shot scan for continue scan storage register

4-channel scan ADIINO ADIINO 10-bit A-Di Data Register 0
ADIIN1 ADIIN1 10-bit A-Di Data Register 1
ADIIN2 ADIIN2 10-bit A-Di Data Register 2
ADIIN3 ADIIN3 10-bit A-Di Data Register 3
Completed ADIINO 10-bit A-Di Data Register O

. (Repeated until forcibly halted)

8-channel scan ADIINO ADIINO 10-bit A-Di Data Register 0
ADIIN1 ADIIN1 10-bit A-Di Data Register 1
ADIIN2 ADIIN2 10-bit A-Di Data Register 2
ADIIN3 ADIIN3 10-bit A-Di Data Register 3
ADIIN4 ADIIN4 10-bit A-Di Data Register 4
ADIIN5 ADIIN5 10-bit A-Di Data Register 5
ADIING ADIING6 10-bit A-Di Data Register 6
ADIIN7 ADIIN7 10-bit A-Di Data Register 7
Completed ADIINO 10-bit A-Di Data Register O

. (Repeated until forcibly halted)

16-channel scan ADIINO ADIINO 10-bit A-Di Data Register 0
ADIIN1 ADIIN1 10-bit A-Di Data Register 1
ADIIN2 ADIIN2 10-bit A-Di Data Register 2
ADIIN3 ADIIN3 10-bit A-Di Data Register 3
ADiIN4 ADIIN4 10-bit A-Di Data Register 4
ADIIN5S ADIIN5S 10-bit A-Di Data Register 5
ADIING ADIiN6 10-bit A-Di Data Register 6
ADIIN7 ADIIN7 10-bit A-Di Data Register 7
ADIIN8 ADIIN8 10-bit A-Di Data Register 8
ADIIN9 ADIIN9 10-bit A-Di Data Register 9
ADIIN10 ADIIN10 10-bit A-Di Data Register 10
ADIIN11 ADIIN11 10-bit A-Di Data Register 11
ADIIN12 ADIIN12 10-bit A-Di Data Register 12
ADIIN13 ADIIN13 10-bit A-Di Data Register 13
ADiIN14 ADIIN14 10-bit A-Di Data Register 14
ADIIN15 ADIIN15 10-bit A-Di Data Register 15
Completed ADIINO 10-bit A-D Data Register 0

. (Repeated until forcibly halted)

(i=0, 1)
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11.1.3 Special Operation Modes

(1) Forcible single mode execution during scan mode

This special operation mode forcibly executes single mode conversion (A-D conversion or
comparate) in a specified channel during scan mode operation. For A-D conversion mode, the
conversion result is stored in the 10-bit A-D Data Register corresponding to the specified
channel. For comparate mode, the conversion result is stored in the 10-bit A-D Comparate Data
Register. When the A-D conversion or comparate operation in the specified channel is
completed, scan mode A-D conversion is restarted from where it was canceled during scan
operation.

To start single mode conversion during scan mode operation in software, choose a software
trigger using the Single Mode Register 0 A-D conversion start trigger select bit. Then, for A-D
conversion, set the said register's A-D conversion start bit to 1, or for comparate mode, write a
comparison value to the A-D Successive Approximation Register (ADOSAR or AD1SAR) during
scan mode operation.

To start single mode conversion during scan mode operation in hardware, choose a hardware
trigger using the Single Mode Register 0 A-D conversion start trigger select bit. Then enter the
hardware trigger selected with the said register (ADTRG signal or output event bus 3 for the A-DO
converter, or ADTRG signal or TID1 overflow/underflow for the A-D1 converter).

An A-D conversion interrupt request or a DMA transfer request (for the A-DO converter only) can
be generated at completion of conversion in the specified channel, or at completion of one cycle
of scan operation.

<To perform single mode conversion on ADIIN5 during ADiIN2 conversion in 4-channel single-shot scan mode>

Forcible single
mode execution starts

l (Note 1)
Scan mode Completed
conversion starts
10-bit A-Di data register | ADIDTO | | ADIDTL | | ADIDTS | | ADIDT2 | | ADIDT3 |

/\/ A-D conversion interrupt request or DMA transfer request (Note 2)
i=0,1

Note 1: The canceled convert operation in channel 2 is reexecuted from the beginning.
Note 2: DMA transfer request: Can be generated for only the A-DO converter.

Figure 11.1.7 Forcible Single Mode Execution during Scan Mode
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(2) Scan mode start after single mode execution

This special operation mode starts scan operation subsequently after executing conversion in
single mode (A-D conversion or comparate).

To start this mode in software, choose a software trigger using the Scan Mode Register 0 A-D
conversion start trigger select bit. Then set the said register's A-D conversion start bit to 1 during
single mode conversion operation.

To start this mode in hardware, choose a hardware trigger using the Scan Mode Register 0 A-D
conversion start trigger select bit. Then enter the hardware trigger selected with the said register
(ADTRG signal or output event bus 3 for the A-DO converter, or ADTRG signal or TID1 overflow/
underflow for the A-D1 converter).

If after selecting a hardware trigger using the A-D conversion start trigger select bit in both Single
Mode Register 0 and Scan Mode Register 0, you enter a hardware trigger (ADTRG signal or
output event bus 3 for the A-DO converter, or ADTRG signal or TID1 overflow/underflow for the A-
D1 converter), the device first performs single mode conversion and then scan mode conversion
subsequently after executing the single mode conversion.

An A-D conversion interrupt request or a DMA transfer request (for the A-DO converter only) can
be generated at completion of single mode conversion in the specified channel, or at completion
of one cycle of scan operation.

<To start 4-channel single-shot scan mode subsequently after single mode conversion on ADIN5 >

Instructed to start
scan mode conversion

Single mode
conversion starts < w w w w Completed

10-bit A-Di data register | ApiDT5 | | ADIDTO | | ADIDT1 | | ADIDT2 | | ADIDTS |

ﬂ/ A-D conversion interrupt request or DMA transfer request (Note)
i=0,1

Note: DMA transfer request: Can be generated for only the A-DO converter.

Figure 11.1.8 Scan Mode Start after Single Mode Execution
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(3) Conversion restart

This special operation mode stops operation being executed in single mode or scan mode and
reexecutes the operation from the beginning.

When in single mode, set the Single Mode Register 0 A-D conversion start bit to 1 again or enter
a hardware trigger (ADTRG signal or output event bus 3 for the A-DO converter, or ADTRG signal
or TID1 overflow/underflow for the A-D1 converter) during scan or comparate operation, and the
operation being executed is halted and reexecuted from the beginning.

When in scan mode, set the Single Mode Register 0 A-D conversion start bit to 1 again or enter
a hardware trigger (ADTRG signal or output event bus 3 for the A-DO converter, or ADTRG signal
or TID1 overflow/underflow for the A-D1 converter) during scan or comparate operation, and the
channel being converted is canceled and A-D conversion is reexecuted beginning with channel
0.

<To restart single mode ADIIN5 conversion>

Single mode ADIIN5
conversion restarts

|

_ ADIIN5
Single mode ‘

Completed

/|/ A-D conversion interrupt request or DMA transfer request (Note)
i=0,1

ADIIN5 conversion starts

10-bit A-Di data register

Note: DMA transfer request: Can be generated for only the A-DO converter.

Figure 11.1.9 Restarting Conversion during Single Mode Operation

<To restart operation during ADIIN2 conversion in 4-channel single-shot scan mode >

Scan mode
restarts

Scan mode

conversion starts Completed

10-bit A-Di data register | ADIDTO | | ADIDTL | | ADIDTO | | ADIDT1 | | ADIDT2 | | ADIDTS |

/VY A-D conversion interrupt request or DMA transfer request (Note)
i=0,1

Note: DMA transfer request: Can be generated for only the A-DO converter.

Figure 11.1.10 Restarting Conversion during Scan Operation
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11.1.4 A-D Converter Interrupt and DMA Transfer Requests

The A-D converters can generate an A-D conversion interrupt request or a DMA transfer request
(for the A-DO converter only) each time A-D conversion, comparate operation, single-shot scan, or
one cycle of continuous scan mode is completed. Single Mode Register 0 and Scan Mode Register
0 are used to select between an A-D conversion interrupt request and a DMA transfer request (for
the A-DO converter only).

A-DO Scan Mode Register O interrupt request
/DMA transfer request select bit (Note)

Scan mode 40}7
(when one cycle of

oO—
scan completed)

A-DO conversion interrupt request
(To the interrupt controller)
D—) DMA transfer request (To the DMAC)

Single mode (when A-D 0 oO——-
conversion or comparate o—
operation completed) T

A-DO Single Mode Register 0 interrupt request
/IDMA transfer request select bit (Note)

Note: For the A-D1 converter, this bit selects to enable or disable interrupt requests and cannot select DMA
transfer requests.

Figure 11.1.11 Selecting between Interrupt Request and DMA Transfer Request
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11.2 A-D Converter Related Registers

The diagrams below show an A-D converter related register map.

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

Address

0080

0082

0084

0086

0088

008A

008C

0090

0092

0094

0096

0098

009A

009C

009E

00A0

00A2

00A4

00A6

00A8

00AA

00AC

00AE

+0 Address +1 Address
D7 D8 D15
A-DO Single Mode Register 0 A-DO Single Mode Register 1
(ADOSIMO) (ADOSIM1)
A-DO Scan Mode Register 0 A-DO Scan Mode Register 1
(ADOSCMO) (ADOSCM1)

A-DO Successive Approximation Register (ADOSAR)

A-DO Comparate Data Register (ADOCMP)

10-bit A-DO Data Register 0 (ADODTO)

10-bit A-DO Data Register 1 (ADODT1)

10-bit A-DO Data Register 2 (ADODT2)

10-bit A-DO Data Register 3 (ADODT3)

10-bit A-DO Data Register 4 (ADODT4)

10-bit A-DO Data Register 5 (ADODT5)

10-bit A-DO Data Register 6 (ADODT6)

10-bit A-DO Data Register 7 (ADODT7)

10-bit A-DO Data Register 8 (ADODT8)

10-bit A-DO Data Register 9 (ADODT9)

10-bit A-DO Data Register 10 (ADODT10)

10-bit A-DO Data Register 11 (ADODT11)

10-bit A-DO Data Register 12 (ADODT12)

10-bit A-DO Data Register 13 (ADODT13)

10-bit A-DO Data Register 14 (ADODT14)

10-bit A-DO Data Register 15 (ADODT15)

~

=

Blank addresses are reserved.
Note: The registers enclosed in thick frames must always be accessed in halfwords.

~

=

Figure 11.2.1 A-D Converter Related Register Map (1/4)
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Address +0 Address +1 Address

bo D7 D8 D15
H 0080 00DO 8-bit A-?XD%%ISTR(’SgisterO
H 0080 00D2 8-bit A-I(DED%aBtSTRSgisterl
H 0080 00D4 8-bit A-E)A(\)D%%tg_rr«;;gisterz
H 0080 00D6 8-bit A-I(DA?D%?;STRsigiSters
H 0080 00D8 8-hit A-I(DA(\)D%aStSleggister 4
H 0080 OODA 8-hit A-?XD%%tSTFét;gisters
H 0080 00DC 8-bit A-I(D:D%%tSTRﬁtigisterG
H 0080 OODE 8-bit A_?A?D%%tSTF\;igiSter7
H 0080 00EO 8-bit A-I(D:DDOaStSTIggisters
H 0080 O00E2 8-bit A-?'&)D%%tggtigisterg
H 0080 OOE4 8-bit A-?AOD%%tSTRl%?ister 10
H 0080 0OO0OE6 8-bit A-(DAOD%%tSTRleSister 11
H 0080 OOES8S 8-bit A—(D:D%%tSTl?:Ltezg);ister 12
H 0080 OOEA 8-bit A-?AOD%%tSTRl%?ister 13
H 0080 OOEC 8-bit A—(D:D%%tSTRlig);ister 14
H 0080 OOEE 8-bit A-(DAOD%%tSTR’les?ster 15

Blank addresses are reserved.

Figure 11.2.2 A-D Converter Related Register Map (2/4)
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H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

H 0080

Address

0A80

0A82

0A84

0A86

0A88

0ABA

0A8C

0A90

0A92

0A94

0A96

0A98

0A9A

0A9C

0A9E

0AAD

0AA2

0AA4

0AAG

0AA8

0AAA

0AAC

0AAE

+0 Address +1 Address
D7 D8 D15
A-D1 Single Mode Register 0 A-D1 Single Mode Register 1
(AD1SIMO0) (AD1SIM1)
A-D1 Scan Mode Register 0 A-D1 Scan Mode Register 1
(AD1SCMO0) (AD1SCM1)

A-D1 Successive Approximation Register (AD1SAR)

A-D1 Comparate Data Register (AD1CMP)

))

10-bit A-D1 Data Register 0 (AD1DTO)

10-bit A-D1 Data Register 1 (AD1DT1)

10-bit A-D1 Data Register 2 (AD1DT2)

10-bit A-D1 Data Register 3 (AD1DT3)

10-bit A-D1 Data Register 4 (AD1DT4)

10-bit A-D1 Data Register 5 (AD1DT5)

10-bit A-D1 Data Register 6 (AD1DT6)

10-bit A-D1 Data Register 7 (AD1DT7)

10-bit A-D1 Data Register 8 (AD1DT8)

10-bit A-D1 Data Register 9 (AD1DT9)

10-bit A-D1 Data Register 10 (AD1DT10)

10-bit A-D1 Data Register 11 (AD1DT11)

10-bit A-D1 Data Register 12 (AD1DT12)

10-bit A-D1 Data Register 13 (AD1DT13)

10-bit A-D1 Data Register 14 (AD1DT14)

10-bit A-D1 Data Register 15 (AD1DT15)

~

=

Blank addresses are reserved.
Note: The registers enclosed in thick frames must always be accessed in halfwords.

~

=

Figure 11.2.3 A-D Converter Related Register Map (3/4)
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Address +0 Address +1 Address
DO D7 D8 D15
) 8-bit A-D1 Data Register 0
H 0080 OADO (AD18DTO0)
) 8-bit A-D1 Data Register 1
H 0080 OAD2 (AD18DT1)
) 8-bit A-D1 Data Register 2
H 0080 OAD4 (AD18DT2)
) 8-bit A-D1 Data Register 3
H 0080 OAD6 (AD18DT3)
. 8-bit A-D1 Data Register 4
H 0080 OAD8 (AD18DT4)
) 8-bit A-D1 Data Register 5
H 0080 OADA (AD18DTS5)
) 8-bit A-D1 Data Register 6
H 0080 OADC (AD18DT6)
. 8-bit A-D1 Data Register 7
H 0080 OADE (AD18DT?)
) 8-bit A-D1 Data Register 8
H 0080 OAEO (AD18DTS)
) 8-bit A-D1 Data Register 9
H 0080 OAE2 (AD18DTO)
) 8-bit A-D1 Data Register 10
H 0080 OAE4 (AD18DT10)
. 8-bit A-D1 Data Register 11
H 0080 OAE6 (AD18DT11)
) 8-bit A-D1 Data Register 12
H 0080 OAE8 (AD18DT12)
, 8-bit A-D1 Data Register 13
H 0080 O0AEA (AD18DT13)
. 8-bit A-D1 Data Register 14
H 0080 OAEC (AD18DT14)
) 8-bit A-D1 Data Register 15
H 0080 OAEE (AD18DT15)
Blank addresses are reserved.

Figure 11.2.4 A-D Converter Related Register Map (4/4)
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11.2 A-D Converter Related Registers

11.2.1 A-D Single Mode Register 0

m A-DO Single Mode Register 0 (ADOSIMO)

DO 1 2 3

4

<Address: H'0080 0080>

5 6 D7

IADOSTRG|ADOSSEL [ADOSREQ

IADOSCMP|ADOSSTP|ADOSSTT

<When reset:H'04>

D Bit Name Function R W
0,1 No functions assigned 0 -
2 ADOSTRG 0: ADTRG signal input O O
(A-DO hardware trigger selection) 1: Output event bus 3
3 ADOSSEL 0: Software trigger O O
(A-DO conversion start trigger selection) 1: Hardware trigger
4 ADOSREQ 0: A-DO interrupt request O O
(Interrupt request/DMA transfer request selection)  1: DMA transfer request
5 ADOSCMP 0: A-DO conversion/comparate in progress O -
(A-DO conversion/comparate completed) 1: A-DO conversion/comparate completed
6 ADOSSTP 0: Performs no operation 0 O
(A-DO conversion stop) 1: Stops A-DO conversion
7 ADOSSTT 0: Performs no operation 0 O
(A-DO conversion start) 1: Starts A-DO conversion

A-DO Single Mode Register 0 is used to control operation of the A-DO converter during single
mode (including special mode "Forcible single mode execution during scan mode").

11-19

32170/32174 Group User's Manual (Rev. 2.1)



A-D CONVERTERS
11.2 A-D Converter Related Registers
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m A-D1 Single Mode Register 0 (AD1SIMO) <Address: H'0080 0A80>

DO 1 2 3 4 5 6 D7

AD1STRG|AD1SSEL [AD1SREQAD1SCMP|AD1SSTP |AD1SSTT

<When reset:H'04>

D Bit Name Function R W
0,1 No functions assigned 0 -
2 AD1STRG 0: ADTRG signal input O O
(A-D1 hardware trigger selection) 1: TID1 overflow/underflow
3 AD1SSEL 0: Software trigger O O
(A-D1 conversion start trigger selection) 1: Hardware trigger
4 AD1SREQ 0: Enables A-D1 interrupt request O O
(Interrupt request) 1: Disables A-D1 interrupt request
5 AD1SCMP 0: A-D1 conversion/comparate in progress O -
(A-D1 conversion/comparate completed) 1: A-D1 conversion/comparate completed
6 AD1SSTP 0: Performs no operation 0 O
(A-D1 conversion stop) 1: Stops A-D1 conversion
7 AD1SSTT 0: Performs no operation 0 O

(A-D1 conversion start)

1. Starts A-D1 conversion

A-D1 Single Mode Register 0 is used to control operation of the A-D1 converter during single mode

(including special mode "Forcible single mode execution during scan mode").
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(1) ADNSTRG (A-Dn hardware trigger selection) bit  (D2)

When starting A-D conversion of the A-Dn converter in hardware, this bit selects whether to use
external ADTRG signal input or MJT output (output event bus 3 for A-DO, or TID1 overflow/
underflow for A-D1) to start the operation. The content of this bit is ignored when the ADNSSEL
(A-Dn conversion start trigger selection) bit is set to choose a software trigger. When using the
ADTRG pin for a start trigger, not that if A-D conversion is completed while the ADTRG pin input
is held low, new A-D conversion is not started.

(2) ADNSSEL (A-Dn conversion start trigger selection) bit (D3)

This bit selects whether to use a software or hardware trigger to start A-Dn conversion during
single mode. When you choose a software trigger, A-D conversion is started by setting the
ADNSSTT (A-Dn conversion start) bit to 1. When you choose a hardware trigger, A-D conversion
is started for the cause of start selected by the ADnSTRG (hardware trigger selection) bit.

(3) ADNSREQ (A-Dn interrupt request/DMA transfer request selection) bit (D4)

For the A-DO converter (ADOSIMO), this bit selects whether to request an A-DO conversion
interrupt or DMA transfer when single mode operation (A-D conversion or comparate) is
completed. For the A-D1 converter (AD1SIMO), this bit selects whether to enable or disable an A-
DO conversion interrupt when single mode operation (A-D conversion or comparate) is
completed.

(4) ADNSCMP (A-Dn conversion/comparate completion) bit (D5)

This is a read-only bit, which when reset is 1. This bit is 0 when the A-Dn converter is performing
single mode operation (A-D conversion or comparate) and set to 1 when the operation is
completed. This bit also is set to 1 when A-D conversion or comparate operation is forcibly
terminated by setting the ADnSSTT (A-Dn conversion stop) bit to 1 during A-D conversion or
comparate operation.

(5) ADNnSSTP (A-Dn conversion stop) bit (D6)

Single mode operation (A-D conversion or comparate) of the A-Dn converter can be halted by
setting this bit to 1 while the operation is in progress. Manipulation of this bit is ignored when
single mode is idle or when scan mode operation is under way. Operation is halted immediately
by a write to this bit, and when you read the A-Dn Successive Approximation Register after being
halted, the content you get is the value in the middle of conversion. (Not transferred to the A-Dn
Data Register.)

If the A-Dn conversion start bit and A-Dn conversion stop bit are set to 1 at the same time, the A-
Dn conversion stop bit has priority.

If this bit is set to 1 while operating in single mode during special mode "Forcible single mode
execution during scan mode," only single mode conversion is halted and scan mode operation is
restarted.
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(6) ADNSSTT (A-Dn conversion start) bit (D7)

When this bit is set to 1 while a software trigger has been selected by the ADnSSEL (A-Dn
conversion start trigger selection) bit, the A-Dn converter starts A-D conversion.

If the A-Dn conversion start bit and A-Dn conversion stop bit are set to 1 at the same time, the A-
Dn conversion stop bit has priority.

If this bit is set to 1 again during single mode conversion, special operation mode "Forcible single
mode execution during scan mode" is entered into, so that the channel being converted in scan
mode is canceled and single mode conversion is performed. When the single mode conversion
finishes, scan mode A-D conversion is restarted beginning with the canceled channel.

11-22 32170/32174 Group User's Manual (Rev. 2.1)



1 1 A-D CONVERTERS
11.2 A-D Converter Related Registers

11.2.2 A-D Single Mode Register 1

m A-DO Single Mode Register 1 (ADOSIM1) <Address: H'0080 0081>
D8 9 10 11 12 13 14 D15
ADOSMSL [ADOSSPD | ANOISEL

<When reset:H'00>

D Bit Name Function R W
8 ADOSMSL 0: A-DO conversion mode O O
(A-DO conversion mode selection) 1: Comparator mode
9 ADOSSPD 0: Normal rate O O
(A-DO conversion rate selection) 1: Double rate
10,11  No functions assigned 0 AN
12-15  ANOSEL 0000: Selects ADOINO O O
(Analog input pin selection) 0001: Selects ADOIN1

0010: Selects ADOIN2
0011: Selects ADOIN3
0100: Selects ADOIN4
0101: Selects ADOIN5S
0110: Selects ADOIN6
0111: Selects ADOIN7
1000: Selects ADOIN8
1001: Selects ADOIN9
1010: Selects ADOIN10
1011: Selects ADOIN11
1100: Selects ADOIN12
1101: Selects ADOIN13
1110: Selects ADOIN14

1111: Selects ADOIN15

W=A: Only writing a 0 is effective; when you write a 1, device operation cannot be guaranteed.

A-DO Single Mode Register 0 is used to control operation of the A-DO converter during single mode
(including special mode "Forcible single mode execution during scan mode").
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m A-D1 Single Mode Register 1 (AD1SIM1) <Address: H'0080 0A81>
D8 9 10 11 12 13 14 D15
AD1SMSL|AD1SSPD | AN1ISEL |

<When reset:H'00>

D Bit Name Function R W
8 AD1SMSL 0: A-D1 conversion mode O @)
(A-D1 conversion mode selection) 1: Comparator mode
9 AD1SSPD 0: Normal rate O O
(A-D1 conversion rate selection) 1: Double rate
10,11  No functions assigned 0 AN
12-15  ANISEL 0000: Selects AD1INO O O
(Analog input pin selection) 0001: Selects AD1IN1

0010: Selects AD1IN2
0011: Selects AD1IN3
0100: Selects AD1IN4
0101: Selects AD1IN5
0110: Selects AD1IN6
0111: Selects AD1IN7
1000: Selects AD1IN8
1001: Selects AD1IN9
1010: Selects AD1IN10
1011: Selects AD1IN11
1100: Selects AD1IN12
1101: Selects AD1IN13
1110: Selects AD1IN14

1111: Selects AD1IN15

W=A : Only writing a 0 is effective; when you write a 1, device operation cannot be guaranteed.

A-D1 Single Mode Register 0 is used to control operation of the A-D1 converter during single mode
(including special mode "Forcible single mode execution during scan mode").
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(1) ADNSMSL (A-Dn conversion mode selection) bit (D8)
This bit selects A-D conversion mode for the A-Dn converter during single mode. Setting this bit
to 0 selects A-D conversion mode, and setting this bit to 1 selects comparator mode.
(2) ADNSSPD (A-Dn conversion rate selection) bit  (D9)
This bit selects an A-D conversion rate for the A-Dn converter during single mode. Setting this bit
to O selects a normal speed, and setting this bit to 1 selects a x2 speed (two times normal speed).
(3) ANNnSEL (analog input pin selection) bits (D12-D15)

These bits select analog input pins for the A-Dn converter during single mode. It is the channels
selected by these bits that are operated on for A-D conversion or comparate operation. When
you read these bits, they show the values written to them.
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11.2.3 A-D Scan Mode Register 0
m A-DO Scan Mode Register 0 (ADOSCMO) <Address: H'0080 0084>

DO 1 2 3 4 5 6 D7

ADOCMSLI|ADOCTRG|ADOCSEL ADOCREQADOCCMP|ADOCSTP|ADOCSTT

<When reset:H'04>

Bit Name Function R w
No functions assigned 0 -
ADOCMSL 0: Single-shot mode O O
(A-DO scan mode selection) 1: Continuous mode

ADOCTRG 0: ADTRG signal input O O
(A-DO hardware trigger selection) 1: Output event bus 3

ADOCSEL 0: Software trigger O O
(A-DO conversion start trigger selection) 1: Hardware trigger

ADOCREQ 0: Requests A-DO interrupt O O
(Interrupt request/DMA request selection) 1: Requests DMA transfer

ADOCCMP 0: A-DO conversion in progress O -
(A-DO conversion completed) 1: A-DO conversion completed

ADOCSTP 0: Performs no operation 0 O
(A-DO conversion stop) 1: Stops A-DO conversion

ADOCSTT 0: Performs no operation 0 O

(A-DO conversion start)

1. Starts A-DO conversion

A-DO Scan Mode Register 0 is used to control operation of the A-DO converter during scan mode.
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m A-D1 Scan Mode Register 0 (AD1SCMO) <Address: H'0080 0A84>

DO 1 2 3 4 5 6 D7

AD1CMSL|AD1CTRG|AD1CSEL |AD1ICREQAD1ICCMP|ADICSTP|AD1ICSTT

<When reset:H'04>

D Bit Name Function R W

0 No functions assigned 0 -

1 AD1CMSL 0: Single-shot mode O O
(A-D1 scan mode selection) 1: Continuous mode

2 ADICTRG 0: ADTRG signal input O O
(A-D1 hardware trigger selection) 1: TID1 overflow/underflow

3 ADI1CSEL 0: Software trigger O O
(A-D1 conversion start trigger selection) 1: Hardware trigger

4 AD1CREQ 0: Enables A-D1 interrupt request O O
(Interrupt request selection) 1: Disables A-D1 interrupt request

5 AD1CCMP 0: A-D1 conversion in progress O -
(A-D1 conversion completed) 1: A-D1 conversion completed

6 AD1CSTP 0: Performs no operation 0 O
(A-D1 conversion stop) 1: Stops A-D1 conversion

7 AD1CSTT 0: Performs no operation 0 O
(A-D1 conversion start) 1: Starts A-D1 conversion

A-D1 Scan Mode Register 0 is used to control operation of the A-D1 converter during scan mode.
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(1) ADNCMSL (A-Dn scan mode selection) bit (D1)

This bit selects scan mode of the A-Dn converter between single-shot scan and continuous scan.

Setting this bit to 0 selects single-shot scan mode, so that the channels selected by the
ANNSCAN (scan loop selection) bits are sequentially A-D converted and when A-D conversion in
all selected channels are completed, the conversion operation stops.

Setting this bit to 1 selects continuous scan mode, so that when operation in single-shot scan
mode is completed, the selected channels are A-D converted beginning with the first channel
again. This A-D conversion is continued until halted by setting the ADnCSTP (A-Dn conversion
stop) bit to 1.

(2) ADNCTRG (A-Dn hardware trigger selection) bit (D2)

When starting A-D conversion of the A-Dn converter in hardware, this bit selects whether to use
external ADTRG signal input or MJT output (output event bus 3 for A-DO, or TID1 overflow/
underflow for A-D1) to start the operation. The content of this bit is ignored when the ADnSSEL
(A-Dn conversion start trigger selection) bit is set to choose a software trigger. When using the
ADTRG pin for a start trigger, not that if A-D conversion is completed while the ADTRG pin input
is held low, new A-D conversion is not started.

(3) ADNCSEL (A-Dn conversion start trigger selection) bit (D3)

This bit selects whether to use a software or hardware trigger to start A-D conversion of the A-Dn
converter during scan mode. When you choose a software trigger, A-D conversion is started by
setting the ADNCSTT (A-Dn conversion start) bit to 1. When you choose a hardware trigger, A-D
conversion is started for the cause of start selected by the ADnCTRG (hardware trigger
selection) bit.

(4) ADNCREQ (A-Dn interrupt request/DMA transfer request selection) bit (D4)

For the A-DO converter (ADOSCMO), this bit selects whether to request an A-DO conversion
interrupt or DMA transfer when one cycle of scan operation is completed. For the A-D1 converter
(AD1SCMO), this bit selects whether to enable or disable an A-DO conversion interrupt when one
cycle of scan operation is completed.

(5) ADNCCMP (A-Dn conversion completion) bit (D5)

This is a read-only bit, which when reset is 1. This bit is 0 when the A-Dn converter is performing
scan mode A-D conversion and set to 1 when single-shot scan mode is completed, or when
continuous scan mode is halted by setting ADNCSTT (A-Dn conversion stop) bit to 1.
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(6) ADNCSTP (A-Dn conversion stop) bit (D6)

Scan mode A-D conversion of the A-Dn converter can be halted by setting this bit to 1 while the
operation is in progress. This bit is effective only when operating in scan mode. If single mode
and scan mode both are active in special operation mode, manipulation of this bit does not affect
single mode operation. Scan mode operation is halted immediately by a write to this bit, and the
A-D conversion being executed in a channel is aborted in the middle, without transfer to the A-D
data register.

If the A-Dn conversion start bit and A-Dn conversion stop bit are set to 1 at the same time, the A-
Dn conversion stop bit has priority.

(7) ADnCSTT (A-Dn conversion start) bit (D7)

This bit is used to start scan mode operation of the A-Dn converter in software. This bit is effective
only when a software trigger has been selected by the ADnCSEL (A-Dn conversion start trigger
selection) bit, and starts A-D conversion when it is set to 1.

If the A-Dn conversion start bit and A-Dn conversion stop bit are set to 1 at the same time, the A-
Dn conversion stop bit has priority.

If this bit is set to 1 again during scan mode conversion, special operation mode "Conversion
restart" is entered into, so that scan operation is restarted according to the contents set by Scan
Mode Register 0 and Scan Mode Register 1.

If this bit is set to 1 again during single mode A-D conversion, special operation mode "Scan
mode start after single mode execution" is entered into, so that scan mode operation is started
subsequently after single mode is completed.
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11.2.4 A-D Scan Mode Register 1

m A-DO Scan Mode Register 1 (ADOSCM1) <Address: H'0080 0085>
D8 9 10 11 12 13 14 D15
ADOCSPD) | | ANOISCAN

<When reset:H'00>

D Bit Name Function R w
8 No functions assigned 0 -
9 ADOCSPD 0: Normal O O
(A-DO conversion rate selection) 1:x2
10,11  No functions assigned 0 -
12-15 ANOSCAN <When written to> O O
(A-DO scan loop selection) 01XX: 4-channel scan

10XX: 8-channel scan
11XX: 16-channel scan
00XX: 16-channel scan

<When read during conversion>
0000: Converting ADOINO

0001: Converting ADOIN1
0010: Converting ADOIN2
0011: Converting ADOIN3
0100: Converting ADOIN4
0101: Converting ADOIN5S
0110: Converting ADOING
0111: Converting ADOIN7
1000: Converting ADOIN8
1001: Converting ADOIN9
1010: Converting ADOIN10
1011: Converting ADOIN11
1100: Converting ADOIN12
1101: Converting ADOIN13
1110: Converting ADOIN14
1111: Converting ADOIN15

A-DO Scan Mode Register 1 is used to control operation of the A-DO converter during scan mode.
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m A-D1 Scan Mode Register 1 (AD1SCM1) <Address: H'0080 0A85>
D8 9 10 11 12 13 14 D15
ADI1CSPD | | ANlISCAN |

<When reset:H'00>

D Bit Name Function R W
No functions assigned 0 -
9 AD1CSPD 0: Normal O O
(A-D1 conversion rate selection) 1:x2
10,11  No functions assigned 0 -
12-15 AN1SCAN <When written to> O O
(A-D1 scan loop selection) 01XX: 4-channel scan

10XX: 8-channel scan
11XX: 16-channel scan
00XX: 16-channel scan

<When read during conversion>
0000: Converting AD1INO

0001: Converting AD1IN1
0010: Converting AD1IN2
0011: Converting AD1IN3
0100: Converting AD1IN4
0101: Converting AD1IN5
0110: Converting AD1IN6
0111: Converting AD1IN7
1000: Converting AD1IN8
1001: Converting AD1IN9
1010: Converting AD1IN10
1011: Converting AD1IN11
1100: Converting AD1IN12
1101: Converting AD1IN13
1110: Converting AD1IN14
1111: Converting AD1IN15

A-D1 Scan Mode Register 1 is used to control operation of the A-D1 converter during scan mode.
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(1) ADNCSPD (A-Dn conversion rate selection) bit  (D9)

This bit selects an A-D conversion rate for the A-Dn converter during scan mode. Setting this bit
to 0 selects a normal speed, and setting this bit to 1 selects a x2 speed (two times normal speed).

(2) ANNSCAN (A-Dn scan loop selection) bits (D12-D15)

The ANNSCAN (A-Dn scan loop selection) bits set the channels to be scanned during scan mode
of the A-Dn converter. In this case, writes to D14 and D15 have no effect.

The ANNSCAN (A-Dn scan loop selection) bits when read during scan operation show the status
of the A-Dn converter, indicating the channel it is converting.

The value read from these bits during single mode are always "B'0000." If A-D conversion is
halted by setting Scan Mode Register 0 ADnCSTP (A-Dn conversion stop) bit to 1 during scan
mode execution, the bits when read at this time show the value of the channel in which the A-D
conversion has been canceled. Also, if halted during single mode conversion in special operation
mode "Forcible single mode execution during scan mode," the bits when read at this time show
the value of the channel in which the A-D conversion has been canceled in the middle of scan.

11-32 32170/32174 Group User's Manual (Rev. 2.1)



1 1 A-D CONVERTERS
11.2 A-D Converter Related Registers

11.2.5 A-D Successive Approximation Register

m A-DO Successive Approximation Register (ADOSAR) <Address: H'0080 0088>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

ADOSAR
|

<When reset:Indeterminate>

D Bit Name Function R W
0-5 No functions assigned 0 -
6-15  ADOSAR « A-D successive approximation value O O
(A-DO successive approximation (A-D conversion mode)
value/comparison value) « Comparison value (comparator mode)

Note: This register must always be accessed in halfwords.

The A-DO Successive Approximation Register (ADOSAR), when in A-D conversion mode, is used
to read out the conversion result of the A-Dn converter, and when in comparator mode, it is used to
write a comparison value.

In A-D conversion mode, the successive approximation method is used to perform A-D conversion.
With this method, the reference voltage VREF and analog input voltages are sequentially
compared bitwise beginning with the high-order side, and the comparison result is set in the A-DO
Successive Approximation Register (ADOSAR) bits (D6-D15). After the A-D conversion is
completed, the value of this register is transferred to the 10-bit A-DO Data Register (ADODTn)
corresponding to the converted channel. When you read this register in the middle of A-D
conversion, you see the result in the middle of conversion.

In comparator mode, write a comparison value (the value to be compared in comparate operation)
to this register. Simultaneously with a write to this register, comparate operation with the analog
input pin that has been set by Single Mode Register 1 starts. After comparate operation, the result
is stored in the A-DO Comparate Data Register (ADOCMP).

Use the calculation formula shown below to find the comparison value to be written to the A-DO
Successive Approximation Register (ADOSAR) during comparator mode.

Comparate comparison voltage [V]
VREFO input voltage [V]

Comparison value = H'3FF x
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m A-D1 Successive Approximation Register (AD1SAR) <Address: H'0080 0A88>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

ADI1SAR
|

<When reset:Indeterminate>

D Bit Name Function R W
0-5 No functions assigned 0 -
6-15  AD1SAR « A-D successive approximation value O O
(A-D1 successive approximation (A-D conversion mode)
value/comparison value) » Comparison value (comparator mode)

Note: This register must always be accessed in halfwords.

The A-D1 Successive Approximation Register (AD1SAR), when in A-D conversion mode, is used
to read out the conversion result of the A-D1 converter, and when in comparator mode, it is used to
write a comparison value.

In A-D conversion mode, the successive approximation method is used to perform A-D conversion.
With this method, the reference voltage VREF and analog input voltages are sequentially
compared bitwise beginning with the high-order side, and the comparison result is set in the A-
D1Successive Approximation Register (AD1SAR) bits (D6-D15). After the A-D conversion is
completed, the value of this register is transferred to the 10-bit A-D1 Data Register (AD1DTn)
corresponding to the converted channel. When you read this register in the middle of A-D
conversion, you see the result in the middle of conversion.

In comparator mode, write a comparison value (the value to be compared in comparate operation)
to this register. Simultaneously with a write to this register, comparate operation with the analog
input pin that has been set by Single Mode Register 1 starts. After comparate operation, the result
is stored in the A-D1 Comparate Data Register (AD1CMP).

Use the calculation formula shown below to find the comparison value to be written to the A-
D1Successive Approximation Register (AD1SAR) during comparator mode.

Comparate comparison voltage [V]
VREF1 input voltage [V]

Comparison value = H'3FF x
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11.2.6 A-DO Comparate Data Register

m A-DO Comparate Data Register (ADOCMP) <Address: H'0080 008C>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

ADO | ADO | ADO | ADO | ADO | ADO | ADO | ADO | ADO ADO | ADO | ADO | ADO | ADO | ADO | ADO
CMPO | CMP1 | CMP2 | CMP3 | CMP4 | CMP5 | CMP6 | CMP7 | CMP8 | CMP9 | CMP10|CMP11|CMP12|CMP13|CMP14|CMP15

<When reset:Indeterminate>

D Bit Name Function R W
0-15 ADOCMPO0-ADOCMP15 (Note 2) 0: Analog input voltage > comparison voltage O —
(A-DO comparate result flag) 1: Analog input voltage < comparison voltage

Note 1: This register must always be accessed in halfwords.
Note 2: During comparator mode, each bit corresponds to channels 0 through 15.

When comparator mode is selected by setting the A-DO Single Mode Register 1 ADOSMSL (A-DO
conversion mode selection) bit, the selected analog input value is compared with the value written
to the A-DO Successive Approximation Register, with the result stored in the corresponding bit of
this comparate data register.

The bit is 0 when the analog input voltage > comparison voltage, and is 1 when the analog input
voltage < comparison voltage.
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m A-D1 Comparate Data Register (AD1CMP) <Address: H'0080 0A8C>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

AD1 AD1 AD1 AD1 AD1 AD1 AD1 AD1 AD1 AD1 AD1 AD1 AD1 AD1 AD1 AD1
CMPO | CMP1 | CMP2 | CMP3 | CMP4 | CMP5 | CMP6 | CMP7 | CMP8 | CMP9 |CMP10|CMP11|CMP12|CMP13|CMP14|CMP15

<When reset:Indeterminate>

D Bit Name Function R w
0-15 AD1CMPO-AD1CMP15 (Note 2) 0: Analog input voltage > comparison voltage O -
(A-D1 comparate result flag) 1: Analog input voltage < comparison voltage

Note 1: This register must always be accessed in halfwords.
Note 2: During comparator mode, each bit corresponds to channels 0 through 15.

When comparator mode is selected by setting the A-D1 Single Mode Register 1 AD1SMSL (A-D1
conversion mode selection) bit, the selected analog input value is compared with the value written
to the A-DO Successive Approximation Register, with the result stored in the corresponding bit of
this comparate data register.

The bit is 0 when the analog input voltage > comparison voltage, and is 1 when the analog input
voltage < comparison voltage.
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11.2.7 10-bit A-D Data Registers

10-bit A-DO Data Register 0 (ADODTO)
10-bit A-DO Data Register 1 (ADODT1)
10-bit A-DO Data Register 2 (ADODT2)
10-bit A-DO Data Register 3 (ADODT3)
10-bit A-DO Data Register 4 (ADODT4)
10-bit A-DO Data Register 5 (ADODT5)
10-bit A-DO Data Register 6 (ADODT6)
10-bit A-DO Data Register 7 (ADODT7)
10-bit A-DO Data Register 8 (ADODTS)
10-bit A-DO Data Register 9 (ADODT9)
10-bit A-DO Data Register 10 (ADODT10)
10-bit A-DO Data Register 11 (ADODT11)
10-bit A-DO Data Register 12 (ADODT12)
10-bit A-DO Data Register 13 (ADODT13)
10-bit A-DO Data Register 14 (ADODT14)
10-bit A-DO Data Register 15 (ADODT15)

DO 1 2 3 4 5 6 7

<Address: H'0080 0090>
<Address: H'0080 0092>
<Address: H'0080 0094>
<Address: H'0080 0096>
<Address: H'0080 0098>
<Address: H'0080 009A>
<Address: H'0080 009C>
<Address: H'0080 009E>
<Address: H'0080 00A0>
<Address: H'0080 00A2>
<Address: H'0080 00A4>
<Address: H'0080 00A6>
<Address: H'0080 00A8>
<Address: H'0080 00AA>
<Address: H'0080 00AC>
<Address: H'0080 O0AE>

9 10 11 12 13 14 D15

ADODTO0-ADODT15
| | | |

<When reset:Indeterminate>

D Bit Name Function R w
0-5 No functions assigned 0 -
6-15 ADODTO-ADODT15 A-D conversion result O -

(A-DO data)

Note: This register must always be accessed in halfwords.

In single mode of the A-DO converter, the result of A-D conversion is stored in the 10-bit A-DO Data
Register for each corresponding channel. In single-shot and continuous scan modes, the content of
the A-DO Successive Approximation Register is transferred to the 10-bit A-D Data Register for the
corresponding channel every time the A-D conversion in each channel is completed. Each 10-bit A-
D Data Register retains the last conversion result until they receive the next conversion result
transferred, allowing the content to be read out at any time.
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10-bit A-D1 Data Register 0 (AD1DTO)
10-bit A-D1 Data Register 1 (AD1DT1)
10-bit A-D1 Data Register 2 (AD1DT2)
10-bit A-D1 Data Register 3 (AD1DT3)
10-bit A-D1 Data Register 4 (AD1DT4)
10-bit A-D1 Data Register 5 (AD1DT5)
10-bit A-D1 Data Register 6 (AD1DT6)
10-bit A-D1 Data Register 7 (AD1DT7)
10-bit A-D1 Data Register 8 (AD1DT8)
10-bit A-D1 Data Register 9 (AD1DT9)
10-bit A-D1 Data Register 10 (AD1DT10)
10-bit A-D1 Data Register 11 (AD1DT11)
10-bit A-D1 Data Register 12 (AD1DT12)
10-bit A-D1 Data Register 13 (AD1DT13)
10-bit A-D1 Data Register 14 (AD1DT14)
10-bit A-D1 Data Register 15 (AD1DT15)

DO 1 2 3 4 5 6 7

<Address: H'0080 0A90>
<Address: H'0080 0A92>
<Address: H'0080 0A94>
<Address: H'0080 0A96>
<Address: H'0080 0A98>
<Address: H'0080 0A9A>
<Address: H'0080 OA9C>
<Address: H'0080 OA9E>
<Address: H'0080 0AAO0>
<Address: H'0080 0AA2>
<Address: H'0080 0AA4>
<Address: H'0080 0AAG>
<Address: H'0080 0AA8>
<Address: H'0080 OAAA>
<Address: H'0080 OAAC>
<Address: H'0080 OAAE>

9 10 11 12 13 14 D15

AD1DTO-AD1DT15
| | |

<When reset:Indeterminate>

D Bit Name Function R w
0-5 No functions assigned 0 -
6-15 AD1DTO0-AD1DT15 A-D conversion result O -

(A-D1 data)

Note: This register must always be accessed in halfwords.

In single mode of the A-D1 converter, the result of A-D conversion is stored in the 10-bit A-D1 Data
Register for each corresponding channel. In single-shot and continuous scan modes, the content of
the A-D1 Successive Approximation Register is transferred to the 10-bit A-D Data Register for the
corresponding channel every time the A-D conversion in each channel is completed. Each 10-bit A-
D Data Register retains the last conversion result until they receive the next conversion result
transferred, allowing the content to be read out at any time.
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11.2.8 8-bit A-D Data Registers

m 8-bit A-DO Data Register 0 (AD0O8DTO) <Address: H'0080 00D1>
m 8-bit A-DO Data Register 1 (AD0O8DT1) <Address: H'0080 00D3>
m 8-bit A-DO Data Register 2 (AD08DT2) <Address: H'0080 00D5>
m 8-bit A-DO Data Register 3 (ADO8DT3) <Address: H'0080 00D7>
m 8-bit A-DO Data Register 4 (AD08DT4) <Address: H'0080 00D9>
m 8-bit A-DO Data Register 5 (ADO8DT5) <Address: H'0080 00DB>
m 8-bit A-DO Data Register 6 (AD0O8DT6) <Address: H'0080 00DD>
m 8-bit A-DO Data Register 7 (AD0O8DT7) <Address: H'0080 OODF>
m 8-bit A-DO Data Register 8 (AD08DT8) <Address: H'0080 O0E1>
m 8-bit A-DO Data Register 9 (ADO8DT9) <Address: H'0080 O0E3>
m 8-bit A-DO Data Register 10 (AD08DT10) <Address: H'0080 00E5>
m 8-bit A-DO Data Register 11 (AD08DT11) <Address: H'0080 O0E7>
m 8-bit A-DO Data Register 12 (AD08DT12) <Address: H'0080 00E9>
m 8-bit A-DO Data Register 13 (AD08DT13) <Address: H'0080 O0OEB>
m 8-bit A-DO Data Register 14 (AD08DT14) <Address: H'0080 O0ED>
m 8-bit A-DO Data Register 15 (AD0O8DT15) <Address: H'0080 OOEF>
D8 9 10 11 12 13 14 D15

ADO08DTO0-ADO8DT15
| | | | | | |

<When reset:Indeterminate>

D Bit Name Function R w

8-15 AD08DT0-AD08DT15 8-bit A-D conversion result O -
(8-bit A-DO data)

This A-D data register stores the 8-bit conversion data from the A-DO converter.

In single mode of the A-DO converter, the result of A-D conversion is stored in the 8-bit A-DO Data
Register for each corresponding channel. In single-shot and continuous scan modes, the content of
the A-DO Successive Approximation Register is transferred to the 8-bit A-D Data Register for the
corresponding channel every time the A-D conversion in each channel is completed. Each 8-bit A-
D Data Register retains the last conversion result until they receive the next conversion result
transferred, allowing the content to be read out at any time.
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m 8-bit A-D1 Data Register 0 (AD18DTO0)
m 8-bit A-D1 Data Register 1 (AD18DT1)
m 8-bit A-D1 Data Register 2 (AD18DT2)
m 8-bit A-D1 Data Register 3 (AD18DT3)
m 8-bit A-D1 Data Register 4 (AD18DT4)
m 8-bit A-D1 Data Register 5 (AD18DT5)
m 8-bit A-D1 Data Register 6 (AD18DT6)
m 8-bit A-D1 Data Register 7 (AD18DT7)
m 8-bit A-D1 Data Register 8 (AD18DT8)
m 8-bit A-D1 Data Register 9 (AD18DT9)
m 8-bit A-D1 Data Register 10 (AD18DT10)
m 8-bit A-D1 Data Register 11 (AD18DT11)
m 8-bit A-D1 Data Register 12 (AD18DT12)
m 8-bit A-D1 Data Register 13 (AD18DT13)
m 8-bit A-D1 Data Register 14 (AD18DT14)
m 8-bit A-D1 Data Register 15 (AD18DT15)

D8 9 10 11

<Address: H'0080 OAD1>
<Address: H'0080 0AD3>
<Address: H'0080 OAD5>
<Address: H'0080 0AD7>
<Address: H'0080 0AD9>
<Address: H'0080 OADB>
<Address: H'0080 OADD>
<Address: H'0080 OADF>
<Address: H'0080 OAE1>
<Address: H'0080 0AE3>
<Address: H'0080 OAE5>
<Address: H'0080 OAE7>
<Address: H'0080 OAE9>
<Address: H'0080 OAEB>
<Address: H'0080 OAED>
<Address: H'0080 OAEF>

13 14 D15

AD18DTO0-AD18DT15

<When reset:Indeterminate>

D Bit Name

Function R w

8-15 AD18DTO-AD18DT15
(8-bit A-D1 data)

8-bit A-D1 conversion result O -

This A-D data register stores the 8-bit conversion data from the A-D1 converter.

In single mode of the A-D1 converter, the result of A-D conversion is stored in the 8-bit A-D1 Data
Register for each corresponding channel. In single-shot and continuous scan modes, the content of
the A-D1 Successive Approximation Register is transferred to the 8-bit A-D Data Register for the
corresponding channel every time the A-D conversion in each channel is completed. Each 8-bit A-
D Data Register retains the last conversion result until they receive the next conversion result
transferred, allowing the content to be read out at any time.
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11.3 Functional Description of A-D Converters

11.3.1 How to Find Along Input Voltages

The A-D converters use a 10-bit successive approximation method, and find the actual analog input
voltage from the value (digital quantity) obtained through execution of A-D conversion by
performing the following calculation.

A-D conversion result x VREF input voltage [V]
1024

Analog input voltage [V] =

The A-D converters are a 10-bit converter, providing a resolution of 1,024 discrete voltage levels.
Because the reference voltage for the A-D converter is the voltage applied to the VREF pin, make
sure an exact and stable constant-voltage power supply is connected to VREF. Also, make sure the
analog circuit power supply and ground (AVCC, AVSS) are separated from those of the digital
circuit, with sufficient noise prevention measures incorporated.

For details about the conversion accuracy, refer to Section 11.3.5, "Accuracy of A-D Conversion."

10-bit A-Di data register ADIDTO0-15 i=0, 1

A-Di comparate )
data register ADICMP

i || e
AVCCi [—» 10-bit A-Di successive

AVSSi [—» approximation register

(ADISAR)

Vref A-D control circuit

Y

VREFi D—~—> 10-bit A-D converter

h 4

Comparator,

VIN

ADIINO [F——F—P
ADiIN1T O———P
ADIIN2 [O——F——¥
ADIN3 [———>
ADiIN4 [O—F——»
ADIIN5 [————»
ADiIN6 [O———»
ADIIN7 [————¥
ADIINg [——F——¥
ADIIN9 [———> <
ADIINI0 [O———¥
ADiIN11 O——F»
ADiIN12 F———P
ADIiIN13 [F——F—>
ADIiIN14 [O————
ADiIIN15 CH———

Selector

Successive approximation-type
A-D converter unit

Figure 11.3.1 Outline Block Diagram of the Successive Approximation-type A-D Converter Unit

11-41 32170/32174 Group User's Manual (Rev. 2.1)



11 A-D CONVERTERS
11.3 Functional Description of A-D Converters

11.3.2 A-D Conversion by Successive Approximation Method

The A-D converter has A-D convert operation started by an A-D conversion start trigger (in software
or hardware). Once A-D conversion begins, the following operation is automatically executed.

(a) During single mode, Single Mode Register 0's A-D conversion/comparate completion bit is
cleared to 0. During scan mode, Can Mode Register 0's A-D conversion completion bit is
cleared to 0.

(b) The content of the A-D Successive Approximation Register is cleared to "H'0000."

(c) The A-D Successive Approximation Register's most significant bit (D6) is set to 1.

(d) The comparison voltage, Vref(note), is fed from the D-A converter into the comparator.

(e) The comparison voltage, Vref, and the analog input voltage, VIN, are compared, with the
comparison result stored in D6.

If Vref < VIN, then D6 = 1
If Vref > VIN, then D6 = 0

(f) Operations in steps (c) through (e) above are executed for all other bits from D7 to D15.

(g) The value stored in the A-D Successive Approximation Register at completion of the
comparison of D15 is the final A-D conversion result.

A-D Successive Approximation Register (ADISAR)  i=0,1
D6 7 8 9 10 11 12 13 14 D15

1st comparison 1 0 0 0 0 0 0 0 0 0

i Vref > VIN then nX=0
2nd comparison | M9 | 1| 0 1 0 ) 0 |0 0010} 0 oy thennx=1

l L Result of 1st comparison

3rd comparison ng | n8| 1 0 0 0 0 0 0 0

L Result of 2nd comparison

v
10th comparison | ng | n8 | n7 | n6 | n5| nd | n3 | n2 | n1| 1

|

Conversion n | n8| n7| n6| n5|nd|n3| n2| nl| no
completed

Figure 11.3.2 Changes of the A-D Successive Approximation Register during A-D Convert Operation

Note: The comparison voltage, Vref (the voltage fed from the D-A converter into the comparator), is
determined according to changes of the content of the A-D Successive Approximation Register. Shown
below are the equations used to calculate the comparison voltage, Vref.

« When the content of the A-D Successive Approximation Register = 0
Vref [V] =0

* When the content of the A-D Successive Approximation Register = 1 to 1,023
Vref [V] = (reference voltage VREF / 1,024) x (content of the A-D Successive Approximation Register - 0.5)
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The comparison result finally is stored in the 10-bit A-D Data Register (ADODTn, AD1DTn)
corresponding to each converted channel. Also, the 8-bit A-D Data Register (ADO8DTn, AD18DTn)
contains the 8 high-order bits of the 10-bit A-D conversion result.

The following shows the procedure for A-D conversion by successive approximation in each
operation mode.

(1) Single mode

The convert operation stops when comparison of the A-D Successive Approximation Register's
D15 bit is completed. The content (A-D conversion result) of the A-D Successive Approximation
Register is transferred to the 10-bit A-D Data Registers 0-15 for the converted channel.

(2) Single-shot scan mode

When comparison of the A-D Successive Approximation Register's D15 bit in a specified channel
is completed, the content of the A-D Successive Approximation Register is transferred to the
corresponding 10-bit A-D Data Registers 0-15, and convert operations in steps (b) to (g) above
are reexecuted for the next channel to be converted.

In single-shot scan mode, the convert operation stops when A-D conversion for one specified
scan loop is completed.

(3) Continuous scan mode

When comparison of the A-D Successive Approximation Register's D15 bit in a specified channel
is completed, the content of the A-D Successive Approximation Register is transferred to the
corresponding 10-bit A-D Data Registers 0-15, and convert operations in steps (b) to (g) above
are reexecuted for the next channel to be converted.

During continuous scan mode, the convert operation is executed continuously until scan
operation is forcibly halted by setting the A-D conversion stop bit (Scan Mode Register 0's D6 bit)
to 1.
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11.3.3 Comparator Operation

When comparator mode (single mode only) is selected, the A-D converter functions as a
comparator that compares analog input voltages with a preset comparison voltage.

When a comparison value is written to the successive approximation register, the A-D converter
starts 'comparating' the analog input voltage selected by the Single Mode Register 1 analog input
selection bit with the value written to the successive approximation register. Once comparate
begins, the following operation is automatically executed.

(a) The Single Mode Register 0 or Scan Mode Register 0's A-D conversion/comparate
completion flag is cleared to 0.
(b) The comparison voltage, Vref(note), is fed from the D-A converter into the comparator.
(c) The comparison voltage, Vref, and the analog input voltage, VIN, are compared, with the
comparison result stored in the comparate result flag (A-D Comparate Data Register's D15).
If Vref < VIN, then the comparate result flag = 0
If Vref > VIN, then the comparate result flag = 1
(d) The comparate operation stops after storing the comparison result.

The comparison result is stored in the A-D Comparate Data Register (ADOCMP, AD1CMP)'s
corresponding bit.

Note: The comparison voltage, Vref (the voltage fed from the D-A converter into the comparator), is
determined according to changes of the content of the A-D Successive Approximation Register. Shown
below are the equations used to calculate the comparison voltage, Vref.

* When the content of the A-D Successive Approximation Register = 0
Vref [V]=0

« When the content of the A-D Successive Approximation Register = 1 to 1,023
Vref [V] = (reference voltage VREF / 1,024) x (content of the A-D Successive Approximation Register - 0.5)
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11.3.4 Calculation of the A-D Conversion Time

The A-D conversion time is expressed by the sum of dummy cycle time and the actual execution
cycle time. The following shows each time factor necessary to calculate the conversion time.

(a) Start dummy time
A time from when the CPU executed the A-D conversion start instruction to when the A-D
converter starts A-D conversion

(b) A-D conversion execution cycle time

(c) Comparate execution cycle time

(d) End dummy time
A time from when the A-