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Notice

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

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

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

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

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the devel opment of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

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

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

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances, machine tools; personal electronic equipment; and industrial robots.
“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.
“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose adirect threat to human life.
Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physica injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as aresult of your noncompliance with
applicable laws and regulations.

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

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

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

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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document, please confirm the latest product information with a Renesas sales office. Also, please pay
and careful attention to additional and different information to be disclosed by Renesas such as that di
through our website. (http://www.renesas.com )
Renesas has used reasonable care in compiling the information included in this document, but Renese
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the info
included in this document.
When using or otherwise relying on the information in this document, you should evaluate the informati
light of the total system before deciding about the applicability of such information to the intended appli
Renesas makes no representations, warranties or guaranties regarding the suitability of its products fo
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.
With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure
malfunction of which may cause a direct threat to human life or create a risk of human injury or which r
especially high quality and reliability such as safety systems, or equipment or systems for transportatio
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea commt
transmission. If you are considering the use of our products for such purposes, please contact a Renes
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth at
Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes liste:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchase
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless F
Technology Corp., its affiliated companies and their officers, directors, and employees against any and
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with r
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfun
damages arising out of the use of Renesas products beyond such specified ranges.
Although Renesas endeavors to improve the quality and reliability of its products, IC products have spe
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical in|
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety design
hardware and software including but not limited to redundancy, fire control and malfunction prevention,
appropriate treatment for aging degradation or any other applicable measures. Among others, since tt
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final prod
system manufactured by you.
In case Renesas products listed in this document are detached from the products to which the Renesa
products are attached or affixed, the risk of accident such as swallowing by infants and small children i
high. You should implement safety measures so that Renesas products may not be easily detached frc
products. Renesas shall have no liability for damages arising out of such detachment.
This document may not be reproduced or duplicated, in any form, in whole or in part, without prior writ
approval from Renesas.
Please contact a Renesas sales office if you have any questions regarding the information contained ir
document, Renesas semiconductor products, or if you have any other inquiries.
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due to the false recognition of the pin state as an input signal become possible.
pins should be handled as described under Handling of Unused Pins in the mant
2. Processing at Power-on
The state of the product is undefined at the moment when power is supplied.
— The states of internal circuits in the LSI are indeterminate and the states of regist
settings and pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, th
of pins are not guaranteed from the moment when power is supplied until the res
process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-
function are not guaranteed from the moment when power is supplied until the pc
reaches the level at which resetting has been specified.
3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functio
not access these addresses; the correct operation of LSl is not guaranteed if the!
accessed.

4. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has
stable. When switching the clock signal during program execution, wait until the targ
signal has stabilized.

— When the clock signal is generated with an external resonator (or from an extern.
oscillator) during a reset, ensure that the reset line is only released after full stabi
the clock signal. Moreover, when switching to a clock signal produced with an ex
resonator (or by an external oscillator) while program execution is in progress, w:
the target clock signal is stable.

5. Differences between Products

Before changing from one product to another, i.e. to one with a different type numbe
that the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different type nun
differ because of the differences in internal memory capacity and layout pattern.
changing to products of different type numbers, implement a system-evaluation t
each of the products.

Rev.2.00 Jun. 28, 2007 Page iv of xxiv
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When designing an application system that includes this LSI, take all points to note
account. Points to note are given in their contexts and at the final part of each sect
in the section giving usage notes.

in the manual.

The list of revisions is a summary of major points of revision or addition for earlier
It does not cover all revised items. For details on the revised points, see the actual

The following documents have been prepared for the H8SX/1651 Group. Before usi
the documents, please visit our web site to verify that you have the most up-to-date
version of the document.

Document Type

Contents Document Title Docu

Data Sheet Overview of hardware and electrical — —
characteristics

Hardware Manual Hardware specifications (pin H8SX/1651 Group This r
assignments, memory maps, Hardware Manual

peripheral specifications, electrical
characteristics, and timing charts)
and descriptions of operation

Software Manual

Detailed descriptions of the CPU H8SX Software Manual REJO
and instruction set

Application Note

Examples of applications and The latest versions are available f
sample programs web site.

Renesas Technical
Update

Preliminary report on the
specifications of a product,
document, etc.

Rev.2.00 Jun. 28, 2007 P
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Binary numbers are given as B'nnnn (B' may be omitted if the number is obviously binary),
hexadecimal numbers are given as H'nnnn or Oxnnnn, and decimal numbers are given as nnnn.

[Examples] Binary: B'11 or 11
Hexadecimal: H'EFAO or OXEFAO
Decimal: 1234

(4) Notation for active-low
An overbar on the name indicates that a signal or pin is active-low.
[Example] WDTOVF
(4) ()

14.2.2 Compare Match Control/Status Register_0, 1 (CMCSR_0,)CMCSR_1)

ion, enables or disables interrupts, and selects the counter
inte initializes the TCNT value to 0.

CMCSR indicates comparg
Qt clock. Generation o

14.3.1 Interval Count Operation
‘When an internal clock is selected with the CKS1 and CKSO bits in CMCSR and the STR bit in
CMSTR is set to 1, CMCNT starts incrementing using the selected clock. When ghe values in
CMCNT and the compare match constant register (CMCOR) match, CMCNT i$ cleared to H'0000
and the CMF flag in CMCSR is set to 1. When the CKS1 and CKSO0 bits are set '01 at this tipré,
at/4 clock is selected.

Rev. 0.50, 10/04, page 416 of 914
RENESAS

)
Note: The bit names and sentences in the above figure are examples and have nothing to do
with the contents of this manual.
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Bit| Bit Name Ipitial Value R/W Description |

15 - i Reserved |
14 - ( These bits are always read as 0. )

13to 11 ASID2 to All O R/W  Address Identifier
ASIDO These bits enable or disable the pin function.
10 - 0 R Reserved

This bit is always read as 0.

9 - 1 R Reserved
This bit is always read as 1.

W
Note: The bit names and sentences in the above figure are examples, and have nothing to do with the conte!
manual.
(1) Bit
Indicates the bit number or numbers.
In the case of a 32-bit register, the bits are arranged in order from 31 to 0. In the case
of a 16-bit register, the bits are arranged in order from 15 to 0.

(2) Bit name
Indicates the name of the bit or bit field.
When the number of bits has to be clearly indicated in the field, appropriate notation is
included (e.g., ASID[3:0]).
A reserved bit is indicated by "-".
Certain kinds of bits, such as those of timer counters, are not assigned bit names. In such
cases, the entry under Bit Name is blank.
Initial value
Indicates the value of each bit immediately after a power-on reset, i.e., the initial value.
0: The initial value is 0
1: The initial value is 1
—: The initial value is undefined
(4) RIW
For each bit and bit field, this entry indicates whether the bit or field is readable or writable
or both writing to and reading from the bit or field are impossible.
The notation is as follows:
R/W: The bit or field is readable and writable.
R/(W): The bit or field is readable and writable.
However, writing is only performed to flag clearing.
R: The bit or field is readable.
"R" is indicated for all reserved bits. When writing to the register, write
the value under Initial Value in the bit chart to reserved bits or fields.
W: The bit or field is writable.
Description
Describes the function of the bit or field and specifies the values for writing.

-

3

=

G

-
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SCI

Serial communication interface

TMR 8-bit timer
TPU 16-bit timer pulse unit
WDT Watchdog timer

e Abbreviations other than those listed above

Abbreviation

Description

ACIA

Asynchronous communication interface adapter

bps Bits per second

CRC Cyclic redundancy check

DMA Direct memory access

DMAC Direct memory access controller

GSM Global System for Mobile Communications
Hi-Z High impedance

IEBus Inter Equipment Bus (IEBus is a trademark of NEC Electronics Corpc
I/0 Input/output

IrDA Infrared Data Association

LSB Least significant bit

MSB Most significant bit

NC No connection

PLL Phase-locked loop

PWM Pulse width modulation

SFR Special function register

SIM Subscriber Identity Module

UART Universal asynchronous receiver/transmitter
VCO Voltage-controlled oscillator

All trademarks and registered trademarks are the property of their respective owners.
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speed data transfer, and a bus-state controller, which enables direct connection to ditfere
of memory. The LSI of the Group also includes serial communication interfaces, A/D ar
converters, and a multi-function timer that makes motor control easy. Together, the moc
realize low-cost configurations for end systems. The power consumption of these modul
kept down dynamically by an on-chip power-management function.

111 Applications

Examples of the applications of this LSI include PC peripheral equipment, optical stora;
office automation equipment, and industrial equipment.
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Upward compatibility for H8/300, H8/300H, and H8S C
object level

e Sixteen 16-bit general registers

¢ Eleven addressing modes

e 4-Gbyte address space
Program: 4 Gbytes available
Data: 4 Gbytes available

e 87 basic instructions, classifiable as bit arithmetic and |
instructions, multiply and divide instructions, bit manipt
instructions, multiply-and-accumulate instructions, and

e Minimum instruction execution time: 20.0 ns (for an AD
instruction while system clock I¢ = 50 MHz and
V,=3.0t03.6V)

e On-chip multiplier (16 x 16 — 32 bits)

e Supports multiply-and-accumulate instructions
(16 x 16 + 32 — 32 bits)

Operating e Advanced mode

mode

MCU Mode 4: On-chip ROM disabled external extended mode,
operating bus

mode (selected by driving the MDO pin low)

Mode 5: On-chip ROM disabled external extended mode, ¢
(selected by driving the MDO pin high)

e Low power consumption state (transition driven by the
instruction)
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controllier
(DMAC)

Three activation methods (auto-request, on-chip mod
interrupt, external request)

Three transfer modes (normal transfer, repeat transfe
transfer)

Dual or single address mode selectable
Extended repeat-area function

Data
transfer
controller
(DTC)

Allows DMA transfer over 55 channels (number of DT
activation sources)

Activated by interrupt sources (chain transfer enabled

Three transfer modes (normal transfer, repeat transfe
transfer)

Short-address mode or full-address mode selectable

External bus
extension

Bus
controller
(BSC)

16-Mbyte external address space

The external address space can be divided into eight
each of which is independently controllable

— Chip-select signals (CS0 to CA7) can be output
— Access in two or three states can be selected for ¢
— Program wait cycles can be inserted

— The period of CS assertion can be extended

— lIdle cycles can be inserted

Bus arbitration function (arbitrates bus mastership am
internal CPU and DTC, and external bus masters)
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ycliclialor

(CPG)

Separate clock signals are provided for each of functio

modules (detailed below) and each is independently sg

(multi-clock function)

— System-intended data transfer modules, i.e. the CP
in synchronization with the system clock (I$): 8 to 5

— Internal peripheral functions run in synchronization
peripheral module clock (P¢): 8 to 35 MHz

— Modules in the external space are supplied with the
bus clock (B¢): 8 to 50 MHz

Includes a PLL frequency multiplication circuit and freq

divider, so the operating frequency is selectable

Five low-power-consumption modes: Sleep mode, moc

mode, all-module-clock-stop mode, software standby n

and hardware standby mode

A/D converter

A/D
converter
(ADC)

10-bit resolution x eight input channels
Sample and hold function included

Conversion time: 7.4 us per channel (with peripheral m
clock (P¢) at 35-MHz operation)

Two operating modes: single mode and scan mode

Three ways to start A/D conversion: software, timer (TF
trigger, and external trigger
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| bt

(TPU)

el uwl 1TVl GV Iy Ulyl I vyvulitel n Ivul WwiIVUVilw 1VI Ualul
Up to 16 pulse inputs and outputs

Counter clear operation, simultaneous writing to multi
counters (TCNT), simultaneous clearing by compare r
input capture possible, simultaneous input/output for r
possible by counter synchronous operation, and up to
PWM output possible by combination with synchronot
operation

Buffered operation, cascaded operation (32 bits x two
channels), and phase counting mode (two-phase enct
input) settable for each channel

Input capture function supported

Output compare function (by the output of compare m
waveform) supported

Program-
mable pulse
generator
(PPG)

16-bit pulse output

Four output groups, non-overlapping mode, and inver
can be set

Selectable output trigger signals; the PPG can operat
conjunction with the data transfer controller (DTC) anc
controller (DMAC)

Watchdog timer

Watchdog
timer
(WDT)

8 bits x one channel (selectable from eight counter in|

Switchable between watchdog timer mode and interve
mode
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11 pull-up resistors
11 open drains

Package

120-pin thin QFP package (package code: FP-120B, p
dimensions: 14 x 14 mm, pin pitch: 0.40 mm)

Lead- (Pb-) free versions available

Operating frequency/
Power supply voltage

Operating frequency: 8 to 50 MHz

Power supply voltage: Vcc = 3.0t0 3.6 V, Avce = 3.0 tc

Supply current:

— 30 mA (typ.) (Vec=3.3V, Avcc =33V, o =Py =E
35 MHz)

— 45 mA (typ.) (Vec =3.3V, Avcc =33V, lp =Bp = £
P¢ = 25 MHz)

Operating peripheral
temperature (°C)

—20 to +75°C (regular specifications)
—40 to +85°C (wide-range specifications)
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Product type no. R

5 S 61651C FP V

Indicates the Pb-free version.

Indicates the package.
FP: LQFP

Indicates the product-specific numbe
H8SX/1651 Group

Indicates the type of ROM device.
S: External ROM

Indicates the product classification
Microcomputer

R indicates a Renesas semiconductc

Figurel.1 How to Read the Product Name Code
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@ BSC - 1PU
2 Sk—| (channel 0to
H8SX -— < channel_5) Port 6
CPU % g
>
w —_
8 S — PPG Port A
£ 5}
g =
= Port B
DMAC K~ SCI x5 channels
pTC — x 4 channels ——
Port D
K
A/D converter Port E
Clock pl:[l|36 K| D/A converter Port F
generator
a Port H
a
T N
c
P:’ Port |
ai
N
[Legend]

CPU: Central processing unit
DTC: Data transfer controller
BSC: Bus controller

DMAC: DMA controller

WDT: Watchdog timer

TMR: 8-bit timer

TPU: 16-bit timer pulse unit

PPG: Programmable pulse generator
SCl:  Serial communication interface

Figurel.2 Block Diagram
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P63/TMRI3/DREQ3/IRQ11-B/TMS <[] []<—>Ds

PLLVss
P64/TMCI3/TEND3/TDI <+ [] [J<—D3
P65/TMO3/DACK3/TCK <[} [1<—D2

MDo — [ [(1<—D1
P50/ANO/IRQ0-8 — ] 1< Do
P51/AN1/IRQT-8 — [} [0<—nmi

P52/AN2/IRQ2-B — ]} [ 1=+ P37/PO15/TIOCA2/TIOCB2/T

AVee [1<— P36/PO14/TIOCA2
P53/AN3/RQ3-B — [] [1<—> P35/PO13/TIOCA1/TIOCB1/T
AVss [1~<—> P34/PO12/TIOCA1/TENDT-B
P54/AN4/TRQ4-8 — [} H8SX/1651 Group 1< P33/PO11/TIOCCOTIOCDOT
Vref —»[] PLQPO120LA-A (FP-120BV) [1<—> P32/PO10/TIOCCO/TCLKA-A/
P55/AN5/IRQ5-8 — [} (Top View) [1<—> P31/POY/TIOCAO/TIOCBO/TE
P56/ANG/DAQ/RQE-B <— ] Vee
P57/AN7/DA1/IRQ7-B <[] [ 1——> P30/PO8/DREQO-B/TIOCAQ
Vss

MD1 —[]
PAO/BREQO/BS-A <— [ [ ]+ P27/PO7/TIOCAS/TIOCBS
PA1/BACK/[RD/WR] <— [} [ 1=+ P26/PO6/TIOCA5/TMO1/TxD1

PA2/BREQ/WAIT <—[] [ 1> P25/POS5/TIOCA4/TMCI1/RxD
LLWR/LLB <—[]] [ 1> P24/PO4/TIOCA4/TIOCB4/TM
PA4/THWR/LUB ~—[] [ 1< P23/PO3/TIOCC3/TIOCD3/IR
RD [ 1+ P22/PO2/TIOCC3/TMO0/TXD(
PAG6/AS/AH/BS-B <—-[] [ 1> P21/PO1/TIOCA3/TMCI0/RXD
[ 1<+ P20/PO0O/TIOCAS/TIOCB3/TM

0
|

PB0/CS0/CS4-A/CS5-B <[]

N
S

NN TDON DO NN TDOND DO
—famtworwo ot o222 22338838888
o000 000000000000 O
NCCNOONDSO gERNOWITN 2N YroEre 30T oy
PEINRO0g2 R OOETOC BN 225282328
0 (D

‘m’w‘g§’a‘g‘g<<><<<<<<><><< >
gigcmiglolo

G oN=

232 o83

B3 BSS

cog g

<98 oo

‘“’n. w0

23 @

4] o

& 5]

1 IS

)

L &

% ®

(23

L <

@ [N

[ o

Note: * This is an on-chip emulator enable pin. Drive this pin low for the connection in normal operating mode.
When this pin is driven high, the on-chip emulation function is enabled and pins P62, P63, P64, P65, and
WDTOVF are dedicated for the on-chip emulator. For details on a connection example with the E10A,
refer to the E10A Emulator User's Manual.

Figure1.3 Pin Assignments
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PLLV,,

Power supply pin for the PLL circuit.

PLLV — Ground pin for the PLL circuit.
Clock XTAL Input Pins for a crystal resonator. An external clock sign
EXTAL Input input thr‘ough the EXTAL pin. For an example of th
connection, see section 18, Clock Pulse Generato
Bo Output  Outputs the system clock for external devices.
Operating mode MD2 to MDO Input Pins for setting the operating mode. The signal lev
control these pins must not be changed during operation.
System control ES Input Reset signal input pin. This LSI enters the reset st
this signal goes low.
STBY Input This LSI enters hardware standby mode when this
goes low.
EMLE Input Input pin for the on-chip emulator enable signal. Tl
level should normally be fixed low.
Address bus A23 to A0 Output  Output pins for the address bits.
Data bus D15 to DO Input/ Input and output for the bidirectional data bus. The
output  also output addresses when accessing an address
multiplexed I/O interface space.
Bus control BREQ Input External bus-master modules assert this signal to
the bus.
BREQO Output  Internal bus-master modules assert this signal to r

access to the external space via the bus in the ext
released state.
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RD/WR Output  Indicates the direction (input or output) of the dat

LHWR Output  Strobe signal which indicates that the higher-orde
(D15 to D8) is valid in access to the basic bus int
space.

LLWR Output  Strobe signal which indicates that the lower-orde!
to DO) is valid in access to the basic bus interface

LUB Output  Strobe signal which indicates that the higher-orde
(D15 to D8) is valid in access to the byte control
interface space.

LLB Output  Strobe signal which indicates that the lower-orde
to DO) is valid in access to the byte control SRAN
space.

SO Output  Select signals for areas 0 to 7.
S1
S2-A/CS2-B
S3
S4-A/CS4-C
S5-A/CS5-B/
S5-C/CS5-D
CS6-A/CS6-B/
S6-C/CS6-D

CS7-A/CS7-B/

CS7-C

WAIT Input Requests wait cycles in access to the external sg
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IRQ2-A/IRQ2-B
IRQ1-A/IRQ1-B
IRQO

-A/IRQO-B

DMA controller DREQO-A/DREQO-B
(DMAC) DREQ1-A/DREQ1-B
DREQ2
DREQ3

Input

Requests DMAC activation.

DACKO-A/DACKO-B
DACK1-A/DACK1-B
DACK2
DACK3

Output

DMAC single address-transfer acknowledge signa

TENDO-A/TENDO-B
TEND1-A/TEND1-B
TEND2
TEND3

Output

Indicates end of data transfer by the DMAC.

16-bit timer TCLKA-A/TCLKA-B
pulse unit (TPU) TCLKB-A/TCLKB-B
TCLKC-A/TCLKC-B
TCLKD-A/TCLKD-B

Input

Input pins for the external clock signals.

TIOCAO
TIOCBO
TIOCCO
TIOCDO

Input/
output

Signals for TGRA_0 to TGRD_O. These pins are u
input capture inputs, output compare outputs, or P
outputs.

TIOCA1
TIOCBH1

Input/
output

Signals for TGRA_1 and TGRB_1. These pins are
input capture inputs, output compare outputs, or P
outputs.
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TIOCAS Input/ Signals for TGRA_S and TGRB_5. These pins ar
TIOCB5 output  input capture inputs, output compare outputs, or
outputs.
Programmable PO15 to POO Output  Output pins for the pulse signals.
pulse generator
(PPG)
8-bit timer TMOO to TMO3 Output  Output pins for the compare match signals.
(TMR) TMCIO to TMCI3 Input Input pins for the external clock signals that drive
counters.
TMRIO to TMRI3 Input Input pins for the counter-reset signals.
Watchdog timer WDTOVF Output  Output pin for the counter-overflow signal in watc
(WDT) mode.
Serial TxDO to TxD4 Output  Output pins for data transmission.
communication
interface (SCI)
RxDO to RxD4 Input Input pins for data reception.
SCKO to SCK4 Input/ Input/output pins for clock signals.
output
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to the sylstem power supply (0 V).

Vref Input Reference power supply pin for the A/D and D/A ¢
When the A/D and D/A converters are not in use, ¢
this pin to the system power supply.

I/O ports P17 to P10 Input/ 8 input/output pins.
output

P27 to P20 Input/ 8 input/output pins.

output

P37 to P30 Input/ 8 input/output pins.

output

P57 to P50 Input 8 input/output pins.

P65 to P60 Input/ 6 input/output pins.

output

PA7, PA6, PA4 Input/ 5 input/output pins.

PA2 to PAO output

PB3 to PBO Input/ 4 input/output pins.

output

PF7 to PF5 Input/ 3 input/output pins.

output

PI7 to P10 Input/ 8 input/output pins.

output
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Can execute these CPU's object programs

General-register architecture

Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit :
87 basic instructions

8/16/32-bit arithmetic and logic instructions

Multiply and divide instructions

Bit field transfer instructions

Powerful bit-manipulation instructions

Bit condition branch instructions

Multiply-and-accumulate instruction

Eleven addressing modes

Register direct [Rn]

Register indirect [@ERn]

Register indirect with displacement [@(d:2,ERn), @(d:16,ERn), or @(d:32,ERn)]
Index register indirect with displacement [@(d:16,RnL.B), @(d:32,RnL.B), @(d:16
@(d:32,Rn.W), @(d:16,ERn.L), or @(d:32,ERn.L)]

Register indirect with post-/pre-increment or post-/pre-decrement
[@+ERn/@—ERn/@ERn+/@ERn—]

Absolute address [@aa:8, @aa:16, @aa:24, or @aa:32]

Immediate [#xx:3, #xx:4, #xx:8, #xx:16, or #xx:32]

Program-counter relative [@(d:8,PC) or @(d:16,PC)]

Program-counter relative with index register [ @(RnL.B,PC), @(Rn.W,PC), or @(E]
Memory indirect [@ @aa:8]

Extended memory indirect [@ @vec:7]
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& M AR Ao APt At ted AR - PR
16 + 8-bit register-register divide: 10 states
16 x 16-bit register-register multiply: 1 state
32 + 16-bit register-register divide: 18 states
32 x 32-bit register-register multiply: 5 states
32 + 32-bit register-register divide: 18 states
e Four CPU operating modes
Normal mode
Middle mode
Advanced mode
Maximum mode
e Power-down modes
Transition is made by execution of SLEEP instruction

Choice of CPU operating clocks

Notes: 1. Advanced mode is only supported as the CPU operating mode of the H8SX/1¢
Group. Normal, middle, and maximum modes are not supported.

2. The multiplier and divider are supported by the H8SX/1651 Group.
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Maximum 16-Mbyte prograr
area and 4-Gbyte data area
maximum 4 Gbytes for prog
and data areas combined

Advanced mode

Maximum mode Maximum 4 Gbytes for prog
and data areas combined

Figure2.1 CPU Operating Modes

221 Normal Mode

In normal mode, the exception handling vector table and stack have the same structure &
H8&/300 CPU.

Note:  This LSI does not support this mode.

Address Space

A maximum address space of 64 kbytes can be accessed.

Extended Registers (En)

The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-
segments of 32-bit registers. When En is used as a 16-bit register it can contain any
when the corresponding general register (Rn) is used as an address register. If the ge
register Rn is referenced in the register indirect addressing mode with pre-/post-incr
decrement and a carry or borrow occurs, however, the value in the corresponding ex
register will be affected.

Instruction Set

All instructions and addressing modes can be used. Only the lower 16 bits of effecti
addresses (EA) are valid.
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Figure2.2 Exception Handling Vector Table (Normal Mode)

The memory indirect (@ @aa:8) and extended memory indirect (@ @vec:7) addressing m
used in the JMP and JSR instructions. An 8-bit absolute address included in the instructic
specifies a memory location. Execution branches to the address contained in the memory

e Stack Structure

The stack structure of PC at a subroutine branch and that of PC and CCR at an except
handling branch are shown in figure 2.3. The PC contents are saved or restored in 16-

\/\\_/\

SP—> PC SP > EXR#!
[ (16 bits) o %2 Reserved:! 3
(SP —»= CCR
\/\ CCR#3
b - - PC -
(16 bits)
(a) Subroutine Branch (b) Exception Handling

Notes: 1. When EXR is not used it is not stored on the stack.
2. SP when EXR is not used.
3. Ignored on return.

Figure2.3 Stack Structurein Normal Mode
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1NC exXtended registers (EU 10 /) €an 6C uscd as 10-DIt ICZISIETS, Or as tnc upper 16-
segments of 32-bit registers. When En is used as a 16-bit register (in other than the J
JSR instructions), it can contain any value even when the corresponding general reg;
is used as an address register. If the general register Rn is referenced in the register i
addressing mode with pre-/post-increment or decrement and a carry or borrow occur
however, the value in the corresponding extended register will be affected.
Instruction Set

All instructions and addressing modes can be used. Only the lower 16 bits of effecti
addresses (EA) are valid and the upper eight bits are sign-extended.

Exception Handling Vector Table and Memory Indirect Branch Addresses

In middle mode, the top area starting at H'000000 is allocated to the exception handl
table in 32-bit units. In each 32 bits, the upper eight bits are ignored and one branch
stored in the lower 24 bits. The structure of the exception handling vector table is sh
figure 2.4.

The memory indirect (@ @aa:8) and extended memory indirect (@ @vec:7) addressi
are used in the JMP and JSR instructions. An 8-bit absolute address included in the i
code specifies a memory location. Execution branches to the contents of the memory
In middle mode, an operand is a 32-bit (longword) operand, providing a 32-bit branc
The upper eight bits are reserved and assumed to be H'00.

Stack Structure

The stack structure of PC at a subroutine branch and that of PC and CCR at an excej
handling branch are shown in figure 2.5. The PC contents are saved or restored in 2¢
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e Instruction Set
All instructions and addressing modes can be used.
e Exception Handling Vector Table and Memory Indirect Branch Addresses

In advanced mode, the top area starting at H'00000000 is allocated to the exception h:
vector table in 32-bit units. In each 32 bits, the upper eight bits are ignored and one b
address is stored in the lower 24 bits. The structure of the exception handling vector t
shown in figure 2.4.

H'00000000 Reserved

H'00000001 [~~~ TTTTTTTTTIITI IR
H'00000002 | Reset exception vector
H'00000003 |
H'00000004 _____________f{_e_s_e_r\fq ............. >~ Exception vector table
H'00000005

H00000006 |
H'00000007

Figure2.4 Exception Handling Vector Table (Middle and Advanced M ode

The memory indirect (@ @aa:8) and extended memory indirect (@ @vec:7) addressing m
used in the JMP and JSR instructions. An 8-bit absolute address included in the instructic
specifies a memory location. Execution branches to the contents of the memory location.

In advanced mode, an operand is a 32-bit (longword) operand, providing a 32-bit branch
The upper eight bits are reserved and assumed to be H'00.
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! d I, (4 DIS) ...|

)

(a) Subroutine Branch (b) Exception Handling

Notes: 1. When EXR is not used it is not stored on the stack.
2. SP when EXR is not used.
3. Ignored on return.

Figure2.5 Stack Structurein Middle and Advanced Modes

224 Maximum Mode

The program area in maximum mode is extended to 4 Gbytes as compared with that in ¢
mode.

e Address Space
A maximum address space of 4 Gbytes can be linearly accessed.
e Extended Registers (En)

The extended registers (EO to E7) can be used as 16-bit registers or as the upper 16-
segments of 32-bit registers or address registers.

e Instruction Set
All instructions and addressing modes can be used.
e Exception Handling Vector Table and Memory Indirect Branch Addresses

In maximum mode, the top area starting at H'00000000 is allocated to the exception
vector table in 32-bit units. One branch address is stored in 32 bits. The structure of
exception handling vector table is shown in figure 2.6.
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Figure2.6 Exception Handling Vector Table (Maximum M odes)

The memory indirect (@ @aa:8) and extended memory indirect (@ @vec:7) addressing m
used in the JMP and JSR instructions. An 8-bit absolute address included in the instructic
specifies a memory location. Execution branches to the contents of the memory location.

In maximum mode, an operand is a 32-bit (longword) operand, providing a 32-bit branch

e Stack Structure
The stack structure of PC at a subroutine branch and that of PC and CCR at an except
handling branch are shown in figure 2.7. The PC contents are saved or restored in 32-
The EXR contents are saved or restored regardless of whether or not EXR is in use.

\/_\\/\

SP—[ . . SP—»> EXR
PC CCR
(32 bits)
PC _
(32 bits)
(a) Subroutine Branch (b) Exception Handling

Figure2.7 Stack Structurein Maximum Mode
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Figure 2.8 shows a memory map of the HSSX CPU. The address space differs dependin
operating mode.

Normal mode Middle mode Advanced mode Maximum mode
H'0000 H'000000 H'00000000 H'00000000
HOO7FFF | _ _ _ _ _____.
Program area
Data area P
§ (64 kbytes) | Program area
HFFFF (16 Mbytes)
Program area
|| Dataarea | (16 Mbytes)
(64 kbytes)
WFFgooo |
HFFFFFF HOOFFFFFF| __ __ _____. i
|__ Data area
(4 Gbytes)
HFFFFFFFF] i HFFFFFFFF

Figure2.8 Memory Map
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ER1 E1 R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L
Control Registers
31 l
Pc |
76 54321C¢C
ccR [ITuH[UIN] Z[V]<
765 4321C¢C
ExR T[] Jefn]
31 12 '
VBR | | (Reserved)
31 l
SBR | | (Reserved)
63 41 3
Sign extension H MACH
MAC MACL
31 |
[Legend]
SP:  Stack pointer z Zero flag
PC:  Program counter V: Overflow flag
CCR: Condition-code register C: Carry flag
I: Interrupt mask bit EXR: Extended control register
ul: User bit or interrupt mask bit T: Trace bit
H: Half-carry flag 12 to 10: Interrupt mask bits
u: User bit VBR: Vector base register
N: Negative flag SBR:  Short address base register
MAC: Multiply-accumulate register

Figure2.9 CPU Registers
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and R (RO to R7). These registers are functionally equivalent, providing a maximum of
bit registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers are divided into 8-bit general registers designated by the letters RH (RO]
and RL (ROL to R7L). These registers are functionally equivalent, providing a maximur
sixteen 8-bit registers.

The general registers ER (ERO to ER7), R (RO to R7), and RL (ROL to R7L) are also us
registers. The size in the operand field determines which register is selected.

The usage of each register can be selected independently.

o Address registers * 16-bit registers
® 32-bit registers General registers E
o 32-bit index registers (EO to E7)
-  8-bit registers
General registers ER [General registors R
(ERO to ER7) . ) eneral registers
* 16-bit registers (ROH to R7H)

o 16-bit index registers

General registers R ) .
(RO to R7) » 8-bit registers
e 8-bit index registers

General registers Rl
(ROL to R7L)

Figure2.10 Usage of General Registers

General register ER7 has the function of stack pointer (SP) in addition to its general-reg
function, and is used implicitly in exception handling and subroutine calls. Figure 2.11 «
stack.
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Figure2.11 Stack

252 Program Counter (PC)

PC is a 32-bit counter that indicates the address of the next instruction the CPU will exec
length of all CPU instructions is two bytes (one word) or a multiple of two bytes, so the 1
significant PC bit is ignored. When an instruction is fetched, the least significant PC bit i
regarded as 0.

253 Condition-Code Register (CCR)

CCR is an 8-bit register that contains internal CPU status information, including an interr
(D and user (UI, U) bits and half-carry (H), negative (N), zero (Z), overflow (V), and car
flags.

Operations can be performed on the CCR bits by the LDC, STC, ANDC, ORC, and XOR
instructions. The N, Z, V, and C flags are used as branching conditions for conditional br
(Bcc) instructions.

Initial
Bit Bit Name Value R/W Description

7 | 1 R/W Interrupt Mask Bit

Masks interrupts when set to 1. This bit is set t
start of an exception-handling sequence.
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NEQG.VV INStrUcton Is executedq, tne m liag Is <
there is a carry or borrow at bit 11, and cleare
otherwise. When the ADD.L, SUB.L, CMP.L,

instruction is executed, the H flag is set to 1 i
carry or borrow at bit 27, and cleared to 0 oth

Undefined

R/W

User Bit

Can be written and read by software using th
STC, ANDC, ORC, and XORC instructions.

Undefined

R/W

Negative Flag

Stores the value of the most significant bit (re
sign bit) of data.

Undefined

R/W

Zero Flag

Set to 1 to indicate zero data, and cleared to
indicate non-zero data.

Undefined

R/W

Overflow Flag

Set to 1 when an arithmetic overflow occurs,
cleared to 0 otherwise.

Undefined

R/W

Carry Flag

Set to 1 when a carry occurs, and cleared to
otherwise. A carry flag indicates the following

e A carry by an add instruction
e A borrow by a subtract instruction
e A carry by a shift or rotate instruction

The carry flag is also used as a bit accumulat
manipulation instructions.
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7’ T 0 R/W

lrace Bit

Selects trace mode. When this bit is cleared to C
instructions are executed in sequence. When thi
set to 1, a trace exception is generated each tim
instruction is executed.

6to3 — All 1 R/W Reserved
These bits are always read as 1. The write value
always be 1.
2 12 1 R/W Interrupt Mask Bits
1 1 R/W These bits designate the interrupt mask level (0
0 10 1 R/W

255 Vector Base Register (VBR)

VBR is a 32-bit register that has the valid upper 20 bits. The lower 12 bits of this register
as 0s. This register value is a base address of the vector area for exception handling other
reset and a CPU address error (extended memory indirect is also out of the target). The ir

value is H'00000000.

256 Short Address Base Register (SBR)

SBR is a 32-bit register that has the valid upper 24 bits. The lower eight bits are read as O
absolute addressing mode (@aa:8), this register is used as the upper address. The initial v

H'FFFFFFOO0.

Rev.2.00 Jun. 28, 2007 Page 28 of 784
REJ09B248-0200

RENESANS



UILS, IVIAL dllU LT SCLHTLdl 1CSISCLs alC UL HUUdZCU. 11 paltitulal, UIC StdCK POLLILCL (1L
initialized. The stack pointer should therefore be initialized using an MOV.L instruction
immediately after a reset.
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1-bit data

1-bit data

4-bit BCD data

4-bit BCD data

Byte data

Byte data

Word data

Word data

Longword data

7 0

RnH
RnL
RnH 7 43 O
Donitcare
RnL
________________ 7 43
" Donit care
RnH
7 O
MSB LSB
Rn e meeeeeeamae 7 0
MSB LSB
En
15 0
ERn MSB LSB
15 0
MSB LSB
31 1615 0
MSB En Rn LSB

[Legend]

ERn:  General register ER
En:  General register E
Rn:  General register R
RnH: General register RH

RnL: General register RL
MSB: Most significant bit
LSB: Least significant bit

Figure2.12 General Register Data Formats
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the stack manipulation, block transfer instructions, and MAC instruction should be loca

addresses.

When the stack pointer (ER7) is used as an address register to access the stack, the oper
should be word size or longword size.

Data Type

1-bit data

Byte data

Word data

Longword data

Data Format

Address /\_/

7 0
AddressL | 7 | 6 5 4 3 2 1 0
AddressL [MsB: ¢+ i+ i 1 isB
Address 2M MSBE E E E E E E
Address 2M + 1 E E E E E E ELSB
Address 2N MSBE E E E E E E
Address 2N + 1
Address 2N + 2 H H H H H H H
Address 2N + 3 E E E E E E ELSB

Figure2.13 Memory Data For mats
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Data transter MOV

MOVFPE*°, MOVTPE*° B
POP, PUSH*' Wi/L
LDM, STM L
MOVA B/W?
Block transfer EEPMOV B
MOVMD B/WI/L
MOVSD B
Arithmetic ADD, ADDX, SUB, SUBX, CMP, NEG, INC, DEC B/WI/L
operations DAA, DAS B
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS B/W
MULU, DIVU, MULS, DIVS Wi/L
MULU/U, MULS/U L
EXTU, EXTS WiL
TAS B
MAC —
LDMAC, STMAC —
CLRMAC —
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§ iy = -

BRA/S —_

System control TRAPA, RTE, SLEEP, NOP —

RTE/L L*®
LDC, STC, ANDC, ORC, XORC B/W/
Total
[Legend]
B: Byte size
W: Word size
L: Longword size

Notes:

1.

ook wD

POP.W Rn and PUSH.W Rn are identical to MOV.W @ SP+, Rn and
MOV.W Rn, @-SP. POP.L ERn and PUSH.L ERn are identical to MOV.L @
and MOV.L ERn, @-SP.

Size of data to be added with a displacement

Size of data to specify a branch condition

Bcc is the generic designation of a conditional branch instruction.
Size of a general register to be restored

Not supported in this LSI
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Latotl mstrucuon <6 #AXx R @eERD @U,ERIT) ERILL) CrERIT S Eada.o  Edad
Data MOV BW/L S SD  sD SD SD SD SD
transfer B S/D S/D
MOVFPE, B S/D S/D¢
MOVTPE*"
POP, PUSH WL S/D S/D**
LDM, STM L S/D S/D**
MOVA** B/W S S S S S S
Block EEPMOV B
transfer oMb BW/L
MOVSD B
Arithmetic ADD, CMP B S
operations B
B
B SD SD SD SD SD
WL SD SD SD SD SD SD
SuB B
B SD SD SD SD SD
WL S SD SD SD SD SD SD
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DAA, DAS B D
MULXU, DIVXU  B/W S:4 SD
MULU, DIVU Wi/L S:4 SD
MULXS, DIVXS B/W S:4 SD
MULS, DIVS Wi/L S:4 SD
NEG B D D D D D D D
W/L D D D D D D
EXTU, EXTS Wi/L D D D D D D
TAS B D
MAC —
CLRMAC —
LDMAC — S
STMAC — D
Logic AND, OR, XOR B S D D D D D D
operations B D s s S s s s
B SD SD SD SD SD
Wi/L S SD SD SD SD SD SD
NOT B D D D D D D D
W/L D D D D D D
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Bit manipu- BSET, BCLR, B D D
lation BNOT, BTST,

BSET/cc,

BCLR/cc

BAND, BIAND, B D D
BOR, BIOR,

BXOR, BIXOR,

BLD, BILD, BST,

BIST, BSTZ,

BISTZ

BFLD

BFST

Branch BRA/BS,
BRA/BC*

BSR/BS, B S
BSR/BC**
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STC L D

(VBR, SBR)
ANDC,ORC, B S
XORC
SLEEP —
NOP —
[Legend]
d: d:16 or d:32
S: Can be specified as a source operand.
D: Can be specified as a destination operand.
SD:  Can be specified as either source or destination operand or both.
S/D:  Can be specified as either source or destination operand.
S:4:  4-bit immediate data can be specified as a source operand.
O: Can be used.
Notes: 1. @aa:16 is only available.
2. @ERn+ as a source operand and @-ERn as a destination operand
3. Specified by ERS5 as a source address and ER6 as a destination address for
transfer
4. Size of data to be added with a displacement
5. @ERn-is only available.
6. When the number of bits to be shifted is 1, 2, 4, 8, or 16
7. When the number of bits to be shifted is specified by 5-bit immediate data or
register
8. Size of data to specify a branch condition
9. Byte for immediate or register direct; otherwise, word

10. @ERn+ is only available.
11. @-ERn is only available.
12. Not supported in this LSI
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Bce —

BRA — o o
BRA/S — o+

JMP — o o
BSR — o

JSR — o] o
RTS,RTSL —

System TRAPA —

control RTE,RTEL —

[Legend]
d: d:8 ord:16
Note: * @(d:8, PC) is only available.
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ERn General register (32-bit register)

(EAd) Destination operand

(EAs) Source operand

EXR Extended control register
CCR Condition-code register
VBR Vector base register

SBR Short address base register
N N (negative) flag in CCR

z Z (zero) flag in CCR

\Y V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

A Logical AND

v Logical OR

@ Logical exclusive OR

- Move

~ Logical not (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit rec
to R7, EO to E7), and 32-bit registers (ERO to ER7).
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Saves general register contents on the stack.

LDM

@SP+ — Rn (register list)

Restores the data from the stack to general registers. Two, three
general registers which have serial register numbers can be spex

ST™M

Rn (register list) > @-SP

Saves the contents of general registers on the stack. Two, three,
general registers which have serial register numbers can be spex

MOVA

B/W

EA — Rd

Zero-extends the contents of a specified general register or menr
and adds them with a displacement. The result is stored in a gen
register.

Note: * Not supported in this LSI
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MOVMD.W

Transfers a data block.

Transfers word data from a memory location specified by ER5 t
memory location specified by ER6. The number of word data to
transferred is specified by R4.

MOVMD.L L Transfers a data block.
Transfers longword data from a memory location specified by E
memory location specified by ER6. The number of longword da
transferred is specified by R4.

MOVSD.B B Transfers a data block with zero data detection.

Transfers byte data from a memory location specified by ER5 i«
memory location specified by ER6. The number of byte data to
transferred is specified by R4. When zero data is detected durir
the transfer stops and execution branches to a specified addres
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INC B/W/L Rd+1—->Rd, Rd+2—>Rd

DEC Increments or decrements a general register by 1 or 2. (Byte ope
can be incremented or decremented by 1 only.)

ADDS L Rd+1—>Rd, Rd+t2—>Rd, Rd+4 — Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a genera

DAA B Rd decimal adjust — Rd

DAS Decimal-adjusts an addition or subtraction result in a general reg
referring to the CCR to produce 2-digit 4-bit BCD data.

MULXU B/W Rd x Rs — Rd
Performs unsigned multiplication on data in two general registers
bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

MULU Wi/L Rd x Rs — Rd
Performs unsigned multiplication on data in two general registers
16 bits x 16 bits — 16 bits or 32 bits x 32 bits — 32 bits.

MULU/U L Rd x Rs — Rd
Performs unsigned multiplication on data in two general registers
x 32 bits — upper 32 bits).

MULXS B/W Rd x Rs - Rd

Performs signed multiplication on data in two general registers: ¢
bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.
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MULIWAIL WA TV VIt T T .

DIVU Wi/L Rd + Rs —» Rd
Performs unsigned division on data in two general registers: eit
+ 16 bits — 16-bit quotient or 32 bits + 32 bits — 32-bit quotient
DIVXS B/W Rd + Rs - Rd
Performs signed division on data in two general registers: eithe
8 bits — 8-bit quotient and 8-bit remainder or 32 bits + 16 bits —
quotient and 16-bit remainder.
DIVS WI/L Rd + Rs — Rd
Performs signed division on data in two general registers: eithe
16 bits — 16-bit quotient or 32 bits + 32 bits — 32-bit quotient.
CMP B/W/L (EAd) — #IMM, (EAd) - (EAs)
Compares data between immediate data, general registers, anc
and stores CCR bits according to the result.
NEG B/W/L 0 - (EAd) - (EAd)
Takes the two's complement (arithmetic complement) of the cor
general register or a memory location.
EXTU W/L (EAd) (zero extension) — (EAd)

Extends the lower 8 or 16 bits of data in a general register or a
location to word or longword size by padding with Os.

The lower eight bits can be extended to word or longword, or lo
to longword.
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the MIAC.

CLRMAC — 0 —> MAC

Clears the MAC to zero.
LDMAC — Rs - MAC

Loads data from a general register to the MAC.
STMAC — MAC — Rd

Stores data from the MAC to a general register.

Table2.7 Logic Operation Instructions

Instruction  Size Function

AND B/W/L (EAd) A #]IMM — (EAd), (EAd) A (EAs) — (EAd)
Performs a logical AND operation on data between immediate d:
general registers, and memory.

OR B/W/L (EAd) v #IMM — (EAd), (EAd) v (EAs) — (EAd)
Performs a logical OR operation on data between immediate dat
general registers, and memory.

XOR B/W/L (EAd) @ #IMM — (EAd), (EAd) @ (EAs) — (EAd)
Performs a logical exclusive OR operation on data between imm
data, general registers, and memory.

NOT B/W/L ~ (EAd) — (EAd)

Takes the one's complement (logical complement) of the content
general register or a memory location.
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SHAR Performs an arithmetic shift on the contents of a general registe
memory location.
1-bit or 2-bit shift is possible.

ROTL B/W/L  (EAd) (rotate) —» (EAd)

ROTR Rotates the contents of a general register or a memory location
1-bit or 2-bit rotation is possible.

ROTXL B/W/L (EAd) (rotate) — (EAd)

ROTXR Rotates the contents of a general register or a memory location
carry flag.
1-bit or 2-bit rotation is possible.

Table2.9 Bit Manipulation Instructions

Instruction  Size Function

BSET B 1 — (<bit-No.> of <EAd>)
Sets a specified bit in the contents of a general register or a me
location to 1. The bit number is specified by 3-bit immediate dat
lower three bits of a general register.

BSET/cc B if cc, 1 — (<bit-No.> of <EAd>)
If the specified condition is satisfied, this instruction sets a spec
a memory location to 1. The bit number can be specified by 3-b
immediate data, or by the lower three bits of a general register.
status can be specified as a condition.

BCLR B 0 — (<bit-No.> of <EAd>)

Clears a specified bit in the contents of a general register or a n
location to 0. The bit number is specified by 3-bit immediate dat
lower three bits of a general register.
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Tests a specified bit in the contents of a general register or a me
location and sets or clears the Z flag accordingly. The bit numbe;
specified by 3-bit immediate data or the lower three bits of a gen
register.

BAND

C A (<bit-No.> of <EAd>) » C

Logically ANDs the carry flag with a specified bit in the contents
general register or a memory location and stores the result in the
flag. The bit number is specified by 3-bit immediate data.

BIAND

C A [~ (<bit-No.> of <EAd>)] » C

Logically ANDs the carry flag with the inverse of a specified bit ir
contents of a general register or a memory location and stores th
in the carry flag.

The bit number is specified by 3-bit immediate data.

BOR

C v (<bit-No.> of <EAd>) » C

Logically ORs the carry flag with a specified bit in the contents of
general register or a memory location and stores the result in the
flag. The bit number is specified by 3-bit immediate data.

BIOR

C v [~ (<bit-No.> of <EAd>)] > C

Logically ORs the carry flag with the inverse of a specified bit in 1
contents of a general register or a memory location and stores th
in the carry flag.

The bit number is specified by 3-bit immediate data.

BXOR

C @ (<bit-No.> of <EAd>) - C

Logically exclusive-ORs the carry flag with a specified bit in the c
of a general register or a memory location and stores the result i
carry flag.

The bit number is specified by 3-bit immediate data.
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BILD

~ (<bit-No.> ot <eAd>) —» C

Transfers the inverse of a specified bit in the contents of a gene
register or a memory location to the carry flag.

The bit number is specified by 3-bit immediate data.

BST

C — (<bit-No.> of <EAd>)

Transfers the carry flag value to a specified bit in the contents ©
general register or a memory location.

The bit number is specified by 3-bit immediate data.

BSTZ

Z — (<bit-No.> of <EAd>)

Transfers the zero flag value to a specified bit in the contents of
memory location.

The bit number is specified by 3-bit immediate data.

BIST

~ C — (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a specified bit in
contents of a general register or a memory location.

The bit number is specified by 3-bit immediate data.

BISTZ

~ Z — (<bit-No.> of <EAd>)

Transfers the inverse of the zero flag value to a specified bit in 1
contents of a memory location.

The bit number is specified by 3-bit immediate data.

BFLD

(EAs) (bit field) - Rd

Transfers a specified bit field in memory location contents to the
of a specified general register.

BFST

Rd — (EAd) (bit field)

Transfers the lower bits of a specified general register to a spec
field in memory location contents.
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the block transfer and branch instructions.

JMP — Branches unconditionally to a specified address.

BSR — Branches to a subroutine at a specified address.

JSR — Branches to a subroutine at a specified address.

RTS — Returns from a subroutine

RTS/L — Returns from a subroutine, restoring data from the stack to gene
registers.
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WA R W e R R~ e

word-size transfers are performed between them and memory.
eight bits are valid.

Rs — VBR, Rs —» SBR
Transfers the general register contents to VBR or SBR.

STC

B/W

CCR — (EAd), EXR — (EAd)

Transfers CCR or EXR contents to a general register or memor
Although CCR and EXR are 8-bit registers, word-size transfers
performed between them and memory. The upper eight bits are

VBR — Rd, SBR - Rd
Transfers the contents of VBR or SBR to a general register.

ANDC

CCR A #IMM — CCR, EXR A #IMM — EXR
Logically ANDs the CCR or EXR contents with immediate data.

ORC

CCR v #IMM — CCR, EXR v #IMM — EXR
Logically ORs the CCR or EXR contents with immediate data.

XORC

CCR @ #IMM — CCR, EXR @ #IMM — EXR
Logically exclusive-ORs the CCR or EXR contents with immedi

NOP

PC +2 - PC

Only increments the program counter.
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(2) Operation field and register fields

op | mn | rm ADD.B Rn, Rm, etc.

(3) Operation field, register fields, and effective address extension

op | m | rm
MOV.B @(d:16, Rn), Rm, ¢

EA (disp)

(4) Operation field, effective address extension, and condition field

op | cc | EA (disp) BRA d:16, etc

Figure2.14 Instruction Formats

e Operation Field

Indicates the function of the instruction, the addressing mode, and the operation to be
out on the operand. The operation field always includes the first four bits of the instru
Some instructions have two operation fields.

e Register Field

Specifies a general register. Address registers are specified by 3 bits, data registers by
4 bits. Some instructions have two register fields. Some have no register field.

o Effective Address Extension
Eight, 16, or 32 bits specifying immediate data, an absolute address, or a displacemen
e Condition Field

Specifies the branching condition of Bcc instructions.
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- AUUITOoOollYy IVIUUT Ly HIvyY
Register direct Rn
Register indirect @ERN

Register indirect with displacement

@(d:2,ERn)/@(d:16,ERN)/@(d:32,E

A ow| N =

Index register indirect with displacement

@(d:16, RnL.B)/@(d:16,Rn.W)/@(d:
@(d:32, RnL.B)/@(d:32,Rn.W)/@(d:

Register indirect with post-increment

@ERN+

Register indirect with pre-decrement @-ERn
Register indirect with pre-increment @+ERnN
Register indirect with post-decrement @ERnN-

Absolute address

@aa:8/@aa:16/@aa:24/@aa:32

Immediate

H#XX:3/H#XX:A4/#XX:8/#xX:16/#xx:32

Program-counter relative

@(d:8,PC)/@(d:16,PC)

Program-counter relative with index register

@(RnL.B,PC)/@(Rn.W,PC)/@(ERn.

Memory indirect

@ @aa:8

= | =2O|0(N| O

- O

Extended memory indirect

@ @vec:7

RENESAS
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In advanced mode, if this addressing mode is used in a branch instruction, the lower 24 b
valid and the upper eight bits are all assumed to be 0 (H'00).

283 Register Indirect with Displacement—@(d:2, ERn), @(d:16, ERn), or
@(d:32, ERn)

The operand value is the contents of a memory location which is pointed to by the sum o
contents of an address register (ERn) and a 16- or 32-bit displacement. ERn is specified t
register field of the instruction code. The displacement is included in the instruction code
16-bit displacement is sign-extended when added to ERn.

This addressing mode has a short format (@(d:2, ERn)). The short format can be used: w
displacement is 1, 2, or 3 and the operand is byte data, when a displacement is 2, 4, or 6 2
operand is word data, or when a displacement is 4, 8, or 12 and the operand is longword «

284 Index Register Indirect with Displacement—@(d:16,RnL .B), @(d:32,RnL
@(d:16,Rn.W), @(d:32,Rn.W), @(d:16,ERnN.L), or @(d:32,ERn.L)

The operand value is the contents of a memory location which is pointed to by the sum o
following operation result and a 16- or 32-bit displacement: specified bits of the contents
address register (RnL, Rn, ERn) specified by the register field in the instruction code are
extended to 32-bit data and multiplied by 1, 2, or 4.

The displacement is included in the instruction code and the 16-bit displacement is sign-e
when added to ERn. If the operand is byte data, ERn is multiplied by 1. If the operand is
longword data, ERn is multiplied by 2 or 4, respectively.
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The operand value is the contents of a memory location which is pointed to by the f«
operation result: the value 1, 2, or 4 is subtracted from the contents of an address reg
(ERn) which is specified by the register field in the instruction code. After that, the s
result is stored in the address register. The value subtracted is 1 for byte access, 2 fo
access, or 4 for longword access.

e Register indirect with pre-increment—@+ERn

The operand value is the contents of a memory location which is pointed to by the f
operation result: the value 1, 2, or 4 is added to the contents of an address register (E
is specified by the register field in the instruction code. After that, the sum is stored :
address register. The value added is 1 for byte access, 2 for word access, or 4 for lon
access.

e Register indirect with post-decrement—@ERn—

The operand value is the contents of a memory location which is pointed to by the c
an address register (ERn). ERn is specified by the register field in the instruction coc
the memory location is accessed, 1, 2, or 4 is subtracted from the address register co
the subtraction result is stored in the address register. The value subtracted is 1 for b
2 for word access, or 4 for longword access.

If the contents of a general register which is also used as an address register is written tc
using this addressing mode, data to be written is the contents of the general register afte:
calculating an effective address. If the same general register is specified in an instructios
effective addresses are calculated, the contents of the general register after the first calct
an effective address is used in the second calculation of an effective address.
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2.8.6 Absolute Addr ess—@aa: 8, @aa: 16, @aa: 24, or @aa: 32

The operand value is the contents of a memory location which is pointed to by an absolut
included in the instruction code. There are 8-bit (@aa:8), 16-bit (@aa:16), 24-bit (@aa:2-
32-bit (@aa:32) absolute addresses.

To access the data area, the absolute address of eight bits (@aa:8), 16 bits (@aa:16), or 3
(@aa:32) is used. For an 8-bit absolute address, the upper 24 bits are specified by SBR. F
bit absolute address, the upper 16 bits are sign-extended. A 32-bit absolute address can ac
entire address space.

To access the program area, the absolute address of 24 bits (@aa:24) or 32 bits (@aa:32)
For a 24-bit absolute address, the upper eight bits are all assumed to be 0 (H'00).
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A W

Program area 24 bits H'000000 to H'00000000 to H'OOFFFF

(@aa:24) H'FFFFFF
32 bits H'00000000 to  H'000(
(@aa:32) H'00FFFFFF  H'FFF

2.8.7 | mmediate—#xx

The operand value is 8-bit (#xx:8), 16-bit (#xx:16), or 32-bit (#xx:32) data included in t
instruction code. This addressing mode has short formats in which 3- or 4-bit immediate
be used.

When the size of immediate data is less than that of the operand size (byte, word, or lon,
the immediate data is zero-extended.

The ADDS, SUBS, INC, and DEC instructions contain immediate data implicitly. Some
manipulation instructions contain 3-bit immediate data in the instruction code, specifyin
number. The BFLD and BFST instructions contain 8-bit immediate data in its instructio
specifying bit numbers. The TRAPA instruction contains 2-bit immediate data in its ins
code, specifying a vector address.
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289 Program-Counter Relative with Index Register—@(RnL .B, PC), @(Rn.W
@(ERN.L, PC)

This mode is used in the Bcc and BSR instructions. The operand value is a 32-bit branch
which is the sum of the following operation result and the 32-bit address of the PC conter
specified bits of the contents of an address register (RnL, Rn, or ERn) specified by the re;
field in the instruction code is zero-extended to 32-bit data and multiplied by 2.

The PC content to which the displacement is added is the address of the first byte of the r
instruction. In advanced mode, only the lower 24 bits of this branch address are valid; the
eight bits are all assumed to be 0 (H'00).

2810 Memory Indirect—@@aa: 8

This mode is used in the JMP and JSR instructions. The operand value is a branch addres
is the content of a memory location pointed to by an 8-bit absolute address in the instruct

The upper bits of an 8-bit absolute address are all assumed to be 0, so the address range t
branch address is 0 to 255 (H'0000 to H'OOFF in normal mode, H'000000 to H'OO0OFF in
modes). In normal mode, the memory location is pointed to by word-size data and the br:
address is 16 bits long. In other modes, the memory location is pointed to by longword-si
In middle or advanced mode, the first byte of the longword-size data is assumed to be all

Note that the top part of the address range is also used as the exception handling vector a
vector address of an exception handling other than a reset or a CPU address error can be
by VBR.
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(a) Normal Mode (b) Advanced Mode

Figure2.15 Branch Address Specification in Memory Indirect Mode

2811 Extended Memory Indirect—@@vec:7

This mode is used in the JMP and JSR instructions. The operand value is a branch addre
is the contents of a memory location pointed to by the following operation result: the su
data in the instruction code and the value of H'80 is multiplied by 2 or 4.

The address range to store a branch address is H'0100 to H'O1FF in normal mode and H'
H'0003FF in other modes. In assembler notation, an address to store a branch address is

In normal mode, the memory location is pointed to by word-size data and the branch ad
bits long. In other modes, the memory location is pointed to by longword-size data. In n
advanced mode, the first byte of the longword-size data is assumed to be all 0 (H'00).

2.8.12 Effective Address Calculation

Tables 2.14 and 2.15 show how effective addresses are calculated in each addressing mc
lower bits of the effective address are valid and the upper bits are ignored (zero extende
extended) according to the CPU operating mode.

The valid bits in middle mode are as follows:

e The lower 16 bits of the effective address are valid and the upper 16 bits are sign-ex
the transfer and operation instructions.

o The lower 24 bits of the effective address are valid and the upper eight bits are zero-
for the branch instructions.
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) L}

Register indirect with 32-bit displacement 31 0
| General register contents 31
op T .
| d,'igp | | d‘i_sp
5 | Index register indirect with 16-bit displacement 31 — 9
[ Zero extension |
Contents of general register
(RL, R, or ER) 31
31 15 1
Sign extension
Index register indirect with 32-bit displacement 31 _ )
1 Zero extension
Contents of general register 1,2, or
(RL, R, or ER) 31
op T 31 0 —|
| d_i'§P | | d‘igp
6 | Register indirect with post-increment or post-decrement 31 0
| op [ r ] |

Register indirect with pre-increment or pre-decrement

7 | 8-bit absolute address

E
%

16-bit absolute address
31 15 0 31

| §|gn extension | aa -7

|

32-bit absolute address
I op | ] 31 0 31

+
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3 | Program-counter relative with index register

31 0

1 Zero extension |
Contents of general register (RL, R, or ER) _ (%)

31

31 0 Camal
[ PC contents
4 | 24-bit absolute address Zero
3lextension23 0 31
Lo | aa [ | aa —A-
T )
32-bit absolute address
I op 1 31 0 31
| aa [ aa F—T1
[ T
5 | Memory indirect
31 7 ¥ 0

31

Zero extension | aa |
31 0
| Memorz contents "

6 | Extended memory indirect

[—op T ves

31 7 ¥ o
| Zero extension 1] vec
2or
31 0
31 0 31
| Memory contents ]

2.8.13 MOVA Instruction

The MOVA Instruction stores the effective address into the general register.

1. Obtains data in the addressing mode of No.2 in table 2.14.

2. By using this data as the index instead of the general register in row No.5 in table 14
effective address calculation is executed, and the outcome is stored in the general re;

For details, see the H8SX Family Software Manual.
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e e e Y e

The reset state can also be entered by a watchdog timer overflow when available.
e Exception-handling state

The exception-handling state is a transient state that occurs when the CPU alters the r
processing flow due to activation of an exception source, such as, a reset, trace, interr
trap instruction. The CPU fetches a start address (vector) from the exception handling
table and branches to that address. For further details, see section 4, Exception Handl:

e Program execution state
In this state the CPU executes program instructions in sequence.
e Bus-released state
The bus-released state occurs when the bus has been released in response to a bus req
a bus master other than the CPU. While the bus is released, the CPU halts operations.
e Program stop state
This is a power-down state in which the CPU stops operating. The program stop state
when a SLEEP instruction is executed or the CPU enters hardware standby mode. Fos
see section 19, Power-Down Modes.
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Notes: In any state, when the STBY signal goes low, the hardware standby
mode is entered.
*  From any state except hardware standby mode, a transition to the
reset state occurs whenever the RES signal goes low. A transition
can also be made to the reset state when the watchdog timer overflows.

Figure2.16 State Transitions
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vperating vperating  Address on-cenip

Mode MD2 MD1 MDO Mode Space Description ROM Defa

4 1 0 0 Advanced 16 Mbytes On-chip ROM Disabled 16 bi

5 1 0 1 disabled extended pycapieq g bits
mode

In this LSI, advanced mode for the CPU operating mode, 16 Mbytes for the address spa
eight or 16 bits for the default external bus width are available.

In modes 4 and 5, which are external extended modes, it is possible to access the extern:
and devices. In external extended mode, the external address space can be designated as
16-bit address space for each area by the bus controller after starting program execution
address space is designated for any one area, the bus mode switches to 16 bits. If 8-bit a
space is designated for all areas, the bus mode switches to 8 bits.
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When MCDR is read, the input levels in pins MD2 to MD 0 are latched. These latches ar

by areset.

Bit 15 14 13 12 11 10 9

Bit Name — — — — — MDS2 MDS1

Initial Value 0 1 0 1 0 Undefined* Undefined* U
R/W R R R R R R R

Bit 7 6 5 4 3 2 1

Bit Name — — — — — — —

Initial Value 0 1 0 1 0 Undefined* Undefined* U
R/W R R R R R R R

Note: * Determined by pins MD2 to MDO.

Bit Bit Name Initial Value R/W  Descriptions

15 — 0 R Reserved

14 — 1 R These are read-only bits and cannot be modifi
13 — 0 R

12 — 1 R

11 — 0 R

10 MDS2 Undefined* R Mode Select 210 0

9 MDSH1 Undefined* R These bits indicate the operating mode selecte
8 MDSO Undefined* R mode pins (MD2 to MDO) (see table 3.2).

When MDCR is read, the signal levels input or
MD2 to MDO are latched into these bits. These
are released by a reset.
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Table3.2  Settingsof BitsMSD2 to MSDO

MCU Operating MDCR

Mode MD2 MD1 MDO MDS2 MDS1 M
4 1 0 0 0 1 0
5 1 0 1 0 0 1
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Bit Name
Initial Value

R/W

— — — DTCMD

0 0
R/W R/W

0
R/W

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

Note: * The initial value depends on the startup mode.

Bit

Initial
Bit Name Value

R/W

Descriptions

15, 14

— All1

R/W

Reserved

These bits are always read as 1. The write value
always be 1.

13

MACS 0

R/W

MAC Saturation Operation Control

Selects either saturation operation or non-sature
operation for the MAC instruction.

0: MAC instruction is non-saturation operation
1: MAC instruction is saturation operation

12

R/W

Reserved

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

11

FETCHMD 0

R/W

Instruction Fetch Mode Select

The H8SX CPU has two modes for instruction fe
bit and 32-bit modes. It is recommended that the
should be set according to the bus width of the r
which the program is stored*'.

0: 32-bit width

1: 16-bit width
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external bus cycle should not be executed.

The external bus cycle may be carried out in |
with the internal bus cycle depending on the ¢
the write data buffer function.

0: External bus disabled
1: External bus enabled

8 RAME 1 R/W RAM Enable
Enables or disables the on-chip RAM. This bi
initialized when the reset state is released. D«
0 during access to the on-chip RAM.
0: On-chip RAM disabled
1: On-chip RAM enabled
7t02 — All O R/W Reserved
These bits are always read as 0. The write ve
always be 0.
1 DTCMD 1 R/W DTC Mode Select
Selects DTC operation mode.
0: DTC is in full-address mode
1: DTC is in short address mode
0 — 1 R/W Reserved

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

Notes: 1. For details, see section 2.3, Instruction Fetch.
2. The initial value depends on the startup mode.
In operating modes 4 and 5, which are external extended modes, EXPE = 1.
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3.3.2 Mode5

The CPU operating mode is advanced mode in which the address space is 16 Mbytes, anc
chip ROM is disabled.

The initial bus mode immediately after a reset is 8 bits, with 8-bit access to all areas. Port
and F function as an address bus, port H functions as a data bus, and parts of ports A and
function as bus control signals. However, if all areas are designated as a 16-bit access spz
bus controller, the bus mode switches to 16 bits, and ports H and I function as a data bus.
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roo w1 LI A &) LI A &)
PBO P/C* P/C*
Port D A A
Port E A A
Port F PF7 to PF5 P/A P/A
PF4 to PFO A A
Port H D D
Port | P/D* P*/D
[Legend]
P: I/0O port
A: Address bus output
D: Data bus input/output
C: Control signals, clock input/output
e

Immediately after a reset

RENESAS
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External address
space

))
[((
))
((

H'FD9000
(Access prohibited space)
H'FDCO000
External address space
H'FF0000 —
(Access prohibited space)
H'FF2000
On-chip RAM/
external address space*
H'FFC000
External address space
H'FFEA00
On-chip I/O registers
H'FFFFO0 External address space
H'FFFF20

H'FFFFFF On-chip I/O registers

Note: * This area is specified as the external address space by clearing the RAME bit in SYSCR to 0.

Figure3.1 AddressMap (Advanced Mode)
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Table4.1

Exception Typesand Priority

Priority Exception Type Exception Handling Start Timing
High Reset Exception handling starts at the timing of level ch:
A low to high on the RES pin, or when the watchdo
overflows. The CPU enters the reset state when t
pin is low.
lllegal instruction Exception handling starts when an undefined cod
executed.
Trace*' Exception handling starts after execution of the cL
instruction or exception handling, if the trace (T) b
is setto 1.
Address error After an address error has occurred, exception he
starts on completion of instruction execution.
Interrupt Exception handling starts after execution of the ct
instruction or exception handling, if an interrupt re
occurred.*’
Trap instruction*° Exception handling starts by execution of a trap ir
Low (TRAPA).
Notes: 1. Traces are enabled only in interrupt control mode 2. Trace exception handlin
executed after execution of an RTE instruction.
2. Interrupt detection is not performed on completion of ANDC, ORC, XORC, or
instruction execution, or on completion of reset exception handling.
3. Trap instruction exception handling requests are accepted at all times in prog

execution state.
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section 3, MCU Operating Modes.

Table4.2

Exception Handling Vector Table

Vector Table Address Offse

Advanced, |

Exception Source Vector Number Normal Mode** Maximum*?

Reset 0 H'0000 to H'0001 H'0000 to H'

Reserved for system use 1 H'0002 to H'0003 H'0004 to H

2 H'0004 to H'0005 H'0008 to H'

3 H'0006 to H'0007 H'000C to H'

lllegal instruction 4 H'0008 to H'0009 H'0010 to H

Trace 5 H'000A to H'000B H'0014 to H'

Reserved for system use 6 H'000C to H'000D H'0018 to H

Interrupt (NMI) 7 H'000E to H'000F H'001C to H'

Trap instruction (#0) 8 H'0010 to H'0011 H'0020 to H"

(#1) 9 H'0012 to H'0013 H'0024 to H'

(#2) 10 H'0014 to H'0015 H'0028 to H

(#3) 11 H'0016 to H'0017 H'002C to H'

CPU address error 12 H'0018 to H'0019 H'0030 to H

DMA address error+® 13 H'001A to H'001B H'0034 to H'

Reserved for system use 1‘4 H'001C to H'001D H'0038 to H'

17 H'0022 to H'0023 H'0044 to H

Sleep interrupt 18 H'0024 to H'0025 H'0048 to H'
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IRQ2 66 H'0084 to H'0085 H'0108 to K

IRQ3 67 H'0086 to H'0087 H'010C to F

IRQ4 68 H'0088 to H'0089 H'0110 to K

IRQ5 69 H'008A to H'008B H'0114 to K

IRQ6 70 H'008C to H'008D H'0118 to -

IRQ7 71 H'008E to H'008F H'011C to |

IRQ8 72 H'0090 to H'0091 H'0120 to K

IRQ9 73 H'0092 to H'0093 H'0124 to 1

IRQ10 74 H'0094 to H'0095 H'0128 to -

IRQ11 75 H'0096 to H'0097 H'012C to }

Reserved for system use 7‘6 H'0098 to| H'0099 H'0130 to‘ H
79 H'009E to H'009F H'013C to }

Internal interrupt** 80 H'00AO to H'00A1 H'0140 to K
2|55 H'01FE tl) H'01FF H'O3FC to t

Notes: 1. Lower 16 bits of the address.
2. Not available in this LSI.

3. A DMA address error is generated by the DTC and DMAC.

4. For details of internal interrupt vectors, see section 5.5, Interrupt Exception H
Vector Table.
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A reset has priority over any other exception. When the RES pin goes low, all processing
this LSI enters the reset state. To ensure that this LSI is reset, hold the RES pin low for a
ms with the STBY pin driven high when the power is turned on. When operation is in prc
hold the RES pin low for at least 20 cycles.

The chip can also be reset by overflow of the watchdog timer. For details, see section 13,
Watchdog Timer (WDT).

A reset initializes the internal state of the CPU and the registers of the on-chip peripheral
The interrupt control mode is 0 immediately after a reset.

431 Reset Exception Handling

When the RES pin goes high after being held low for the necessary time, this LSI starts r
exception handling as follows:

1. The internal state of the CPU and the registers of the on-chip peripheral modules are
initialized, VBR is cleared to H'00000000, the T bit is cleared to 0 in EXR, and the I |
set to 1 in EXR and CCR.

2. The reset exception handling vector address is read and transferred to the PC, and pro
execution starts from the address indicated by the PC.

Figures 4.1 and 4.2 show examples of the reset sequence.
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L£A1LCL LI 1TOHC0L JSLAdLC 15 1T10AadCU, 1VID 1 NCUCRNA dllU VIO 1D CRND alC 1iiutailZcu U 11 vr'r'l all
respectively, and all modules except the DTC and DMAC enter module stop mode.

Consequently, on-chip peripheral module registers cannot be read or written to. Registe:
and writing is enabled when module stop mode is canceled.

First
Vector Internal  instruction
fetch operation  prefetch

' ' '
>,

o L L L L
w

Internal x )

address bus

Internal read
signal

Internal write
signal

Internal data
bus

4)

(1): Reset exception handling vector address (when reset, (1) = H'000000)
(2): Start address (contents of reset exception handling vector address)
(3) Start address ((3) = (2))

(4) First instruction in the exception handling routine

Figure4.1 Reset Sequence (On-chip ROM Enabled Advanced M ode)
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7o ] [ 1 i
AWR, TWR 5 E High P 5
: @, (4) . : (6) .
(3) Reset exception handling vector address (when reset, (1) = H'000000, (3) = H'000002)
(

tart address ((5) = (2)(4))

3)
4) Start address (contents of reset exception handling vector address)
S
First instruction in the exception handling routine

Note: * Seven program wait cycles are inserted.

Figure4.2 Reset Sequence
(16-Bit External Accessin On-chip ROM Disabled Advanced Mode)
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handling routine by the RTE instruction, trace mode resumes. Trace exception handling

carried out after execution of the RTE instruction.
Interrupts are accepted even within the trace exception handling routine.

Table4.4 Statusof CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode I ul 12to 10 T
0 Trace exception handling cannot be used.
2 1 — — 0
[Legend]
1: Setto 1
0: Cleared to 0
— Retains the previous value.
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B A

Instruction  CPU Fetches instructions from even addresses No
fetch Fetches instructions from odd addresses Occ

Fetches instructions from areas other than on-chip No

peripheral module space*'

Fetches instructions from on-chip peripheral module Occ

space*'

Fetches instructions from external memory space in Occ

single-chip mode

Fetches instructions from access prohibited area.*” Occ
Stack CPU Accesses stack when the stack pointer value is even No
operation address

Accesses stack when the stack pointer value is odd Occ
Data CPU Accesses word data from even addresses No
read/write Accesses word data from odd addresses No

Accesses external memory space in single-chip mode  Occ

Accesses to access prohibited area*’ Occ
Data DTC or Accesses word data from even addresses No
read/write DMAC Accesses word data from odd addresses No

Accesses external memory space in single-chip mode  Occ

Accesses to access prohibited area*” Occ
Single DMAC Address access space is the external memory space for No
address single address transfer
transfer

Address access space is not the external memory space Occ

for single address transfer

Notes: 1. For on-chip peripheral module space, see section 6, Bus Controller (BSC).

2. For the access-prohibited area, see figure 3.1, Address Map (Advanced Mode

section 3.4, Address Map.
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Even though an address error occurs during a transition to an address error exception ha
address error is not accepted. This prevents an address error from occurring due to stack
exception handling, thereby preventing infinitive stacking.

If the SP contents are not a multiple of 2 when an address error exception handling occu
stacked values (PC, CCR, and EXR) are undefined.

When an address error occurs, the following is performed to halt the DTC and DMAC.

e The ERR bit of DTCCR in the DTC is set to 1.
e The ERRF bit of DMDR_0 in the DMAC is set to 1.

e The DTE bits of DMDRs for all channels in the DMAC are cleared to 0 to forcibly t
transfer.

Table 4.6 shows the state of CCR and EXR after execution of the address error exceptio
handling.

Table4.6 Statusof CCR and EXR after Address Error Exception Handling

CCR EXR
Interrupt Control Mode | ul T 12 to
0 1 — — —
2 1 — 0 7
[Legend]
1: Setto 1

0: Clearedto 0
— Retains the previous value.
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NMI NMI pin (external input) 1

Sleep interrupt  SLEEP instruction 1
IRQO to IRQ11  Pins IRQO to IRQ1T (external input) 12
On-chip DMA controller (DMAC) 8
?ne(::jpuw:ral Watchdog timer (WDT)
A/D converter 1
16-bit timer pulse unit (TPU) 26
8-bit timer (TMR) 12
Serial communications interface (SCI) 20

Different vector numbers and vector table offsets are assigned to different interrupt sourc
vector number and vector table offset, see table 5.2, Interrupt Sources, Vector Address O
and Interrupt Priority in section 5, Interrupt Controller.

4.6.2 Interrupt Exception Handling

Interrupts are controlled by the interrupt controller. The interrupt controller has two inter:
control modes and can assign interrupts other than NMI or sleep interrupt to eight priorit}
levels to enable multiple-interrupt control. The source to start interrupt exception handlin
vector address differ depending on the product. For details, see section 5, Interrupt Contr:
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47.1 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap
exception handling can be executed at all times in the program execution state. The trap
instruction exception handling is as follows:

1. The contents of PC, CCR, and EXR are saved in the stack.
2. The interrupt mask bit is updated and the T bit is cleared to O.

3. An exception handling vector table address corresponding to the vector number spec
the TRAPA instruction is generated, the start address of the exception service routin
from the vector table to PC, and program execution starts from that address.

A start address is read from the vector table corresponding to a vector number from 0 to
specified in the instruction code.

Table 4.8 shows the state of CCR and EXR after execution of trap instruction exception

Table4.8 Statusof CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode I ul 12to 10 T
0 1 — — —
2 1 — — 0
[Legend]
1: Setto 1
0: Cleared to 0

— Retains the previous value.
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1. The contents of PC, CCR, and EXR are saved in the stack.
2. The interrupt mask bit is updated and the T bit is cleared to O.

3. An exception handling vector table address corresponding to the occurred exception i
generated, the start address of the exception service routine is loaded from the vector
PC, and program execution starts from that address.

Table 4.9 shows the state of CCR and EXR after execution of illegal instruction exceptio
handling.

Table4.9 Statusof CCR and EXR after Illegal Instruction Exception Handling

CCR EXR
Interrupt Control Mode | ul T 12to |
0 1 — — —
2 1 — 0 —
[Legend]
1: Setto 1

0: Cleared to 0
— Retains the previous value.
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Interrupt control mode 0 Interrupt control mode 2

Note: * Ignored on return.

Figure4.3 Stack Statusafter Exception Handling
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e POPW Rn (or MOV.W @SP+, Rn)
e POPL ERn (or MOV.L @SP+, ERn)

Performing stack manipulation while SP is set to an odd value leads to an address error.

shows an example of operation when the SP value is odd.

SP—»

TRAPA instruction executed
—_—

SP set to HFFFEFF

SP—>

T

Data saved above SP

(Address error occurred)

[Legend]

CCR:
PC:
R1L:
SP:

Note:

Program counter

Stack pointer

Condition code register

General register R1L

MOV.B R1L, @-ER7 executed
—_—

Contents of CCR lost

Addre

H'FFFE
H'FFFE
H'FFFE
H'FFFE
H'FFFE
H'FFFE

This diagram illustrates an example in which the interrupt control mode is 0, in advanced mode.

Figure4.4 Operation when SP Valueis Odd
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are given priority of 8, therefore they are accepted at all times.
— NMI

— Illegal instructions

— Trace

— Trap instructions

— CPU address error

— DMA address error (occurred in the DTC and DMAC)

— Sleep interrupt

Independent vector addresses

All interrupt sources are assigned independent vector addresses, making it unnecess:
source to be identified in the interrupt handling routine.

Thirteen external interrupts

NMI is the highest-priority interrupt, and is accepted at all times. Rising edge or fall
detection can be selected for NMI. Falling edge, rising edge, or both edge detection,
sensing, can be selected for IRQ11 to IRQO.

DTC and DMAC control
DTC and DMAC can be activated by means of interrupts.
CPU priority control function

The priority levels can be assigned to the CPU, DTC, and DMAC. The priority level
CPU can be automatically assigned on an exception generation. Priority can be give:
CPU interrupt exception handling over that of the DTC and DMAC transfer.
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Priority DMAC
I ISCR I I IER ”SSlERI determination e
DMAC DMAC prior
activation control
~ permission DN
Internal interrupt
sources Sour lector
WOVI to TEI4 ource selecto
CPU priority
A A DTC activation
request pTC
[orcer][oTccR]  [cpupcr] |PTC priority
I control DTC vector
A
jori ctivation
DTC priority request
__ clear signal
Interrupt controller -
[Legend]
INTCR: Interrupt control register SSIER:  Software standby release IRQ enable
CPUPCR: CPU priority control register IPR: Interrupt priority register
ISCR: IRQ sense control register DTCER: DTC enable register
IER: IRQ enable register DTCCR: DTC control register
ISR: IRQ status register DMDR: DMA mode control register

Figure5.1 Block Diagram of Interrupt Controller
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5.3 Register Descriptions

The interrupt controller has the following registers.

Interrupt control register (INTCR)
CPU priority control register (CPUPCR)

Interrupt priority registers A to C, E to I, K, and L (IPRA to IPRC, IPRE to IPRI, IP
IPRL)

IRQ enable register (IER)

IRQ sense control registers H and L (ISCRH, ISCRL)
IRQ status register (ISR)

Software standby release IRQ enable register (SSIER)
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DIt BiIt Nalmne  value

~R/VV

pesceripuon

7,6 — AllO

Reserved
These are read-only bits and cannot be modifiec

5 INTMA1
INTMO

R/W
R/W

Interrupt Control Select Mode 1 and 0

These bits select either of two interrupt control n
the interrupt controller.

00: Interrupt control mode 0

Interrupts are controlled by | bit in CCR.
01: Setting prohibited.
10: Interrupt control mode 2

Interrupts are controlled by bits 12 to 10 in EX
IPR.

11: Setting prohibited.

3 NMIEG 0

R/W

NMI Edge Select

Selects the input edge for the NMI pin.

0: Interrupt request generated at falling edge of |
1: Interrupt request generated at rising edge of I

2to0 — AllO

R

Reserved
These are read-only bits and cannot be modifiec
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Note: * When the IPSETE bit is set to 1, the CPU priority is automatically updated, so these bits cannot be modi

Bit

Initial
Bit Name Value

R/W

Description

CPUPCE 0

R/W

CPU Priority Control Enable

Controls the CPU priority control function. Se
bit to 1 enables the CPU priority control over
DMAC.

0: CPU always has the lowest priority

1: CPU priority control enabled

DTCP2 0
DTCP1 0
DTCPO 0

R/W
R/W
R/W

DTC Priority Level 2 to 0
These bits set the DTC priority level.

000:
001:
010:
011
100:
101:
110:
111:

Priority level O (lowest)
Priority level 1
Priority level 2

: Priority level 3

Priority level 4
Priority level 5
Priority level 6
Priority level 7 (highest)

Rev.2.00 Jun. 28, 2007 Pa

RENESAS REJC



-

1 CPUP1 0 R/(W)*  These bits set the CPU priority level. When the

0 CPUPO 0 R/(W)* CPUPCE is set to 1, the CPU priority control ft
over the DTC and DMAC becomes valid and tt
of CPU processing is assigned in accordance
settings of bits CPUP2 to CPUPO.

000: Priority level 0 (lowest)
001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (highest)

Note: * When the IPSETE bit is set to 1, the CPU priority is automatically updated, so
cannot be modified.
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Initial Value

o
-
-
-
o
-
-

R/W R R/W RW R/W R RW R/W
Bit 7 6 5 4 3 2 1
Bit Name — IPR6 IPR5 IPR4 — IPR2 IPR1
Initial Value 0 1 1 1 0 1 1
R/W R R/W R/IW R/W R RIW R/W
Initial
Bit Bit Name Value R/W Description
15 — 0 R Reserved
This is a read-only bit and cannot be modified.
14 IPR14 1 R/W Sets the priority level of the corresponding inter
13 IPR13 1 Rw  Source.
12 IPR12 1 R/W 000: Priority level 0 (lowest)

001: Priority level 1

010: Priority level 2

011: Priority level 3

100: Priority level 4

101: Priority level 5

110: Priority level 6

111: Priority level 7 (highest)

11 — 0 R Reserved
This is a read-only bit and cannot be modified.
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110:
111:

Priority level 6
Priority level 7 (highest)

Reserved

This is a read-only bit and cannot be modified.

IPR6
IPR5
IPR4

R/W
R/W
R/W

Sets the priority level of the corresponding interr
source.

000:
001:
010:
011:
100:
101:
110:
111:

Priority level O (lowest)
Priority level 1
Priority level 2
Priority level 3
Priority level 4
Priority level 5
Priority level 6
Priority level 7 (highest)

Reserved

This is a read-only bit and cannot be modified.
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110: Priority level 6
111: Priority level 7 (highest)

534 IRQ Enable Register (IER)

IER enables or disables interrupt requests IRQ11 to IRQO.

Bit 15 14 13 12 11 10 9
Bit Name — — — | — | matE | iratoE IRQ9E
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W RIW R/W R/W RW R/W
Bit 7 6 5 4 3 2 1
Bit Name IRQ7E IRQ6E IRQ5E IRQ4E IRQ3E IRQ2E IRQ1E
Initial Value 0 0 0 0 0 0 0
RW RW RIW RW RW RIW RW RW
Initial
Bit Bit Name Value R/W  Description
15t012 — AllO R/W  Reserved
These bits are always read as 0. The write valt
always be 0.
11 IRQ11E 0 R/W IRQ11 Enable

The IRQ11 interrupt request is enabled when t
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6 IRQ6E R/W  IRQ6 Enable

The IRQS6 interrupt request is enabled when this
5 IRQ5E R/W  IRQ5 Enable

The IRQ5 interrupt request is enabled when this
4 IRQ4E R/W  IRQ4 Enable

The IRQ4 interrupt request is enabled when this
3 IRQ3E R/W  IRQ3 Enable

The IRQ3 interrupt request is enabled when this
2 IRQ2E R/W  IRQ2 Enable

The IRQ2 interrupt request is enabled when this
1 IRQ1E R/W IRQ1 Enable

The IRQ1 interrupt request is enabled when this
0 IRQOE R/W  IRQO Enable

The IRQO interrupt request is enabled when this
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Bit 15 14 13 12 11 10 9

Bit Name — — — — — — —
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1

Bit Name IRQ11SR IRQ11SF IRQ10SR IRQ10SF IRQ9SR IRQ9SF IRQ8SR

Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
e ISCRL

Bit 15 14 13 12 11 10 9

Bit Name IRQ7SR IRQ7SF IRQ6SR IRQ6SF IRQ5SR IRQ5SF IRQ4SR
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1

Bit Name IRQ3SR IRQ3SF IRQ2SR IRQ2SF IRQ1SR IRQ1SF IRQOSR
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
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10: Interrupt request generated at rising edge ¢

11: Interrupt request generated at both falling
edges of IRQ11

5 IRQ10SR R/W IRQ10 Sense Control Rise
IRQ10SF R/W IRQ10 Sense Control Fall
00: Interrupt request generated by low level of
01: Interrupt request generated at falling edge
10: Interrupt request generated at rising edge
11: Interrupt request generated at both falling
edges of IRQ10
IRQ9SR R/W IRQ9 Sense Control Rise
2 IRQ9SF R/W IRQ9 Sense Control Fall
00: Interrupt request generated by low level of
01: Interrupt request generated at falling edge
10: Interrupt request generated at rising edge «
11: Interrupt request generated at both falling «
edges of IRQ9
IRQ8SR R/W IRQ8 Sense Control Rise
0 IRQ8SF R/W IRQ8 Sense Control Fall

00: Interrupt request generated by low level of
01: Interrupt request generated at falling edge
10: Interrupt request generated at rising edge «

11: Interrupt request generated at both falling :
edges of IRQ8
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edges o1 in/

13 IRQ6SR R/W IRQ6 Sense Control Rise
12 IRQ6SF R/W IRQ6 Sense Control Fall
00: Interrupt request generated by low level of |
01: Interrupt request generated at falling edge ¢
10: Interrupt request generated at rising edge ¢
11: Interrupt request generated at both falling a
edges of IRQ6
11 IRQ5SR R/W IRQ5 Sense Control Rise
10 IRQ5SF R/W IRQ5 Sense Control Fall
00: Interrupt request generated by low level of |
01: Interrupt request generated at falling edge ¢
10: Interrupt request generated at rising edge c
11: Interrupt request generated at both falling a
edges of IRQ5
IRQ4SR R/W IRQ4 Sense Control Rise
8 IRQ4SF R/W IRQ4 Sense Control Fall

00: Interrupt request generated by low level of |
01: Interrupt request generated at falling edge ¢
10: Interrupt request generated at rising edge ¢

11: Interrupt request generated at both falling a
edges of IRQ4
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4 IRQ2SF R/W IRQ2 Sense Control Fall
00: Interrupt request generated by low level of IF
01: Interrupt request generated at falling edge of
10: Interrupt request generated at rising edge of
11: Interrupt request generated at both falling an
edges of IRQ2
IRQ1SR R/W IRQ1 Sense Control Rise
2 IRQ1SF R/W IRQ1 Sense Control Fall
00: Interrupt request generated by low level of IF
01: Interrupt request generated at falling edge of
10: Interrupt request generated at rising edge of
11: Interrupt request generated at both falling an
edges of IRQ1
IRQOSR R/W IRQO Sense Control Rise
0 IRQOSF R/W IRQO Sense Control Fall

00: Interrupt request generated by low level of IF
01: Interrupt request generated at falling edge of
10: Interrupt request generated at rising edge of

11: Interrupt request generated at both falling an
edges of IRQO
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Initial Value 0 0 0 0 0 0 0

RW R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* RI(W)* R/(W)*

Note: * Only O can be written, to clear the flag. The bit manipulation instructions or memory operation instructi
be used to clear the flag.

Initial

Bit Bit Name Value R/W Description
15012 — All O R/W Reserved

These bits are always read as 0. The write ve

always be 0.
11 IRQ11F 0 R/(W)* [Setting condition]
10 IRQ10F 0 R/(W)* e When the interrupt selected by ISCR occt
9 IRQ9F 0 R/(W)* [Clearing conditions]
8 IRQ8F 0 R/(W)* e Writing O after reading IRQNnF = 1
7 IRQ7F 0 R/(W)* e When interrupt exception handling is exec
6 IRQ6F 0 R/(W)* low-level sensing is selected and IRQn in
5 IRQ5F 0 R/(W)* e When IRQnN interrupt exception handling i
4 IRQ4F 0 R/(W)* when falling-, rising-, or both-edge sensin
3 IRQ3F 0 Riw):  Selected
> IRQ2F 0 R/(W)* e When the DTC i§ allctivated by an |RQI.’I in

and the DISEL bit in MRB of the DTC is ¢l

1 IRQ1F 0 R/(W)*
0 IRQOF 0 R/(W)*

Note: * Only 0 can be written, to clear the flag.
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Bit 7 6 5 4 3 2 1
Bit Name SsI7 Ssle Ssi5 Ssl4 SsI3 Ssl2 Ssi
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W RIW R/W R/W R/W R/W
Initial

Bit Bit Name Value R/W Description
15t012 — All O R/W Reserved

These bits are always read as 0. The write val

always be 0.
11 SSI11 0 R/W Software Standby Release IRQ Setting
10 SSIH0 0 R/W These bits select the IRQnN pins used to leave
9 ssl9 0 R/W standby mode (n =11 to 0).
8 ssis 0 R/W 0: IRQn requests are not sampled in software -
7 SsI7 0 R/W mode .
6 ssi6 0 RW 1: When an. IRQn request occurs in software s

mode, this LSI leaves software standby moc
5 SSI5 0 R/W - L
the oscillation settling time has elapsed

4 SSl4 0 R/W
3 SSI3 0 R/W
2 SSI2 0 R/W
1 SSH 0 R/W
0 SSio 0 R/W
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The NMIEG bit in INTCR selects whether an interrupt is requested at the rising or fallir
the NMI pin.

When an NMI interrupt is generated, the interrupt controller determines that an error ha:
and performs the following procedure.

e Sets the ERR bit in DTCCR to 1.
e Sets the ERRF bit of DMDR_0 in DMAC to 1.
e The DTE bits of all channels in DMAC are cleared to 0, and transfer is terminated.

(2) IRQn Interrupts

An IRQn interrupt is requested by a signal input on pins IRQn (n = 11 to 0). IRQn inter
the following features:

e Using ISCR, it is possible to select whether an interrupt is generated by a low level,
edge, rising edge, or both edges, on pins IRQn.

e Enabling or disabling of interrupt requests IRQn can be selected by IER.

e The interrupt priority can be set by IPR.

e The status of interrupt requests IRQn is indicated in ISR. ISR flags can be cleared to
software. The bit manipulation instructions and memory operation instructions shou!
to clear the flag.

Detection of IRQn interrupts is enabled through the P1ICR, P2ICR, and P5ICR register
and does not change regardless of the output setting. However, when a pin is used as an
interrupt input pin, the pin must not be used as an I/O pin for another function by clearir
corresponding DDR bit to 0.
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Figure5.2 Block Diagram of InterruptsIRQn

When the IRQ sensing control in ISCR is set to a low level of signal IRQn, the level of II
should be held low until an interrupt handling starts. Then set the corresponding input sig
to high in the interrupt handling routine and clear the IRQnF to 0. Interrupts may not be ¢
when the corresponding input signal IRQn is set to high before the interrupt handling beg

54.2 Internal Interrupts
The sources for internal interrupts from on-chip peripheral modules have the following fe

e For each on-chip peripheral module there are flags that indicate the interrupt request ¢
and enable bits that enable or disable these interrupts. They can be controlled indepen
When the enable bit is set to 1, an interrupt request is issued to the interrupt controlle:

e The interrupt priority can be set by means of IPR.

e The DTC and DMAC can be activated by a TPU, SCI, or other interrupt request.

e DTC and DMAC activation can be controlled by the CPU priority control function ov
and DMAC.

54.3 Sleep Interrupt

A sleep interrupt is generated by executing a SLEEP instruction. The sleep interrupt is nc
maskable, and is always accepted regardless of the interrupt control mode or the settings
CPU interrupt mask bits. The SLPIE bit in SBYCR selects whether the sleep interrupt fus
enabled or not.
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Address

Offset*
—_— DTC
Classifi- Vector Advanced Acti
cation Interrupt Source Number Mode IPR Priority vati
External NMI 7 H'001C — High —
pin A —_—
SLEEP  Sleep interrupt 18 H'0048 — —
instruc-
tion
External IRQO 64 H'0100 IPRA14 to IPRA12 Enat
pin IRQ1 65 H0104  IPRA10 to IPRAS Enat
IRQ2 66 H'0108 IPRAG6 to IPRA4 Enat
IRQ3 67 H'010C IPRA2 to IPRAO Enat
IRQ4 68 H'0110 IPRB14 to IPRB12 Enat
IRQ5 69 H'0114 IPRB10 to IPRB8 Enat
IRQ6 70 H'0118 IPRB6 to IPRB4 Enat
IRQ7 71 H'011C IPRB2 to IPRBO Enat
IRQ8 72 H'0120 IPRC14 to IPRC12 Enat
IRQ9 73 H'0124 IPRC10 to IPRC8 Enat
IRQ10 74 H'0128 IPRCS6 to IPRC4 Enat
IRQ11 75 H'012C IPRC2 to IPRCO Low Enat
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WDT WOVI 81 H'0144 IPRE10 to IPRES8 —
— Reserved for system use 82 H'0148 — —
83 HO014C -
84 H015C -
85 HO0154 —
A/D ADI 86 H'0158 IPRF10 to IPRF8 Enable
— Reserved for system use 87 H'015C — —
TPU_O TGIOA 88 H'0160 IPRF6 to IPRF4 Enable
TGIOB 89 H'0164 Enable
TGIOC 90 H'0168 Enable
TGIOD 91 H'016C Enable
TCIloV 92 H'0170 —
TPU_1 TGHA 93 H'0174 IPRF2 to IPRFO Enable
TGIB 94 H'0178 Enable
TCHHV 95 H'017C —
TCHU 9% H'0180 -
TPU_2 TGI2A 97 H'0184 IPRG14 to IPRG12 Enable
TGI2B 98 H'0188 Enable
TCl2V 99 H'018C —
TCl2U 100 H'0190 Low —
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TPU_4 TGI4A 106 H'01A8 IPRG6 to IPRG4 Enat
TGl4B 107 H'01AC Enat

TCl4Vv 108 H'01B0 —
TCl4U 109 H'01B4 —
TPU_5 TGI5A 110 H'01B8 IPRG2 to IPRGO Enat
TGI5B 111 H'01BC Enat

TCI5V 112 H'01CO —
TCI5U 113 H'01C4 —
— Reserved for system use 114 H'01C8 — —
115 H01CC —
TMR_O0 CMIOA 116 H'01D0 IPRH14 to IPRH12 Enat
CMIoB 117 H'01D4 Enat

ovol 118 H'01D8 —
TMR_1 CMIHA 119 H'01DC IPRH10 to IPRH8 Enat
CMI1B 120 H'01EO0 Enat

(o)Al 121 H'01E4 —
TMR_2 CMI2A 122 H'01E8 IPRH6 to IPRH4 Enat
CMI2B 123 H'01EC Enat

oval 124 H'01F0 —
TMR_3 CMI3A 125 H'01F4 IPRH2 to IPRHO Enat
CMI3B 126 H'01F8 Enat

Ooval 127 H'01FC Low —
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133 H'0214 —
134 H'0218 —
135 H021C —
DMAC DMEENDO 136 H'0220 IPRK14 to IPRK12 Enable
DMEEND1 137 H'0224 Enable
DMEEND2 138 H'0228 Enable
DMEEND3 139 H'022C Enable
— Reserved for system use 140 H'0230 — —
141 H'0234 —
142 H'0238 —
143 H'023C -
SCI_0 ERIO 144 H'0240 IPRK®6 to IPRK4 —
RXI0 145 H'0244 Enable
TXIO 146 H'0248 Enable
TEIO 147 H'024C —
SCI_1 ERI1 148 H'0250 IPRK2 to IPRKO —
RXI1 149 H'0254 Enable
TXI 150 H'0258 Enable
TEN 151 H'025C Low —
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RXI3 157 H'0274 Enat
TXI3 158 H'0278 Enat

TEI3 159 H'027C —
SCI_4 ERI4 160 H'0280 IPRLS6 to IPRL4 —
RXI14 161 H'0284 Enat
TXI4 162 H'0288 Enat

TEI4 163 H'028C —
— Reserved for system use 164 H'0290 — —

I |
255 H'03FC Low —
Note: * Lower 16 bits of the start address.
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0 Default | The priority levels of the interrupt sour
fixed default settings.
The interrupts except for NMI and slee
interrupt is masked by the | bit.

2 IPR 12to 10 Eight priority levels can be set for inter
sources except for NMI and sleep inte
IPR.
8-level interrupt mask control is perfor
bits 12 to 10.

5.6.1 Interrupt Control Mode O

In interrupt control mode 0, interrupt requests except for NMI and sleep interrupt are mas
the I bit in CCR of the CPU. Figure 5.3 shows a flowchart of the interrupt acceptance ope
this case.

1. If an interrupt request occurs when the corresponding interrupt enable bit is set to 1, t
interrupt request is sent to the interrupt controller.

2. If the I bitin CCR is set to 1, NMI and sleep interrupt is accepted, and other interrupt
are held pending. If the I bit is cleared to 0, an interrupt request is accepted.

3. For multiple interrupt requests, the interrupt controller selects the interrupt request wi
highest priority, sends the request to the CPU, and holds other interrupt requests pend

4. When the CPU accepts the interrupt request, it starts interrupt exception handling afte
execution of the current instruction has been completed.

5. The PC and CCR contents are saved to the stack area during the interrupt exception h
The PC contents saved on the stack are the address of the first instruction to be execu
returning from the interrupt handling routine.

6. Next, the I bit in CCR is set to 1. This masks all interrupts except NMI and sleep inte:
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Yes

NMI or sleep interrupt

\/

Pending

y
| Save PC and CCR |

1

| 1 |

1

| Read vector address |

v

|Branch to interrupt handling routinel

Figure5.3 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode O
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multiple interrupt requests have the same priority, an interrupt request is selected acc
the default setting shown in table 5.2.

3. Next, the priority of the selected interrupt request is compared with the interrupt masl
in EXR. When the interrupt request does not have priority over the mask level set, it i
pending, and only an interrupt request with a priority over the interrupt mask level is :

4. When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been completed.

5. The PC, CCR, and EXR contents are saved to the stack area during interrupt exceptio
handling. The PC saved on the stack is the address of the first instruction to be execut
returning from the interrupt handling routine.

6. The T bit in EXR is cleared to 0. The interrupt mask level is rewritten with the priorit
accepted interrupt. If the accepted interrupt is NMI or sleep interrupt, the interrupt mz:
is set to H'7.

7. The CPU generates a vector address for the accepted interrupt and starts execution of
interrupt handling routine at the address indicated by the contents of the vector addres
vector table.
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Mask level 0?7

Yes

Y \
| Save PC, CCR, and EXR | Pending

| +—

Clear T bitto 0

!

| Update mask level |

1

| Read vector address |

'

|Branch to interrupt handling routinel

A

Figure5.4 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode 2
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Figure5.5 Interrupt Exception Handling
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Interrupt Interrupt Interrupt Interrupt Interrupt

Control Control Control Control Control
Execution State Mode 0 Mode 2 Mode 0 Mode 2 Mode 0
Interrupt priority determination*' 3
Number of states until executing 1t019+2.§,
instruction ends**
PC, CCR, EXR stacking S, t02.5*° 2.5, S to2.5.*° 2.8, 2.8,
Vector fetch S,
Instruction fetch*° 2.S,
Internal processing** 2

Total (using on-chip memory) 10 to 31 11 to 31 10 to 31 11 to 31 11 to 31

Notes: 1. Two states for an internal interrupt.
2. Inthe case of the MULXS or DIVXS instruction
Prefetch after interrupt acceptance or for an instruction in the interrupt handli
Internal operation after interrupt acceptance or after vector fetch
Not available in this LSI.

When setting the SP value to 4n, the interrupt response time is S,; when setti
4n + 2, the interrupt response time is 2.S,.

o0k~ w
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[Legend]
m: Number of wait cycles in an external device access.

5.6.5 DTC and DMAC Activation by Interrupt

The DTC and DMAC can be activated by an interrupt. In this case, the following options
available:

e Interrupt request to the CPU
e Activation request to the DTC
e Activation request to the DMAC

e Combination of the above

For details on interrupt requests that can be used to activate the DTC and DMAC, see tab
section 7, DMA Controller (DMAC), and section 8, Data Transfer Controller (DTC).

Rev.2.00 Jun. 28, 2007 Page 114 of 784
REJ09B248-0200 RENESAS



Vector number
.

Clear signal | | DTCcontrol
circuit _ |[Clear signal
DTC/CPU -
Interrupt request lect
s_e ec. CPU interrupt requ
IRQ | circuit vector number
interrupt Interrupt request clear signal e — Priority
determination | | | 121010

Interrupt controller

Figure5.6 Block Diagram of DTC, DMAC, and Interrupt Controller
(1) Selection of Interrupt Sources

The activation source for each DMAC channel is selected by DMRSR. The selected act
source is input to the DMAC through the select circuit. When transfer by an on-chip mo
interrupt is enabled (DTF1 = 1, DTFO = 0, and DTE = 1 in DMDR) and the DTA bit in
set to 1, the interrupt source selected for the DMAC activation source is controlled by tk
and cannot be used as a DTC activation source or CPU interrupt source.

Interrupt sources that are not controlled by the DMAC are set for DTC activation source
interrupt sources by the DTCE bit in DTCERA to DTCERH of the DTC.

Specifying the DISEL bit in MRB of the DTC generates an interrupt request to the CPU
clearing the DTCE bit to O after the individual DTC data transfer.

Note that when the DTC performs a predetermined number of data transfers and the trar
counter indicates 0, an interrupt request is made to the CPU by clearing the DTCE bit to
DTC data transfer.
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(3) Operation Order

If the same interrupt is selected as both the DTC activation source and CPU interrupt sou
CPU interrupt exception handling is performed after the DTC data transfer. If the same ir
selected as the DTC or DMAC activation source or CPU interrupt source, respective ope:
are performed independently.

Table 5.6 lists the selection of interrupt sources and interrupt source clear control by setti
DTA bit in DMDR of the DMAC, the DTCE bit in DTCERA to DTCERH of the DTC, a
DISEL bit in MRB of the DTC.

Table5.6 Interrupt Source Selection and Clear Control

DMAC Setting DTC Setting Interrupt Source Selection/Clear C
DTA DTCE CISEL DMAC DTC CPU
0 0 * 0 X V
1 0 o) v X
1 o) 0 V
1 * * v X X
[Legend]

\:  The corresponding interrupt is used. The interrupt source is cleared.
(The interrupt source flag must be cleared in the CPU interrupt handling routine.)
O: The corresponding interrupt is used. The interrupt source is not cleared.
X:  The corresponding interrupt is not available.
*: Don't care.
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CFU by assigning ditferent priority levels to the D1C, DMAC, and CEFU. S1nce the prio
can automatically be assigned to the CPU on an interrupt occurrence, it is possible to ex
CPU interrupt exception handling prior to the DTC or DMAC transfer.

The priority level of the CPU is assigned by bits CPUP2 to CPUPO in CPUPCR. The pr
of the DTC is assigned by bits DTCP2 to DTCPO in CPUPCR. The priority level of the
assigned by bits DMAP2 to DMAPO in DMDR for each channel.

The priority control function over the DTC and DMAC is enabled by setting the CPUP(
CPUPCR to 1. When the CPUPCE bit is 1, the DTC and DMAC activation sources are
according to the respective priority levels.

The DTC activation source is controlled according to the priority level of the CPU indic
bits CPUP2 to CPUPO and the priority level of the DTC indicated by bits DTCP2 to DT
CPU has priority, the DTC activation source is held. The DTC is activated when the cor
which the activation source is held is cancelled (CPUPCE = 1 and value of bits CPUP2
is greater than that of bits DTCP2 to DTCPO). The priority level of the DTC is assigned
DTCP2 to DTCPO bits regardless of the activation source.

For the DMAC, the priority level can be specified for each channel. The DMAC activat
is controlled according to the priority level of each DMAC channel indicated by bits DN
DMAPO and the priority level of the CPU. If the CPU has priority, the DMAC activatio
held. The DMAC is activated when the condition by which the activation source is held
cancelled (CPUPCE = 1 and value of bits CPUP2 to CPUPO is greater than that of bits I
DMAPO). If different priority levels are specified for channels, the channels of the highe
levels continue transfer and the activation sources for the channels of lower priority leve
that of the CPU are held.
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and CPUPO are fixed 0. In interrupt control mode 2, the values of bits 12 to I0 in EXR of
are reflected in bits CPUP2 to CPUPO.

Table 5.7 shows the CPU priority control.

Table5.7 CPU Priority Control

Control Status

Interrupt
Control Interrupt Interrupt IPSETE in Rewriting of
Mode Priority Mask Bit CPUPCR CPUP2to CPUPO to CPUPO
0 Default | =any 0 B'111 to B'000 Enabled
I=0 1 B'000 Disabled*
=1 B'100
2 IPR setting 12to 10 0 B'111 to B'000 Enabled
12 to 10 Disabled*

Note: * The CPU priority is automatically updated.
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B'100 B'000 B'000 Masked Mas
B'100 B'000 B'011 Masked Mas
B'100 B'111 B'101 Enabled Ena
B'000 B'111 B'101 Enabled Ena
Any Any Any Enabled Ena
B'000 B'000 B'000 Enabled Ena
B'000 B'011 B'101 Enabled Ena
B'011 B'011 B'101 Enabled Ena
B'100 B'011 B'101 Masked Ena
B'101 B'011 B'101 Masked Ena
B'110 B'011 B'101 Masked Mas
B'111 B'011 B'101 Masked Mas
B'101 B'011 B'101 Masked Ena
B'101 B'110 B'101 Enabled Ena

RENESAS
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over that interrupt, interrupt exception handling will be executed for the interrupt with pr:
and another interrupt will be ignored. The same also applies when an interrupt source fla;
cleared to 0. Figure 5.7 shows an example in which the TCIEV bit in TIER of the TPU is
to 0. The above conflict will not occur if an enable bit or interrupt source flag is cleared t
the interrupt is masked.

TIER_O write cycle by CPU ) TCIV exception handling

Po

Internal

address bus TIER_O address

Internal
write signal

TCIEV

ToFv ]\

TCIV
interrupt signal

e ikl SETECEE TRV ps

\

Figure5.7 Conflict between Interrupt Generation and Disabling

If an interrupt is generated immediately before rewriting the DTC enable bit, both DTC a
and CPU interrupt exception handling are executed. To rewrite the DTC enable bit, exect
while the corresponding interrupt request is not generated.
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The interrupt controller disables interrupt acceptance for a 3-state period after the CPU |
updated the mask level with an LDC, ANDC, ORC, or XORC instruction, and for a per
writing to the registers of the interrupt controller.

584 Interrupts during Execution of EEPM OV Instruction
Interrupt operation differs between the EEPMOV.B and the EEPMOV.W instructions.

With the EEPMOV B instruction, an interrupt request (including NMI) issued during th
is not accepted until the transfer is completed.

With the EEPMOV.W instruction, if an interrupt request is issued during the transfer, in
exception handling starts at the end of the individual transfer cycle. The PC value saved
stack in this case is the address of the next instruction. Therefore, if an interrupt is genei
during execution of an EEPMOV.W instruction, the following coding should be used.

Ll: EEPMOV.W
MOV.W R4,R4
BNE Ll

585 Interrupts during Execution of MOVMD and MOV SD I nstructions

With the MOVMD or MOVSD instruction, if an interrupt request is issued during the tr
interrupt exception handling starts at the end of the individual transfer cycle. The PC va
on the stack in this case is the address of the MOVMD or MOVSD instruction. The tran
remaining data is resumed after returning from the interrupt handling routine.
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Manages the external address space divided into eight areas.

Chip select signals (CSO to CS7) can be output for each area.

Bus specifications can be set independently for each area.

8-bit access or 16-bit access can be selected for each area.

Burst ROM, byte control SRAM, or address/data multiplexed I/O interface can be sc
An endian conversion function is provided to connect a device of little endian.
Basic bus interface

This interface can be connected to the SRAM and ROM.

2-state access or 3-state access can be selected for each area.

Program wait cycles can be inserted for each area.

Wait cycles can be inserted by the WAIT pin.

Extension cycles can be inserted while CSn is asserted for each area n=0to 7).
The negation timing of the read strobe signal (RD) can be modified.

Byte control SRAM interface

Byte control SRAM interface can be set for areas 0 to 7.

The SRAM that has a byte control pin can be directly connected.

Burst ROM interface

Burst ROM interface can be set for areas 0 and 1.

Burst ROM interface parameters can be set independently for areas 0 and 1.
Address/data multiplexed I/O interface

Address/data multiplexed I/O interface can be set for areas 3 to 7.
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DMALC single address transfers and internal accesses can be executed in parallel
e External bus release function
e Bus arbitration function

Includes a bus arbiter that arbitrates bus mastership among the CPU, DMAC, DTC, a;
external bus master

e Multi-clock function

The internal peripheral functions can be operated in synchronization with the periphe:
module clock (P¢). Accesses to the external address space can be operated in synchro
with the external bus clock (B¢).

e The bus start (BS) and read/write (RD/WR) signals can be output.
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control signals —

CPU bus mastership acknowledge signal <+
DTC bus mastership acknowledge signal <¢— Internal
DMAC bus mastership acknowledge signal €+— g

CPU bus mastership request signal— arbiter

DTC bus mastership request signal—
DMAC bus mastership request signal—>

External bus
control unit

P

Y

H

Internal data bus ¢

[Legend]

ABWCR: Bus width control register
ASTCR: Access state control register
WTCRA: Wait control register A
WTCRB: Wait control register B
RDNCR: Read strobe timing control register
CSACR: CS assertion period control register

m! ol ml

- External bus
arbiter
Control register
| ABWCR | 1 IDLCR |
| ASTCR | | BCR1 |
| WTCRA | | BCR2 [ENDIANCR]|
| WTCRB | | SRAMCR |
| RDNCR | 1 BROMCR |
| CSACR | 1 MPXCR |
IDLCR: Idle control register
BCR1: Bus control register 1
BCR2: Bus control register 2
ENDIANCR: Endian control register
SRAMCR: SRAM mode control register
BROMCR: Burst ROM interface control register
MPXCR: Address/data multiplexed I/O control

Figure6.1 Block Diagram of Bus Controller

RENESAS
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e Idle control register IDLCR)

e Bus control register 1 (BCR1)

e Bus control register 2 (BCR2)

e Endian control register (ENDIANCR)

e SRAM mode control register (SRAMCR)

e Burst ROM interface control register (BROMCR)

e Address/data multiplexed I/O control register (MPXCR)
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R/W

R/W

R/W

R/W

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

Note: * Initial value at 16-bit bus initiation is H'FEFF, and that at 8-bit bus initiation is H'FFFF.

Initial
Bit Bit Name Value** R/W  Description
15 ABWH7 1 R/W Area 7 to 0 Bus Width Control
14 ABWHG6 1 R/W These bits select whether the corresponding ar
13 ABWHS5 1 R/W designated as 8-bit access space or 16-bit acc
12 ABWH4 1 R/W ABWHNn ABWLn (n=71to 0)
11 ABWHS3 1 R/W x 0: Setting prohibited
10 ABWH?2 1 R/W 0 1: Area n is designated as 16
9 ABWH1 1 RW . Zpace  desianatod s 6.
8 ABWLO  1/0 RIW ' Sg‘: e oonateaas
7 ABWL7 1 R/W
6 ABWL6 1 R/W
5 ABWL5 1 R/W
4 ABWL4 1 R/W
3 ABWL3 1 R/W
2 ABWL2 1 R/W
1 ABWL1 1 R/W
0 ABWLO 1 R/W
[Legend]
X! Don't care
Notes: 1. Initial value at 16-bit bus initiation is H'FEFF, and that at 8-bit bus initiation is

2. An address space specified as byte control SRAM interface must not be spec
bit access space.
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Initial Value 0 0 0 0 0 0
R/W R R R R
Initial
Bit Bit Name Value R/W Description
15 AST7 1 R/W Area 7 to 0 Access State Control
14 AST6 1 R/W These bits select whether the corresponding are
13 AST5 1 R/W designateq as 2-st.ate access space or 3-s.tate a
space. Wait cycle insertion is enabled or disable
12 AST4 1 R/W same time.
1 AST3 1 R/W 0: Area n is designated as 2-state access space
10 AST2 1 R/W Wait cycle insertion in area n access is disabl
9 AST1 1 R/W 1: Area n is designated as 3-state access space
8 ASTO 1 R/W Wait cycle insertion in area n access is enable
(n=71t00)
7t00 — All O R Reserved

These are read-only bits and cannot be modifiec

Rev.2.00 Jun. 28, 2007 Page 128 of 784

REJ09B248-0200

RENESANS



Bit 7 6 5 4 3 2 1

Bit Name — W52 W51 W50 — W42 W41

Initial Value 0 1 1 1 0 1 1

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

e WTCRB

Bit 15 14 13 12 11 10 9

Bit Name — W32 W31 W30 — w22 w21

Initial Value 0 1 1 1 0 1 1

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

Bit 7 6 5 4 3 2 1

Bit Name — w12 W11 W10 — w02 Wo1

Initial Value 0 1 1 1 1 1

R/W R R/W R/W R/W R R/W R/W
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010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted

11 — 0 R Reserved
This is a read-only bit and cannot be modified.
10 W62 1 R/W Area 6 Wait Control 210 0
9 we61 1 R/W These bits select the number of program wait cy
W60 1 R/W when accessing area 6 while bit AST6 in ASTCF

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted
7 — 0 R Reserved
This is a read-only bit and cannot be modified.
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101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted

— 0 R Reserved

This is a read-only bit and cannot be modified.
W42 1 R/W Area 4 Wait Control 2 to 0
W41 1 R/W These bits select the number of program wait c
W40 1 R/W when accessing area 4 while bit AST4 in ASTC

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted

111: 7 program wait cycles inserted
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010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted

11 — 0 R Reserved
This is a read-only bit and cannot be modified.
10 W22 1 R/W Area 2 Wait Control 210 0
9 w21 1 R/W These bits select the number of program wait cy
W20 1 R/W when accessing area 2 while bit AST2 in ASTCF

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted
7 — 0 R Reserved
This is a read-only bit and cannot be modified.
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101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted

— 0 R Reserved

This is a read-only bit and cannot be modified.
Wo02 1 R/W Area 0 Wait Control 2 to 0
W01 1 R/W These bits select the number of program wait c
W00 1 R/W when accessing area 0 while bit ASTO in ASTC

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted

111: 7 program wait cycles inserted
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Initial Value 0 0 0 0 0 0
R/W R R
Initial
Bit Bit Name Value R/W Description
15 RDN7 0 R/W Read Strobe Timing Control
14 RDN6 0 R/W These bits set the negation timing of the read st
13 RDN5 0 R/W corresponding area read access.
12 RDN4 0 R/W As shown in figure 6.2, the read strobe for an ar
which the RDNn bit is set to 1 is negated one ha
" RDN3 0 R/W earlier than that for an area for which the RDNn
10 RDN2 0 R/W cleared to 0. The read data setup and hold time
9 RDN1 0 RIW given one half-cycle earlier.
8 RDNO 0 rw  O:Inanarean read access, the RD signal is ne
the end of the read cycle
1: In an area n read access, the RD signal is ne
half-cycle before the end of the read cycle
(n=7100)
7t00 — All O R Reserved
These are read-only bits and cannot be modifiec
Notes: 1. In an external address space which is specified as byte control SRAM interfac
RDNCR setting is ignored and the same operation when RDNn = 1 is performe
2. In an external address space which is specified as burst ROM interface, the R

setting is ignored and the same operation when RDNn = 0 is performed.
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RDNn =1

Data

S

(n=7100)

Figure6.2 Read Strobe Negation Timing (Example of 3-State Access Spa

6.25  CS Assertion Period Control Registers (CSACR)

CSACR selects whether or not the assertion periods of the chip select signals (CSn) and
signals for the basic bus, byte-control SRAM, burst ROM, and address/data multiplexed
interface are to be extended. Extending the assertion period of the CSn and address sign
the setup time and hold time of read strobe (@) and write strobe (LHWR/LLWR) to be
and to make the write data setup time and hold time for the write strobe become flexible

Bit 15 14 13 12 11 10 9
Bit Name CSXH7 CSXH6 CSXHS | CSXH4 | CSXH3 | CSXH2 | CSXH1 |
Initial Value 0 0 0 0 0 0 0

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

Bit 7 6 5 4 3 2 1
BitName | CSXT7 CSXT6 CSXT5 CSXT4 CSXT3 CSXT2 CSXTH
Initial Value 0 0 0 0 0 ) 0

RIW RIW RIW RIW RIW R/W RIW RIW
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period (Th) is extended
(n=7100)

CSXT7
CSXT6
CSXT5
CSXT4
CSXT3
CSXT2
CSXTH1
CSXTO0

o = N W~ 0O N

O O O O O O o o

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

CS and Address Signal Assertion Period Contro

These bits specify whether or not the Tt cycle is

inserted (see figure 6.3). When an area for whicl

CSXTnis set to 1 is accessed, one Tt cycle, in v

CSn and address signals are retained, is inserte

the normal access cycle.

0: In access to area n, the CSn and address ass
period (Tt) is not extended

1: In access to area n, the CSn and address ass
period (Tt) is extended
(n=7100)

Note: * In burst ROM interface, the CSXTn settings are ignored.
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RD j | h h | ]

Read E E E E i E
Data bus - - - Read data -

LAWR,LLWR | E E | 5

Write E ; ' ' i E

Data bus —E—( Write data )

Figure6.3 CS and Address Assertion Period Extension
(Example of Basic BusInterface, 3-State Access Space, and RDNn = 0)
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Bit

R/W R/W

Initial
Bit Name Value

R/W

R/W

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

Description

15

IDLS3 1

R/W

Idle Cycle Insertion 3

Inserts an idle cycle between the bus cycles whe
DMAC single address transfer (write cycle) is fol
external access.

0: No idle cycle is inserted
1: An idle cycle is inserted

14

IDLS2 1

R/W

Idle Cycle Insertion 2

Inserts an idle cycle between the bus cycles whe
external write cycle is followed by external read

0: No idle cycle is inserted

1: An idle cycle is inserted

13

IDLSH 1

R/W

Idle Cycle Insertion 1

Inserts an idle cycle between the bus cycles whe
external read cycles of different areas continue.

0: No idle cycle is inserted

1: An idle cycle is inserted

12

IDLSO 1

R/W

Idle Cycle Insertion 0

Inserts an idle cycle between the bus cycles whe
external read cycle is followed by external write

0: No idle cycle is inserted

1: An idle cycle is inserted
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8 IDLCAO 1 R/W Specifies the number of idle cycles to be insert
idle condition specified by IDLS3 to IDLSO.
00: 1 idle cycle is inserted
01: 2 idle cycles are inserted
10: 3 idle cycles are inserted
11: 4 idle cycles are inserted
7 IDLSEL7 O R/W Idle Cycle Number Select
6 IDLSEL6 0 R/W Specifies the number of idle cycles to be insert
5 IDLSEL5 0 R/W each area for the idle insertion condition specifi
IDLS1 and IDLSO.
4 IDLSEL4 O R/W ) )
0: Number of idle cycles to be inserted for area
3 IDLSEL3 0 R/W specified by IDLCA1 and IDLCAO.
2 IDLSEL2 0 R/W 1: Number of idle cycles to be inserted for area
1 IDLSEL1T O R/W specified by IDLCB1 and IDLCBO.
0 IDLSELO O R/W (n=71t00)
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Initial Value ) 0 ” 0
R/W R/W R/W

Initial
Bit Bit Name Value R/W

Description

15 BRLE 0 R/W

External Bus Release Enable
Enables/disables external bus release.
0: External bus release disabled

BREQ, BACK, and BREQO pins can be used
ports

1: External bus release enabled*

To set this bit to 1, the ICR bit of the correspond
should be specified to 1. For details, see section
Ports.

14 BREQOE 0 R/W

BREQO Pin Enable

Controls outputting the bus request signal (BRE
the external bus master in the external bus reles
when an internal bus master performs an extern
address space access.

0: BREQO output disabled
BREQO pin can be used as I/O port
1: BREQO output enabled

13,12 — AllO R

Reserved
These are read-only bits and cannot be modifiec
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e FWIILW MAALAE WA TA TR PR W W W

1: Write data buffer function used

WAITE

0

R/W

WAIT Pin Enable
Selects enabling/disabling of wait input by the \
0: Wait input by WAIT pin disabled
WAIT pin can be used as I/O port
1: Wait input by WAIT pin enabled

To set this bit to 1, the ICR bit of the correspon
should be specified to 1. For details, see sectio
Ports.

DKC

R/W

DACK Control

Selects the timing of DMAC transfer acknowlec
assertion.

0: DACK signal is asserted at the B¢ falling edc
1: DACK signal is asserted at the B¢ rising edg

R/W

Reserved

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

5t00

AllO

R

Reserved
These are read-only bits and cannot be modifie
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7,6 — AllO R

Reserved
These are read-only bits and cannot be modifiec

Reserved

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

4 IBCCS 0 R/W

Internal Bus Cycle Control Select
Selects the internal bus arbiter function.
0: Releases the bus mastership according to the

1: Executes the bus cycles alternatively when a |
mastership request conflicts with a DMAC or |
mastership request

3,2 — AllO R

Reserved
These are read-only bits and cannot be modifiec

Reserved

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

0 PWDBE 0 R/W

Peripheral Module Write Data Buffer Enable

Specifies whether or not to use the write data bu
function for the peripheral module write cycles.

0: Write data buffer function not used
1: Write data buffer function used
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Initial

Bit Bit Name Value R/W Description

7 LE7 0 R/W Little Endian Select

6 LE6 0 R/W Selects the endian for the corresponding area.
5 LE5 0 R/W 0: Data format of area n is specified as big end
4 LE4 0 R/W 1: Data format of area n is specified as little en
3 LE3 0 R/W (n=71t02)

2 LE2 0 R/W

1,0 — AllO R Reserved

These are read-only bits and cannot be modifie
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rvyv rvyyv

vy rvyv

rTvyv Tvvy rvyv rvyv

Bit 7 6 4 3 2 1
Bit Name — — — — — — _
Initial Value 0 0 0 0 0 0
R/W R R
Initial
Bit Bit Name Value R/W Description
15 BCSEL7 0 R/W Byte Control SRAM Interface Select
14 BCSEL6 0 R/W Selects the bus interface for the corresponding e
13 BCSEL5 O R/W When setting the area n bit to 1, the bus interfac
12 BCSEL4 O R/W selection bits for the corresponding area in BRO
MPXCR should be cleared to 0.
11 BCSEL3 0 R/W ) ) )
0: Area n is basic bus interface
10 BCSEL2 O R/W
1: Area n is byte control SRAM interface
9 BCSEL1 0 R/W
(n=71t00)
8 BCSELO O R/W
7t0o0 — AllO R Reserved

These are read-only bits and cannot be modifiec
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R/W R/W R/W R/W R/W R R R/W

Initial
Bit Bit Name Value R/W Description

15 BSRMO 0 R/W Area 0 Burst ROM Interface Select

Selects the area 0 bus interface. When setting
1, clear the BCSELDO bit in SRAMCR to 0.

0: Basic bus interface or byte control SRAM int
1: Burst ROM interface

14 BSTS02 0 R/W Area 0 Burst Cycle Select
13 BSTSO01 0 R/W Specifies the number of burst cycles of area 0
12 BSTS00 O R/W 000: 1 cycle

001: 2 cycles

010: 3 cycles

011: 4 cycles

100: 5 cycles

101: 6 cycles

110: 7 cycles

111: 8 cycles

11,10 — AllO R Reserved
These are read-only bits and cannot be modifie
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Selects the area 1 bus interface. When setting tt
1, clear the BCSEL1 bit in SRAMCR to 0.

0: Basic bus interface or byte control SRAM inte
1: Burst ROM interface
6 BSTS12 0 R/W Area 1 Burst Cycle Select
5 BSTS11 0 R/W Specifies the number of cycles of area 1 burst c)
4 BSTS10 0 R/W 000: 1 cycle
001: 2 cycles

010: 3 cycles

011: 4 cycles

100: 5 cycles

101: 6 cycles

110: 7 cycles

111: 8 cycles
3,2 — AllO R Reserved

These are read-only bits and cannot be modifiec
1 BSWD11 0 R/W Area 1 Burst Word Number Select

0 BSWD10 O R/W Selects the number of words in burst access to t
burst ROM interface

00: Up to 4 words (8 bytes)
01: Up to 8 words (16 bytes)
10: Up to 16 words (32 bytes)
11: Up to 32 words (64 bytes)
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R/W R R R R R R
Initial
Bit Bit Name Value R/W Description
15 MPXE7 0 R/W Address/Data Multiplexed I/O Interface Select
14 MPXE6 0 R/W Specifies the bus interface for the correspondin
13 MPXE5 0 R/W When setting the area n bit to 1, clear the BCS|
12 MPXE4 0 rw  SRAMCRtoO.
11 MPXE3 0 R/W 0: Area n is specified as a basic interface or a t
control SRAM interface.
1: Area n is specified as an address/data multif
interface
(n=7103)
10to1 — AllO R Reserved
These are read-only bits and cannot be modifie
0 ADDEX 0 R/W Address Output Cycle Extension

Specifies whether a wait cycle is inserted for th
output cycle of address/data multiplexed I/O int

0: No wait cycle is inserted for the address out
1: One wait cycle is inserted for the address ou
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TCZISICTS O PEripNneral modauies sucn as Sl and umer.
e External access cycle
A bus that accesses external devices via the external bus interface.

o
synchronization

[ cru | [ orc | [ Osie |

Internal system bus >

Bus controller,
interrupt controller,

power-down controller |_
Write data DMAC Write data
buffer I [T buffer
[ D ] [ D ]
Internal peripheral bus External access bus

Po

synchronization

Bo

synchronization

External bus
interface

Peripheral
functions

T
'
'
'
'
'
'
'
'
'
'
'
'
'

Figure6.4 Internal Bus Configuration
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Bus controllier

CPU

DMAC

DTC

Internal memory
Clock pulse generator
Power down control

Pé I/0 ports
TPU
PPG
TMR
WDT
SCI
A/D
D/A

Bé External bus interface

The frequency of each synchronization clock (I, P, and Bo) is specified by the system
control register (SCKCR) independently. For further details, see section 18, Clock Pulse
Generator.

There will be cases when P¢ and B¢ are equal to I$p and when P and B¢ are different f
according to the SCKCR specifications. In any case, access cycles for internal periphera
and external space is performed synchronously with P and B¢, respectively.

For example, in an external address access where the frequency rate of I¢p and B isn : |
operation is performed in synchronization with B¢. In this case, external 2-state access s
cycles and external 3-state access space is 3n cycles (no wait cycles is inserted) if the nt
access cycles is counted based on I1¢.
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D15 to D8

D7 to DO

D15 to D8

Read

Write

4:1, External 2-State Acc

Figure6.5 System Clock: External Bus Clock
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pre— pr— — —
8 o 8 o
e} a o e} a
= [ =
o o
0 = = = 0 =
_S _D - ™~ T = - ~
<C [s o (=) — - o [a]
3 2
b =
o =

2:1, External 3-State Acces

Figure6.6 System Clock: External Bus Clock
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started

Dt B

Address strobe/address hold

Strobe signal indicating that 1
bus, byte control SRAM, or b
space is accessed and addre
on address bus is enabled

Signal to hold the address dt
access to the address/data n
I/O interface

Read strobe

Strobe signal indicating that the |
byte control SRAM, burst ROM,
address/data multiplexed I/O spe
being read

Read/write

AS/AH Output
RD Output
RD/WR  Output

Signal indicating the input or
direction

Write enable signal of the SF
access to the byte control SF

Low-high write/lower-upper
byte select

CHWR/LUB Output

Strobe signal indicating that 1
bus, burst ROM, or address/
multiplexed 1/O space is writt
the upper byte (D15 to D8) o
is enabled

Strobe signal indicating that 1
control SRAM space is acces
the upper byte (D15 to D8) o
is enabled

RENESAS
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iy SCITULL U wvou ulputl LUUUC oSiylial ifidivallly tiat aica
selected

Chip select 1 CS1 Output  Strobe signal indicating that area
selected

Chip select 2 CS2 Output  Strobe signal indicating that area
selected

Chip select 3 CS3 Output  Strobe signal indicating that area
selected

Chip select 4 CS4 Output  Strobe signal indicating that area
selected

Chip select 5 CS5 Output  Strobe signal indicating that area
selected

Chip select 6 CS6 Output  Strobe signal indicating that area
selected

Chip select 7 CS7 Output  Strobe signal indicating that area
selected

Wait WAIT Input Wait request signal when accessi
external address space.

Bus request BREQ Input Request signal for release of bus
external bus master

Bus request acknowledge BACK Output  Acknowledge signal indicating tha
been released to external bus ma

Bus request output BREQO Output  External bus request signal used
internal bus master accesses exte
address space in the external-bus
state

Data transfer acknowledge 3  DACKS3 Output  Data transfer acknowledge signal

(DMAC_3) DMAC_3 single address transfer
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Byte Address/Data

Control Burst Multiplexed
Initial State Basic Bus SRAM ROM 110
Single-
Pin Name 16 8 Chip 16 8 16 16 8 16 8 Remar
B¢ Output Output — (0] (0] (0] O (0] O (0]
CSo Output Output — 0 0 o] o o — —
CS1 — — — O (0] O (0] o] — —
CS2 — — — (0] O (0] —_ = — —
CS3 — — — O (0] o} — — O (0]
Cs4 — — — (0] O (0] —_ — O (0]
CS5 — — — (0] O (0] —  — O (0]
CS6 — — — (0] O (0] —_ — O (0]
CS7 — — — (0] O (0] — — O (0]
BS — — — O (0] O (0] o] (0] o]
RD/WR — — — (0] (0] (0] O (0] O (0]
AS Output Output — o] 0 o] o o — —
AH — — — — — — — — O (0]
RD Output Output — o] 0 o] O O o o]
LHWR/LUB Output Output — o] — 0 o — o© —
LLWR/LLB Output Output — o 0 o] 0 (o] 0 (o]
WAIT — — — ¢} o] o} O O o o] Contro
WAITE
[Legend]

O: Used as a bus control signal
—: Not used as a bus control signal (used as a port input when initialized)
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Area 0
(2 Mbytes)
H'1FFFFF
H'200000
Area 1
(2 Mbytes)
H'3FFFFF
H'400000
Area 2
(8 Mbytes)
H'BFFFFF
H'C00000
Area 3
(2 Mbytes)
H'DFFFFF
H'E00000
Area 4
(1 Mbyte)
H'EFFFFF
H'FO0000
Area 5
(1 Mbyte — 8 kbytes)
H'FFDFFF
FTFE000 (8 kbyt: Are%566 bytes)
es — es
H'FFFEFF v
H'FFFFOO0 Area 7
H'FFFFFF (256 bytes)

16-Mbyte space

Figure6.7 Address Space Area Division
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be set to 1 when outputting signals CS1 to CS7.

In on-chip ROM enabled extended mode, pins CSO to CS7 are all placed in the input sta
reset and so the corresponding PFCR bits should be set to 1 when outputting signals CS

The PECR can specify multiple CS outputs for a pin. If multiple CSn outputs are specifi
single pin by the PECR, CS to be output are generated by mixing all the CS signals. In t
the settings for the external bus interface areas in which the CSn signals are output to a
should be the same.

Figure 6.9 shows the signal output timing when the CS signals to be output to areas 5 ar
output to the same pin.

' Bus cycle !

| T T, Ts :
B L L] |
Address bus X External address of area n X
CSn

Figure6.8 CSn Signal Output Timing (n=0t07)
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Figure6.9 Timing When CS Signal is Output to the Same Pin

6.5.4 External BusInterface

The type of the external bus interfaces, bus width, endian format, number of access cycle
strobe assert/negate timings can be set for each area in the external address space. The bu
and the number of access cycles for both on-chip memory and internal I/O registers are fi
are not affected by the external bus settings.

(1) Typeof External BusInterface

Four types of external bus interfaces are provided and can be selected in area units. Table
shows each interface name, description, and area name to be set for each interface. Table
shows the areas that can be specified for each interface. The initial state of each area is a
interface.

Table6.4 Interface Namesand Area Names

Interface Description Area Name

Basic interface Directly connected to ROM and Basic bus space
RAM

Byte control SRAM interface Directly connected to byte Byte control SRAM sy
SRAM with byte control pin

Burst ROM interface Directly connected to the ROM  Burst ROM space
that allows page access

Address/data multiplexed I/O Directly connected to the Address/data multiple

interface peripheral LSI that requires space

address and data multiplexing
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(2) BusWidth

A bus width of 8 or 16 bits can be selected with ABWCR. An area for which an 8-bit bu
selected functions as an 8-bit access space and an area for which a 16-bit bus is selected
as a 16-bit access space. In addition, the bus width of address/data multiplexed I/O spac
or 16 bits, and the bus width for the byte control SRAM space is 16 bits.

The initial state of the bus width is specified by the operating mode.

If all areas are designated as 8-bit access space, 8-bit bus mode is set; if any area is desi;
16-bit access space, 16-bit bus mode is set.

(3) Endian Format

Though the endian format of this LSI is big endian, data can be converted into little end
when reading or writing to the external address space.

Areas 7 to 2 can be specified as either big endian or little endian format by the LE7 to L
ENDIANCR.

The initial state of each area is the big endian format.

Note that the data format for the areas used as a program area or a stack area should be |
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Number of access cycles in the basic bus interface

= number of basic cycles (2, 3) + number of program wait cycles (0 to 7)
+ number of CS extension cycles (0, 1, 2)
[+ number of external wait cycles by the WAIT pin]

2. Byte Control SRAM Interface

The number of access cycles in the byte control SRAM interface is the same as that ir
basic bus interface.

Number of access cycles in byte control SRAM interface

= number of basic cycles (2, 3) + number of program wait cycles (0 to 7)
+ number of CS extension cycles (0, 1, 2)
[+ number of external wait cycles by the WAIT pin]

3. Burst ROM Interface

The number of access cycles at full access in the burst ROM interface is the same as t
basic bus interface. The number of access cycles in the burst access can be specified ¢
eight cycles by the BSTS bit in BROMCR.

Number of access cycles in the burst ROM interface
= number of basic cycles (2, 3) + number of program wait cycles (0 to 7)
+ number of CS extension cycles (0, 1)
[+number of external wait cycles by the WAIT pin]
+ number of burst access cycles (1 to 8) x number of burst accesses (0 to 63)
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‘lable 6.0 lists the number o access cycles 1or each ntertace.

Table6.6 Number of Access Cycles

Basic bus interface = Th +T1 +T2 +Tt
O 1 oy 1)
= Th +T1 +T2 +Tpw +Ttw +T3 +Tt
[0.1] [1] (1] [0to7] [n] (1] [0.1]
Byte control SRAM interface = Th +T1 +T2 +Tt
R L) S e 3
= Th +T1 +T2 +Tpw +Ttw +T3 +Tt
[0.1] [ )] 0to7] n] 1 [0,1]
Burst ROM interface = Th +T1 +T2 +Tb
[0.1] 1] M1 [(1to 8) xm] [(2
= Th +T1 +T2 +Tpw +Ttw +T3 +Tb
[0,1] [1] [1] [0to 7] [n] 1] [(1to 8) xm] [(Bto 11 -
Address/data multiplexed /O =Tma +Th +T1 +T2 +Tt
interface [2,3] [0,1] [1] [1] [0.1]
=Tma +Th +T1 +T2 +Tpw +Ttw +T3 +Tt
[2.3] [0.1] [1] )] 0to7] [l [1 [0,1]
[Legend]
Numbers: Number of access cycles
n: Pin wait (0 to «)
m: Number of burst accesses (0 to 63)

(5) Strobe Assert/Negate Timings

The assert and negate timings of the strobe signals can be modified as well as number o
cycles.

e Read strobe (@) in the basic bus interface
o Chip select assertion period extension cycles in the basic bus interface
e Data transfer acknowledge (DACK3 to DACKO) output for DMAC single address tr
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selected 1or area U by b1t bOKMU 1n bROMCK and bit BCOSELU 11 SKAMUCK. Table 6./
the external interface of area 0.

Note: Applied to the LSI version that incorporates the ROM.

Table6.7 Area0 External Interface

Register Setting

Interface BSRMO of BROMCR BCSELO of SRAMCR
Basic bus interface 0 0
Byte control SRAM interface 0 1
Burst ROM interface 1 0
Setting prohibited 1 1

(2) Areal

In externally extended mode, all of area 1 is external address space. In on-chip ROM ena
extended mode, the space excluding on-chip ROM* is external address space.

When area 1 external address space is accessed, the CS1 signal can be output.

Either of the basic bus interface, byte control SRAM, or burst ROM interface can be sele
area 1 by bit BSRM1 in BROMCR and bit BCSEL1 in SRAMCR. Table 6.8 shows the e

interface of area 1.

Note: Applied to the LSI version that incorporates the ROM.
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In externally extended mode, all of area 2 is external address space.
When area 2 external address space is accessed, the CS2 signal can be output.

Either the basic bus interface or byte control SRAM interface can be selected for area 2
BCSEL2 in SRAMCR. Table 6.9 shows the external interface of area 2.

Table6.9 Area?2 External Interface

Register Setting

Interface BCSEL2 of SRAMCR
Basic bus interface 0

Byte control SRAM interface 1

4) Area3

In externally extended mode, all of area 3 is external address space.
When area 3 external address space is accessed, the CS3 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiple:
interface can be selected for area 3 by bit MPXE3 in MPXCR and bit BCSEL3 in SRAN

Table 6.10 shows the external interface of area 3.
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(5) Area4d
In externally extended mode, all of area 4 is external address space.
When area 4 external address space is accessed, the CS4 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiplexe
interface can be selected for area 4 by bit MPXE4 in MPXCR and bit BCSEL4 in SRAM
Table 6.11 shows the external interface of area 4.

Table6.11 Area4 External Interface

Register Setting

Interface MPXE4 of MPXCR BCSEL4 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed 1/0 1 0

interface

Setting prohibited 1 1
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interface can be selected for area 5 by the MPXES bit in MPXCR and the BCSELS bit i
SRAMCR. Table 6.12 shows the external interface of area 5.

Table6.12 Areab External Interface

Register Setting

Interface MPXES5 of MPXCR BCSELS5 of SRAMCI
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed 1/0O 1 0

interface

Setting prohibited 1 1

(7) Areab

Area 6 includes internal I/O registers. In external extended mode, area 6 other than on-c
register area is external address space.

When area 6 external address space is accessed, the CS6 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiple:
interface can be selected for area 6 by the MPXEG6 bit in MPXCR and the BCSELSG6 bit i
SRAMCR. Table 6.13 shows the external interface of area 6.
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(8) Area7

Area 7 includes internal I/O registers. In external extended mode, area 7 other than intern
register area is external address space.

When area 7 external address space is accessed, the CS7 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiplexc
interface can be selected for area 7 by the MPXET7 bit in MPXCR and the BCSEL7 bit in
SRAMCR. Table 6.14 shows the external interface of area 7.

Table6.14 Area7 External Interface

Register Setting

Interface MPXE7 of MPXCR BCSEL7 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed 1/0 1 0

interface

Setting prohibited 1 1
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amount of data that can be accessed at one time is one byte: a word access is performed

byte accesses, and a longword access, as four byte accesses.

Figures 6.10 and 6.11 illustrate data alignment control for the 8-bit access space. Figure
shows the data alignment when the data endian format is specified as big endian. Figure
shows the data alignment when the data endian format is specified as little endian.

Strobe ¢

TAWRALUB
RI
Data Access Access Bus D15 DE’SSE
Size Address Count Cycle Data Size EA—L
Byte n 1 1st Byte E
1st Byte ‘
Word n 2 beeemmeeo- )-l-----------------------------------E-
2nd Byte E
Longword n 4 1st Byte 3
ond Bye o .....E
3rd Byte E
4th Byte [
Figure6.10 Access Sizes and Data Alignment Control for 8-Bit Access Space (Bit

RENESAS
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Figure6.11 Access Sizesand Data Alignment Control for 8-Bit Access Spa«
(Little Endian)

(2) 16-Bit Access Space

With the 16-bit access space, the upper byte data bus (D15 to D8) and lower byte data bu
DO) are used for accesses. The amount of data that can be accessed at one time is one byt
word.

Figures 6.12 and 6.13 illustrate data alignment control for the 16-bit access space. Figure
shows the data alignment when the data endian format is specified as big endian. Figure ¢
shows the data alignment when the data endian format is specified as little endian.

In big endian, byte access for an even address is performed by using the upper byte data t
byte access for an odd address is performed by using the lower byte data bus.

In little endian, byte access for an even address is performed by using the lower byte data
byte access for an odd address is performed by using the upper byte data bus.
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Odd
(2n+1) s

3rd Byte Zv a0

Figure6.12 Access Sizesand Data Alignment Control for 16-Bit Access Space (Bi

Strobe s
LCHWR/LUB
1
R
I
Access Access Access Bus D15 Dgtg [
Size Address Count Cycle __Data Size 1015 D8j
Even
Byte 2n) 1 1st Byte E
od | 4 | 1e s oo
(2n+1) 1 1st Byte i 1110
Word I%‘glﬁ)n 1 1st Word ERERRRRE [
(2n+1)
Longword Even 2
(2n)
Odd
(2n+1) 3

Figure6.13 Access Sizesand Data Alignment Control for 16-Bit Access Sp
(Little Endian)
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accessing external address space. For details, see section 6.5.6, Endian and Data Alignme

6.6.2 I/O Pins Used for Basic BusInterface
Table 6.15 shows the pins used for basic bus interface.

Table6.15 1/0O Pinsfor Basic Bus|nterface

Name Symbol I/O Function

Bus cycle start BS Output  Signal indicating that the bus cycle has start

Address strobe AS* Output  Strobe signal indicating that an address outj
address bus is valid during access

Read strobe RD Output  Strobe signal indicating the read access

Read/write RD/WR Output  Signal indicating the data bus input or outpu
direction

Low-high write LHWR Output  Strobe signal indicating that the upper byte |

D8) is valid during write access

Low-low write LLWR Output  Strobe signal indicating that the lower byte (
DO) is valid during write access

Chipselect0to7 CSOto CS7 Output Strobe signal indicating that the area is sele

Wait WAIT Input Wait request signal used when an external ¢
space is accessed

Note: * When the address/data multiplexed interface is selected, this pin only function:
AH output and does not function as the AS output.
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L D7 to DO

R L [

[LWR High level

Write
D15 to D8 ————— Valid —
D7 to DO E

s L

ROWR X
DACK ! |

Notes: 1. n=0to7
2. When RDNn =0
3. When DKC =0

Figure6.14 16-Bit 2-State Access Space Bus Timing
(Byte Accessfor Even Address)
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Read J D15 to D8

: - { Invalid }—
L D7to DO - : { Valid >—
( CAWR E :ngh level E
D15 to D8 : '
° ! " High-Z !
| D7toD0 — Valid
BS

:
Ry

Notes: 1. n=0to7
2. When RDNn =0
3. When DKC =0

Figure6.15 16-Bit 2-State Access Space Bus Timing
(Byte Accessfor Odd Address)
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Read J

Write <

D15 to D8 < Valid >_
D7 to DO { Valid >—

|

LHWR

ﬁ

LLWR

D15 to D8 —< Valid
D7 to DO '—( Valid

]

Notes: 1. n=0to7

2. When RDNn =0
3. When DKC =0

Figure6.16 16-Bit 2-State Access Space Bus Timing

(Word Access for Even Address)
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\
Jny)
w)

Read < pi5to Dg— : Valid
_ D7toD0 — : Invalid
( LHWR —-—I :
LLWR ' : :
: ! Highlevel !
Write 3 ' | 9 '
D15 to D8 ——— Valid
L D7toD0 — '
! | High-Z

BS | |
RD/WR :)(
Notes: 1. n=0to7

2. When RDNn =0
3. When DKC =0

Figure6.17 16-Bit 3-State Access Space Bus Timing
(Byte Accessfor Even Address)
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Read J D15 to D8 E : E { Invalid
_ D7toDO . ; - Valid

- ; 5 |

CAWR . ; :

1 ' High level 1

LLWR ' : :

Write < ] | \

D15 to D8 ' High-Z '

~ : : i

D7t0D0  —————{ Valid

Notes: 1. n=0to7
2. When RDNn =0
3. When DKC =0

Figure6.18 16-Bit 3-State Access Space Bus Timing
(Word Access for Odd Address)
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Read

Write

<

<

D15to D8

D7 to DO

LHWR

LLWR

Valid

Valid

D15 to D8 _.—(

Notes:

Valid

Valid

1.n=0to7
2. When RDNn =0
3. When DKC =0

Figure6.19 16-Bit 3-State Access Space Bus Timing
(Word Access for Even Address)
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(<) FInVvvatinserton

For 3-state access space, when the WAITE bit in BCR1 is set to 1 and the ICR bit for the
corresponding pin is set to 1, wait input by means of the WAIT pin is enabled. When the
address space is accessed in this state, a program wait (T,,) is first inserted according to t
WTCRA and WTCRB settings. If the WAIT pin is low at the falling edge of B¢ in the la
Tpw cycle, another Ttw cycle is inserted until the WAIT pin is brought high. The pin wai
insertion is effective when the Tw cycles are inserted to seven cycles or more, or when th
of Tw cycles to be inserted is changed according to the external devices. The WAITE bit
common to all areas. For details on ICR, see section 9, I/O Ports.

Figure 6.20 shows an example of wait cycle insertion timing. After a reset, the 3-state ac«
specified, the program wait is inserted for seven cycles, and the WAIT input is disabled.
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con

Data bus

Write data

Data bus

Read <

Write <

Upward arrows indicate the timing of WAIT pin sampling.

2. n

Notes: 1.

Oto7

=0

3. RDNn

Figure6.20 Example of Wait Cycle Insertion Timing
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Data bus
Data bus

RDNn =0 1
RDNn =1 1

1.n=0to7
2. When DKC

Notes:

=0

Figure6.21 Example of Read Strobe Timing
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3-state access space.

Both extension cycle Th inserted before the basic bus cycle and extension cycle Tt insert
the basic bus cycle, or only one of these, can be specified for individual areas. Insertion o
insertion can be specified for the Th cycle with the upper eight bits (CSXH7 to CSXHO)
CSACR, and for the Tt cycle with the lower eight bits (CSXT7 to CSXTO0).
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n=0to7
2. When DKC

1.

Notes:
Figure6.22 Example of Timing when Chip Select Assertion Period is Exten




Bo

Address bus

Read

Write

DACK

DKC =1

Read data

oL Lo

|
e

Write data

Notes: 1. n=7t0 0
2. RDNn=0

Figure6.23 DACK Signal Output Timing
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6.7.1 Byte Control SRAM Space Setting

Byte control SRAM interface can be specified for areas O to 7. Each area can be specific
control SRAM interface by setting bits BCSELn (n = 0 to 7) in SRAMCR. For the area:
as burst ROM interface or address/data multiplexed I/O interface, the SRAMCR setting
and byte control SRAM interface cannot be used.

6.7.2 Data Bus

The bus width of the byte control SRAM space can be specified as 16-bit byte control S
space according to bits ABWHn and ABWLn (n =0 to 7) in ABWCR. The area specific
access space cannot be specified as the byte control SRAM space.

For the 16-bit byte control SRAM space, data bus (D15 to DO) is valid.

Access size and data alignment are the same as the basic bus interface. For details, see s
6.5.6, Endian and Data Alignment.
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AOS/AM Ao AUUICSS utput

oODE siglidl Indicaturiy triat tris

strobe output on the address bus is vz
a basic bus interface space or
control SRAM space is access
CSn CSn Chip select Output Strobe signal indicating that ar
selected
RD RD Read strobe Output Output enable for the SRAM w
byte control SRAM space is ac
RD/WR RD/WR Read/write  Output Write enable signal for the SR/
the byte control SRAM space i
accessed
LHWR/LUB LUB Lower-upper Output Upper byte select when the 16
byte select control SRAM space is access:
LLWR/LLB LLB Lower-lower Output Lower byte select when the 16
byte select control SRAM space is access
WAIT WAIT Wait Input  Wait request signal used when
external address space is acce
A23to A0 A23to A0 Address pin  Output Address output pin
D15to D0 D15to DO Data pin Input/  Data input/output pin
output
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Read < ! ,
D15t0 D8 { valid }—i—
- RD/WR —i E
RD High level |

D15to D8  —oo—{ Valid
D7 to DO _._<: Valid
~ 1

Write < .

BS

DACK

i

Note:n=0to 7

Figure6.24 16-Bit 2-State Access Space Bus Timing
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Note: n

Figure6.25 16-Bit 3-State Access Space Bus Timing
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For 3-state access space, when the WAITE bit in BCRI is set to 1, the corresponding D]
cleared to 0, and the ICR bit is set to 1, wait input by means of the WAIT pin is enabled
details on DDR and ICR, see section 9, I/O Ports.

Figure 6.26 shows an example of wait cycle insertion timing.
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RD

Data bus

L
Higlh level
1

Write data

Data bus

Read <

Notes: 1. Upward arrows indicate the timing of WAIT pin sampling.

2.n=0to7

Figure6.26 Example of Wait Cycle Insertion Timing
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D e e

cycle in the same way as the basic bus interface. For details, see section 6.6.6, Extensior
Select (ﬁ) Assertion Period.
6.7.8 DACK Signal Output Timing

For DMAC single address transfers, the DACK signal assert timing can be modified by
DKC bit in BCRI1.

Figure 6.27 shows the DACK signal output timing. Setting the DKC bit to 1 asserts the
signal a half cycle earlier.
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1

BS

RD/WR
RD : |
Read < E |
r . . H !
RD/WR _l ' |
RD 1 Highi level :
Write < E | .
D15 to g ————— Valid —
' Valid
L D7 to DO —;—( )_

DKC =0
DACK

DKC =1

Figure6.27 DACK Signal Output Timing
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Settings can be made independently for area 0 and area 1.

In the burst ROM interface, burst access covers only CPU read accesses. Other accesses
covered by basic bus interface.

6.8.1 Burst ROM Space Setting

Burst ROM interface can be specified for areas 0 and 1. Areas 0 and 1 can be specified :
ROM space by setting bits BSRMn (n = 0, 1) in BROMCR.

6.8.2 Data Bus

The bus width of the burst ROM space can be specified as 8-bit or16-bit burst ROM int
space according to the ABWHn and ABWLn bits (n =0, 1) in ABWCR.

For the 8-bit bus width, data bus (D7 to DO0) is valid. For the 16-bit bus width, data bus (
DO0) is valid.

Access size and data alignment are the same as the basic bus interface. For details, see s
6.5.6, Endian and Data Alignment.
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Read/write RD/WR Output

Signal indicating the data bus input or outpu

Strobe signal indicating that the upper byte |
D8) is valid during write access

Low-high write LHWR Output
Low-low write LLWR Output

Strobe signal indicating that the lower byte (
is valid during write access

Chip select 0, 1 CSo, CS1 Output

Strobe signal indicating that the area is sele

Wait WAIT Input

Wait request signal used when an external ¢
space is accessed

6.8.4 Basic Timing

The number of access cycles in the initial cycle (full access) on the burst ROM interface
determined by the basic bus interface settings in ABWCR, ASTCR, WTCRA, WTCRB,
CSXHn in CSACR (n =0 to 7). When area 0 or area 1 designated as burst ROM space is
the CPU, the settings in RDNCR and bits CSXTn in CSACR (n =0 to 7) are ignored.

From one to eight cycles can be selected for the burst cycle, according to the settings of b
BSTSO02 to BSTS00 and BSTS12 to BSTS10 in BROMCR. Wait cycles cannot be insertc
addition, 4-word, 8-word, 16-word, or 32-word consecutive burst access can be performe
according to the settings of BSTSO01, BSTS00, BSTS11, and BSTS10 bits in BROMCR.

The basic access timing for burst ROM space is shown in figures 6.28 and 6.29.
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—— = =

RD/WR

L

Note:n=1,0

Figure6.28 Example of Burst ROM Access Timing (ASTn =1, Two Burst C
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RD/WR

Note:n=1,0

Figure6.29 Example of Burst ROM Access Timing (ASTn =0, OneBurst Cy
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The read strobe negation timing is the same timing as when RDNn = 0 in the basic bus i

6.8.7  Extension of Chip Select (CS) Assertion Period

In the burst ROM interface, the extension cycles can be inserted in the same way as the
interface.

For the burst ROM space, the burst access can be enabled only in read access by the CP
case, the setting of the corresponding CSXTn bit in CSACR is ignored and an extension
be inserted only before the full access cycle. Note that no extension cycle can be inserte
after the burst access cycles.

In read accesses by the CPU, the burst ROM space is equivalent to the basic bus interfac
Accordingly, extension cycles can be inserted before and after the burst access cycles.
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MPXCR.

6.9.2 Address/Data M ultiplex

In the address/data multiplexed I/O space, data bus is multiplexed with address bus. Tabl
shows the relationship between the bus width and address output.

Table6.18 Address/Data Multiplex

Data Pins

Bus Width| Cycle | P17 | PI6 | PI5 | Pl4 | PI3 | PI2 | PI1 | PIO | PH7 | PH6 | PH5 | PH4 | PH3 | PH2 | F

8 bits Address —_ - - — | — | — | — | — | A7 | A6 | A5 | Ad | A3 | A2

Data —|-|—-|—|—|—|—|—|D7|D6|D5|D4|D3|D2||

16 bits Address | A15 | A14 | A13 | A12 | A11 |[A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2

Data D15 | D14 | D13 |D12 |D11 |D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | |

6.9.3 Data Bus

The bus width of the address/data multiplexed I/O space can be specified for either 8-bit :
space or 16-bit access space by the ABWHn and ABWLn bits (n =3 to 7) in ABWCR.

For the 8-bit access space, D7 to DO are valid for both address and data. For 16-bit acces:
D15 to DO are valid for both address and data. If the address/data multiplexed I/O space i
accessed, the corresponding address will be output to the address bus.

For details on access size and data alignment, see section 6.5.6, Endian and Data Alignm
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AS/AH AH Address hold  Output  Signal to hold an address when the addres
multiplexed 1/O space is specified

RD RD Read strobe  Output  Signal indicating that the address/data mul
space is being read

LHWR/LUB LHWR Low-high write Output  Strobe signal indicating that the upper byte
D8) is valid when the address/data multiple
space is written

LLWR/LLB LLWR Low-low write  Output  Strobe signal indicating that the lower byte:
is valid when the address/data multiplexed
is written

D15to D0 D15to DO Address/data Input/  Address and data multiplexed pins for the

output  address/data multiplexed I/O space.

Only D7 to DO are valid when the 8-bit spa
specified. D15 to DO are valid when the 16:
specified.

A23t0o AO A23to AO Address Output  Address output pin

WAIT WAIT Wait Input Wait request signal used when the externa
space is accessed

BS BS Bus cycle start Output  Signal to indicate the bus cycle start

RD/WR RD/WR Read/write Output  Signal indicating the data bus input or outp

Note: * The AH output is multiplexed with the AS output. At the timing that an area is

as address/data multiplexed I/0, this pin starts to function as the AH output
that this pin cannot be used as the AS output. At this time, when other areas
basic bus interface is accessed, this pin does not function as the AS output. |
area is specified as address/data multiplexed 1/0, be aware that this pin funci

the AS output.
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Bo

Address bus

Address

D7 to DO

Write data

D7 to DO

Read

Write

DACK

=3to7

Note: n

Figure6.30 8-Bit Access Space Access Timing (ABWHnN =1, ABWLn = 1)

RENESANS
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FD a s a 5

Read : - . :

D15toD0 — — Read datg
LHWR : 5 5 | | :

Write { LLWR i 5 . E

D15 to DO Address Write data E

RDAWD%( X:
A T N

Note:n=3t0 7

Figure6.31 16-Bit Access Space Access Timing (ABWHnN =0, ABWLn =

6.9.6 Address Cycle Control

An extension cycle (Tmaw) can be inserted between Tmal and Tma2 cycles to extend t
signal output period by setting the ADDEX bit in MPXCR. By inserting the Tmaw cycl
address setup for AH and the AH minimum pulse width can be assured.

Figure 6.32 shows the access timing when the address cycle is three cycles.

Rev.2.00 Jun. 28, 2007 Pag
RENESAS REJC



Read

write { LLWR

CHWR : | I_
Address '

>—< \q:Nrite data >—

RD/WR

DACK

-
D15 to DO _,_<
X

Note:n=3t07

Figure6.32 Access Timing of 3 Address Cycles (ADDEX =1)

6.9.7 Wait Control

In the data cycle of the address/data multiplexed I/O interface, program wait insertion an
insertion by the WAIT pin are enabled in the same way as in the basic bus interface. For

see section 6.6.4, Wait Control.

Wait control settings do not affect the address cycles.
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Address bus

Address

D7 to DO

D7 to DO

=0

RDNn

RDNn =1

DACK

Note:n=3t0 7

Figure6.31 Read Strobe Timing
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Address bus
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[0] (0]
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e} he]
he) o
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o o
(a] o
L DWn W L
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[a] [2]
2 5 B B 5 18
° 2
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RD/WR

DACK

=3to7

Note: n

Figure6.34 Chip Select (CS) Assertion Period Extension Timing in Data Cy
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B UL s U UL L LL
Q(ji;iress ::X ;X ;X QS:ress ::X :x
. s S 5
LA o RS oy IS m
o L] L[~ ™ I L

Data bus—i( — E(/}I )—é—( : ) Databus+( — )'i_( ) {
v D]

Data hold time

is long.
(a) Without CS assertion period extension cycle (b) With CS assertion period extensio
(CSXTn = 0) (CSXTn = 1)

Figure6.35 Consecutive Read Accessesto Same Area
(Address/Data Multiplexed 1/0 Space)
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Address bus :><

Bo
S

CSn

D7 to DO
D7 to DO

RDNn =0
RDNn =1

DACK

=3to7

Note: n

Figure6.36 DACK Signal Output Timing
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alll wiltlo allld ploviously actossculd alta.

1. When read cycles of different areas in the external address space occur consecutivel
2. When an external write cycle occurs immediately after an external read cycle

3. When an external read cycle occurs immediately after an external write cycle
4

. When an external access occurs immediately after a DMAC single address transfer (
cycle)

Up to four idle cycles can be inserted under the conditions shown above. The number of
cycles to be inserted should be specified to prevent data conflicts between the output da
previously accessed device and data from a subsequently accessed device.

Under conditions 1 and 2, which are the conditions to insert idle cycles after read, the m
idle cycles can be selected from setting A specified by the bits IDLCA1 and IDLCAQ in
setting B specified by the bits IDLCB1 and IDLCBO in IDLCR: Setting A can be select
one to four cycles, and setting B can be selected from one or two to four cycles. Setting
be specified for each area by setting the bits IDLSEL7 to IDLSELO in IDLCR. Note tha
IDLSELT7 to IDLSELO correspond to the previously accessed area of the consecutive ac

The number of idle cycles to be inserted under conditions 3 and 4, which is a condition
idle cycles after write, can be determined by setting A as described above.

After the reset release, IDLCR is initialized to four idle cycle insertion under all conditi
shown above.

Table 6.20 shows the correspondence between conditions 1 to 4 and number of idle cycl
inserted for each area. Table 6.21 shows the correspondence between the number of idle
be inserted specified by settings A and B, and number of cycles to be inserted.
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1 B B B B

Read after write 2 0 — Invalid

1 A
External access after single address 3 0 — Invalid
transfer ] A
[Legend]
A: Number of idle cycle insertion A is selected.
B: Number of idle cycle insertion B is selected.

Invalid: No idle cycle is inserted for the corresponding condition.

Table6.21 Number of Idle Cycle Insertions

Bit Settings
A B
IDLCA1 IDLCAO IDLCB1 IDLCBO Number of Cy«
— — 0 0 0
0 0 — — 1
0 1 0 1 2
1 0 1 0 3
1 1 1 1 4
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alll a4 Udta CLOLLLLICL 15 plovellicd.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

T, T, T, T T,

T T, Te T, To

-  JUUUUL
Address bus :EX EX EX: :;X X

CS (area A) I | I [
CS (area B)

]

RD

Data bus

| '
Data hold

time is long.
(a) No idle cycle inserted (b) Idle cycle inserted
(IDLS1 =0) (IDLS1 =1, IDLSELn =0, IDLCA1 =0, IDL

Figure6.37 Example of Idle Cycle Operation (Consecutive Readsin Different
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Bus cycle A Bus cycle B

T, T, Ty T,

Bo

T,

-

Address bus 3 (

S (area B)

CS (area A) | |

Data bus

Data hold’

time is long.

(a) No idle cycle inserted

(IDLSO = 0)

Bus cycle A Bus cycle B

oy

(b) Idle cycle inserted

(IDLSO =1, IDLSELn = 0, IDLCA1 =0, IDLC

Figure6.38 Example of Idle Cycle Operation (Write after Read)
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Address bus :EX X EX: :EX X ?
CS (area A) —l—,—i_ | “ i

S (area B)

' Data conflict
Output floating '
time is long.

(a) No idle cycle inserted (b) Idle cycle inserted

(IDLS2 = 0) (IDLS2 = 1, IDLCA1 = 0, IDLCAO

Figure6.39 Example of Idle Cycle Operation (Read after Write)
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Bus cycle A Bus cycle B Bus cycle A Bus cycle B

T, T, T T4 Tyt T T, T T T, T,

(IR 2 2
Address bus :;X X ;X: :;X
CS (area A) | |I E i ‘. E

CS (area B)

-

Data bus —E—( :E)_( 5)_(

e

' Data conflict

Output floating '
time is long.
(a) No idle cycle inserted (b) Idle cycle inserted
(IDLS3 =0) (IDLS3 =1, IDLCA1 =0, IDLCAOQ =

Figure6.40 Exampleof Idle Cycle Operation (Write after Single Address Transfe
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Address bus:x X

[ N [ R N A D S S .

CS (area A) -l :
CS (areaB) ! i i
Data bus ( E ) ; (

' 1
Specified number of idle cycles or more
including no external access cycles (NOP)

(Condition: Number of idle cycles to be inserted when different reads continue: 4 cycles)

Figure6.41 ldle CyclelInsertion Example
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I B e L UL

Address bus :X X X: 3 X E ;

CS (area A) | | E | ‘. E |

s I )
- LA Tl

Overlap time may occur between the
CS (area B) and RD

(a) No idle cycle inserted (b) Idle cycle inserted
(IDLS1 =0) (IDLS1 =1, IDLSELn = 0, IDLCA1 = 0, IDLCA

Figure6.42 Relationship between Chip Select (CS) and Read (RD)
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0 1 2 cycle

0  3cycles

1 1 4 cycles

Normal space Normal —_ — — 0 — — — — — Disable
read space write 10

— — 1cycle
2 cycles

3 cycles

ala|lo|l o
= Oo|l =] O

4 cycles

0 cycle

2 cycle

3 cycles

alalo|l o
-1 OoO|=| 0

4 cycles

Normal space Normal — 0 - — — — — — — Disable
write space read 1

— — 1cycle
2 cycles
3 cycles

- Ol =] O

4 cycles

Single Normal o — — — — — — — — Disable
address space write 1
transfer write

_ — — — 0 0 — — 1tcycle

0 1 2 cycles
1 0 3 cycles
1 1 4 cycles
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LIS IR

RD High
BS High
RD/WR High
AH Low
CAWR, LLWR High
DACKn (n=3100) High
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In external extended mode, when the BRLE bit in BCR1 is set to 1, and the ICR bit for f
corresponding pin is set to 1, the bus can be released to the external. Driving the BREQ
issues an external bus request to this LSI. When the BREQ pin is sampled, at the prescr
timing, the BACK pin is driven low, and the address bus, data bus, and bus control sign
placed in the high-impedance state, establishing the external bus released state. For deta
DDR and ICR, see section 9, 1/O Ports.

In the external bus released state, the CPU, DTC, and DMAC can access the internal sp:
the internal bus. When the CPU, DTC, or DMAC attempts to access the external addres:
temporarily defers initiation of the bus cycle, and waits for the bus request from the exte
master to be canceled.

In the external bus released state, when write access to SCKCR is granted to set the cloc
frequency, the current setting for the clock frequency is deferred until the bus request of
external bus master is canceled. For details of the SCKCR, see section 18, Clock Pulse ¢

If the BREQOE bit in BCR1is set to 1, the BREQO pin can be driven low when any of 1
following requests are issued, to request cancellation of the bus request externally.

e  When the CPU, DTC, or DMAC attempts to access the external address space

e When a SLEEP instruction is executed to place the chip in software standby mode o
module-clock-stop mode

e  When write access to SCKCR is granted to set the clock frequency

If an external bus release request and external access occur simultaneously, the priority
follows:

(High) External bus release > External access by CPU, DTC, or DMAC (Low)

Rev.2.00 Jun. 28, 2007 Pag
RENESAS REJC



Vol =710 VU) iy nnpcualivc

AS High impedance
AH High impedance
RD/WR High impedance
RD High impedance
LUB, LLB High impedance
LHWR, LLWR High impedance
DACKn (n=3100) High level
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[1] Alow level of the BREQ signal is sampled at the rising edge of the B¢ signal.

[2] The bus control signals are driven high at the end of the external space access cycle. It takes two cycles
more after the low level of the BREQ signal is sampled.

[38] The BACK signal is driven low, releasing bus to the external bus master.

[4] The BREQ signal state sampling is continued in the external bus released state.

[5] A high level of the BREQ signal is sampled.

[

[

6] The external bus released cycles are ended one cycle after the BREQ signal is driven high.

7] When the external space is accessed by an internal bus master during external bus released while the B
bit is set to 1, the BREQO signal goes low.

[8] Normally the BREQO signal goes high at the rising edge of the BACK signal.

Figure6.43 BusReleased State Transition Timing
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Access Space Access Number of Access C

On-chip RAM space Read One l¢ cycle

Write One I¢ cycle

In access to the registers for on-chip peripheral modules, the number of access cycles diff
according to the register to be accessed. When the dividing ratio of the operating clock of
master and that of a peripheral module is 1 : n, synchronization cycles using a clock divic
to n-1 are inserted for register access in the same way as for external bus clock division.

The number of access cycles to the registers for on-chip peripheral modules is shown in t

Table6.26 Number of Access Cyclesfor Registersof On-Chip Peripheral M odules

Number of Cycles

Module to be Accessed Read Write Write Data Buffer F
DMAC registers 2l Disabled
MCU operating mode, clock pulse 2l 3lo Disabled

generator, power-down control registers,
interrupt controller, bus controller, and DTC

registers
I/O port PFCR registers and WDT registers 2P¢ 3P¢ Disabled
I/O port registers other than PFCR, TPU, 2P¢ Enabled

PPG, TMR, SCI, A/D, and D/A registers
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the first two cycles. However, from the next cycle onward, internal accesses (on-chip m
internal I/O register read/write) and the external address space write rather than waiting
ends are executed in parallel.

External
space
write

\~&— On-chip memory read —#<&— Peripheral module |
' '

External write cycle

On-chip X On-chip
memory 1 /\_memory

Internal

2 X Peripheral module
address bus

T, : T, : T,

Y

Bo

A23 to AD ;x
CSn l

Lol

External address

LHWR, LLWR

—

D15 to DO __(

Figure6.44 Example of Timing when Write Data Buffer Function isUse
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two cycles. However, from the next cycle onward an internal memory or an external acce
internal I/O register write are executed in parallel rather than waiting until it ends.

On-chip
| memory .
. I read ;

~—Peripheral module write—s!

o UL
Internal :X—X_X_X:
address bus y y

e 4]

Internal 1/0

address bus Peripheral module address

Internal 1/10
data bus < >

Figure6.45 Example of Timing when Peripheral Module
Write Data Buffer Function isUsed
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6.14.1 Operation

The bus arbiter detects the bus masters' bus request signals, and if the bus is requested, ¢
request acknowledge signal to the bus master. If there are bus requests from more than c
master, the bus request acknowledge signal is sent to the one with the highest priority. V
master receives the bus request acknowledge signal, it takes possession of the bus until 1
is canceled.

The priority of the internal bus arbitration:
(High) DMAC > DTC > CPU (Low)
The priority of the external bus arbitration:
(High) External bus release request > External access by the CPU, DTC, and DMA

If the DMAC or DTC accesses continue, the CPU can be given priority over the DMAC
to execute the bus cycles alternatively between them by setting the IBCCS bit in BCR2.
case, the priority between the DMAC and DTC does not change.

An internal bus access by the CPU, DTC, or DMAC and an external bus access by an e
release request can be executed in parallel.
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‘1he timing 1or transier of the bus 1S at the end of the bus cycle. In sleep mode, the bus 18
transferred synchronously with the clock.

Note, however, that the bus cannot be transferred in the following cases.

e The word or longword access is performed in some divisions.

e Stack handling is performed in multiple bus cycles.

e Transfer data read or write by memory transfer instructions, block transfer instruction
instruction.
(In the block transfer instructions, the bus can be transferred in the write cycle and the
following transfer data read cycle.)

e From the target read to write in the bit manipulation instructions or memory operatior
instructions.
(In an instruction that performs no write operation according to the instruction condit
a cycle corresponding the write cycle)

(2) DTC

The DTC sends the internal bus arbiter a request for the bus when an activation request is
generated. When the DTC accesses an external bus space, the DTC first takes control of t
from the internal bus arbiter and then requests a bus to the external bus arbiter.

Once the DTC takes control of the bus, the DTC continues the transfer processing cycles
master whose priority is higher than the DTC requests the bus, the DTC transfers the bus
higher priority bus master. If the IBCCS bit in BCR2 is set to 1, the DTC transfers the bu
CPU.
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bus from the internal bus arbiter and then requests a bus to the external bus arbiter.

After the DMAC takes control of the bus, it may continue the transfer processing cycles
the bus at the end of every bus cycle depending on the conditions.

The DMAC continues transfers without releasing the bus in the following case:

e Between the read cycle in the dual-address mode and the write cycle corresponding |
cycle

If no bus master of a higher priority than the DMAC requests the bus and the IBCCS bit
is cleared to 0, the DMAC continues transfers without releasing the bus in the following

e During 1-block transfers in the block transfer mode

e During transfers in the burst mode
In other cases, the DMAC transfers the bus at the end of the bus cycle.
(4) External BusRelease

When the BREQ pin goes low and an external bus release request is issued while the BF
BCRI and the ICR bit of the corresponding pin are set to 1, a bus request is sent to the t

External bus release can be performed on completion of an external bus cycle.

Rev.2.00 Jun. 28, 2007 Pag
RENESAS REJC



2 S e =

from the external ROM are generated.
(2) External BusRelease Function and All-Module-Clock-Stop M ode

In this LSI, if the ACSE bit in MSTPCRA is set to 1, and then a SLEEP instruction is exe
with the setting for all peripheral module clocks to be stopped (MSTPCRA, MSTPCRB -
H'FFFFFFFF) or for operation of the 8-bit timer module alone (MSTPCRA, MSTPCRB :
to O]JFFFFFF), and a transition is made to the sleep state, the all-module-clock-stop mode
entered in which the clock is also stopped for the bus controller and I/O ports. For details
section 19, Power-Down Modes.

In this state, the external bus release function is halted. To use the external bus release fu
sleep mode, the ACSE bit in MSTPCRA must be cleared to 0. Conversely, if a SLEEP in
to place the chip in all-module-clock-stop mode is executed in the external bus released s
transition to all-module-clock-stop mode is deferred and performed until after the bus is
recovered.

(3) External BusRelease Function and Softwar e Standby

In this LSI, internal bus master operation does not stop even while the bus is released, as
the program is running in on-chip RAM, etc., and no external access occurs. If a SLEEP
instruction to place the chip in software standby mode is executed while the external bus
released, the transition to software standby mode is deferred and performed after the bus
recovered.

Also, since clock oscillation halts in software standby mode, if the BREQ signal goes lov
mode, indicating an external bus release request, the request cannot be answered until the
recovered from the software standby mode.
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DMAC activation methods are auto-request, on-chip module interrupt, and external

Auto request:

On-chip module interrupt:

External request:

Activated by the CPU
(cycle stealing or burst access can be selected)

Interrupt requests from on-chip peripheral modules can
as an activation source

Low level or falling edge detection of the DREQ signal
selected. External request is available for all four chann

In block transfer mode, low level detection is only avai

Dual or single address mode can be selected as address mode

Dual address mode: Both source and destination are specified by addresses

Single address mode: Either source or destination is specified by the DREQ signal a

other is specified by address

Normal, repeat, or block transfer can be selected as transfer mode

Normal transfer mode:

Repeat transfer mode:

Block transfer mode:

One byte, one word, or one longword data is transferrec
single transfer request

One byte, one word, or one longword data is transferrec
single transfer request

Repeat size of data is transferred and then a transfer ad
returns to the transfer start address

Up to 65536 transfers (65,536 bytes/words/longwords)
as repeat size

One block data is transferred at a single transfer reques
Up to 65,536 bytes/words/longwords can be set as bloc
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respecuve poundary
Data is divided according to its address (byte or word) when it is transferred
e Two types of interrupts can be requested to the CPU

A transfer end interrupt is generated after the number of data specified by the transfer
is transferred. A transfer escape end interrupt is generated when the remaining total tr
size is less than the transfer data size at a single transfer request, when the repeat size
transfer is completed, or when the extended repeat area overflows.
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Internal activation >

source detect:

> DMDR_n
| DMRSR_n |
> DACR_n

DOFR_n
DSAR_n

or ——

DDAR_n

DTCR_n

DBSR_n

[

[

[

Module data bus

[Legend]

DSAR_n:
DDAR_n:
DOFR_n:

DMRSR_n:

Note: n =0 t

DMA source address register

DMA destination address register
DMA offset register

DMA transfer count register

DMA block size register

DMA mode control register

DMA address control register

DMA module request select register

03

o
20
)|
(9]
=

DACKn:
TENDN:

DMA transfer request

DMA transfer acknowledge

DMA transfer end

Figure7.1 Block Diagram of DMAC
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Input

1 DMA transfer request 1 DREQ1 Channel 1 external reque
DMA transfer acknowledge 1 DACK1  Output  Channel 1 single addres:
acknowledge
DMA transfer end 1 TEND1  Output Channel 1 transfer end
2 DMA transfer request 2 DREQ2 Input Channel 2 external reque
DMA transfer acknowledge 2 DACK2  Output  Channel 2 single addres:
acknowledge
DMA transfer end 2 TEND2 Output Channel 2 transfer end
3 DMA transfer request 3 DREQ3 Input Channel 3 external reque
DMA transfer acknowledge 3 DACK3  Output  Channel 3 single addres:
acknowledge
DMA transfer end 3 TEND3 Output Channel 3 transfer end
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¢ DMA mode control register_0 (DMDR_0)

e DMA address control register_0 (DACR_0)

o DMA module request select register_0 (DMRSR_0)

Channdl 1:

e DMA source address register_1 (DSAR_1)

e DMA destination address register_1 (DDAR_1)

o DMA offset register_1 (DOFR_1)

e DMA transfer count register_1 (DTCR_1)

e DMA block size register_1 (DBSR_1)

¢ DMA mode control register_1 (DMDR_1)

e DMA address control register_1 (DACR_1)

e DMA module request select register_1 (DMRSR_1)

Channdl 2:

o DMA source address register_2 (DSAR_2)

o DMA destination address register_2 (DDAR_2)

o DMA offset register_2 (DOFR_2)

e DMA transfer count register_2 (DTCR_2)

o DMA block size register_2 (DBSR_2)

e DMA mode control register_2 (DMDR_2)

o DMA address control register_2 (DACR_2)

o DMA module request select register_2 (DMRSR_2)

RENESAS
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Initial Value 0 0 0 0 0 0 0

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

Bit 23 22 21 20 19 18 17

Bit Name

Initial Value 0 0 0 0 0 0 0

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

Bit 15 14 13 12 11 10 9

Bit Name

Initial Value 0 0 0 0 0 0 0

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

Bit 7 6 5 4 3 2 1

Bit Name

Initial Value 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W
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Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 23 22 21 20 19 18 17
Bit Name

Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9
Bit Name

Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1
Bit Name

Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
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Bit

Bit Name

Initial Value

R/W

Bit

Bit Name

Initial Value

R/W

Bit

Bit Name

Initial Value

R/W

23 22 21 20 19 18 17
0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W
15 14 13 12 11 10 9
0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1
0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W
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Although DTCR can always be read from by the CPU, it must be read from in longwords
must not be written to while data for the channel is being transferred.

Bit 31 30 29 28 27 26 25
BitNare | | | | | | | |
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 23 22 21 20 19 18 17
Githame. | | | | | | | |
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9
Githame | | | | | | | |
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1
BitName | | | | | | | |
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
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Bit Name BKSZH23 | BKSZH22 | BKSZH21 | BKSZH20 | BKSZH19 | BKSZH18 | BKSZH17
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9
Bit Name BKSZ15 BKSZ14 BKSZ13 BKSZ12 BKSZ11 BKSZ10 BKSZ9
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1
Bit Name BKSZ7 BKSZ6 BKSZ5 BKSZz4 BKSZ3 BKSZ2 BKSZ1
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Initial
Bit Bit Name Value R/W Description
3110 16 BKSZH31 Undefined R/W Specify the repeat size or block size.
to When H'0001 is set, the repeat or block size i
BKSZH16

one word, or one longword. When H'0000 is s
means the maximum value (refer to table 7.1)
DMA is in operation, the setting is fixed.

15t0 0 BKSZ15 Undefined R/'W
to BKSZ0

Indicate the remaining repeat or block size wt
DMA is in operation. The value is decremente
every time data is transferred. When the reme
becomes 0, the value of the BKSZH bits is loz
the same value as the BKSZH bits.
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DMDR controls the DMAC operation.

e DMDR_0

Bit 31 30 29 28 27 26 25

Bit Name | DTE | DACKE | TENDE | — | DREQS | NRD | — |
Initial Value 0 0 0 0 0 0 0

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

Bit 23 22 21 20 19 18 17

Bit Name | ACT | — — | — | ERRF | — | ESIF |
Initial Value 0 0 0 0 0 0 0

R/W R R R R R/(W)* R R/(W)*
Bit 15 14 13 12 11 10 9

Bit Name | DTSz1 | DTSZ0 MDS1 | MDSO0 | TSEIE | — | ESIE |
Initial Value 0 0 0 0 0 0 0

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

Bit 7 6 5 4 3 2 1

Bit Name | DTF1 | DTFO DTA | — | — | DMAP2 | DMAP1 |
Initial Value 0 0 0 0 0 0 0

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

Note: * Only 0 can be written to this bit after having been read as 1, to clear the flag.
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Bit 15 14 13 12 11 10 9

Bit Name | DTSZ1 | DTSZ0 MDS1 MDSO TSEIE — | ESIE |
Initial Value 0 0 0 0 0 0 0

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

Bit 7 6 5 4 3 2 1

Bit Name DTF1 DTFO DTA — — DMAP2 DMAP1
Initial Value 0 0 0 0 0 0 0

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

Note: * Only 0 can be written to this bit after having been read as 1, to clear the flag.
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In block transfer mode, if writing 0 to this bit wh
being transferred, this bit is cleared to 0 after tF
1-block size data transfer.

If an event which stops (sustains) a transfer oc
externally, this bit is automatically cleared to O
the transfer.

Operating modes and transfer methods must n
changed while this bit is set to 1.

0: Disables a data transfer

1: Enables a data transfer (DMA is in operation

[Clearing conditions]

e When the specified total transfer size of tral
completed

e When a transfer is stopped by an overflow |
by a repeat size end

e When a transfer is stopped by an overflow |
by an extended repeat size end

o When a transfer is stopped by a transfer siz
interrupt

¢ When clearing this bit to 0 to stop a transfel

In block transfer mode, this bit changes after th
block transfer.

e When an address error or an NMI interrupt
requested

e In the reset state or hardware standby mod
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28 — 0 R/W Reserved
Initial value should not be changed.

27 DREQS © RW DREQ Select

Selects whether a low level or the falling edge
DREQ signal used in external request mode i

When a block transfer is performed in externa
mode, clear this bit to 0.

0: Low level detection

1: Falling edge detection (the first transfer af
transfer enabled is detected on a low level

26 NRD 0 R/W Next Request Delay
Selects the accepting timing of the next transf

0: Starts accepting the next transfer request
completion of the current transfer

1: Starts accepting the next transfer request
after completion of the current transfer

25,24 — AllO R Reserved
These bits are always read as 0 and cannot b
modified.

23 ACT 0 R Active State

Indicates the operating state for the channel.

0: Waiting for a transfer request or a transfer
state by clearing the DTE bit to 0

1: Active state

22t020 — AllO R Reserved

These bits are always read as 0 and cannot b
modified.
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[Clearing condition]
e When clearing to 0 after reading ERRF = 1
[Setting condition]
e When an address error or an NMI interrupt
generated

However, when an address error or an NMI inte
been generated in DMAC module stop mode, t
not setto 1.

18 — 0 R Reserved
This bit is always read as 0 and cannot be moc
17 ESIF 0 R/(W)*  Transfer Escape Interrupt Flag

Indicates that a transfer escape end interrupt h
requested. A transfer escape end means that &
is terminated before the transfer counter reach

0: A transfer escape end interrupt has not bee
requested

1: A transfer escape end interrupt has been re
[Clearing conditions]

e  When setting the DTE bit to 1

e When clearing to 0 before reading ESIF = 1
[Setting conditions]

o When a transfer size error interrupt is reque
o When a repeat size end interrupt is request

e When a transfer end interrupt by an extend
area overflow is requested
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e When clearing to 0 after reading DTIF = 1

[Setting condition]

e When DTCR reaches 0 and the transfer is
completed

15
14

DTSz1
DTSZ0

o

R/W
R/W

Data Access Size 1 and 0

Select the data access size for a transfer.
00: Byte size (eight bits)

01: Word size (16 bits)

10: Longword size (32 bits)

11: Setting prohibited

13
12

MDS1
MDSO0

o O

R/W
R/W

Transfer Mode Select 1 and 0
Select the transfer mode.

00: Normal transfer mode
01: Block transfer mode

10: Repeat transfer mode
11: Setting prohibited
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e In normal or repeat transfer mode, the total
size set in DTCR is less than the data acce

e In block transfer mode, the total transfer siz
DTCR is less than the block size

0: Disables a transfer size error interrupt reque

1: Enables a transfer size error interrupt reques

Reserved
This bit is always read as 0 and cannot be mod

9 ESIE 0 R/W

Transfer Escape Interrupt Enable

Enables/disables a transfer escape end interru
request. When the ESIF bit is set to 1 with this
1, a transfer escape end interrupt is requested
CPU or DTC. The transfer end interrupt reques
cleared by clearing this bit or the ESIF bit to 0.

0: Disables a transfer escape end interrupt
1: Enables a transfer escape end interrupt

8 DTIE 0 R/W

Data Transfer End Interrupt Enable

Enables/disables a transfer end interrupt reque
transfer counter. When the DTIF bit is setto 1y
bit set to 1, a transfer end interrupt is requestec
CPU or DTC. The transfer end interrupt reques
cleared by clearing this bit or the DTIF bit to 0.

0: Disables a transfer end interrupt
1: Enables a transfer end interrupt
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11: External request

DTA

R/W

Data Transfer Acknowledge

This bit is valid in DMA transfer by the on-chig
interrupt source. This bit enables or disables t
source flag selected by DMRSR.

0: To clear the source in DMA transfer is disal
Since the on-chip module interrupt source |
cleared in DMA transfer, it should be cleare
CPU or DTC transfer.

1: To clear the source in DMA transfer is enat
Since the on-chip module interrupt source |
in DMA transfer, it does not require an inte
the CPU or DTC transfer.

4,3

AllO

R

Reserved

These bits are always read as 0 and cannot b
modified.
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001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (high)

Note: * Only 0 can be written to, to clear the flag.
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Bit Name — — SAT1 SATO — — DATA

Initial Value 0 0 0 0 0 0 0
R/W R R R/W R/W R R R/W
Bit 15 14 13 12 11 10 9
Bit Name SARIE — — SARA4 SARA3 SARA2 SARA1
Initial Value 0 0 0 0 0 0 0
R/W R/W R R R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1
Bit Name DARIE — — DARA4 DARA3 DARA2 DARA1
Initial Value 0 0 0 0 0 0 0
R/W R/W R R R/W R/W R/W R/W
Initial
Bit Bit Name Value R/W Description
31 AMS 0 R/W Address Mode Select

Selects address mode from single or dual adc
mode. In single address mode, the DACK pin
according to the DACKE bit.

0: Dual address mode

1: Single address mode
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26 RPTIE 0 R/W

Repeat Size End Interrupt Enable
Enables/disables a repeat size end interrupt re

In repeat transfer mode, when the next transfer
requested after completion of a 1-repeat-size d
transfer while this bit is set to 1, the DTE bit in |
cleared to 0. At this time, the ESIF bit in DMDR
1 to indicate that a repeat size end interrupt is

requested. Even when the repeat area is not sy
(ARS1 =1 and ARSO0 = 0), a repeat size end in
after a 1-block data transfer can be requested.

In addition, in block transfer mode, when the ne
transfer is requested after 1-block data transfer
this bit is set to 1, the DTE bit in DMDR is clear
At this time, the ESIF bit in DMDR is set to 1 to
that a repeat size end interrupt is requested.

0: Disables a repeat size end interrupt
1: Enables a repeat size end interrupt

25 ARSH1 0 R/W
24 ARSO 0 R/W

Area Select 1 and 0

Specify the block area or repeat area in block ¢
transfer mode.

00: Specify the block area or repeat area on th
address

01: Specify the block area or repeat area on th
destination address

10: Do not specify the block area or repeat are:
11: Setting prohibited
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10: Source address is updated by adding 1, 2
according to the data access size

11: Source address is updated by subtracting
according to the data access size

19,18 — All O R Reserved
These bits are always read as 0 and cannot b
modified.
17 DATA 0 R/W Destination Address Update Mode 1 and O
16 DATO 0 R/W Select the update method of the destination a

(DDAR). When DDAR is not specified as the t
destination in single address mode, this bit is

00: Destination address is fixed
01: Destination address is updated by adding

10: Destination address is updated by adding
according to the data access size

11: Destination address is updated by subtrac
or 4 according to the data access size
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When block transfer mode is used with the exte
repeat area function, an interrupt is requested :
completion of a 1-block size transfer. When sef
DTE bit in DMDR of the channel for which a tra
been stopped to 1, the transfer is resumed fron
state when the transfer is stopped.

When the extended repeat area is not specifiec
is ignored.

0: Disables an interrupt request for an extende:
overflow on the source address

1: Enables an interrupt request for an extendec
overflow on the source address

14,13 — AllO R

Reserved

These bits are always read as 0 and cannot be
modified.
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area for address addition and subtraction, res
When an overflow in the extended repeat are:
with the SARIE bit set to 1, an interrupt can be
requested. Table 7.3 shows the settings and ¢
the extended repeat area.

DARIE

0

R/W

Destination Address Extended Repeat Area C
Interrupt Enable

Enables/disables an interrupt request for an e
area overflow on the destination address.

When an extended repeat area overflow on th
destination address occurs while this bit is set
DTE bit in DMDR is cleared to 0. At this time,
bit in DMDR is set to 1 to indicate an interrupt
extended repeat area overflow on the destina
address is requested.

When block transfer mode is used with the ex
repeat area function, an interrupt is requested
completion of a 1-block size transfer. When s¢
DTE bit in DMDR of the channel for which the
has been stopped to 1, the transfer is resume
state when the transfer is stopped.

When the extended repeat area is not specifie
is ignored.

0: Disables an interrupt request for an extends
overflow on the destination address

1: Enables an interrupt request for an extende
overflow on the destination address
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VIDYtles 1In units Of Dyte and a power Ol <.

When the lower address is overflowed from the
extended repeat area by address update, the a
becomes the start address and the end addres
area for address addition and subtraction, resp

When an overflow in the extended repeat area
with the DARIE bit set to 1, an interrupt can be
requested. Table 7.3 shows the settings and ar
the extended repeat area.
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00110

64 bytes specified as extended repeat area by the lower 6 bits of the addres

00111 128 bytes specified as extended repeat area by the lower 7 bits of the addre
01000 256 bytes specified as extended repeat area by the lower 8 bits of the addre
01001 512 bytes specified as extended repeat area by the lower 9 bits of the addre
01010 1 kbyte specified as extended repeat area by the lower 10 bits of the addre:s
01011 2 kbytes specified as extended repeat area by the lower 11 bits of the addre
01100 4 kbytes specified as extended repeat area by the lower 12 bits of the addre
01101 8 kbytes specified as extended repeat area by the lower 13 bits of the addre
01110 16 kbytes specified as extended repeat area by the lower 14 bits of the add
01111 32 kbytes specified as extended repeat area by the lower 15 bits of the add
10000 64 kbytes specified as extended repeat area by the lower 16 bits of the add
10001 128 kbytes specified as extended repeat area by the lower 17 bits of the ad
10010 256 kbytes specified as extended repeat area by the lower 18 bits of the adi
10011 512 kbytes specified as extended repeat area by the lower 19 bits of the adi
10100 1 Mbyte specified as extended repeat area by the lower 20 bits of the addre
10101 2 Mbytes specified as extended repeat area by the lower 21 bits of the addr
10110 4 Mbytes specified as extended repeat area by the lower 22 bits of the addr
10111 8 Mbytes specified as extended repeat area by the lower 23 bits of the addr
11000 16 Mbytes specified as extended repeat area by the lower 24 bits of the adc
11001 32 Mbytes specified as extended repeat area by the lower 25 bits of the adc
11010 64 Mbytes specified as extended repeat area by the lower 26 bits of the adc
11011 128 Mbytes specified as extended repeat area by the lower 27 bits of the ac
111xx Setting prohibited

[Legend]

x: Don't care
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7.4 Transfer Modes

Table 7.4 shows the DMAC transfer modes. The transfer modes can be specified to the ir
channels.

Table7.4 Transfer Modes

Address Re

Address
Mode Transfer mode Activation Source Common Function Source
Dual ¢ Normal transfer e Auto request e Total transfer size: DSAR
address | Repeat transfer (activated by CPU) 1 to 4 Gbytes or not

e Block transfer e On-chip module specified

Repeat or block size = 1 interrupt e Offset addition

to 65,536 bytes, 1 to o External request o Extended repeat

65,536 words, or 1 to area function

65,536 longwords
Single ¢ Instead of specifying the source or destination address registers, data DSAR/
address is directly transferred from/to the external device using the DACK pin  DACK

o The same settings as above are available other than address register
setting (e.g., above transfer modes can be specified)

e One transfer can be performed in one bus cycle (the types of transfer
modes are the same as those of dual address modes)

When the auto request setting is selected as the activation source, the cycle stealing or bu
can be selected. When the total transfer size is not specified (DTCR = H'00000000), the t
counter is stopped and the transfer is continued without the limitation of the transfer cour
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atvidcod o didplio vus Cyeles ).

In the first bus cycle, data at the transfer source address is read and in the next cycle, the
is written to the transfer destination address.

The read and write cycles are not separated. Other bus cycles (bus cycle by other bus m:
refresh cycle, and external bus release cycle) are not generated between read and write ¢

The TEND signal output is enabled or disabled by the TENDE bit in DMDR. The TENI
output in two bus cycles. When an idle cycle is inserted before the bus cycle, the TEND
also output in the idle cycle. The DACK signal is not output.

Figure 7.2 shows an example of the signal timing in dual address mode and figure 7.3 s}
operation in dual address mode.

, DMAread , DMAwrite

B cycle B cycle
Bo ML
Address bus X DSAR X DDAR X

TEND i

Figure7.2 Exampleof Signal Timing in Dual AddressMode
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(2) SingleAddressMode

In single address mode, data between an external device and an external memory is direc
transferred using the DACK pin instead of DSAR or DDAR. A transfer at a time is perfo
one bus cycle. In this mode, the data bus width must be the same as the data access size. ]
details on the data bus width, see section 6, Bus Controller (BSC).

The DMAC accesses an external device as the transfer source or destination by outputtin;
strobe signal (DACK) to the external device with DACK and accesses the other transfer
outputting the address. Accordingly, the DMA transfer is performed in one bus cycle. Fig
shows an example of a transfer between an external memory and an external device with
DACK pin. In this example, the external device outputs data on the data bus and the data
to the external memory in the same bus cycle.

The transfer direction is decided by the DIRS bit in DACR which specifies an external de
the DACK pin as the transfer source or destination. When DIRS = 0, data is transferred fi
external memory (DSAR) to an external device with the DACK pin. When DIRS = 1, dat
transferred from an external device with the DACK pin to an external memory (DDAR).
settings of registers which are not used as the transfer source or destination are ignored.

The DACK signal output is enabled in single address mode by the DACKE bit in DMDR
DACK signal is low active.

The TEND signal output is enabled or disabled by the TENDE bit in DMDR. The TEND
output in one bus cycle. When an idle cycle is inserted before the bus cycle, the TEND si
also output in the idle cycle.

Figure 7.5 shows an example of timing charts in single address mode and figure 7.6 show
example of operation in single address mode.
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Figure7.4 DataFlow in Single Address Mode

Transfer from external memory to external device with DACK
+ DMAcycle .
-~

N einlnlinl

Address bus X DSAR X: ~+——— Address for external memory space
RD ; I ~—— RD signal for external memory space
WR High |

DACK | —

Data bus —é—(:D— -+—— Data output by external memory
TEND I —

Transfer from external device with DACK to external memory

Data bus —v—:D— ~+——— Data output by external device with D

. DMAcycle .
Bo [ I I
Address bus X DDAR | ~+——— Address for external memory space
RD High
WR E | I E ~—— WR signal for external memory space
DACK —

TEND

Figure7.5 Exampleof Signal Timingin Single Address Mode
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Figure7.6 Operationsin Single Address M ode

752 Transfer M odes
(1) Normal Transfer Mode

In normal transfer mode, one data access size of data is transferred at a single transfer rec
to 4 Gbytes can be specified as a total transfer size by DTCR. DBSR is ignored in norma
mode.

The TEND signal is output only in the last DMA transfer. The DACK signal is output ev
transfer request is received and a transfer starts.

Figure 7.7 shows an example of the signal timing in normal transfer mode and figure 7.8
the operation in normal transfer mode.

Auto request transfer in dual address mode:

. DMA transfer i Last DMA :
1 cycle : 1 transfer cycle !

Bus cycle  ——— Read X Write k——X Read X Write f——————

e ; —_

External request transfer in single address mode:

DREQ | [

DACK | I | I

Figure7.7 Exampleof Signal Timingin Normal Transfer Mode
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(2) Repeat Transfer Mode

In repeat transfer mode, one data access size of data is transferred at a single transfer rec
to 4 Gbytes can be specified as a total transfer size by DTCR. The repeat size can be spe
DBSR up to 65536 x data access size.

The repeat area can be specified for the source or destination address side by bits ARS1
in DACR. The address specified as the repeat area returns to the transfer start address w
repeat size of transfers is completed. This operation is repeated until the total transfer si:
specified in DTCR is completed. When H'00000000 is specified in DTCR, it is regardec
free running mode and repeat transfer is continued until the DTE bit in DMDR is cleare

In addition, a DMA transfer can be stopped and a repeat size end interrupt can be reque:
CPU or DTC when the repeat size of transfers is completed. When the next transfer is re
after completion of a 1-repeat size data transfer while the RPTIE bit is set to 1, the DTE
DMDR is cleared to 0 and the ESIF bit in DMDR is set to 1 to complete the transfer. At
an interrupt is requested to the CPU or DTC when the ESIE bit in DMDR is set to 1.

The timings of the TEND and DACK signals are the same as in normal transfer mode.
Figure 7.9 shows the operation in repeat transfer mode while dual address mode is set.

When the repeat area is specified as neither source nor destination address side, the oper
the same as the normal transfer mode operation shown in figure 7.8. In this case, a repe:
interrupt can also be requested to the CPU when the repeat size of transfers is completec
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A
Operation when the repeat area is specified ~<— Address BBJ

to the source side

Figure7.9 Operationsin Repeat Transfer Mode
(3) Block Transfer Mode

In block transfer mode, one block size of data is transferred at a single transfer request. U
Gbytes can be specified as total transfer size by DTCR. The block size can be specified i
up to 65536 x data access size.

While one block of data is being transferred, transfer requests from other channels are su:
When the transfer is completed, the bus is released to the other bus master.

The block area can be specified for the source or destination address side by bits ARS1 a
in DACR. The address specified as the block area returns to the transfer start address whe
block size of data is completed. When the block area is specified as neither source nor de
address side, the operation continues without returning the address to the transfer start ad
repeat size end interrupt can be requested.

The TEND signal is output every time 1-block data is transferred in the last DMA transfe
When the external request is selected as an activation source, the low level detection of tt
signal (DREQS = 0) should be selected.

When an interrupt request by an extended repeat area overflow is used in block transfer n
settings should be selected carefully. For details, see section 7.5.5, Extended Repeat Arez
Function.
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ik I I

__ Transfer cycles for one block _:

Buscycle  X_CPU X CPU X DMAC X DMAC X DMAC ;XCPU X
| .
No CPU cycle generated

TEND : | I

Figure7.10 Operationsin Block Transfer Mode

——
I L=

BKSZH x -L
data access size

/\/

AddressB  —»

Figure7.11 Operation in Single AddressModein Block Transfer Mode
(Block Area Specified)
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Total transfer
size (DTCR)

| Nth block —_ ___ Nth block —]

\

Address B, —»

Figure7.12 Operation in Dual AddressModein Block Transfer Mode
(Block Area Not Specified)
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DMDR starts a transfer. The bus mode can be selected from cycle stealing and burst mo
(2) Activation by On-Chip Module Interrupt

An interrupt request from an on-chip peripheral module (on-chip peripheral module inte
used as a transfer request. When a DMA transfer is enabled (DTE = 1), the DMA transf
started by an on-chip module interrupt.

The activation source of the on-chip module interrupt is selected by the DMA module re
select register (DMRSR). The activation sources are specified to the individual channels
7.5 is a list of on-chip module interrupts for the DMAC. The interrupt request selected a
activation source can generate an interrupt request simultaneously to the CPU or DTC. |
refer to section 5, Interrupt Controller.

The DMAC receives interrupt requests by on-chip peripheral modules independent of tt
controller. Therefore, the DMAC is not affected by priority given in the interrupt contro

When the DMAC is activated while DTA = 1, the interrupt request flag is automatically
a DMA transfer. If multiple channels use a single transfer request as an activation sourci
the channel having priority is activated, the interrupt request flag is cleared. In this case,
channels may not be activated because the transfer request is not held in the DMAC.

When the DMAC is activated while DTA = 0, the interrupt request flag is not cleared by
DMAC and should be cleared by the CPU or DTC transfer.

When an activation source is selected while DTE = 0, the activation source does not req
transfer to the DMAC. It requests an interrupt to the CPU or DTC.

In addition, make sure that an interrupt request flag as an on-chip module interrupt sour
cleared to 0 before writing 1 to the DTE bit.
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TGI5A (TGI5A input capture/compare match) TPU_5 11

RXIO (receive data full interrupt for SCI channel 0) SCI_0 14
TXIO (transmit data empty interrupt for SCI channel 0) SCI_0 14
RXI1 (receive data full interrupt for SCI channel 1) SCI_1 1
TXH (transmit data empty interrupt for SCI channel 1) SCI_1 1t
RXI2 (receive data full interrupt for SCI channel 2) SCI_2 1¢
TXI2 (transmit data empty interrupt for SCI channel 2) SCI_2 1t
RXI3 (receive data full interrupt for SCI channel 3) SCI_3 1t
TXI3 (transmit data empty interrupt for SCI channel 3) SCI_3 1!
RXI4 (receive data full interrupt for SCI channel 4) SCl_4 1€
TXI4 (transmit data empty interrupt for SCI channel 4) SCl_4 16

(3) Activation by External Request

A transfer is started by a transfer request signal (DREQ) from an external device. When ¢
transfer is enabled (DTE = 1), the DMA transfer is started by the DREQ assertion. When
transfer in internal space is performed, select an activation source from the auto request a
chip module interrupt (the external request cannot be used).

A transfer request signal is input to the DREQ pin. The DREQ signal is detected on the f:
edge or low level. Whether the falling edge or low level detection is used is selected by tl
DREQS bit in DMDR. To perform a block transfer, select the low level detection (DREC

When an external request is selected as an activation source, clear the DDR bit to 0 and s
ICR bit to 1 for the corresponding pin. For details, see section 9, I/O Ports.
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longword, or 1-block si1z€) 1s completed. After that, when a transter 1s requested, the DIy
obtains the bus to transfer 1-unit data and then releases the bus on completion of the trar
operation is continued until the transfer end condition is satisfied.

When a transfer is requested to another channel during a DMA transfer, the DMAC rele
bus and then transfers data for the requested channel. For details on operations when a t
requested to multiple channels, see section 7.5.8, Priority of Channels.

Figure 7.13 shows an example of timing in cycle stealing mode. The transfer conditions
follows:

e Address mode: Single address mode

e Sampling method of the DREQ signal: Low level detection

DREQ |

Buscycle X" cpu X_cPu X bmac_X_cpu X_ bmac_X cpu X
N~}

Bus released temporarily for the CPU

Figure7.13 Example of Timingin Cycle Stealing M ode

Rev.2.00 Jun. 28, 2007 Pag
RENESAS REJC



Clearing the DTE bit in DMDR stops a DMA transfer. A transfer requested before the D"
cleared to 0 by the DMAC is executed. When an interrupt by a transfer size error, a repea
end, or an extended repeat area overflow occurs, the DTE bit is cleared to 0 and the trans

Figure 7.14 shows an example of timing in burst mode.

Busoycle X cPu X cpu X pmac X pmac X omac X cpu X cru X
N
No CPU cycle generated

Figure7.14 Exampleof Timingin Burst Mode

755 Extended Repeat Area Function

The source and destination address sides can be specified as the extended repeat area. Th
of the address register repeat addresses within the area specified as the extended repeat at
example, to use a ring buffer as the transfer target, the contents of the address register shc
return to the start address of the buffer every time the contents reach the end address of tt
(overflow on the ring buffer address). This operation can automatically be performed usi
extended repeat area function of the DMAC.

The extended repeat areas can be specified independently to the source address register (]
and destination address register (DDAR).

The extended repeat area on the source address is specified by bits SARA4 to SARAO in
The extended repeat area on the destination address is specified by bits DARA4 to DAR/
DACR. The extended repeat area sizes for each side can be specified independently.
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When the area represented by the lower three bits of DSAR (eight bytes)
is specified as the extended repeat area (SARA4 to SARAO = B'00011)
External memory

: Area specified
H23FFFE by DSAR
H'23FFFF
H240000 | [H240000 ]~ Repeat
H'240001 H'240001
H'240002 H'240002
H'240003 H'240003
H'240004 H'240004
H'240005 H'240005
H'240006 H'240006
H240007 H240007 > An interrupt re t by extended repeat area
H'240008 overﬂowLi:pan bgu;:neryated. i
H'240009

Figure7.15 Example of Extended Repeat Area Operation
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repeat area (SARA4 to SARAO = 3) and the block size in block transfer mode is specified to 5 (bits 23
to 16 in DTCR = 5).

External memory Area specified 1st block 2nd block
: by DSAR transfer transfer
H'23FFFE
H'23FFFF
H'240000 H'240000 H'240000 H'240000
H'240001 H'240001 H'240001 H'240001
H'240002 H'240002 H'240002 Interrupt
request
H'240003 H'240003 H'240003 generated
H'240004 H'240004 H'240004
H'240005 H'240005 H'240005
H'240006 H'240006 H'240006
H'240007 H'240007 H'240007
1240008 Bloc!( transfer
continued
H'240009

Figure7.16 Example of Extended Repeat Area Function in Block Transfer M

75.6 Address Update Function using Offset

The source and destination addresses are updated by fixing, increment/decrement by 1, 2
offset addition. When the offset addition is selected, the offset specified by the offset reg;
(DOFR) is added to the address every time the DMAC transfers the data access size of dc
function realizes a data transfer where addresses are allocated to separated areas.

Figure 7.17 shows the address update method.
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Address not Data access size Offset is added to address

updated added to or subtracted (addresses are not
from address (addresses continuous)
are continuous)
(a) Address fixed (b) Increment or decrement (c) Offset addition
by 1,2,0or4

Figure7.17 AddressUpdate Method

In item (a), Address fixed, the transfer source or destination address is not updated indic
same address.

In item (b), Increment or decrement by 1, 2, or 4, the transfer source or destination addr
incremented or decremented by the value according to the data access size at each transf
word, or longword can be specified as the data access size. The value of 1 for byte, 2 fo
4 for longword is used for updating the address. This operation realizes the data transfer
consecutive areas.

In item (c), Offset addition, the address update does not depend on the data access size.
specified by DOFR is added to the address every time the DMAC transfers data of the d
size.

The address is calculated by the offset set in DOFR and the contents of DSAR and DD/
Although the DMAC calculates only addition, an offset subtraction can be realized by s
negative value in DOFR. In this case, the negative value must be 2's complement.
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= Adaress A1 + Otiset

/\/
Offset < [ ~—

N
@)
o]
=
QO
w

Address A3
= Address A2 + Offset

Offset <

Transfer source: Offset addition
Transfer destination: Increment by 4 (longword)

Data 4 Address A4
= Address A3 + Offset

N7

—
Offset < [ ——F

~ Data 5 Address A5
= Address A4 + Offset

Figure7.18 Operation of Offset Addition

In figure 7.18, the offset addition is selected as the transfer source address update and inc
decrement by 1, 2, or 4 is selected as the transfer destination address. The address update
that data at the address which is away from the previous transfer source address by the of
read from. The data read from the address away from the previous address is written to th
consecutive area in the destination side.
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___________ by CPU

Data 1 Data 1 Data 1
Offset Data 5 Address Data 5 ;—'_l' """" | Datab :l

Data 9 initialized | Data 9 Address | Data 9

Data13 | | ______ Data 13 initialized | Data 18 | Tyansfer source

Data 2 Data2 | | Data 2 agdressaes
Offset Data 6 Data 6 Data 6 gyegga

Data 10 Data 10 Data 10

Data14 | | _____ Data 14 Data 14

Data 3 Data3 | [ ______ Data 3
Offset Data 7 Data 7 Data 7

Data 11 Data 11 Data 11 )

Data15 | .| .. ____ Data 15 Data 15 1

Data4 F—» Data 4 R Data 4 |

Data 8 Interrupt Data8 |—— , Data 8

Data 12 request Data 12 Data 12

generated Interrupt — >
Data 16 Data 16 request Data 16 Interrupt Y
generated request
—~_ —~_ —_ generated

Data 1

Data 2

Data 3

Data 4

Data 5

Data 6
Data 7

Data 8

Data 9

Data 10

Data 11

Data 12

Data 13

Data 14

Data 15

Data 16

/\’

Figure7.19 XY Conversion Operation Using Offset Addition in Repeat Transfe

In figure 7.19, the source address side is specified to the repeat area by DACR and the ¢
addition is selected. The offset value is set to 4 x data access size (when the data access

longword, H'00000010 is set in DOFR, as an example). The repeat size is set to 4 x data
size (when the data access size is longword, the repeat size is set to 4 x 4 = 16 bytes, as

example). The increment or decrement by 1, 2, or 4 is specified as the transfer destinatic
A repeat size end interrupt is requested when the repeat size of transfers is completed.

RENESAS
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| Receives transfer request |

| Transfers data |

Decrements transfer count
and repeat size

No

Transfer count = 0?

Yes

N
Repeat size = 0?7

Yes

| Initializes transfer source addressl
|

Generates repeat size end
interrupt request

|| Set transfer source address + 4 ||

(Longword transfer)

End

: User operation I:l : DMAC operation

Figure7.20 XY Conversion Flowchart Using Offset Addition in Repeat Transfe
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75.7 Register during DMA Transfer

The DMAC registers are updated by a DMA transfer. The value to be updated differs acc
the other settings and transfer state. The registers to be updated are DSAR, DDAR, DTC]
BKSZH and BKSZ in DBSR, and the DTE, ACT, ERRF, ESIF, and DTIF bits in DMDR

(1) DMA Source Address Register

When the transfer source address set in DSAR is accessed, the contents of DSAR are out;
then are updated to the next address.

The increment or decrement can be specified by bits SAT1 and SATO in DACR. When S
SATO = B'00, the address is fixed. When SAT1 and SATO = B'01, the address is added w
offset. When SAT1 and SATO = B'10, the address is incremented. When SAT1 and SAT!
the address is decremented. The size of increment or decrement depends on the data acce

The data access size is specified by bits DTSZ1 and DTSZ0 in DMDR. When DTSZ1 an
= B'00, the data access size is byte and the address is incremented or decremented by 1. )
DTSZ1 and DTSZ0 = B'01, the data access size is word and the address is incremented o
decremented by 2. When DTSZ1 and DTSZ0 = B'10, the data access size is longword an
address is incremented or decremented by 4. Even if the access data size of the source ad
word or longword, when the source address is not aligned with the word or longword bot
the read bus cycle is divided into byte or word cycles. While data of one word or one lon;
being read, the size of increment or decrement is changing according to the actual data ac
for example, +1 or +2 for byte or word data. After one word or one longword of data is re
address when the read cycle is started is incremented or decremented by the value accord
bits SAT1 and SATO.
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(2) DMA Destination Address Register

When the transfer destination address set in DDAR is accessed, the contents of DDAR
and then are updated to the next address.

The increment or decrement can be specified by bits DAT1 and DATO in DACR. When
and DATO = B'00, the address is fixed. When DAT1 and DATO = B'01, the address is a
the offset. When DAT1 and DATO = B'10, the address is incremented. When DAT1 and
B'11, the address is decremented. The incrementing or decrementing size depends on th
access size.

The data access size is specified by bits DTSZ1 and DTSZ0 in DMDR. When DTSZ1 a
= B'00, the data access size is byte and the address is incremented or decremented by 1.
DTSZ1 and DTSZ0 = B'01, the data access size is word and the address is incremented
decremented by 2. When DTSZ1 and DTSZ0 = B'10, the data access size is longword ai
address is incremented or decremented by 4. Even if the access data size of the destinati
is word or longword, when the destination address is not aligned with the word or longv
boundary, the write bus cycle is divided into byte and word cycles. While one word or ¢
longword of data is being written, the incrementing or decrementing size is changing ac
the actual data access size, for example, +1 or +2 for byte or word data. After the one w
longword of data is written, the address when the write cycle is started is incremented o
decremented by the value according to bits SAT1 and SATO.

In block or repeat transfer mode, when the block or repeat size of data transfers is comp
the block or repeat area is specified to the destination address side, the destination addre
to the transfer start address and is not affected by the address update.
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2. When longword data is transferred, DTCR is decremented by 4. However, when DTCI
contents of DTCR are not changed since the number of transfers is not counted.

While data is being transferred, all the bits of DTCR may be changed. DTCR must be ac«
longwords. If the upper word and lower word are read separately, incorrect data may be r
since the contents of DTCR during the transfer may be updated regardless of the access b
CPU. Moreover, DTCR for the channel being transferred must not be written to.

When a conflict occurs between the address update by DMA transfer and write access by
the CPU has priority. When a conflict occurs between change from 1, 2, or 4 to 0 in DTC
write access by the CPU (other than 0), the CPU has priority in writing to DTCR. Howev
transfer is stopped.

(4) DMA Block Size Register (DBSR)

DBSR is enabled in block or repeat transfer mode. Bits 31 to 16 in DBSR function as BK
bits 15 to 0 in DBSR function as BKSZ. The BKSZH bits (16 bits) store the block size ar
size and its value is not changed. The BKSZ bits (16 bits) function as a counter for the bl
and repeat size and its value is decremented every transfer by 1. When the BKSZ value is
change from 1 to 0 by a DMA transfer, O is not stored but the BKSZH value is loaded int
BKSZ bits.

Since the upper 16 bits of DBSR are not updated, DBSR can be accessed in words.

DBSR for the channel being transferred must not be written to.
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e  When a transfer is stopped by an NMI interrupt
e When a transfer is stopped by and address error
e Reset state

e Hardware standby mode

e When a transfer is stopped by writing O to the DTE bit

Writing to the registers for the channels when the corresponding DTE bit is set to 1 is pr
(except for the DTE bit). When changing the register settings after writing O to the DTE
confirm that the DTE bit has been cleared to 0.

Figure 7.21 show the procedure for changing the register settings for the channel being
transferred.

Changing register settings [1] Write O to the DTE bit in DMDR.
of channel during operation
| [2] Read the DTE bit.
| Write 0 to DTE bit [ _
T [38] Confirm that DTE = 0. DTE =1
- indicates that DMA is transferring.
| Read DTE bit | @

[4] Write the desired values to the
3] registers.
@ No

| Change register settings | [4]

|
End of changing
register settings

Figure7.21 Procedurefor Changing Register Setting For Channel being Tran
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bit is written to 0. The ACT bit retains 1 from writing O to the DTE bit to completion of I
transfer.

(7) ERRF Bitin DMDR

When an address error or an NMI interrupt occur, the DMAC clears the DTE bits for all 1
channels to stop a transfer. In addition, it sets the ERRF bit in DMDR_0 to 1 to indicate t
address error or an NMI interrupt has occurred regardless of whether or not the DMAC i:
operation.

(8) ESIF Bitin DMDR

When an interrupt by an transfer size error, a repeat size end, or an extended repeat area ¢
is requested, the ESIF bit in DMDR is set to 1. When both the ESIF and ESIE bits are set
transfer escape interrupt is requested to the CPU or DTC.

The ESIF bit is set to 1 when the ACT bit in DMDR is cleared to 0 to stop a transfer after
cycle of the interrupt source is completed.

The ESIF bit is automatically cleared to 0 and a transfer request is cleared if the transfer
resumed by setting the DTE bit to 1 during interrupt handling.

For details on interrupts, see section 7.8, Interrupt Sources.
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For details on interrupts, see section 7.8, Interrupt Sources.

75.8 Priority of Channels

The channels of the DMAC are given following priority levels: channel O > channel 1 >
channel 2 > channel3. Table 7.6 shows the priority levels among the DMAC channels.

Table7.6 Priority among DMAC Channels

Channel Priority
Channel 0 High
Channel 1

Channel 2

Channel 3 Low

The channel having highest priority other than the channel being transferred is selected
transfer is requested from other channels. The selected channel starts the transfer after tl
being transferred releases the bus. At this time, when a bus master other than the DMAC(
the bus, the cycle for the bus master is inserted.

In a burst transfer or a block transfer, channels are not switched.
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Requeét cleared E /

Channel 0 /

. T\Request cleared

Channel 1 ]
/: ‘Request ESeIectedl -
, \retained ' I '

S EREEEETE e

Channel 2 /- ! Selected |

,
! ! ! NRequest cleared
1Request :Not 1Request ! ! T

i iretained  selected: retained ! | |

Figure7.22 Exampleof Timingfor Channel Priority
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Address bus

\ Source address Destination address

X

X -

I

High

Figure7.23 Example of Bus Timing of DMA Transfer
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DMAread , DMA write DMA read DMA write | DMAread =~ DMAwr
I cycle ' cycle . | cycle . cycle . I cycle ! cycle
u—»: ! > Pt

Address bus X X X_:):X x X ‘;_x X

LHWR, LLWR . t —— ] | | ¢ |
' ! | | ' ' ' ! ! '
1 ' | i i i i 1
| ! )) . . —)) |
TEND T T (( T [(§
1 : ' ' ' i 1
, ' ,
' i 1 1 1 ' 1
B—»- ! > B
us
Bus Bus Last transfer cycle
released released released

Figure7.24 Exampleof Transfer in Normal Transfer Mode by Cycle Stealil

In figures 7.25 and 7.26, the TEND signal output is enabled and data is transferred in lon
from the external 16-bit 2-state access space to the 16-bit 2-state access space in normal t
mode by cycle stealing.

In figure 7.25, the transfer source (DSAR) is not aligned with a longword boundary and t
transfer destination (DDAR) is aligned with a longword boundary.

In figure 7.26, the transfer source (DSAR) is aligned with a longword boundary and the t
destination (DDAR) is not aligned with a longword boundary.
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—>: i i : H :,_,t !
Bus Bus Last transfer cycle

released released

m and

Figure7.25 Exampleof Transfer in Normal Transfer Mode by Cycle Steal
(Transfer Source DSAR = Odd Address and Sour ce Address | ncrement)

DMA word DMA word ~ DMA byte DMA word DMA byte DMA word DMA word ~ DMA byte DMA word [
1 read cycle | readcycle 1 write cycle , write cycle , write cycle 1 read cycle , readcycle , write cycle , write cycle
' ! h ' ' L

B[] r] M r] M r] M r] M r] M ﬁ] r] M r1 B r1 B T1 B r]
Address )\ 4m X 4m+2 Y 4n+5 X4n+6X4n+8x(:(: Y 4m+4 X am+6 ) 4n+1 X4n+2x_¢
bus | \ ! (e ! A

e I B s e s O B
CHWR | I—‘—l I—‘-.e(‘ : : I_,—‘—
. . : : : o : ; : :
TEND 5 i 5 : : .&j : : : !
_>: E H , ! 'A__f '
Bus ' Bus Last transfer cycle
released released

m and n

Figure7.26 Exampleof Transfer in Normal Transfer Mode by Cycle Steal
(Transfer Destination DDAR = Odd Address and Destination Address Decrer
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) DMA read cycle 1DMA write cycle + DMA read cycle «+ DMA write cycle, DMA read cycle ) DMA write c)
— - I e i
1 1 1 1 1 i

- Uy

Address bus x

LHWR, LLWR

=><
><
><..-.
><

Last transfer cycle

Burst transfer

Figure7.27 Exampleof Transfer in Normal Transfer Mode by Burst Acce:

Rev.2.00 Jun. 28, 2007 Page 286 of 784
REJ09B248-0200 RENESAS



Bo

Address bus

-

>

°
5
@
28
ae
3
@
c
£
~
e}
o
o
°
@
K
@20
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Last block transfer cycle

Figure7.28 Exampleof Transfer in Block Transfer Mode
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This operation is repeated until the transfer is completed.

DMAread  DMA write DMA read DMA write
Bus released ' cycle ! cycle 1+ Bus released ' cycle ! cycle 1+ Bu
i | ] ] i

)
)<Read Wme X Wait

Pl

]
i
|
|
I
i

Duratlon of transfer y/
i
i
!
i
i
!
i
i
!

'
'
'
'
' '
'
1 J. y 1 Nl 1 N
Address bus X y Transfer sourc?kﬁansler destinatior X ' N X y Transfer sourceXI’ransfer destinano)(
: i : ! :
DMA i x Read x Wriie x Wait §
operation v
'
'
'

I I
Channel Duration of transfer o /' Requed\
request disapled o v request disablefd o

\ h H I

E ' Min.'of 3 cycles E

' h T ! '

' i H i '

[4] I8 [6] [7]
Transfer request enable resumed Transfer request enabl

[1]  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started and sampling the DREQ signal at the rising edge of the B¢ signal is started to detect a high level «
DREQ signal.

[4][7] When a high level of the DREQ signal has been detected, transfer request enable is resumed after completion of the write
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the sz

Figure7.29 Exampleof Transfer in Normal Transfer Mode Activated
by DREQ Falling Edge

Rev.2.00 Jun. 28, 2007 Page 288 of 784
REJ09B248-0200 RENESAS



Bus released

1-block transfer

DMA read
cycle

DMA write
cycle

: Bus released

1-block transfer

DMA read
cycle

DMA write
cycle

E

Bo

DREQ

e/

/

(s

s

s N

Address bus

x y Transfer sourc
'

ransfer destination,

Transfer sourceXI’ ransfer destlnatlobc

- -.><... _————

request disapled
I

DMA Read X Wiite :X Wait
operation T n - - s
I I I I
I . I I
I ! I |
| | |
Channel - . Duration of transfer o
< L I
I
I
!

1

Min. of 3 cycles

[2]

request is held.
[2][5] The DMAC is activated and the transfer request is cleared.
[3](6] A DMA cycle is started and sampling the DREQ signal at the rising edge of the B¢ signal is started to detect a high leve

DREQ signal.
[4][7]1 When a high level of the DREQ signal has been detected, transfer request enable is resumed after completion of the wr

(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the

i
' Min.
. h
H ' H

5]

[3] [4]

Transfer request enable resumed

' '
/Reque Duration of transfer
! ‘request disable

'

'
of 3 cycles
4:—>

Read x Write X Wait

[6] [71

Transfer request ena

After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal anc

Figure7.30 Exampleof Transfer in Block Transfer Mode Activated

by DREQ Falling Edge
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D S

DMAread =~ DMA write , DMAread = DMA write
Bus released ' cycle cycle ! Busreleased v cycle ' cycle + B

DMA
operation _ Wait

=)
[)
o
(=3

Write

X Wait

'
Duration of transfer

Channel request disabled

request disabled

'
'
'
T

Reques_t
'
'
'

v
i
Duration of transfer :/_
h
Min. of 3 cycles !
'
'

P
1 1 !
1 1 ' !
@2 [3] 4 16 [6] [71
Transfer request enable resumed Transfer request enabl

[1]1  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and :
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started.

[4][7] Transfer request enable is resumed after completion of the write cycle.

(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the s:

Figure7.31 Exampleof Transfer in Normal Transfer Mode Activated
by DREQ Low L evel
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1-block transfer
DMA read , DMA write
cycle ' cycle

' 1-block transfer '

|
DMAread , DMAwrite !
cycle ' cycle 1

o ML LU LU LWL LT

D E / é

Bus released

'
' R ' 0 '
Transfer Y Transfer Transfer \ Transfer
Address bus X:::X ource 9.(49@1@;@_),( . >>X::X ource Xﬂmam_x:
' T '
'

~

\
! 1
DMA " - N T
operation Wait ead erte“ X Wait write X Wait
1 1 H !
' ' ' !
| Duration of transfer Duration of transfer !

Channel request disabled > request disabled - /

Min. of 3 cycles
P

o @ 13 [ B 6]

Jemmmmmm =

T

Transfer request enable resumed Transfer request enat

[1]  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a trar
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started.

[4][7] Transfer request enable is resumed after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same

Figure7.32 Exampleof Transfer in Block Transfer Mode Activated
by DREQ Low Level
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enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transf
request is cleared. Receiving the next transfer request resumes after completion of the wr
and then a low level of the DREQ signal is detected. This operation is repeated until the t
completed.

) DMA read DMA read , , DMA read \ DMA read \
Bus released | cycle cycle Bus released h cycle 1 cycle . B
T 0 T T T

S aiyigipininplinipiniyipipfpinlginlis

= S W L

N N

J

ransfer
QuICe

ransier
Qurce destination
1

Duration of t

d | T
' Duration of transfer request
! disabled which is extendled
NRD
Duration of transfer by i

.

d
h
Address bus |
|
h
h

' disabled wh
' ) ] by
' Duration of transfer '
- ! -+
Channel /Request\ request disabled o Reques\_ request disabled :
h ' ' ' L L ' ' ]
' ' 1 1 1 ' i 1 1 1
' ) ' ' ' ' ! ' ' '
' ' ' ' ' i ' ' '
! M|n; of 3 cycles ! ! H ' Mm.lof 3cycles | ' H
- ' ' - ' '
v i ' ' ' ' i | ' '
' ' ' ' ' ' ! ' ' '
' H ' ' ' ' ' ' '
2 [ M E (6]
Transfer request enable resumed Transfer request er

[1]  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started.

[4][7] Transfer request enable is resumed one cycle after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the sa

Figure 7.33 Exampleof Transfer in Normal Transfer Mode Activated
by DREQ Low Level with NRD =1
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DMA read DMA read DMA read DMA read
cycle cycle cycle cycle

8o gigiigiigigigigipiuigigipgh
I s NN . N ey B
7S TR s I o N e N

(
)

RD

Address bus x

TEND

— - |~
Bus Bus Bus Bus Last transfer Bus
rel d rel | released released cycle released

Figure7.34 Exampleof Transfer in Single Address M ode (Byte Read)
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T - - -

Bus Bus Bus Bus Last transfer Bus
released released released released cycle releas

Figure7.35 Exampleof Transfer in Single Address M ode (Byte Write)
(3) Activation Timing by DREQ Falling Edge
Figure 7.36 shows an example of single address mode activated by the DREQ signal falli

The DREQ signal is sampled every cycle from the next rising edge of the B¢ signal imm¢
after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ s
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transf
request is cleared and starts detecting a high level of the DREQ signal for falling edge de
a high level of the DREQ signal has been detected until completion of the single cycle, re
the next transfer request resumes and then a low level of the DREQ signal is detected. Th
operation is repeated until the transfer is completed.
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operation — /\IU".'EN\ — 2 /\_Q“a':'vW/\ —

Duration of transfer

request disabled ' /
!
'
'
'
'

Duration of transfer

|
request disabled :/ﬁequest

(€

Channel

Min. of 3 cycles

1 [2] [3] [4] [5] [6] [7]
Transfer request Transfer req
enable resumed enable resL

[1]  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started and sampling the DREQ signal at the rising edge of the B¢ signal is started to detect a high level
DREQ signal.

[4][7] When a high level of the DREQ signal has been detected, transfer enable is resumed after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the sa

Figure7.36 Exampleof Transfer in Single Address M ode Activated
by DREQ Falling Edge

Rev.2.00 Jun. 28, 2007 Pag
RENESAS REJC



Bus DMA single Bus DMA single Bl
released cycle released ' cycle wrele:

o\

Address bus
' ' ' ' ' !
1 1 ApY ! ! DY D ke !
T T s T (¢ S
DACK ' ' ' | ! ' ! | I
' ! '
i i ' \ 1 ! \
' ' 2 ! ' | i '
DMA " " . N X
operation Wait Single >< Wait Single X Wait
T T

T

1
. '
Duration of transfer !

request disabled -/
R !
'
'
'
1

Duration of transfer
request disabled
)
Y

Channel

'
T
'
'
'
'
'
'

'
i
Min. of 3 cycles

[ [2] 18] [4] 151 [6] 7

Transfer request Transfer reque
enable resumed enable resum

[1] After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a trans
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started.

[4][7] Transfer request enable is resumed after completion of the single cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as

Figure7.37 Exampleof Transfer in Single Address M ode Activated
by DREQ Low Level
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enabled, a transfer request is held in the DMAC. When the DMAC is activated, the tran
request is cleared. Receiving the next transfer request resumes after one cycle of the trar
request duration inserted by NRD = 1 on completion of the single cycle and then a low |
DREQ signal is detected. This operation is repeated until the transfer is completed.

Bus DMA single Bus DMA single Bus
released | cycle released 1 cycle released

o MU LU L

7

b)) !
Address bus X K e esnaeon !
| T j | T
1 Duration of transfer request ' Duration of transfer reques
' disabled which is extended ! disabled which is extended
) ' by NRD ! Duration of transfer by NRD
Channel Duration of transfer re—> uration of transfer

request disabled request disabled 1

|

1l [2] (3] [4 18] 16] 71

} }

Transfer request Transfer request
enable resumed enable resumed

[1]1  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started.

[4][7] Transfer request enable is resumed one cycle after completion of the single cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the s

Figure7.38 Exampleof Transfer in Single Address Mode Activated
by DREQ Low Level with NRD =1
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(2) Transfer End by Transfer Size Error Interrupt

When the following conditions are satisfied while the TSEIE bit in DMDR is setto 1, a t
size error occurs and a DMA transfer is terminated. At this time, the DTE bit in DMR is ¢
0 and the ESIF bit in DMDR is set to 1.

e In normal transfer mode and repeat transfer mode, when the next transfer is requested
transfer is disabled due to the DTCR value less than the data access size

e In block transfer mode, when the next transfer is requested while a transfer is disable
the DTCR value less than the block size

When the TSEIE bit in DMDR is cleared to 0, data is transferred until the DTCR value re
A transfer size error is not generated. Operation in each transfer mode is shown below.

e In normal transfer mode and repeat transfer mode, when the DTCR value is less than
access size, data is transferred in bytes

e In block transfer mode, when the DTCR value is less than the block size, the specifie
data in DTCR is transferred instead of transferring the block size of data. The transfer
performed in bytes.

(3) Transfer End by Repeat Size End Interrupt

In repeat transfer mode, when the next transfer is requested after completion of a 1-repea
transfer while the RPTIE bit in DACR is set to 1, a repeat size end interrupt is requested.
the interrupt is requested to complete DMA transfer, the DTE bit in DMDR is cleared to
ESIF bit in DMDR is set to 1. Under this condition, setting the DTE bit to 1 resumes the

In block transfer mode, when the next transfer is requested after completion of a 1-block
transfer, a repeat size end interrupt can be requested.
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e e

repeat area overflow interrupt unless the current transfer is complete.
(5) Transfer End by Clearing DTE Bit in DMDR

When the DTE bit in DMDR s cleared to 0 by the CPU, a transfer is completed after th
DMA cycle and a DMA cycle in which the transfer request is accepted are completed.

In block transfer mode, a DMA transfer is completed after 1-block data is transferred.
(6) Transfer End by NMI Interrupt

When an NMI interrupt is requested, the DTE bits for all the channels are cleared to 0 a
ERREF bit in DMDR_0 is set to 1. When an NMI interrupt is requested during a DMA tr
transfer is forced to stop. To perform DMA transfer after an NMI interrupt is requested,
ERREF bit to 0 and then set the DTE bits for the channels to 1.

The transfer end timings after an NMI interrupt is requested are shown below.

(a) Normal Transfer Mode and Repeat Transfer Mode

In dual address mode, a DMA transfer is completed after completion of the write cycle 1
transfer unit.
In single address mode, a DMA transfer is completed after completion of the bus cycle 1
transfer unit.

(b) Block Transfer Mode

A DMA transfer is forced to stop. Since a 1-block size of transfers is not completed, ope
not guaranteed.

In dual address mode, the write cycle corresponding to the read cycle is performed. This
to (a) in normal transfer mode.
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transfer is not guaranteed.

1.7 Relationship among DMAC and Other Bus Masters

7.7.1 CPU Priority Control Function Over DMAC

The CPU priority control function over DMAC can be used according to the CPU priorit;
register (CPUPCR) setting. For details, see section 5.7, CPU Priority Control Function O
and DMAC.

The priority level of the DMAC is specified by bits DMAP2 to DMAPO and can be speci
each channel.

The priority level of the CPU is specified by bits CPUP2 to CPUPO. The value of bits CP
CPUPO is updated according to the exception handling priority.

If the CPU priority control is enabled by the CPUPCE bit in CPUPCR, when the CPU ha
over the DMAGC, a transfer request for the corresponding channel is masked and the trans
activated. When another channel has priority over or the same as the CPU, a transfer reqt
received regardless of the priority between channels and the transfer is activated.

The transfer request masked by the CPU priority control function is suspended. When the
channel is given priority over the CPU by changing priority levels of the CPU or channel
transfer request is received and the transfer is resumed. Writing O to the DTE bit clears th
suspended transfer request.

When the CPUPCE bit is cleared to 0, it is regarded as the lowest priority.
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a DMA transfer.

In block transfer mode and an auto request transfer by burst access, bus cycles of the D]
transfer are consecutively performed. For this duration, since the DMAC has priority ov
CPU and DTC, accesses to the external space is suspended (the IBCCS bit in the bus co
register 2 (BCR2) is cleared to 0).

When the bus is passed to another channel or an auto request transfer by cycle stealing,
of the DMAC and on-chip bus master are performed alternatively.

When the arbitration function among the DMAC and on-chip bus masters is enabled by
IBCCS bit in BCR2, the bus is used alternatively except the bus cycles which are not se
For details, see section 6, Bus Controller (BSC).

A conflict may occur between external space access of the DMAC and an external bus r
cycle. Even if a burst or block transfer is performed by the DMAC, the transfer is stopp
temporarily and a cycle of external bus release is inserted by the BSC according to the e
bus priority (when the CPU external access and the DTC external access do not have pr
a DMAC transfer, the transfers are not operated until the DMAC releases the bus).

In dual address mode, the DMAC releases the external bus after the external space write
Since the read and write cycles are not separated, the bus is not released.

An internal space (on-chip memory and internal I/O registers) access of the DMAC and
external bus release cycle may be performed at the same time.
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DMTEND2

Transfer end interrupt by channel 2 transfer counter

DMTENDS3

Transfer end interrupt by channel 3 transfer counter

DMEENDO

Interrupt by channel 0 transfer size error
Interrupt by channel O repeat size end
Interrupt by channel 0 extended repeat area overflow on source address

Interrupt by channel 0 extended repeat area overflow on destination address

DMEEND1

Interrupt by channel 1 transfer size error
Interrupt by channel 1 repeat size end
Interrupt by channel 1 extended repeat area overflow on source address

Interrupt by channel 1 extended repeat area overflow on destination address

DMEEND2

Interrupt by channel 2 transfer size error
Interrupt by channel 2 repeat size end
Interrupt by channel 2 extended repeat area overflow on source address

Interrupt by channel 2 extended repeat area overflow on destination address

DMEEND3

Interrupt by channel 3 transfer size error
Interrupt by channel 3 repeat size end
Interrupt by channel 3 extended repeat area overflow on source address

Interrupt by channel 3 extended repeat area overflow on destination address

Lc

Each interrupt is enabled or disabled by the DTIE and ESIE bits in DMDR for the corresj
channel. A DMTEND interrupt is generated by the combination of the DTIF and DTIE b
DMDR. A DMEEND interrupt is generated by the combination of the ESIF and ESIE bit
DMDR. The DMEEND interrupt sources are not distinguished. The priority among chan
decided by the interrupt controller and it is shown in table 7.7. For details, see section 5, |

Controller.
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ESIF bit in DMDR is set to 1. The ESIF bit is set to 1 when the conditions are satisfied |
transfer while the enable bit is set to 1.

A transfer size error interrupt is generated when the next transfer cannot be performed b
DTCR value is less than the data access size, meaning that the data access size of transf
be performed. In block transfer mode, the block size is compared with the DTCR value
transfer error decision.

A repeat size end interrupt is generated when the next transfer is requested after comple
repeat size of transfers in repeat transfer mode. Even when the repeat area is not specific
address register, the transfer can be stopped periodically according to the repeat size. At
when a transfer end interrupt by the transfer counter is generated, the ESIF bit is set to 1

An interrupt by an extended repeat area overflow on the source and destination addresse
generated when the address exceeds the extended repeat area (overflow). At this time, w
transfer end interrupt by the transfer counter, the ESIF bit is set to 1.

Figure 7.39 is a block diagram of interrupts and interrupt flags. To clear an interrupt, cle
DTIF or ESIF bit in DMDR to 0 in the interrupt handling routine or continue the transfe
setting the DTE bit in DMDR after setting the register. Figure 7.40 shows procedure to i
transfer by clearing an interrupt.
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Extended repeat area | )—>L/
overflow occurs in

destination address

Figure7.39 Interrupt and Interrupt Sources

Transfer end interrupt
handling routine

Consecutive transfer ) Transfer resumed after
procelsslng interrupt handling routine

|
DTIF and ESIF bits are [4]

| Registers are specified | [1]

| cleared to 0
DTE bitis set to 1 | 2 '
| (2] Interrupt handling routine | (5]
L _ ends
Interrupt handling routine 3]
ends (RTE instruction
(executed) | Registers are specified | [6]
I
( Transtor resume ) | DTE bit is set to 1 | [7]
processing end

Transfer resume
processing end

[1] Specify the values in the registers such as transfer counter and address register.

[2] Set the DTE bit in DMDR to 1 to resume DMA operation. Setting the DTE bit to 1 automatically clears the L
ESIF bit in DMDR to 0 and an interrupt source is cleared.

[3] End the interrupt handling routine by the RTE instruction.

[4] Read that the DTIF or the ESIF bit in DMDR = 1 and then write 0 to the bit.

[5] Complete the interrupt handling routine and clear the interrupt mask.

[6] Specify the values in the registers such as transfer counter and address register.

[7] Set the DTE bit to 1 to resume DMA operation.

Figure7.40 Procedure Example of Resuming Transfer by Clearing Interrupt S
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enters the module stop state. However, when a transfer for a channel is enabled or w
interrupt is being requested, bit MSTPA13 cannot be set to 1. Clear the DTE bit to 0
DTIF or DTIE bit in DMDR to 0, and then set bit MSTPA13.

When the clock is stopped, the DMAC registers cannot be accessed. However, the fc
register settings are valid in the module stop state. Disable them before entering the -
stop state, if necessary.

— TENDE bit in DMDR is 1 (the TEND signal output enabled)
— DACKE bit in DMDR is 1 (the DACK signal output enabled)

. Activation by DREQ Falling Edge
The DREQ falling edge detection is synchronized with the DMAC internal operatior

A. Activation request waiting state: Waiting for detecting the DREQ low level. A tr
2. is made.

B. Transfer waiting state: Waiting for a DMAC transfer. A transition to 3. is made.

C. Transfer prohibited state: Waiting for detecting the DREQ high level. A transitio
made.

After a DMAC transfer enabled, a transition to 1. is made. Therefore, the DREQ sig
sampled by low level detection at the first activation after a DMAC transfer enabled
. Acceptation of Activation Source

At the beginning of an activation source reception, a low level is detected regardless
setting of DREQ falling edge or low level detection. Therefore, if the DREQ signal i
low before setting DMDR, the low level is received as a transfer request.

When the DMAC is activated, clear the DREQ signal of the previous transfer.
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Three transfer modes
Normal/repeat/block transfer modes selectable
Transfer source and destination addresses can be selected from increment/decrement
Short address mode or full address mode selectable
— Short address mode
Transfer information is located on a 3-longword boundary

The transfer source and destination addresses can be specified by 24 bits to selec
Mbyte address space directly

— Full address mode
Transfer information is located on a 4-longword boundary

The transfer source and destination addresses can be specified by 32 bits to selec
Gbyte address space directly
Size of data for data transfer can be specified as byte, word, or longword
The bus cycle is divided if an odd address is specified for a word or longword transf
The bus cycle is divided if address 4n + 2 is specified for a longword transfer.
A CPU interrupt can be requested for the interrupt that activated the DTC
A CPU interrupt can be requested after one data transfer completion
A CPU interrupt can be requested after the specified data transfer completion
Read skip of the transfer information specifiable
Writeback skip executed for the fixed transfer source and destination addresses
Module stop mode specifiable
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Iee—

' : Sl o—»| MRB
' DTCCR H o o ' control
H H On—chip _g ?n’ H | *—>| SAR
' | peripheral Q = 3 '
: v | module g ol I 1
! ! 2 g : > DAR
' . 2 ||
: : & S : | CRA
1 DTC activation request : | Activation
' vector number : 8/ +—|__control —
i CPU interrupt request | E
' Interrupt source clear E - ' Interrupt
o request : E control
H \i
Q Bus interface
External < :
memory =) '
2 : 1
g ....... I
External device > g U
(memory mapped) u
Bus controller - REQ
DTCVBR ACK
[Legend]
MRA, MRB: DTC mode registers A, B
SAR: DTC source address register
DAR: DTC destination address register
CRA, CRB: DTC transfer count registers A, B
DTCERA to DTCERH: DTC enable registers A to H
DTCCR: DTC control register
DTCVBR: DTC vector base register

Figure8.1 Block Diagram of DTC
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These six registers MRA, MRB, SAR, DAR, CRA, and CRB cannot be directly accesse
CPU. The contents of these registers are stored in the data area as transfer information.
DTC activation request occurs, the DTC reads a start address of transfer information the
in the data area according to the vector address, reads the transfer information, and trans
After the data transfer, it writes a set of updated transfer information back to the data ar

e DTC enable registers A to H (DTCERA to DTCERH)
e DTC control register (DTCCR)
e DTC vector base register (DTCVBR)

Rev.2.00 Jun. 28, 2007 Pag
RENESAS REJC



DIt DIt NalTle valuc ~R/VV pvesCripuon
7 MD1 Undefined — DTC Mode 1 and 0
6 MDO Undefined — Specify DTC transfer mode.
00: Normal mode
01: Repeat mode
10: Block transfer mode
11: Setting prohibited
5 Sz1 Undefined — DTC Data Transfer Size 1 and 0
Sz0 Undefined — Specify the size of data to be transferred.
00: Byte-size transfer
01: Word-size transfer
10: Longword-size transfer
11: Setting prohibited
SMA1 Undefined — Source Address Mode 1 and 0
2 SMO Undefined — Specify an SAR operation after a data transfer.

Ox: SAR is fixed
(SAR writeback is skipped)
10: SAR is incremented after a transfer
(by 1 when Sz1 and Sz0 = B'00; by 2 when ¢
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)
11: SAR is decremented after a transfer
(by 1 when Sz1 and Sz0 = B'00; by 2 when ¢
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)
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Bit 7 6 5 4 3 2 1
Bit Name CHNE CHNS DISEL DTS DMA1 DMO
Initial Value  Undefined Undefined Undefined Undefined Undefined Undefined Undefined
R/W
Initial
Bit Bit Name Value R/W Description
7 CHNE Undefined — DTC Chain Transfer Enable
Specifies the chain transfer. For details, see 8.
Transfer. The chain transfer condition is selecte
CHNS bit.
0: Disables the chain transfer
1: Enables the chain transfer
6 CHNS Undefined — DTC Chain Transfer Select
Specifies the chain transfer condition. If the foll
transfer is a chain transfer, the completion chec
specified transfer count is not performed and a
source flag or DTCER is not cleared.
0: Chain transfer every time
1: Chain transfer only when transfer counter = |
5 DISEL Undefined — DTC Interrupt Select

When this bit is set to 1, a CPU interrupt reque:
generated every time after a data transfer ends
this bit is set to 0, a CPU interrupt request is or
generated when the specified number of data ti
ends.
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(DAR writeback is skipped)
10: DAR is incremented after a transfer
(by 1 when Sz1 and Sz0 = B'00; by 2 when ¢
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)
11: SAR is decremented after a transfer
(by 1 when Sz1 and Sz0 = B'00; by 2 when ¢
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)
1,0 — Undefined — Reserved
The write value should always be 0.

[Legend]
X: Don't care
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SAR cannot be accessed directly from the CPU.

824 DTC Destination Address Register (DAR)

DAR is a 32-bit register that designates the destination address of data to be transferred
DTC.

In full address mode, 32 bits of DAR are valid. In short address mode, the lower 24 bits
are valid and bits 31 to 24 are ignored. At this time, the upper eight bits are filled with tl
bit 23.

If a word or longword access is performed while an odd address is specified in DAR or
longword access is performed while address 4n + 2 is specified in DAR, the bus cycle is
into multiple cycles to transfer data. For details, see section 8.5.1, Bus Cycle Division.

DAR cannot be accessed directly from the CPU.
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eignt bits (LRAL). CRAR holds the number ol transiers while CRAL Tunctions as an -0
transfer counter (1 to 256). CRAL is decremented by 1 every time data is transferred, anc
contents of CRAH are sent to CRAL when the count reaches H'00. The transfer count is
CRAH = CRAL = H'01, 255 when CRAH = CRAL = H'FF, and 256 when CRAH = CR/
H'00.

In block transfer mode, CRA is divided into two parts: the upper eight bits (CRAH) and t
eight bits (CRAL). CRAH holds the block size while CRAL functions as an 8-bit block-s
counter (1 to 256 for byte, word, or longword). CRAL is decremented by 1 every time a
(word or longword) data is transferred, and the contents of CRAH are sent to CRAL whe
count reaches H'00. The block size is 1 byte (word or longword) when CRAH = CRAL =
255 bytes (words or longwords) when CRAH = CRAL = H'FF, and 256 bytes (words or
longwords) when CRAH = CRAL =H'00.

CRA cannot be accessed directly from the CPU.

8.2.6 DTC Transfer Count Register B (CRB)

CRB is a 16-bit register that designates the number of times data is to be transferred by tt
block transfer mode. It functions as a 16-bit transfer counter (1 to 65,536) that is decreme
every time data is transferred, and bit DTCEn (n = 15 to 0) corresponding to the activatio
is cleared and then an interrupt is requested to the CPU when the count reaches H'0000. ]
transfer count is 1 when CRB = H'0001, 65,535 when CRB = H'FFFF, and 65,536 when |
H'0000.

CRB is not available in normal and repeat modes and cannot be accessed directly by the ¢
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- Vi o~ ~ ~ ~ ~ ~ ~

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

Bit 7 6 5 4 3 2 1

Bit Name DTCE7 DTCE®6 DTCE5 DTCE4 DTCE3 DTCE2 DTCE1

Initial Value 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W
Initial

Bit Bit Name Value R/W Description

15 DTCE15 0 R/W DTC Activation Enable 15 to 0
14 DTCE14 0 R/W Setting this bit to 1 specifies a relevant interrup
a DTC activation source.
13 DTCE13 0 R/W [Clearing conditions]
12 DTCE12 0 R/W o When writing 0 to the bit to be cleared after
11 DTCE11 0 R/W e When the DISEL bit is 1 and the data trans
10 DTCE10 0 R/W w:edth e
. en the specified number of transfers hay
9 DTCES 0 RIW These bits are Eot cleared when the DISEL bit |
8 DTCE8 0 R/W  the specified number of transfers have not ends
7 DTCE?7 0 R/W
6 DTCE®6 0 R/W
5 DTCE5 0 R/W
4 DTCE4 0 R/W
3 DTCES3 0 R/W
2 DTCE2 0 R/W
1 DTCE1 0 R/W
0 DTCEO 0 R/W
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Initial
Bit Bit Name Value R/W

Description

7t05 — AllO R/W

Reserved

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

4 RRS 0 R/W

DTC Transfer Information Read Skip Enable

Controls the vector address read and transfer in
read. A DTC vector number is always compared
vector number for the previous activation. If the 1
numbers match and this bit is set to 1, the DTC «
transfer is started without reading a vector addre
transfer information. If the previous DTC activati
chain transfer, the vector address read and tran:
information read are always performed.

0: Transfer read skip is not performed.

1: Transfer read skip is performed when the vec
numbers match.

3 RCHNE 0 R/W

Chain Transfer Enable After DTC Repeat Transf

Enables/disables the chain transfer while transfe
(CRAL) is 0 in repeat transfer mode.

In repeat transfer mode, the CRAH value is writt
CRAL when CRAL is 0. Accordingly, chain trans
not occur when CRAL is 0. If this bit is set to 1, t
transfer is enabled when CRAH is written to CR/

0: Disables the chain transfer after repeat transf

1: Enables the chain transfer after repeat transfe

Rev.2.00 Jun. 28, 2007 Page 316 of 784
REJ09B248-0200

RENESANS



[Clearing condition]
¢ When writing O after reading 1

Note: * Only 0 can be written to clear this flag.

8.29 DTC Vector Base Register (DTCVBR)

DTCVBR is a 32-bit register that specifies the base address for vector table address calc
Bits 31 to 28 and bits 11 to O are fixed 0 and cannot be written to. The initial value of D
H'00000000.

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

Bit Name | | | | | | | | | | | | | | |

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RW R R R R RW RW RW RW RW RW RW RW RW RW
Bit 5 14 13 12 1 10 9 8 7 6 5 4 3 2
sevame | | | ] | | [ [ [ [ [ [ [ |

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W RW RW RW RW R R R R R R R R R R
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L00dLC UIC Ualldicl 1H110111auvll 111 uic Uddid aiCd. 1110 dStall aUulicss U1 ualidpicl 111o1i11auioll
located at the address that is a multiple of four (4n). Otherwise, the lower two bits are ign
during access ([1:0] = B'00.) Transfer information can be located in either short address r
(three longwords) or full address mode (four longwords). The DTCMD bit in SYSCR spe
either short address mode (DTCMD = 1) or full address mode (DTCMD = 0). For details
section 3.2.2, System Control Register (SYSCR). Transfer information located in the dat:
shown in figure 8.2.

The DTC reads the start address of transfer information from the vector table according t
activation source, and then reads the transfer information from the start address. Figure 8
correspondences between the DTC vector address and transfer information.

Transfer information
in short address mode

/X/
Lower addresses
Start —
address| 0 1] 2] 83
MRA SAR
Chain | MRB DAR
transfer CRA | CRB
MRA SAR
MRB DAR
CRA | CRB
4 bytes

Transfer information
for one transfer
(3 longwords)

Transfer information
for the 2nd transfer
in chain transfer

(3 longwords)

Start
address

Transfer information
in full address mode

/X/

Lower addresses
r—%

0| 1]2]|3

Reserved
MRA |MRB (0 write)
SAR

Chain

DAR

transfer

CRA CRB

.

Reserved
(0 write)

MRA|MRB

SAR

DAR

CRA | CRB

4 bytes

Transfer

| information
for one trans
(4 longwords

Transfer

information
for the 2nd
L
transfer
in chain tran:

/X/

(4 longwords

Figure8.2 Transfer Information on Data Area
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4 bytes —>
:I'ransfer information (n)

/X/

Figure8.3 Correspondence between DTC Vector Addressand Transfer Infor
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IRQ5 69 H'514 DTCEA10
IRQ6 70 H'518 DTCEA9
IRQ7 71 H'51C DTCEAS8
IRQ8 72 H'520 DTCEA7
IRQ9 73 H'524 DTCEA6
IRQ10 74 H'528 DTCEAS5
IRQ11 75 H'52C DTCEA4
A/D ADI 86 H'558 DTCEB15
TPU_O TGIOA 88 H'560 DTCEB13
TGIOB 89 H'564 DTCEB12
TGIOC 90 H'568 DTCEB11
TGIOD 91 H'56C DTCEB10
TPU_1 TGHA 93 H'574 DTCEB9
TGI1B 94 H'578 DTCEBS8
TPU_2 TGI2A 97 H'584 DTCEB7
TGI2B 98 H'588 DTCEB6
TPU_3 TGI3A 101 H'594 DTCEBS5
TGI3B 102 H'598 DTCEB4
TGI3C 103 H'59C DTCEB3
TGI3D 104 H'5A0 DTCEB2
TPU_4 TGI4A 106 H'5A8 DTCEB1
TGl4B 107 H'5AC DTCEBO
TPU_5 TGI5A 110 H'5B8 DTCEC15
TGI5B 111 H'5BC DTCEC14 L«
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DIIAL DM I ENDU lco oLV pviveLo
DMTEND1 129 H'604 DTCEC4
DMTEND2 130 H'608 DTCEC3
DMTEND3 131 H'60C DTCEC2
DMAC DMEENDO 136 H'620 DTCED13
DMEEND1 137 H'624 DTCED12
DMEEND2 138 H'628 DTCED11
DMEEND3 139 H'62C DTCED10
SCI_0 RXI0 145 H'644 DTCED5
TXIO 146 H'648 DTCED4
SCI_1 RXI1 149 H'654 DTCED3
XN 150 H'658 DTCED2
SCI_2 RXI2 153 H'664 DTCED1
TXI2 154 H'668 DTCEDO
SCI_3 RXI3 157 H'674 DTCEE15
TXI3 158 H'678 DTCEE14
SCI_4 RXI4 161 H'684 DTCEE13
TXI4 162 H'688 DTCEE12 |
Note: * The DTCE bits with no corresponding interrupt are reserved, and the write va

always be 0. To leave software standby mode or all-module-clock-stop mode

interrupt, write 0 to the corresponding DTCE bit.

RENESAS
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Table 8.2 shows the DTC transfer modes.

Table8.2 DTC Transfer Modes

Transfer  Size of Data Transferred at Memory Address Increment or Ti

Mode One Transfer Request Decrement C

Normal 1 byte/word/longword Incremented/decremented by 1, 2, or 4, 1
or fixed

Repeat*' 1 byte/word/longword Incremented/decremented by 1, 2, or 4, 1
or fixed

Block** Block size specified by CRAH (1 Incremented/decremented by 1, 2, or 4, 1
to 256 bytes/words/longwords)  or fixed

Notes: 1. Either source or destination is specified to repeat area.
2. Either source or destination is specified to block area.

3. After transfer of the specified transfer count, initial state is recovered to contint
operation.

Setting the CHNE bit in MRB to 1 makes it possible to perform a number of transfers wi
single activation (chain transfer). Setting the CHNS bit in MRB to 1 can also be made to
chain transfer performed only when the transfer counter value is 0.

Figure 8.4 shows a flowchart of DTC operation, and table 8.3 summarizes the chain trans
conditions (combinations for performing the second and third transfers are omitted).
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| Transfer data |

!

| Update transfer | Update the start address

information

of transfer information

| Write transfer information |

ransfer counter = 0

or DISEL =1 Yes

No

Transfer counter = 0

\ * Y

\ A

| Clear activation | | Clear DTCER/request an interrupt
source flag to the CPU
2
End

Figure8.4 Flowchart of DTC Operation
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1 1 0 Not 0 — — — Ends at 1st trans

1 1 — 0+ 0 — 0 Not 0 Ends at 2nd trans
0 — 0% Ends at 2nd trans
0 — 1 Interrupt request
1 1 1 Not 0 — — — — Ends at 1st trans

Interrupt request

Notes: 1. CRA in normal mode transfer, CRAL in repeat transfer mode, or CRB in block
mode

2. When the contents of the CRAH is written to the CRAL in repeat transfer mode

851 Bus Cycle Division

When the transfer data size is word and the SAR and DAR values are not a multiple of 2,
cycle is divided and the transfer data is read from or written to in bytes. Similarly, when
transfer data size is longword and the SAR and DAR values are not a multiple of 4, the b
is divided and the transfer data is read from or written to in words.

Table 8.4 shows the relationship among, SAR, DAR, transfer data size, bus cycle divisio
access data size. Figure 8.5 shows the bus cycle division example.

Table8.4 Number of Bus Cycle Divisionsand Access Size

Specified Data Size

SAR and DAR Values Byte (B) Word (W) Longword (L\
Address 4n 1(B) 1 (W) 1 (LW)
Address 2n + 1 1(B) 2 (B-B) 3 (B-W-B)
Address 4n + 2 1 (B) 1(W) 2 (W-W)
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[Example 2: When an odd address and address 4n are specified in SAR and DAR, respectively, and when the data size of transfer is specified as longy
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cleared to 0, the stored vector number is deleted, and the updated vector table and transfe

information are read at the next activation.

Clock

c /_

o

S “

T 4 c

£ z <22 o
S @ Ko ?
6% o 2ZEg £
=g = [ 3
[a g a —E¢Q <

Data  Transfer inform

transfer

Transfer information

Vector read  Transfer information  Data

write

transfer write

read

Note: Transfer information read is skipped when the activation sources of (1) and (2) (vector numbers) are the same while RRS = 1.

Figure8.6 Transfer Information Read Skip Timing
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SM1 DM1 SAR DAR

0 0 Skipped Skipped

0 1 Skipped Written back
1 0 Written back Skipped

1 1 Written back Written back
854 Normal Transfer Mode

In normal transfer mode, one operation transfers one byte, one word, or one longword o
From 1 to 65,536 transfers can be specified. The transfer source and destination address
specified as incremented, decremented, or fixed. When the specified number of transfer:
interrupt can be requested to the CPU.

Table 8.6 lists the register function in normal transfer mode. Figure 8.7 shows the memc
normal transfer mode.

Table8.6 Register Function in Normal Transfer Mode

Register Function Written Back Value

SAR Source address Incremented/decremented/fix
DAR Destination address Incremented/decremented/fix
CRA Transfer count A CRA -1

CRB Transfer count B Not updated

Note: * Transfer information writeback is skipped.
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— ) L

Figure8.7 Memory Map in Normal Transfer Mode

855 Repeat Transfer Mode

In repeat transfer mode, one operation transfers one byte, one word, or one longword of ¢
the DTS bit in MRB, either the source or destination can be specified as a repeat area. Fr
256 transfers can be specified. When the specified number of transfers ends, the transfer
and address register specified as the repeat area is restored to the initial state, and transfer
repeated. The other address register is then incremented, decremented, or left fixed. In re
transfer mode, the transfer counter (CRAL) is updated to the value specified in CRAH wi
CRAL becomes H'00. Thus the transfer counter value does not reach H'00, and therefore
interrupt cannot be requested when DISEL = 0.

Table 8.7 lists the register function in repeat transfer mode. Figure 8.8 shows the memory
repeat transfer mode.
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URAMR Iransfer count URAR URAR

storage
CRAL Transfer count A CRAL -1 CRAH
CRB Transfer count B Not updated Not updated

Note: * Transfer information writeback is skipped.

Transfer source data area Transfer destination data area
(specified as repeat area)
r
SAR—» <— DAR
Transfer

=

/X/ /\/V

Figure8.8 Memory Map in Repeat Transfer Mode
(When Transfer Source is Specified as Repeat Area)
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block transfer mode.v

Table8.8 Register Function in Block Transfer Mode

Register Function Written Back Value

SAR Source address DTS =0: Incremented/decremented/fixed*
DTS = 1: SAR initial value

DAR Destination address DTS = 0: DAR initial value
DTS =1: Incremented/decremented/fixed*

CRAH Block size storage CRAH

CRAL Block size counter CRAH

CRB Block transfer counter CRB -1

Note: * Transfer information writeback is skipped.

Transfer source data area Transfer destination data area
/\—/I (specified as block area)

SAR — | [|— 18t block —
| — st bloc — Transfer T T~
B ] :: [ Block area ] U<— DAR
[ Nthblock | — ~—
/\/

Figure8.9 Memory Map in Block Transfer Mode
(When Transfer Destination is Specified as Block Area)

Rev.2.00 Jun. 28, 2007 Page 330 of 784
REJ09B248-0200 RENESAS



In repeat transfer mode, setting the RCHNE bit in DTCCR and the CHNE and CHNS b;
to 1 enables a chain transfer after transfer with transfer counter = 1 has been completed.

DTC vector
address

Vector table

/\/

Transfer information
stored in user area

/\/

Transfer information
start address

Transfer information
CHNE =1

/'t

Transfer information
CHNE =0

/\/

Data ar

— T~

Transfer sour

[Transfer destine

Transfer sour

Transfer destine

L~

Figure8.10 Operation of Chain Transfer
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Data transfer Transfer
! information
i write

Transfer
information
read

Address

Figure8.11 DTC Operation Timing

(Example of Short Address Mode in Normal Transfer Mode or Repeat Transfer

Clock

Transfer
information
write

Data transfer

Transfer
information
read

DTC activation

request
Address

Figure8.12 DTC Operation Timing

(Example of Short AddressMaodein Block Transfer Mode with Block Size of

, 2007 Page 332 of 784
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Figure8.13 DTC Operation Timing (Example of Short AddressModein Chain”

Clock ||||||||||||||||||||||||||||||||||||||||

I I I I I | I I I I | I I I I | | | | Il
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' | | | | | | | | | | | | | | | | | | |
' T T T T T T T T T T T T T T T T T T
DTC activation ' ' ' ' ' ' ' ' ' \ ' ' ' ' ' ' ' ' '
/ ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
request ' ' ' ' ' ' ' ' ' '

| ' ' ' ' ' ' ' ' ' ' | | | | | | | | |

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' L L ' ' ' ' '
DTCrequest | 4/ + © 1 1 1 1 1 1 4 .\ A
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
R i R | i R | | o j R R

' ' ' ' ' '

' ' ' ' ' ' '
Address H H H H H H H H
[ R [ T

' ' ' '
' ' ' ' — ' ' ' '
H H H | Vectorread | Transferinformaton , Data Transfer information . ' ' '
! ! ! ! ! ! ! ! read ! ! transfer ! write ! ! ! ! ! !

' ' ' ' i ' ' > ' ' ' ' '

' '

Figure8.14 DTC Operation Timing
(Example of Full AddressModein Normal Transfer Mode or Repeat Transfer
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INUlLTHIal 1 v - v = I v = I L
Repeat 1 0*'  4¥® 3+ ¥ 3P 2%t qx® 3x® %7 1 3x® 2% 1 {
Block 1 0% 4%® 3% Q' 3¥*° 2%"  1+° 3Zep  2eP+ {eP 3P 26P% 1P 1
transfer #® #®
[Legend]
P: Block size (CRAH and CRAL value)
Notes: 1. When transfer information read is skipped

2. In full address mode operation

3. In short address mode operation

4. When the SAR or DAR is in fixed mode

5. When the SAR and DAR are in fixed mode

6. When a longword is transferred while an odd address is specified in the addre

register

7. When a word is transferred while an odd address is specified in the address re
when a longword is transferred while address 4n + 2 is specified
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Dyto Udla 1vald v I 1 = = = = VT =

Word data read S, 1 1 4 2 2 4 4+2m 2
Longword data read S, 1 1 8 4 2 8 12 +4m 4
Byte data write S, 1 1 2 2 2 2 3+m 2
Word data write S, 1 1 4 2 2 4 4 +2m 2
Longword data write S,, 1 1 8 4 2 8 12 + 4m 4
Internal operation S, 1

[Legend]

m:  Number of wait cycles 0 to 7 (For details, see section 6, Bus Controller (BSC).)

The number of execution cycles is calculated from the formula below. Note that ¥ mean
of all transfers activated by one activation event (the number in which the CHNE bit is ¢
plus 1).

Number of execution cycles=1¢S +X(J S, +KeS, +L*S +Me+S,)+N-

85.10 DTC BusReéease Timing

The DTC requests the bus mastership to the bus arbiter when an activation request occu
DTC releases the bus after a vector read, transfer information read, a single data transfes
transfer information writeback. The DTC does not release the bus during transfer inforn
read, single data transfer, or transfer information writeback.

8511 DTC Priority Level Control tothe CPU

The priority of the DTC activation sources over the CPU can be controlled by the CPU
level specified by bits CPUP2 to CPUPO in CPUPCR and the DTC priority level specifi
DTCP2 to DTCPO. For details, see section 5, Interrupt Controller.
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I winAa, vyno)

Set starts address of transfer 3
information in DTC vector table| [3]

s
Set RRS bitin DTCCRto 1 | [4]

1
Set corresponding bit in
DTCER to 1 (5l

Set enable bit of interrupt
request for activation source | [6]
to1

( Interrupt request generated )

( DTC activated )

Clear
activation
source

Determine
clearing method of
activation source

Clear corresponding
bit in DTCER

Corresponding bit in DTCER
cleared or CPU interrupt
requested

¢<—

( Transfer end )

3

[4

[5

[6

[71

information, see section 8.2, Register Descriptions. For
on location of transfer information, see section 8.4, Loc
Transfer Information and DTC Vector Table.

Set the start address of the transfer information in the [
vector table. For details on setting DTC vector table, se
8.4, Location of Transfer Information and DTC Vector T:

Setting the RRS bit to 1 performs a read skip of seconc
later transfer information when the DTC is activated col
tively by the same interrupt source. Setting the RRS bit
always allowed. However, the value set during transfer
valid from the next transfer.

Set the bit in DTCER corresponding to the DTC activat
interrupt source to 1. For the correspondence of interru
DTCER, refer to table 8.1. The bit in DTCER may be se
the second or later transfer. In this case, setting the bit
needed.

Set the enable bits for the interrupt sources to be used
activation sources to 1. The DTC is activated when an i
used as an activation source is generated. For details ¢
settings of the interrupt enable bits, see the corresponc
descriptions of the corresponding module.

After the end of one data transfer, the DTC clears the ¢
source flag or clears the corresponding bit in DTCER a
requests an interrupt to the CPU. The operation after tr
depends on the transfer information. For details, see se
8.2, Register Descriptions and figure 8.4.

Figure8.15 DTC with Interrupt Activation
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ulc Udia will o 1ciolvou Ul AL, dllu 120 (I1UVUOVU) LI URA. URND Ldll DT 5CL LU dlly
. Set the start address of the transfer information for an RXI interrupt at the DTC vect
. Set the corresponding bit in DTCER to 1.

4. Set the SCI to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable th

end (RXI) interrupt. Since the generation of a receive error during the SCI reception
will disable subsequent reception, the CPU should be enabled to accept receive error
interrupts.

. Each time reception of one byte of data ends on the SCI, the RDRF flag in SSR s se
RXT interrupt is generated, and the DTC is activated. The receive data is transferred
to RAM by the DTC. DAR is incremented and CRA is decremented. The RDRF fla;
automatically cleared to 0.

. When CRA becomes 0 after the 128 data transfers have ended, the RDRF flag is hel
DTCE bit is cleared to 0, and an RXT interrupt request is sent to the CPU. Terminati
processing should be performed in the interrupt handling routine.
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A

MDO = 1), and word size (Sz1 =0, Sz0 = 1). Set the source side as a repeat area (DT
MRB to chain transfer mode (CHNE = 1, CHNS = 0, DISEL = 0). Set the data table s
address in SAR, the NDRH address in DAR, and the data table size in CRAH and CR
CRB can be set to any value.

Perform settings for transfer to the TPU's TGR. Set MRA to source address incremen
(SM1 =1, SMO = 0), fixed destination address (DM1 = DMO = 0), normal mode (ML
=0), and word size (Sz1 =0, Sz0 = 1). Set the data table start address in SAR, the TG
address in DAR, and the data table size in CRA. CRB can be set to any value.

Locate the TPU transfer information consecutively after the NDR transfer informatios
Set the start address of the NDR transfer information to the DTC vector address.

Set the bit corresponding to the TGIA interrupt in DTCER to 1.

Set TGRA as an output compare register (output disabled) with TIOR, and enable the
interrupt with TIER.

Set the initial output value in PODR, and the next output value in NDR. Set bits in DI
NDER for which output is to be performed to 1. Using PCR, select the TPU compare
be used as the output trigger.

Set the CST bit in TSTR to 1, and start the TCNT count operation.

Each time a TGRA compare match occurs, the next output value is transferred to ND!
set value of the next output trigger period is transferred to TGRA. The activation sout
flag is cleared.

10. When the specified number of transfers are completed (the TPU transfer CRA value i

TGFA flag is held at 1, the DTCE bit is cleared to 0, and a TGIA interrupt request is ¢
CPU. Termination processing should be performed in the interrupt handling routine.
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. Prepare the upper 8-bit addresses of the start addresses for 65,536-transfer units for |
data transfer in a separate area (in ROM, etc.). For example, if the input buffer is cor
addresses H'200000 to H21FFFF, prepare H21 and H'20.

. For the second transfer, set repeat transfer mode (with the source side as the repeat a
setting the transfer destination address for the first data transfer. Use the upper eight
DAR in the first transfer information area as the transfer destination. Set CHNE =D
If the above input buffer is specified as H200000 to H'21FFFF, set the transfer coun

. Execute the first data transfer 65536 times by means of interrupts. When the transfer
for the first data transfer reaches 0, the second data transfer is started. Set the upper «
of the transfer source address for the first data transfer to H21. The lower 16 bits of
transfer destination address of the first data transfer and the transfer counter are H'O(
. Next, execute the first data transfer the 65536 times specified for the first data transf
means of interrupts. When the transfer counter for the first data transfer reaches 0, tt
data transfer is started. Set the upper eight bits of the transfer source address for the
transfer to H'20. The lower 16 bits of the transfer destination address of the first date
and the transfer counter are H'0000.

. Steps 4 and 5 are repeated endlessly. As repeat mode is specified for the second datz
no interrupt request is sent to the CPU.
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I/‘\_/l Upper 8 bits of DAR U

o~

Figure8.16 Chain Transfer when Counter =0

8.8 Interrupt Sources

An interrupt request is issued to the CPU when the DTC finishes the specified number of
transfers or a data transfer for which the DISEL bit was set to 1. In the case of interrupt a
the interrupt set as the activation source is generated. These interrupts to the CPU are sub
CPU mask level and priority level control in the interrupt controller.
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Transfer information can be located in on-chip RAM. In this case, the RAME bit in SY
not be cleared to 0.

8.9.3 DMAC Transfer End Interrupt

When the DTC is activated by a DMAC transfer end interrupt, the DTE bit of DMDR is
controlled by the DTC but its value is modified with the write data regardless of the trar
counter value and DISEL bit setting. Accordingly, even if the DTC transfer counter valt
becomes 0, no interrupt request may be sent to the CPU in some cases.

894 DTCE Bit Setting

For DTCE bit setting, use bit manipulation instructions such as BSET and BCLR. If all
are disabled, multiple activation sources can be set at one time (only at the initial setting
writing data after executing a dummy read on the relevant register.

8.9.5 Chain Transfer

When chain transfer is used, clearing of the activation source or DTCER is performed w
last of the chain of data transfers is executed. At this time, SCI and A/D converter
interrupt/activation sources, are cleared when the DTC reads or writes to the relevant re;

Therefore, when the DTC is activated by an interrupt or activation source, if a read/writ
relevant register is not included in the last chained data transfer, the interrupt or activatic
will be retained.
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modifying the DTC transfer information in the CPU exception handling routine initiated
transfer end interrupt.

8.9.8 Endian

The DTC supports the big-endian and little-endian format. However, use the same endiar
for writing and reading the transfer information.
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Ports 2 and F include an open-drain control register (ODR) that controls on/off of the ot
buffer PMOSs.

All of the I/O ports can drive a single TTL load and capacitive loads up to 30 pF.
All of the I/O ports can drive Darlington transistors when functioning as output ports.

Ports 2 and 3 are Schmitt-trigger inputs. Schmitt-trigger inputs for other ports are enable
used as the IRQ, TPU, or TMR inputs.
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Qi 11T WV vt N S

4 P14 DREQ1-A/ TxD3 TIRQ4-A,
IRQ4-A/ TCLKA-B
TCLKA-B

3 P13 ADTRGO/ — IRQ3-A
IRQ3-A

2 P12/SCK2  IRQ2-A DACKO-A IRQ2-A

1 P11 RxD2/ TENDO-A IRQ1-A
IRQ1-A

0 P10 DREQO-A/  TxD2 IRQO-A
IRQO-A
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P24/ TIOCA4/ PO4 P24,
TIOCB4/ TMRI1 TIOCB4,
SCK1 TIOCA4,
TMRH
P23/ IRQ11-A/ PO3 All input
TIOCD3 TIOCC3 functions
P22/ IRQ10-A PO2/TMOO0/ All input
TIOCC3 TxDO0/ functions
P21/ TMCIO/ PO1 P21,
TIOCA3 RxD0/ IRQ9-A,
IRQ9-A TIOCAS,
TMCIO
P20/ TIOCA3/ POO P20,
TIOCB3/ TMRIO/ IRQ8-A,
SCKO IRQ8-A TIOCBS,
TIOCAS3,
TMRIO

RENESAS
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TIOCA1

TEND1-B

functions

TIOCCO/
TCLKB-A/
DREQ1-B

PO11

P33/
TIOCDO/
TIOCCO/
TCKB-A

TCLKA-A

PO10/
DACKO-B

All input
functions

TIOCAO

POY/
TENDO-B

All input
functions

3 P33/
TIOCDO
2 P32/
TIOCCO
1 P31/
TIOCBO
0 P30/
TIOCAO

DREQO-B

PO8

P30/
TIOCAO

Port 5 General input port 7 —
also functioning

P57/AN7
IRQ7-B

DA1

IRQ7-B

as A/D converter
inputs and D/A
converter outputs

P56/AN6
IRQ6-B

DAO

P55/AN5
IRQ5-B

P54/AN4
IRQ4-B

P53/AN3
IRQ3-B

P52/AN2
IRQ2-B

P51/AN1
IRQ1-B

P50/ANO
IRQO-B
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IRQ11-B

2 P62/SCK4 IRQ10-B TMO2/ IRQ10-B
DACK2
1 P61 TMCI2/ TEND2 TMCI2/
RxD4/ IRQ9-B
1RQ9-B
0 P60 TMRI2/ TxD4 TMCI2/
DREQ2/ IRQ8-B
IRQ8-B
Port A General I/O port 7 — PA7 B¢ — —
also functioning 6 PA6 _ AS/AH/
as system clock BSB
output and bus —
control 1/Os 5 — — RD
4 PA4 — LHWR/LUB
3 — — LLWR/LLB
2 PA2 BREQ/ —
WAIT
1 PA1 — BACK/
(RD/WR)
0 PAO — BREQO/
BS-A
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4 L =74 - oo,

1 PB1 — CS1/

0 PBO — CS0/CS4-A/
CS5-B

Port D Address outputs — A7

N ||| N
|
|
>
~

|
|
=

Port E Address outputs — — A15

— — Al4

A13

— — A12

NDNW|A~ OO | N| O
\
\

— — A10
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3 — — A19
2 — — A18
1 — — A17
0 — — A16
Port H General /O port 7 D7# — — — 0
also.fu.nctio.ning 6 D6*2 _ _
as bi-directional
2
data bus 5 D5* — —
4 D4+ — —
3 D3+ — —
2 D2 — —
1 D1+ — —
0 DO** — —
Portl General /O port 7 PI7/D15%*  — — — O
also.fuhctlo.nlng 6 Pl6/D14*2 .
as bi-directional
data bus 5 P|5/D13*2 — —
4 Pl4/D12#*  — —
3 PI3/D11#*  — —
2 PI2/D10**  — —
1 PI1/D9#? —
0 Pl10/D8** — —

Notes: 1. Pins without Schmitt-trigger input buffer have CMOS input buffer.
2. Addresses are also output when accessing to the address/data multiplexed I/
3. When enabling the CS output, turn the input pull-up MOS function off before

RENESAS
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C
C

Port 5
Port 6%
Port A
Port B**
Port D
Port E
Port F
Port H
Port |
[Legend]
O: Register exists

— No register exists
Notes: 1. The lower six bits are valid and the upper two bits are reserved. The write valu
always be the initial value.
2. The lower four bits are valid and the upper four bits are reserved. The write va
should always be the initial value.

©o|ow|low|low|lo|~|o|lo|o|ao
0| 0|0|0|0|0|0|O0
0| 0|0|0|0|0|0|O0
O|0|0|0|0|0|0|0|0|C
O|O0|0|0|0|0|0|0|0|cC

O|0|0|0| 0
®)
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Bit 7 6 5 4 3 2 1
Bit Name Pn7DDR Pn6DDR Pn5DDR Pn4DDR Pn3DDR Pn2DDR Pn1DDR
Initial Value 0 0 0 0 0 0 0
R/W w W W w W W w

Note: The lower six bits are valid and the upper two bits are reserved for port 6 registers.
The lower four bits are valid and the upper four bits are reserved for port B registers.

Table9.3 Startup Modeand Initial Value

Startup Mode

Port External Extended Mode
Port A H'80
Other ports H'00

9.12 Data Register (PnDR) (n=1t03,6,A,B,DtoF,H,and )

DR is an 8-bit readable/writable register that stores the output data of the pins to be usec
general output port.

The initial value of DR is H'00.

Bit 7 6 5 4 3 2 1

Bit Name Pn7DR Pné6DR Pn5DR Pn4DR Pn3DR Pn2DR Pn1DR
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W

Note: The lower six bits are valid and the upper two bits are reserved for port 6 registers.
The lower four bits are valid and the upper four bits are reserved for port B registers.
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BitName [ Pn7 | Pn6 | Pn5 | Pnd | Pn3 | Pn2 | Pnt |
Initial Value  Undefined Undefined Undefined Undefined Undefined Undefined Undefined |
R/W R R R R R R R

Note: The lower six bits are valid and the upper two bits are reserved for port 6 registers.
The lower four bits are valid and the upper four bits are reserved for port B registers.

9.14 Input Buffer Control Register (PnICR) (n=1t03,5,6,A,B,DtoF, H, an
ICR is an 8-bit readable/writable register that controls the port input buffers.

For bits in ICR set to 1, the input buffers of the corresponding pins are valid. For bits in I
cleared to 0O, the input buffers of the corresponding pins are invalid and the input signals :
high.

When the pin functions as an input for the peripheral modules, the corresponding bits shc
set to 1. The initial value should be written to a bit whose corresponding pin is not used a
or is used as an analog input/output pin.

If the bits in ICR have been cleared to 0, the pin state is not reflected to the peripheral mc

When PORT is read, the pin status is always read regardless of the ICR value.
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Note: The lower six bits are valid and the upper two bits are reserved for port 6 registers.
The lower four bits are valid and the upper four bits are reserved for port B registers.

9.15 Pull-Up MOS Control Register (PnPCR) (n=DtoF, H,and I)
PCR is an 8-bit readable/writable register that controls on/off of the port input pull-up M

If a bit in PCR is set to 1 while the pin is in input state, the input pull-up MOS correspor
the bit in PCR is turned on. Table 9.4 shows the input pull-up MOS status.

The initial value of PCR is H'00.

Bit

Bit Name Pn7PCR Pn6PCR Pn5PCR Pn4PCR Pn3PCR Pn2PCR Pn1PCR
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W

Table9.4 Input Pull-Up MOS State

Hardware Software O

Port Pin State Reset Standby Mode  Standby Mode C
Port D  Address output OFF
Port output OFF

Port input OFF ON/OFF
Port E  Address output OFF
Port output OFF

Port input OFF ON/OFF
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Port input OFF ON/OFF

[Legend]
OFF: The input pull-up MOS is always off.
ON/OFF: If PCRis set to 1, the input pull-up MOS is on; if PCR is cleared to 0, the input

MOS is off.
Note: * When enabling the CS output, clear PCR to 0 before enabling it.

9.1.6 Open-Drain Control Register (PnODR) (n=2and F)
ODR is an 8-bit readable/writable register that selects the open-drain output function.

If a bit in ODR is set to 1, the pin corresponding to that bit in ODR functions as an NMO
drain output. If a bit in ODR is cleared to 0, the pin corresponding to that bit in ODR fun
a CMOS output.

The initial value of ODR is H'00.

Bit 7 6 5 4 3 2 1

Bit Name Pn70ODR Pn60ODR Pn50DR Pn4ODR Pn30DR Pn20ODR Pn1ODR
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
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921 Port 1
(1) P17/IRQ7-A/TCLKD-B

The pin function is switched as shown below according to the P17DDR bit setting.

Setting
I/O Port
Module Name Pin Function P17DDR
1/0 port P17 output 1
P17 input 0

(initial setting)

(2) P16/SCK3/DACKI-A/TRQ6-A/TCLKC-B

The pin function is switched as shown below according to the combination of the DMA
register settings and PI6DDR bit setting.

Setting
DMAC SCI 1/0 Port
Module Name Pin Function DACK1A_OE SCK3_OE P16DDR
DMAC DACK1-A output 1 — —
SCI SCKS output 0 1 —
I/0 port P16 output 0 0 1
P16 input 0 0

(initial setting)
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(initial setting)

(4) P14/TxD3DREQI-A/IRQ4-A/TCLKA-B

The pin function is switched as shown below according to the combination of the SCI reg
setting and P14DDR bit setting.

Setting
SCI I/O Port
Module Name Pin Function TxD3_OE P14DDR
SCI TxD3 output 1 —
1/0 port P14 output 0 1
P14 input 0 0

(initial setting)

(5) P13/ADTRGO/IRQ3-A

The pin function is switched as shown below according to the PI3DDR bit setting.

Setting
1/O Port
Module Name Pin Function P13DDR
I/0 port P13 output 1
P13 input 0

(initial setting)
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17U pPOIt 1z OUtput \V) V) 1

P12 input 0 0 0
(initial setting)

(7) PLURXD2/TENDO-A/IRQI-A

The pin function is switched as shown below according to the combination of the DMA
setting and P11DDR bit setting.

Setting
DMAC I/O Port
Module Name Pin Function TENDOA OE P11DDR
DMAC TENDO-A output 1 —
I/0 port P11 output 0
P11 input 0 0

(initial setting)
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(initial setting)

922 Port 2
(1) P27/PO7/TIOCAS/TIOCBS

The pin function is switched as shown below according to the combination of the TPU ar
register settings and P27DDR bit setting.

Setting
TPU PPG 1/0 Port
Module Name Pin Function TIOCB5_OE PO7_OE P27DDR
TPU TIOCBS5 output 1 — —
PPG PO7 output 0 —
I/0 port P27 output 0
P27 input 0 0 0

(initial setting)
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oul AU 1T OUtlput \v \v 1 — —
PPG PO6 output 0 0 0 1 —
1/0 port P26 output 0 0 0

P26 input 0 0 0 0

(initial setting)

(3) P25/POS/TIOCA4/TMCI1T/RxD1

The pin function is switched as shown below according to the combination of the TPU :
register settings and P25DDR bit setting.

Setting
TPU PPG I/O Port
Module Name Pin Function TIOCA4_OE PO5_OE P25DDR
TPU TIOCAA4 output 1 — —
PPG PO5 output 0 —
I/0 port P25 output 0 0 1
P25 input 0 0

(initial setting)
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rrQa U4 Oulput \v \v I —
1/0 port P24 output 0 0 0 1

P24 input 0 0 0 0
(initial setting)

(5) P23/PO3TIOCC3/TIOCD3IRQII-A

The pin function is switched as shown below according to the combination of the TPU ar
register settings and P23DDR bit setting.

Setting
TPU PPG 1/0 Port
Module Name Pin Function TIOCD3_OE PO3_OE P23DDR
TPU TIOCDS output 1 — —
PPG POS3 output 0 —
I/0 port P23 output 0
P23 input 0 0 0

(initial setting)
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SCI TxDO output

0 0 1 — —

PPG PO2 output 0 0 0 1 —
I/0 port P22 output 0 0 0 1
P22 input 0 0 0 0

(initial setting)

(7) P21/POLTIOCA3/TMCIO/RXxDO/IRQY-A

The pin function is switched as shown below according to the combination of the TPU
register settings and P21DDR bit setting.

Setting
TPU PPG 1/0 Port
Module Name Pin Function TIOCA3_OE PO1 OE P21DDR
TPU TIOCAS3 output 1 — —
PPG PO1 output 0 —
I/0 port P21 output 0
P21 input 0 0

(initial setting)
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rrQa FUU Outlput \v \v I —
I/0 port P20 output 0 0 0 1

P20 input 0 0 0 0
(initial setting)

9.2.3 Port 3
(1) P37/PO15/TIOCA2/TIOCB2/ITCLKD-A

The pin function is switched as shown below according to the combination of the TPU ar
register settings and P37DDR bit setting.

Setting
TPU PPG 1/0 Port
Module Name Pin Function TIOCB2_OE PO15_OE P37DDR
TPU TIOCB2 output 1 — —
PPG PO15 output 0 —
I/0O port P37 output 0
P37 input 0 0 0

(initial setting)
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17U POIt

o0 Output

P36 input
(initial setting)

&)

P35/PO13/TIOCALTIOCBLTCLKC-A/DACK1-B

The pin function is switched as shown below according to the combination of the DMA
and PPG register settings and P35DDR bit setting.

Setting

DMAC TPU PPG 110
Module Name Pin Function DACK1B_OE TIOCB1 OE PO13 OE P35
DMAC DACK1-B output 1 — — —
TPU TIOCB1 output 0 1 — —
PPG PO13 output 0 0 —
I/O port P35 output 0 0

P35 input 0 0 0 0

(initial setting)
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I/0 port P34 output 0 0 0 1
P34 input 0 0 0 0

(initial setting)

(5) P33/PO1UTIOCCO/TIOCDO/TCLKB-A/DREQI-B

The pin function is switched as shown below according to the combination of the TPU ar
register settings and P33DDR bit setting.

Setting
TPU PPG 1/0 Port
Module Name Pin Function TIOCDO_OE PO11_OE P33DDR
TPU TIOCDO output 1 — —
PPG PO11 output 0 —
I/0 port P33 output 0
P33 input 0 0 0

(initial setting)
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I/0 port P32 output 0 0 0 1

P32 input 0 0 0 0
(initial setting

(7) P3UPO9/TIOCAO/TIOCBO/TENDO-B

The pin function is switched as shown below according to the combination of the DMA
and PPG register settings and P31DDR bit setting.

Setting
DMAC TPU PPG I/O |
Module Name Pin Function TENDOB_OE TIOCBO_OE PO9 OE P31
DMAC TENDO-B output 1 — — —
TPU TIOCBO output 0 1 — —
PPG PO9 output 0 0 1 —
I/0 port P31 output 0 0 1
P31 input 0 0 0

(initial setting)
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17U pPOIt rouU Output

P30 input 0
(initial setting)

9.24 Port 5

(1) P57/AN7/DAVIRQ7-B:

Module Name Pin Function

D/A converter  DAT1 output

(2) P56/AN6/DAOTRQ6-B:

Module Name Pin Function

D/A converter  DAO output
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UIVIAL UAUNAO OUlpul I — —

TMR TMOS3 output 0 1 —
I/0 port P65 output 0
P65 input 0 0

(initial setting)

(2) P64/TMCI3TEND3

The pin function is switched as shown below according to the combination of the DMA
setting and P64DDR bit setting.

Setting
DMAC I/0 Port
Module Name  Pin Function TEND3_OE P64DDR
DMAC TENDS output 1 —
I/0 port P64 output 0
P64 input 0 0

(initial setting)
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(4) P62TMO2/SCK 4DACK2/IRQ10-B

The pin function is switched as shown below according to the combination of the DMAC
and SCI register settings and P62DDR bit setting.

Setting

DMAC TMR SClI I/OP
Module Name Pin Function DACK2 OE TMO2 OE  SCK4 OE P62L
DMAC DACK2 output 1 — — —
TMR TMO2 output 0 1 — —
ScCl SCK4 output 0 0 —
I/O port P62 output 0 0

P62 input 0 0 0 0

(initial setting)
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(initial setting)

(6) P60/TMRI2TxD4/DREQ2/IRQS-B

The pin function is switched as shown below according to the combination of the SCI re
setting and P6ODDR bit setting.

Setting
SCI I/O Port
Module Name Pin Function TxD4_OE P60DDR
SCI TxD4 output 1 —
1/0 port P60 output 0 1
P60 input 0 0

(initial setting)
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PA7 input 0

Note: * The type of ¢ to be output switches according to the POSEL1 bit in SCKCR. F
see section 18.1.1, System Clock Control Register (SCKCR).

(2) PAG/AS/AH/BS-B

The pin function is switched as shown below according to the combination of bus control
register, port function control register (PFCR), and the PA6DDR bit settings.

Setting
Bus Controller 110 P

Module Name  Pin Function AH OE BS-B_OE AS_OE PABL
Bus controller  AH output 1 — — —

BS-B output 0 1 — —

AS output 0 0 1 —

(initial setting)
I/0 port PA6 output 0

PAG input 0 0
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The pin function is switched as shown below according to the combination of bus contr
register, port function control register (PFCR), and the PA4DDR bit settings.

Setting
Bus Controller I/O Port

Module Name  Pin Function LUB_OE* LHWR_OE* PA4DDR
Bus controller  LUB output 1 — —

LHWR output — 1 —

(initial setting)
I/0 port PA4 output 0 0 1

PA4 input 0 0 0
Note: * When the byte control SRAM space is accessed while the byte control SRANM

specified or while LHWROE =1, this pin functions as the LUB output; otherwi

LHWR output.

(5) PA3LLWR/LLB

The pin function is switched as shown below according to the bus controller register set

Setting
Bus Controller I/O Port
Module Name  Pin Function LLB_OE* LLWR_OE* PA3DDR
Bus controller  LLB output 1 — —

LLWR output — 1 —

(initial setting)

Note: *

If the byte control SRAM space is accessed, this pin functions as the LLB out

otherwise, the LLWR.
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17U pPOIt FA OUlpul

PA2 input 0
(initial setting)

(7) PA1/BACK/(RD/WR)

The pin function is switched as shown below according to the combination of bus control
register, port function control register (PFCR), and the PAIDDR bit settings.

Setting

Bus Controller

1/10 Port

Byte control
SRAM

Module Name Pin Function BACK_OE Selection

(RD/WR)_OE PA1L

—

Bus controller  BACK output

RD/WR output 0 1 — _
0 0 —
I/0 port PA1 output 0 0 1
PA1 input 0 0 0
(initial setting)
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PAO input 0 0 0
(initial setting)

927 Port B
(1) PB3/CS3/CS7-A

The pin function is switched as shown below according to the combination of port funct
register (PFCR) and the PB3DDR bit settings.

Setting
I/O Port
Module Name  Pin Function CS3 OE CS7A_OE PB3DDR
Bus controller ~ CS3 output 1 — —
CS7-A output — 1 —
I/0 port PB3 output 0 0 1
PB3 input 0 0 0

(initial setting)
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PB2 input 0 0 0
(initial setting)

(3) PB1/CS1/CS2-B/CS5-A/CS6-B/CS7-B

The pin function is switched as shown below according to the combination of port functi
register (PFCR) and the PB1DDR bit settings.

Setting
1/O Port
Module Name Pin Function CS1_OE CS2B_OE CS5A_OE CS6B_OE CS7B_OE
Bus controller ~ CST output 1 — — —
CS2-B output — 1 — — —
CS5-A output — — 1 — —
CS6-B output — — — 1 —
CS7-B output — — — — 1
1/0 port PB1 output 0 0 0 0 0
PB1 input 0 0 0 0 0

(initial setting)
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CS5-B output — — 1 _
1/0 port PBO output 0 0 0 1
PBO input 0 0 0 0

9.2.8 Port D
(1) PD7/A7, PD6/A6, PD5/A5, PD4/A4, PD3/A3, PD2/A2, PD1/AL, PDO/AO
The pin function is always address output.

Setting
1/0 Port
Module Name Pin Function PDnDDR

Bus controller ~ Address output —

[Legend]
n=0to7
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[Legend]
n=0to7

9210 PortF
(1) PF7/A23/CS4-C/CS5-C/CS6-C/CS7-C

The pin function is switched as shown below according to the combination of port functi
register (PFCR) and the PF7DDR bit settings.

Setting
1/0 Port

CS4-C CS5-C CSe-C CS7-C
Module Name Pin Function A23 _OE output output output output

Bus controller ~ A23 output
CS4-C output
CS5-C output
CS6-C output
CS7-C output

I/0 port PF7 output

PF7 input
(initial setting)

1 — — —
— 1 — —

o|Oo|Oo|Oo|O|O| =
|
|
—
|
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PF6 input 0 0 0
(initial setting)

(3) PF5/A21/CS5-D

The pin function is switched as shown below according to the combination of port funct
register (PFCR) and the PF5DDR bit settings.

Setting
I/O Port
Module Name  Pin Function A21 OE CS5D_OE PF5DDR
Bus controller ~ A21 output 1 — —
CS5-D output 0 —
1/0 port PF5 output 0 1
PF5 input 0 0

(initial setting)

4) PF4/A20
The pin function is always address output.

Setting
1/0 Port
Module Name Pin Function PF4DDR

Bus controller A20 output —
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The pin function is always address output.

Setting

1/0 Port

Module Name Pin Function PF2DDR

Bus controller A18 output —

(7) PFVUA17
The pin function is always address output.

Setting

1/0 Port

Module Name Pin Function PF1DDR

Bus controller A17 output —

(8) PFO/A16
The pin function is always address output.

Setting

1/0 Port

Module Name Pin Function PFODDR

Bus controller A16 output —
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9212 Portl

(1) PI7/D15, P16/D14, PI5/D13, P14/D12, P13/D11, PI2/D10, PI1/D9, PI10/D8

The pin function is switched as shown below according to the combination of operating

mode, and the PInDDR bit settings.

Setting
Bus Controller 1/0 Port
Module Name Pin Function 16-Bit Bus Mode PInDDR
Bus controller Data I/0 1 —
(mode 4 initial
setting)
I/0 port PIn output 1
PIn input 0
(mode 5 initial
setting)
[Legend]
n=0to7

RENESAS
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while SMR_3.C/A = 0, SCR_3.CKE [1, 0] = 01
while SMR_3.C/A =1, SCR_3.CKE 1 =0

5 TEND1A_OE  TEND1 PFCR7.DMAS1[A,B] = DMDR.TENDE =1
00

4 TxD3_OE TxD3 SCR.TE=1

2 DACKOA_OE  DACKO PFCR7.DMASOQ[A,B]= DACR.AMS =1, DMDR.DACKE =1
00

SCK2_OE SCK2 When SCMR.SMIF = 1:
SCR.TE =1 or SCR.RE = 1 while SMR.GM = (
SCR.CKE [1, 0] = 01 or while SMR.GM = 1

When SCMR.SMIF = 0:

SCR.TE =1 or SCR.RE =1

while SMR.C/A = 0, SCR.CKE [1, 0] = 01 or
while SMR.C/A =1, SCR.CKE1=0

1 TENDOA_OE TENDO PFCR7.DMASO[A,B]= DMDR.TENDE =1

00
0 TxD2_OE TxD2 SCR.TE =1
P2 7 TIOCB5_OE TIOCB5 TPU.TIOR5.10B3 = 0, TPU.TIOR5.10B[1,0] = (
PO7_OE PO7 NDERL.NDER7 =1
6 TIOCA5_OE TIOCA5 TPU.TIOR5.10A3 = 0, TPU.TIOR5.I0A[1,0] = C
TMO1_OE TMO1 TCSR.0S3,2 = 01/10/11 or TCSR.OSJ[1,0] = 0
TxD1_OE TxD1 SCR.TE=1
PO6_OE PO6 NDERL.NDERS6 = 1
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while SMR.C/A = 0, SCR.CKE [1, 0] = 01 or
while SMR.C/A =1, SCR.CKE1=0

PO4_OE PO4 NDERL.NDER4 = 1
TIOCD3_OE TIOCD3 TPU.TMDR.BFB = 0, TPU.TIORL3.10D3 = 0,
TPU.TIORL3.10D[1,0] = 01/10/11
PO3_OE PO3 NDERL.NDER3 = 1
TIOCC3_OE TIOCC3 TPU.TMDR.BFA =0, TPU.TIORL3.10C3 = 0,
TPU.TIORL3.I0D[1,0] = 01/10/11
TMOO_OE TMOO TCSR.0S[3,2] = 01/10/11 or TCSR.OS[1,0] =
TxDO_OE TxDO SCR.TE =1
PO2_OE PO2 NDERL.NDER2 =1
TIOCA3_OE TIOCA3 TPU.TIORH3.I0A3 = 0, TPU.TIORH3.IOA[1,
PO1_OE PO1 NDERL.NDER1 =1
TIOCB3_OE TIOCB3 TPU.TIORH3.I0B3 = 0, TPU.TIORH3.IOB 1,
SCKO0_OE SCKO When SCMR.SMIF = 1:
SCR.TE =1 or SCR.RE = 1 while
SMR.GM = 0, SCR.CKE [1, 0] = 01 or
while SMR.GM = 1
When SCMR.SMIF = 0:
SCR.TE =1 or SCR.RE = 1 while
SMR.C/A = 0, SCR.CKE [1, 0] = 01 or while
SCR.CKE1=0
POO_OE POO NDERL.NDERO =1
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PO13_OE PO13 NDERH.NDER13 =1
4 TEND1B_OE  TEND1 PFCR7.DMAS1[A,B]= DMDR.TENDE =1
01
TIOCA1_OE TIOCA1 TPU.TIOR1.I0A3 = 0, TPU.TIOR1.I0A[1,0] = (
PO12_OE PO12 NDERH.NDER12 = 1
3 TIOCDO_OE TIOCDO TPU.TMDR.BFB = 0, TPU.TIORLO0.IOD3 = 0,
TPU.TIORLO.I0OD[1,0] = 01/10/11
PO11_OE PO11 NDERH.NDER11 =1
2 DACKOB_OE DACKO PFCR7.DMASO[A,B]= DACR.AMS =1, DMDR.DACKE = 1
01
TIOCCO_OE TIOCCO TPU.TMDR.BFA =0, TPU.TIORLO0.I0C3 = 0,
TPU.TIORLO.IOD[1,0] = 01/10/11
PO10_OE PO10 NDERH.NDER10 =1
1 TENDOB_OE TENDO PFCR7.DMASO[A,B]= DMDR.TENDE =1
01
TIOCBO_OE TIOCBO TPU.TIORHO0.10B3 =0,
TPU.TIORHO0.I0B[1,0] = 01/10/11
PO9_OE PO9 NDERH.NDERS9 = 1
0 TIOCAO_OE TIOCAO TPU.TIORHO0.I0A3 =0,
TPU.TIORHO.I0A[1,0] = 01/10/11
PO8_OE PO8 NDERH.NDERS = 1
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SCK4_OE SCK4 When SCMR.SMIF = 1:
SCR.TE = 1 or SCR.RE = 1 while
SMR.GM = 0, SCR.CKE [1, 0] = 01 or
while SMR.GM = 1
When SCMR.SMIF = 0:
SCR.TE = 1 or SCR.RE = 1 while
SMR.C/A = 0, SCR.CKE [1, 0] = 01 or
while SMR.C/A = 1, SCR.CKE 1 =0
TENDZ_ OE  TENDZ PFCR7.DMAS2[AB]= DMDR.TENDE = 1
01
TxD4_OE TxD4 SCR.TE =1
PA B¢_OE Bo PADDR.PA7DDR = 1, SCKCR.POSEL1 = 0
AH_OE AH MPXCR.MPXEn (n=7to 3) = 1
BS-B_OE BS PFCR2.BSS =1 PFCR2.BSE = 1
AS_OE AS PFCR2.ASOE = 1
RD_OE RD
LUB_OE LUB PFCR6.LHWROE = 1 or SRAMCR.BCSELn -
HWR_OE LAWR PFCR6.LHWROE = 1
LLB_OE B SRAMCR.BCSELn = 1
LLWR_OE LLWR SRAMCR.BCSELN =0
BACK_OE BACK BCR1.BRLE =1
(RDWWR)_OE  RD/WR PFCR2.REWRE = 1 or SRAMCR.BCSELn =
BS-A_OE BS PFCR2.BSS =0 PFCR2.BSE = 1
BREQO_OE  BREQO BCR1.BRLE = 1, BCR1.BREQOE = 1
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CS6B_OE CS6 PFCR1.CS6S[A,B] =01 PFCRO0.CS6E = 1
CS7B_OE Cs7 PFCR1.CS7S[A,B] =01 PFCRO0.CS7E =1
0 CS0_OE Cso PFCRO.CSOE = 1
CS4A_OE CS4 PFCR1.CS4S[A,B] =00 PFCRO0.CS4E =1
PFCRO.CS4E = 1
CS5B_OE CSs5 PFCR1.CS5S[A,B] =01 PFCRO0.CS5E = 1
PD 7 A7_OE A7
6 A6_OE A6
5 A5_OE A5
4  A4_OE A4
3  A3_OE A3
2  A2_OE A2
1 A1_OE Al
0 A0_OE A0
PE 7 A15_0E Al5
6 A14_OE Al4
5  A13_OE A13
4  A12_OE Al2
3  A11_OE A1
2  A10_OE A10
1 A9_OE A9
0 A8_OE A8
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A20_OE A20
A19_OE A19
A18_OE A18
A17_OE A17
A16_OE A16

PH D7_E D7
D6_E D6
D5_E D5
D4_E D4
D3_E D3
D2_E D2
D1_E D1
DO_E DO

Pl D15_E D15 ABWCR.ABWI[H,L]n = 01
D14_E D14 ABWCR.ABW[H,L]n = 01
D13_E D13 ABWCR.ABWI[H,L]n = 01
D12_E D12 ABWCR.ABW[H,L]n = 01
D11_E D11 ABWCR.ABWI[H,L]n = 01
D10_E D10 ABWCR.ABWI[H,L]n = 01
D9_E D9 ABWCR.ABWI[H,L]n = 01
D8_E D8 ABWCR.ABWI[H,L]n = 01
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hd oIt 1uncuoil COonuoul 1cglsicl U AN ICiNY)
e Port function control register 7 (PFCR7)
e Port function control register 9 (PFCR9)
e Port function control register B (PFCRB)
e Port function control register C (PFCRC)

931 Port Function Control Register 0 (PFCRO)

PFCRO enables/disables the CS output.

Bit 7 6 5 4 3 2 1

Bit Name CS7E CS6E CS5E CS4E CS3E CS2E CS1E

Initial Value 0 0 0 0 0 0 0

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

Bit Bit Name Value R/W Description

7 CS7E 0 R/W CS7 to CS0O Enable

6 CS6E 0 R/W These bits enable/disable the corresponding C

5 CS5E 0 Rw  output

4 CS4E 0 R/W 0: Pin functions as I/.l)ort

3 CS3E 0 R/W 1: Pin functions as CSn output pin

2 CS2E 0 Rw (=710

1 CS1E 0 R/W

0 CSOE 1 R/W
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CS7SA*
CS7SB*

R/W
R/W

CS7 Output Pin Select

Selects the output pin for CS7 when CS7 outpL
enabled (CS7E =1)

00: Specifies pin PB3 as CS7-A output
01: Specifies pin PB1 as CS7-B output
10: Specifies pin PF7 as CS7-C output
11: Setting prohibited

CS6SA*
CS6SB*

R/W
R/W

CS6 Output Pin Select

Selects the output pin for CS6 when CS6 outpt
enabled (CS6E = 1)

00: Specifies pin PB2 as CS6-A output
01: Specifies pin PB1 as CS6-B output
10: Specifies pin PF7 as CS6-C output
11: Specifies pin PF6 as CS6-D output

CS5S5A*
CS5SB*

R/W
R/W

CS5 Output Pin Select

Selects the output pin for CS5 when CS5 outpt
enabled (CS5E = 1)

00: Specifies pin PB1 as CS5-A output
01: Specifies pin PB0 as CS5-B output
10: Specifies pin PF7 as CS5-C output
11: Specifies pin PF5 as CS5-D output
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select bits (n=4 10 /), multiple Lo signals are output rrom the pin. For aetalls, ¢
section 6.5.3, Chip Select Signals.
9.33 Port Function Control Register 2 (PFCR2)

PFCRI1 selects the CS output pin, enables/disables bus control 1/0, and selects the bus co
pins.

Bit 7 6 5 4 3 2 1

Bit Name — Cs2s BSS BSE — RDWRE ASOE

Initial Value 0 0 0 0 0 0 1

R/W R/W R/W R/W R/W RIW R/W R/W

Initial

Bit Bit Name Value R/W Description

7 — 0 R/W Reserved
This bit is always read as 0. The write value sho
always be 0.

6 CS2s+ 0 R/W  CS2 Output Pin Select

Selects the output pin for CS2 when CS2 output
enabled (CS2E = 1)

0: Specifies pin PB2 as CS2-A output pin
1: Specifies pin PB1 as CS2-B output pin
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Reserved

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

2 RDWRE** 0 R/W

RD/WR Output Enable
Enables/disables the RD/WR output
0: Disables the RD/WR output

1: Enables the RD/WR output

1 ASOE 1 R/W

AS Output Enable

Enables/disables the AS output

0: Specifies pin PA6 as 1/O port

1: Specifies pin PA6 as AS output pin

Reserved

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

Notes: 1. If multiple CS outputs are specified to a single pin according to the CS2 outp
select bit, multiple CS signals are output from the pin. For details, see sectior

Chip Select Signals.

2. If an area is specified as a byte control SDRAM space, the pin functions as R

output.
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7 A23E 0 R/W Address A23 Enable
Enables/disables the address output (A23)
0: Disables the A23 output
1: Enables the A23 output

6 A22E 0 R/W Address A22 Enable
Enables/disables the address output (A22)
0: Disables the A22 output
1: Enables the A22 output

5 A21E 0 R/W Address A21 Enable
Enables/disables the address output (A21)
0: Disables the A21 output
1: Enables the A21 output

4t00 — All 1 R/W Reserved

These bits are always read as 1. The write value
always be 1.
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7 — 1 R/W Reserved
This bit is always read as 1. The write value sh
always be 1.
6 LHWROE 1 R/W  LHWR Output Enable
Enables/disables LHWR output (valid in extern:
extended mode).
0: Specifies pin PA4 as I/O port
1: Specifies pin PA4 as LHWR output pin
5 — 1 R/W Reserved
This bit is always read as 1. The write value sh
always be 1.
4 — 0 R Reserved
This is a read-only bit and cannot be modified.
3 TCLKS 0 R/W TPU External Clock Input Pin Select
Selects the TPU external clock input pins.
0: Specifies pins P32, P33, P35, and P37 as e»
clock inputs
1: Specifies pins P14 to P17 as external clock i
2to0 — All O R/W Reserved

These bits are always read as 0. The write valu
always be 0.
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DMAS3A
6 DMAS3B

R/W
R/W

DMAC Control Pin Select

Selects the I/0 port to control DMAC_3.

00: Setting prohibited

01: Specifies pins P63 to P65 as DMAC control
10: Setting prohibited

11: Setting prohibited

5 DMAS2A
DMAS2B

R/W
R/W

DMAC Control Pin Select

Selects the 1/0O port to control DMAC_2.

00: Setting prohibited

01: Specifies pins P60 to P62 as DMAC control |
10: Setting prohibited

11: Setting prohibited

DMAS1A
2 DMAS1B

R/W
R/W

DMAC Control Pin Select

Selects the I/O port to control DMAC_1.

00: Specifies pins P14 to P16 as DMAC control
01: Specifies pins P33 to P35 as DMAC control
10: Setting prohibited

11: Setting prohibited

DMASOA
0 DMASOB

R/W
R/W

DMAC Control Pin Select

Selects the I/O port to control DMAC_O.

00: Specifies pins P10 to P12 as DMAC control
01: Specifies pins P30 to P32 as DMAC control
10: Setting prohibited

11: Setting prohibited
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DI

DIl INallitc valuc

nN/vyv

veoLliipuull

TPUMS5 0

R/W

TPU 1/O Pin Multiplex Function Select

Selects TIOCAS function

0: Specifies pin P26 as output compare output
capture

1: Specifies P27 as input capture input and P2¢
compare

TPUMS4 0

R/W

TPU 1/O Pin Multiplex Function Select
Selects TIOCA4 function

0: Specifies P25 as output compare output and
capture

1: Specifies P24 as input capture input and P2!
compare

TPUMS3A 0

R/W

TPU 1I/O Pin Multiplex Function Select

Selects TIOCA3 function

0: Specifies P21 as output compare output and
capture

1: Specifies P20 as input capture input and P2
compare

TPUMS3B 0

R/W

TPU 1/O Pin Multiplex Function Select

Selects TIOCC3 function

0: Specifies P22 as output compare output and
capture

1: Specifies P23 as input capture input and P2:
compare
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0: Specifies P34 as output compare output and i
capture

1: Specifies P35 as input capture input and P34
compare

1 TPUMSOA 0 R/W

TPU 1I/O Pin Multiplex Function Select
Selects TIOCAO function

0: Specifies P30 as output compare output and i
capture

1: Specifies P31 as input capture input and P30
compare

0 TPUMSOB 0 R/W

TPU 1/O Pin Multiplex Function Select
Selects TIOCCO function

0: Specifies P32 as output compare output and i
capture

1: Specifies P33 as input capture input and P32
compare
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DI

DIl INallitc

valuc

nN/vyv

veoLliipuull

7t04

AllO

R/W

Reserved

These bits are always read as 0. The write valu

always be 0.

ITS11

R/W

TRQ11 Pin Select

Selects an input pin for IRQ11.

0: Selects pin P23 as IRQ11-A input
1: Selects pin P63 as IRQ11-B input

ITS10

R/W

TRQ10 Pin Select

Selects an input pin for IRQ10.

0: Selects pin P22 as IRQ10-A input
1: Selects pin P62 as IRQ10-B input

ITS9

R/W

TRQ9 Pin Select

Selects an input pin for IRQ9.

0: Selects pin P21 as IRQ9-A input
1: Selects pin P61 as IRQ9-B input

ITS8

R/W

TRQ8 Pin Select

Selects an input pin for IRQ8.

0: Selects pin P20 as IRQ8-A input
1: Selects pin P60 as IRQ8-B input
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7 ITS7 0 R/W

TRQ7 Pin Select

Selects an input pin for IRQ7.

0: Selects pin P17 as IRQ7-A input
1: Selects pin P57 as IRQ7-B output

6 ITS6 0 R/W

TRQ6 Pin Select

Selects an input pin for IRQ6.

0: Selects pin P16 as IRQ6-A input
1: Selects pin P56 as IRQ6-B output

5 ITS5 0 R/W

TRQ5 Pin Select

Selects an input pin for IRQ5.

0: Selects pin P15 as TRQ5-A input
1: Selects pin P55 as IRQ5-B output

4 ITS4 0 R/W

TRQ4 Pin Select

Selects an input pin for IRQ4.

0: Selects pin P14 as TRQ4-A input
1: Selects pin P54 as IRQ4-B output

3 ITS3 0 RW

TRQ3 Pin Select

Selects an input pin for IRQ3.

0: Selects pin P13 as IRQ3-A input
1: Selects pin P53 as IRQ3-B output
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0 ITSO 0 R/W  IRQO Pin Select
Selects an input pin for IRQO.
0: Selects pin P10 as IRQO-A input
1: Selects pin P50 as IRQO-B output

Rev.2.00 Jun. 28, 2007 Pag
RENESAS REJC



3. When a pin is used as an output, data to be output from the pin will be latched as the
if the input by the ICR setting is enabled. To use the pin as an output, disable the inpu
function for the pin by setting ICR.

9.4.2 Noteson Port Function Control Register (PFCR) Settings

1. The port function controller controls the I/O ports. To set the input/output to each pin
the input/output destination and then enable input/output.

2. When changing the input pin, an edge may be generated if the previous pin level diffe
the pin level after the change, causing an unintended malfunction. To change the inpu
follow the procedure below.

A. Disable the input function by the setting of the peripheral module corresponding t
to be changed.

B. Select the input pin by the setting of PFCR.

C. Enable the input function by the setting of the peripheral module corresponding tc
to be changed.

3. If a pin function has both a selection bit that modifies the input/output destination anc
enable bit that enables the pin function, first specify the input/output destination by th
selection bit and then enable the pin function by the enable bit.
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The following operations can be set for each channel:
— Waveform output at compare match
— Input capture function
— Counter clear operation
— Synchronous operations:
e Multiple timer counters (TCNT) can be written to simultaneously
e Simultaneous clearing by compare match and input capture possible
¢ Simultaneous input/output for registers possible by counter synchronous ope:

e Maximum of 15-phase PWM output possible by combination with synchronc
operation

Buffer operation settable for channels 0 and 3

Phase counting mode settable independently for each of channels 1, 2, 4, and 5
Cascaded operation

Fast access via internal 16-bit bus

26 interrupt sources

Automatic transfer of register data

Programmable pulse generator (PPG) output trigger can be generated
Conversion start trigger for the A/D converter can be generated

Module stop mode can be set
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b_VU 1GRB_1 1Ghb_< B_o 1GhbB_4 1C
General registers/ TGRC_0 — — TGRC_3 — —
buffer registers TGRD_0 TGRD_3
1/0 pins TIOCAO TIOCA1 TIOCA2 TIOCA3 TIOCA4 TI
TIOCBO TIOCBH1 TIOCB2 TIOCB3 TIOCB4 TI
TIOCCO TIOCC3
TIOCDO TIOCD3
Counter clear function TGR compare TGR compare TGR compare TGR compare TGR compare TC
match or input match or input match or input match or input match or input ma
capture capture capture capture capture caj
Compare 0 output (0] (0] (0] o} o} o}
match foutput O o) o) o o) o)
output
Toggle (0] (0] (0] (0] (0] (0]
output
Input capture function o o] o] (0] o} o}
Synchronous operation O (0] (0] O (0] (6]
PWM mode O (0] O (0] (0] (0]
Phase counting mode — (0] O — (0] (0]
Buffer operation (0] — — (0] — —
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PPG trigger TGRA_0/ TGRA_1/ TGRA_2/ TGRA_3/ — -
TGRB_0 TGRB_1 TGRB_2 TGRB_3
compare compare compare compare
match or input match or input match or input match or input
capture capture capture capture
Interrupt sources 5 sources 4 sources 4 sources 5 sources 4 sources 4
Compare Compare Compare Compare Compare C
match or input match or input match or input match or input match or input n
capture 0A capture 1A capture 2A capture 3A capture 4A C
Compare Compare Compare Compare Compare C
match or input match or input match or input match or input match or input n
capture 0B capture 1B capture 2B capture 3B capture 4B C
Compare Overflow Overflow Compare Overflow C
match or input Underflow Underflow match or input Underflow U
capture 0C capture 3C
Compare Compare
match or input match or input
capture 0D capture 3D
Overflow Overflow
[Legend]
0: Possible
— Not possible
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TCI5U

~ > Internal data bus

» A/D conversion start re
——> PPG output trigger sig

Interrupt request signal
Channel 0: TGIOA
TGIOB
TGIOC
TGIOD
TClov
Channel 1: TGIHA
TGIHB
TCIV
TCIHU
Channel 2: TGI2A
TGI2B
TCl2v
TCl2u

5 = L= I Zlc|z
° € 15|s|6
= Slx|x|x [l Il
) S o |ololwK
Clock input o o =
Internal clock:P¢/1
Po/4
Pa/es — 3
x| © 8
P§/256 3 | 1>k=lo b
Po/1024 :—'\ s E E ] }:9
P¢/4096 — 2| &[] 1@ £
External clockTCLKA El 5 ||1BIOBA 2
TCLKB ISP B
TCLKC E——
o
TCLKD |8 %O
s|El |F =|<|o
<:> c kK Zlc|c
8 [ i o (ll) 9 9
59|94
Input/output pins -
Channel 0:  TIOCAO ———
TIOCBO g - DDZ o
TIOCCO 2 |3 (2] |el<|e
TIOCDO<:> P S H= SHEEE
Channel 1:  TIOCA1 2 & slsl [ 1] =
TIOCB1 & CIRIBIE
Channel 2:  TIOCA2 S
TIOCB2 L
Q o g n_:' IO
2 = =|<|alola
= <:> g [l K Zlc|o|jc|c
g s 15 | [9]e]ele
5 50| 8wk
(@] Lo = =
[Legend]
TSTR: Timer start register TIER: Timer interrupt enable register
TSYR: Timer synchronous register TSR: Timer status register
TCR: Timer control register TGR (A, B, C, D): Timer general registers (A, B, C, D)
TMDR: Timer mode register TCNT: Timer counter
TIOR (H, L): Timer I/O control registers (H, L)

Figure10.1 Block Diagram of TPU
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\wiiaiitivl 1 dliu v pPlicdov LUudlitliy Nivue U pliaoyv inpyuy

TCLKC Input External clock C input pin
(Channel 2 and 4 phase counting mode A phase input)
TCLKD Input External clock D input pin
(Channel 2 and 4 phase counting mode B phase input)

TIOCAO 1/0  TGRA_OQ input capture input/output compare output/PWM o
TIOCBO 1/0  TGRB_0 input capture input/output compare output/PWM o
TIOCCO 1/0  TGRC_O0 input capture input/output compare output/PWM o
TIOCDO 1/0  TGRD_0 input capture input/output compare output/PWM o
TIOCA1 /O  TGRA_1 input capture input/output compare output/PWM o
TIOCB1 1/0  TGRB_1 input capture input/output compare output/PWM o
TIOCA2 1/0  TGRA_2 input capture input/output compare output/PWM o
TIOCB2 1/0  TGRB_2 input capture input/output compare output/PWM o
TIOCA3 1/0  TGRA_3 input capture input/output compare output/PWM o
TIOCB3 /0 TGRB_3 input capture input/output compare output/PWM o
TIOCC3 1/0  TGRC_3 input capture input/output compare output/PWM o
TIOCD3 /0  TGRD_3 input capture input/output compare output/PWM o
TIOCA4 1/0  TGRA_4 input capture input/output compare output/PWM o
TIOCB4 1/0  TGRB_4 input capture input/output compare output/PWM o
TIOCA5 1/0  TGRA_S5 input capture input/output compare output/PWM o
TIOCB5 1/0  TGRB_5 input capture input/output compare output/PWM o
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hd Ligclh Hicliupt ©lldulc 1Cglsticl U (11LEIN_V)
e Timer status register_0 (TSR_0)

o Timer counter_0 (TCNT_0)

e Timer general register A_0 (TGRA_0)

e Timer general register B_O (TGRB_0)

e Timer general register C_0 (TGRC_0)

e Timer general register D_0 (TGRD_0)

Channdl 1:

e Timer control register_1 (TCR_1)

e Timer mode register_1 (TMDR_1)

e Timer I/O control register _1 (TIOR_1)

e Timer interrupt enable register_1 (TIER_1)
e Timer status register_1 (TSR_1)

e Timer counter_1 (TCNT_1)

e Timer general register A_1 (TGRA_1)

e Timer general register B_1 (TGRB_1)
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Channdl 3:

e Timer control register_3 (TCR_3)

e Timer mode register_3 (TMDR_3)

e Timer I/O control register H_3 (TIORH_3)
e Timer I/O control register L_3 (TIORL_3)
e Timer interrupt enable register_3 (TIER_3)
e Timer status register_3 (TSR_3)

e Timer counter_3 (TCNT_3)

e Timer general register A_3 (TGRA_3)

e Timer general register B_3 (TGRB_3)

e Timer general register C_3 (TGRC_3)

e Timer general register D_3 (TGRD_3)

Channel 4:

e Timer control register_4 (TCR_4)

e Timer mode register_4 (TMDR_4)

e Timer I/O control register _4 (TIOR_4)

o Timer interrupt enable register_4 (TIER_4)
e Timer status register_4 (TSR_4)

e Timer counter_4 (TCNT_4)

e Timer general register A_4 (TGRA_4)

e Timer general register B_4 (TGRB_4)
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Common Registers:

e Timer start register (TSTR)
e Timer synchronous register (TSYR)
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Bit Bit Name Value R/W Description

7 CCLR2 0 R/W Counter Clear2to 0

6 CCLR1 0 R/W These bits select the TCNT counter clearing so

5 CCLRO 0 R/W tables 10.3 and 10.4 for details.

4 CKEGH1 0 R/W Clock Edge 1 and 0

3 CKEGO 0 R/W These bits select the input clock edge. For dete
table 10.5. When the input clock is counted usil
edges, the input clock period is halved (e.g. P,
edges = P¢/2 rising edge). If phase counting m
used on channels 1, 2, 4, and 5, this setting is |
and the phase counting mode setting has priori
clock edge selection is valid when the input clo
or slower. This setting is ignored if the input clo
or when overflow/underflow of another channel
selected.

2 TPSC2 0 R/W Timer Prescaler 2to0 0

1 TPSC1 0 R/W These bits select the TCNT counter clock. The

0 TPSCO 0 R/W source can be selected independently for each

See tables 10.6 to 10.11 for details. To select tl
clock as the clock source, the DDR bit and ICR
corresponding pin should be set to 0 and 1, res
For details, see section 9, I/0 Ports.
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i A R

1 0 0 TCNT clearing disabled

1 0 1 TCNT cleared by TGRC compare maicl!
capture*?

1 1 0 TCNT cleared by TGRD compare matcl
capture*®

1 1 1 TCNT cleared by counter clearing for ar

channel performing synchronous clearir
synchronous operation*'

Notes: 1. Synchronous operation is selected by setting the SYNC bitin TSYR to 1.

2. When TGRC or TGRD is used as a buffer register, TCNT is not cleared becau
buffer register setting has priority, and compare match/input capture does not

Table10.4 CCLR2to CCLRO (Channelsi, 2, 4, and 5)

Bit 7
Reserved Bit6 Bit 5
Channel *? CCLR1 CCLRO Description
1,2,4,5 0 0 0 TCNT clearing disabled
0 0 1 TCNT cleared by TGRA compare matcl
capture
0 1 0 TCNT cleared by TGRB compare matcl
capture
0 1 1 TCNT cleared by counter clearing for ar

channel performing synchronous clearir
synchronous operation*'

Notes: 1. Synchronous operation is selected by setting the SYNC bit in TSYR to 1.
2. Bit 7 is reserved in channels 1, 2, 4, and 5. It is always read as 0 and cannot b

modified.
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Table10.6 TPSC2to TPSCO (Channel 0)

Bit 2 Bit 1 Bit 0

Channel TPSC2 TPSC1 TPSCO Description

0 0 0 0 Internal clock: counts on P¢/1
0 0 1 Internal clock: counts on P¢/4
0 1 0 Internal clock: counts on P¢/16
0 1 1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin i
1 0 1 External clock: counts on TCLKB pin i
1 1 0 External clock: counts on TCLKC pin i
1 1 1 External clock: counts on TCLKD pin i

Table10.7 TPSC2to TPSCO (Channdl 1)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on P¢/1
0 0 1 Internal clock: counts on Py/4
0 1 0 Internal clock: counts on P¢/16
0 1 1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin i
1 0 1 External clock: counts on TCLKB pin i
1 1 0 Internal clock: counts on P$/256
1 1 1 Counts on TCNT2 overflow/underflow

Note: This setting is ignored when channel 1 is in phase counting mode.
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1

1

External clock: counts on TCLKC pin in

1

1

1

Internal clock: counts on P¢/1024

Note: This setting is ignored when channel 2 is in phase counting mode.

Table10.9 TPSC2to TPSCO (Channel 3)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
3 0 0 0 Internal clock: counts on P¢/1
0 0 1 Internal clock: counts on P¢/4
0 1 0 Internal clock: counts on P¢/16
0 1 1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin in|
1 0 1 Internal clock: counts on P¢/1024
1 1 0 Internal clock: counts on P¢/256
1 1 1 Internal clock: counts on P$/4096
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1 1 0 Internal clock: counts on P¢/1024
1 1 1 Counts on TCNT5 overflow/underflow
Note: This setting is ignored when channel 4 is in phase counting mode.

Table 10.11 TPSC2 to TPSCO (Channel 5)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
5 0 0 0 Internal clock: counts on P¢/1
0 0 1 Internal clock: counts on P¢/4
0 1 0 Internal clock: counts on P¢/16
0 1 1 Internal clock: counts on P¢/64
1 0 0 External clock: counts on TCLKA pin i
1 0 1 External clock: counts on TCLKC pin i
1 1 0 Internal clock: counts on P¢/256
1 1 1 External clock: counts on TCLKD pin i

Note: This setting is ignored when channel 5 is in phase counting mode.
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Bit Bit Name Value

R/W

Description

7,6 —

All 1

R

Reserved
These are read-only bits and cannot be modifi

5 BFB

R/W

Buffer Operation B

Specifies whether TGRB is to normally operate
TGRB and TGRD are to be used together for t
operation. When TGRD is used as a buffer reg
TGRD input capture/output compare is not ger

In channels 1, 2, 4, and 5, which have no TGR
reserved. It is always read as 0 and cannot be

0: TGRB operates normally
1: TGRB and TGRD used together for buffer o

4 BFA

R/W

Buffer Operation A

Specifies whether TGRA is to normally operate
TGRA and TGRC are to be used together for t
operation. When TGRC is used as a buffer reg
TGRC input capture/output compare is not ger

In channels 1, 2, 4, and 5, which have no TGR
reserved. It is always read as 0 and cannot be

0: TGRA operates normally
1: TGRA and TGRC used together for buffer o

MD3
MD2
MD1
MDO

o = N W

o O O O

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

Modes 3to 0
Set the timer operating mode.

MD3 is a reserved bit. The write value should :
0. See table 10.12 for details.
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0 1 1 0 Phase counting mode 3

0 1 1 1 Phase counting mode 4
1 X X X —

[Legend]

X: Don't care

Notes: 1. MDS3 is a reserved bit. The write value should always be 0.
2. Phase counting mode cannot be set for channels 0 and 3. In this case, 0 sho
be written to MD2.

10.3.3 Timer 1/O Control Register (TIOR)

TIOR controls TGR. The TPU has eight TIOR registers, two each for channels 0 and 3,
each for channels 1, 2, 4, and 5. Care is required since TIOR is affected by the TMDR s

The initial output specified by TIOR is valid when the counter is stopped (the CST bit i1
cleared to 0). Note also that, in PWM mode 2, the output at the point at which the count
cleared to 0 is specified.

When TGRC or TGRD is designated for buffer operation, this setting is invalid and the
operates as a buffer register.

To designate the input capture pin in TIOR, the DDR bit and ICR bit for the correspond
should be set to 0 and 1, respectively. For details, see section 9, I/O Ports.
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e TIORH_O0, TIOR_1, TIOR_2, TIORH_3, TIOR_4, TIOR_5

Initial
Bit Bit Name Value R/W Description
7 10B3 0 R/W I/O Control B3 to BO
6 10B2 0 R/W Specify the function of TGRB.
5 10B1 0 R/W For details, see tables 10.13, 10.15, 10.16, 10.1
4 I0BO 0 R/W and 10.20.
3 I0A3 0 R/W I/O Control A3 to A0
2 I0A2 0 R/W Specify the function of TGRA.
1 I0A1 0 R/W For details, see tables 10.21, 10.23, 10.24, 10.2!
0 I0AO 0 R/W and 10.28.
e TIORL_O, TIORL_3:
Initial
Bit Bit Name Value R/W Description
7 I0D3 0 R/W I/O Control D3 to DO
6 I0D2 0 R/W Specify the function of TGRD.
5 10D1 0 R/W For details, see tables 10.14 and 10.18.
4 I0D0 0 R/W
3 I0C3 0 R/W I/O Control C3 to CO
2 10C2 0 R/W Specify the function of TGRC.
1 10C1 0 R/W For details, see tables 10.22 and 10.26.
0 10CO0 0 R/W
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0 0 1 1 Initial output is O output
Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCBO pin
capture Input capture at rising edge
register
1 0 0 1 Capture input source is TIOCBO pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCBO pin
Input capture at both edges
1 1 X X Capture input source is channel 1/coun

Input capture at TCNT_1 count-up/coul

[Legend]
X: Don't care

Note: * When bits TPSC2 to TPSCO in TCR_1 are set to B'000 and P¢/1 is used as t
TCNT_1 count clock, this setting is invalid and input capture is not generated
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Initial output is O output
Toggle output at compare match

Output disabled

Initial output is 1 output
0 output at compare match

0 1 Initial output is 1 output
1 output at compare match
0 1 Initial output is 1 output
Toggle output at compare match
1 0 Input Capture input source is TIOCDO pin
capture , Input capture at rising edge
register*
1 0 Capture input source is TIOCDO pin
Input capture at falling edge
1 0 Capture input source is TIOCDO pin
Input capture at both edges
1 1 Capture input source is channel 1/count
Input capture at TCNT_1 count-up/coun
[Legend]
X: Don't care
Notes: 1. When bits TPSC2 to TPSCO in TCR_1 are set to B'000 and P¢/1 is used as th

TCNT_1 count clock, this setting is invalid and input capture is not generated.

. When the BFB bit in TMDR_O is set to 1 and TGRD_O0 is used as a buffer regi:
setting is invalid and input capture/output compare is not generated.
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0 0 1 1 Initial output is O output

Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCB1 pin
capture Input capture at rising edge
register

1 0 0 1 Capture input source is TIOCB1 pin

Input capture at falling edge

1 0 1 X Capture input source is TIOCB1 pin
Input capture at both edges

1 1 X X TGRC_0 compare match/input capture

Input capture at generation of TGRC_Q
match/input capture

[Legend]
X: Don't care
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0 0 1 1 Initial output is O output
Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 X 0 0 Input Capture input source is TIOCB2 pin
capture Input capture at rising edge
register
1 X 0 1 Capture input source is TIOCB2 pin
Input capture at falling edge
1 X 1 X Capture input source is TIOCB2 pin
Input capture at both edges
[Legend]
X: Don't care
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0 0 1 1 Initial output is O output
Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCBS3 pin
capture Input capture at rising edge
register
1 0 0 1 Capture input source is TIOCBS3 pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCBS pin
Input capture at both edges
1 1 X X Capture input source is channel 4/coun

Input capture at TCNT_4 count-up/coul

[Legend]
X: Don't care

Note: When bits TPSC2 to TPSCO in TCR_4 are set to B'000 and P¢/1 is used as the T
count clock, this setting is invalid and input capture is not generated.
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0 0 Initial output is O output
Toggle output at compare match
1 Output disabled
1 Initial output is 1 output
0 output at compare match
0 1 Initial output is 1 output
1 output at compare match
0 1 Initial output is 1 output
Toggle output at compare match
1 0 Input Capture input source is TIOCD3 pin
capture , Input capture at rising edge
register*
1 0 Capture input source is TIOCD3 pin
Input capture at falling edge
1 0 Capture input source is TIOCD3 pin
Input capture at both edges
1 1 Capture input source is channel 4/count
Input capture at TCNT_4 count-up/coun
[Legend]
X: Don't care
Notes: 1. When bits TPSC2 to TPSCO in TCR_4 are set to B'000 and P¢/1 is used as th

TCNT_4 count clock, this setting is invalid and input capture is not generated.

. When the BFB bit in TMDR_3 is set to 1 and TGRD_3 is used as a buffer regi:
setting is invalid and input capture/output compare is not generated.
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0 0 1 1 Initial output is O output

Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCB4 pin
capture Input capture at rising edge
register

1 0 0 1 Capture input source is TIOCB4 pin

Input capture at falling edge

1 0 1 X Capture input source is TIOCB4 pin
Input capture at both edges

1 1 X X Capture input source is TGRC_3 comp
match/input capture

Input capture at generation of TGRC_3
match/input capture

[Legend]
X: Don't care
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0 0 1 1 Initial output is O output
Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 X 0 0 Input Capture input source is TIOCB5 pin
capture Input capture at rising edge
register
1 X 0 1 Capture input source is TIOCB5 pin
Input capture at falling edge
1 X 1 X Capture input source is TIOCB5 pin
Input capture at both edges
[Legend]
X: Don't care
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0 0 1 1 Initial output is O output

Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCAO pin
capture Input capture at rising edge
register

1 0 0 1 Capture input source is TIOCAO pin

Input capture at falling edge

1 0 1 X Capture input source is TIOCAO pin
Input capture at both edges

1 1 X X Capture input source is channel 1/coun
Input capture at TCNT_1 count-up/coul

[Legend]
X: Don't care
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0 0 1 1 Initial output is O output
Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCCO pin
capture Input capture at rising edge
register*

1 0 0 1 Capture input source is TIOCCO pin
Input capture at falling edge

1 0 1 X Capture input source is TIOCCO pin
Input capture at both edges

1 1 X X Capture input source is channel 1/count
Input capture at TCNT_1 count-up/coun

[Legend]
X: Don't care

Note: * When the BFA bitin TMDR_O is set to 1 and TGRC_0 is used as a buffer regi
setting is invalid and input capture/output compare is not generated.
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0 0 1 1 Initial output is O output

Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCAT1 pin
capture Input capture at rising edge
register

1 0 0 1 Capture input source is TIOCAT1 pin

Input capture at falling edge

1 0 1 X Capture input source is TIOCAT pin
Input capture at both edges

1 1 X X Capture input source is TGRA_O comp
match/input capture

Input capture at generation of channel
compare match/input capture

[Legend]
X: Don't care
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0 0 1 1 Initial output is O output
Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 X 0 0 Input Capture input source is TIOCA2 pin
capture Input capture at rising edge
register
1 X 0 1 Capture input source is TIOCA2 pin
Input capture at falling edge
1 X 1 X Capture input source is TIOCA2 pin
Input capture at both edges
[Legend]
X: Don't care

Rev.2.00 Jun. 28, 2007 Page 426 of 784
REJ09B248-0200 RENESAS



0 0 1 1 Initial output is O output

Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCAS pin
capture Input capture at rising edge
register

1 0 0 1 Capture input source is TIOCAS pin

Input capture at falling edge

1 0 1 X Capture input source is TIOCAS pin
Input capture at both edges

1 1 X X Capture input source is channel 4/coun
Input capture at TCNT_4 count-up/coul

[Legend]
X: Don't care
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0 0 1 1 Initial output is O output
Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCC3 pin
capture Input capture at rising edge
register*

1 0 0 1 Capture input source is TIOCC3 pin
Input capture at falling edge

1 0 1 X Capture input source is TIOCC3 pin
Input capture at both edges

1 1 X X Capture input source is channel 4/count
Input capture at TCNT_4 count-up/coun

[Legend]
X: Don't care

Note: * When the BFA bitin TMDR_3 is set to 1 and TGRC_3 is used as a buffer regi
setting is invalid and input capture/output compare is not generated.
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0 0 1 1 Initial output is O output

Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCA4 pin
capture Input capture at rising edge
register

1 0 0 1 Capture input source is TIOCA4 pin

Input capture at falling edge

1 0 1 X Capture input source is TIOCA4 pin
Input capture at both edges

1 1 X X Capture input source is TGRA_3 comp
match/input capture

Input capture at generation of TGRA_3
match/input capture

[Legend]
X: Don't care
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0 0 1 1 Initial output is O output

Toggle output at compare match

1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 X 0 0 Input Input capture source is TIOCA5 pin
capture Input capture at rising edge
register
1 X 0 1 Input capture source is TIOCA5 pin
Input capture at falling edge
1 X 1 X Input capture source is TIOCAS5 pin
Input capture at both edges
[Legend]
X: Don't care

Rev.2.00 Jun. 28, 2007 Page 430 of 784
REJ09B248-0200 RENESAS



Bit

Bit Name value R/W

Description

TTGE 0 R/W

A/D Conversion Start Request Enable

Enables/disables generation of A/D conversion
requests by TGRA input capture/compare matc

0: A/D conversion start request generation disa

1: A/D conversion start request generation ena

Reserved
This is a read-only bit and cannot be modified.

TCIEU 0 R/W

Underflow Interrupt Enable

Enables/disables interrupt requests (TCIU) by t
flag when the TCFU flag in TSR is setto 1 in cl
2,4, and 5.

In channels 0 and 3, bit 5 is reserved. It is alwa
0 and cannot be modified.

0: Interrupt requests (TCIU) by TCFU disabled
1: Interrupt requests (TCIU) by TCFU enabled

4

TCIEV 0 R/W

Overflow Interrupt Enable

Enables/disables interrupt requests (TCIV) by t
flag when the TCFV flag in TSR is set to 1.

0: Interrupt requests (TCIV) by TCFV disabled
1: Interrupt requests (TCIV) by TCFV enabled
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i ittt iR

Enables/disables interrupt requests (TGIC) by th
bit when the TGFC bit in TSR is set to 1 in chan
and 3.

In channels 1, 2, 4, and 5, bit 2 is reserved. It is
read as 0 and cannot be modified.

0: Interrupt requests (TGIC) by TGFC bit disable
1: Interrupt requests (TGIC) by TGFC bit enable

1 TGIEB 0 R/W

TGR Interrupt Enable B

Enables/disables interrupt requests (TGIB) by th
bit when the TGFB bit in TSR is set to 1.

0: Interrupt requests (TGIB) by TGFB bit disable
1: Interrupt requests (TGIB) by TGFB bit enable

0 TGIEA 0 R/W

TGR Interrupt Enable A

Enables/disables interrupt requests (TGIA) by th
bit when the TGFA bit in TSR is set to 1.

0: Interrupt requests (TGIA) by TGFA bit disable
1: Interrupt requests (TGIA) by TGFA bit enable
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bit

bit Name Vvalue

RV

pescription

TCFD

1

R

Count Direction Flag

Status flag that shows the direction in which TC
in channels 1, 2, 4, and 5.

In channels 0 and 3, bit 7 is reserved. It is alwa
1 and cannot be modified.

0: TCNT counts down
1: TCNT counts up

Reserved
This is a read-only bit and cannot be modified.

TCFU

0

R/(W)*

Underflow Flag

Status flag that indicates that a TCNT underfloy
occurred when channels 1, 2, 4, and 5 are set |
counting mode.

In channels 0 and 3, bit 5 is reserved. It is alwa
0 and cannot be modified.

[Setting condition]

When the TCNT value underflows (changes frc
to H'FFFF)

[Clearing condition]
When a 0 is written to TCFU after reading TCF

(When the CPU is used to clear this flag by wrif
while the corresponding interrupt is enabled, be
read the flag after writing O to it.)

Rev.2.00 Jun. 28, 2007 Pag
RENESAS REJC



(vwhen the UFU IS usead 10 clear tnis flag by writl
while the corresponding interrupt is enabled, be
read the flag after writing O to it.)

3 TGFD 0 R/(W)* Input Capture/Output Compare Flag D

Status flag that indicates the occurrence of TGR
capture or compare match in channels 0 and 3.

In channels 1, 2, 4, and 5, bit 3 is reserved. It is
read as 0 and cannot be modified.

[Setting conditions]

o  When TCNT = TGRD while TGRD is functior
output compare register

e When TCNT value is transferred to TGRD by
capture signal while TGRD is functioning as |
capture register

[Clearing conditions]

o When DTC is activated by a TGID interrupt v
DISEL bit in MRB of DTC is O

e When 0 is written to TGFD after reading TGF

(When the CPU is used to clear this flag by \
while the corresponding interrupt is enabled,
to read the flag after writing 0 to it.)

Rev.2.00 Jun. 28, 2007 Page 434 of 784
REJ09B248-0200 RENESAS



=T il T Vi VAIVG o HAalTuiTiITUU (V TV L
capture signal while TGRC is functioning as
capture register

[Clearing conditions]

e When DTC is activated by a TGIC interrupt
DISEL bitin MRB of DTC is O

e When 0 is written to TGFC after reading TG
(When the CPU is used to clear this flag by
while the corresponding interrupt is enablec
to read the flag after writing 0 to it.)

1

TGFB

0

R/(W)*

Input Capture/Output Compare Flag B

Status flag that indicates the occurrence of TG

capture or compare match.

[Setting conditions]

e When TCNT = TGRB while TGRB is functic
output compare register

e When TCNT value is transferred to TGRB k
capture signal while TGRB is functioning as
capture register

[Clearing conditions]

o When DTC is activated by a TGIB interrupt
DISEL bit in MRB of DTC is 0

e When 0 is written to TGFB after reading TG

(When the CPU is used to clear this flag by
while the corresponding interrupt is enablec
to read the flag after writing 0 to it.)
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[Clearing conaitions]

e When DTC is activated by a TGIA interrupt v
DISEL bit in MRB of DTC is 0

e When DMAC is activated by a TGIA interrup
the DTA bit in DMDR of DMAC is 1

e When 0 is written to TGFA after reading TGF

(When the CPU is used to clear this flag by v
while the corresponding interrupt is enabled,
to read the flag after writing 0 to it.)

Note: * Only 0 can be written to clear the flag.
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Initial Value
R/W

Bit
Bit Name

Initial Value
R/W

10.3.7

0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1
0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W

Timer General Register (TGR)

TGR is a 16-bit readable/writable register with a dual function as output compare and in
capture registers. The TPU has 16 TGR registers, four each for channels 0 and 3 and tw
channels 1, 2, 4, and 5. TGRC and TGRD for channels 0 and 3 can also be designated f
operation as buffer registers. The TGR registers cannot be accessed in 8-bit units; they r
always be accessed in 16-bit units. TGR and buffer register combinations during buffer
are TGRA-TGRC and TGRB-TGRD.

Bit

Bit Name
Initial Value
R/W

Bit

Bit Name
Initial Value
R/W

15 14 13 12 11 10 9
1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1
1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W

RENESAS
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Bit Bit Name value R/W Description

7,6 — AllO R/W Reserved
These bits are always read as 0. The write value
always be 0.
5 CST5 0 R/W Counter Start5t0 0
4 CST4 0 R/W These bits select operation or stoppage for TCN
3 CST3 0 R/W If O is written to the CST bit during operation witt
2 CST2 0 R/W TIOC p?n designated for output, the coynter gtop
TIOC pin output compare output level is retainec
1 CST1 0 R/W is written to when the CST bit is cleared to 0, the
0 CSTO 0 R/W output level will be changed to the set initial outf

0: TCNT_5 to TCNT_O0 count operation is stoppe
1: TCNT_5 to TCNT_0 performs count operatior
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Bit Bit Name value R/W Description

7,6 — AllO R/W Reserved
These bits are always read as 0. The write valu
always be 0.
5 SYNC5 0 R/W Timer Synchronization 5t0 0
4 SYNC4 0 R/W These bits select whether operation is indepen
3 SYNC3 0 R/W synchronized with other channels.
2 SYNC2 0 R/W When synchronous operation is selected, syncl
presetting of multiple channels, and synchronol
1 SYNC1 0 R/W through counter clearing on another channel ar
0 SYNCO 0 R/W To set synchronous operation, the SYNC bits f

two channels must be set to 1. To set synchror
clearing, in addition to the SYNC bit, the TCNT
source must also be set by means of bits CCLF
CCLRO in TCR.

0: TCNT_5 to TCNT_O operate independently (
presetting/clearing is unrelated to other char

1: TCNT_5 to TCNT_O perform synchronous oj
(TCNT synchronous presetting/synchronous
is possible)
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When one of bits CSTO to CSTS is set to 1 in TSTR, the TCNT counter for the correspon
channel starts counting. TCNT can operate as a free-running counter, periodic counter, ar

(a) Example of count operation setting procedure

Figure 10.2 shows an example of the count operation setting procedure.

( Operation selection )

Select counter clock 1]

[1] Select the counter clock with b
to TPSCO in TCR. At the same
| select the input clock edge witl

CKEG1 and CKEGO in TCR.
( Periodic counter ) ( Free-running counter ) [2] For periodic counter operation.

| TGR to be used as the TCNT

. source with bits CCLR2 to CCl
Select counter clearing source [2] TCR.

Select output compare register | [3]

[3

Designate the TGR selected ir
output compare register by me

| TIOR.
Set period 4] [4] Set the periodic counter cycle |
| selected in [2].
Start count (5] Start count 5] [5] Set the CST bitin TSTR to 1
counter operation.
<Periodic counter> <Free-running counter>

Figure10.2 Example of Counter Operation Setting Procedure
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H'0000

> Time

CST bit

TCFV

Figure10.3 Free-Running Counter Operation

When compare match is selected as the TCNT clearing source, the TCNT counter for th
channel performs periodic count operation. The TGR register for setting the period is de
as an output compare register, and counter clearing by compare match is selected by me
CCLR2 to CCLRO in TCR. After the settings have been made, TCNT starts count-up of
a periodic counter when the corresponding bit in TSTR is set to 1. When the count valuc
the value in TGR, the TGF bit in TSR is set to 1 and TCNT is cleared to H'0000.

If the value of the corresponding TGIE bit in TIER is 1 at this point, the TPU requests a
After a compare match, TCNT starts counting up again from H'0000.
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TGF

Figure10.4 Periodic Counter Operation
(2) Waveform Output by Compare Match

The TPU can perform 0, 1, or toggle output from the corresponding output pin using a co
match.

(a) Example of setting procedure for waveform output by compare match

Figure 10.5 shows an example of the setting procedure for waveform output by a compar

( Output selection ) [1] Select initial value from 0-output or 1-output,

T and compare match output value from 0-output,
1-output, or toggle-output, by means of TIOR.
Select waveform output mode [ The set initial value is output on the TIOC pin

| until the first compare match occurs.

Set output timing [2] [2] Set the timing for compare match generation in
| TGR.

Start count

:

<Waveform output>

3] [3] Setthe CST bitin TSTR to 1 to start the count
operation.

Figure10.5 Example of Setting Procedure for Waveform Output by Compare!
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: - Nochange _~ No change
: N : N
E E 1-outpu
TIOCB | ~ No change i~ No change 0-outpu
N N

Figure10.6 Example of 0-Output/1-Output Operation
Figure 10.7 shows an example of toggle output.

In this example, TCNT has been designated as a periodic counter (with counter clearing
by compare match B), and settings have been made so that output is toggled by both cor
match A and compare match B.

TCNT value

»Tir

H'0000 ;

TIOCB | 5 | 5 | 5 | Toggle-o

TIOCA | I | I Toggle-o

Figure10.7 Example of Toggle Output Operation
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(a) Example of setting procedurefor input capture operation

Figure 10.8 shows an example of the setting procedure for input capture operation.

( Input selection )

. . ] [1] Designate TGR as an input capture register by
Select input capture input means of TIOR, and select the input capture

| source and input signal edge (rising edge, falling
edge, or both edges).

Start count 2]

[2] Setthe CST bitin TSTR to 1 to start the count
l operation.

<Input capture operation>

Figure10.8 Example of Setting Procedure for Input Capture Operation
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nuiov

H'0010
H'0005
H'0000

X X H'0180

Figure10.9 Example of Input Capture Operation
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Figure 10.10 shows an example of the synchronous operation setting procedure.

)
2]

Synchronous operation
selection

Set synchronous
operation
|

1

(Synchronous presetting ) ( Synchronous clearing )

Set TCNT 2]

Clearing
source generation
channel?

No

Yes
Select counter (3] Set synchronous
clearing source counter clearing
| |
Start count 5] Start count
\l l l
<Synchronous presetting> <Counter clearing> <Synchronous clearing>

[4]

[5]

Set the SYNC bits in TSYR corresponding to the channels to be designated for synchronous operation to

When the TCNT counter of any of the channels designated for synchronous operation is written to, the
same value is simultaneously written to the other TCNT counters.

Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output compare, etc.

Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing source.

Set the CST bits in TSTR for the relevant channels to 1, to start the count operation.

Figure10.10 Example of Synchronous Operation Setting Procedure
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For details on PWM modes, see section 10.4.5, PWM Modes.

Synchronous clearing by TGRB_0 compare match

\

A

e A (i R

4

TCNT_0O to TCNT_2 values

TGRB_O [ ----nnmmmmmmmmm e e g e

TGRB_1

TGRAQ f------------ Ao

TIOCA_O

TIOCA_1

TIOCA_2

Figure10.11 Example of Synchronous Operation
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Channel Timer General Register Buffer Register

0 TGRA_O TGRC_0
TGRB_0 TGRD_0
3 TGRA_3 TGRC_3
TGRB_3 TGRD_3

e  When TGR is an output compare register
When a compare match occurs, the value in the buffer register for the corresponding «
transferred to the timer general register.

This operation is illustrated in figure 10.12.

Compare match signal

Timer general [\

Buffer register
9 register |/

Comparator K TCNT

Figure10.12 Compare Match Buffer Operation
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Figure10.13 Input Capture Buffer Operation
(1) Example of Buffer Operation Setting Procedure

Figure 10.14 shows an example of the buffer operation setting procedure.

) [1] Designate TGR as an input capture register or

( Buffer operation output compare register by means of TIOR.

[2] Designate TGR for buffer operation with bits

Select TGR function [1] BFA and BFB in TMDR.
| [3] Setthe CST bitin TSTR to 1 to start the count
| Set buffer operation | 2] operation.
Start count [3]

'

<Buffer operation>

Figure 10.14 Example of Buffer Operation Setting Procedure
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For details on PWM modes, see section 10.4.5, PWM Modes.

TCNT value

TGRB_0

TGRA_O |-—-
H'0000

TGRC_0 H'0200 H'0520

Transfer N
X

TGRA_O | H'0200 H'0450

Figure10.15 Example of Buffer Operation (1)
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UINT Valuc

H'OF07

H'09FB

H'0532

H'0000

A

TIOCA

TGRA

H'OF07 H'09FB

H'0532 X
N

TGRC

X
\
X X

H'0532 X H'0OF07

Figure10.16 Example of Buffer Operation (2)

RENESAS
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Note: When phase counting mode is set for channel 1 or 4, the counter clock setting is i
and the counter operates independently in phase counting mode.

Table 10.30 Cascaded Combinations

Combination Upper 16 Bits Lower 16 Bits
Channels 1 and 2 TCNT_A1 TCNT_2
Channels 4 and 5 TCNT_4 TCNT_5

(1) Example of Cascaded Operation Setting Procedure

Figure 10.17 shows an example of the setting procedure for cascaded operation.

c ded i [1] Set bits TPSC2 to TPSCO in the channel 1
ascaded operation (channel 4) TCR to B'1111 to select TCNT_2

| (TCNT_5) overflow/underflow counting.

Set cascading (1] [2] Setthe CST bitin TSTR for the upper and lower
| channels to 1 to start the count operation.

Start count 2]

!

<Cascaded operation>

Figure10.17 Example of Cascaded Operation Setting Procedure
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>

TCNT_1 H'03A1 H'03A2

TCNT_2 I_l I_l
clock

TCNT_2  HFFFF X H'0000 X H'0001
TIOCAT,

TIOCA2 I L
TGRA_1 X H'03A2

TGRA_2 X H'0000

Figure10.18 Example of Cascaded Operation (1)

Figure 10.19 illustrates the operation when counting upon TCNT_2 overflow/underflow
set for TCNT_1, and phase counting mode has been designated for channel 2.

TCNT_1 is incremented by TCNT_2 overflow and decremented by TCNT_2 underflow

TCLKC _,—|—| I—I_
oo — [ L [ L[

TCNT_2 FrroX_Frre XerFRY o000 X000t X002 X ooo1 X oooo XFFFF X

TCNT_1 0000 X 0001 X o000

Figure10.19 Example of Cascaded Operation (2)
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‘lhere are two W IVl modes, as described below.
(8 PWM mode 1

PWM output is generated from the TIOCA and TIOCC pins by pairing TGRA with TGR
TGRC with TGRD. The outputs specified by bits IOA3 to IOA0 and IOC3 to IOCO in TI
output from the TIOCA and TIOCC pins at compare matches A and C, respectively. The
specified by bits IOB3 to IOB0 and I0D3 to IODO in TIOR are output at compare match
D, respectively. The initial output value is the value set in TGRA or TGRC. If the set val
paired TGRs are identical, the output value does not change when a compare match occu

In PWM mode 1, a maximum 8-phase PWM output is possible.

(b) PWM mode 2

PWM output is generated using one TGR as the cycle register and the others as duty cycl
registers. The output specified in TIOR is performed by means of compare matches. Upo
clearing by a cycle register compare match, the output value of each pin is the initial valu
TIOR. If the set values of the cycle and duty cycle registers are identical, the output valus
change when a compare match occurs.

In PWM mode 2, a maximum 15-phase PWM output is possible by combined use with
synchronous operation.
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I 1AQRA_I HUUA HUUVA

TGRB_1 TIOCBH1
2 TGRA_2 TIOCA2 TIOCA2
TGRB_2 TIOCB2
3 TGRA_3 TIOCA3 TIOCAS
TGRB_3 TIOCB3
TGRC_3 TIOCC3 TIOCC3
TGRD_3 TIOCD3
4 TGRA_4 TIOCA4 TIOCA4
TGRB_4 TIOCB4
5 TGRA_5 TIOCA5 TIOCA5
TGRB_5 TIOCB5

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the cy
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Select waveform output level

Set TGR

Set PWM mode

Start count

!

<PWM mode>

[3]

[4]

[5]

[6]

4]

(5]

(6]

VoL VTV UDoiyHidic TdUlh do dall yutput
compare register, and select the initial value and
output value.

Set the cycle in TGR selected in [2], and set the
duty in the other TGRs.

Select the PWM mode with bits MD3 to MDO in
TMDR.

Set the CST bit in TSTR to 1 to start the count
operation.

Figure10.20 Example of PWM M ode Setting Procedure
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4 TGRA compare match

TGRA

TGRB |-----opf T e T T
H'0000

» Time

Figure10.21 Example of PWM M ode Operation (1)
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A4

/ TGRB_1 compare match

T

' ' '
R L L e D

it Sl s it il Sl Sl

it el it tiniiail pi il
R T R

H'0000

TIOCBO
TIOCCO

TIOCDO

TIOCA1

Figure10.22 Example of PWM M ode Operation (2)
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TIOCA I 0% duty .

TCNT value

Output does not change when compare matches in cycle regi
and duty register occur simultaneously

TGRB changed
TGRA |---------- oO—

RB changed

100% duty |_|

4
o}
o
>

TCNT value Output does not change when compare matches in cycle regis
and duty register occur simultaneously
TGRB changed —————
TGRA |ocooe e O P . f--
TGRB changed i
1
TGRB i
' TGRB ch
H'0000 ; [
| 100% duty 0% duty
TIOCA | )

Figure 10.23 Example of PWM M ode Operation (3)
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This can be used for two-phase encoder pulse input.

When overflow occurs while TCNT is counting up, the TCFV flag in TSR is set; when u
occurs while TCNT is counting down, the TCFU flag is set.

The TCFD bit in TSR is the count direction flag. Reading the TCFD flag provides an ind
whether TCNT is counting up or down.

Table 10.32 shows the correspondence between external clock pins and channels.

Table 10.32 Clock Input Pinsin Phase Counting Mode

External Clock Pins

Channels A-Phase B-Phase
When channel 1 or 5 is set to phase counting mode TCLKA TCLKB
When channel 2 or 4 is set to phase counting mode TCLKC TCLKD

(1) Example of Phase Counting M ode Setting Procedure

Figure 10.24 shows an example of the phase counting mode setting procedure.

( Phase counting mode )

|
| Select phase counting mode |[1] [1]
|

| Start count | [2] [z Setthe CST bitin TSTRto 1 to start the count
operation.

Select phase counting mode with bits MD3 to
MDO in TMDR.

<Phase counting mode>

Figure10.24 Example of Phase Counting M ode Setting Procedure
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TCLKB (channels 1 and 5) E| - 5| il | 0
TCLKD (channels 2 and 4) 1 1 1

TCNT value T R T

Figure 10.25 Example of Phase Counting Mode 1 Operation

Table 10.33 Up/Down-Count Conditionsin Phase Counting Mode 1

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level xr Up-count
Low level K3

r Low level

B2 High level

High level T Down-count
Low level x

x High level

Ra Low level

[Legend]

LY Rising edge
1 Falling edge
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V Il E

Figure 10.26 Example of Phase Counting M ode 2 Operation

Table 10.34 Up/Down-Count Conditionsin Phase Counting Mode 2

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level Y Don't care
Low level E Don't care
LY Low level Don't care
1 High level Up-count
High level T Don't care
Low level Y Don't care
iy High level Don't care
1 Low level Down-count
[Legend]

LY Rising edge
1. Falling edge
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' | ' Down-count

| o i |

Figure 10.27 Example of Phase Counting M ode 3 Operation

Table 10.35 Up/Down-Count Conditionsin Phase Counting Mode 3

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level Yy Don't care
Low level K Don't care
1Y Low level Don't care
L High level Up-count
High level 1 Down-count
Low level Yy Don't care
1Y High level Don't care
1 Low level Don't care
[Legend]

LY Rising edge
1. Falling edge
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' ! ' E Down-countl
| UV \,\

Figure 10.28 Example of Phase Counting M ode 4 Operation

Table 10.36 Up/Down-Count Conditionsin Phase Counting Mode 4

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level EY Up-count
Low level L

Y Low level Don't care
T High level

High level T Down-count
Low level Ey

Y High level Don't care
Ra Low level

[Legend]

I Rising edge
1 Falling edge
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in buffer mode. The channel 1 counter input clock is designated as the TGRB_0 input c:
source, and the pulse width of 2-phase encoder 4-multiplication pulses is detected.

TGRA_1 and TGRB_1 for channel 1 are designated for input capture, channel 0 TGRA
TGRC_0 compare matches are selected as the input capture source, and the up/down-co
values for the control cycles are stored.

This procedure enables accurate position/speed detection to be achieved.

Channel 1

TCLKA Edge
detection
TCLKB circuit

TCNT_1

TGRA_1
(speed cycle capture)

)

TGRB_1
(position cycle capture)

Y 7
4
| L1

TCNT_O

TGRA_O
(speed control cycle)

TGRC_0
(position control cycle)

o V+
|

U

TGRB_0 (pulse width capture)

TGRD_0 (buffer operation)

Channel 0

Figure10.29 Phase Counting Mode Application Example
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channel is fixed. For details, see section 5, Interrupt Controller.
Table 10.37 lists the TPU interrupt sources.

Table 10.37 TPU Interrupts

Interrupt DTC DMAC

Channel Name Interrupt Source Flag Activation Activat

0 TGIOA TGRA_O input capture/ TGFA_O Possible Possibli
compare match

TGIOB  TGRB_O input capture/ TGFB_0 Possible Not pos
compare match

TGIOC TGRC_O0 input capture/ TGFC_0 Possible Not pos
compare match

TGIOD TGRD_O input capture/ TGFD_O0 Possible Not pos
compare match

TCIOV ~ TCNT_O overflow TCFV_O0 Not possible  Not pos

1 TGHA  TGRA_1 input capture/ TGFA_1 Possible Possibl
compare match

TGIHB  TGRB_1 input capture/ TGFB_1 Possible Not pos
compare match

TCHHV  TCNT_1 overflow TCFV_1 Not possible  Not pos

TCIHU  TCNT_1 underflow TCFU_1 Not possible  Not pos
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1'3aloD 1anp_v lHiput Lapuuic/ 1arop_o roussivic INUL PL
compare match
TGI3C TGRC_3 input capture/ TGFC_3 Possible Not pc
compare match
TGISD TGRD_3 input capture/ TGFD_3 Possible Not pc
compare match
TCI3V ~ TCNT_3 overflow TCFV_3 Not possible  Not pc
4 TGI4A  TGRA_4 input capture/ TGFA_4 Possible Possit
compare match
TGI4B  TGRB_4 input capture/ TGFB_4 Possible Not pc
compare match
TCI4V ~ TCNT_4 overflow TCFV_4 Not possible  Not pc
TCl4U  TCNT_4 underflow TCFU_4 Not possible  Not pc
5 TGI5A  TGRA_S5 input capture/ TGFA_5 Possible Possit
compare match
TGI5B  TGRB_5 input capture/ TGFB_5 Possible Not pc
compare match
TCI5V ~ TCNT_5 overflow TCFV_5 Not possible  Not pc
TCI5U  TCNT_5 underflow TCFU_5 Not possible  Not pc

Note: This table shows the initial state immediately after a reset. The relative channel p
levels can be changed by the interrupt controller.

RENESAS
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(3) Underflow Interrupt

An interrupt is requested if the TCIEU bit in TIER is set to 1 when the TCFU flag in TSE
1 by the occurrence of a TCNT underflow on a channel. The interrupt request is cleared t
clearing the TCFU flag to 0. The TPU has four underflow interrupts, one each for channe
and 5.

10.6  DTC Activation

The DTC can be activated by the TGR input capture/compare match interrupt for a chanr
details, see section 8, Data Transfer Controller (DTC).

A total of 16 TPU input capture/compare match interrupts can be used as DTC activation
four each for channels 0 and 3, and two each for channels 1, 2, 4, and 5.

10.7 DMAC Activation

The DMAC can be activated by the TGRA input capture/compare match interrupt for a c
For details, see section 7, DMA Controller (DMAC).

In TPU, one in each channel, totally six TGRA input capture/compare match interrupts c:
used as DMAC activation sources.
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109 Operation Timing

109.1 Input/Output Timing
(1) TCNT Count Timing

Figure 10.30 shows TCNT count timing in internal clock operation, and figure 10.31 sh
count timing in external clock operation.

Po
Internal clock ElD Falling edge Rising edge Falling edge
TCNT input clock
TONT N-—1 N+ 1 I
Figure10.30 Count Timingin Internal Clock Operation
Po
External clock WD\FaIIing edge Rising edge Falling edge
N
TCNT input clock I_l I_l \I_l
TONT N-1 ) N N+ 1 L N2

Figure10.31 Count Timingin External Clock Operation
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_ e Y 0 0 L

TCNT input clock I_l

TCNT N X N+1
TGR N

Compare match | |

signal

TIOC pin )

Figure10.32 Output Compare Output Timing
(3) Input Capture Signal Timing

Figure 10.33 shows input capture signal timing.

& S L L
Input capture input I |
Input capture signal I_l

n

TCNT ) N X onN+t X Ne2t
e

Figure10.33 Input Capturelnput Signal Timing
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TCNT N X H'0000

TGR N

Figure10.34 Counter Clear Timing (Compare Match)

P I A I I o
Input capture | |
signal |
Counter clear E | |
signal —

TCNT N 5 X H'0000
\
TGR X N

Figure 10.35 Counter Clear Timing (Input Capture)
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ranp L J \

TGRC,
TGRD

Figure10.36 Buffer Operation Timing (Compare Match)

- UL

Input capture | | | |

signal ! !

TCNT N E X N+1

ESQ' no ) N Pk N+
\ \

TGRC, X n X N

TGRD

Figure 10.37 Buffer Operation Timing (Input Capture)
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TCNT N X N+ 1

TGR N
Compare match | |
signal

TGF flag |

TGl interrupt |

Figure10.38 TGI Interrupt Timing (Compare Match)
(2) TGF Flag Setting Timing in Case of Input Capture

Figure 10.39 shows the timing for setting of the TGF flag in TSR by input capture occus
the TGI interrupt request signal timing.

S I o
Input capture | |
signal )

TCNT N

TGR E X N

TGF flag |

TGl interrupt |

Figure10.39 TGI Interrupt Timing (Input Capture)
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LIivCA

TCNT , ,
(overfiow) H'FFFF X H'0000

Overflow signal | |

TCFV flag |

TCIV interrupt |

Figure10.40 TCIV Interrupt Setting Timing

P JLL L L
TCNT input | |
clock

TCNT ) )
(nderfiow) H'0000 ) HFFFF
Underflow signal | |
TCFU flag |

TCIU interrupt |

Figure10.41 TCIU Interrupt Setting Timing
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Address X TSR address X

Write | I

Status flag |

Interrupt request |
signal

Figure10.42 Timingfor Status Flag Clearing by CPU

The status flag and interrupt request signal are cleared in synchronization with P¢ after f
DMAC transfer has started, as shown in figure 10.43. If conflict occurs for clearing the
and interrupt request signal due to activation of multiple DTC or DMAC transfers, it wi
to five clock cycles (Po) for clearing them, as shown in figure 10.44. The next transfer r
masked for a longer period of either a period until the current transfer ends or a period f
clock cycles (P¢) from the beginning of the transfer. Note that in the DTC transfer, the s
may be cleared during outputting the destination address.
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Interrupt request |
signal

Figure 10.43 Timing for Status Flag Clearing by DTC or DMAC Activation

DTC/DMAC DTC/DMAC
write cycle ™ >

Po [
Address X Source address X Destination address

Period in which the next transfer request is masked -
Status flag | Period of flag clearing |
Interrupt request |Period of interrupt request signal clearing |
signal

Figure10.44 Timingfor StatusFlag Clearing by DTC or DMAC Activation
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The input clock pulse width must be at least 1.5 states in the case of single-edge detectic
least 2.5 states in the case of both-edge detection. The TPU will not operate properly wi
narrower pulse width.

In phase counting mode, the phase difference and overlap between the two input clocks
least 1.5 states, and the pulse width must be at least 2.5 states. Figure 10.45 shows the it
conditions in phase counting mode.

TCLKA
(TCLKC)

TCLKB
(TCLKD)

Note:

Phase

E d'ifferenc'e
. \Overlap,

Overlap

Phase

difference

—]
' '
'
'
'

Pulse width

J

>

Pulse width

Pulse width |
e

P
! Pulse width

Phase difference, Overlap > 1.5 states

Pulse width > 2.5 states

—_—
'
'
'
'

Figure 10.45 Phase Difference, Overlap, and Pulse Width in Phase Counting
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10.10.4 Conflict between TCNT Write and Clear Operations

If the counter clearing signal is generated in the T2 state of a TCNT write cycle, TCNT ¢
takes precedence and the TCNT write is not performed. Figure 10.46 shows the timing in
case.

TCNT write cycle
T1 T2
[ n——
i S
Address XTCNT address X

Write | I
Counter clear I_l
signal

TCNT N X H'0000

Figure10.46 Conflict between TCNT Write and Clear Operations
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Write

L
TCNT input I_l
|

clock

TCNT N M

TCNT write data

Figure 10.47 Conflict between TCNT Writeand Increment Operations

10.10.6 Conflict between TGR Writeand Compare Match

If a compare match occurs in the T2 state of a TGR write cycle, the TGR write takes pre
and the compare match signal is disabled. A compare match also does not occur when tl
value as before is written.

Figure 10.48 shows the timing in this case.
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o _ N_X
TGR write data

Figure 10.48 Conflict between TGR Write and Compare Match

10.10.7 Conflict between Buffer Register Writeand Compare Match

If a compare match occurs in the T2 state of a TGR write cycle, the data transferred to T(
buffer operation will be the write data.

Figure 10.49 shows the timing in this case.

TGR write cycle
T, T,

. igligiglpkigigipNyipl

Address X Buf;zrd l:;g[sster X

Write | I
Compare match signal Data written to buffer register
| | .//
Buffer register N X I\I/I
I
TGR I W

Figure10.49 Conflict between Buffer Register Write and Compare Match
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Address X TGR address X

Read | I
Input capture signal | |

TGR X X M

Internal data bus X M X

Figure10.50 Conflict between TGR Read and Input Capture

10.10.9 Conflict between TGR Writeand Input Capture

If the input capture signal is generated in the T2 state of a TGR write cycle, the input ca
operation takes precedence and the write to TGR is not performed.

Figure 10.51 shows the timing in this case.
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1GR

Figure10.51 Conflict between TGR Writeand Input Capture

10.10.10 Conflict between Buffer Register Write and Input Capture

If the input capture signal is generated in the T2 state of a buffer register write cycle, the
operation takes precedence and the write to the buffer register is not performed.

Figure 10.52 shows the timing in this case.

Buffer register write cycle

T, T,
—_——
P S L e
Address X Buf;%rd rrvzgisster X

Write

Input capture signal

AL

TCNT PN
N,

TGR M E X N
\

Buffer register X M

Figure10.52 Conflict between Buffer Register Writeand Input Capture
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TCNT HFFFF ) H'0000

Counter clear signal I_l

TGF flag |

. ]
TCFV flag Disabled — !

Figure10.53 Conflict between Overflow and Counter Clearing

10.10.12 Conflict between TCNT Write and Overflow/Under flow

If an overflow/underflow occurs due to increment/decrement in the T2 state of a TCNT
cycle, the TCNT write takes precedence and the TCFV/TCFU flag in TSR is not set.

Figure 10.54 shows the operation timing when there is conflict between TCNT write an
overflow.
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Figure10.54 Conflict between TCNT Write and Overflow

10.10.13 Multiplexing of I/O Pins

In this LSI, the TCLKA input pin is multiplexed with the TIOCCO I/O pin, the TCLKB i
with the TIOCDO I/O pin, the TCLKC input pin with the TIOCB1 I/O pin, and the TCLK
pin with the TIOCB2 I/O pin. When an external clock is input, compare match output shc
be performed from a multiplexed pin.

10.10.14 Interruptsand Module Stop Mode

If module stop mode is entered when an interrupt has been requested, it will not be possit
clear the CPU interrupt source or the DMAC or DTC activation source. Interrupts should
be disabled before entering module stop mode.
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Four output groups

Selectable output trigger signals

Non-overlapping mode

Can operate together with the data transfer controller (DTC) and DMA controller (D
Inverted output can be set

Module stop mode can be set
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Pulse output
pins, group 1
PO3 -~ PODRL F--- NDRL----
Pulse output
pins, group 0

[Legend]

PMR: PPG output mode register
PCR: PPG output control register
NDERH: Next data enable register H
NDERL: Next data enable register L
NDRH: Next data register H
NDRL: Next data register L
PODRH: Output data register H
PODRL: Output data register L

Figure1l.1 Block Diagram of PPG
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ryvilc uiputl
PO11 Output Group 2 pulse output
PO10 Output
PO9 Output
PO8 Output
PO7 Output Group 1 pulse output
PO6 Output
PO5 Output
PO4 Output
PO3 Output Group 0 pulse output
PO2 Output
PO1 Output
POO Output

RENESAS
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e PPG output control register (PCR)
e PPG output mode register (PMR)

11.3.1 Next Data Enable RegistersH, L (NDERH, NDERL)

NDERH and NDERL enable/disable pulse output on a bit-by-bit basis.

e NDERH

Bit 7 6 5 4 3 2 1
Bit Name NDER15 NDER14 NDER13 NDER12 NDER11 NDER10 NDER9
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
¢ NDERL

Bit 7 6 5 4 3 2 1
Bit Name NDER7 NDER6 NDER5 NDER4 NDER3 NDER2 NDER1
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
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0 NDERS 0 R/W
e NDERL
Initial
Bit Bit Name Value R/W Description
7 NDER7 0 R/W Next Data Enable 7 to 0
6 NDER6 0 R/W When a bit is set to 1, the value in the correspo
5 NDER5 0 R/W NDRL bi't is transferred to the PODRL bit by the
output trigger. Values are not transferred from |
4 NDER4 0 RW " PODRL for cleared bits.
3 NDERS3 0 R/W
2 NDER2 0 R/W
1 NDER1 0 R/W
0 NDERO 0 R/W
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e PODRL

Bit 7 6 4 3 5 1
Bit Name POD7 POD6 POD5 POD4 POD3 POD2 POD2
Initial Value 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
e PODRH
Initial
Bit Bit Name Value R/W Description
7 POD15 0 R/W Output Data Register 15 to 8
6 POD14 0 R/W For bits which have been set to pulse output by |
5 POD13 0 R/W the output trigger transfers NDRH values to this
during PPG operation. While NDERH is set to 1,
4 POD12 0 R/W cannot write to this register. While NDERH is cle
3 POD11 0 R/W initial output value of the pulse can be set.
2 POD10 0 R/W
1 POD9 0 R/W
0 POD8 0 R/W
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0 PODO 0 R/W

11.3.3 Next Data RegistersH, L (NDRH, NDRL)

NDRH and NDRL store the next data for pulse output. The NDR addresses differ depen
whether pulse output groups have the same output trigger or different output triggers.

e NDRH
Bit 7 6 5 4 3 2 1
Bit Name NDR15 NDR14 NDR13 NDR12 NDR11 NDR10 NDR9
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
e NDRL
Bit 7 6 5 4 3 2 1
Bit Name NDR7 NDR6 NDR5 NDR4 NDR3 NDR2 NDRH1
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
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o NUR
2 NDR10
1 NDR9
0 NDRS8

O O O C

n/ Vv
R/W
R/W
R/W

If pulse output groups 2 and 3 have different output triggers, the upper four bits and I¢
bits are mapped to different addresses as shown below.

Initial
Bit Bit Name Value R/W Description
7 NDR15 0 R/W Next Data Register 15 to 12
6 NDR14 0 R/W The register contents are transferred to the
5 NDR13 0 R/W corresponding PODRH bits by the output trigger
with PCR.
4 NDR12 0 R/W
3to0 — All 1 — Reserved
These bits are always read as 1 and cannot be
Initial
Bit Bit Name Value R/W Description
7t04 — All 1 — Reserved
These bits are always read as 1 and cannot be 1
3 NDR11 0 R/W Next Data Register 11 to 8
2 NDR10 0 R/W The register contents are transferred to the
1 NDR9 0 R/W corresponding PODRH bits by the output trigger
with PCR.
0 NDR8 0 R/W
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o NURno
2 NDR2
1 NDR1
0 NDRO

O O O C

n/ Vv
R/W
R/W
R/W

If pulse output groups 0 and 1 have different output triggers, the upper four bits and
bits are mapped to different addresses as shown below.

Initial
Bit Bit Name Value R/W Description
7 NDR?7 0 R/W Next Data Register 7 to 4
6 NDR6 0 R/W The register contents are transferred to the
5 NDR5 0 R/W corresponding PODRL bits by the output trigge
with PCR.
4 NDR4 0 R/W
3to0 — All 1 — Reserved
These bits are always read as 1 and cannot be
Initial
Bit Bit Name Value R/W Description
7t04 — All 1 — Reserved
These bits are always read as 1 and cannot be
3 NDR3 0 R/W Next Data Register 3 to 0
2 NDR2 0 R/W The register contents are transferred to the
1 NDR1 0 R/W corresponding PODRL bits by the output trigge
with PCR.
0 NDRO 0 R/W
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Bit Bit Name

Value

R/W

Description

7 G3CMSH
6 G3CMS0

R/W
R/W

Group 3 Compare Match Select 1 and 0

These bits select output trigger of pulse output g
00: Compare match in TPU channel 0

01: Compare match in TPU channel 1

10: Compare match in TPU channel 2

11: Compare match in TPU channel 3

5 G2CMS1
4 G2CMS0

R/W
R/W

Group 2 Compare Match Select 1 and 0

These bits select output trigger of pulse output g
00: Compare match in TPU channel 0

01: Compare match in TPU channel 1

10: Compare match in TPU channel 2

11: Compare match in TPU channel 3

3 G1CMSH
2 G1CMS0

R/W
R/W

Group 1 Compare Match Select 1 and 0

These bits select output trigger of pulse output g
00: Compare match in TPU channel 0

01: Compare match in TPU channel 1

10: Compare match in TPU channel 2

11: Compare match in TPU channel 3

1 GOCMSH
0 GOCMS0

R/W
R/W

Group 0 Compare Match Select 1 and 0

These bits select output trigger of pulse output g
00: Compare match in TPU channel 0

01: Compare match in TPU channel 1

10: Compare match in TPU channel 2

11: Compare match in TPU channel 3
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R/W

Bit

R/W R/W

Initial
Bit Name Value

R/W

R/W

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

Description

G3INV 1

R/W

Group 3 Inversion

Selects direct output or inverted output for puls
group 3.

0: Inverted output
1: Direct output

G2INV 1

R/W

Group 2 Inversion

Selects direct output or inverted output for puls:
group 2.

0: Inverted output
1: Direct output

G1INV 1

R/W

Group 1 Inversion

Selects direct output or inverted output for puls:
group 1.

0: Inverted output
1: Direct output

GOINV 1

R/W

Group 0 Inversion

Selects direct output or inverted output for puls:
group 0.

0: Inverted output
1: Direct output

Rev.2.00 Jun. 28, 2007 Pag
RENESAS REJC



b Al e it AR eIt g YRR et

output group 2.

0: Normal operation (output values updated at c
match A in the selected TPU channel)

1: Non-overlapping operation (output values upd
compare match A or B in the selected TPU ch

1 G1NOV 0 R/W Group 1 Non-Overlap
Selects normal or non-overlapping operation for
output group 1.
0: Normal operation (output values updated at c
match A in the selected TPU channel)
1: Non-overlapping operation (output values upd
compare match A or B in the selected TPU ch
0 GONOV 0 R/W Group 0 Non-Overlap

Selects normal or non-overlapping operation for
output group 0.

0: Normal operation (output values updated at c
match A in the selected TPU channel)

1: Non-overlapping operation (output values upd
compare match A or B in the selected TPU ch
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Pulse output pin

Output trigger signal
o]
QPODR Dj~<—Q NDR D

«— Internal data

Normal output/inverted output

Figure11.2 Schematic Diagram of PPG

RENESAS
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TGRA N

Compare match | |

A signal

NDRH n

PODRH m X N

PO8 to PO15 m X n

Figure11.3 Timing of Transfer and Output of NDR Contents (Example)
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PPG setup <

Select interrupt request |[4]

Set initial output data |[5]

TPU setup

| Enable pulse output |[6]
|
| Select output trigger | [7]
|
Set next pulse 8]
output data
|
| Start counter |[9]
|
No

Compare match?

Yes

Set next pulse

output data (1ol

]

[5]

[6]

[71

[8]
[9]

[10]

cnaole the 1alA Interrupt in Hen. 1
DTC or DMAC can also be set up to
transfer data to NDR.

Set the initial output values in PODR.

Set the bits in NDER for the pins to be
used for pulse output to 1.

Select the TPU compare match event
be used as the output trigger in PCR.

Set the next pulse output values in NI

Set the CST bitin TSTR to 1 to start t
TCNT counter.

At each TGIA interrupt, set the next
output values in NDR.

Figure11.4 Setup Procedurefor Normal Pulse Output (Example)

RENESAS
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!
1
)

PobRH 00 X 80 X co X 40 X 60 X 20 X 30 X 10 X 18 X o8 X 88 X 80 X co

- --r- - r---TTTT=--------"r-----"r---
o} < @ N —
- - P - -
) ) o o o
a a a a a

Figure11.5 Normal Pulse Output Example (5-Phase Pulse Output)
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5. If the DTC or DMAC is set for activation by the TGIA interrupt, pulse output can be
without imposing a load on the CPU.

11.4.4  Non-Overlapping Pulse Output
During non-overlapping operation, transfer from NDR to PODR is performed as follow:

e At compare match A, the NDR bits are always transferred to PODR.

e At compare match B, the NDR bits are transferred only if their value is 0. The NDR
not transferred if their value is 1.

Figure 11.6 illustrates the non-overlapping pulse output operation.

NDER

Compare match
Compare match

Q PODR < e—Q NDR Df<— Inter
Pulse
output pin

Normal output/inverted output

Figure11.6 Non-Overlapping Pulse Output
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Compare match A l_l |_|
Compare match B I_l ; I_l ;

Write to NDR Write to NDR

NDR . X . X

PODR \ X \ X

0 output  0/1 output 0 output 0/1 output
Write to NDR —>—|<—>-|<—Write to NDR ——
Do not write here Do not write here
to NDR here to NDR here

Figure11.7 Non-Overlapping Operation and NDR Write Timing
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PPG setup <

TPU setup

L | Select interrupt request | [4]
|

( | Set initial output data | [5]
I

| Enable pulse output | [6]
|

| Select output trigger | [7]

| Set non-overlapping groups | [8]
|

Set next pulse (9]
output data

| Start counter | [10]
<
No
Compare match A?

Yes

Set next pulse
output data

1]

[4]

[5]

[6]

[7]

[8]

[9]
[10]

1]

counter clear source with bits CCLR1
and CCLRO.

Enable the TGIA interrupt in TIER. T
DTC or DMAC can also be set up to
transfer data to NDR.

Set the initial output values in PODR.

Set the bits in NDER for the pins to b
used for pulse output to 1.

Select the TPU compare match even
be used as the pulse output trigger in
PCR.

In PMR, select the groups that will
operate in non-overlapping mode.

Set the next pulse output values in N

Set the CST bitin TSTR to 1 to start
TCNT counter.

At each TGIA interrupt, set the next
output values in NDR.

Figure11.8 Setup Procedurefor Non-Overlapping Pulse Output (Exampl

RENESAS
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H'0000 v .\\ | | | | | “a— v
NDRH 95 :X 65 :X 59 :X ée :X '95 :X '65 :X
'<—>' Non- overlapplng margm :

'_|'_|————

PO14

PO13

PO12

PO11

PO10

PO9

Figure11.9 Non-Overlapping Pulse Output Example (4-Phase Complements
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The TGIA interrupt handling routine writes the next output data (H'65) to NDRH.

. 4-phase complementary non-overlapping pulse output can be obtained subsequently
H'59, H'56, H'95... at successive TGIA interrupts.

If the DTC or DMAC is set for activation by a TGIA interrupt, pulse can be output v
imposing a load on the CPU.
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.:6.5;X5?9;X5.6;X.95;X"%5:::
PODRL EOOEXQS 6559569565;X:;X

PO15

NDRH

o %A\jl/ Vi Vet vl Vet vt
X X

PO14

PO13

PO12

PO11

PO10

PO9

e R

Figure11.10 Inverted Pulse Output (Example)

Rev.2.00 Jun. 28, 2007 Page 506 of 784
REJ09B248-0200 RENESAS



TIOC pin

Input capture signal

NDR N
PODR M TSN
PO M X N

Figure11.11

Pulse Output Triggered by Input Capture (Example)

RENESAS
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Pins POO to PO15 are also used for other peripheral functions such as the TPU. When ou
another peripheral function is enabled, the corresponding pins cannot be used for pulse o
Note, however, that data transfer from NDR bits to PODR bits takes place, regardless of |
of the pins.

Pin functions should be changed only under conditions in which the output trigger event
occur.
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12.1 Features

e Selection of seven clock sources

The counters can be driven by one of six internal clock signals (P¢/2, Pd/18, Pd/32,
P¢/1024, or P$/8192) or an external clock input.

e Selection of three ways to clear the counters
The counters can be cleared on compare match A or B, or by an external reset signal
e Timer output control by a combination of two compare match signals
The timer output signal in each channel is controlled by a combination of two indept
compare match signals, enabling the timer to output pulses with a desired duty cycle
output.
e (Cascading of two channels (TMR_0 and TMR_1)

Operation as a 16-bit timer is possible, using TMR_0 for the upper 8 bits and TMR _
lower 8 bits (16-bit count mode).

TMR_1 can be used to count TMR_0 compare matches (compare match count mode
e Three interrupt sources
Compare match A, compare match B, and overflow interrupts can be requested inde

e Generation of trigger to start A/D converter conversion
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pare et rw|uomparalor A_U L,omparalor Al I

Overflow 1 r 2
TMOO <—— Overflow 0 | TCNT 0 TCNT 1 —
T™MOT «— Counter clear 0 ol
Counter clear 1 /
Compare match B1 :
Compare match BO | Comparator B_0 I:' Comparator B_1 |
Control b
™MRIO —=| oo B B
TMRI ——»
| tcomso [ Tcoms 1 KT
A/D
conversion <—|
start request :/| TCSR_0 I:| TCSR_1 I/:
signal
| TtoRo A TRt KT
L
|
| TCCR.O |:| TCCR_1 |<
|—> CMIAO
———— CMIA1
——— > CMIBO
——— > CMIB1
E——— O AV/[0]
ovit
Interrupt signals
[Legend]
TCORA_O: Time constant register A_0 TCORA_1: Time constant register A_1
TCNT_0:  Timer counter_0 TCNT_1:  Timer counter_1
TCORB_0: Time constant register B_0 TCORB_1: Time constant register B_1
TCSR_0:  Timer control/status register_0 TCSR_1:  Timer control/status register_1
TCR_O: Timer control register_0 TCR_1: Timer control register_1
TCCR_0:  Timer counter control register_0 TCCR_1:  Timer counter control register_1

Figure12.1 Block Diagram of 8-Bit Timer Module (Unit 0)
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4 OMpaie THatt H4|Lomparator A_S Comparator |

Overflow 3
TMO2 <—| Overflow 2 | TCNT 2 TCNT 3 -
TMO3 <— Counter clear 2 A
Counter clear 3

Compare match B3 |
Compare match B2 |Comparator B_2 I:' Comparator B_3|

Control
TMRI2 — logic

TMRI3 — | TCORB_2 |:| TCORB_3 IC

A/D
conversion <«——
start request > TosR2 || Tosms K
signal
| TcR2 |:| TCR_3 IC
|
|
| TCCR.2 |:| TCCR_3 |<
—> CMIA2
— = CMIA3
——— = CMIB2
——— > CMIB3
——————————————*>0VI2
OVI3
Interrupt signals
[Legend]
TCORA_2: Time constant register A_2 TCORA_3: Time constant register A_3
TCNT_2:  Timer counter_2 TCNT_3:  Timer counter_3
TCORB_2: Time constant register B_2 TCORB_3: Time constant register B_3
TCSR_2:  Timer control/status register_2 TCSR_3:  Timer control/status register_3
TCR_2: Timer control register_2 TCR_3: Timer control register_3
TCCR_2:  Timer counter control register_2 TCCR_3:  Timer counter control register_3

Figure12.2 Block Diagram of 8-Bit Timer Module (Unit 1)

Rev.2.00 Jun. 28, 2007 Pag
RENESAS REJC



1 HITICH Vuiput piit VI YuUlputr - Judiputo Lulipal c iidaiolti
Timer clock input pin TMCH Input Inputs external clock for co
Timer reset input pin TMRIA Input  Inputs external reset to col
1 2 Timer output pin TMO2 Output Outputs compare match
Timer clock input pin TMCI2  Input  Inputs external clock for co
Timer reset input pin TMRI2  Input  Inputs external reset to col
3 Timer output pin TMOS3 Output Outputs compare match
Timer clock input pin TMCI3  Input  Inputs external clock for co
Timer reset input pin TMRI3 Input Inputs external reset to cot
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— Timer counter control register_0 (TCCR_0)
— Timer control/status register_0 (TCSR_0)

e Channel 1
— Timer counter_1 (TCNT_1)
— Time constant register A_1 (TCORA_1)
— Time constant register B_1 (TCORB_1)
— Timer control register_1 (TCR_1)
— Timer counter control register_1 (TCCR_1)
— Timer control/status register_1 (TCSR_1)

Unit 1

e Channel 2
— Timer counter_2 (TCNT_2)
— Time constant register A_2 (TCORA_2)
— Time constant register B_2 (TCORB_2)
— Timer control register_2 (TCR_2)
— Timer counter control register_2 (TCCR_2)
— Timer control/status register_2 (TCSR_2)

e Channel 3
— Timer counter_3 (TCNT_3)
— Time constant register A_3 (TCORA_3)
— Time constant register B_3 (TCORB_3)
— Timer control register_3 (TCR_3)
— Timer counter control register_3 (TCCR_3)
— Timer control/status register_3 (TCSR_3)
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sevame [ | ] ] ] [ ] [ | ] | | [ | |

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W RW RW RW RW RW RW RW RW RW RW RW RW RW R/W F

12.3.2 TimeConstant Register A (TCORA)

TCORA is an 8-bit readable/writable register. TCORA_0 and TCORA_1 comprise a sing
register so they can be accessed together by a word transfer instruction. The value in TC(
continually compared with the value in TCNT. When a match is detected, the correspond
CMFA flag in TCSR is set to 1. Note however that comparison is disabled during the T2
TCORA write cycle. The timer output from the TMO pin can be freely controlled by this
match signal (compare match A) and the settings of bits OS1 and OS0 in TCSR. TCORA
initialized to H'FF.

____TCORA_O TCORA_1
Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2
eevame | | | | | | | ] | [ ] [ [ [ |
Initial Value 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W RW RW RW RW RW RW RW RW RW RW RW RW RW RW F
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severe | | ] ] ] [ ] [ | | | [ | |

Initial Value 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W RW RW RW RW RW RW RW RW RW RW RW RW RW RW

1234 Timer Control Register (TCR)

TCR selects the TCNT clock source and the condition for clearing TCNT, and enables/c
interrupt requests.

Bit 7 6 5 4 3 2 1

Bit Name CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1

Initial Value 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W
Initial

Bit Bit Name Value R/W  Description

7 CMIEB 0 R/W  Compare Match Interrupt Enable B

Selects whether CMFB interrupt requests (CI
enabled or disabled when the CMFB flag in T
to 1.

0: CMFB interrupt requests (CMIB) are disab!
1: CMFB interrupt requests (CMIB) are enabl
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to 1.
0: OVF interrupt requests (OVI) are disabled
1: OVF interrupt requests (OVI) are enabled

4 CCLR1 0 R/W Counter Clear 1 and 0*
3 CCLRO 0 R/W These bits select the method by which TCNT
cleared.

00: Clearing is disabled

01: Cleared by compare match A

10: Cleared by compare match B

11: Cleared at rising edge (TMRIS in TCCR i
to 0) of the external reset input or when
external reset input is high (TMRIS in TC
to 1)

2 CKS2 0 R/W Clock Select 2 to 0*
1 CKS1 0 R/W These bits select the clock input to TCNT anc
0 CKSO 0 R/W condition. See table 12.2.

Note: * To use an external reset or external clock, the DDR and ICR bits in the corresj
pin should be set to 0 and 1, respectively. For details, see section 9, /O Ports.
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7t04

R/W

Reserved

These bits are always read as 0. The write valu
always be 0.

TMRIS

R/W

Timer Reset Input Select

Selects an external reset input when the CCLR
CCLRO bits in TCR are B'11.

0: Cleared at rising edge of the external reset
1: Cleared when the external reset is high

R/W

Reserved

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

ICKS1
ICKSO0

R/W
R/W

Internal Clock Select 1 and 0

These bits in combination with bits CKS2 to CK
select the internal clock. See table 12.2.
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0 1 0 0 0 Uses internal clock. Counts at rising edge of |
0 1 Uses internal clock. Counts at rising edge of |
1 0 Uses internal clock. Counts at falling edge of
1 1 Uses internal clock. Counts at falling edge of

0 1 1 0 0 Uses internal clock. Counts at rising edge of |
0 1 Uses internal clock. Counts at rising edge of |
1 0 Uses internal clock. Counts at falling edge of
1 1 Uses internal clock. Counts at falling edge of

1 0 0 — — Counts at TCNT_1 overflow signal*'.

TMR_1 0 0 0 — — Clock input prohibited.

0 0 1 0 0 Uses internal clock. Counts at rising edge of |
0 1 Uses internal clock. Counts at rising edge of |
1 0 Uses internal clock. Counts at falling edge of
1 1 Uses internal clock. Counts at falling edge of

0 1 0 0 0 Uses internal clock. Counts at rising edge of |
0 1 Uses internal clock. Counts at rising edge of |
1 0 Uses internal clock. Counts at falling edge of
1 1 Uses internal clock. Counts at falling edge of

0 1 1 0 0 Uses internal clock. Counts at rising edge of |
0 1 Uses internal clock. Counts at rising edge of |
1 0 Uses internal clock. Counts at falling edge of
1 1 Uses internal clock. Counts at falling edge of

1 0 0 — — Counts at TCNT_0 compare match A*'.
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12.3.6

to 0 and 1, respectively. For details, see section 9, I/O Ports.

Timer Control/Status Register (TCSR)

TCSR displays status flags, and controls compare match output.

¢ TCSR_0
Bit 7 6 5 4 3 2 1
Bit Name CMFB CMFA OVF ADTE 0s3 082 OSt
Initial Value 0 0 0 0 0 0 0
R/W R/(W)* R/(W)* R/(W)* R/W R/W R/W R/W
¢ TCSR_1
Bit 7 6 5 4 3 2 1
Bit Name CMFB CMFA OVF — 0s3 0s2 Os1
Initial Value 0 0 0 1 0 0 0
R/W R/(W)* R/(W)* R/(W)* R R/W R/W R/W
Note: * Only 0 can be written to this bit, to clear the flag.
Rev.2.00 Jun. 28, 2007 Pag
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to read the flag after writing 0 to it.)

e When the DTC is activated by a CMIB inter
while the DISEL bit in MRB of the DTC is 0

6 CMFA 0 R/(W)*' Compare Match Flag A
[Setting condition]
e When TCNT matches TCORA
[Clearing conditions]
e When writing 0 after reading CMFA = 1

(When the CPU is used to clear this flag by
while the corresponding interrupt is enable:
sure to read the flag after writing O to it.)

e When the DTC is activated by a CMIA intel
while the DISEL bit in MRB in the DTC is O

5 OVF 0 R/(W)*' Timer Overflow Flag
[Setting condition]
When TCNT overflows from H'FF to H'00
[Clearing condition]

When writing 0 after reading OVF =1

(When the CPU is used to clear this flag by wri
while the corresponding interrupt is enabled, b
read the flag after writing 0 to it.)
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compare match B of TCORB and TCNT occu
00: No change when compare match B occur
01: 0 is output when compare match B occurs
10: 1 is output when compare match B occur:

11: Output is inverted when compare match E
(toggle output)

0OS1 0 R/W  Output Select 1 and 0%

0 0OSo0 0 R/W These bits select a method of TMO pin outpu
compare match A of TCORA and TCNT occu

00: No change when compare match A occur

01: 0 is output when compare match A occur
10: 1 is output when compare match A occur:

11: Output is inverted when compare match /
(toggle output)

Notes: 1. Only 0 can be written to bits 7 to 5, to clear these flags.

2. Timer output is disabled when bits OS3 to OSO0 are all 0. Timer output is 0 un
compare match occurs after resetting.
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sure to read the flag after writing O to it.)

e When the DTC is activated by a CMIB inter
while the DISEL bit in MRB of the DTC is 0

6 CMFA 0 R/(W)*'

Compare Match Flag A

[Setting condition]

e When TCNT matches TCORA

[Clearing conditions]

e When writing 0 after reading CMFA = 1
(When the CPU is used to clear this flag by
while the corresponding interrupt is enable
to read the flag after writing 0 to it.)

e When the DTC is activated by a CMIA intel
while the DISEL bit in MRB of the DTC is 0

5 OVF 0 R/(W)*'

Timer Overflow Flag

[Setting condition]

When TCNT overflows from H'FF to H'00
[Clearing condition]

Cleared by reading OVF when OVF = 1, then \
to OVF

(When the CPU is used to clear this flag by wri
while the corresponding interrupt is enabled, b
read the flag after writing 0 to it.)
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11: Output is inverted when compare match E

(toggle output)
0OS1 0 R/W  Output Select 1 and 0%
0 0S0 0 R/W  These bits select a method of TMO pin outpu

compare match A of TCORA and TCNT occu
00: No change when compare match A occur
01: 0 is output when compare match A occur
10: 1 is output when compare match A occur:

11: Output is inverted when compare match £
(toggle output)

Notes: 1. Only 0 can be written to bits 7 to 5, to clear these flags.

2. Timer output is disabled when bits OS3 to OSO0 are all 0. Timer output is 0 un
compare match occurs after resetting.

Rev.2.00 Jun. 28, 2007 Pag
RENESAS REJC



compare match and to U at a 1CORDb compare match.

With these settings, the 8-bit timer provides pulses output at a cycle determined by TCOI
pulse width determined by TCORB. No software intervention is required. The output lev
8-bit timer holds O until the first compare match occurs after a reset.

Counter clear

mo [ L[ L[ L]

[
B
RPN R

I

S

S
\
.
:
i
h
.
1
.
,
:

[

Figure12.3 Example of Pulse Output

Rev.2.00 Jun. 28, 2007 Page 524 of 784
REJ09B248-0200 RENESAS



input determined by TCORA and with a pulse width determined by TCORB and TCOR

H'00

TMRI

T™MO | |

Figure12.4 Example of Reset Input
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o 4 4 0 1 1 1 1 1 L1 L_

(¢

Internal clock —l\,_\ ( | " I\,_\
J)
TCNT input \\ \
clock 4,_|_( | |
) )
(e ((
TCNT N -1 X, N M X N+1
) ))

Figure12.5 Count Timing for Internal Clock Input at Falling Edge

Po M rimrorerermro

((

External clock | )J I
input pin (¢

)
TCNT input
clock ( S—
§ §
TCNT N-1 ><{ N XZ( N +1
J J

Figure12.6 Count Timing for External Clock Input at Falling and Rising Ed

125.2 Timing of CMFA and CMFB Setting at Compare Match

The CMFA and CMFB flags in TCSR are set to 1 by a compare match signal generated v
TCOR and TCNT values match. The compare match signal is generated at the last state 1
the match is true, just before the timer counter is updated. Therefore, when the TCOR anq
values match, the compare match signal is not generated until the next TCNT clock input
12.7 shows this timing.
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125.3 Timing of Timer Output at Compare Match

When a compare match signal is generated, the timer output changes as specified by bit:
OS0 in TCSR. Figure 12.8 shows the timing when the timer output is toggled by the cor
match A signal.

Py Tl rreremriror

C_ompare match A I_l |_|_

signal \/\ 4 \/\
|

)

(
Timer output pin | ”

Figure12.8 Timing of Toggled Timer Output at Compare Match A

1254 Timing of Counter Clear by Compare Match

TCNT is cleared when compare match A or B occurs, depending on the settings of bits
and CCLRO in TCR. Figure 12.9 shows the timing of this operation.

Po S [ I A A o

Compare match I_l

signal v\
X

TCNT N

H'00

Figure12.9 Timing of Counter Clear by Compare Match
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TCNT N -1 X N X Hoo

Figure12.10 Timing of Clearance by External Reset (Rising Edge)

i S I I I

External reset
input pin |

Clear signal |

TCNT N -1 X N X Hoo

Figure12.11 Timing of Clearance by External Reset (High Level)

125.6 Timing of Overflow Flag (OVF) Setting

The OVF bit in TCSR is set to 1 when TCNT overflows (changes from H'FF to H'00). Fi
12.12 shows the timing of this operation.

e I I

TCNT H'FF X H'00

Overflow signal I |

OVF I

Figure12.12 Timing of OVF Setting
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(1) Setting of Compare Match Flags:

e The CMF flag in TCSR_O is set to 1 when a 16-bit compare match event occurs.
e The CMF flag in TCSR_1 is set to 1 when a lower 8-bit compare match event occur:

(2) Counter Clear Specification

e If the CCLR1 and CCLRO bits in TCR_0 have been set for counter clear at compare
16-bit counter (TCNT_0 and TCNT_1 together) is cleared when a 16-bit compare m
occurs. The 16-bit counter (TCNTO and TCNT1 together) is cleared even if counter
the TMRIO pin has been set.

e The settings of the CCLR1 and CCLRO bits in TCR_1 are ignored. The lower 8 bits
cleared independently.

(3) Pin Output

e Control of output from the TMOO pin by bits OS3 to OSO in TCSR_0 is in accordan
16-bit compare match conditions.

e Control of output from the TMO1 pin by bits OS3 to OS0 in TCSR_1 is in accordan
lower 8-bit compare match conditions.

12.6.2 CompareMatch Count Mode

When bits CKS2 to CKS0 in TCR_1 are set to B'100, TCNT_1 counts compare match /
channel 0. Channels 0 and 1 are controlled independently. Conditions such as setting of
flag, generation of interrupts, output from the TMO pin, and counter clear are in accord:
the settings for each channel.
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Name Interrupt Source Interrupt Flag DTC Activation Pri
CMIAQ TCORA_0 compare match  CMFA Possible (VNUM = 2'b00) Hig
CMIBO TCORB_0 compare match CMFB Possible (VNUM = 2'b01) 1
ovio TCNT_O overflow OVF Not possible Lo
CMIA1 TCORA_1 compare match  CMFA Possible (VNUM = 2'b10) Hic
CMIB1 TCORB_1 compare match CMFB Possible (VNUM = 2'b11) 1
ovii TCNT_1 overflow OVF Not possible Lo

Note: VNUM is an internal signal.

12.7.2

A/D Converter Activation

The A/D converter can be activated only by TMR_0 compare match A.

If the ADTE bit in TCSR_O is set to 1 when the CMFA flag in TCSR_0O is set to 1 by the
occurrence of TMR_0 compare match A, a request to start A/D conversion is sent to the .
converter. If the 8-bit timer conversion start trigger has been selected on the A/D convert

this time, A/D conversion is started.
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P¢: Operating fréqueﬁcy
N: TCOR value

12.8.2 Conflict between TCNT Write and Clear

If a counter clear signal is generated during the T, state of a TCNT write cycle, the clear
priority and the write is not performed as shown in figure 12.13.

TCNT write cycle by CPU
Ty T,

& I N U I
Address :X TCNT address X

Internal write signal | |

Counter clear signal | |

TCNT N X H'00

Figure12.13 Conflict between TCNT Writeand Clear

12.8.3 Conflict between TCNT Write and I ncrement

If a TCNT input clock pulse is generated during the T, state of a TCNT write cycle, the
priority and the counter is not incremented as shown in figure 12.14.
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Counter write data /

12.84

Figure12.14 Conflict between TCNT Writeand I ncrement

Conflict between TCOR Write and Compare Match

If a compare match event occurs during the T, state of a TCOR write cycle, the TCOR wi
priority and the compare match signal is inhibited as shown in figure 12.15.

Po

Address

Internal write signal

TCOR write cycle by CPU
Ty T,

L L 1
:X TCOR address X

I

TONT N X N+t
TCOR N X o
TCOR write data/
Compare match signal E E‘\
\ Inhibited

Figure12.15 Conflict between TCOR Write and Compare Match
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0-output

No change Lo

12.8.6  Switching of Internal Clocksand TCNT Operation

TCNT may be incremented erroneously depending on when the internal clock is switche
12.5 shows the relationship between the timing at which the internal clock is switched (]
to bits CKS1 and CKS0) and the TCNT operation.

When the TCNT clock is generated from an internal clock, the rising or falling edge of |
clock pulse are always monitored. Table 12.5 assumes that the falling edge is selected. I
signal levels of the clocks before and after switching change from high to low as shown
the change is considered as the falling edge. Therefore, a TCNT clock pulse is generatec
TCNT is incremented. This is similar to when the rising edge is selected.

The erroneous incrementation of TCNT can also happen when switching between rising
falling edges of the internal clock, and when switching between internal and external clc
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2 Switching from low to high** Clock before

switchover J I_I I_E_I I_

Clock after
switchover

TCNT input
clock

TCNT

3 Switching from high to low*° Clock before
switchover J || |

Clock after E
switchover : g
x4

TCNT input [1 @ |'|_

clock

TCNT N XN:1: X  N<2 X
CKS bits changed

4 Switching from high to high Clock before
switchover J

Clock after
switchover

TCNT input
clock

TCNT N_X_N+1 X _N:2 X

CKS bits change:

Notes: 1. Includes switching from low to stop, and from stop to low.
Includes switching from stop to high.
Includes switching from high to stop.

Generated because the change of the signal levels is considered as a falling €
TCNT is incremented.

> on
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12.8.9 Interruptsin Module Stop Mode

If module stop mode is entered when an interrupt has been requested, it will not be poss
clear the CPU interrupt source or the DTC activation source. Interrupts should therefore
disabled before entering module stop mode.
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13.1 Features

— In watchdog timer mode

Selectable from eight counter input clocks

Switchable between watchdog timer mode and interval timer mode

If the counter overflows, the WDT outputs WDTOVF. It is possible to select wh
not the entire LSI is reset at the same time.

— In interval timer mode

If the counter overflows, the WDT generates an interval timer interrupt (WOVI).

Clock

WOVI 4_:_ Interrupt
(interrupt request E control
signal) !
E Y
WDTOVF <——
Internal reset signal* <«——  1eset
control

Clock
select

A

~——Po/512
~<~——P9/204
~<——P4/819
~——P¢/327
~<——Po/131

Internal clocks

! ) |
[ rsTCSR |<—,|_< TONT [« TCSR |

8
2
68

0

0

Bus

Module bus

interface

[Legend]

TCSR:  Timer control/status register

TCNT: Timer counter

RSTCSR: Reset control/status register

Tomdmvsm e | by s om

o72 !

Note: * An internal reset signal can be generated by the RSTCSR setting.

Figure13.1 Block Diagram of WDT

RENESAS
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lo.o Register bescriptions

The WDT has the following three registers. To prevent accidental overwriting, TCSR, T(
RSTCSR have to be written to in a method different from normal registers. For details, s
13.6.1, Notes on Register Access.

e Timer counter (TCNT)
e Timer control/status register (TCSR)
e Reset control/status register (RSTCSR)

13.3.1 Timer Counter (TCNT)

TCNT is an 8-bit readable/writable up-counter. TCNT is initialized to H'00 when the TM
TCSR is cleared to 0.

Bit 7 6 5 4 3 2 1
Bit Name

Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
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Bit Name Value

Bit R/W Description

7 OVF 0 R/(W)* Overflow Flag
Indicates that TCNT has overflowed in interval
mode. Only 0 can be written to this bit, to clear
[Setting condition]
When TCNT overflows in interval timer mode (c
from H'FF to H'00)
When internal reset request generation is selec
watchdog timer mode, OVF is cleared automati
the internal reset.
[Clearing condition]
Cleared by reading TCSR when OVF = 1, then
to OVF
(When the CPU is used to clear this flag by wrif
while the corresponding interrupt is enabled, be
read the flag after writing 0 to it.)

6 WTAT 0 R/W  Timer Mode Select

Selects whether the WDT is used as a watchdc
interval timer.

0: Interval timer mode

When TCNT overflows, an interval timer inte
(WOVI) is requested.

1: Watchdog timer mode
When TCNT overflows, the WDTOVF signal
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000: Clock P¢/2 (cycle: 25.6 ps)

001: Clock P¢/64 (cycle: 819.2 us)
010: Clock P¢/128 (cycle: 1.6 ms)
011: Clock P¢/512 (cycle: 6.6 ms)
100: Clock P¢$/2048 (cycle: 26.2 ms)
101: Clock P$/8192 (cycle: 104.9 ms)
110: Clock P¢$/32768 (cycle: 419.4 ms)
111: Clock P$/131072 (cycle: 1.68 s)
Note: * Only 0 can be written to this bit, to clear the flag.

13.3.3 Reset Control/Status Register (RSTCSR)

RSTCSR controls the generation of the internal reset signal when TCNT overflows, and
the type of internal reset signal. RSTCSR is initialized to H'1F by a reset signal from the
but not by the WDT internal reset signal caused by WDT overflows.

Bit 7 6 5 4 3 2 1
Bit Name WOVF RSTE — — _ _ _
Initial Value 0 0 0 1 1 1 1
R/W R/(W)* R/W R/W R R R R

Note: * Only 0 can be written to this bit, to clear the flag.
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et e

WOVF

(When the CPU is used to clear this flag by wrif
while the corresponding interrupt is enabled, be
read the flag after writing 0 to it.)

6 RSTE 0 R/W Reset Enable

Specifies whether or not this LSl is internally re
TCNT overflows during watchdog timer operati

0: LSl is not reset even if TCNT overflows (Tho
LSl is not reset, TCNT and TCSR in WDT ar

1: LSl is reset if TCNT overflows
5 — 0 R/W Reserved

Although this bit is readable/writable, reading fr
writing to this bit does not affect operation.

4t00 — All 1 R Reserved
These are read-only bits and cannot be modifie

Note: * Only 0 can be written to this bit, to clear the flag.
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If TCNT overflows when the RSTE bit in RSTCSR is set to 1, a signal that resets this LS
internally is generated at the same time as the WDTOVF signal. If a reset caused by a sig
to the RES pin occurs at the same time as a reset caused by a WDT overflow, the RES pi
has priority and the WOVF bit in RSTCSR is cleared to 0.

The WDTOVF signal is output for 133 states with Pdp when RSTE =1 in RSTCSR, and f
states with P¢o when RSTE =0 in RSTCSR. The internal reset signal is output for 519 sta

P¢.

When the RSTE bit = 1, an internal reset signal is generated. As this signal resets the syst
control register (SCKCR), the magnification power of P¢ to the input clock becomes the
value. When the RSTE bit = 0, no internal reset signal is generated. Therefore, the setting
SCKCR is retained and the magnification power of P¢ to the input clock does not change

When TCNT overflows in watchdog timer mode, the WOVF bit in RSTCSR is set to 1. I
overflows when the RSTE bit in RSTCSR is set to 1, an internal reset signal is generated
entire LSI.
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Internal reset signal*!

133 states*2,

<

519 states

Notes: 1. If TCNT overflows when the RSTE bit is set to 1, an internal reset signal is generated.
2. 130 states when the RSTE bit is cleared to 0.

134.2

Figure13.2 Operation in Watchdog Timer Mode

Interval Timer Mode

To use the WDT as an interval timer, set the WT/IT bit to 0 and the TME bit to 1 in TC,

When the WDT is used as an interval timer, an interval timer interrupt (WOV]) is gener
time the TCNT overflows. Therefore, an interrupt can be generated at intervals.

When the TCNT overflows in interval timer mode, an interval timer interrupt (WOVI) i
at the same time the OVF bit in the TCSR is set to 1.

TCNT value

Overflow Overflow Overflow Overflow

»Time

R : : ' :

WT/IT =0
TME = 1 WOVI WOVI WOVI WOVI

WOVI: Interval timer interrupt request

Figure 13.3 Operation in Interval Timer Mode
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13.6  Usage Notes

13.6.1 Noteson Register Access

The watchdog timer's TCNT, TCSR, and RSTCSR registers differ from other registers in
more difficult to write to. The procedures for writing to and reading these registers are gi
below.

(1) Writingto TCNT, TCSR, and RSTCSR

TCNT and TCSR must be written to by a word transfer instruction. They cannot be writte
byte transfer instruction.

For writing, TCNT and TCSR are assigned to the same address. Accordingly, perform da
transfer as shown in figure 13.4. The transfer instruction writes the lower byte data to TC
TCSR.

To write to RSTCSR, execute a word transfer instruction for address HFFAG6. A byte trai
instruction cannot be used to write to RSTCSR.

The method of writing 0 to the WOVF bit in RSTCSR differs from that of writing to the -
in RSTCSR. Perform data transfer as shown in figure 13.4.

At data transfer, the transfer instruction clears the WOVF bit to 0, but has no effect on the
bit. To write to the RSTE bit, perform data transfer as shown in figure 13.4. In this case, |
transfer instruction writes the value in bit 6 of the lower byte to the RSTE bit, but has no
the WOVF bit.
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(2) Reading from TCNT, TCSR, and RSTCSR

These registers can be read from in the same way as other registers. For reading, TCSR
to address HFFA4, TCNT to address HFFAS, and RSTCSR to address HFFA7.

13.6.2 Conflict between Timer Counter (TCNT) Writeand Increment

If a TCNT clock pulse is generated during the T2 state of a TCNT write cycle, the write
priority and the timer counter is not incremented. Figure 13.5 shows this operation.

TCNT write cycle
oo, b

Py i I I L L L
Address X X
Internal write signal | |
TCNT input clock | |

TCNT N X M

Counter write data

Figure13.5 Conflict between TCNT Writeand I ncrement
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13.6.5 Internal Reset in Watchdog Timer Mode

This LSI is not reset internally if TCNT overflows while the RSTE bit is cleared to O dur
watchdog timer mode operation, but TCNT and TCSR of the WDT are reset.

TCNT, TCSR, and RSTCR cannot be written to while the WDTOVF signal is low. Also
aread of the WOVF flag is not recognized during this period. To clear the WOVF flag, tl
read TCSR after the WDTOVF signal goes high, and then write O to the WOVF flag.

13.6.6  System Reset by WDTOVF Signal

If the WDTOVF signal is input to the RES pin, this LSI will not be initialized correctly.
sure that the WDTOVF signal is not input logically to the RES pin. To reset the entire sy
means of the WDTOVF signal, use a circuit like that shown in figure 13.6.

This LSI

O

RES

Reset input

Reset signal to entire system 4—@7—c WDTOVE

Figure13.6 Circuit for System Reset by WDTOVF Signal (Example)
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14.1 Features

e Choice of asynchronous or clocked synchronous serial communication mode
e Full-duplex communication capability

The transmitter and receiver are mutually independent, enabling transmission and re
be executed simultaneously. Double-buffering is used in both the transmitter and the
enabling continuous transmission and continuous reception of serial data.

e On-chip baud rate generator allows any bit rate to be selected

The external clock can be selected as a transfer clock source (except for the smart ca
interface).

e Choice of LSB-first or MSB-first transfer (except in the case of asynchronous mode
e Four interrupt sources

The interrupt sources are transmit-end, transmit-data-empty, receive-data-full, and r
error. The transmit-data-empty and receive-data-full interrupt sources can activate tt
DMAC.

e Module stop mode can be set
Asynchronous M ode:

e Data length: 7 or 8 bits

e Stop bit length: 1 or 2 bits

e Parity: Even, odd, or none

e Receive error detection: Parity, overrun, and framing errors

e Break detection: Break can be detected by reading the RxD pin level directly in case
framing error
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e An error signal can be automatically transmitted on detection of a parity error during

e Data can be automatically re-transmitted on receiving an error signal during transmis:

e Both direct convention and inverse convention are supported

S ol
Module data bus €K > 8
‘@ T
> =
o 5]
| i :
[ rorR | | TDOR | SCMR [ 8RR —
[ SSR
‘ k) ‘ SCR Baud rate Po
RxD — | | RSR | TSR SMR generator Po/a
<— Po/16
Transmission/
D reception control Po/64
xD -
Parity generation| * t Clock | 4 4 Average transfer
- tor (SCI_2
Parity check genera —
External clock At 10.667-MHz ¢
SCK = 115.152 kbps
> TEI 460.606 kbps
~TXI At 16-MHz oper:
> RX| 115.196 kbps
»ERI 460.784 kbps
[Legend] 720 kbps
RSR:  Receive shift register SCR:  Serial control register At 32-MHz oper:
RDR: Receive data register SSR:  Serial status register 720 kbps
TSR:  Transmit shift register SCMR: Smart card mode register
TDR:  Transmit data register BRR: Bit rate register
SMR:  Serial mode register SEMR: Serial extended mode register (available only for SCI_2)

Figure14.1 Block Diagram of SCI
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Channel 1 receive data input

RxD1 Input
TxD1 Output Channel 1 transmit data output
2 SCK2 1/0 Channel 2 clock input/output
RxD2 Input Channel 2 receive data input
TxD2 Output Channel 2 transmit data output
3 SCK3 I/0 Channel 3 clock input/output
RxD3 Input Channel 3 receive data input
TxD3 Output Channel 3 transmit data output
4 SCK4 I/0 Channel 4 clock input/output
RxD4 Input Channel 4 receive data input
TxD4 Output Channel 4 transmit data output
Note: * Pin names SCK, RxD, and TxD are used in the text for all channels, omitting

channel designation.
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e Receive data register_0 (RDR_0)

e Transmit data register_0 (TDR_0)

e Serial mode register_0 (SMR_0)

e Serial control register_0 (SCR_0)

o Serial status register_0 (SSR_0)

e Smart card mode register_0 (SCMR_0)
e Bit rate register_0 (BRR_0)

Channdl 1:

e Receive shift register_1 (RSR_1)

e Transmit shift register_1 (TSR_1)

e Receive data register_1 (RDR_1)

e Transmit data register_1 (TDR_I)

e Serial mode register_1 (SMR_1)

e Serial control register_1 (SCR_1)

o Serial status register_1 (SSR_1)

e Smart card mode register_1 (SCMR_1)
e Bitrate register_1 (BRR_1)
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e Bit rate register_2 (BRR_2)
o Serial extended mode register_2 (SEMR_2) (SCI_2 only)

Channdl 3:

e Receive shift register_3 (RSR_3)

e Transmit shift register_3 (TSR_3)

e Receive data register_3 (RDR_3)

e Transmit data register_3 (TDR_3)

e Serial mode register_3 (SMR_3)

e Serial control register_3 (SCR_3)

o Serial status register_3 (SSR_3)

e Smart card mode register_3 (SCMR_3)
e Bitrate register_3 (BRR_3)

Channel 4:

e Receive shift register_4 (RSR_4)

o Transmit shift register_4 (TSR_4)

e Receive data register_4 (RDR_4)

e Transmit data register_4 (TDR_4)

e Serial mode register_4 (SMR_4)

o Serial control register_4 (SCR_4)

e Serial status register_4 (SSR_4)

e Smart card mode register_4 (SCMR_4)
o Bitrate register_4 (BRR_4)
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receive operations can be performed. After confirming that the RDRF bit in SSR is set to
RDR only once. RDR cannot be written to by the CPU.

Bit 7 6 5 4 3 2 1
Bit Name

Initial Value (0] 0 0 0 0 0 0
R/W

14.3.3 Transmit Data Register (TDR)

TDR is an 8-bit register that stores transmit data. When the SCI detects that TSR is empt;
transfers the transmit data written in TDR to TSR and starts transmission. The double-bu
structures of TDR and TSR enables continuous serial transmission. If the next transmit d:
already been written to TDR when one frame of data is transmitted, the SCI transfers the
data to TSR to continue transmission. Although TDR can be read from or written to by tt
all times, to achieve reliable serial transmission, write transmit data to TDR for only once
confirming that the TDRE bit in SSR is set to 1.

Bit 7 6 5 4 3 2 1
Bit Name

Initial Value 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W
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e  When SMIF in SCMR =0

Bit

Bit Name
Initial Value
R/W

Bit
Bit Name

Initial Value

7 6 5 4 3 2 1
C/A CHR PE O STOP MP CKSH1
0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W
e When SMIF in SCMR =1
7 6 5 4 3 2 1
GM BLK PE OE BCP1 BCPO CKS1
0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W

R/W

Bit Functionsin Normal Serial Communication Interface Mode (When SMIF in X

Initial
Bit Bit Name  Value R/W Description
7 C/A 0 R/W  Communication Mode
0: Asynchronous mode
1: Clocked synchronous mode
6 CHR 0 R/W Character Length (valid only in asynchronous

0: Selects 8 bits as the data length.

1: Selects 7 bits as the data length. LSB-first
and the MSB (bit 7) in TDR is not transmiti
transmission.

In clocked synchronous mode, a fixed data le
bits is used.
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1: Selects odd parity.

3 STOP

R/W

Stop Bit Length (valid only in asynchronous mc
Selects the stop bit length in transmission.

0: 1 stop bit

1: 2 stop bits

In reception, only the first stop bit is checked. |
second stop bit is 0, it is treated as the start bit
next transmit frame.

R/W

Multiprocessor Mode (valid only in asynchrono

When this bit is set to 1, the multiprocessor fur
enabled. The PE bit and O/E bit settings are in
multiprocessor mode.

CKS1
0 CKS0

o O

R/W
R/W

Clock Select 1,0

These bits select the clock source for the baud
generator.

00: P¢ clock (n =0)
01: P¢/4 clock (n=1)
10: P¢y/16 clock (n = 2)
11: P¢y/64 clock (n = 3)

For the relation between the settings of these |
the baud rate, see section 14.3.9, Bit Rate Reg
(BRR). n is the decimal display of the value of
(see section 14.3.9, Bit Rate Register (BRR)).
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operation. For details, see section 14.7.3, Blo
Transfer Mode.

PE

R/W

Parity Enable (valid only in asynchronous mo

When this bit is set to 1, the parity bit is adde
transmit data before transmission, and the pa
checked in reception. Set this bit to 1 in smar
interface mode.

O/E

R/W

Parity Mode (valid only when the PE bit is 1 ir
asynchronous mode)

0: Selects even parity
1: Selects odd parity

For details on the usage of this bit in smart cz
interface mode, see section 14.7.2, Data Fort
(Except in Block Transfer Mode).

BCP1
BCPO

R/W
R/W

Basic Clock Pulse 1,0

These bits select the number of basic clock ¢
1-bit data transfer time in smart card interface

00: 32 clock cycles (S = 32)
01: 64 clock cycles (S = 64)
10: 372 clock cycles (S = 372)
11: 256 clock cycles (S = 256)

For details, see section 14.7.4, Receive Data
Timing and Reception Margin. S is described
14.3.9, Bit Rate Register (BRR).
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tne baud rate, see section 14.5.9, bIt haté Re(
(BRR). n is the decimal display of the value of
(see section 14.3.9, Bit Rate Register (BRR)).

Note: etu (Elementary Time Unit): 1-bit transfer time

14.3.6  Serial Control Register (SCR)

SCR is a register that enables/disables the following SCI transfer operations and interrupt
and selects the transfer clock source. For details on interrupt requests, see section 14.8, Ir
Sources. Some bits in SCR have different functions in normal mode and smart card intert

mode.

e When SMIF in SCMR =0

Bit 7 6 5 4 3 2 1
Bit Name TIE RIE TE RE MPIE TEIE CKET1
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
o When SMIF in SCMR =1

Bit 7 6 5 4 3 2 1
Bit Name TIE RIE TE RE MPIE TEIE CKET1
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
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When this bit is set to 1, RXIl and ERI interrug
are enabled.

RXI and ERI interrupt requests can be cancel
reading 1 from the RDRF, FER, PER, or ORE
then clearing the flag to 0, or by clearing the |
0.

TE

R/W

Transmit Enable

When this bit is set to 1, transmission is enab
this condition, serial transmission is started b
transmit data to TDR, and clearing the TDRE
SSR to 0. Note that SMR should be set prior
the TE bit to 1 in order to designate the transi
format.

If transmission is halted by clearing this bit to
TDRE flag in SSR is fixed 1.

RE

R/W

Receive Enable

When this bit is set to 1, reception is enabled.
this condition, serial reception is started by de
the start bit in asynchronous mode or the syn
clock input in clocked synchronous mode. No
SMR should be set prior to setting the RE bit
order to designate the reception format.

Even if reception is halted by clearing this bit
RDRF, FER, PER, and ORER flags are not a
and the previous value is retained.
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received, transfer of the received data from RS
RDR, detection of reception errors, and the se!
RDRF, FER, and ORER flags in SSR are not
performed. When receive data including MPB :
received, the MPB bit in SSR is set to 1, the M
automatically cleared to 0, and RXI and ERI in
requests (in the case where the TIE and RIE b
SCR are set to 1) and setting of the FER and (
flags are enabled.

2 TEIE 0 R/W

Transmit End Interrupt Enable

When this bit is set to 1, a TEI interrupt reques
enabled. A TEI interrupt request can be cancel
reading 1 from the TDRE flag and then clearin
to 0 in order to clear the TEND flag to O, or by
the TEIE bit to 0.
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rate rrom the oUK pin.)
1X: External clock

(Inputs a clock with a frequency 16 times
from the SCK pin.)

e Clocked synchronous mode
0X: Internal clock

(SCK pin functions as clock output.)
1X: External clock

(SCK pin functions as clock input.)

Note: X: Don't care

Bit Functionsin Smart Card Interface Mode (When SMIF in SCMR =1):

Initial
Bit Bit Name  Value R/W Description
7 TIE 0 R/W Transmit Interrupt Enable
When this bit is set to 1,a TXI interrupt reque
enabled.

A TXI interrupt request can be cancelled by re
from the TDRE flag and then clearing the flag
clearing the TIE bit to 0.
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this condition, serial transmission is started by
transmit data to TDR, and clearing the TDRE f
SSR to 0. Note that SMR should be set prior tc
the TE bit to 1 in order to designate the transmr
format.

If transmission is halted by clearing this bit to C
TDRE flag in SSR is fixed 1.

Receive Enable

When this bit is set to 1, reception is enabled. |
this condition, serial reception is started by det
the start bit in asynchronous mode or the sync
clock input in clocked synchronous mode. Not
SMR should be set prior to setting the RE bit t¢
order to designate the reception format.

Even if reception is halted by clearing this bit tc
RDRF, FER, PER, and ORER flags are not aff
and the previous value is retained.

Multiprocessor Interrupt Enable (valid only whe
bit in SMR is 1 in asynchronous mode)

Write 0 to this bit in smart card interface mode.

4 RE 0 R/W
3 MPIE 0 R/W
2 TEIE 0 R/W

Transmit End Interrupt Enable

Write 0 to this bit in smart card interface mode.
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e VWnen GM In SVIR =1
00: Output fixed low

01: Clock output

10: Output fixed high

11: Clock output

14.3.7  Serial StatusRegister (SSR)

SSR is a register containing status flags of the SCI and multiprocessor bits for transfer. '
RDRF, ORER, PER, and FER can only be cleared. Some bits in SSR have different fun
normal mode and smart card interface mode.

e When SMIF in SCMR =0

Bit 7 6 5 4 3 2 1
Bit Name TDRE RDRF ORER FRE PER TEND MPB
Initial Value 1 0 0 0 0 1 0
RW R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R R

Note: * Only 0 can be written, to clear the flag.

e When SMIF in SCMR =1

Bit 7 6 5 4 3 2 1
Bit Name TDRE RDRF ORER ERS PER TEND MPB
Initial Value 1 0 0 0 0 1 0
RW R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R R

Note: * Only 0 can be written, to clear the flag.
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e When 0O is written to TDRE after reading TIL

(When the CPU is used to clear this flag by
while the corresponding interrupt is enablex
to read the flag after writing 0 to it.)

e When a TXI interrupt request is issued allo
DMAC or DTC to write data to TDR

6 RDRF 0 R/(W)* Receive Data Register Full

Indicates whether receive data is stored in RD

[Setting condition]

e When serial reception ends normally and r
data is transferred from RSR to RDR

[Clearing conditions]

e When 0 is written to RDRF after reading Rl
(When the CPU is used to clear this flag by
while the corresponding interrupt is enable:
sure to read the flag after writing O to it.)

e When an RXl interrupt request is issued all
DMAC or DTC to read data from RDR

The RDREF flag is not affected and retains its p
value when the RE bit in SCRis cleared to 0.

Note that when the next serial reception is con
while the RDRF flag is being set to 1, an overr
occurs and the received data is lost.
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R i et

mode, serial transmission also cannot cor

[Clearing condition]

When 0 is written to ORER after reading

Even when the RE bit in SCR is cleared, 1
flag is not affected and retains its previou:

(When the CPU is used to clear this flag k
while the corresponding interrupt is enabl
sure to read the flag after writing 0 to it.)

FER

0

R/(W)*

Framing Error

Indicates that a framing error has occurred dt
reception in asynchronous mode and the rece
ends abnormally.

[Setting condition]

When the stop bitis 0

In 2-stop-bit mode, only the first stop bit is
whether it is 1 but the second stop bitis n
checked. Note that receive data when the
error occurs is transferred to RDR, howev
RDREF flag is not set. In addition, when the
is being set to 1, the subsequent serial re
cannot be performed. In clocked synchror
mode, serial transmission also cannot cor

[Clearing condition]

When 0 is written to FER after reading FE
Even when the RE bit in SCR is cleared, 1
flag is not affected and retains its previous

(When the CPU is used to clear this flag k
while the corresponding interrupt is enabls
sure to read the flag after writing 0 to it.)
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the subsequent serial reception cannot be
performed. In clocked synchronous mode,
transmission also cannot continue.

[Clearing condition]
e When 0 is written to PER after reading PEF

Even when the RE bit in SCR is cleared, th
bit is not affected and retains its previous v
(When the CPU is used to clear this flag by
while the corresponding interrupt is enable
sure to read the flag after writing O to it.)

2 TEND 1 R

Transmit End

[Setting conditions]

e When the TE bitin SCR is 0

e When TDRE = 1 at transmission of the last
transmit character

[Clearing conditions]

e When 0 is written to TDRE after reading TL

o When a TXl interrupt request is issued allo
DMAC or DTC to write data to TDR

1 MPB 0 R

Multiprocessor Bit

Stores the multiprocessor bit value in the recei
When the RE bit in SCR is cleared to 0 its prey
state is retained.

0 MPBT 0 R/W

Multiprocessor Bit Transfer

Sets the multiprocessor bit value to be added t
transmit frame.

Note: * Only O can be written, to clear the flag.
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When 0 is written to TDRE after reading T

(When the CPU is used to clear this flag k
while the corresponding interrupt is enabl
sure to read the flag after writing O to it.)
When a TXI interrupt request is issued all
DMAC or DTC to write data to TDR

RDRF

0

R/(W)* Receive Data Register Full
Indicates whether receive data is stored in RI

[Setting condition]

When serial reception ends normally and
data is transferred from RSR to RDR

[Clearing conditions]

When 0 is written to RDRF after reading F

(When the CPU is used to clear this flag k
while the corresponding interrupt is enabl
sure to read the flag after writing 0 to it.)
When an RXI interrupt request is issued a
DMAC or DTC to read data from RDR

The RDREF flag is not affected and retains its
value even when the RE bit in SCR is clearec

Note that when the next reception is complete
the RDRF flag is being set to 1, an overrun e
and the received data is lost.
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ORER flag is set to 1, subsequent serial re
cannot be performed. Note that, in clocked
synchronous mode, serial transmission alsi
continue.

[Clearing condition]
e When 0 is written to ORER after reading O

Even when the RE bit in SCR is cleared, th
flag is not affected and retains its previous

(When the CPU is used to clear this flag by
while the corresponding interrupt is enable
sure to read the flag after writing 0 to it.)

4 ERS 0 R/(W)* Error Signal Status
[Setting condition]
¢ When a low error signal is sampled
[Clearing condition]
e When 0 is written to ERS after reading ER:!

Rev.2.00 Jun. 28, 2007 Page 568 of 784
REJ09B248-0200 RENESAS



the subsequent serial reception cannot be
performed. In clocked synchronous mode
transmission also cannot continue.

[Clearing condition]
e When 0 is written to PER after reading PE

Even when the RE bit in SCR is cleared,
flag is not affected and retains its previous

(When the CPU is used to clear this flag k
while the corresponding interrupt is enabl
sure to read the flag after writing 0 to it.)
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follows:

When GM = 0 and BLK = 0, 2.5 etu after
transmission start

When GM = 0 and BLK = 1, 1.5 etu after
transmission start

When GM = 1 and BLK = 0, 1.0 etu after
transmission start

When GM =1 and BLK = 1, 1.0 etu after
transmission start

[Clearing conditions]
e When 0 is written to TDRE after reading TL

e When a TXl interrupt request is issued allo
DMAC or DTC to write the next data to TDI

1 MPB 0 R Multiprocessor Bit
Not used in smart card interface mode.
0 MPBT 0 R/W Multiprocessor Bit Transfer

Write 0 to this bit in smart card interface mode.

Note: * Only 0 can be written, to clear the flag.
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7t04

All1

R

Reserved
These are read-only bits and cannot be modil

3

SDIR

R/W

Smart Card Data Transfer Direction

Selects the serial/parallel conversion format.
0: Transfer with LSB-first

1: Transfer with MSB-first

This bit is valid only when the 8-bit data forme
for transmission/reception; when the 7-bit dat
used, data is always transmitted/received witl

2

SINV

R/W

Smart Card Data Invert

Inverts the transmit/receive data logic level. T

does not affect the logic level of the parity bit.

the parity bit, invert the O/E bit in SMR.

0: TDR contents are transmitted as they are.
data is stored as it is in RDR.

1: TDR contents are inverted before being tra
Receive data is stored in inverted form in F

Reserved
This is a read-only bit and cannot be modifiec

SMIF

R/W

Smart Card Interface Mode Select

When this bit is set to 1, smart card interface
selected.

0: Normal asynchronous or clocked synchron
1: Smart card interface mode
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Asynchronous mode Ne POXIC e Py x 10°

64x2" 'xB Bx64x22 I (N+1)
Clocked synchronous mode No _ Pox 10° »

8x2”""'xB
Smart card interface mode Po x 10° Po x 10°

N= T onr1 -1 Error (%) = { -

Sx2?""'xB BxSx22" 5% (N+1)
[Legend]
B: Bit rate (bit/s)
N: BRR setting for baud rate generator (0 < N < 255)
P¢: Operating frequency (MHz)
n and S: Determined by the SMR settings shown in the following table.

SMR Setting SMR Setting

CKS1 CKSO0 n BCP1 BCPO S
0 0 0 0 0 3
0 1 1 0 1 6¢
1 0 2 1 0 37
1 1 3 1 1 2

Table 14.3 shows sample N settings in BRR in normal asynchronous mode. Table 14.4 s}
maximum bit rate settable for each operating frequency. Tables 14.6 and 14.8 show samy
settings in BRR in clocked synchronous mode and smart card interface mode, respectivel
smart card interface mode, the number of basic clock cycles S in a 1-bit data transfer tim
selected. For details, see section 14.7.4, Receive Data Sampling Timing and Reception M
Tables 14.5 and 14.7 show the maximum bit rates with external clock input.
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1200 0 207 0.16 0 255 0.00 1 64 0.16 1 77
2400 0 103 0.16 0 127 000 O 129 0.16 0 155
4800 0 51 0.16 0 63 000 0 64 0.16 0 77
9600 0 25 0.16 0 31 000 0 32 -136 0 38
19200 0 12 0.16 0 15 000 O 15 1.73 0 19
31250 0 7 0.00 0 9 -1.70 0 9 0.00 0 11
38400 — — — 0 7 000 0 7 1.73 0 9
Operating Frequency P¢ (MHz)
12.288 14 14.7456 1
Bit Rate Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N
110 2 217 0.08 2 248 -0.17 3 64 0.70 3 70
150 2 159  0.00 2 181 0.16 2 191 0.00 2 207
300 2 79 0.00 2 90 016 2 95 0.00 2 103
600 1 159  0.00 1 181 0.16 1 191 0.00 1 207
1200 1 79 0.00 1 90 0.16 1 95 0.00 1 103
2400 0 159  0.00 0 181 0.16 O 191 0.00 0 207
4800 0 79 0.00 0 90 016 0 95 0.00 0 103
9600 0 39 0.00 0 45 -093 0 47 0.00 0 51
19200 0 19 0.00 0 22 -093 0 23 0.00 0 25
31250 0 11 2.40 0 13 000 O 14 -170 O 15
38400 0 9 0.00 — — — 0 11 0.00 0 12
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1200 1 111 0.00 1 116 0.16 1 127  0.00 1 129
2400 0 223 0.00 0 233 016 0 255 0.00 1 64
4800 0 111 0.00 0 116 0.16 O 127  0.00 0 129
9600 0 55 0.00 0 58 -069 0 63 0.00 0 64
19200 0 27 0.00 0 28 102 0 3 0.00 0 32
31250 0 16 1.20 0 17 000 O 19 -170 O 19
38400 0 13 0.00 0 14 234 0 15 0.00 0 15
Operating Frequency P (MHz)

25 30 33 35
Bit Rate Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N
110 3 110 -0.02 3 132 013 3 145 0.33 3 154
150 3 80 -0.47 3 97 -0.35 3 106  0.39 3 113
300 2 162 0.15 2 194 016 2 214 -0.07 2 227
600 2 80 -047 2 97 -0.35 2 106 0.39 2 113
1200 1 162 0.15 1 194 0.16 1 214  -0.07 A1 227
2400 1 80 -0.47 1 97 -0.35 1 106  0.39 1 113
4800 0 162 0.15 0 194 016 0 214 -007 O 227
9600 0 80 -047 0 97 -035 0 106  0.39 0 113
19200 0 40 -0.76 0 48 -035 0 53 -054 0 56
31250 0 24 0.00 0 29 0 0 32 0 0 34
38400 0 19 1.73 0 23 173 0 26 -054 0 28
Rev.2.00 Jun. 28, 2007 Page 574 of 784
REJ09B248-0200 RENESAS



16

500000

Table14.5 Maximum Bit Rate with External Clock Input (Asynchronous M ode)

Péd (MHz) External Input Clock (MHz) Maximum Bit Rate (bit/s)
8 2.0000 125000
9.8304 2.4576 153600
10 2.5000 156250
12 3.0000 187500
12.288 3.0720 192000
14 3.5000 218750
14.7456 3.6864 230400
16 4.0000 250000
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5k 1 99 1 124 1 199
10k 0 199 0 249 1 99
25k 0 79 0 99 0 159
50k 0 39 0 49 0 79
100k 0 19 0 24 0 39
250k 0 7 0 9 0 15
500k 0 3 0 4 0 7
M 0 1 0 3
2.5M 0 0*

5M
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10k 1 155 1 187 1 205 1

25k 0 249 1 74 1 82 1
50k 0 124 0 149 0 164 0
100k 0 62 0 74 0 82 0
250k O 24 0 29 0 32 0
500k  — — 0 14 — — —
1M — — — — — — —
25M  — — 0 2 — — —
5M — — — — — — —
[Legend]

Space: Setting prohibited.

— Can be set, but there will be error.

*; Continuous transmission or reception is not possible.

Table14.7 Maximum Bit Rate with External Clock Input (Clocked Synchronous

External Input Maximum Bit External Input Maximt
Pd (MHz) Clock (MHz) Rate (bit/s) P$ (MHz) Clock (MHz) Rate (b
8 1.3333 1333333.3 20 3.3333 333333
10 1.6667 1666666.7 25 4.1667 416666
12 2.0000 2000000.0 30 5.0000 500000
14 2.3333 2333333.3 33 5.5000 550000
16 2.6667 2666666.7 35 5.8336 583362
18 3.0000 3000000.0
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(bit/s) n N Error(%) n N Error (%) n N Error(%) n N E
9600 0 1 0.00 0o 1 12.01 0 2 1599 0 2 6
Operating Frequency P¢ (MHz)

Bit Rate 25.00 30.00 33.00 35.1
(bit/s) n N Error(%) n N Error (%) n N Error(%) n N E
9600 0 3 1249 0 3 5.01 0 4 759 0o 4 A
Table14.9 Maximum Bit Rate for Each Operating Freguency

(Smart Card Interface Mode, S=372)

Maximum Bit Maximum Bit
P$ (MHz) Rate (bit/s) n N P¢ (MHz) Rate (bit/s) n
7.1424 9600 0 0 18.00 24194 0
10.00 13441 0 0 20.00 26882 0
10.7136 14400 0 0 25.00 33602 0
13.00 17473 0 0 30.00 40323 0
14.2848 19200 0 0 33.00 44355 0
16.00 21505 0 0 35.00 47043 0
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Bit Bit Name  Value R/W Description

7 — 0 R/W Reserved
This bit is always read as 0. The write value s
always be 0.
6to4 — All O R Reserved
These are read-only bits and cannot be modif
3 ABCS 0 R/W Asynchronous Mode Basic Clock Select (vali

asynchronous mode)

Selects the basic clock for a 1-bit period.

0: The basic clock has a frequency 16 times t
rate

1: The basic clock has a frequency 8 times th
rate
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DasiC CIOCK Wil a TrequceliCy 10 uiTes e
rate)

010: 460.606 kbps of average transfer rate spe
P$ = 10.667 MHz is selected (operated u:
basic clock with a frequency 8 times the t
rate)

011: 720 kbps of average transfer rate specific
32 MHz is selected (operated using the b
with a frequency 16 times the transfer rat

100: Setting prohibited

101: 115.196 kbps of average transfer rate spe
P = 16 MHz is selected (operated using
clock with a frequency 16 times the trans

110: 460.784 kbps of average transfer rate spe
P¢ = 16 MHz is selected (operated using
clock with a frequency 16 times the trans

111: 720 kbps of average transfer rate specific
16 MHz is selected (operated using the b
with a frequency 8 times the transfer rate

The average transfer rate only supports opera
frequencies of 10.667 MHz, 16 MHz, and 32 V
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Idle state
(mark state)

1 LSB MSB 1

Serial
data 0 DO | D1 | D2 | D3| D4 |D5| D6 | D7 |01 1 1

Start Parity| Stop bit

bit Transmit/receive data bit

1 bit 7 or 8 bits 1bitor 1 or2 bits
none

One unit of transfer data (character or frame)

Figure14.2 Data Format in Asynchronous Communication
(Examplewith 8-Bit Data, Parity, Two Stop Bits)
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0 0 0 0 | S | 8-bit data |STOP
0 0 0 1 | s | 8-bit data |STOP|STOP
0 1 0 0 | s | 8-bit data [ P [sror
0 1 0 1 | s | 8-bit data | P |STOP|ST(
1 0 0 0 | s | 7-bit data [srop
1 0 0 1 | S | 7-bit data |STOP|STOP
1 1 0 0 | s | 7-bit data | P |STOP
1 1 0 1 | s | 7-bit data [ P |STOP|STOP
0 — 1 0 | s | 8-bit data |MPB|STOP
0 — 1 1 | s | 8-bit data |MPB|STOPIST<
1 — 1 0 | S | 7-bit data |MF’B|STOP
1 — 1 1 | s | 7-bit data |MPB|STOP|STOP
[Legend]
S: Start bit
STOP: Stop bit
P: Parity bit

MPB: Multiprocessor bit
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wi. T1ICUopuuvitl tiatyili

N: Ratio of bit rate to clock (N = 16)

D: Duty cycle of clock (D = 0.5 to 1.0)

L: Frame length (L =9 to 12)

F: Absolute value of clock frequency deviation

Assuming values of F = 0 and D = 0.5 in formula (1), the reception margin is determine
formula below.

— _ 1 o, — )
M= (05~ 5o ) x 100[%] = 46.875%

However, this is only the computed value, and a margin of 20% to 30% should be allow
system design.

16 clocks

D 8 clocks

0 7 '
Internal m
basic clock

Receive data —;'IE E Start bit E E | DO "
(RxD) i L =

\

o ¥
o
~

Synchronization
sampling timing __1

Data sampling n N
timing n n

Figure14.3 Receive Data Sampling Timing in Asynchronous Mode
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TXD 0 |Do|D1|D2|D3|D4|D5|D6|D7 |01 ]| 1 1

1 frame

Figure14.4 Phase Relation between Output Clock and Transmit Data
(Asynchronous M ode)
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1

| Clear TE and RE bits in SCR to 0 |
|

| Set corresponding bit in ICR to 1 | (1
|

Set CKE1 and CKEQO bits in SCR
(TE and RE bits are 0)

Set data transfer format in
SMR and SCMR

|
Set value in BRR [4]

Wait

1-bit interval elapsed

Set TE or RE bit in
SCRto 1, and set RIE, TIE, TEIE, [5]
and MPIE bits

<Initialization completion>

1]

[2]

[3]

[4]

[5]

Set the bit in ICR for the corresponding
pin when receiving data or using an
external clock.

Set the clock selection in SCR.
Be sure to clear bits RIE, TIE, TEIE, ant
MPIE, and bits TE and RE, to 0.

When the clock output is selected in
asynchronous mode, the clock is output
immediately after SCR settings are
made.

Set the data transfer format in SMR anc
SCMR.

Write a value corresponding to the bit
rate to BRR. This step is not necessary
if an external clock is used.

Wait at least one bit interval, then set th
TE bit or RE bit in SCR to 1. Also set
the RIE, TIE, TEIE, and MPIE bits.
Setting the TE and RE bits enables the
TxD and RxD pins to be used.

Figure14.5 Sample SCI Initialization Flowchart

Rev.2.00 Jun. 28, 2007 Pag

RENESAS REJC



e el e 2

3. Data is sent from the TxD pin in the following order: start bit, transmit data, parity bi
multiprocessor bit (may be omitted depending on the format), and stop bit.
The SCI checks the TDRE flag at the timing for sending the stop bit.

5. If the TDRE flag is O, the next transmit data is transferred from TDR to TSR, the stof
sent, and then serial transmission of the next frame is started.

6. If the TDRE flag is 1, the TEND flag in SSR is set to 1, the stop bit is sent, and then t
state is entered in which 1 is output. If the TEIE bit in SCR is set to 1 at this time, a T
interrupt request is generated.

Figure 14.7 shows a sample flowchart for transmission in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bit « bit  bit  bit (« bit  bit 1
)] )7
o | po| b1 o7 {o1| 1 | o | Do | D D7 [0/ | 1 ok otate

TDRE

TEND

(
)

((

((
)

)

((

((

TXl interrupt

request generated

Data written to TDR and

)

TDRE flag cleared to 0 in
TXI interrupt processing

routine

1 frame

TXI interrupt

)

request generated

<
<

>

TEl interrupt

1

request generated

Figure14.6 Example of Operation for Transmission in Asynchronous M od
(Examplewith 8-Bit Data, Parity, One Stop Bit)
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11U LUNHUNdeT olial ualioliiiooivii,
read 1 from the TDRE flag to

All data transmitted? confirm that writing is possible,
then write data to TDR, and clear
the TDRE flag to 0. However, the
TDRE flag is checked and cleared
automatically when the DTC or
DMAC is initiated by a transmit
data empty interrupt (TXI) request
and writes data to TDR.

[4] Break output at the end of serial
transmission:
To output a break in serial
transmission, set DDR for the port
corresponding to the TxD pinto 1,
clear DR to 0, then clear the TE bit
in SCR to 0.

Clear DR to 0 and
set DDR to 1

Clear TE bitin SCR to 0 |

<End>

Figure14.7 Sample Serial Transmission Flowchart
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3. If a parity error is detected, the PER bit in SSR is set to 1 and receive data is transferr
RDR. If the RIE bit in SCR is set to 1 at this time, an ERI interrupt request is generat
4. If a framing error (when the stop bit is 0) is detected, the FER bit in SSR is set to 1 an
data is transferred to RDR. If the RIE bit in SCR is set to 1 at this time, an ERI interr

request is generated.

5. If reception finishes successfully, the RDRF bit in SSR is set to 1, and receive data is
transferred to RDR. If the RIE bit in SCR is set to 1 at this time, an RXI interrupt req
generated. Because the RXI interrupt processing routine reads the receive data transfe
RDR before reception of the next receive data has finished, continuous reception can

enabled.
Start Data Parity Stop Start Data Parity Stop
1  bit (« bit bit  bit (« bit bit 1
)} )}
Idle state
0 | DO | D1 ; D7 | 0/1 1 0 | DO | D1 ; D7 | o/ 0 (mark stz
v )} ' )
' '
RDRF ' ( : (
' ” A A ”
' '
FER N (( : (
T )} T D} y
H RXI interrupt | RDR data read and RDRF r
' request ! flag cleared to 0 in RXI ERI interrupt reques
! generated 1 interrupt processing routine generated by framin
: < :: error
1 frame

Figure 14.8 Example of SCI Operation for Reception
(Examplewith 8-Bit Data, Parity, One Stop Bit)
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Transferred to RDR Framing error + parity

0 0 1 0 Transferred to RDR  Framing error

0 0 0 1 Transferred to RDR  Parity error

1 1 1 0 Lost Overrun error + framir
1 1 0 1 Lost Overrun error + parity
0 0 1 1

1 1 1 1

Lost Overrun error + framir
parity error

Note: * The RDRF flag retains the state it had before data reception.
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| ReadRDRFflaginSSR | [4] the RxD pin.

[4] SCI state check and receive data read:

No Read SSR and check that RDRF = 1,
then read the receive data in RDR and
clear the RDRF flag to 0. Transition of

the RDRF flag from 0 to 1 can also be
identified by an RXI interrupt.

Read receive data in RDR, and
clear RDRF flag in SSR to 0 [5] Serial reception continuation procedure:

To continue serial reception, before the
stop bit for the current frame is
received, read the RDRF flag and RDR,

(5] and clear the RDRF flag to 0.
However, the RDRF flag is cleared
automatically when the DTC or DMAC
is initiated by an RXl interrupt and

| Clear RE bitin SCRto 0 | reads data from RDR.

<End>

Figure14.9 Sample Serial Reception Flowchart (1)
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| Framing error processing | | Clear RE bit in SCR to 0

| Parity error processing

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure14.9 Sample Serial Reception Flowchart (2)
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14.1U SNOWS an example oI Iter-processor communication using tne multiprocessor 101rm
transmitting station first sends data which includes the ID code of the receiving station ar
multiprocessor bit set to 1. It then transmits transmit data added with a multiprocessor bit
to 0. The receiving station skips data until data with a 1 multiprocessor bit is sent. When «
a | multiprocessor bit is received, the receiving station compares that data with its own II
station whose ID matches then receives the data sent next. Stations whose ID does not m:
continue to skip data until data with a 1 multiprocessor bit is again received.

The SCI uses the MPIE bit in SCR to implement this function. When the MPIE bit is set
transfer of receive data from RSR to RDR, error flag detection, and setting the SSR statu:
RDRF, FER, and ORER in SSR to 1 are prohibited until data with a 1 multiprocessor bit
received. On reception of a receive character with a 1 multiprocessor bit, the MPB bit in .
set to 1 and the MPIE bit is automatically cleared, thus normal reception is resumed. If th
in SCR is set to 1 at this time, an RXI interrupt is generated.

When the multiprocessor format is selected, the parity bit setting is invalid. All other bit
are the same as those in normal asynchronous mode. The clock used for multiprocessor
communication is the same as that in normal asynchronous mode.
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! MPB=1) (MPB=0)
ID transmission cycle = Data transmission cycle =
receiving station Data transmission to
specification receiving station specified by ID

[Legend]
MPB: Multiprocessor bit

Figure14.10 Example of Communication Using Multiprocessor Format
(Transmission of Data H'AA to Receiving Station A)
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| Wi, al s ODUpULIDl Ohic liallic,
| Read TDRE flag in SSR | 2] and transmission is enabled.

[2] SCI status check and transmit

No data write:
Read SSR and check that the
TDRE flag is set to 1, then write

Yes transmit data to TDR. Set the
MPBT bitin SSRto 0 or 1.
Write transmit data to TDR and Finally, clear the TDRE flag to 0.

set MPBT bit in SSR

[3] Serial transmission continuation
| procedure:

Clear TDRE flag to 0 To continue serial transmission,

be sure to read 1 from the TDRE

flag to confirm that writing is

No 3 possible, then write data to TDR,

3 and then clear the TDRE flag to 0.
However, the TDRE flag is
checked and cleared

[ automatically when the DTC or

DMAC is initiated by a transmit

data empty interrupt (TXI)

request and writes data to TDR.

All data transmitted?

[4] Break output at the end of serial
transmission:
To output a break in serial
transmission, set DDR for the
port to 1, clear DR to 0, and then

4l clear the TE bit in SCR to 0.

Clear DR to 0 and set DDR to 1

Clear TE bitin SCR to 0

Figure14.11 Sample Multiprocessor Serial Transmission Flowchart
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MPIE

RDRF

RDR
value

MPIE

RDRF

RDR
value

(m

(
)

(L

Iu: I haed o e ol

ark st:

)

I
( / | /l\ I((

ID1
MPIE =0 RXl interrupt RDR data read If not this station’s ID,  RXI interrupt reqt
request and RDRF flag MPIE bit is set to 1 not generated, ar
(multiprocessor  cleared to 0 in again retains its state
interrupt) RXI interrupt
generated processing routine

(a) Data does not match station’s ID

Start Data (ID2) Stop Start Data (Data 2) Stop
1 bit ( MPB  bit bit « MPB bit 1
)} )}
0 | DO | D1 D7 1 1 0 | DO | D1 D7 | O 1 Idle state
(( (C (mark st
)} )}
| (4
) A
if | l if |
ID1 X D2 X |pata

MPIE =0 RXl interrupt RDR data read and  Matches this station’s ID, MPIE bit se

request RDRF flag cleared  so reception continues, and again
(multiprocessor to 0 in RXl interrupt ~ data is received in RXI

interrupt) processing routine  interrupt processing routine
generated

(b) Data matches station’s ID

Figure14.12 Example of SCI Operation for Reception
(Examplewith 8-Bit Data, M ultiprocessor Bit, One Stop Bit)
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[4] SCI state check and data reception:
Read SSR and check that the RDRF
flag is set to 1, then read the data in
RDR.

Read receive data in RDR

[5] Receive error processing and break
detection:
If a receive error occurs, read the ORER
and FER flags in SSR to identify the

This station’s ID?

l(es error. After performing the appropriate
— error processing, ensure that the ORER
Read ORER and FER flags in SSR and FER flags are both cleared to 0.
Reception cannot be resumed if either
Yes of these flags is set to 1. In the case of a
FER v ORER =1 > framing error, a break can be detected

by reading the RxD pin value.

All data received? y [5]
(' Error processing )

(Continued on
next page)

| Clear RE bit in SCR to 0

|
<End>

Figure 14.13 Sample Multiprocessor Serial Reception Flowchart (1)
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No

\

| Framing error processing | | Clear RE bitin SCR to 0

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure14.13 Sample Multiprocessor Serial Reception Flowchart (2)
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transmission or the previous receive data can be read during reception, enabling continuo
transfer.

One unit of transfer data (character or frame)

* ~ > *
Synchronization I l I | I | I | I | I | I | I | I I I
clock ' '
' LSB MSB !
Serial data A XBito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 X A
[ ' Co
Don't care Don't care

Note: * Holds a high level except during continuous transfer.

Figure14.14 Data Format in Clocked Synchronous Communication (L SB-Fi

14.6.1 Clock

Either an internal clock generated by the on-chip baud rate generator or an external
synchronization clock input at the SCK pin can be selected, according to the setting of th
and CKEO bits in SCR. When the SCI is operated on an internal clock, the synchronizatic
is output from the SCK pin. Eight synchronization clock pulses are output in the transfer
character, and when no transfer is performed the clock is fixed high. Note that in the case
reception only, the synchronization clock is output until an overrun error occurs or until t
is cleared to 0.
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| Clear TE and RE Dits INn SCR 10 0 |
|
| Set corresponding bit in ICR to 1 | [1]
|
Set CKE1 and CKEQO bits in SCR o
(TE and RE bits are 0) @
|

Set data transfer format in 3]
SMR and SCMR

|
Set value in BRR 14]

Wait

No
1-bit interval elapsed?

Set TE or RE bitin SCR to 1, and 5]
set RIE, TIE, TEIE, and MPIE bits

<Transfer start>

(2]

(3]

(4]

(5]

pin when receiving data or using an
external clock.

Set the clock selection in SCR. Be sure
to clear bits RIE, TIE, TEIE, and MPIE,
and bits TE and RE, to 0.

Set the data transfer format in SMR and
SCMR.

Write a value corresponding to the bit
rate to BRR. This step is not necessary
if an external clock is used.

Wait at least one bit interval, then set
the TE bit or RE bitin SCR to 1.

Also set the RIE, TIE TEIE, and MPIE
bits. Setting the TE and RE bits enables
the TxD and RxD pins to be used.

Note: In simultaneous transmit and receive operations, the TE and RE bits should both

be cleared to 0 or set to 1 simultaneously.

Figure14.15 Sample SCI Initialization Flowchart

RENESAS
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3. 8-bit data is sent from the TxD pin synchronized with the output clock when clock ou
mode has been specified and synchronized with the input clock when use of an extern
has been specified.

4. The SCI checks the TDRE flag at the timing for sending the last bit.

5. If the TDRE flag is cleared to O, the next transmit data is transferred from TDR to TS
serial transmission of the next frame is started.

6. If the TDRE flag is set to 1, the TEND flag in SSR is set to 1, and the TxD pin retains
output state of the last bit. If the TEIE bit in SCR is set to 1 at this time, a TEI interru,
is generated. The SCK pin is fixed high.

Figure 14.17 shows a sample flowchart for serial data transmission. Even if the TDRE flz
cleared to O, transmission will not start while a receive error flag (ORER, FER, or PER) i
Make sure to clear the receive error flags to O before starting transmission. Note that clea
RE bit to 0 does not clear the receive error flags.
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: pPIOLCoSly Toulnic

Y

1 frame

Figure14.16 Example of Operation for Transmission in Clocked Synchronou:

[1] SCl initialization:

| Initialization [ o atl .
I The TxD pin is automatically
— designated as the transmit data output
( Start transmission pin.
- .
| [2] SCI state check and transmit data
| Read TDRE flag in SSR | 2] write:

Read SSR and check that the TDRE

N flag is set to 1, then write transmit data
¢ N to TDR and clear the TDRE flag to 0.
[3] Serial transmission continuation

Yes procedure:
To continue serial transmission, be
Write transmit data to TDR and sure to read 1 from the TDRE flag to
clear TDRE flag in SSR to 0 confirm that writing is possible, then
write data to TDR, and then clear the

TDRE flag to 0. However, the TDRE
flag is checked and cleared

All data transmitted (3] automatically when the DTC or DMAC
is initiated by a transmit data empty
Yes interrupt (TXI) request and writes data
< to TDR.

Yes

[  clearTEbitinSCRt00 |

<End>

Figure14.17 Sample Serial Transmission Flowchart
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If reception finishes successfully, the RDRF bit in SSR is set to 1, and receive data is

transferred to RDR. If the RIE bit in SCR is set to 1 at this time, an RXI interrupt req
generated. Because the RXI interrupt processing routine reads the receive data transfe
RDR before reception of the next receive data has finished, continuous reception can

enabled.

Synchronization

clock

Serial data

RDRF
ORER

S T s 1 1 1 I

XBit7XBit0X :::: X Bit7 X Bito X Bit 1 X :::
[ ] [

XBite XBit7 X_

Kal
|

7

' RDR data read and
' RDRF flag cleared
' to 0 in RXI interrupt
! processing routine

1 frame

RXI interrupt
request
generated

RXI interrupt
request generated

ERI interrupt reques
generated by overru
error

Figure 14.18 Example of Operation for Reception in Clocked Synchronous M
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2l Recelve cannot be resumed I the
ORER flag is set to 1.

No ;
[4] SCI state check and receive data

(Continued below) read:
Read SSR and check that the RDRF
| Read RDRF flag in SSR | [4] flag is set to 1, then read the receive

data in RDR and clear the RDRF flag

No to 0. Transition of the RDRF flag from
0 to 1 can also be identified by an RXI
interrupt.

Yes [5] Serial reception continuation

Read receive data in RDR and procedgre: . .
clear RDRF flag in SSR to 0 To continue serial reception, before

the MSB (bit 7) of the current frame is
received, reading the RDRF flag,
‘AII data received
the RDRF flag is cleared automatically
Yes when the DTC or DMAC is initiated by

reading RDR, and clearing the RDRF

(5] flag to 0 should be finished. However,

| Clear RE bit in SCR to 0 | a redceic\{/et d?ta fu}l_‘luijn}tqerrupt (RXI) and
| reads data from .

<End>
[3] ( Error processing )
|
|

|
Overrun error processing |
|
Clear ORER flag in SSRt0 0 |

<End>

Figure14.19 Sample Serial Reception Flowchart
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both the TE and RE bits to 1 with a single instruction.
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|  Read ORER flagin SSR

Read receive data in RDR, and
clear RDRF flag in SSR to 0

All data received?

Yes

Clear TE and RE bits in SCR to 0

<End>

15]

Note:

HRead S5oR and check that the RDRF Tlag I
then read the receive data in RDR and cle
RDREF flag to 0. Transition of the RDRF fla
to 1 can also be identified by an RXI interrt

Serial transmission/reception continuation
procedure:

To continue serial transmission/ reception,
the MSB (bit 7) of the current frame is rece
finish reading the RDRF flag, reading RDR
clearing the RDRF flag to 0. Also, before tt
(bit 7) of the current frame is transmitted, r
from the TDRE flag to confirm that writing i
possible. Then write data to TDR and cleat
TDRE flag to 0.

However, the TDRE flag is checked and cls
automatically when the DTC or DMAC is it
by a transmit data empty interrupt (TXI) rec
writes data to TDR. Similarly, the RDRF fl:

When switching from transmit or receive op
to simultaneous transmit and receive oper:
first clear the TE bit and RE bit to 0, then s¢
these bits to 1 simultaneously.

Figure14.20 Sample Flowchart of Simultaneous Serial Transmission and Rec

RENESAS
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LAL alll NALJ PlIsS dallld pull up uic Udld U allsiissiolnl e to VCC Uslillyg a 1C515101L. vl g L
and TE bits to 1 with the IC card not connected enables closed transmission/reception all
self diagnosis. To supply the IC card with the clock pulses generated by the SCI, input th
pin output to the CLK pin of the IC card. A reset signal can be supplied via the output po

LSI.

Vce
TxD
# — 110
RxD Data line
SCK Clock line CLK
Rx (port) R T RST
This LS esetline IC card
Main unit of the device
to be connected

Figure14.21 Pin Connection for Smart Card Interface
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alter at 1east 2 Cctu.

In normal transmission/reception

Ds DO D1 D2 D3 D4 D5 D6 D7 Dp

Output from the transmitting station

B

When a parity error is generated

Ds DO D1 D2 D3 D4 D5 D6 D7 Dp DE |

Output from the transmitting station | | |

B

Qutput from
[Legend] the receiving sta
Ds: Start bit
DO to D7: Data bits
Dp: Parity bit
DE: Error signal

Figure 14.22 Data Formatsin Normal Smart Card I nterface Mode

For communication with the IC cards of the direct convention and inverse convention ty
follow the procedure below.

@) Az Z A Z Z Z A A Z (2) state

D7 | Dp

Ds |DO:D1|D2|D3:D4:D5|D6

Figure 14.23 Direct Convention (SDIR = SINV = O/E = 0)
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For the inverse convention type, logic levels 1 and O correspond to states A and Z, respec
and data is transferred with MSB-first as the start character, as shown in figure 14.24. Th
data in the start character in the figure is H'3F. When using the inverse convention type,
both the SDIR and SINV bits in SCMR. The parity bit is logic level O to produce even pa
which is prescribed by the smart card standard, and corresponds to state Z. Since the SNI
this LSI only inverts data bits D7 to DO, write 1 to the O/E bit in SMR to invert the parity
both transmission and reception.

14.7.3 Block Transfer Mode

Block transfer mode is different from normal smart card interface mode in the following

Even if a parity error is detected during reception, no error signal is output. Since the
in SSR is set by error detection, clear the PER bit before receiving the parity bit of the
frame.

During transmission, at least 1 etu is secured as a guard time after the end of the parit
before the start of the next frame.

Since the same data is not re-transmitted during transmission, the TEND flag is set 11
after transmission start.

Although the ERS flag in block transfer mode displays the error signal status as in no:
smart card interface mode, the flag is always read as 0 because no error signal is trans
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M= | (05— ——)—(L-05)F— 1P=051 1 F) | x 100%
2N N

M: Reception margin (%)

N: Ratio of bit rate to clock (N = 32, 64, 372, 256)

D: Duty cycle of clock (D =0 to 1.0)

L: Frame length (L = 10)

F: Absolute value of clock frequency deviation

Assuming values of F =0, D = 0.5, and N = 372 in the above formula, the reception ma
determined by the formula below.

1

M= (05— ———) x 100% = 49.866%
2 x 372
372 clock cycles |
186 clock
cycles
R R
0 185| 37110 185 371 0
Internal
basic clock S S
. R - (( .
Receive data 1 ” b
(RxD) i (( Startbit DO ( Rt D1
) )] )] o))

Synchronization . | | a L

sampling timing : ( : : (" (" : :
ar )] )] i

Data sampling

timing (,J_l ( ( H {
) )] )] 7

Figure14.25 Receive Data Sampling Timingin Smart Card Interface Mo
(When Clock Frequency is 372 Timesthe Bit Rate)
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5. Set the SMIF, SDIR, and SINV bits in SCMR appropriately. When the DDR correspc
the TxD pin is cleared to 0, the TxD and RxD pins are changed from port pins to SCI
placing the pins into high impedance state.

6. Set the value corresponding to the bit rate in BRR.

7. Set the CKEI and CKEQO bits in SCR appropriately. Clear the TIE, RIE, TE, RE, MPI
TEIE bits to 0 simultaneously.

When the CKEDO bit is set to 1, the SCK pin is allowed to output clock pulses.

8. Set the TIE, RIE, TE, and RE bits in SCR appropriately after waiting for at least a 1-t

interval. Setting the TE and RE bits to 1 simultaneously is prohibited except for self ¢

To switch from reception to transmission, first verify that reception has completed, then i
the SCI. At the end of initialization, RE and TE should be set to 0 and 1, respectively. Re
completion can be verified by reading the RDRF, PER, or ORER flag. To switch from
transmission to reception, first verify that transmission has completed, then initialize the .
the end of initialization, TE and RE should be set to 0 and 1, respectively. Transmission
completion can be verified by reading the TEND flag.

Rev.2.00 Jun. 28, 2007 Page 610 of 784
REJ09B248-0200 RENESAS



R = B

3. If no error signal is returned from the receiving end, the ERS bit in SSR is not set to

4. In this case, one frame of data is determined to have been transmitted including re-tr
the TEND bit in SSR is set to 1. Here, a TXI interrupt request is generated if the TIE
SCR is set to 1. Writing transmit data to TDR starts transmission of the next data.

Figure 14.28 shows a sample flowchart for transmission. All the processing steps are
automatically performed using a TXI interrupt request to activate the DTC or DMAC. Ii
transmission, the TEND and TDRE flags in SSR are simultaneously set to 1, thus gener:
TXI interrupt request if the TIE bit in SCR has been set to 1. This activates the DTC or |
a TXI request thus allowing transfer of transmit data if the TXI interrupt request is speci
source of DTC or DMAC activation beforehand. The TDRE and TEND flags are autom
cleared to O at data transfer by the DTC or DMAC. If an error occurs, the SCI automatic
transmits the same data. During re-transmission, TEND remains as 0, thus not activating
or DMAC. Therefore, the SCI and DTC or DMAC automatically transmit the specified
bytes, including re-transmission in the case of error occurrence. However, the ERS flag
automatically cleared; the ERS flag must be cleared by previously setting the RIE bit to
enable an ERI interrupt request to be generated at error occurrence.

When transmitting/receiving data using the DTC or DMAC, be sure to set and enable th
DMAC prior to making SCI settings. For DTC or DMAC settings, see section 7, DMA |
(DMAC) and section 8, Data Transfer Controller (DTC).
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Figure14.26 Data Re-Transfer Operation in SCI Transmission Mode

Note that the TEND flag is set in different timings depending on the GM bit setting in SN
Figure 14.27 shows the TEND flag set timing.

I/O data Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp :DE:

I Guard timei
(TEND interrupt) 12.5 stu <_>E —
GM =0 |
—_—
11.0 etu '
GM =1 1
[Legend]
S: Start bit
DO to D7: Data bits
Dp: Parity bit
DE: Error signal

Figure14.27 TEND Flag Set Timing during Transmission
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Write data to TDR and clear
TDRE flag in SSR to 0

All data transmitted?

Error processing )

| Clear TE bitin SCR to 0 |

( Er|1d )

Figure 14.28 Sample Transmission Flowchart
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4. 1N is €asc, data 1S determined L0 nave been received SucCessiully, and tne RURE DIU
set to 1. Here, an RXIT interrupt request is generated if the RIE bit in SCR is set to 1.

Figure 14.30 shows a sample flowchart for reception. All the processing steps are autome
performed using an RXI interrupt request to activate the DTC or DMAC. In reception, se
RIE bit to 1 allows an RXI interrupt request to be generated when the RDRF flag is set tc
activates the DTC or DMAC by an RXI request thus allowing transfer of receive data if t
interrupt request is specified as a source of DTC or DMAC activation beforehand. The R
is automatically cleared to O at data transfer by the DTC or DMAC. If an error occurs dur
reception, i.e., either the ORER or PER flag is set to 1, a transmit/receive error interrupt (
request is generated and the error flag must be cleared. If an error occurs, the DTC or DM
not activated and receive data is skipped, therefore, the number of bytes of receive data s
in the DTC or DMAC is transferred. Even if a parity error occurs and the PER bit is set tc
reception, receive data is transferred to RDR, thus allowing the data to be read.

Note: For operations in block transfer mode, see section 14.4, Operation in Asynchronc

n+ 1) th
|<— nth transfer frame —>|<— Retransfer frame _+_tra(nsfer)frame

~Ds|pojp1 |D2|D3|D4|D5|D6|D7|Dp|-|%—|DleOlD1 |D2|D3|D4|D5|D6|D7|DpIE=Ds|DO|D1 |D2|D3|D4|

RDRF |

e T

PER |

1] Y

Figure14.29 Data Re-Transfer Operation in SCI Reception M ode
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[Yes

Read data from RDR and
clear RDRF flag in SSR to 0

All data received?

| Clear RE bit in SCR to 0 |

Figure 14.30 Sample Reception Flowchart

14.7.8  Clock Output Control

Clock output can be fixed using the CKE1 and CKEQO bits in SCR when the GM bit in S
to 1. Specifically, the minimum width of a clock pulse can be specified.

Figure 14.31 shows an example of clock output fixing timing when the CKEO bit is con
with GM = 1 and CKE1 = 0.

CKEO

SCK —|

J—
—

~—
~

< > < >

Given pulse width Given pulse width

Figure14.31 Clock Output Fixing Timing
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OCL UIC ULV DIL L OUIN LU 1 L0 stdlit CIOCK Oulput.
e At mode switching
— At transition from smart card interface mode to software standby mode

1. Set the data register (DR) and data direction register (DDR) corresponding to
pin to the values for the output fixed state in software standby mode.

2. Write O to the TE and RE bits in SCR to stop transmission/reception. Simultan
set the CKE1 bit to the value for the output fixed state in software standby mo

3. Write O to the CKEO bit in SCR to stop the clock.

4. Wait for one cycle of the serial clock. In the mean time, the clock output is fix
specified level with the duty cycle retained.

5. Make the transition to software standby mode.
— At transition from smart card interface mode to software standby mode
1. Clear software standby mode.

2. Write 1 to the CKEO bit in SCR to start clock output. A clock signal with the
appropriate duty cycle is then generated.

Software
standby

Normal operation Normal operation

T Pro 1

(11(21[3] [4] [8] 6] [7]

Figure14.32 Clock Stop and Restart Procedure
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by the DTC or DMAC.

When the RDREF flag in SSR is set to 1, an RXI interrupt request is generated. When the
PER, or FER flag in SSR is set to 1, an ERI interrupt request is generated. An RXI inter
activate the DTC or DMAC to allow data transfer. The RDRF flag is automatically clea
data transfer by the DTC or DMAC.

A TEI interrupt is requested when the TEND flag is set to 1 while the TEIE bit is set to
interrupt and a TXI interrupt are requested simultaneously, the TXI interrupt has priority
acceptance. However, note that if the TDRE and TEND flags are cleared to O simultane
the TXI interrupt processing routine, the SCI cannot branch to the TEI interrupt process:
later.

Table 14.12 SCI Interrupt Sources

Name Interrupt Source Interrupt Flag DMAC Activation DTC Activation

ERI Receive error ORER, FER, or  Not possible Not possible
PER
RXI Receive data full RDRF Possible Possible
TXI Transmit data TDRE Possible Possible
empty
TEI Transmit end TEND Not possible Not possible
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RXI Receive data full RDRF Possible Possible

TXI Transmit data TDRE Possible Possible
empty L

Data transmission/reception using the DTC or DMAC is also possible in smart card inter
mode, similar to in the normal SCI mode. In transmission, the TEND and TDRE flags in
simultaneously set to 1, thus generating a TXI interrupt. This activates the DTC or DMA
TXI request thus allowing transfer of transmit data if the TXI request is specified as a sot
DTC or DMAC activation beforehand. The TDRE and TEND flags are automatically cle
at data transfer by the DTC or DMAC. If an error occurs, the SCI automatically re-transn
same data. During re-transmission, the TEND flag remains as 0, thus not activating the D
DMAC. Therefore, the SCI and DTC or DMAC automatically transmit the specified nun
bytes, including re-transmission in the case of error occurrence. However, the ERS flag i
which is set at error occurrence, is not automatically cleared; the ERS flag must be cleare
previously setting the RIE bit in SCR to 1 to enable an ERI interrupt request to be genera
eITor occurrence.

When transmitting/receiving data using the DTC or DMAC, be sure to set and enable the
DMAC prior to making SCI settings. For DTC or DMAC settings, see section 7, DMA C
(DMAC) and section 8, Data Transfer Controller (DTC).

In reception, an RXI interrupt request is generated when the RDREF flag in SSR is set to 1
activates the DTC or DMAC by an RXI request thus allowing transfer of receive data if t
request is specified as a source of DTC or DMAC activation beforehand. The RDRF flag
automatically cleared to O at data transfer by the DTC or DMAC. If an error occurs, the F
flag is not set but the error flag is set. Therefore, the DTC or DMAC is not activated and
interrupt request is issued to the CPU instead; the error flag must be cleared.
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When framing error detection is performed, a break can be detected by reading the RxD
directly. In a break, the input from the RxD pin becomes all Os, and so the FER flag is s
PER flag may also be set. Note that, since the SCI continues the receive operation even
receiving a break, even if the FER flag is cleared to O, it will be set to 1 again.

1493 Mark State and Break Detection

When the TE bit is 0, the TxD pin is used as an I/O port whose direction (input or outpu
level are determined by DR and DDR. This can be used to set the TxD pin to mark state
level) or send a break during serial data transmission. To maintain the communication li
state (the state of 1) until TE is set to 1, set both DDR and DR to 1. Since the TE bit is c
at this point, the TxD pin becomes an I/O port, and 1 is output from the TxD pin. To ser
during serial transmission, first set DDR to 1 and DR to 0, and then clear the TE bit to 0
TE bit is cleared to O, the transmitter is initialized regardless of the current transmission
TxD pin becomes an I/O port, and O is output from the TxD pin.

1494 Receive Error Flagsand Transmit Operations (Clocked SynchronousMc

Transmission cannot be started when a receive error flag (ORER, FER, or RER) is set tc
the TDRE flag is cleared to 0. Be sure to clear the receive error flags to O before starting
transmission. Note also that the receive error flags cannot be cleared to 0 even if the RE
cleared to 0.
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e  When the external clock source is used as a synchronization clock, update TDR by th
DMAC and wait for at least five P¢ clock cycles before allowing the transmit clock tc
input. If the transmit clock is input within four clock cycles after TDR modification, t
may malfunction (figure 14.33).

e  When using the DTC or DMAC to read RDR, be sure to set the receive end interrupt
the DTC or DMAC activation source.

TDRE | ! |
: LSB
Serial data | X DO X D1 X D2 X D3 X D4 X D5 X D6 X D7 )C

Note: When external clock is supplied, t must be more than four clock cycles.

Figure 14.33 Sample Transmission using DTC in Clocked Synchronous Mo
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SSR, write to TDR, clear TDRE in this order, and then start transmission. To transmit d
different transmission mode, initialize the SCI first.

Figure 14.34 shows a sample flowchart for mode transition during transmission. Figures
14.36 show the port pin states during mode transition.

Before making the transition from the transmission mode using DTC transfer to module
or software standby mode, stop all transmit operations (TE = TIE = TEIE = 0). Setting t
TIE bits to 1 after mode cancellation sets the TXI flag to start transmission using the D]

(2) Reception

Before making the transition to module stop mode or software standby mode, stop the r
operations (RE = 0). RSR, RDR, and SSR are reset. If transition is made during data rec
data being received will be invalid.

To receive data in the same reception mode after mode cancellation, set the RE bit to 1,
start reception. To receive data in a different reception mode, initialize the SCI first.
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[3] Module stop mode is included.

Make transition to [3]
software standby mode

| Cancel software standby mode |

Initialization | TE=1 |

Start transmission

Figure 14.34 Sample Flowchart for Mode Transition during Transmissior

Transition to
e . Softwar
Transmission start Transmission end ~ software standby "

- 1 Py 1
TE bit l | i I

SCK ' I
| I | | | I | I | I | I | | . Port |
output pin | |nut%utut |

1 {( I(d
TxD — Port /T )] ) U -
output pin inputioutout Y High output | Start,( X " y Stop Port input/output Y F
Port SCI TxD output Port —»

Figure14.35 Port Pin States during Mode Transition
(Internal Clock, Asynchronous Transmission)
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Figure 14.50 PFort Fin states auring ivioae | ransition
(Internal Clock, Clocked Synchronous Transmission)

Reception

Read RDREF flag in SSR |

« No [1] [1] Data being received will be invalid.
[2] Module stop mode is included.

Read receive data in RDR

|4

Make transition to [2]
software standby mode

| Cancel software standby mode |

Change operating mode?

Yes

Initialization

| RE =1 |

Start reception

Figure 14.37 Sample Flowchart for Mode Transition during Reception
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Eight mnput channels

Conversion time: 7.4 ps per channel (at 35-MHz operation)

Two kinds of operating modes

— Single mode: Single-channel A/D conversion

— Scan mode: Continuous A/D conversion on 1 to 4 channels, or 1 to 8 channels
Eight data registers

A/D conversion results are held in a 16-bit data register for each channel

Sample and hold function

Three types of conversion start

Conversion can be started by software, a conversion start trigger by the 16-bit timer
(TPU) or 8-bit timer (TMR), or an external trigger signal.

Interrupt source
A/D conversion end interrupt (ADI) request can be generated.

Module stop mode can be set
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ANO —
AN —»| | T >+
AN2 —» —v—o\ol—v—> _
AN3 —»| & : :
B i I 1 Comparator Control circuit
AN4 —»| o L '
AN5 —>| g Sample-and-
hold circuit
AN6 —*
AN7 >
[}
A
ADIO inter
I signal
ADTRGO
Conversion start
trigger from the

[Legend] TPU or TMR

ADCR: A/D control register ADDRD: A/D data register D

ADCSR: A/D control/status register ADDRE: A/D data register E

ADDRA: A/D data register A ADDRF: A/D data register F

ADDRB: A/D data register B ADDRG: A/D data register G

ADDRC: A/D data register C ADDRH: A/D data register H

Figure15.1 Block Diagram of A/D Converter
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Analog input pin 4 AN4 Input

Analog input pin 5 AN5 Input

Analog input pin 6 ANG6 Input

Analog input pin 7 AN7 Input

A/D external trigger input pin ~ ADTRGO Input External trigger input for starting A/D c
Analog power supply pin AV, Input Analog block power supply

Analog ground pin AV Input Analog block ground

Reference voltage pin Vref Input A/D conversion reference voltage

15.3 Register Descriptions
The A/D converter has the following registers.

o A/D data register A (ADDRA)

e A/D data register B (ADDRB)

e A/D data register C (ADDRC)

e A/D data register D (ADDRD)

o A/D data register E (ADDRE)

e A/D data register F (ADDRF)

e A/D dataregister G (ADDRG)

e A/D data register H (ADDRH)

e A/D control/status register (ADCSR)
e A/D control register (ADCR)

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

svare | [ | ] [ | [ | | [ [ [ | [ |

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W

Table15.2 Analog Input Channelsand Corresponding ADDR Registers

Analog Input Channel A/D Data Register Which Stores Conversion Resul
ANO ADDRA
AN1 ADDRB
AN2 ADDRC
AN3 ADDRD
AN4 ADDRE
AN5 ADDRF
AN6 ADDRG
AN7 ADDRH
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Bit

Bit Name Value

R/W

Description

7

ADF

0

R/(W

)*

A/D End Flag

A status flag that indicates the end of A/D conv

[Setting conditions]

e When A/D conversion ends in single mode

e When A/D conversion ends on all specified
in scan mode

[Clearing conditions]

e When 0 is written after reading ADF = 1

(When the CPU is used to clear this flag by
while the corresponding interrupt is enablec
to read the flag after writing 0 to it.)

e When the DTC or DMAC is activated by an
interrupt and ADDR is read

6

ADIE

0

R/W

A/D Interrupt Enable

When this bit is set to 1, ADI interrupts by ADF
enabled.

5

ADST

0

R/W

A/D Start

Clearing this bit to 0 stops A/D conversion, and
converter enters wait state.

Setting this bit to 1 starts A/D conversion. In sir
this bit is cleared to 0 automatically when A/D c
on the specified channel ends. In scan mode, 2
conversion continues sequentially on the speci
channels until this bit is cleared to 0 by softwar
or hardware standby mode.
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0100: AN4

0101: AN5

0110: AN6

0111: AN7

1XXX: Setting prohibited
e When SCANE =1 and SCANS =0

0000: ANO

0001: ANO and ANT1

0010: ANO to AN2

0011: ANO to AN3

0100: AN4

0101: AN4 and AN5

0110: AN4 to AN6

0111: AN4 to AN7

1XXX: Setting prohibited
e When SCANE = 1 and SCANS = 1

0000: ANO

0001: ANO and ANT1

0010: ANO to AN2

0011: ANO to AN3

0100: ANO to AN4

0101: ANO to AN5

0110: ANO to AN6

0111: ANO to AN7

1XXX: Setting prohibited

[Legend]
X: Don't care
Note: * Only 0 can be written to this bit, to clear the flag.
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TRGS1
TRGSO0

R/W
R/W

Timer Trigger Select 1 and 0

These bits select enabling or disabling of the st
conversion by a trigger signal.

00: A/D conversion start by external trigger is d

01: A/D conversion start by external trigger fror
enabled

10: A/D conversion start by external trigger fror
enabled

11: A/D conversion start by the ADTRGO pin is

SCANE
SCANS

R/W
R/W

Scan Mode

These bits select the A/D conversion operating

0X: Single mode

10: Scan mode. A/D conversion is performed
continuously for channels 1 to 4.

11: Scan mode. A/D conversion is performed
continuously for channels 1 to 8.

CKS1
CKS0

R/W
R/W

Clock Select 1 and 0

These bits set the A/D conversion time. Set bits
and CKSO only while A/D conversion is stoppe
0).

00: A/D conversion time = 530 states (max)
01: A/D conversion time = 266 states (max)
10: A/D conversion time = 134 states (max)
11: A/D conversion time = 68 states (max)
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154  Operation

The A/D converter operates by successive approximation with 10-bit resolution. It has tw
operating modes: single mode and scan mode. When changing the operating mode or ana
channel, to prevent incorrect operation, first clear the ADST bit in ADCSR to 0 to halt A,
conversion. The ADST bit can be set to 1 at the same time as the operating mode or analc
channel is changed.

154.1 SingleMode

In single mode, A/D conversion is to be performed only once on the analog input of the s
single channel.

1. A/D conversion for the selected channel is started when the ADST bit in ADCSR is s
software or an external trigger input.

2. When A/D conversion is completed, the A/D conversion result is transferred to the
corresponding A/D data register of the channel.

3. When A/D conversion is completed, the ADF bit in ADCSR is set to 1. If the ADIE b
to 1 at this time, an ADI interrupt request is generated.

4. The ADST bit remains set to 1 during A/D conversion, and is automatically cleared tc
A/D conversion ends. The A/D converter enters wait state. If the ADST bit is cleared
during A/D conversion, A/D conversion stops and the A/D converter enters wait state
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Channel 2 (AN2) [ Waiting for conversion ‘l "

operation state / /

Channel 3 (AN3) [ Waiting for conversion
operation state

ADDRA

| \
\ l Reading A/D conversion result \ lReading A/D col

ADDRB X A/D conversion result 1 X A/D conversion |

ADDRC

ADDRD

Note: * indicates the timing of instruction execution by software.

Figure15.2 Exampleof A/D Converter Operation (Single Mode, Channel 1 Se

15.4.2 Scan Mode

In scan mode, A/D conversion is to be performed sequentially on the analog inputs of th
channels up to four or eight channels.

1. When the ADST bit in ADCSR is set to 1 by software, TPU, TMR, or an external tri
input, A/D conversion starts on the first channel in the group. Consecutive A/D cony
a maximum of four channels (SCANE and SCANS = B'10) or on a maximum of eig
channels (SCANE and SCANS = B'l1) can be selected. When consecutive A/D con
performed on four channels, A/D conversion starts on AN4 when CH3 and CH2 = B
consecutive A/D conversion is performed on eight channels, A/D conversion starts
when CH3 = B'0.

2. When A/D conversion for each channel is completed, the A/D conversion result is s
transferred to the corresponding ADDR of each channel.
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Ll

ADF

Channel 0 (ANO) I:

operation state

/ - /\

Channel 1 (AN1)|
operation state

A/D conversion time

Waiting for AD - - Iﬁ—’ —

conversion | conver- & Waiting for conversion | A/D [ Waiting for cor
sion 1 /\ /‘) conver- /\
sion 4
it : et - AD Waiting
Waiting for conversion Y | conver- Waiting for conversion Y/ conver- convers
sion 5

Channel 2 (AN2) [
operation state

AV

Waiting for conversion /' | conver- NN / Waiting for cony

Channel 3 (AN3) [
operation state

~ 1

/ sion 3
Waiting for conversion |

e ( N

ADDRA

A/D conversion

X \ A/D conversion regﬁ X

ADDRB

| A/D conversion result 2

ADDRC

A/D conversion result 3

ADDRD

Notes: 1.

indicates the timing of instruction execution by software.

2. Data being converted is ignored.

Figure 15.3 Example of A/D Conversion
(Scan Mode, Three Channels (ANO to AN2) Selected)
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In scan mode, the values given in table 15.3 apply to the first conversion time. The valu
table 15.4 apply to the second and subsequent conversions. In either case, bits CKS1 an
ADCR should be set so that the conversion time is within the ranges indicated by the A/
conversion characteristics.

«

Address 2)

Write signal | I

Input sampling
timing g

ADF

to tspL

tconv
[Legend]
(1):  ADCSR write cycle
(2):  ADCSR address
tp. A/D conversion start delay time
tsp:  Input sampling time
tconv: A/D conversion time

Figure15.4 A/D Conversion Timing
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Table15.4 A/D Conversion Characteristics (Scan Mode)

CKSs1 CKSO0 Conversion Time (Number of States)
0 0 512 (Fixed)

1 256 (Fixed)
1 0 128 (Fixed)

1 64 (Fixed)

15.4.4  External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGS1 and TRGSO bits are set to
ADCR, an external trigger is input from the ADTRGO pin. A/D conversion starts when tl
bit in ADCSR is set to 1 on the falling edge of the ADTRGO pin. Other operations, in bot
and scan modes, are the same as when the ADST bit has been set to 1 by software. Figure

shows the timing.

o S S I I I
ADTRGO I~

Internal trigger signal \.l |

ADST

A/D conversion

<
-

Figure155 External Trigger Input Timing
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Name Interrupt Source Interrupt Flag DTC Activation DMAC A

ADI A/D conversion end ADF Possible Possible

156 A/D Conversion Accuracy Definitions

This LSI's A/D conversion accuracy definitions are given below.

Resolution

The number of A/D converter digital output codes.

Quantization error

The deviation inherent in the A/D converter, given by 1/2 LSB (see figure 15.6).
Offset error

The deviation of the analog input voltage value from the ideal A/D conversion chara
when the digital output changes from the minimum voltage value B'0000000000 (H'
B'0000000001 (H'001) (see figure 15.7).

Full-scale error

The deviation of the analog input voltage value from the ideal A/D conversion chara
when the digital output changes from B'1111111110 (H3FE) to B'1111111111 (H'3
figure 15.7).

Nonlinearity error

The error with respect to the ideal A/D conversion characteristic between the zero ve
the full-scale voltage. Does not include the offset error, full-scale error, or quantizati
(see figure 15.7).

Absolute accuracy

The deviation between the digital value and the analog input value. Includes the offs
full-scale error, quantization error, and nonlinearity error.
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010 — Quantization error

001
000 | | | | ( | | | >
1 2 1022 1023 FS
1024 1024 1024 1024
Analog

input voltage

Figure15.6 A/D Conversion Accuracy Definitions

Digital output Full-scale error

-

Ideal A/D conversion
characteristic

/ Nonlinearity
./ error

’
’

/" Actual A/D conversion
e . .
characteristic

,

FS
Analog
Offset error

input voltage

Figure15.7 A/D Conversion Accuracy Definitions
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This LSI's analog input is designed so that the conversion accuracy is guaranteed for an
signal for which the signal source impedance is 10 kQ or less. This specification is prov
enable the A/D converter's sample-and-hold circuit input capacitance to be charged witt
sampling time; if the sensor output impedance exceeds 10 kQ, charging may be insuffic
may not be possible to guarantee the A/D conversion accuracy. However, if a large cape
provided externally for conversion in single mode, the input load will essentially compr
the internal input resistance of 10 k€2, and the signal source impedance is ignored. How
a low-pass filter effect is obtained in this case, it may not be possible to follow an analo
with a large differential coefficient (e.g., 5 mV/us or greater) (see figure 15.8). When cc
high-speed analog signal or conversion in scan mode, a low-impedance buffer should be

This LSI
Equivalent circuit of the A/D convert
Sensor output
impedance
R <10 kQ 10 kQ

Sensor input —N\/‘ _L W J_
Cin =

| Low-pass :

. - 15 pF

! filter ; 5P I -|n;
' C=0.1pF ,

(Recommended)

20 pF

Figure 15.8 Example of Analog Input Circuit
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If the conditions shown below are not met, the reliability of the LSI may be adversely aff

e Analog input voltage range
The voltage applied to analog input pin ANn during A/D conversion should be in the
AVss < VAN < Vref.

e Relation between AVcc, AVss and Vcec, Vss
As the relationship between AVcc, AVss and Vcce, Vss, set AVee =Vec £0.3 V and ,
Vss. If the A/D converter is not used, set AVcec = Vee and AVss = Vss.

e Vref setting range
The reference voltage at the Vref pin should be set in the range Vref < AVcc.

15.75 Noteson Board Design

In board design, digital circuitry and analog circuitry should be as mutually isolated as pc
and layout in which digital circuit signal lines and analog circuit signal lines cross or are
proximity should be avoided as far as possible. Failure to do so may result in incorrect of
of the analog circuitry due to inductance, adversely affecting A/D conversion values.

Digital circuitry must be isolated from the analog input pins (ANO to AN7), analog refere
power supply (Vref), and analog power supply (AVcc) by the analog ground (AVss). Als
analog ground (AVss) should be connected at one point to a stable ground (Vss) on the b
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/_\/

AVce

Vref

ANO to AN7

AVss

Notes: Values are reference values. /_\/

1.

10 pF 0.01 pF

2. Rin: Input impedance

Figure15.9 Example of Analog Input Protection Cir cuit

Table15.6 Analog Pin Specifications

Item Min Max Unit
Analog input capacitance — 20 pF
Permissible signal source impedance — 10 kQ
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yvnen tnis Lol enters sortware standoy mode withh A/D conversion enavled, the analog 1n
retained, and the analog power supply current is equal to as during A/D conversion. If the
power supply current needs to be reduced in software standby mode, clear the ADST, TR

TRGSO bits all to O to disable A/D conversion.
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Module stop mode can be set

Module data bus o | Internal data bus
3
©
Q
kS
1]
3
fis]
Vref —
— -
AVoo 8-bit glz [&
DA1 <— D/A K 2 2 Q
ala |
DA0 <+
AVgg —>
Control circuit
[Legend]

DADRO: D/A data register 0
DADR1: D/A data register 1
DACRO1: D/A control register 01

Figure16.1 Block Diagram of D/A Converter

Rev.2.00 Jun. 28, 2007 Pag
RENESAS REJC



AlladlVy Duiput pilt v URAU wvulputl wiialllicl U diidiVy vutlpul

Analog output pin 1 DA1 Output Channel 1 analog output

16.3 Register Descriptions
The D/A converter has the following registers.

e D/A data register 0 (DADRO)
e D/A data register 1 (DADR1)
e D/A control register 01 (DACRO1)

16.3.1 D/A Data Registers0and 1 (DADRO and DADR1)

DADR is an 8-bit readable/writable register that stores data to which D/A conversion is t
performed. Whenever analog output is enabled, the values in DADR are converted and o
the analog output pins.

Bit 7 6 5 4 3 2 1
Bit Name

Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
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DIl il INallic valuc nN/vv veoLuliipuull

7 DAOE1 0 R/W D/A Output Enable 1
Controls D/A conversion and analog output.
0: Analog output of channel 1 (DA1) is disablec
1: D/A conversion of channel 1 is enabled. Ana

of channel 1 (DA1) is enabled.

6 DAOEO 0 R/W D/A Output Enable 0
Controls D/A conversion and analog output.
0: Analog output of channel 0 (DAO) is disablec
1: D/A conversion of channel 0 is enabled. Ana

of channel 0 (DAO) is enabled.

5 DAE 0 R/W D/A Enable
Used together with the DAOEO and DAOE1 bit;
D/A conversion. When this bit is cleared to 0, O
conversion is controlled independently for chan
1. When this bit is set to 1, D/A conversion for «
and 1 is controlled together.
Output of conversion results is always controlle
DAOEO and DAOET1 bits. For details, see table
Control of D/A Conversion.

4t00 — All 1 R Reserved

These are read-only bits and cannot be modifie
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Analog output of channel 0 (DAO) is disabled and ar
output of channel 1 (DA1) is enabled.

D/A conversion of channels 0 and 1 is enabled.

Analog output of channels 0 and 1 (DAO and DA1) i
enabled.

D/A conversion of channels 0 and 1 is enabled.

Analog output of channels 0 and 1 (DAO and DA1) i
disabled.

D/A conversion of channels 0 and 1 is enabled.

Analog output of channel 0 (DAO) is enabled and an
output of channel 1 (DA1) is disabled.

D/A conversion of channels 0 and 1 is enabled.

Analog output of channel 0 (DAO) is disabled and ar
output of channel 1 (DA1) is enabled.

D/A conversion of channels 0 and 1 is enabled.

Analog output of channels 0 and 1 (DAO and DA1) i
enabled.
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from the analog output pin DAO after the conversion time t,, has elapsed. The cor
result continues to be output until DADRO is written to again or the DAOEQ bit is cl
The output value is expressed by the following formula:

Contents of DADR/256 x V

3. If DADRO is written to again, the conversion is immediately started. The conversion
output after the conversion time t, ., has elapsed.

4. If the DAOEQ bit is cleared to 0, analog output is disabled.

DADRO DACRO1 DADRO DACRO1
write cycle write cycle write cycle write cycle
Po L
Address
DADRO X Conversion data 1 Conversion data 2
DAOEO |_
DA)  —— e T T Conversion
High-impedance state Conversion | %+, | | resultz :
result 1
toconv toconv

[Legend]
tpcony: D/A conversion time

Figure16.2 Example of D/A Converter Operation
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When this LSI enters software standby mode with D/A conversion enabled, the D/A outp
retained, and the analog power supply current is equal to as during D/A conversion. If the
power supply current needs to be reduced in software standby mode, clear the ADST, TR
TRGSO bits all to 0 to disable D/A conversion.
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ROMless H8SX/1651C 40 kbytes H'FF2000 to H'
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This LSI supports three types of clocks: a system clock provided to the CPU and bus m:
peripheral module clock provided to the peripheral modules, and an external bus clock f
the external bus. These clocks can be specified independently. Note, however, that the f
of the peripheral clock and external bus clock are lower than that of the system clock.

EXTAL —

XTAL —

Oscillator {—

PLL
circuit

EXTAL x 4

EXTAL x 4

EXTAL x 2

EXTAL x 1

Divider
“an,
1/2,
1/4,

and 1/8)

EXTAL x 1/2

11

12

1/4

1/8

11

12

1/4

1/8

SCKCR
ICK2 to ICKO
Selector System ¢
(to the CI
bus mas
SCKCR
PCK2 to PCKO
Selector Peripher:
clock (P
(to peript

BCK2 to BCKO

External
(to the B

Figure18.1 Block Diagram of Clock Pulse Generator
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Bit 15 14 13 12 11 10 9

Bit Name PSTOP1 — POSELT1 — — ICK2 ICK1

Initial Value 0 0 0 0 0 0 1

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

Bit 7 6 5 4 3 2 1

Bit Name — PCK2 PCK1 PCKO — BCK2 BCK1

Initial Value 0 0 1 0 0 0 1

R/W R/W R/W R/W R/W R/W R/W R/W
Initial

Bit Bit Name Value R/W Description

15 PSTOP1 0 R/W B¢ Output Select

Controls the ¢ output on PA7.
o Normal operation
0: B¢ output
1: Fixed high
0 R/W Reserved

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

13 POSEL1 0 R/W ¢ Output Select 1
Controls the ¢ output on PA7.
0: External bus clock (B¢)
1: Setting prohibited

14
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W §e S G

010: x 1
011:x 1/2
1XX: Setting prohibited

The frequencies of the peripheral module clock
external bus clock change to the same frequen
system clock if the frequency of the system clo
than that of the two clocks.

— R/W Reserved
This bit is always read as 0. The write value sh
always be 0.
PCK2 R/W Peripheral Module Clock (P¢) Select
PCK1 R/W These bits select the frequency of the peripher:
PCKO R/W clock. The ratio to the input clock is as follows:
000: x 4
001: x2
010: x 1
011: x 1/2
1XX: Setting prohibited
The frequency of the peripheral module clock s
lower than that of the system clock. Though the
can be set so as to make the frequency of the |
module clock higher than that of the system clo
clocks will have the same frequency in reality.
— R/W Reserved

This bit is always read as 0. The write value sh
always be 0.
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The frequency of the external bus clock should t
than that of the system clock. Though these bits
set so as to make the frequency of the external |
higher than that of the system clock, the clocks \
the same frequency in reality.

[Legend]
X: Don't care
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CL1
EXTAL ﬁ_—| |—Th_
| —
xTAL —AM—T——
Ry Cp C1=C,=10t0 22 pF

Figure 18.2 Connection of Crystal Resonator (Example)

Table18.1 Damping Resistance Value

Frequency (MHz) 8 12 18

R, (Q) 200 0

d

Figure 18.3 shows an equivalent circuit of the crystal resonator. Use a crystal resonator

the characteristics shown in table 18.2.

— o — | AV
RS
> EXTAL

XTAL -=—

|
I
o AT-cut parallel-resonance type

Figure18.3 Crystal Resonator Equivalent Circuit
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input to the XTAL pin, make sure that the external clock is held high in standby mode.

EXTAL b—— J-I_I-I_n_ External clock input

XTAL p—— Open

(a) XTAL pin left open

o T
XTAL

(b) Counter clock input on XTAL pin

J-I_I-I_n_ External clock input

Figure18.4 External Clock Input (Examples)

For the input conditions of the external clock, refer to tables 21.4 and 21.14 in section 21
Electrical Characteristics. The input external clock should be from 8 to 18 MHz.

18.3 PLL Circuit

The PLL circuit has the function of multiplying the frequency of the clock from the oscil
factor of 4. The frequency multiplication factor is fixed. The phase difference is controlle
the timing of the rising edge of the internal clock is the same as that of the EXTAL pin si

184  Frequency Divider

The frequency divider divides the PLL clock to generate a 1/2, 1/4, or 1/8 clock. After bi
to ICKO, PCK 2 to PCKO0, and BCK2 to BCKO are modified, this LSI operates at the moc
frequency.
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< P¢ < 35 MHz, and 8 MHz < B¢ < 50 MHz.

. All the on-chip peripheral modules (except for the DTC) operate on the P¢. Therefor
that the time processing of modules such as a timer and SCI differs before and after
the clock division ratio.

In addition, wait time for clearing software standby mode differs by changing the cl
division ratio. For details, see section 19.5.3, Setting Oscillation Settling Time after
Software Standby Mode.

. The relationship among the system clock, peripheral module clock, and external bus
> P¢ and I¢ > B¢. In addition, the system clock setting has the highest priority. Accc
P¢ or B¢ may have the frequency set by bits ICK?2 to ICKO regardless of the setting:
PCK?2 to PCKO or BCK2 to BCKO.

. Figure 18.5 shows the clock modification timing. After a value is written to SCKCR
waits for the current bus cycle to complete. After the current bus cycle completes, ez
frequency will be modified within one cycle (worst case) of the external input clock
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Operating clock Operating clock changed
specified in SCKCR

Figure18.5 Clock Madification Timing

18.5.2 Noteson Resonator

Since various characteristics related to the resonator are closely linked to the user's board
thorough evaluation is necessary on the user's part, using the resonator connection examp
shown in this section as a reference. As the parameters for the resonator will depend on tl
floating capacitance of the resonator and the mounting circuit, the parameters should be
determined in consultation with the resonator manufacturer. The design must ensure that
exceeding the maximum rating is not applied to the resonator pin.

18.5.3 Noteson Board Design

When using the crystal resonator, place the crystal resonator and its load capacitors as clc
possible to the XTAL and EXTAL pins. Other signal lines should be routed away from t
oscillation circuit as shown in figure 18.6 to prevent induction from interfering with corre
oscillation.
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PLLVss from the other Vcc and Vss lines at the board power supply source, and be sure
bypass capacitors CPB and CB close to the pins.

Rp: 100 Q
PLLVce T 'VV\'
T CPB: 0.1 pF*
PLLVss
Vce *
% CB: 0.1 yF* {l__
Vss
T

Note: * CB and CPB are laminated ceramic capacitors.

Figure 18.7 Recommended External Circuitry for PLL Circuit
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e Module stop function

The functions for each peripheral module can be stopped to make a transition to a pc
mode.

e Transition function to power-down mode

Transition to a power-down mode is possible to stop the CPU, peripheral modules, a
oscillator.

e Four power-down modes
Sleep mode
All-module-clock-stop mode
Software standby mode

Hardware standby mode
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watlivoenauawvia iyt

method

Hnoiiupte

=AtUlial niteliyupt

Oscillator Functioning Functioning Halted Halted
CPU Halted (retained)  Halted (retained) Halted (retained) Halted
Watchdog timer Functioning Functioning Halted (retained)  Halted
8-bit timer Functioning Functioning** Halted (retained)  Halted
Other peripheral  Functioning Halted*' Halted*' Halted*
modules

1/0 port Functioning Retained Retained Hi-Z

Notes: "Halted (retained)" in the table means that the internal register values are retainec
internal operations are suspended.

Howp =

SCI enters the reset state, and other peripheral modules retain their states.

External interrupt and some internal interrupts (8-bit timer and watchdog timer;
All peripheral modules enter the reset state.
"Functioning" or "Halted" is selectable through the setting of bits MSTPA11 to

in MSTPCRA. However, pin output is disabled even when "Functioning" is sele
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/ - violrvn=nrju-rjirerr

SLEEP instruction _
Program execution state > All-module-clock-
Interrupt1 stop mode

LEEP instruction

SSBY =1

External

~~a
interrupt2 ™~ Software standby mode

Program halted state

———— > Transition after exception handling

Notes: From any state, a transition to hardware standby mode occurs when STBY is driven low.
From any state except for hardware standby mode, a transition to the reset state occurs when RES is
1. NMI, TRQO to IRQ1T, 8-bit timer interrupts, and watchdog timer interrupts.
The 8-bit timer is valid when bits MSTPCRA11 to MSTPCRAB8 are all cleared to 0.
2. NMI and IRQO to IRQ11. Note that IRQ is valid only when the corresponding bit in SSIER is set to 1

Figure19.1 Mode Transitions

19.2 Register Descriptions

The registers related to the power-down modes are shown below. For details on the syst
control register (SCKCR), see section 18.1.1, System Clock Control Register (SCKCR)

e Standby control register (SBYCR)

e Module stop control register A (MSTPCRA)
e Module stop control register B (MSTPCRB)
e Module stop control register C (MSTPCRC)
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DIL INallic I oLric I I

Initial Value 0 0 0
R/W R/W R/W R/W

Initial
Bit Bit Name Value R/W

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

Description

15 SSBY 0 RW

Software Standby

Specifies the transition mode after executing the
instruction.

0: Shifts to sleep mode after the SLEEP instructi
executed

1: Shifts to software standby mode after the SLE
instruction is executed

This bit does not change when clearing the softv
standby mode by using external interrupts and s
normal operation. For clearing, write O to this bit.
the WDT is used as the watchdog timer, the sett
bit is disabled. In this case, a transition is always
sleep mode or all-module-clock-stop mode after
SLEEP instruction is executed. When the SLPIE
to 1, this bit should be cleared to 0.

14 OPE 1 R/W

Output Port Enable
Specifies whether the output of the address bus

control signals (CS0 to CS7, AS, RD, HWR, and
retained or set to the high-impedance state in sc

standby mode.

0: In software standby mode, address bus and b
control signals are high-impedance

1: In software standby mode, address bus and b
control signals retain output state
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OSCHIalion sctliflyg urne. vvitln all CXLCitlal CIOCK,
circuit settling time is necessary. Refer to table
the standby time.

While oscillation is being settled, the timer is cc
the P¢ clock frequency. Careful consideration i
in multi-clock mode.

00000:
00001:
00010:
00011:
00100:
00101:
00110:
00111:
01000:
01001:
01010:
01011:
01100:
01101:
01110:
01111:

Reserved

Reserved

Reserved

Reserved

Reserved

Standby time = 64 states
Standby time = 512 states
Standby time = 1024 states
Standby time = 2048 states
Standby time = 4096 states
Standby time = 16384 states
Standby time = 32768 states
Standby time = 65536 states
Standby time = 131072 states
Standby time = 262144 states
Standby time = 524288 states

1XXXX: Reserved
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INSrUcClorn exCepuorl fiandiry all docs 110t G
transition to power-down mode. After executic
sleep instruction exception handling, this bit re
set to 1. Clear the bit by writing 0 to this bit.

6to0 — All O R/W Reserved

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

Note: X: Don't care

19.22 Module Stop Control RegistersA, B (MSTPCRA, MSTPCRB)

MSTPCRA and MSTPCRB control module stop mode. Setting a bit to 1 makes the corre
module enter module stop mode, while clearing the bit to 0 clears module stop mode.

o MSTPCRA

Bit 15 14 13 12 11 10 9

Bit Name ACSE MSTPA14 MSTPA13 MSTPA12 MSTPA11 MSTPA10 MSTPA9
Initial Value 0 0 0 0 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1

Bit Name MSTPA7 MSTPA6 MSTPA5 MSTPA4 MSTPA3 MSTPA2 MSTPA1
Initial Value 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W
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MSTPCRA

Initial

Bit Bit Name Value R/W Module

15 ACSE 0 R/W All-Module-Clock-Stop Mode Enable
Enables/disables all-module-clock-stop mode f
reducing current consumption by stopping the
controller and 1/O ports operations when the CF
executes the SLEEP instruction after module st
has been set for all the on-chip peripheral mod
controlled by MSTPCR.
0: All-module-clock-stop mode disabled
1: All-module-clock-stop mode enabled

14 MSTPA14 0 R/W Reserved
This bit is always read as 0. The write value sh
always be 0.

13 MSTPA13 0 R/W DMA controller (DMAC)

12 MSTPA12 0 R/W Data transfer controller (DTC)

11 MSTPA11 1 R/W Reserved

10 MSTPA10 1 R/W These bits are always read as 1. The write valu
always be 1.

9 MSTPA9 1 R/W 8-bit timer (TMR_3 and TMR_2)

8 MSTPA8 1 R/W 8-bit timer (TMR_1 and TMR_0)

7 MSTPA7 1 R/W Reserved

6 MSTPA6 1 R/W These bits are always read as 1. The write valu

always be 1.
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0 MSTPAO 1 16-bit timer pulse unit (TPU channels 5 to 0)
e MSTPCRB
Initial
Bit Bit Name Value R/W Module
15 MSTPB15 1 R/W Programmable pulse generator (PPG)
14 MSTPB14 1 R/W Reserved
13 MSTPB13 1 R/W These bits are always read as 1. The write value
always be 1.
12 MSTPB12 1 R/W Serial communication interface_4 (SCI_4)
11 MSTPB11 1 R/W Serial communication interface_3 (SCI_3)
10 MSTPB10 1 R/W Serial communication interface_2 (SCI_2)
9 MSTPB9 1 R/W Serial communication interface_1 (SCI_1)
8 MSTPB8 1 R/W Serial communication interface_0 (SCI_0)
7 MSTPB7 1 R/W Reserved
6 MSTPB6 1 R/W These bits are always read as 1. The write value
5 MSTPB5 1 rw  awaysbel.
4 MSTPB4 1 R/W
3 MSTPB3 1 R/W
2 MSTPB2 1 R/W
1 MSTPB1 1 R/W
0 MSTPBO 1 R/W
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e

| I e B e e A |

Initial Value 0 0 0 0 0 0

RW RW R/W RW RW RW RW RW
Initial

Bit Bit Name Value R/W Module

15 MSTPC15 1 R/W Reserved

14 MSTPC14 A1 R/W These bits are always read as 1. The write valu

13 MSTPC13 1 rw  alwaysbe .

12 MSTPC12 A1 R/W

11 MSTPC11 1 R/W

10 MSTPC10 1 R/W

9 MSTPC9 1 R/W

8 MSTPC8 1 R/W

7 MSTPC7 0 R/W Reserved

6 MSTPC6 O R/W These bits are always read as 0. The write valu

5 MSTPC5 0 Rw  awaysbe0.

4 MSTPC4 0 R/W On-chip RAM_4 (H'FFF2000 to H'FFF3FFF)

3 MSTPC3 0 R/W On-chip RAM_3 (H'FFF4000 to H'FFF5FFF)

2 MSTPC2 0 R/W On-chip RAM_2 (H'FFF6000 to H'FFF7FFF)

1 MSTPC1 0 R/W On-chip RAM_1 (H'FFF8000 to H'FFFIFFF)

0 MSTPCO O R/W On-chip RAM_0 (H'FFFA000 to H'FFFBFFF)
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the operating clock specified by bits ICK2 to ICKO.

Multi-clock mode is cleared by clearing all of bits ICK2 to ICK0, PCK2 to PCKO, and B¢
BCKO to 0. A transition is made to normal mode at the end of the bus cycle, and multi-cl
is cleared.

If a SLEEP instruction is executed while the SSBY bit in SBYCR is cleared to 0, this LS
sleep mode. When sleep mode is cleared by an interrupt, multi-clock mode is restored.

If a SLEEP instruction is executed while the SSBY bit in SBYCR is set to 1, this LSI ent
software standby mode. When software standby mode is cleared by an external interrupt,
clock mode is restored.

When the RES pin is driven low, the reset state is entered and multi-clock mode is cleare
same applies to a reset caused by watchdog timer overflow.

When the STBY pin is driven low, a transition is made to hardware standby mode.
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Sleep mode is exited by any interrupt, signals on the RES or STBY pin, and a reset caus
watchdog timer overflow.

1. Clearing by interrupt

When an interrupt occurs, sleep mode is exited and interrupt exception processing st
mode is not exited if the interrupt is disabled, or interrupts other than NMI are mask
CPU.

2. Clearing by RES pin
Setting the RES pin level low selects the reset state. After the stipulated reset input ¢
driving the RES pin high makes the CPU start the reset exception processing.
3. Clearing by STBY pin
When the STBY pin level is driven low, a transition is made to hardware standby mq
4. Clearing by reset caused by watchdog timer overflow

Sleep mode is exited by an internal reset caused by a watchdog timer overflow.
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consumption to be significantly reduced.

If the WDT is used as a watchdog timer, it is impossible to make a transition to software
mode. The WDT should be stopped before the SLEEP instruction execution.

19.5.2 Clearing Software Standby Mode

Software standby mode is cleared by an external interrupt (NMI pin, or pins IRQO to IRC
by means of the RES pin or STBY pin.

1.

Clearing by interrupt

When an NMI or IRQO to IRQ11* interrupt request signal is input, clock oscillation s

after the elapse of the time set in bits STS4 to STSO in SBYCR, stable clocks are supj

the entire LSI, software standby mode is cleared, and interrupt exception handling is

When clearing software standby mode with an IRQO to IRQ11* interrupt, set the

corresponding enable bit to 1 and ensure that no interrupt with a higher priority than i

IRQO to IRQ11* is generated. Software standby mode cannot be cleared if the interru

been masked on the CPU side or has been designated as a DTC activation source.

Note: * By setting the SSIn bit in SSIER to 1, IRQO to IRQ11 can be used as a soft
standby mode clearing source.

Clearing by RES pin

When the RES pin is driven low, clock oscillation is started. At the same time as cloc

oscillation starts, clocks are supplied to the entire LSI. Note that the RES pin must be

until clock oscillation settles. When the RES pin goes high, the CPU begins reset exc

handling.

Clearing by STBY pin

When the STBY pin is driven low, a transition is made to hardware standby mode.
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Table19.2 Oscillation Settling Time Settings

Standby P¢* [MHz]
STS4 STS3 STS2 STS1 STSO Time 35 25 20
0 0 0 0 0 Reserved — — —
1 Reserved — — —
1 0 Reserved — — —
1 Reserved — — —
1 0 0 Reserved — — —
1 64 1.8 2.6 3.2
1 0 512 14.6 20.5 25.6
1 1024 29.3 41.0 51.2
1 0 0 0 2048 58.5 81.9 102.4
1 4096 0.12 0.16 0.20
1 0 16384 0.47 0.66 0.82
1 32768 0.94 1.31 1.64
1 0 0 65536 1.87 2.62 3.28
1 131072 3.74 5.24 6.55
1 0 262144 7.49 10.49 13.11
1 524288 14.98 20.97 26.21
1 0 0 0 0 Reserved — — —

I:l : Recommended time setting when using a crystal resonator.
|:| : Recommended time setting when using an external clock.
Note: * P¢ is the output from the peripheral module frequency divider.

RENESAS
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1024 78.8 102.4 128.0

1 0 0 0 2048 157.5 204.8 256.0

1 4096 0.32 0.41 0.51

1 32765 2.52 3.28 4.10

1 0 0 65536 5.04 6.55 8.19
1 131072 10.08 13.11 16.38
1 0 262144 20.16 26.21 32.77
1 524288 40.33 52.43 65.54

1 0 0 0 0 Reserved — — —

- : Recommended time setting when using a crystal resonator.
|:| : Recommended time setting when using an external clock.
Note: * ¢ is the output from the peripheral module frequency divider.

Rev.2.00 Jun. 28, 2007 Page 674 of 784
REJ09B248-0200 RENESAS



osaitator [ | | [ [ [{[]]]] ’ AT
))

((

NMI 1 (« f

))

((

)
NMIEG I

((

SSBY | "

NMI exception Software standby mode |—— NMI exception
handling (power-down mode) Oscillation handling
NMIEG = 1 settling time

SSBY =1 tosce

SLEEP instruction

Figure19.2 Software Standby Mode Application Example
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e

driving the STBY pin low. Do not change the state of the mode pins (MD2 to MDO) whil
LSI is in hardware standby mode.

19.6.2 Clearing Hardware Standby Mode

Hardware standby mode is cleared by means of the STBY pin and the RES pin. When th
pin is driven high while the RES pin is low, the reset state is entered and clock oscillatior
started. Ensure that the RES pin is held low until clock oscillation settles (for details on t
oscillation settling time, refer to table 19.2). When the RES pin is subsequently driven hi;
transition is made to the program execution state via the reset exception handling state.

19.6.3 Hardware Standby Mode Timing
Figure 19.3 shows an example of hardware standby mode timing.

When the STBY pin is driven low after the RES pin has been driven low, a transition is 1
hardware standby mode. Hardware standby mode is cleared by driving the STBY pin hig
waiting for the oscillation settling time, then changing the RES pin from low to high.

osaitator | | | [[]]][]]]] " AT
m | (( |

))

STBY 1 " 1

) > >

Oscillation Reset
settling time  exception handling

Figure19.3 Hardware Standby Mode Timing

Rev.2.00 Jun. 28, 2007 Page 676 of 784
REJ09B248-0200 RENESAS



liming.

@ Power supply l

RES |

A

@ Reset state !
STBY | |
|

I@ Hardware standby mode

Figure19.4 Timing Sequence at Power-On
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starts operating at the end of the bus cycle. In module stop mode, the internal states of mc
other than the SCI are retained.

After the reset state is cleared, all modules other than the DTC, DMAC, or on-chip RAM
module stop mode.

The registers of the module for which module stop mode is selected cannot be read from
to.

19.7.2  All-Module-Clock-Stop Mode

When the ACSE bit is set to 1 and all modules controlled by MSTPCR are stopped (MS'I
MSTPCRB = H'FFFFFFFF), or all modules except for the 8-bit timer are stopped (MSTE
MSTPCRB = H'F[0 to F]JFFFFFF), executing a SLEEP instruction with the SSBY bit in !
cleared to 0 will cause all modules (except for the 8-bit timer* and watchdog timer), the t
controller, and the I/O ports to stop operating, and to make a transition to all-module-cloc
mode at the end of the bus cycle.

All-module-clock-stop mode is cleared by an external interrupt (NMI or IRQO to IRQ11
RES pin input, or an internal interrupt (8-bit timer* or watchdog timer), and the CPU rett
normal program execution state via the exception handling state. All-module-clock-stop 1
not cleared if interrupts are disabled, if interrupts other than NMI are masked on the CPU
if the relevant interrupt is designated as a DTC activation source.

When the STBY pin is driven low, a transition is made to hardware standby mode.

Note: * Operation or halting of the 8-bit timer can be selected by bits MSTPA11 to M
MSTPCRA.
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Transitions to the power-down state are inhibited when sleep instruction exception hand
initiated, and the CPU immediately starts sleep instruction exception handling.

When a SLEEP instruction is executed while the SLPIE bit is cleared to 0, a transition i
the power-down state. The power-down state is canceled by a canceling factor interrupt
19.5).

When a canceling factor interrupt is generated immediately before the execution of a SL
instruction, exception handling for the interrupt starts. When execution returns from the
service routine, the SLEEP instruction is executed to enter the power-down state. In this
power-down state is not canceled until the next canceling factor interrupt is generated (s
19.6).

When the SLPIE bit is set to 1 in the service routine for a canceling factor interrupt so tl
execution of a SLEEP instruction will produce sleep instruction exception handling, the
of the system is as shown in figure 19.7. Even if a canceling factor interrupt is generatec
immediately before the SLEEP instruction is executed, sleep instruction exception hand
initiated by execution of the SLEEP instruction. Therefore, the CPU executes the instruc
follows the SLEEP instruction after sleep instruction exception and exception service rc
without shifting to the power-down state.

When the SLPIE bit is set to 1 to start sleep exception handling, clear the SSBY bit in S
to 0.
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RTE instruction executed

\

Instruction after SLEEP instruction

Figure19.5 When Canceling Factor Interrupt is Generated
after SLEEP Instruction Execution

SLPIE=0

Instruction before SLEEP instruction

Yes Transition by exception

Y

No Interrupt handli

Canceling factor interrupt

RTE instruction executed |

Yy

SLEEP instruction executed (SLPIE = 0)

Return from the power-
down state after the next
canceling factor interrupt
is generated

Transition by exception

\

Interrupt handli

RTE instruction executed |

!

Instruction after SLEEP instruction

Figure19.6 When Canceling Factor Interrupt is Generated
before SLEEP Instruction Execution (Sleep I nstruction Exception Handling Not |1
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Sleep |nstruct|0n Hicaltioiuuvis Uy UAMU'JLIUI riariigan Iy
exceotion handling
Vector Number 18

Exception servise routine

RTE instruction executed |

'

Instruction after SLEEP instruction

Figure 19.7 When Canceling Factor Interrupt is Generated
before SLEEP Instruction Execution (Sleep Instruction Exception Handling In
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Table19.3 B¢ Pin (PA7) Statein Each Processing State

All- Software
Register Setting Value Normal Module- Standby Mode
Operating Sleep Clock-
DDR PSTOP1 POSEL1  State Mode Stop Mode OPE=0 OPE=1
0 X X Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z
1 0 0 B¢ output B¢ output B¢ output  High High
1 0 1 Setting Setting Setting Setting Setting
prohibited prohibited prohibited prohibited prohibited
1 1 X High High High High High
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19.10.3 Module Stop Mode of DMAC or DTC

Depending on the operating state of the DMAC and DTC, bits MSTPA13 and MSTPAI1
be set to 1, respectively. The module stop mode setting for the DMAC or DTC should b
out only when the DMAC or DTC is not activated.

For details, refer to section 7, DMA Controller (DMAC), and section 8, Data Transfer C
(DTCO).
19.10.4 On-Chip Peripheral Module Interrupts

Relevant interrupt operations cannot be performed in module stop mode. Consequently,
stop mode is entered when an interrupt has been requested, it will not be possible to cle:
interrupt source or the DMAC or DTC activation source. Interrupts should therefore be
before entering module stop mode.

19.10.5 Writingto MSTPCRA, MSTPCRB, and MSTPCRC

MSTPCRA, MSTPCRB, and MSTPCRC should only be written to by the CPU.
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clock. For details, refer to section 6.5.4, External Bus Interface.

Among the internal I/O register area, addresses not listed in the list of registers are u
or reserved addresses. Undefined and reserved addresses cannot be accessed. Do not
these addresses; otherwise, the operation when accessing these bits and subsequent «
cannot be guaranteed.

Register bits
Bit configurations of the registers are listed in the same order as the register address:
Reserved bits are indicated by — in the bit name column.

Space in the bit name field indicates that the entire register is allocated to either the «
data.

For the registers of 16 or 32 bits, the MSB is listed first.

Byte configuration description order is subject to big endian.

Register states in each operating mode

Register states are listed in the same order as the register addresses.

For the initialized state of each bit, refer to the register description in the correspond
section.

The register states shown here are for the basic operating modes. If there is a specifi
an on-chip peripheral module, refer to the section on that on-chip peripheral module
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Port B data direction register PBDDR 8 H'FFB8A 1/0 port 2F
Port D data direction register PDDDR 8 H'FFB8C 1/0 port 2F
Port E data direction register PEDDR 8 H'FFB8D 1/0 port 2F
Port F data direction register PFDDR 8 H'FFB8E 1/O port 2F
Port 1 input buffer control register P1ICR 8 H'FFB90 1/0 port 2F
Port 2 input buffer control register P2ICR 8 H'FFB91 1/0 port 2F
Port 3 input buffer control register P3ICR 8 H'FFB92 1/0 port 2F
Port 5 input buffer control register P5ICR 8 H'FFB94 1/0 port 2F
Port 6 input buffer control register P6ICR 8 H'FFB95 1/0 port 2F
Port A input buffer control register PAICR 8 H'FFB99 1/O port 2F
Port B input buffer control register PBICR 8 H'FFB9A I/O port 2F
Port D input buffer control register PDICR 8 H'FFB9C 1/0 port 2F
Port E input buffer control register PEICR 8 H'FFB9D I/O port 2F
Port F input buffer control register PFICR 8 H'FFBYE 1/0 port 2F
Port H register PORTH 8 H'FFBAO 1/0 port 2F
Port | register PORTI 8 H'FFBA1 1/0 port 2F
Port H data register PHDR 8 H'FFBA4 1/0 port 2F
Port | data register PIDR 8 H'FFBA5 I/0 port 2F
Port H data direction register PHDDR 8 H'FFBAS8 1/0 port 2F
Port | data direction register PIDDR 8 H'FFBA9 1/0 port 2F
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Port 2 open drain control register P20DR 8 H'FFBBC 1/0 port 8 :
Port F open drain control register PFODR 8 H'FFBBD 1/0 port 8 :
Port function control register 0 PFCRO 8 H'FFBCO 1/0 port 8 :
Port function control register 1 PFCR1 8 H'FFBCA 1/0 port 8 :
Port function control register 2 PFCR2 8 H'FFBC2 1/0 port 8 :
Port function control register 4 PFCR4 8 H'FFBC4 1/0 port 8 :
Port function control register 6 PFCR6 8 H'FFBC6 1/0 port 8 :
Port function control register 7 PFCR7 8 H'FFBC7 1/0 port 8 :
Port function control register 9 PFCR9 8 H'FFBC9 1/0 port 8 :
Port function control register B PFCRB 8 H'FFBCB 1/0 port 8 :
Port function control register C PFCRC 8 H'FFBCC 1/0 port 8 :
Software standby release IRQ enable SSIER 16 H'FFBCE INTC 8 :
register
DMA source address register_0 DSAR_O 32 H'FFC00 DMAC_0 16 :
DMA destination address register_0 DDAR_O 32 H'FFC04 DMAC_0 16 :
DMA offset register_0 DOFR_0 32 H'FFCO08 DMAC_0 16 :
DMA transfer count register_0 DTCR_O 32 H'FFCOC DMAC_0 16 :
DMA block size register_0 DBSR_0 32 H'FFC10 DMAC_0 16 :
DMA mode control register_0 DMDR_0 32 H'FFC14 DMAC_0 16 :
DMA address control register_0 DACR_0 32 H'FFC18 DMAC_0 16 :
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DMA source address register_2 DSAR_2 32 H'FFC40 DMAC_2 16 2|,
DMA destination address register_2 DDAR_2 32 H'FFC44 DMAC_2 16 2l
DMA offset register_2 DOFR_2 32 H'FFC48 DMAC_2 16 2l
DMA transfer count register_2 DTCR_2 32 H'FFC4C DMAC_2 16 2l
DMA block size register_2 DBSR_2 32 H'FFC50 DMAC_2 16 2l
DMA mode control register_2 DMDR_2 32 H'FFC54 DMAC_2 16 2l
DMA address control register_2 DACR_2 32 H'FFC58 DMAC_2 16 2|
DMA source address register_3 DSAR_3 32 H'FFC60 DMAC_3 16 2|,
DMA destination address register_3 DDAR_3 32 H'FFC64 DMAC_3 16 2l
DMA offset register_3 DOFR_3 32 H'FFC68 DMAC_3 16 2|
DMA transfer count register_3 DTCR_3 32 H'FFC6C DMAC_3 16 2l
DMA block size register_3 DBSR_3 32 H'FFC70 DMAC_3 16 2l
DMA mode control register_3 DMDR_3 32 H'FFC74 DMAC_3 16 2|
DMA address control register_3 DACR_3 32 H'FFC78 DMAC_3 16 2l
DMA module request select register 0 DMRSR_0 8 H'FFD20 DMAC_0 16 2l
DMA module request select register .1 DMRSR_1 8 H'FFD21 DMAC_1 16 2l
DMA module request select register 2 ~ DMRSR_2 8 H'FFD22 DMAC_2 16 2l
DMA module request select register .3 DMRSR_3 8 H'FFD23 DMAC_3 16 2|,
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Interrupt priority register | IPRI 16 H'FFD50 INTC 16 :
Interrupt priority register K IPRK 16 H'FFD54 INTC 16 :
Interrupt priority register L IPRL 16 H'FFD56 INTC 16 :
IRQ sense control register H ISCRH 16 H'FFD68 INTC 16 :
IRQ sense control register L ISCRL 16 H'FFD6A INTC 16 :
DTC vector base register DTCVBR 32 H'FFD80 BSC 16 :
Bus width control register ABWCR 16 H'FFD84 BSC 16 :
Access state control register ASTCR 16 H'FFD86 BSC 16 :
Wait control register A WTCRA 16 H'FFD88 BSC 16 :
Wait control register B WTCRB 16 H'FFD8A BSC 16 :
Read strobe timing control register RDNCR 16 H'FFD8C BSC 16 :
CS assert period control register CSACR 16 H'FFD8E BSC 16 :
Idle control register IDLCR 16 H'FFD90 BSC 16 :
Bus control register 1 BCR1 16 H'FFD92 BSC 16 :
Bus control register 2 BCR2 8 H'FFD94 BSC 16 :
Endian control register ENDIANCR 8 H'FFD95 BSC 16 :
SRAM mode control register SRAMCR 16 H'FFD98 BSC 16 :
Burst ROM interface control register BROMCR 16 H'FFD9A BSC 16 :
Address/data multiplexed I/O control MPXCR 16 H'FFD9C BSC 16 :

register
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Serial extended mode register_2 SEMR_2 8 H'FFE84 SCI_2 8 2F
Serial mode register_3 SMR_3 8 H'FFE88 SCI_3 8 2F
Bit rate register_3 BRR_3 8 H'FFE89 SCI_3 8 2F
Serial control register_3 SCR_3 8 H'FFESA SCI_3 8 2F
Transmit data register_3 TDR_3 8 H'FFESB SCI_3 8 2F
Serial status register_3 SSR_3 8 H'FFE8C SCI_3 8 2F
Receive data register_3 RDR_3 8 H'FFE8SD SCI_3 8 2F
Smart card mode register_3 SCMR_3 8 H'FFESE SCI_3 8 2F
Serial mode register_4 SMR_4 8 H'FFE90 SCI_4 8 2F
Bit rate register_4 BRR_4 8 H'FFE91 SCI_4 8 2F
Serial control register_4 SCR_4 8 H'FFE92 SCI_4 8 2F
Transmit data register_4 TDR_4 8 H'FFE93 SCl_4 8 2F
Serial status register_4 SSR_4 8 H'FFE94 SCI_4 8 2F
Receive data register_4 RDR_4 8 H'FFE95 SCl_4 8 2F
Smart card mode register_4 SCMR_4 8 H'FFE96 SCI_4 8 2F
Timer control register_2 TCR_2 8 H'FFECO TMR_2 16 2F
Timer control register_3 TCR_3 8 H'FFEC1 TMR_3 16 2F
Timer control/status register_2 TCSR_2 8 H'FFEC2 TMR_2 16 2F
Timer control/status register_3 TCSR_3 8 H'FFEC3 TMR_3 16 2F
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Timer counter control register_3 TCCR_3 8 H'FFECB TMR_3 16 :
Timer control register_4 TCR_4 8 H'FFEEO TPU_4 16 :
Timer mode register_4 TMDR_4 8 H'FFEE1 TPU_4 16 :
Timer I/O control register_4 TIOR_4 8 H'FFEE2 TPU_4 16 :
Timer interrupt enable register_4 TIER_4 8 H'FFEE4 TPU_4 16 :
Timer status register_4 TSR_4 8 H'FFEES5 TPU_4 16 :
Timer counter_4 TCNT_4 16 H'FFEE6 TPU_4 16 :
Timer general register A_4 TGRA_4 16 H'FFEES8 TPU_4 16 :
Timer general register B_4 TGRB_4 16 HFFEEA TPU_4 16 :
Timer control register_5 TCR_5 8 H'FFEFO TPU_5 16 :
Timer mode register_5 TMDR_5 8 H'FFEF1 TPU_5 16 :
Timer 1/O control register_5 TIOR_5 8 H'FFEF2 TPU_5 16 p
Timer interrupt enable register_5 TIER_5 8 H'FFEF4 TPU_5 16 :
Timer status register_5 TSR_5 8 H'FFEF5 TPU_5 16 :
Timer counter_5 TCNT_5 16 H'FFEF6 TPU_5 16 :
Timer general register A_5 TGRA_5 16 H'FFEF8 TPU_5 16 :
Timer general register B_5 TGRB_5 16 H'FFEFA TPU_5 16 :
DTC enable register A DTCERA 16 H'FFF20 INTC 16 :
DTC enable register B DTCERB 16 H'FFF22 INTC 16 :
DTC enable register C DTCERC 16 H'FFF24 INTC 16 :
DTC enable register D DTCERD 16 H'FFF26 INTC 16 :
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IRQ enable register IER 16 H'FFF34 INTC 16 2|,
IRQ status register ISR 16 H'FFF36 INTC 16 2l
Port 1 register PORT1 8 H'FFF40 1/0 port 8 2F
Port 2 register PORT2 8 H'FFF41 1/O port 8 2F
Port 3 register PORT3 8 H'FFF42 1/0 port 8 2F
Port 5 register PORT5 8 H'FFF44 1/0 port 8 2F
Port 6 register PORT6 8 H'FFF45 1/0 port 8 2F
Port A register PORTA 8 H'FFF49 1/0 port 8 2F
Port B register PORTB 8 H'FFF4A 1/O port 8 2F
Port D register PORTD 8 H'FFF4C 1/0 port 8 2F
Port E register PORTE 8 H'FFF4D 1/0 port 8 2F
Port F register PORTF 8 H'FFF4E 1/0 port 8 2F
Port 1 data register P1DR 8 H'FFF50 1/0 port 8 2F
Port 2 data register P2DR 8 H'FFF51 1/0 port 8 2F
Port 3 data register P3DR 8 H'FFF52 1/0 port 8 2F
Port 6 data register P6DR 8 H'FFF55 1/0 port 8 2F
Port A data register PADR 8 H'FFF59 1/0 port 8 2F
Port B data register PBDR 8 H'FFF5A 1/0 port 8 2F
Port D data register PDDR 8 H'FFF5C 1/0 port 8 2F
Port E data register PEDR 8 H'FFF5D 1/0 port 8 2F
Port F data register PFDR 8 H'FFF5E 1/0 port 8 2F
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D/A data register 0 DADRO 8 H'FFF68 D/A 8 :
D/A data register 1 DADR1 8 H'FFF69 D/A 8 :
D/A control register 01 DACRO1 8 H'FFF6A D/A 8 :
PPG output control register PCR 8 H'FFF76 PPG 8 :
PPG output mode register PMR 8 H'FFF77 PPG 8 :
Next data enable register H NDERH 8 H'FFF78 PPG 8 :
Next data enable register L NDERL 8 H'FFF79 PPG 8 :
Output data register H PODRH 8 H'FFF7A PPG 8 :
Output data register L PODRL 8 H'FFF7B PPG 8 :
Next data register H* NDRH 8 H'FFF7C PPG 8 :
Next data register L* NDRL 8 H'FFF7D PPG 8 :
Next data register H* NDRH 8 H'FFF7E PPG 8 :
Next data register L* NDRL 8 H'FFF7F PPG 8 :
Serial mode register_0 SMR_0 8 H'FFF80 SCI_0 8 :
Bit rate register_0 BRR_0 8 H'FFF81 SCI_0 8 :
Serial control register_0 SCR_0 8 H'FFF82 SCI_0 8 :
Transmit data register_0 TDR_O 8 H'FFF83 SCI_0 8 :
Serial status register_0 SSR_0 8 H'FFF84 SCI_0 8 :
Receive data register_0 RDR_0 8 H'FFF85 SCI_0 8 p
Smart card mode register_0 SCMR_0 8 H'FFF86 SCI_0 8 :
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A/D data register A ADDRA 16 H'FFF90 A/D 16 2F
A/D data register B ADDRB 16 H'FFF92 A/D 16 2F
A/D data register C ADDRC 16 H'FFF94 A/D 16 2F
A/D data register D ADDRD 16 H'FFF96 A/D 16 2F
A/D data register E ADDRE 16 H'FFF98 A/D 16 2F
A/D data register F ADDRF 16 H'FFF9A A/D 16 2F
A/D data register G ADDRG 16 H'FFFIC A/D 16 2F
A/D data register H ADDRH 16 H'FFF9E A/D 16 2F
A/D control/status register ADCSR 8 H'FFFAO A/D 16 2F
A/D control register ADCR 8 H'FFFA1 A/D 16 2F
Timer control/status register TCSR 8 H'FFFA4 WDT 2F
Timer counter TCNT 8 H'FFFA5 WDT 2F
Reset control/status register RSTCSR 8 H'FFFA7 WDT 2F
Timer control register_0 TCR_O 8 H'FFFBO TMR_O 16 2F
Timer control register_1 TCR_1 8 H'FFFB1 TMR_1 16 2F
Timer control/status register_0 TCSR_0 8 H'FFFB2 TMR_0 16 2F
Timer control/status register_1 TCSR_1 8 H'FFFB3 TMR_1 16 2F
Time constant register A_0 TCORA_O 8 H'FFFB4 TMR_0 16 2F
Time constant register A_1 TCORA_1 8 H'FFFB5 TMR_1 16 2F
Time constant register B_0 TCORB_0 8 H'FFFB6 TMR_0 16 2F
Time constant register B_1 TCORB_1 8 H'FFFB7 TMR_1 16 2F
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Timer mode register_0 TMDR_O0 8 H'FFFC1 TPU_O 16 :
Timer I/O control register H_0 TIORH_0 8 H'FFFC2 TPU_O 16 :
Timer 1/O control register L_0 TIORL_O 8 H'FFFC3 TPU_O 16 :
Timer interrupt enable register_0 TIER_O 8 H'FFFC4 TPU_O 16 :
Timer status register_0 TSR_0 8 H'FFFC5 TPU_O 16 :
Timer counter_0 TCNT_O 16 H'FFFC6 TPU_O 16 :
Timer general register A_0 TGRA_O 16 H'FFFC8 TPU_O 16 p
Timer general register B_0 TGRB_0 16 H'FFFCA TPU_O 16 :
Timer general register C_0 TGRC_0 16 H'FFFCC TPU_O 16 :
Timer general register D_0 TGRD_0 16 H'FFFCE TPU_O 16 :
Timer control register_1 TCR_1 8 H'FFFDO TPU_1 16 :
Timer mode register_1 TMDR_1 8 H'FFFD1 TPU_1 16 :
Timer I/O control register_1 TIOR_1 8 H'FFFD2 TPU_1 16 :
Timer interrupt enable register_1 TIER_1 8 H'FFFD4 TPU_1 16 :
Timer status register_1 TSR_1 8 H'FFFD5 TPU_1 16 :
Timer counter_1 TCNT_1 16 H'FFFD6 TPU_1 16 :
Timer general register A_1 TGRA_1 16 H'FFFD8 TPU_1 16 :
Timer general register B_1 TGRB_1 16 H'FFFDA TPU_1 16 :
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Timer general register B_2 TGRB_2 16 H'FFFEA TPU_2 16 2F
Timer control register_3 TCR_3 8 H'FFFFO TPU_3 16 2F
Timer mode register_3 TMDR_3 8 H'FFFF1 TPU_3 16 2F
Timer I/O control register H_3 TIORH_3 8 H'FFFF2 TPU_3 16 2F
Timer 1/O control register L_3 TIORL_3 8 H'FFFF3 TPU_3 16 2F
Timer interrupt enable register_3 TIER_3 8 H'FFFF4 TPU_3 16 2F
Timer status register_3 TSR_3 8 H'FFFF5 TPU_3 16 2F
Timer counter_3 TCNT_3 16 H'FFFF6 TPU_3 16 2F
Timer general register A_3 TGRA_3 16 H'FFFF8 TPU_3 16 2F
Timer general register B_3 TGRB_3 16 H'FFFFA TPU_3 16 2F
Timer general register C_3 TGRC_3 16 H'FFFFC TPU_3 16 2F
Timer general register D_3 TGRD_3 16 H'FFFFE TPU_3 16 2F

Note: * When the same output trigger is specified for pulse output groups 2 and 3 by t
setting, the NDRH address is H'FFF7C. When different output triggers are spe
NDRH addresses for pulse output groups 2 and 3 are H'FFF7E and H'FFF7C,
respectively. Similarly, When the same output trigger is specified for pulse out
groups 0 and 1 by the PCR setting, the NDRL address is H'FFF7D. When diffe
output triggers are specified, the NDRL addresses for pulse output groups 0 al
H'FFF7F and H'FFF7D, respectively.
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P6DDR — — P65DDR P64DDR P63DDR P62DDR P61DDR P60DDR
PADDR PA7DDR PA6DDR PASDDR PA4DDR PA3DDR PA2DDR PA1DDR PAODDR
PBDDR — — — — PB3DDR PB2DDR PB1DDR PBODDR
PDDDR PD7DDR PD6DDR PD5DDR PD4DDR PD3DDR PD2DDR PD1DDR PDODDR
PEDDR PE7DDR PE6DDR PE5SDDR PE4DDR PE3DDR PE2DDR PE1DDR PEODDR
PFDDR PF7DDR PF6DDR PF5DDR PF4DDR PF3DDR PF2DDR PF1DDR PFODDR
P1ICR P17ICR P16ICR P15ICR P14ICR P13ICR P12ICR P11ICR P10ICR
P2ICR P27ICR P26ICR P25ICR P24ICR P23ICR P22ICR P21ICR P20ICR
P3ICR P37ICR P36ICR P35ICR P34ICR P33ICR P32ICR P31ICR P30ICR
P5ICR P57ICR P56ICR P55ICR P54ICR P53ICR P52ICR P51ICR P50ICR
P6ICR — — P65ICR P64ICR P63ICR P62ICR P61ICR P60ICR
PAICR PA7ICR PA6ICR PASICR PA4ICR PASICR PA2ICR PA1ICR PAOICR
PBICR —_ — —_ — PB3ICR PB2ICR PB1ICR PBOICR
PDICR PD7ICR PD6ICR PD5ICR PD4ICR PD3ICR PD2ICR PD1ICR PDOICR
PEICR PE7ICR PEGICR PES5ICR PE4ICR PE3ICR PE2ICR PE1ICR PEOICR
PFICR PF7ICR PF6ICR PF5ICR PF4ICR PF3ICR PF2ICR PF1ICR PFOICR
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PDPCR PD7PCR PD6PCR PD5PCR PD4PCR PD3PCR PD2PCR PD1PCR PDOPCR
PEPCR PE7PCR PE6PCR PESPCR PE4PCR PE3PCR PE2PCR PE1PCR PEOPCR
PFPCR PF7PCR PF6PCR PF5PCR PF4PCR PF3PCR PF2PCR PF1PCR PFOPCR
PHPCR PH7PCR PH6PCR PH5PCR PH4PCR PH3PCR PH2PCR PH1PCR PHOPCR
PIPCR PI7PCR PI6PCR PISPCR PI4PCR PI3PCR PI2PCR PI1PCR PIOPCR
P20DR P270DR P260DR P250DR P240DR P230DR P220DR P210DR P200DR
PFODR PF7ODR PF6ODR PF50DR PF40DR PF30DR PF20DR PF10DR PFOODR
PFCRO CS7E CS6E CS5E CS4E CS3E CS2E CS1E CSOE
PFCR1 CS7SA CS7SB CS6SA CS6SB CS5SA CS5SB CS4SA CS4SB
PFCR2 — Cs2s BSS BSE — RDWRE ASOE —
PFCR4 A23E A22E A21E — — — - —
PFCR6 — LHWROE — — — TCLKS — — —
PFCR7 DMAS3A  DMAS3B  DMAS2A  DMAS2B  DMAS1A  DMAS1B  DMASOA  DMASOB
PFCR9 TPUMS5  TPUMS4  TPUMS3A TPUMS3B TPUMS2  TPUMST TPUMSOA  TPUMSOB
PFCRB — — — — ITS11 ITS10 ITS9 ITS8
PFCRC ITS7 ITS6 ITS5 ITS4 ITS3 ITS2 ITS1 ITSO
SSIER — — — — SSI SSI10 SSl9 ssis
ssi7 SSl6 SSI5 SSl4 SSI3 ssi2 SSi SSI0
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DOFR_0

DTCR_0
DBSR_0 BKSZH31 BKSZH30 BKSZH29 BKSZH28 BKSZH27 BKSZH26 BKSZH25 BKSZH24
BKSZH23 BKSZH22 BKSZH21 BKSZH20 BKSZH19 BKSZH18 BKSZH17 BKSZH16
BKSZ15 BKSZ14 BKSZ13 BKSZ12 BKSZ11 BKSZ10 BKSZz9 BKSZz8
BKSZ7 BKSZ6 BKSZ5 BKSz4 BKSZ3 BKSZz2 BKSZ1 BKSZ0
DMDR_0 DTE DACKE TENDE — DREQS NRD — —
ACT — — — ERRF — ESIF DTIF
DTSZ1 DTSZ0 MDS1 MDSO0 TSEIE - ESIE DTIE
DTF1 DTFO DTA — — DMAP2 DMAP1 DMAPO
DACR_0 AMS DIRS — — — RPTIE ARS1 ARSO
— — SAT1 SATO — — DATA DATO
SARIE — — SARA4 SARA3 SARA2 SARA1 SARAO0
DARIE - - DARA4 DARA3 DARA2 DARA1 DARAO

RENESAS
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DOFR_1

DTCR_1
DBSR_1 BKSZH31  BKSZH30  BKSZH29  BKSZH28  BKSZH27  BKSZH26  BKSZH25  BKSZH24
BKSZH23  BKSZH22  BKSZH21  BKSZH20  BKSZH19  BKSZH18  BKSZH17  BKSZH16
BKSZ15 BKSZ14 BKSZ13 BKSZ12 BKSZ11 BKSZ10 BKSZ9 BKSZ8
BKSZ7 BKSZ6 BKSZ5 BKSZ4 BKSZ3 BKSZ2 BKSZ1 BKSZ0
DMDR_1 DTE DACKE TENDE — DREQS NRD — —
ACT — — — — — ESIF DTIF
DTSZ1 DTSZ0 MDS1 MDS0 TSEIE — ESIE DTIE
DTF1 DTFO DTA — — DMAP2 DMAP1 DMAPO
DACR_1 AMS DIRS — — — RPTIE ARS1 ARSO
— — SAT1 SATO — — DAT1 DATO
SARIE — — SARA4 SARA3 SARA2 SARA1 SARAO
DARIE — - DARA4 DARA3 DARA2 DARA1 DARAO
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DOFR_2

DTCR_2
DBSR_2 BKSZH31 BKSZH30 BKSZH29 BKSZH28 BKSZH27 BKSZH26 BKSZH25 BKSZH24
BKSZH23 BKSZH22 BKSZH21 BKSZH20 BKSZH19 BKSZH18 BKSZH17 BKSZH16
BKSZ15 BKSZ14 BKSZ13 BKSZ12 BKSZ11 BKSZ10 BKSZz9 BKSZz8
BKSZ7 BKSZ6 BKSZ5 BKSz4 BKSZ3 BKSZz2 BKSZ1 BKSZ0
DMDR_2 DTE DACKE TENDE — DREQS NRD — —
ACT — — — — — ESIF DTIF
DTSZ1 DTSZ0 MDS1 MDSO0 TSEIE - ESIE DTIE
DTF1 DTFO DTA — — DMAP2 DMAP1 DMAPO
DACR_2 AMS DIRS — — — RPTIE ARS1 ARSO
— — SAT1 SATO — — DATA DATO
SARIE — — SARA4 SARA3 SARA2 SARA1 SARAO0
DARIE - - DARA4 DARA3 DARA2 DARA1 DARAO
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DOFR_3

DTCR_3
DBSR_3 BKSZH31  BKSZH30  BKSZH29  BKSZH28  BKSZH27  BKSZH26  BKSZH25  BKSZH24
BKSZH23  BKSZH22  BKSZH21  BKSZH20  BKSZH19  BKSZH18  BKSZH17  BKSZH16
BKSZ15 BKSZ14 BKSZ13 BKSZ12 BKSZ11 BKSZ10 BKSZ9 BKSZ8
BKSZ7 BKSZ6 BKSZ5 BKSZ4 BKSZ3 BKSZ2 BKSZ1 BKSZ0
DMDR_3 DTE DACKE TENDE — DREQS NRD — —
ACT — — — — — ESIF DTIF
DTSZ1 DTSZ0 MDS1 MDS0 TSEIE — ESIE DTIE
DTF1 DTFO DTA — — DMAP2 DMAP1 DMAPO
DACR_3 AMS DIRS — — — RPTIE ARS1 ARSO
— — SAT1 SATO — — DAT1 DATO
SARIE — — SARA4 SARA3 SARA2 SARA1 SARAO
DARIE — - DARA4 DARA3 DARA2 DARA1 DARAO
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IPRC —_ IPRC14 IPRC13 IPRC12 — IPRC10 IPRC9 IPRC8
— IPRC6 IPRC5 IPRC4 — IPRC2 IPRCA IPRCO
IPRE — — — — — IPRE10 IPRE9 IPRES
IPRF — — — — — IPRF10 IPRF9 IPRF8
— IPRF6 IPRF5 IPRF4 —_ IPRF2 IPRF1 IPRFO
IPRG — IPRG14 IPRG13 IPRG12 — IPRG10 IPRG9 IPRG8
— IPRG6 IPRG5 IPRG4 — IPRG2 IPRG1 IPRGO
IPRH — IPRH14 IPRH13 IPRH12 — IPRH10 IPRH9 IPRH8
— IPRH6 IPRH5 IPRH4 — IPRH2 IPRH1 IPRHO
IPRI — IPRI14 IPRI13 IPRI12 — IPRI10 IPRI9 IPRI8
— IPRI6 IPRI5 IPRI4 — IPRI2 IPRI1 IPRIO
IPRK — IPRK14 IPRK13 IPRK12 —_ — — —_
— IPRK6 IPRK5 IPRK4 — IPRK2 IPRK1 IPRKO
IPRL — IPRL14 IPRL13 IPRL12 — IPRL10 IPRL9 IPRL8
— IPRL6 IPRL5 IPRL4 — — — —
ISCRH — — — — — — — —
IRQ11SR IRQ11SF IRQ10SR IRQ10SF IRQ9SR IRQ9SF IRQ8SR IRQ8SF
ISCRL IRQ7SR IRQ7SF IRQ6SR IRQ6SF IRQ5SR IRQ5SF IRQ4SR IRQ4SF
IRQ3SR IRQ3SF IRQ2SR IRQ2SF IRQ1SR IRQ1SF IRQOSR IRQOSF
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WTCRA — w72 W71 w70 — we2 we1 W60

— W52 W51 W50 — w42 W41 W40
WTCRB — w32 W31 W30 — w22 w21 W20

— w12 W11 w10 — wo2 wo1 W00
RDNCR RDN7 RDN6 RDN5 RDN4 RDN3 RDN2 RDN1 RDNO
CSACR CSXH7 CSXH6 CSXH5 CSXH4 CSXH3 CSXH2 CSXH1 CSXHO

CSXT7 CSXT6 CSXT5 CSXT4 CSXT3 CSXT2 CSXT1 CSXTO
IDLCR IDLS3 IDLS2 IDLS1 IDLSO IDLCB1 IDLCBO IDLCA1 IDLCAO

IDLSEL7 IDLSEL6 IDLSEL5 IDLSEL4 IDLSEL3 IDLSEL2 IDLSEL1 IDLSELO
BCR1 BRLE BREQOE  — — — — WDBE WAITE

DKC — — — — — — —
BCR2 — — - IBCCS — — — PWDBE
ENDIANCR  LE7 LE6 LE5 LE4 LE3 LE2 — —
SRAMCR BCSEL7 BCSEL6 BCSEL5 BCSEL4 BCSEL3 BCSEL2 BCSEL1 BCSELO
BROMCR BSRMO BSTS02 BSTSO1 BSTS00 — — BSWDO1 BSWDO00

BSRM1 BSTS12 BSTS11 BSTS10 — — BSWD11 BSWD10
MPXCR MPXE7 MPXE6 MPXE5 MPXE4 MPXE3 — — —

— — - — — — — ADDEX
MDCR — — — — — MDS2 MDS1 MDSO
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MSTPCRB MSTPB15 MSTPB14 MSTPB13 MSTPB12 MSTPB11 MSTPB10 MSTPB9 MSTPB8
MSTPB7 MSTPB6 MSTPB5 MSTPB4 MSTPB3 MSTPB2 MSTPB1 MSTPBO
MSTPCRC MSTPC15 MSTPC14 MSTPC13 MSTPC12 MSTPC11 MSTPC10 MSTPC9 MSTPC8
MSTPC7 MSTPC6 MSTPC5 MSTPC4 MSTPC3 MSTPC2 MSTPC1 MSTPCO
SEMR_2 — — — — ABCS ACS2 ACS1 ACSO
SMR_3*' C/A CHR PE OE STOP MP CKS1 CKSO0
(GM) (BLK) (PE) (O/E) (BCPO) (BCPO)
BRR_3
SCR_3*' TIE RIE TE RE MPIE TEIE CKE1 CKEO
TDR_3
SSR_3*' TDRE RDRF ORER FER PER TEND MPB MPBT
(ERS)
RDR_3
SCMR_3 — SDIR SINV SMIF
SMR_4*' C/A CHR PE OE STOP MP CKS1 CKS0
(GM) (BLK) (PE) (O/E) (BCP1) (BCPO)
BRR_4
SCR_4*' TIE RIE TE RE MPIE TEIE CKE1 CKEO
TDR_4
SSR_4*' TDRE RDRF ORER FER PER TEND MPB MPBT
(ERS)
RDR_4
SCMR_4 —_ — —_ — SDIR SINV — SMIF
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WA

TCNT_2

TCNT_3

TCCR_2 — - - - TMRIS - ICKS1 ICKS0
TCCR_3 — — — — TMRIS — ICKS1 ICKSO
TCR_4 — CCLR1 CCLRO CKEGH1 CKEGO TPSC2 TPSC1 TPSCO
TMDR_4 — — — — — MD2 MD1 MDO
TIOR_4 10B3 10B2 10B1 10B0 I0A3 10A2 10A1 I10A0
TIER_4 TTGE - TCIEU TCIEV - - TGIEB TGIEA
TSR_4 TCFD — TCFU TCFV — — TGFB TGFA
TCNT_4

TGRA_4

TGRB_4

TCR_5 — CCLR1 CCLRO CKEGH1 CKEGO TPSC2 TPSC1 TPSCO
TMDR_5 — — — — — MD2 MD1 MDO
TIOR_5 10B3 10B2 10B1 10B0 10A3 10A2 10A1 10A0
TIER_5 TTGE — TCIEU TCIEV — — TGIEB TGIEA
TSR_5 TCFD - TCFU TCFV - - TGFB TGFA
TCNT_5
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DTCERC DTCE15 DTCE14 DTCE13 DTCE12 DTCE11 DTCE10 DTCE9 DTCES8
DTCE?7 DTCE6 DTCE5 DTCE4 DTCE3 DTCE2 DTCE1 DTCEO
DTCERD DTCE15 DTCE14 DTCE13 DTCE12 DTCE11 DTCE10 DTCE9 DTCES8
DTCE?7 DTCE6 DTCE5 DTCE4 DTCE3 DTCE2 DTCE1 DTCEO
DTCERE DTCE15 DTCE14 DTCE13 DTCE12 DTCE11 DTCE10 DTCE9 DTCES8
DTCE7 DTCE6 DTCE5 DTCE4 DTCE3 DTCE2 DTCE1 DTCEO
DTCERF DTCE15 DTCE14 DTCE13 DTCE12 DTCE11 DTCE10 DTCE9 DTCES8
DTCE7 DTCE6 DTCE5 DTCE4 DTCE3 DTCE2 DTCE1 DTCEO
DTCERG DTCE15 DTCE14 DTCE13 DTCE12 DTCE11 DTCE10 DTCE9 DTCES8
DTCE7 DTCE6 DTCE5 DTCE4 DTCE3 DTCE2 DTCE1 DTCEO
DTCERH DTCE15 DTCE14 DTCE13 DTCE12 DTCE11 DTCE10 DTCE9 DTCES8
DTCE?7 DTCE6 DTCE5 DTCE4 DTCE3 DTCE2 DTCE1 DTCEO
DTCCR —_ — — RRS RCHNE — —_ ERR
INTCR — — INTM1 INTMO NMIEG — — —
CPUPCR CPUPCE DTCP2 DTCP1 DTCPO IPSETE CPUP2 CPUP1 CPUPO
IER — — — — IRQ11E IRQ10E IRQ9E IRQ8E
IRQ7E IRQ6E IRQ5E IRQ4E IRQ3E IRQ2E IRQ1E IRQOE
ISR —_ — —_ — IRQ11F IRQ10F IRQ9F IRQ8F
IRQ7F IRQ6F IRQ5F IRQ4F IRQ3F IRQ2F IRQ1F IRQOF
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PORTE PE7 PE6 PE5 PE4 PE3 PE2 PE1 PEO

PORTF PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO

P1DR P17DR P16DR P15DR P14DR P13DR P12DR P11DR P10DR

P2DR P27DR P26DR P25DR P24DR P23DR P22DR P21DR P20DR

P3DR P37DR P36DR P35DR P34DR P33DR P32DR P31DR P30DR

P6DR — — P65DR P64DR P63DR P62DR P61DR P60DR

PADR PA7DR PA6DR PASDR PA4DR PA3DR PA2DR PA1DR PAODR

PBDR — — - — PB3DR PB2DR PB1DR PBODR

PDDR PD7DR PD6DR PD5DR PD4DR PD3DR PD2DR PD1DR PDODR

PEDR PE7DR PE6DR PESDR PE4DR PE3DR PE2DR PE1DR PEODR

PFDR PF7DR PF6DR PF5DR PF4DR PF3DR PF2DR PF1DR PFODR

SMR_2+' C/A CHR PE OE STOP MP CKS1 CKS0
(GM) (BLK) (PE) (O/E) (BCP1) (BCPO)

BRR_2

SCR_2*' TIE RIE TE RE MPIE TEIE CKET CKEO

TDR_2

SSR_2*' TDRE RDRF ORER FER PER TEND MPB MPBT

(ERS)

RDR_2

SCMR_2 — — — — SDIR SINV — SMIF
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PODRL POD7 POD6 POD5 POD4 POD3 POD2 POD1 PODO
NDRH:*? NDR15 NDR14 NDR13 NDR12 NDR11 NDR10 NDR9 NDR8
NDRL*? NDR7 NDR6 NDR5 NDR4 NDR3 NDR2 NDR1 NDRO
NDRH*? — — — — NDR11 NDR10 NDR9 NDR8
NDRL*? — — — — NDR3 NDR2 NDR1 NDRO
SMR_0*' C/A CHR PE OfE sTOP MP CKST CKS0
(@GM) (BLK) (PE) (O/E) (BCP1) (BCPO)

BRR_O

SCR_0*' TIE RIE TE RE MPIE TEIE CKE1 CKEO
TDR_O

SSR_0*' TDRE RDRF ORER FER PER TEND MPB MPBT

(ERS)

RDR_O

SCMR_0 — — — — SDIR SINV — SMIF

SMR_1+' C/A CHR PE OfE sTOP MP CKS1 CKS0

(@Mm) (BLK) (PE) (O/E) (BCP1) (BCPO)

BRR_1

SCR_1+' TIE RIE TE RE MPIE TEIE CKE1 CKEO
TDR_1

SSR_1#' TDRE RDRF ORER FER PER TEND MPB MPBT

(ERS)
RDR_1
SCMR_1 — — — — SDIR SINV — SMIF
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ADDRE

ADDRF
ADDRG

ADDRH

ADCSR ADF ADIE ADST — CH3 CH2 CH1 CHo
ADCR TRGST TRGSO SCANE SCANS CKS1 CKS0 — —
TCSR OVF WTAT TME — — CKs2 CKS1 CKS0
TONT

RSTCSR WOVF RSTE — — — — — —
TCR_0 CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKS0
TCR_1 CMIEB CMIEA OVIE CCLR1 CCLRO CKs2 CKS1 CKS0
TCSR_0 CMFB CMFA OVF ADTE 0Ss3 0s2 0s1 0S0
TCSR_1 CMFB CMFA OVF — 0Ss3 0s2 0s1 0S0
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TSTR — — CsTs CsT4 CsT3 CsT2 CsT1 CsTOo
TSYR — — SYNC5 SYNC4 SYNC3 SYNC2 SYNC1 SYNCO
TCR_0 CCLR2 CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO
TMDR_0 — — BFB BFA — MD2 MD1 MDO
TIORH_0 10B3 10B2 10B1 10B0 I0A3 10A2 I0A1 I0A0
TIORL_O 10D3 10D2 10D1 10D0 10C3 10C2 10C1 10C0o
TIER_O TTGE — TCIEU TCIEV TGIED TGIEC TGIEB TGIEA
TSR_0 TCFD — — TCFV TGFD TGFC TGFB TGFA
TCNT_0
TGRA_O
TGRB_0
TGRC_0
TGRD_0
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PRATA__ T

TGRB_1

TCR_2 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO
TMDR_2 — — — — — MD2 MD1 MDO
TIOR_2 I0B3 10B2 10B1 10B0 I0A3 I0A2 I0A1 I0A0
TIER_2 TTGE — TCIEU TCIEV — — TGIEB TGIEA
TSR_2 TCFD — TCFU TCFV — — TGFB TGFA
TCNT_2

TGRA_2

TGRB_2

TCR_3 CCLR2 CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO
TMDR_3 — — BFB BFA — MD2 MD1 MDO
TIORH_3 10B3 10B2 10B1 10B0 I0A3 10A2 I0A1 I0A0
TIORL_3 10D3 10D2 10D1 10D0 10C3 10C2 10C1 10CO
TIER_3 TTGE — TCIEU TCIEV TGIED TGIEC TGIEB TGIEA
TSR_3 TCFD — — TCFV TGFD TGFC TGFB TGFA
Rev.2.00 Jun. 28, 2007 Page 712 of 784

REJO9B248-0200 RENESAS



TGRD_3

Notes: 1. Parts of the bit functions differ in normal mode and the smart card interface.

2. When the same output trigger is specified for pulse output groups 2 and 3 by
setting, the NDRH address is H'FFF7C. When different output triggers are sp
NDRH addresses for pulse output groups 2 and 3 are H'FFF7E and H'FFF7C
respectively. Similarly, When the same output trigger is specified for pulse ou
groups 0 and 1 by the PCR setting, the NDRL address is H'FFF7D. When dif
output triggers are specified, the NDRL addresses for pulse output groups 0
H'FFF7F and H'FFF7D, respectively.
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PDDDR Initialized — — — — Initialized
PEDDR Initialized — — — — Initialized
PFDDR Initialized —_ —_ —_ —_ Initialized
P1ICR Initialized — — — — Initialized
P2ICR Initialized — — — — Initialized
P3ICR Initialized — — — — Initialized
P5ICR Initialized — — — — Initialized
P6ICR Initialized — —_ — —_ Initialized
PAICR Initialized — — — — Initialized
PBICR Initialized — —_ — —_ Initialized
PDICR Initialized — — — — Initialized
PEICR Initialized — — — — Initialized
PFICR Initialized — — — — Initialized
PORTH — — — — — —

PORTI — — — — —_ —

PHDR Initialized — — — — Initialized
PIDR Initialized — — — — Initialized
PHDDR Initialized — — — — Initialized
PIDDR Initialized — — — — Initialized
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PFODR Initialized — — — Initialized
PFCRO Initialized — — — Initialized
PFCR1 Initialized —_ —_ — Initialized
PFCR2 Initialized — — — Initialized
PFCR4 Initialized — — — Initialized
PFCR6 Initialized — — — Initialized
PFCR7 Initialized — — — Initialized
PFCR9 Initialized —_ —_ — Initialized
PFCRB Initialized — — — Initialized
PFCRC Initialized —_ —_ —_ Initialized
SSIER Initialized — — — Initialized
DSAR_O Initialized — — — Initialized
DDAR_O Initialized — — — Initialized
DOFR_0 Initialized — — — Initialized
DTCR_0 Initialized — — — Initialized
DBSR_0 Initialized — — — Initialized
DMDR_0 Initialized — — — Initialized
DACR_0 Initialized — — — Initialized

RENESAS

Rev.2.00 Jun. 28, 2007 Pag

REJC



Rl A =

et

ntiaiie i a

DDAR_2 Initialized — — Initialized
DOFR_2 Initialized — — Initialized
DTCR_2 Initialized — — Initialized
DBSR_2 Initialized — — Initialized
DMDR_2 Initialized — — Initialized
DACR_2 Initialized — — Initialized
DSAR_3 Initialized — — Initialized D
DDAR_3 Initialized — — Initialized
DOFR_3 Initialized — — Initialized
DTCR_3 Initialized — — Initialized
DBSR_3 Initialized — — Initialized
DMDR_3 Initialized — — Initialized
DACR_3 Initialized — — Initialized
DMRSR_0 Initialized — — Initialized D
DMRSR_1 Initialized — — Initialized D
DMRSR_2 Initialized — — Initialized D
DMRSR_3 Initialized — — Initialized D
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IPRK Initialized — — — Initialized
IPRL Initialized — — — Initialized
ISCRH Initialized —_ — —_ Initialized
ISCRL Initialized — — — Initialized
DTCVBR Initialized — — — Initialized
ABWCR Initialized — — — Initialized
ASTCR Initialized —_ — —_ Initialized
WTCRA Initialized — —_ —_ Initialized
WTCRB Initialized — — — Initialized
RDNCR Initialized —_ —_ —_ Initialized
CSACR Initialized — — — Initialized
IDLCR Initialized — — — Initialized
BCR1 Initialized — — — Initialized
BCR2 Initialized — — — Initialized
ENDIANCR Initialized —_ —_ —_ Initialized
SRAMCR Initialized — — — Initialized
BROMCR Initialized —_ —_ —_ Initialized
MPXCR Initialized — — — Initialized
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SMR_3 Initialized — — — — Initialized S
BRR_3 Initialized — — — — Initialized
SCR_3 Initialized — — — — Initialized
TDR_3 Initialized — Initialized Initialized Initialized Initialized
SSR_3 Initialized — Initialized Initialized Initialized Initialized
RDR_3 Initialized — Initialized Initialized Initialized Initialized
SCMR_3 Initialized —_ —_ —_ —_ Initialized
SMR_4 Initialized — — — — Initialized S
BRR_4 Initialized — — — — Initialized
SCR_4 Initialized — — — — Initialized
TDR_4 Initialized — Initialized Initialized Initialized Initialized
SSR_4 Initialized — Initialized Initialized Initialized Initialized
RDR_4 Initialized — Initialized Initialized Initialized Initialized
SCMR_4 Initialized — — — — Initialized
TCR_2 Initialized — — — — Initialized T
TCR_3 Initialized — — — — Initialized T
TCSR_2 Initialized — —_ — —_ Initialized T
TCSR_3 Initialized — — — — Initialized T
TCORA_2 Initialized — —_ — —_ Initialized T
TCORA_3 Initialized — — — — Initialized T
TCORB_2 Initialized — — — — Initialized T
TCORB_3 Initialized — — — — Initialized T
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TSR_4 Initialized — — — Initialized
TCNT_4 Initialized — — — Initialized
TGRA_4 Initialized — — — Initialized
TGRB_4 Initialized — — — Initialized
TCR_5 Initialized — — — Initialized
TMDR_5 Initialized — — — Initialized
TIOR_5 Initialized — — — Initialized
TIER_5 Initialized — — — Initialized
TSR_5 Initialized — — — Initialized
TCNT_5 Initialized — — — Initialized
TGRA_5 Initialized — — — Initialized
TGRB_5 Initialized — — — Initialized
DTCERA Initialized — — — Initialized
DTCERB Initialized — — — Initialized
DTCERC Initialized — — —_ Initialized
DTCERD Initialized — — — Initialized
DTCERE Initialized — — — Initialized
DTCERF Initialized — — — Initialized
DTCERG Initialized —_ —_ —_ Initialized
DTCERH Initialized — — —_ Initialized
DTCCR Initialized — — — Initialized
INTCR Initialized —_ — — Initialized
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PORTA — — — _ _
PORTB — — — — —
PORTD — — — —_ —
PORTE — — — — —
PORTF — —_ — —_

P1DR Initialized — — — Initialized
P2DR Initialized — — — Initialized
P3DR Initialized —_ — —_ Initialized
P6DR Initialized — — — Initialized
PADR Initialized —_ — —_ Initialized
PBDR Initialized — — — Initialized
PDDR Initialized — — — Initialized
PEDR Initialized — — — Initialized
PFDR Initialized — — — Initialized
SMR_2 Initialized — — — Initialized
BRR_2 Initialized — — — Initialized
SCR_2 Initialized —_ — —_ Initialized
TDR_2 Initialized Initialized Initialized Initialized Initialized
SSR_2 Initialized Initialized Initialized Initialized Initialized
RDR_2 Initialized Initialized Initialized Initialized Initialized
SCMR_2 Initialized — — — Initialized
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PODRL Initialized — — — Initialized
NDRH Initialized — — — Initialized
NDRL Initialized —_ —_ — Initialized
SMR_0 Initialized — — — Initialized
BRR_0 Initialized — — — Initialized
SCR_0 Initialized — — — Initialized
TDR_O Initialized Initialized Initialized Initialized Initialized
SSR_0 Initialized Initialized Initialized Initialized Initialized
RDR_0 Initialized Initialized Initialized Initialized Initialized
SCMR_0 Initialized —_ —_ — Initialized
SMR_1 Initialized — — — Initialized
BRR_1 Initialized — — — Initialized
SCR_1 Initialized — — — Initialized
TDR_1 Initialized Initialized Initialized Initialized Initialized
SSR_1 Initialized Initialized Initialized Initialized Initialized
RDR_1 Initialized Initialized Initialized Initialized Initialized
SCMR_1 Initialized —_ —_ —_ Initialized
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ADCSR Initialized — — Initialized

ADCR Initialized — — Initialized

TCSR Initialized —_ — Initialized W
TCNT Initialized — — Initialized

RSTCSR Initialized —_ —_ Initialized

TCR_O Initialized — — Initialized T
TCR_1 Initialized — — Initialized T
TCSR_0 Initialized — — Initialized T
TCSR_1 Initialized — — Initialized T
TCORA_O Initialized — — Initialized T
TCORA_1 Initialized — — Initialized T
TCORB_0 Initialized —_ — Initialized T
TCORB_1 Initialized — — Initialized T
TCNT_O Initialized — — Initialized T
TCNT_1 Initialized — — Initialized T
TCCR_O Initialized — — Initialized T
TCCR_1 Initialized —_ — Initialized T
TSTR Initialized — — Initialized T
TSYR Initialized — — Initialized
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TGRB_0 Initialized — — — Initialized
TGRC_0O Initialized — — — Initialized
TGRD_0 Initialized — — — Initialized
TCR_1 Initialized — — — Initialized
TMDR_1 Initialized — — — Initialized
TIOR_1 Initialized — — — Initialized
TIER_1 Initialized — — — Initialized
TSR_1 Initialized — — — Initialized
TCNT_A1 Initialized — — — Initialized
TGRA_1 Initialized — — — Initialized
TGRB_1 Initialized — — — Initialized
TCR_2 Initialized — — — Initialized
TMDR_2 Initialized — — — Initialized
TIOR_2 Initialized — — — Initialized
TIER_2 Initialized — — — Initialized
TSR_2 Initialized — — — Initialized
TCNT_2 Initialized — — — Initialized
TGRA_2 Initialized — — — Initialized
TGRB_2 Initialized — — — Initialized
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TGRB_3 Initialized — — — Initialized
TGRC_3 Initialized — — — Initialized
TGRD_3 Initialized — — — Initialized
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Input voltage (except port 5)

m -0.3to V,, +0.3
Input voltage (port 5) V., -0.3to AV +0.3
Reference power supply voltage of -0.3t0 AV +0.3
Analog power supply voltage AV . -0.3t0 +4.6
Analog input voltage Va -0.3t0 AV +0.3
Operating temperature T, Regular specifications:
—20t0 +75
Wide-range specifications:
—40 to +85
Storage temperature T —-55to +125

stg

Caution: Permanent damage to the LS| may result if absolute maximum ratings are exce
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Schmitt trigger  IRQ input pin, VT V. x 0.2 — — \%
input voltage TPU |‘nput pI‘I’l, VT - - V., x 0.7 v

TMR input pin,

port 2‘ port 3 VTJr - VTi VCC X 006 — —_— V

Port 5+ VT AV, x02 — — \Y

VT* — — AV, x0.7 V
VT'-VT  AV_,x0.06 — — Vv

Input high MD, RES, STBY, V,, V. x0.9 — V. +0.3 \%
voltage (except EMLE, NMI
Schmitt trigger "y 7p Vox07 — V,+03 V
input pin) Other input pins

Port 5 AV, x07 — AV,+03 V
Input low MD, RES, STBY, V, -0.3 — Vg, x 0.1
voltage (except EMLE
Schmitt trigger eyra| NI 0.3 — Vox02 V
input pin)

Other pins -0.3 — Vg x 0.2
Output high All output pins Vou Ve—0.5 — — loy =+
voltage V,—1.0 — — lon =+
Output low All output pins Vo — — 0.4 \ loo =1
voltage Port 3 — — 1.0 Iy = 1
Input leakage  RES 1.1 — — 10.0 pA V=
current Vo —

MD, STBY, — — 1.0

EMLE, NMI

Port 5 — — 1.0 V, =

AV,
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Input pull-up PortsDto F, H, | -l 10 — 300 pA Ve =

MOS current

Vin =
Input All input pins C, — — 15 pF V, =(
capacitance f=11
Ta =2
Current Normal operation  1,,*° — 30(3.3V) 45 mA f=235
consUmPlion - gieep mode _ 25(33V) 37
Standby mode** — 0.1 0.5 T,<5
— — 3.0 50°C
All-module-clock- — 15 25
stop mode*°
Analog power During A/D and D/A Al — 1.0@3.0V) 2.0 mA
supply conversion
current Standby for A/D — 0.1 20 WA
and D/A conversion
Reference During A/D and D/A Al — 1.5@.0V) 3.0 mA

power supply conversion

current

Standby for A/D — 0.4 5.0 pA
and D/A conversion
RAM standby voltage Vo 25 — — Vv
Ve start voltage*” V esmant — — 0.8 v
Vcec rising gradient*’ SV, — — 20 ms/V
Notes: 1. When the A/D and D/A converters are not used, the AV, V_, and AV pins
be open. Connect the AV . and V_ pins to V, and the AV, pin to V.
2. The case where port 5 is used as IRQO to IRQ7.
3. Current consumption values are for V, min =V_—0.5V and V max=0.5V v

output pins unloaded and all input pull-up MOSs in the off state.
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T, =-20C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Item Symbol Min. Typ. Max.
Permissible output low  Output pins except |, — — 2.0
current (per pin) port 3
Permissible output low  Port 3 lo — — 10
current (per pin)
Permissible output low  Total of all output Xl — — 80
current (total) pins
Permissible output high  All output pins =g, — — 2.0
current (per pin)
Permissible output high  Total of all output X, — — 40
current (total) pins

Caution:  To protect the LSI’s reliability, do not exceed the output current values in table

Note: * When the A/D and D/A converters are not used, the AV, V_, and AV pins s
be open. Connect the AV, and V_ pins to V,, and the AV, pin to V.
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1.5V (Vec=3.0Vt03.6V)

7T

Figure21.1 Output Load Circuit (1)
(1) Clock Timing

Table21.4 Clock Timing

Conditions: V..=30V1t03.6V,AV.=30V1t03.6V,V_ =30VtoAV,,
V,=AV,=0V,I$ =8 MHz to 35 MHz, B¢ = 8 MHz to 35 MHz,
P¢$ = 8 MHz to 35 MHz,
T, =-20°C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Iltem Symbol Min. Max. Unit. Test C
Clock cycle time t. 28.0 125 ns Figure
Clock high pulse width ten 5 — ns
Clock low pulse width to. 5 — ns
Clock rising time t., — 5 ns
Clock falling time t, — 5 ns
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width

External clock rising time t — 5 ns

EXr

External clock falling time oy — 5 ns

(2) Control Signal Timing
Table21.5 Control Signal Timing

Conditions: V.,.=3.0Vt03.6V,AV_ . =30Vt36V,V =30Vt AV,
V=AV,=0V,1¢ =8 MHz to 35 MHz,
T, =-20°C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Item Symbol Min. Max. Unit Test Con
RES setup time tess 200 — ns Figure 21
RES pulse width tow 20 — -

NMI setup time tns 150 — ns Figure 21
NMI hold time b 10 — ns

NMI pulse width (after leaving tanw 200 — ns

software standby mode)

IRQ setup time tros 150 — ns

IRQ hold time tron 10 — ns

IRQ pulse width (after leaving trow 200 — ns

software standby mode)
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Address setup time 1

21.20

st 05xt, -8 — ns
Address setup time 2 e 10xt, -8 — ns
Address setup time 3 s 15xt, -8 — ns
Address setup time 4 s 20xt, -8 — ns
Address hold time 1 e 05xt, -8 — ns
Address hold time 2 Yy 1.0xt, -8 — ns
Address hold time 3 tos 15xt, -8 — ns
CS delay time 1 toeon — 15 ns
AS delay time teo — 15 ns
RD delay time 1 toon — 15 ns
RD delay time 2 teo, — 15 ns
Read data setup time 1 trost 15 — ns
Read data setup time 2 toose 15 — ns
Read data hold time 1 tom 0 — ns
Read data hold time 2 toone 0 — ns
Read data access time 2 o — 1.5xt, -20 ns
Read data access time 4 e — 25xt,-20 ns
Read data access time 5 s — 1.0xt, -20 ns
Read data access time 6 s — 20xt,-20 ns
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(from address) 5

WR delay time 1 toro 15 ns
WR delay time 2 ture — 15 ns
WR pulse width 1 b 1.0xt, -13 — ns
WR pulse width 2 tswe 15xt, —-13 — ns
Write data delay time twoo — 20 ns
Write data setup time 1 tos: 05xt,-13 — ns
Write data setup time 2 tose 1.0xt, —-13 — ns
Write data setup time 3 toss 15xt, -13 — ns
Write data hold time 1 ton 05xt, -8 — ns
Write data hold time 3 twons 15xt, -8 — ns
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2yt LUV pUio Wit 1 fuBwi o Y2 ey 1TV L Al

Byte control pulse width 2 tawe — 20xt, -15 ns Figuri

Multiplexed address [V — 15 ns Figur

delay time 1 21.18

Multiplexed address toan 1.0xt, -15 — ns

hold time

Multiplexed address tnst 05xt, -15 — ns

setup time 1

Multiplexed address tnse 1.5xt, —-15 — ns

setup time 2

Address hold delay time [ — 15 ns

Address hold pulse width 1 [ 1.0xt, —-15 — ns

Address hold pulse width 2 Yawe 20xt, -15 — ns

WAIT setup time trs 15 — ns Figur

WAIT hold time [ 5.0 — ns 21.18

BREQ setup time toreas 20 — ns Figur

BACK delay time tonco — 15 ns

Bus floating time tom — 30 ns

BREQO delay time troon — 15 ns Figur

BS delay time toeo 1.0 15 ns Figur

RD/WR delay time too — 15 ns 21 ?4
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DREQ hold time t

DRQH 5 - ns
TEND delay time teo — 15 ns Figure
DACK delay time 1 toaoor — 15 ns Figure:
DACK delay time 2 toacoe — 15 ns 21.24
(5) On-Chip Peripheral Modules
Table21.8 Timing of On-Chip Peripheral Modules
Conditions: V.,.=3.0Vt03.6V,AV . =30Vt36V,V_ =30VtoAV_,
V=AV,=0V,Pd =28 MHz to 35 MHz,
T, =-20°C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)
Item Symbol Min. Max. Unit Test Ca
I/0 ports  Output data delay time towo — 40 ns Figure 2
Input data setup time tors 25 — ns
Input data hold time torn 25 — ns
TPU Timer output delay time troon — 40 ns Figure 2
Timer input setup time tes 25 — ns
Timer clock input setup time ¢ 25 — ns Figure 2
Timer clock  Single-edge S 1.5 — e
pulse width  setting
Both-edge | S 25 — e
setting
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SCI Input clock  Asynchronous t 4 — t Figure

Scyc cyc

cycle Clocked 6 —
synchronous

Input clock pulse width tookw 0.4 0.6 [

Input clock rise time S — 1.5 t.

Input clock fall time ook — 1.5 t.

Transmit data delay time tho — 40 ns Figure

Receive data setup time toxs 40 — ns

(clocked synchronous)

Receive data hold time [ 40 — ns

(clocked synchronous)
A/D Trigger input setup time tres 30 — ns Figure
converter
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Conversion time 7.4 — — us
Analog input capacitance — — 20 pF
Permissible signal source impedance — — 10 kQ
Nonlinearity error — — +7.5 LSE
Offset error — — +7.5 LSE
Full-scale error — — +7.5 LSE
Quantization error — +0.5 — LSE
Absolute accuracy — — +8.0 LSE
21.15 D/A Conversion Characteristics
Table21.10 D/A Conversion Characteristics
Conditions: V..=30V1t03.6V,AV =30V1t03.6V,V_ =30VtoAV,,

V=AV,=0V,P$ =28 MHz to 35 MHz,

T, =-20°C to +75°C (regular specifications),

T, =-40°C to +85°C (wide-range specifications)
Item Min. Typ. Max. Unit Test Conditi
Resolution 8 8 8 Bit
Conversion time — — 10 us 20-pF capaci
Absolute accuracy — +2.0 +3.0 LSB 2-MQ resistiv

— — +2.0 LSB 4-MQ resistiv

Rev.2.00 Jun. 28, 2007 Page 736 of 784
REJ09B248-0200 RENESAS



Reference power supply voltage

-0.3t0 AV, +0.3

ref

Analog power supply voltage AV, -0.3to +4.6

Analog input voltage V. -0.3to AV +0.3

Operating temperature T oo Regular specifications:
—-20to +75
Wide-range specifications:
—40 to +85

Storage temperature T -55to +125

stg

Caution: Permanent damage to the LS| may result if absolute maximum ratings are exce
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Schmitt IRQ input pin, B V. x 0.2 — — \
trigger input  TPU |.nput plln, VT - . V, x 0.7 v
voltage TMR input pin, "
port 2, port 3 VT'-VT V. x0.06 — — \Y%
Port 5+ VT AV, x02 — — \%
VT* — — AV,x07 V
VT'-VT AV, x0.06 — — \Y%
Input high MD, RES, STBY, V,, Vg x 0.9 — Vg + 0.3 Vv
voltage EMLE, NMI
(except EXTAL V,.x07 — V,, +0.3
Schmitt her i .
trigger input Other input pins
pin) Port 5 AV, x0.7 — AV, +0.3
Input low MD, RES, STBY, V, -0.3 — Vg x 0.1 \"
voltage EMLE
(except EXTAL, NMI -03 — V. x 0.2
Schmitt -
trigger input Other pins -0.3 — Vg x 0.2
pin)
Output high  All output pins Vo Ve —0.5 — — \ lon =-
I
VO tage Vcc ~-1.0 _ _ IOH _
Output low  All output pins Vo — — 0.4 \ loo =1
voltage Port 3 — — 1.0 Iy = 1
Input leakage RES 1.l — — 10.0 pA V=
current Ve =
MD, STBY, EMLE, — — 1.0
NMI
Port 5 — — 1.0 V, =
-05
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(off state)
Input pull-up Ports Dto F, H, | -l 10 — 300 pA Vs

MOS current 3.6
Vm =
Input All input pins C, — — 15 pF V, =
capacitance f=1
T, =
Current Normal operation  1,,*° — 45(3.3V) 65 mA f=5
C?nsumpﬁon Sleep mode — 35(3.3V) 52
Standby mode** — 0.1 0.5 T, <
— — 3.0 50°(
All-module-clock- — 22 36
stop mode*°
Analog power During A/D and D/A Al — 1.0@3.0V) 2.0 mA
supply conversion
current Standby for A/D — 0.1 20 pA
and D/A conversion
Reference During A/D and D/A Al — 1.5@.0V) 3.0 mA
power supply conversion
current Standby for A/D — 0.4 5.0 uA
and D/A conversion
RAM standby voltage Vean 2.5 — — \
Vcc start voltage*’ V csmant — — 0.8 \Y
Vcec rising gradient*’ SV, — — 20 ms/V

Notes: 1. When the A/D and D/A converters are not used, the AV ., V_, and AV, pins
be open. Connect the AV and V_, pins to V_, and the AV pinto V..
2. The case where port 5 is used as IRQO to IRQ7.
3. Current consumption values are for V, min =V_ —0.5V and V max =0.5V v
output pins unloaded and all input pull-up MOSs in the off state.
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T, =-20C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Item Symbol Min. Typ. Max.
Permissible output low  Output pins except |, — — 2.0
current (per pin) port 3
Permissible output low  Port 3 lo — — 10
current (per pin)
Permissible output low  Total of all output Xl — — 80
current (total) pins
Permissible output high  All output pins =g, — — 2.0
current (per pin)
Permissible output high  Total of all output X, — — 40
current (total) pins

Caution:  To protect the LSI’s reliability, do not exceed the output current values in table

Note: * When the A/D and D/A converters are not used, the AV, V_, and AV pins s
be open. Connect the AV, and V_ pins to V,, and the AV, pin to V.
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J_ 1.5V (Vgc=3.0Vt03.6V)

v

Figure21.1 Output Load Circuit (2)
(1) Clock Timing

Table21.14 Clock Timing

Conditions: V..=30V1t03.6V,AV.=30V1t03.6V,V_ =30VtoAV,,
V,=AV,=0V,I$ =8 MHz to 50 MHz, B¢ = 8 MHz to 50 MHz,
P¢$ = 8 MHz to 35 MHz,
T, =-20°C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Iltem Symbol Min. Max. Unit. Test C
Clock cycle time t. 20.0 125 ns Figure
Clock high pulse width ten 5 — ns
Clock low pulse width to. 5 — ns
Clock rising time t., — 5 ns
Clock falling time t, — 5 ns
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width

External clock rising time t — 5 ns

EXr

External clock falling time oy — 5 ns

(2) Control Signal Timing
Table21.15 Control Signal Timing

Conditions: V.,.=3.0Vt03.6V,AV_ . =30Vt36V,V =30Vt AV,
V=AV, =0V, 1¢ =8 MHz to 50 MHz,
T, =-20°C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Item Symbol Min. Max. Unit Test Con
RES setup time tess 200 — ns Figure 21
RES pulse width tow 20 — -

NMI setup time tns 150 — ns Figure 21
NMI hold time b 10 — ns

NMI pulse width (after leaving tanw 200 — ns

software standby mode)

IRQ setup time tros 150 — ns

IRQ hold time tron 10 — ns

IRQ pulse width (after leaving trow 200 — ns

software standby mode)
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Address setup time 1

21.20

st 05xt,.,-8 — ns
Address setup time 2 e 10xt, ., -8 — ns
Address setup time 3 s 1.5xt,, -8 — ns
Address setup time 4 s 20xt,.,-8 — ns
Address hold time 1 e 05xt,.,-8 — ns
Address hold time 2 Yy 1.0xt,,-8 — ns
Address hold time 3 tos 15xt,., -8 — ns
CS delay time 1 toeon — 15 ns
AS delay time teo — 15 ns
RD delay time 1 toon — 15 ns
RD delay time 2 teo, — 15 ns
Read data setup time 1 trost 15 — ns
Read data setup time 2 toose 15 — ns
Read data hold time 1 tom 0 — ns
Read data hold time 2 toone 0 — ns
Read data access time 2 o — 1.5xt,.,—-20 ns
Read data access time 4 [ — 25xt,,—20 ns
Read data access time 5 s — 1.0xt,.—20 ns
Read data access time 6 s — 20xt,,—-20 ns
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@ Mdaia dbbbos Wi “AA2 o T 2oy &Y 19
(from address) 2

Read data access time s — 20xt,,—20 ns
(from address) 3

Read data access time s — 25xt,.—20 ns
(from address) 4

Read data access time s — 3.0xt,—-20 ns
(from address) 5

WR delay time 1 teos — 15 ns
WR delay time 2 turie — 15 ns
WR pulse width 1 tsws 1.0 x ty,, — 13 — ns
WR pulse width 2 tws 1.5 %ty — 18 — ns
Write data delay time twon — 20 ns
Write data setup time 1 tost 05xt,,—-13 — ns
Write data setup time 2 tuose 1.0xt, . —-13 — ns
Write data setup time 3 toss 1.5 xt,,—13 — ns
Write data hold time 1 ton: 05xt, ., -8 — ns
Write data hold time 3 tons 1.5xt,.-8 ns
Rev.2.00 Jun. 28, 2007 Page 744 of 784

REJ09B248-0200 RENESAS



WIUIUPICATU aUUlIToo

MAS1

V. Xloye — 1V

o

setup time 1
Multiplexed address tins 1.5xt,,.—15 — ns
setup time 2
Address hold delay time teo — 15 ns
Address hold pulse width 1 [T 1.0xt, . —15 — ns
Address hold pulse width 2 Yawe 20xt,,—-15 — ns
WAIT setup time tor 15 — ns Figur
WAIT hold time fm 5.0 — ns 2118
BREQ setup time toreas 20 — ns Figur
BACK delay time tonco — 15 ns
Bus floating time tom — 30 ns
BREQO delay time troon — 15 ns Figur
BS delay time (. 1.0 15 ns Figur
RD/WR delay time too — 15 ns 21 ?4
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DREQ hold time ton 5

— ns
TEND delay time teo — 15 ns Figure
DACK delay time 1 toaoor — 15 ns Figure:
DACK delay time 2 toacoe — 15 ns 21.24
(5) On-Chip Peripheral Modules
Table21.18 Timing of On-Chip Peripheral Modules
Conditions: V.,.=3.0Vt03.6V,AV . =30Vt36V,V_ =30VtoAV_,
V=AV,=0V,Pd =28 MHz to 35 MHz,
T, =-20°C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)
Item Symbol Min. Max. Unit Test Ca
I/0 ports  Output data delay time towo — 40 ns Figure 2
Input data setup time tors 25 — ns
Input data hold time torn 25 — ns
TPU Timer output delay time troon — 40 ns Figure 2
Timer input setup time tes 25 — ns
Timer clock input setup time ¢ 25 — ns Figure 2
Timer clock  Single-edge S 1.5 — e
pulse width  setting
Both-edge | S 25 — e
setting
PPG Pulse output delay time tooo — 40 ns Figure 2
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cycle Clocked 6 —

synchronous
Input clock pulse width teokw 0.4 0.6 toeye
Input clock rise time oo — 1.5 t.
Input clock fall time { S — 1.5 t.
Transmit data delay time tho — 40 ns Figure
Receive data setup time ts 40 — ns
(clocked synchronous)
Receive data hold time ton 40 — ns
(clocked synchronous)
A/D Trigger input setup time [ 30 — ns Figure

converter
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Conversion time 7.4 — — us
Analog input capacitance — — 20 pF
Permissible signal source impedance — — 10 kQ
Nonlinearity error — — +7.5 LSE
Offset error — — 7.5 LSE
Full-scale error — — +7.5 LSE
Quantization error — +0.5 — LSE
Absolute accuracy — — +8.0 LSE
21.25 DI/A Conversion Characteristics
Table 21.20 D/A Conversion Characteristics
Conditions: V..=30V1t03.6V,AV =30V1t03.6V,V_ =30VtoAV,,

V=AV,=0V,P$ =28 MHz to 35 MHz,

T, =-20°C to +75°C (regular specifications),

T, =-40°C to +85°C (wide-range specifications)
Item Min. Typ. Max. Unit Test Conditi
Resolution 8 8 8 Bit
Conversion time — — 10 us 20-pF capaci
Absolute accuracy — +2.0 +3.0 LSB 2-MQ resistiv

— — +2.0 LSB 4-MQ resistiv
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owows TITIIIII e TTTIIIII
- Uy "’ UL
NMI } (( f

NMIEG I )
SsBY | Y

_ . _NMI exception handling

N|\/||I exception I Software standby mode
handling (power-down mode) | <———
NMIEG = 1 Osc_lllatl_on
SSBY =1 settling time
tosce
SLEEP
instruction

Figure21.3 Oscillation Settling Timing after Software Standby M ode
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oA\

Figure21.4 Oscillation Settling Timing

texH texc

EXTAL Vee x 0.5

texr text

Figure21.5 External Input Clock Timing

© T/ Wpf

tress tress
<> <>
BES /
RES \ (( 7
< >

tRESW

Figure21.6 Reset Input Timing
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RQ
(level input)

tIFKZ)S
>

Note: * SSIER must be set to cancel software standby mode.

Figure21.7 Interrupt Input Timing

RENESAS
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"RWD RrWD
[ RD/WR |
'as1 ) tagor tasp1
Read RD
(RDNn = 1)
t
A8 ltaps troH
D15 to DO Yanz
trwp trwo
 RD/WR |
\ \
251, tmsp trsD2
Read RD
RDNn = 0
( ) Taco trosz i DH2
T
| Di5to DO RS j_
tawp tawp
- RD/WR B i
st twroe twrpe | taH!
1
LHWR, LLWR '
Write
twop Tvows  LLWDH!
D15 to DO
L (write)
tbacp1 toaco2
(DKC = 0) DACKO to DACK3
tbaco2 toaco2

(DKC = 1) DACKO to DACK3

Figure21.8 Basic BusTiming: 2-State Access
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tR'\N D ' trwD
—RD/WR If
. N
AST_ trspi trsoi
Read o
(RDNn=1) | RD
Tacs tros; tRoH
t
D15 to DO i
trwp trwp
_ /
~ RD/WR \
t
25 tF{ED1 tHSDZ
(R;ng =0) RD
Taca trosz  |tRoH2
tans
L D15 to DO
tRWD_ trwp
RD/WR
t
A% twrp1  twrp2 o
Write LHWR, LLWR twost .
twop twswa WDH1
D15 to DO
(write) tbaco1 toacoz
(DKC = 0) DACKO to DACK3
tbaco2 toaco2
S
(DKC = 1) DACKO to DACK3

Figure21.9 Basic BusTiming: 3-State Access
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Read
(RDNn = 1)

Read
(RDNn =0)

Write

D15 to DO

RD/WR

D15 to DO

RD/WR

LHWR, LLWR

D15 to DO

WAIT

N

LT r

TTWGWFH]TV

twrs [twrhH twrs

twrh

\

Figure21.10 Basic Bus Timing: Three-State Access, One Wait
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RD/WR
Read ==
(RDNn=1)| AP
| D15t0 DO
~ RD/WR
Read RD
(RDNn = 0)
D15 to DO
— RD/WR
Write LHWR, LLWR
| D15toDO

(DKC = 0) DACKO to DACK3

(DKC = 1) DACKO to DACK3

tRwp trwD
tass ¢ t tans
RSD1 RSD1
e
tacs tros1 tRoH
tFlWD — tF{WD
f
tass t t tarz
RSD1 RSD2
t
Taco [ | RDS2 tIRDHZ
W i
trwp 4 -RWD
tass t
twRp2 AH3
twroz
twop twose Twswi twora
toaco1 tbaco2
toacoe toaco2

Figure21.11 Basic Bus Timing: 2-State Access (CS Assertion Period Extenc

RENESAS
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RD/WR

tasa tans

tRSD1 tFlSD1

Read

RD
(RDNn = 1)

t t
tace RDS1'RDH1

D15 to DO

trwp 1

RD/WR |/

tass

t t
trsp1 RSD2 AH2

Read I
(RDNn=0) | RD

taca tRDSE tHaHZ
D15 to DO

- ./

RD/WR

tAS4 tAH3

tWRD1 tWRD2

Write LAWR, LLWR s

twop Twswa twoHs
D15 to DO -
(write)

tDACD1

(DKC = 0) DACKO to DACK3

I

I

tbacp2 ‘f
|

(DKC = 1) DACKO to DACK3

Figure21.12 Basic Bus Timing: 3-State Access (CS Assertion Period Extend
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tasp | | tBsD |
BS *- [ /
trwp trRwp
[ rROWR N \
tast
trsD1 tF}SD1
Read RD ) }
tacs
~—>| trpst |tRDH1
tan: e
D15 to DO 2
— t

AC5

tusp tusp
[UB, (B ) 4

tast tusw1 tar
tRwo tRwp
RD/WR -\ ]
Write RD High
twop twbH1

D15 to DO
(write)

Figure21.13 Byte Control SRAM: 2-State Read/Write Access

Rev.2.00 Jun. 28, 2007 Pag
RENESAS REJC



Read

Write

AS A\ I
!
tesp . BSD |
BS 4\.4}
tRwp trwp| |
RD/WR ] *_
st trRsD1
trsp1 —
RD \
tace
tros1 | tRoH1
tana —
D15 to DO
tace —
tusp tusp
LUB, [LB K [
tast tan
tuswz
trwp trwp
—
RD/WR \
RD High
twpp twoH1
D15 to DO

(write)

Figure21.14 Byte Control SRAM: 3-State Read/Write Access
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t I!
taay | .RDS2| ‘RDH2

—

D15 to DO

r
v u

Read | mD —\ t*j/'—
\

o

LHWR, LLWR  High

Figure21.15 Burst ROM Access Timing: 1-State Burst Access
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Read RD

)

6s \ /
7/
)

| D15 to DO

taas

o—

> trpsz

LHWR, LLWR High

Figure21.16 Burst ROM Access Timing: 2-State Burst Access
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Read

Write

DACKO to
DACK3

M\

RD/WR

D15 to DO

LHWR, LLWR

D15 to DO

DKC =0

DKC =1

tAHW1 \

~

tMA91 tMAH
tmaD1 tros2 | tRoH:
B ——
J— _j_
twswi
_J tvas1 tvaH
t t
tyaps WDD WDH
i
— 1/ *

Figure21.17 Address/Data Multiplexed Access Timing (No Wait) (Basic, 4-State

RENESAS
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Read

Write

"D / \
tMASZ tMAH
tMAD1 tRDSZ
D15 to DO )__
r RD/WR \
LAWR, LLWR / X 7!’
tMASZ tMAH
tmaps twost t
- | <—| ——t—
D15 to DO )_
tWDD NTS VTH ¢ TS VTH
||
WAIT )

Figure21.18 Address/Data Multiplexed Access Timing (Wait Control)
(Address Cycle Program Wait x 1 + Data Cycle Program Wait x 1 +
Data Cycle Pin Wait x 1)
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D15 to DO

\ (( ((
I 12 12

(
)
(
]
(

AS, RD,
LHWR, LLWR

(
)
(
)
4
)
(
)

! / (( ((
1) 1)

Figure21.19 External BusRelease Timing

Bo /
BACK \

N\ SN\ O\

—

_tBrooD tBroOD

BREQO

{(
))

Figure21.20 External Bus Request Output Timing

o0 [ S\

toras | toran

-
DREQO to DREQ3

Figure21.21 DMAC, DREQ Input Timing
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>

7

:

A23 to AO

CS7to CSO

7
[2)

D (read)

D15 to DO
(read)

LHWR, LLWR
(write)

D15 to DO
(write)

~—*
/]
\
/]

175

tDACD1 tDACDZ

— —
(DKC = 0) DACKO to DACK3

toaco2 toaco2
—

T

(DKC = 1) DACKO to DACK3

a8
-

RD/WR X

ki

Figure21.23 DMAC Single Address Transfer Timing: 2-State Access
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D15 to DO I
(read) \_:>_
LHWR, LLWR I
(write) \ /
D15 to DO / >
(write) \
toacp1 toaco2
— —>
(DKC = 0) DACKO to DACK3 ;I
toacp2 tpacp2

— —
(DKC = 1) DACKO to DACK3
RDAWR X X

Figure21.24 DMAC Single Address Transfer Timing: 3-State Access

[ T1 ol T2
P
; A i

teRs | tPRH.
Ports 1103, 5, 6, A, —
B, F, | (read)

tpwD

Ports 110 3, 6, A, >

B, F, | (write)

Figure21.25 1/0O Port Input/Output Timing
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S W e W W WY
i T

TCLKA to TCLKD L (( y ]
< )7 < >

trokwL trokwH

Figure21.27 TPU Clock Input Timing

Pe [\ / 0\

trob

PO15 to POO

Figure21.28 PPG Output Timing

T\

tr

—>

TMOO to TMO3

Figure21.29 8-Bit Timer Output Timing

Pe J o/ \ /L

trvrs

TMRIO to TMRI3

Figure21.30 8-Bit Timer Reset Input Timing
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e il
WDTOVF 3(

Figure21.32 WDT Output Timing

tsckw tsckr  tscki

>l >l
SCKO to SCK4 ﬁ ]I K
|<—>

tScyt:

Figure21.33 SCK Clock Input Timing

SCKO to SCK4 J / \ \ / \_

trxp

TxDO to TxD4
(transmit data) * X X X:

trxs|tRxH

RxDO0 to RxD4

(receive data) X X X X:

Figure21.34 SCI Input/Output Timing: Clocked Synchronous Mode

oo\ \_/ [\

trras

ADTRGO

Figure21.35 A/D Converter External Trigger Input Timing
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Port 3 All Hi-Z Hi-Z Keep Keep Keep
P50 to P55 All Hi-Z Hi-Z Hi-Z Hi-Z Keep
P56/ Al Hi-Z Hi-Z [DAOEO = 1] [DAQEQ = 1] Keep
AN6/ Keep Keep
DAO/
ROG-B [DAOEQ = 0] [DAQEQ = 0]
Hi-Z Hi-Z
P57/ Al Hi-Z Hi-Z [DAOE1 = 1] [DAOE1 = 1] Keep
AN7/ Keep Keep
DA1/
RO7-B [DAOE1 = 0] [DAQOE1 = 0]
Hi-Z Hi-Z
P60 to P65  All Hi-Z2 Hi-Z2 Keep Keep Keep
PAO/ Al Hi-Z Hi-Z [BREQO output] [BREQO output] [BREC
BREQO/ Hi-Z Hi-Z BREQG
BS-A — — _
[BS output] [BS output] [BS o
Keep Hi-Z Hi-Z
[Other than above]  [Other than above]  [Other
Keep Keep Keep
PA1/ All Hi-Z Hi-Z [BACK output] [BACK output] [BACF
BACK/ Hi-Z Hi-Z BACK
(RD/WR) — — _
[RD/WR output] [RD/WR output] [RD/W
Keep Hi-Z Hi-Z
[Other than above]  [Other than above]  [Other
Keep Keep Keep
PA2/ Al Hi-Z Hi-Z [BREQ input] [BREQ input] [BREC
BREC/ Hi-Z Hi-z Hi-Z (
WAIT _ . N
[WAIT input] [WAIT input] [WAIT
Hi-Z Hi-Z Hi-Z (
[Other than above]  [Other than above]  [Other
Keep Keep Keep
Rev.2.00 Jun. 28, 2007 Pag
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PA6/ External extended H Hi-Z [AS, BS output] [AS, AH, BS output] [AS, AH
AS/ mode H Hi-Z output]
AH/ o Hi-Z
BS-B [AH output] [Other than above]
L Keep [Other ti
[Other than above] Keep
Keep
PA7/B¢ External extended Clock Hi-Z [Clock output] [Clock output] [Clock o
mode output H H Clock ol
[Other than above]  [Other than above]  [Other tl
Keep Keep Keep
PBO/ External extended H Hi-Z [CS output] [CS output] [CS out
csu/ mode H Hi-Z Hi-Z
CS4-A/
CS5-B [Other than above]  [Other than above]  [Other il
Keep Keep Keep
PB1/ All Hi-Z Hi-Z [CS output] [CS output] [CS out
cst/ H Hi-Z Hi-Z
CS2-B/
CS5-A/ [Other than above]  [Other than above]  [Other il
CS6-B/ Keep Keep Keep
CS7-B
PB2/ All Hi-z Hi-Z [CS output] [CS output] [CS out
Cs2-A/ H Hi-Z Hi-Z
CS6-A
[Other than above]  [Other than above]  [Other tl
Keep Keep Keep
PB3/ All Hi-Z Hi-Z [CS output] [CS output] [CS out
csy/ H Hi-Z Hi-Z
CS7-A
[Other than above]  [Other than above]  [Other tl
Keep Keep Keep
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PF7/C54-C/

[CS output]

CSB.C/ [CS output] [CS oL
CS6-C/ He Hi-Z Hi-Z*
S7-C [Other than above]  [Other than above]  [Other
Keep Keep Keep
Port H External extended Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z
mode
Port | External  8-bit Hi-Z Hi-Z Keep Keep Keep
extended bus
mode mode
16-bit  Hi-Z Hi-Z Hi-Z Hi-Z Hi-z
bus
mode
[Legend]
H: High-level output
L: Low-level output
Keep: Input pins become high-impedance, output pins retain their state.

Hi-Z:  High impedance

Note: *

pull-up MOS, do not set PCR to 1 if the pin is used as CS output.

This is the state when PCR is cleared to 0. Since setting PCR to 1 turns on tt

RENESAS
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dlera

TN

3

i

27
v

UO1}08S SSOID [BUILLID ]

e, &
[

f W__ | R “Vﬁ

SJew xapu| az

HRARRARRRRRARRRARRARRRRRRRRRH

O O

LLLELEEEEEEEEELLLLLLLLLERREL

el

===
===
E=
E=
E=
E=
E=
o |o ES m
%
q ==
dq m
==
=

= O

09 = 16
LLGLLEELTLEELLLEELLELLLLLLL
a bx
T
6,0 A80Zl-dd / 9021-dd / vV-d9d0Z) V-v10210d071d 0¥'0-¥1Xp1-021d407T-d
[dALISSYW 3po9 snoinald p0) SYSINTY apo9 sbexord VLI

FigureC.1 Package Dimensions (FP-120BV)
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Vb, ViU 1, VIDUU

\AlWadys UuseU as opeiallly modae piris.)

NMI e Connectto V , via a pull-up resistor.

EXTAL (Always used as a clock pin.)

XTAL e Leave this pin unconnected.

WDTOVF e Leave this pin unconnected.

Port 1 ¢ Connect each pin to V, via a pull-up resistor or to V, via a pull-

Port 2 resistor.

Port 3

Port 6

PA2 to PAO

PB3 to PBO

PF7 to PF5

Port 5 e Connect each pin to AV via a pull-up resistor or to AV, via a p
resistor.

PA7 e Since this is the B¢ output in its initial state, leave this pin uncon

PA6 e Since this is the AS output in its initial state, leave this pin uncon

PA5 ¢ Since this is the RD output in its initial state, leave this pin uncor

PA4 ¢ Since this is the LHWR output in its initial state, leave this pin
unconnected.

PA3 ¢ Since this is the LLWR output in its initial state, leave this pin
unconnected.

PBO ¢ Since this is the CSO0 output in its initial state, leave this pin unco
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viel hd WULTTITUL LU AV o6

Notes: 1. Do not change the function of an unused pin from its initial state.

2. Do not change the initial value (input buffer disabled) of PnICR corresponding
unused pin.
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Viegd
PA7/B) =

o
PBO/CS0/CS4-AICS5-B <

PB1/CS1/CS2-B/CS5-AICS6-BICST-

Table 1.3 Pin Functions 14 Modified
Classification Pin Name
WOpots  PA7,PA6,PA4
... PrewPrO
Table 3.3 Pin Functions in Each 69 Modified
Operating Mode (Advanced Mode) Port Mode 4 M
Port A PA7 P/C* P/
PAG6, PA4 P/C* P/
PA2 to PAO P*/C [
Port B PB3 to 1 P*/C P’
PBO P/C* P/
10.4.5 PWM Modes 454  Modified

(b) PWM mode 2

PWM output is generated using one TGR as
register and the others as duty cycle registers
output specified in TIOR is performed by mee
compare matches. Upon counter clearing by |
register compare match, the output value of €

Rev.2.00 Jun. 28, 2007 Pag
RENESAS REJC



Rev.2.00 Jun. 28, 2007 Page 778 of 784
REJ09B248-0200 RENESAS



A

A/D conversion acCuracy............cecueevvne 637
A/D CONVETLET ... 625
Absolute accuracy..........cceevvevveeverneennennn. 637
Absolute address.........coceveeeerenenenenene. 54
Address eITor .....c..coevererereeieieenenene 78
Address Mmap ......ccoocveeveriiecieeienieie s 70
Address modes.........coceeevereeienienenennns 257
Address register........ocvvverieriieienienieenens 25
Address/data multiplexed

I/0 interface......c.ccccvveeveevveenneennnn. 161, 198
Addressing modes..........ccoevereeienienieennen. 51
Advanced mode.........cceeeveeeiiiieciieiiien, 20
All-module-clock-stop mode.......... 662, 678
AT 0 oo 162
Area 1 o 162
ATCA 2 i 163
ATCA 3 oo 163
ATCA A ..o 164
ATCAS oo 165
ATCA 6 .ot 165
ATCA T it 166
Area diVISION......ccevviviriiieieieeese e 156
Arithmetic operation instructions ............. 42
Asynchronous mode ...........cceeeveeveennnne 581
AT-cut parallel-resonance type............... 655
Available output signal

and settings in each port ..........cccceeeneneee. 380

Bit manipulation 1nstructions.......
Bitrate.......ccoooveeiieiieeeeeeee
Block transfer instructions ...........
Block transfer mode.....................
Branch instructions ......................
Buffer operation..........c.cceeeeenee.
Burst access mode........................
Burst ROM interface....................
Bus access modes.........cccoocuue...
Bus arbitration...............ccccceueee..
Bus configuration...........cccceeueenee.
Bus controller (BSC)....................
Bus cycle division...........ccueeuee..e..
Bus width.......cccoeiiiiiiiiiiieen.
Bus-released state..............cuu.......
Byte control SRAM interface ......

Chip select signals............coccu.......
Clock pulse generator ..................
Clock synchronization cycle (Tsy
Clocked synchronous mode.........
Compare match A ........c.ccoeeueeee.
Compare match B ........c..ccccueee.
Compare match count mode ........
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D

D/A converter .........ccceeveeieniencnenennenn 643
Data direction register ...........ccccveverneenee. 351
Data register........ccccvevveeceeneenieeieennens 25,351
Data transfer controller (DTC) ............... 307
Data transfer instructions.............cccceeueen. 40
Direct convention ..........cccceeeeeveeeeeneenne. 607
DMA controller (DMAC).......ccccccvneee. 229
Double-buffered structure....................... 581
DTC vector address ........ccceeeveveeereeeennnee. 320
DTC vector address offset..................... 320
Dual address mode.........ccceevereeeneeennennee. 257
E

Effective address extension ...................... 50
Endian and data alignment ..................... 167
Endian format...........ccoooenienieninre 159
Error signal .........ccccovvenieniecieeceee, 607
Exception handling..........ccccccevvevvenrennne 71
Exception handling vector table ............... 72
Exception-handling state ..............ccccceeene 60
Extended memory indirect............ccceenenne 57
Extended repeat area..........ccccceeuereenneenee. 255
Extended repeat area function ................ 268
Extension of chip select (CS)

assertion period.........coeeeveeveneenieeniennens 182
External access bus.......c.ccecevevenencennne. 148
External bus........cccceeevveneneninince 153

G

General register data formats.........

General registers .

H
Half-carry (H).....

Hardware standby mode ................

Idle cycle.............
Illegal instruction
Immediate ...........
Index register ......

Index register indirect

with displacement .............cc.ccc.......
Initial register values.....................
Input buffer control register...........
Input capture function....................

Instruction fetch ..
Instruction set......

Instructions and addressing modes

Internal interrupts
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Interrupt SOUICES ....cocvveveeveeierierieneenne. 101
Interrupt sources

and vector address offsets...................... 103
Interval timer ............ccceveieeiieeeciiecenee. 543
Interval timer mode.............cceeevrenneennen. 543
Inverse convention.............ccceeeeveeenveennne.. 608
TRQN INtEITUPLS .o 101
L

Little endian...........cccoooevieiiiiiieiiieces 159
Logic operation instructions ..................... 44
M

Mark state ......cccocoeeueeeecieeeeieeenee. 581,619
Maximum mode..........ccceveeeeeveeeeeiieeennen. 21
MCU operating modes.........cc.ccceeevevennnnee 63
Memory data formats...........cccoeceveeenieenen. 31
Memory indir€ct .........cocveveveeeeienienieennen. 56
Memory map.......cocceevveerveeerieenieeenieeneens 23
Middle mode.........ccceeeeeeiiiiiiiieeee 19
Mode ... 68
Mode 5. e 68
MoOde Pifl..ceeeeeieiieiieieeee e 63
Module stop mode .........cceeceeveenienrnnenne 678
Multi-clock mode .........cccooovviiiiiiiiennn, 670
Multiprocessor bit........ccceeevreveriereeneene, 592

Normal transfer mode...................
Number of access cycles..............

(0

Offset addition ........c.ccceveerenenene
OffSet eIror......evveeeerieieieieeee
On-chip baud rate generator.........
Open-drain control register ..........
Operation field..........ccccvevvennnnen.
Operation with cascaded connecti
Oscillator.......coceveveeieiencncnenne
Output buffer control ...................
Output trigger......cccvevvveveererenennen.
OVerflow ...cc.coveieneneninenciiene
Overflow (V)..oocveeeeeieeieeieeeeen

|

Parity bit.......cooeevieeiieiiieieeeeen,
Periodic count operation ..............
Peripheral module clock (P9).......
Phase counting mode ...................
Pin assignments..........cc.ccceevennnne.
Pin functions .........ccecevverivennnnen.
PLL circuit ...oovveveeeieireieeieeeeenens
Port function controller ................
Port register........cecveeerienveeennen.
Power-down modes......................
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Q

Register bitS.......ccevveeveeienieieeieeienen,
Register configuration in each port......
Register direct........cocvvevevveneeniennennen.
Register field .......cccevvveevcienieieeen,
Register indirect.........cccvvevevvenieenennen.
Register indirect with displacement.....
Register indirect with post-decrement
Register indirect with post-increment

Register indirect with pre-decrement
Register indirect with pre-increment

DMDR ......ccevvvrennne. 240, 687

637 DMRSR ......coovvnn. 256, 688
DOFR......ccovveeieern. 237, 687

D) 2 S 351, 686
DSAR.....covvieien 235, 687

649 DTCCR.....coeevvernne. 316, 692
180 DTCER........cveennee. 315, 691
 6%6 DTCR......covvereer. 238, 687
697 DTCVBR.........c......... 317, 689
350 ENDIANCR................ 143, 689,
..... 52 EXR oo,
..... 50 ICR...... 352, 686, 687, 697, 698
..... 52 IDLCR..........cc............. 138, 689
..... 52 IER. ..o 93, 692
...... 53 INTCR........................... 88, 692
....... 53 IPR .o 91, 689
_____ 53 ISCR ...ccoovvveeveeenn. 95, 689
_____ 53 ISR 99, 692

Register states in each operating mods... 714 MAC oo

Registers MDCR...oooooooo 64, 690
ABWCR oo 127, 689, 704, 717 MPXCR covevvessrrssssson 147, 689
ADCR 631 604 710,722 1
Dok 629, 694, 710,722 MRB oo
ADDR...ooooooo 628, 694, 710, 722 MSTPCR...ooocsvreesoe 666, 690
ASTCR oo 128, 689, 704, 717 NDER ..o 488, 693
BCR oo 140, 689, 704, 717 NDR s 491, 693
BROMCR.......ooooo... 145, 689, 704, 717 ODR oo 354, 687
BRR. 572 693, 709, 721 PC oo
oo S 26
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1)1 SO 495, 693, 709, 721
1:70)5): SN 490, 693, 709, 721
1 .70): 4 W 352
RDNCR ...ovvvorere, 134, 689, 704, 717
1:10) : SO 554,693, 709, 721
0] SO 554
RSTCSR ..o, 540, 694, 710, 722
YN L 313
) ) S 28
SBYCR....ccovvrvrerreannne. 664, 690, 705, 718
SCKCR ....ovrrvrerrrenee. 652, 690, 705, 718
SCMR ..., 571,693, 709, 721
L 0): S 558, 693, 709, 721
) 21 R 579
SMR....ooreeeereeeeree. 555, 693, 709, 721
SRAMCR ..., 144, 689, 704, 717
SSIER ..o, 100, 687, 698, 715
T S 563, 693, 709, 721
SYSCR oo, 66, 690, 705, 718
TCCR oo, 517,695, 711, 722
TCONT e 437,514, 538, 694,
............................. 695,710, 711, 722, 723
TCOR oo, 514,694, 711, 722
11 S 407, 515, 694, 695,
.................................... 710, 711, 722, 723
TCSR v, 519, 539, 694, 710, 722
30) S 554,693, 709, 721
SV ) S 437,695,711, 723

Resolution.........ccooevvvveeeiiicinnnnnn.

S

Sample-and-hold circuit...............
Scan mode........ccocveeirierieiene
Serial communication interface (S
Shift operation instructions..........
Short address mode.......................
Single address mode ....................
Single mode .........cocceveenieniennne
Sleep mode........coceeeeenienienieenne
Smart card interface....................
Software standby mode................
Space state.........ceeceeveeeienieniennens
Stack pointer (SP) .......ccceceveenees
Stack status after exception handl
Start bit......cccveveeviieieeieeiesieeienns
State transitions...........ccceeveruennene
Stop Dit..eereeeiieiieiicieeieeeeee
Strobe assert/negate timing...........
Synchronous clearing...................
Synchronous operation.................
Synchronous presetting................
System clock (I0) ....cccooveveveirennnnne
System control instructions..........
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Write data buffer function

for peripheral modules...................
U
User bit (UL U)..coovreviieieecieeeie e 26

Z

ZRIO (Z)eeeeieeieeeieeiieeieeieeeieens
\%
Vector table address..........ccccoeeeevieeveennnenn. 72
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