To our customers,

Old Company Name in Catalogs and Other Documents

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

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

April 1%, 2010
Renesas Electronics Corporation

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

Send any inquiries to http://www.renesas.com/inquiry.
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12.

Notice

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Notes regarding these materials

1.

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

Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any t
originating in the use of any product data, diagrams, charts, programs, algorithms, or circuit applicatio
these materials.

All information contained in these materials, including product data, diagrams, charts, programs and a
information on products at the time of publication of these materials, and are subject to change by Re
Corporation without notice due to product improvements or other reasons. It is therefore recommende
Renesas Technology Corporation or an authorized Renesas Technology Corporation product distribu
information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other loss ris
or errors.

Please also pay attention to information published by Renesas Technology Corporation by various n
Renesas Technology Corporation Semiconductor home page (http://www.renesas.com).

When using any or all of the information contained in these materials, including product data, diagran
algorithms, please be sure to evaluate all information as a total system before making a final decision
information and products. Renesas Technology Corporation assumes no responsibility for any dama
resulting from the information contained herein.

Renesas Technology Corporation semiconductors are not designed or manufactured for use in a devi
under circumstances in which human life is potentially at stake. Please contact Renesas Technology
authorized Renesas Technology Corporation product distributor when considering the use of a produ
specific purposes, such as apparatus or systems for transportation, vehicular, medical, aerospace, nuc
use.

The prior written approval of Renesas Technology Corporation is necessary to reprint or reproduce in
materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be
from the Japanese government and cannot be imported into a country other than the approved destir
Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the cou
prohibited.

Please contact Renesas Technology Corporation for further details on these materials or the products
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In addition, the SH7040 series includes on-chip peripheral functions necessary
configuration, such as large-capacity ROM and RAM, timers, a serial communic
(SCI), an A/D converter, an interrupt controller, and I/O ports. Memory or periph
connected efficiently with an external memory access support function. This gre
system cost.

There are versions of on-chip ROM: mask ROM, PROM, and flash memory. The
can be programmed with a programmer that supports SH7040 series programr
be programmed and erased by software.

This hardware manual describes the SH7040 series hardware. Refer to the prog
for a detailed description of the instruction set.

Related Manual
SH7040 series instructions
SH-1/SH-2/SH-DSP Programming Manual

Please consult your Renesas Technology sales representative for details for de
environment system.
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16 MHz

SH7041A  Amask 64kB 32bits  +4LSB  QFP2020-144 —20°Cl075°C 28MHz 5V HD6437041AF28
(Mid-Speed) 16MHz 33V HD6437041AVFI6
QFP2020-144Cu*
28MHz 5V HD6437041ACF28
16MHz 33V HD6437041AVCF16
SH7042 128kB 16bits  415.SB  QFP2020-112 —20°Cto75°C 28MHz 5V HDG437042F28
(High-Speed) 16MHz 33V HD6437042VF16
SH7042A  Amask 128kB 16bits  +4LSB  QFP2020-112 -20°Cto75°C 28MHz 5V HD6437042AF28
(Mid-Speed) 16MHz 33V HD6437042AVF16
TQFP1414-120 16MHz 33V HD6437042AVX16
QFP2020-112Cu*
28MHz 5V HD6437042ACF28
16MHz 33V HD6437042AVCF16
SH7043 128kB 32bits  +15.SB  QFP2020-144 —20°Cto75°C 28MHz 5V HD6437043F28
(High-Speed) 16MHz 33V HD6437043VF16
SH7043A  Amask 128kB 32bits  +4LSB  QFP2020-144 —20°Cto75°C 28MHz 5V HD6437043AF28
(Mid-Speed) 16MHz 33V HD6437043AVF16
QFP2020-144Cu*
28MHz 5V HD6437043ACF28
16MHz 33V HDB437043AVCF16
SH7044  Amask 256kB 16bits  +4LSB  QFP2020-112 -20°Cto75°C 28MHz 5V HD6437044F28
(Mid-Speed)
SH7045  Amask 256kB 32bits  +4LSB  QFP2020-144 -20°C1075°C 28MHz 5V HD6437045F28
(Mid-Speed)
ROM  SH7040A  Amask 16bits  +4LSB  QFP2020-112 -20°Cto75°C 28MHz 5V HDG417040AF28
less (Mid-Speed) 16MHz 133V HD6417040AVF16
TQFP1414-120 16MHz 33V HD6417040AVX16
QFP2020-112Cu* 28MHz 5V HDG417040ACF28
16MHz 33V HD6417040AVCF16
SH7041A  Amask 32bits  +4LSB  QFP2020-144 —20°Cto75°C 28MHz 5V HDG417041AF28
(Mid-Speed) 16MHz 33V HD6417041AVF16
QFP2020-144Cu*
28MHz 5V HD6417041ACF28
16MHz 33V HD6417041AVCF16

Note: Package with Copper used as the lead material

1.4 The F-ZTAT
Version Onboard

Programming

Figure 1.6 Condition
Transfer for Flash

Memory

Note amended

Notes: For transferring between user mode and user program r
proceed while CPU is not programming or erasing the fl
memory.

* RAM emulation permitted

2.4 Instruction Set
by Classification

Table 2.16 Branch

Instructions

70

Table amended

BF/ S | abel

10001111dddddddd

Delayed branch, if T=0, dispx2+ 2

PC - PC;if T=1, nop

4.2.3 Notes on

Board Design

Deleted

4.5 Usage Notes

83 to
85

Newly added

11.1.4 Register

Configuration

Table 11.2 DMAC

Registers

218

Note *5 deleted

RENESAS



Operation Register

(DMAOR) * Bits 15-10—Reserved bits: Data are 0 when read.
value always be 0.
227 Description amended
¢ Bits 7-3—Reserved bits: Data are 0 when read. Tl
value always be 0.
11.3.3 Channel 233 Figure amended
Priority
Figure 11.3 Round Channel |0 is given the lowest
Robin Mode priority.
12.4.5 Cascade 337 Figure amended
Connection Mode
Figure 12.23 TCLKC _|
Cascade Connection
Operation Example
(Phase Counting TCLKD
Mode)
12.4.9 373 Figure amended
Complementary
PWM Mode When BDC =1, N=0, P =0, FB =0, output active level = higt
Figure 12.55

Example of Output
Phase Switching by
External Input (1)

RENESAS
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Register (BRR)

@i Al iviaua

Bit Rate 27.0336
Table 14.3 Bit Rates (Bits/s) n N Error (%)
and BRR Settings in 110 3 119 000
Asynchronous Mode 150 3 87 000
(cont) 300 2 175 0.0
600 1 87 0.00
1200 1 175 0.00
2400 1 87 0.00
4800 0 175 0.00
9600 0 87 0.00
14400 0 58 -0.56
19200 0 43 0.00
28800 0 28 1.15
31250 0 26 0.12
38400 0 21 0.00
Table 14.4 Bit Rates 495 Table amended
and BRR Settings in ey =
Clocked -y o
Synchronous Mode
(cont) ™
14.3.4 Clock 529 Figure amended
Synchronous
Operation —ssJ_|—,_|—,_|—
Figure 14.22

Example of SCI
Receive Operation

«

7

\

RxI request
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Notes: Numbers are only to be noted as reference value
*1

10pF 0.01pF

*2 Rin: Input impedance

16.7.2 Handling of 585 Note amended
Analog Input Pins Notes: Numbers are only to be noted as reference value
Figure 16.8 Example
of Analog Input Pin
Protection Circuit
19.2 Port A 649 Table amended
Table 19.2 Port A, PA16 (1/0)/AH (output) PA16 (1/0)/AH (output) PA16 (1/O)
FP-144 Version PA15 (I/0)/CK (output) PA15 (I/O)/CK (output) PA15 (1/0)/CK (0
21.2.2 Socket 671 Figure amended
Adapter Pin 20k
Correspondence and L
Memory Map ﬁ:—« —H
|

Figure 21.2 SH7042 ] 1
Pin and HN27C101 i i
Pin Correspondence o !
(112-Pin Version) H—1 |

T1

| £100/Q |

|

l |

| i

TorE-

RENESAS



Figure 21.4 SH7043 673 Figure amended

Pin and HN27C101 | e
Pin Correspondence ! |
(144-Pin Version) 0] i

I

|

H— i

M |

i |

H 1

g

; i

I 2100(Q i

! |

| 1

! |

%6?11{;“
22.2.2 Mode 683 Note amended
Transition Diagram Execute transition between the user mode and user prog
Figure 22.2 Flash while the CPU is not programming or erasing the flash m
Memory Mode
Transitions

RENESAS



')

| Start of programming

[ Set P1(2) bit in FLMCR1(2)
¥

[ Wait 200 pis

J*s

| End of programming

[ Clear P1(2) bit in FLMCR1(2)
)

[ Wait 10 ps |*s

[ clearPsu1(2) bitin FLMCR1(2) |

[ Wait 10 ps |5

[ Disabl: WDT |

[ Set PV1(2) bitin FLMCR1(2) |

| Wait 4 ps | *5

;

[ pummy write of H‘iF to verify address | L=
[ Wai: 2ps | *5

[ Read v:rify data | 2

| Reprogram data computation ] *3
Transfer reprogram data to reprogram | 4
data area
[ clear Pva(2) bitin FLMCR1(2) |
¥
| Wait 4 ps | 5]

x5,

OK

OK

[ Clear SWE bit in FLMCR1

] Clear SWE bit in FLMCR1

End of programming

Note *5 added.

Programming failure

*5 Make sure to set the wait times and repetitions as specified.
Programming may not complete correctly if values other than

the specified ones are used.

RENESAS



Wait 10 ps *5
¥

Clear ESUL(2) bitin FLMCR1(2)
¥

l l

[ Wait 10 ps |#5

[ D\sab\*s wDT |

[ setevi) bi!*in FLMCRL(2) |

[ Wail+20 s |5

['set block start adaress to verify address |

[ HFF dummy write to verify address |

[ Wantz us |*s
Read v;rify data ] =2

Increment l
address

Clear EV1(2) bit in FLMC

l Wait 5 ps ] *5 l Wait 5 us

n=60?

OK
Clear SWE bit in FLM

¥

[ Clear SWE bit in FLMCR1 ]

]
End of erasing

Notes: *1 Preprogramming (setting erase block data to all “0") is not necessary.
*2 Verify data is read in 32-bit (longword) units.
*3 Set only one bit in EBR1(2). More than one bit cannot be set.
*4 Erasing is performed in block units. To erase a number of blocks, each block must be erased in tt
*5 Make sure to set the wait times and repetitions as specified. Erasing may not complete correctly i
than the specified ones are used.

24.4.2 Canceling the 747
Standby Mode

Cancellation by a Manual Reset deleted

25. Electrical —
Characteristics (5V,
33.3 MHz Version)

Deleted

RENESAS



Figure  25.12 DRAM
Cycle (Normal Mode,
1 Wait, TPC=0,
RCD=0)

Tewl Tc2
|-

[y

N

Column address

tcaspr

| feac
<

tros

trac

A VY ¥

Figure 25.13 DRAM 764
Cycle (Normal Mode,

2 Waits, TPC=1,

RCD=1)

Figure amended

Tewl Tew2 |

NI

Colimn address

A1

N

= loasor

feac

tan
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Figure 25.23 MTU
I/0 Timing trocp

Figure 25.24 MTU 770 Figure amended
Clock Input Timing

- —P
_>
25.3.11 Measuring 778 Title amended
Conditions for AC Output Load Circuit
Characteristics
Figure25.33 Output
Load Circuit

RENESAS



Analtljg Alge _ 4 8 mA f=16.7MH
supply
current AL, — 05 1° mA QFP144 ve

*3 2 mAin the A mask version of MASK products.

26.3.2 Control 786
Signal Timing

Table 26.5 Control
Signal Timing

Note amended
Notes: *1 SH7042/43 ZTAT (excluding A mask) are 3.2V
*2 The RES, MRES, NMI, BREQ, and IRQ7-IRQ
are asynchronous inputs, but when the setup ti
shown here are provided, the signals are consi
have produced changes at clock rise (for RES,
BREQ) or clock fall (for NMI and TRQ7-IRQ0).
setup times are not provided, recognition is del
the next clock rise or fall.

26.3.3 Bus Timing 795

Figure 26.12 DRAM
Cycle (Normal Mode,
1 Wait, TPC = 0,
RCD =0)

Figure amended

Tcewl Tc2

N S

Column address

{casp1

o lcac
<

A A

tRDS

tRAC

AV Y
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Figure 26.14 DRAM 796
Cycle (Normal Mode,

3 Waits, TPC =1,

RCD =1)

Figure amended

Tcwl

Tew2

N\ f

Column address

J

i‘_ teaspr

feac

tan

—[rac

teaspr

26.3.5 Multifunction 802
Timer Pulse Unit

Figure amended

Timing cK
Figure 26.23 MTU troco
1/0 Timing
Output >$

compare output
26.3.11 810 Title amended
Meas.u.rement Output/Load Circuit
Conditions for AC
Characteristics
Figure 26.33 Output
Load Circuit

RENESAS



ViV Attty v

Power-Down, and
Bus Right Release
Modes (144 Pin)

-ty

Class Pin Name Power-OnManual Standby Sleep Release Ri
Clock  CK o o H* o o o
System RES | | | | | |
control  RES Pz I z I | z
WDTOVF o*2 o*2 o o o o
BREQ zZ* 1 z 1 I |
BACK s ] z ] L L
Interrupt  NMI | | | | | |
IRQO-IRQ7 zZ*4 1 z 1 I z
IRQOUT (PD30) Z** o *t H o H
IRQOUT (PE15) Z* o z H o z
Address A0-A21 o*2 o z o z z
bus
Data bus D0O-D31 z* 110 z nw z z
Bus WAIT zZ*4 | z | z z
control  ppAwR, RAS i o z z
CASH, CASL, z7*4 o o o z z
CASLH, CASLL
RD H o z o z z
S0, CS1 H o z o z z
CS2,CS3 zZ* o z o z z
WRHH, WRHL, H o z o z z
WRH, WRL
AH z* ] z ] z z
DMAC  DACKO, DACK1  Z*¢ o*! o o o}
(PD26, PD27)
DACKO, DACK1 ~ Z** o z o o z
(PE14, PE15)
DRAKO, DRAK1 ~ Z** o o*! o o ’
DREQO, DREQT Z** | z | I z

RENESAS



RXDO-RXD1 7% | z | | p

AID ADTRG 7 I z I | ;
converter ANg-AN7 z I z I I ;
110 Port  PAO-PA23 7" 110 K*? K 110 |

PBO-PB9

PCO-PC15

PDO-PD31

PEO-PE8,PE10

PE9,PE11-PE15 Z** 10 z K 110 ;

PFO-PF17 z I z I | ;

Notes: 1. There are instances where bus right release and transition to software s
occur simultaneously due to the timing between BREQ and internal opei
cases, standby mode results, but the standby state may be different.
The initial pin states depend on the mode. See section 18, Pin Function
(PFC), for details.

2. I: Input, O: Output, H: High-level output, L: Low-level output, Z: High imp
K: Input pin with high impedance, output pin mode maintained.

*1 If the standby control register port high-impedance bits are set to 1, outp
high impedance.

*2 A21-A18 will become input ports after power-on reset.

*3 Input in the SH7044/SH7045 F-ZTAT version.

*4 General use I/O ports PAn, PBn, PCn, PDn, and PEn, as well as pins m
them, are unstable during the RES setup time (tress) immediately after
goes to low level.

RENESAS



Aadress AU-AZLl o
bus

e

DMAC  DACKO-DACK1 Zz**

DRAKO-DRAK1 ~ Z**

DREQO-DREQT Zz**

Data bus D0O-D31 z7*4 z oz z
Bus WAIT zZ*4 z | z z
control  ppWR, RAS 74 o o z z
CASH, CASL z7*4 o o z z

RD H o z z

CSo, CST H o z z
Cs2,CS3 zZ*4 o z z

WRH, WRL H o z z

AH z* o z z

o o z

o o z

z

K

MTU TIOCOA-TIOCOD, Z**
TIOC1A-TIOC1D,
TIOC2A-TIOC2D,
TIOC3A, TIOC3C

RININ|NIN|N|N|N|N

%
Ny

5

TIOC3B,TIOC3D, Z**
TIOC4A-TIOC4D

TCLKA-TCLKD ~ Z**

RENESAS



PCO-PC15

PD0O-PD15

PEO-PE8-PE10

PE9,PE11-PE15 Z** 110 VA K /10 :
PFO-PF7 z | z | | :

Notes: 1. There are instances where bus right release and transition to software s
occur simultaneously due to the timing between BREQ and internal opei
cases, standby mode results, but the standby state may be different.
The initial pin states depend on the mode. See section 18, Pin Function
(PFC), for details.

2. I: Input, O: Output, H: High-level output, L: Low-level output, Z: High imp
K: Input pin with high impedance, output pin mode maintained.

*1 If the standby control register port high-impedance bits are set to 1, outp
high impedance.

*2 A21-A18 will become input ports after power-on reset.

*3 Input in the SH7044/SH7045 F-ZTAT version.

*4 General use I/O ports PAn, PBn, PCn, PDn, and PEn, as well as pins m
them, are unstable during the RES setup time (tress) immediately after
goes to low level.

RENESAS



HD6417041AVCF16 HD6417041AVCF16 QFP2020-144Cu*! H

SH7042 Mask ROM — HD6437042F28 HD6437042 (***)F28 QFP2020-112 H
verion HD6437042VF16 HD6437042 (**)VF16  QFP2020-112 H

Z-TAT - HD6477042F28 HD6477042F28 QFP2020-112 H

version HD6477042VF16 HD6477042VF16 QFP2020-112 H

SH7042A Mask ROM A MASK HD6437042AF28 HD6437042A(***)F28 QFP2020-112 H
verion HD6437042AVF16 ~ HD6437042A(*)VF16  QFP2020-112 H
HD6437042AVX16  HDB437042A(**)VX16 TQFP1414-120  H

HD6437042ACF28  HD6437042A(**)CF28  QFP2020-112Cu*l H
HD6437042AVCF16 HD6437042A(**)VCF16 QFP2020-112Cu*l H

Product Mask
Type Version Product Code Mark Code Package O
SH7042A Z-TAT AMASK HD6477042AF28 HD6477042AF28 QFP2020-112 H
version HD6477042AVF16 HD6477042AVF16 QFP2020-112 H
HD6477042AVX16 HD6477042AVX16 TOFP1414-120 H
HD6477042ACF28 HD6477042ACF28 QFP2020-112Cu*! H
HD6477042AVCF16 HD6477042AVCF16 QFP2020-112Cu*! H
SH7043 Mask ROM - HD6437043F28 HD6437043(***)F28 QFP2020-144 H
version HD6437043VF16 HD6437043(***)VF16 QFP2020-144 H
Z-TAT - HD6477043F28 HD6477043F28 QFP2020-144 H
version HD6477043VF16 HD6477043VF16 QFP2020-144 H
SH7043A Mask ROM A MASK HD6437043AF28 HD6437043A(***)F28 QFP2020-144 H
version HD6437043AVF16 HD6437043A(*)VF16  QFP2020-144 H
HD6437043ACF28 HD6437043A(**)CF28  QFP2020-144Cu*l H
HD6437043AVCF16 HD6437043A(***)VCF16 QFP2020-144Cu*l H
Z-TAT AMASK HD6477043AF28 HD6477043AF28 QFP2020-144 H
version HD6477043AVF16 HD6477043AVF16 QFP2020-144 H
HD6477043ACF28 HD6477043ACF28 QFP2020-144Cu*1 H
HD6477043AVCF16 HD6477043AVCF16 QFP2020-144Cu*! H
SH7044 Mask ROM A MASK HD6437044F28 HD6437044(**)F28 QFP2020-112 H
version
F-ZTAT HD64F7044F28 HD64F7044F28 QFP2020-112 H
version
SH7045 Mask ROM A MASK HD6437045F28 HD6437045(***)F28 QFP2020-144 H
version
F-ZTAT HD64F7045F28 HD64F7045F28 QFP2020-144 H

version
(***) is the ROM code.
NoteS: 1. Package with Copper used as the lead material.
2. *** in the Order Model No. is the ROM code, consisting of a letter and a |
number (ex. E00). The letter indicates the voltage and frequency, as shc

*E F, G H:50V, 28 MHz
P,Q,R:3.3V, 16 MHz
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SECHON 2 CPU. ..o e

2.1 Register ConfigUration............eeeeiiiiiieiiiiiiiee ettt s,
2.1.1 General Registers (RN) .....ccccuvriiiiiiieeee e cerirreeee e e e e e e s sesnneeaeees.
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impossible with microprocessors, such as real-time control, which demands hig|
particular, the SH7040 series has a 1-kbyte on-chip cache, which allows an imp
performance during external memory access.

In addition, the SH7040 Series includes on-chip peripheral functions necessary
configuration, such as large-capacity ROM and RAM, timers, a serial communic
(SCI), an A/D converter, an interrupt controller, and I/O ports. Memory or periph
connected efficiently with an external memory access support function. This gre
system cost.

In addition to the masked-ROM versions of the SH7040 series, the SH7042 and
ZTAT™*1 yersion with user-programmable on-chip PROM and the SH7044 and
F-ZTAT™*2 version with on-chip flash memory. These versions enable users to
and flexibly to changing application specifications, growing production volumes,
conditions.

Notes: *1 ZTAT (Zero Turn-Around Time) is a registered trademark of Renesas
Corp.
*2 F-ZTAT (Flexible ZTAT) is a trademark of Renesas Technology Corp.

1.1.1 SH7040 Series Features
CPU:

» Original Renesas architecture

» 32-bitinternal data bus

» General-register machine
O Sixteen 32-bit general registers
0 Three 32-bit control registers
O Four 32-bit system registers

* RISC-type instruction set
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» 1-kbyte instruction cache

e Caching of instruction codes and PC relative read data

* 4-byte line length (1 longword: 2 instruction lengths)

» 256 entry cache tags

» Direct map method

e On-chip ROM/RAM, and on-chip I/O areas not objects of cache

* Used in common with on-chip RAM; 2 kbytes of on-chip RAM used as addres
array when cache is enabled

Interrupt Controller (INTC):

* Nine external interrupt pins (NMIRQO-IRQ?7)
» Forty-three internal interrupt sources (forty-four for A mask)
» Sixteen programmable priority levels

User Break Controller (UBC):

e Generates an interrupt when the CPU or DMAC generates a bus cycle with sy
conditions

» Simplifies configuration of an on-chip debugger
Bus State Controller (BSC):

» Supports external extended memory access
O 16-bit (QFP-112, TQFP-120), or 32-bit (QFP-144) external data bus

* Memory address space divided into five areas (four areas of SRAM space, on
space) with the following settable features:

O Bus size (8, 16, or 32 hits)
O Number of wait cycles

RENESAS



Direct Memory Access Controller (DMAC) (4 Channels):

» Supports cycle-steal transfers
» Supports dual address transfer mode
» Can be switched between direct and indirect transfer modes (channel 3 only;

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

O Indirect transfer mode: regards the data at the transfer source address as
transfers the data at that address to the transfer destination address

Data Transfer Controller (DTC):

» Data transfer independent of the CPU possible through peripheral I/O interru
» Transfer mode can be set for each interrupt factor (transfer mode set in mern
» Multiple data transfers possible for one activating factor
* Abundant transfer modes
O Normal mode/repeat mode/block transfer mode selectable
» Transfer unit can be set to byte/word/longword
» Interrupts activating the DTC requested of the CPU
O Interrupts can be generated to the CPU after completion of one data tran:
O Interrupts can be generated to the CPU after completing all designated d:
» Transfer can be activated by software

Multifunction Timer/Pulse Unit (MTU):

» Maximum 16 types of waveform output or maximum 16 types of pulse I/O pr
based on 16-bit timer, 5 channels

» 16 dual-use output compare/input capture registers
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* Reset-synchronized PWM moade

O 3-phase output of any duty cycle positive phase/reverse phase PWM wave
» Phase calculation mode

O 2-phase encoder calculation processing

Compare Match Timer (CMT) (Two Channels):

» 16-bit free-running counter
e One compare register
» Generates an interrupt request upon compare match

Watchdog Timer (WDT) (One Channel):

* Watchdog timer or interval timer
« Count overflow can generate an internal reset, external signal, or interrupt

Serial Communication Interface (SCI) (Two Channels):
(Per Channel):

» Asynchronous or clock-synchronous mode is selectable
e Can transmit and receive simultaneously (full duplex)

» On-chip dedicated baud rate generator

e Multiprocessor communication function

I/0O Ports:

* QFP 112 (SH7040, SH7042, SH7044), TQFP-120 (SH7040, SH7042)
O Input/output: 74
O Input: 8
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Speed, nigh accuraCy A/D on-cnip type. FOor aetalls, see tne proauct lineup.
Large Capacity On-Chip Memory:

« ROM (128 kbytes PROM, 256 kbytes/128 kbytes/64 kbytes mask ROM, 256
ROM)

0 SH7044, SH7045: 256 kbytes (flash ROM, mask ROM)
0 SH7042, SH7043: 128 kbytes (ZTAT, mask ROM)
0 SH7040, SH7041: 64 kbytes (mask ROM)

* RAM: 4 kbytes (2 kbytes when cache is used)

Operating Modes:

» Operating modes
0 Expanded mode with ROM disabled
0 Expanded mode with ROM enabled
O Single-chip mode
» Processing states
0 Program execution state
0 Exception processing state
0 Bus-released state
* Power-down modes
0 Sleep mode
O Software standby mode

Clock Pulse Generator (CPG):
* On-chip clock pulse generator

O On-chip clock-doubling PLL circuit
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ViJo —» [ FLYlJdinto
MD2 —- § le= PC14/A14
MD1 —= \ le= PC13/A13
MDO — Flash ROM/PROM/
100 —~ h ROM/PR RAM/cache § e PC12/A12
256kbytes/ 4 kbytes/1 kbyte | | | N lw PC11/ALL
N
EXTAL — 128 kbytes/64 kbytes § lew PC10/A10
XTAL — \
|« PC9/A9
PLLVCC
- 4 % = PC8/A8
PLLCAP z § [+ PC7/A7
F’LLVS’YS1 - Data transfer § |+ PC6/A6
Ve IFWP S — controller I § lem PC5/AS
Vee ( Direct memory § [ PC4/A4
Vee — 5 access controlier § le— PC3/A3
zcc—’ N L PC2/A2
cc— . Interrupt |« PC1/A1
Vg — controller PCO/AD
e
Vg — N g m L
Veg —»

sS A - - ]

Vgg — Se:!al QOTH;IUHI- Multifunction timer/ [+~ PD15/D15
Vg — cation interface  k° pulse unit |« PD14/D14
Nt (x2 channels) l«= PD13/D13
ss

Vgg — |« PD12/D12
v c h AD Watch-

'ss — . - Compare matcl AN dog w |« PD11/D11
Veg — timer (x2 channels) converter § [+ PD10/D10
Vea — N

Ss |+ PD9/D9
Vss — \\\\\\\\\&\\&.\\\\\ e+ PD8/D8

/;\\//cc: N l+= PD7/D7
ss |« PD6/D6

| | | | |« PD5/D5

Frertrtttd EREERE R et
~NOWwSTONdO ETm<oona<cocog<dls 2R
zZzzzzzzz2 <o %

c2222222  BELZSSERNSEEERiE | o

TEEIfYyE Eo5SEEcc2Ecg8Esls | mrm

coaocaocaan S29555558Sam500a< |« PDO/DO

OO0 qwwuwwwwgoegag L

- ouQ&&Eﬂﬁl&&&SUSB

@ : Peripheral address bus 3 E = Qg2

= « -~ 3 =
& : Peripheral data bus 2 g o IR
<—>: Internal address bus 83 & .afao
@ : Internal upper data bus =y
! Internal lower data bus 5

o

Notes: *1 V¢ in the mask and ZTAT versions; FWP in the F-ZTAT version
(however, FWE in writer mode)
*2 Vpp: ZTAT version only

Figure 1.1 Block Diagram of the SH7040, SH7042, SH7044 (QFP-112 Pin), St
(TQFP-120 pin)
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PLLVCC —
PLLCAP —
PLLVSS —
Ve IFWP™ —
xcc -

cc

Vee

Vee

Vee

Vee

Vee —

Vee =

Vss —

Vgs —

Vss —

ss —

—_
-
—_
-

—

Vg —»
Vs
Vs —
Ve —=
Voe —»

Ss —™
Ve —
Veg —

AVeS —

AVeg —

AV, —»

-
—
o

a0

7z

Data transfer
controller

Direct memory

access controller

Interrupt
controller

N

[

N

Serial communi-
cation interface
(x2 channels)

Multifunction timer/
pulse unit

Compare match
timer (x2 channels)

| converter

Watch-

AID oy

7
7
é
/
/
1
/
é
é

0000007777

222772

PF7/AN7 —
PF6/AN6 —»
PF5/AN5 —»

PF4/AN4 —

PF3/AN3 —

PF2/AN2 —

PF1/AN1 —»{

PFO/ANO —

-: Peripheral address bus
KD : Peripheral data bus
<! Internal address bus
4 : Internal upper data bus
S Internal lower data bus

PE14/TIOC4AC/DACKO/AH =
PE13/TIOC4B/MRES =~

PE15/TIOC4D/DACK1/IRQOUT ==

OC3D =

OC1B =

OC1A =

PE12/T|
PE11/TI

PE10/TI
PES/T
PES/T
PE7/T
PE6/T
PES/T
PE4/T
PE3/TIOCOD/DRAK1 <=

PE2/TIOCOC/DREQ1 =

PE1/TIOCOB/DRAKOQ <+

PEO/TIOCOA/DREQO =~

l» PD31/D31/Al
l+= PD30/D30/IR
l+» PD29/D29/C:!
l+= PD28/D28/C!
l«s PD27/D27/D,
l«» PD26/D26/D;
l«» PD25/D25/D!
l«» PD24/D24/D!
l+» PD23/D23/IR
l+» PD22/D22/IR
l«= PD21/D21/IR
l+» PD20/D20/IR
l+» PD19/D19/IR
l«» PD18/D18/IR
l«» PD17/D17/1R

||+~ PD16/D16/IF
[ = PD15/D15

|+ PD14/D14
le> PD13/D13
|+ PD12/D12
l++ PD11/D11
|+~ PD10/D10
l++ PD9/D9
le= PD8/D8
|« PD7/D7
[« PD6/D6
|+ PD5/D5
|+ PD4/D4
|+ PD3/D3
|« PD2/D2
le= PD1/D1

l++ PD0O/DO

Notes: *1 V¢ in the mask and ZTAT versions; FWP in the F-ZTAT version (however, FWE in writer mode)
*2 Vpp: ZTAT version only

12

Figure 1.2 Block Diagram of the SH7041, SH7043, SH7045 (QFP-144
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PE4/TIOC1A []89 52 [] PD15/D15
Vss L] 90 51 [] PAO/RXDO
PFO/ANO [] 91 50 [ PAL/TXDO
PF1/AN1 [] 92 49 [] PA2/SCKO
PF2/AN2 [] 93 48 [] PA3/RXD1
PF3/AN3 [] 94 47 [0 PA4/TXD1
PF4/AN4 [] 95 46 [] PAB/SCK1,
PF5/ANS [] 96 45 [] PA6/TCLK,
Avgg []97 44 ] PA7/TCLK
PF6/AN6 [] 98 QFP-112 43 [] PA8/TCLK
PF7/AN7 [] 99 42 [1 PA9/TCLKI
AVec 100 41 [ PA10/CSO
Vss [ 101 40 [ pA11/CS1
PES5/TIOC1B [ 102 391 Vgg
Ve 103 38 [1 PAL2/WRL
PE6/TIOC2A [] 104 37 vee
PE7/TIOC2B [] 105 36 ] PA13/WRF
PES/TIOC3A [] 106 351 WDTOVF
PE9/TIOC3B [] 107 34 [ PA14/RD
PE10/TIOC3C [] 108 33 vgg
Vss ] 109 32 [ PBY/IRQ7/.
PE11/TIOC3D [] 110 31[] PB8/IRQE/
PE12/TIOC4A [ 111 30 [ PB7/IRQ5/.
PBL3/TIOC4BMRES [1112_, || v 4 0 0 m 00 20N T RO NRAQAINR TR QN Q29[ PB6IRQ4/
I o
EEA22323285223093338 85 %“2#)5 S
SR>3 NmInordIIILLLLISL>ILEEL> 37
X2 0000000000CTI ®IBS F =R &
gz n.n.n_u_n_n.n.n.u.n.sssassg @ ‘omm @
S g fdadaad SRR '8
3 268 5
935 SEE |z
53 £33 3
o2 LR
ak
wn
-
w
o

Notes: *1 V¢ in the mask and ZTAT versions; FWP in the F-ZTAT version (however, FWE in writer mod
*2 Vpp: ZTAT version only

Figure 1.3 SH7040, SH7042, SH7044 Pin Arrangement (QFP-112 Top
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Figure 1.5 SH7041, SH7043, SH7045 Pin Arrangement (QFP-144 Top
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8 PC4/A4 Ad
9 PC5/A5 A5
10 PC6/A6 A6
11 PC7/A7 A7
12 PC8/A8 A8
13 PC9/A9 NC
14 PC10/A10 A10
15 PC11/A11 All
16 PC12/A12 A12
17 PC13/A13 A13
18 PC14/A14 Al4
19 PC15/A15 A15
20 PBO/A16 Al6
21 Vee Vee
22 PB1/A17 NC
23 Ves Ves
24 PB2/IRQ0/POEO/RAS NC
25 PB3/IRQ1/POE1/CASL OE
26 PB4/IRQ2/POE2/CASH PGM
27 Vs Ves
28 PB5/IRQ3/POE3/RDWR Vee
16
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37 Vee Vee
38 PA12/WRL NC
39 Ves Ves
40 PA11/CST NC
41 PA10/CSO NC
42 PA9/TCLKD/IRQ3 NC
43 PA8/TCLKC/IRQ2 NC
44 PA7/TCLKB/CS3 NC
45 PAB/TCLKA/CS2 NC
46 PA5/SCK1/DREQ1/IRQI NC
47 PA4/TXD1 NC
48 PA3 /RXD1 NC
49 PA2/SCKO/DREQO/IRQ0O NC
50 PA1/TXDO NC
51 PAO/RXDO NC
52 PD15/D15 NC
53 PD14/D14 NC
54 PD13/D13 NC
55 Vs Ves
56 PD12/D12 NC
57 PD11/D11 NC
58 PD10/D10 NC
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67 PD3/D3 D3
68 PD2/D2 D2
69 PD1/D1 D1
70 PD0/DO DO
71 Vss Vss
72 XTAL NC
73 MD3 Vee
74 EXTAL Vs
75 MD2 Vee
76 NMI A9
7 Vee Vee
78 MD1 Vee
79 MDO Vee
80 PLLVCC Vee
81 PLLCAP Vs
82 PLLVSS Vo
83 PA15/CK NC
84 RES Vee
85 PEO/TIOCOA/DREQO NC
86 PE1/TIOCOB/DRAKO NC
87 PE2/TIOCOC/DREQT NC
88 PE3/TIOCOD/DRAK1 NC
18
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97 AV Vs
98 PF6/AN6 Ves
99 PF7/AN7 Ves
100 AV, Ve
101 Vs Ves
102 PES5/TIOC1B NC
103 Ve Ve
104 PE6/TIOC2A NC
105 PE7/TIOC2B NC
106 PES/TIOC3A NC
107 PE9/TIOC3B NC
108 PE10/TIOC3C NC
109 Ve Ves
110 PE11/TIOC3D NC
111 PE12/TIOC4A NC
112 PE13/TIOC4B/MRES NC
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9 PC4/A4 A4
10 PC5/A5 A5
11 PC6/A6 A6
12 PC7/A7 A7
13 PC8/A8 A8
14 PC9/A9 NC
15 PC10/A10 A10
16 PC11/A11 All
17 PC12/A12 Al12
18 PC13/A13 Al13
19 PC14/A14 Al4
20 PC15/A15 Al5
21 PBO/A16 Al6
22 Vee Vee
23 PB1/A17 NC
24 Vss Vss
25 PB2/IRQ0/POEO/RAS NC
26 PB3/IRQ1/POE1/CASL OE
27 PB4/IRQ2/POE2/CASH PGM
28 Vss Vss
29 PB5/IRQ3/POE3/RDWR Vee
30 NC NC
31 NC NC
20
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40 Vee Vee
41 PA12/WRL NC
42 Ves Ves
43 PA11/CST NC
44 PA10/CSO NC
45 PA9/TCLKD/IRQ3 NC
46 PAS/TCLKC/IRQ2 NC
47 PA7/TCLKB/CS3 NC
48 PAG/TCLKA/CS2 NC
49 PA5/SCK1/DREQ1/IRQT NC
50 PA4/TXD1 NC
51 PA3/RXD2 NC
52 PA2/SCK0O/DREQO/IRQ0 NC
53 PA1/TXDO NC
54 PAO/RXDO NC
55 PD15/D15 NC
56 PD14/D14 NC
57 PD13/D13 NC
58 Vs Ve
59 PD12/D12 NC
60 NC NC
61 NC NC
62 PD11/D11 NC
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71 PD4/D4 D4
72 PD3/D3 D3
73 PD2/D2 D2
74 PD1/D1 D1
75 PD0/DO DO
76 Ves Vs
77 XTAL NC
78 MD3 Vee
79 EXTAL Vs
80 MD2 Vee
81 NMI A9
82 Vee Vee
83 MD1 Vee
84 MDO Vee
85 PLLV . Vee
86 PLLCAP Ves
87 PLLV Vs
88 PA15/CK NC
89 RES Vep
90 NC NC
91 NC NC
92 PEO/TIOCOA/DREQO NC
93 PE1/TIOCOB/DRAKO NC
22
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102 PF4/AN4 Vs
103 PF5/AN5 \V%
104 AV Vo
105 PF6/ANG \V%
106 PF7/AN7 \V%
107 AV . Vee
108 Vs Ve
109 PES5/TIOC1B NC
110 NC NC
111 Vee Vee
112 PE6/TIOC2A NC
113 PE7/TIOC2B NC
114 PES/TIOC3A NC
115 PE9/TIOC3B NC
116 PE10/TIOC3C NC
117 Ves Ve
118 PE11/TIOC3D NC
119 PE12/TIOC4A NC
120 PE13/TIOC4B/MRES NC
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9 PC2/A2 A2
10 PC3/A3 A3
11 PC4/A4 Ad
12 VCC VCC
13 PC5/A5 A5
14 Vss Vss
15 PC6/A6 A6
16 PC7/A7 A7
17 PC8/A8 A8
18 PC9/A9 NC
19 PC10/A10 A10
20 PC11/A11 All
21 PC12/A12 Al12
22 PC13/A13 A13
23 PC14/A14 Al4
24 PC15/A15 Al5
25 PBO/A16 Al6
26 Vee Vee
27 PB1/A17 NC
28 VSS VSS
29 PA20/CASHL NC
30 PA19/BACK/DRAK1 NC
24
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39 PB8/IRQ6/A20/WAIT NC
40 Vee Vee
41 PB9/IRQ7/A21/ADTRG NC
42 Ves Ves
43 PA14/RD NC
44 WDTOVF NC
45 PD31/D31/ADTRG NC
46 PD30/D30/IRQOUT NC
47 PA13/WRH NC
48 PA12/WRL NC
49 PA11/CST NC
50 PA10/CSO NC
51 PA9/TCLKD/IRQ3 NC
52 PA8/TCLKC/IRQ2 NC
53 PA7/TCLKB/CS3 NC
54 PA6/TCLKA/CS2 NC
55 Vs Ves
56 PD29/D29/CS3 NC
57 PD28/D28/CS2 NC
58 PD27/D27/DACK1 NC
59 PD26/D26/DACKO NC
60 PD25/D25/DREQT NC
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69 PD18/D18/IRQ2 NC
70 PD17/D17/IRQ1T NC
71 Vss Vss
72 PD16/D16/IRQ0 NC
73 PD15/D15 NC
74 PD14/D14 NC
75 PD13/D13 NC
76 PD12/D12 NC
77 Vee Vee
78 PD11/D11 NC
79 Vss Vss
80 PD10/D10 NC
81 PD9/D9 NC
82 PD8/D8 NC
83 PD7/D7 D7
84 PD6/D6 D6
85 Vee Vee
86 PD5 /D5 D5
87 Vss Vss
88 PD4/D4 D4
89 PD3/D3 D3
90 PD2/D2 D2
26
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99 Vee Vee
100 PA16/AH NC
101 PA17/WAIT NC
102 MD1 Vee
103 MDO Vee
104 PLLVCC Vee
105 PLLCAP Ves
106 PLLVSS Ves
107 PA15/CK NC
108 RES Vep
109 PEO/TIOCOA/DREQO NC
110 PE1/TIOCOB/DRAKO NC
111 PE2/TIOCOC/DREQT NC
112 Vee Vee
113 PE3/TIOCOD/DRAK1 NC
114 PE4/TIOC1A NC
115 PES5/TIOC1B NC
116 PE6/TIOC2A NC
117 Ves Ves
118 PFO/ANO Ves
119 PF1/AN1 Ves
120 PF2/AN2 V.
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129 Vgs Ves
130 PAO/RXDO NC
131 PA1/TXDO NC
132 PA2/SCKO/DREQO /IREQO NC
133 PA3/RXD1 NC
134 PA4/TXD1 NC
135 Vee Vee
136 PA5 /SCK1/DREQ1/IREQT NC
137 PE7/TIOC2B NC
138 PES/TIOC3A NC
139 PE9/TIOC3B NC
140 PE10/TIOC3C NC
141 Ves Vo
142 PE11/TIOC3D NC
143 PE12/TIOC4A NC
144 PE13/TIOC4B /MRES NC
28
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10 PC6/A6 A6
11 PC7/A7 A7
12 PC8/A8 A8
13 PC9/A9 A9
14 PC10/A10 A10
15 PC11/A11 All
16 PC12/A12 Al2
17 PC13/A13 A13
18 PC14/A14 Al4
19 PC15/A15 A15
20 PBO/A16 Al6
21 Vee Vec
22 PB1/A17 NC
23 Vs \V%
24 PB2/IRQ0/POEO/RAS NC
25 PB3/IRQ1/POE1/CASL NC
26 PB4/IRQ2/POE2/CASH Al7
27 Vs \V%
28 PB5/IRQ3/POE3/RDWR NC
29 PB6/IRQ4/A18/BACK NC
30 PB7/IRQ5/A19/BREQ NC
31 PB8/IRQ6/A20/WAIT NC
32 PB9/IRQ7/A21/ADTRG NC
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42 PA9/TCLKD/IRQ3 CE
43 PA8/TCLKC/IRQ2 OE
44 PA7/TCLKB/CS3 WE
45 PAG/TCLKA/CS2 NC
46 PA5/SCK1/DREQ1/IRQT Vee
47 PA4/TXD1 NC
48 PA3/RXD1 NC
49 PA2/SCKO/DREQO/IRQ0 Vee
50 PA1/TXDO Vee
51 PAO/RXDO NC
52 PD15/D15 NC
53 PD14/D14 NC
54 PD13/D13 NC
95 Ves Vss
56 PD12/D12 NC
57 PD11/D11 NC
58 PD10/D10 NC
59 PD9/D9 NC
60 PD8/D8 NC
61 Ves Vss
62 PD7/D7 D7

63 PD6/D6 D6

64 PD5/D5 D5

30
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74 EXTAL EXTAL

75 MD2 MD2
76 NMI Vee

77 Ve (FWP)* FWE
78 MD1 MD1
79 MDO MDO
80 PLLV. PLLV .
81 PLLCAP PLLCAP
82 PLLV PLLV
83 PA15/CK NC

84 RES RES
85 PEO/TIOCA/DREQO NC

86 PE1/TIOCB/DRAKO NC

87 PE2/TIOCC/DREQ1 NC

88 PE3/TIOCD/DRAK1 NC

89 PE4/TIOC1A NC

90 Ve Ves

a1 PFO/ANO Ve

92 PF1/AN1 Ves

93 PF2/AN2 Ve

94 PF3/AN3 Vs

95 PF4/AN4 Ve

96 PF5/ANS Ves

Note: * V. in the mask version; FWP in the F-ZTAT version (however, FWE in the writer
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105 PE7/TIOC2B NC
106 PES/TIOC3A NC
107 PE9/TIOC3B NC
108 PE10/TIOC3C NC
109 Vs Vo
110 PE11/TIOC3D NC
111 PE12/TIOC4A NC
112 PE13/TIOC4B/MRES NC
32
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FCUoO/Ao Imtel
11 PC4/A4 A4
12 Vee Vee
13 PC5/A5 A5
14 Vss Vss
15 PC6/A6 A6
16 PC7/A7 A7
17 PC8/A8 A8
18 PC9/A9 A9
19 PC10/A10 A10
20 PC11/A11 All
21 PC12/A12 Al2
22 PC13/A13 A13
23 PC14/A14 Al4
24 PC15/A15 A15
25 PBO/A16 A16
26 Vee Vee
27 PB1/A17 NC
28 Vss Vss
29 PA20/CASHL NC
30 PA19/BACK/DRAK1 NC
31 PB2/IRQ0/POEO/RAS NC
32 PB3/IRQ1/POE1/CASL NC
33 PA18/BREQ/DRAKO NC
34 PB4/IRQ2/POE2/CASH Al7
35 Vss Vss
36 PB5/IRQ3/POE3/RDWR NC

RENESAS



rFUoV/UVOVIITINKVU |

47 PA13/WRH NC
48 PA12/WRL NC
49 PA11/CST NC
50 PA10/CSO NC
51 PA9/TCLKD/IRQ3 CE
52 PA8/TCLKC/IRQ2 OE
53 PA7/TCLKB/CS3 WE
54 PAB/TCLKA/CS2 NC
95 Vss Vss
56 PD29/D29/CS3 NC
57 PD28/D28/CS2 NC
58 PD27/D27/DACK1 NC
59 PD26/D26/DACKO NC
60 PD25/D25/DREQ1T NC
61 Vss Vss
62 PD24/D24/DREQO NC
63 Vee Vee
64 PD23/D23/IRQ7 NC
65 PD22/D22/IRQ6 NC
66 PD21/D21/IRQ5 NC
67 PD20/D20/IRQ4 NC
68 PD19/D19/IRQ3 NC
69 PD18/D18/IRQ2 NC
70 PD17/D17/IRQT NC
71 Vss Vss
72 PD16/D16/IRQ0 NC
34
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rUo/vo N

83 PD7/D7 D7
84 PD6/D6 D6

85 Vcc Vcc

86 PD5/D5 D5

87 Vss Vss

88 PD4/D4 D4

89 PD3/D3 D3

90 PD2/D2 D2

91 PD1/D1 D1

92 PDO/DO DO

93 Vss Vss

94 XTAL XTAL
95 MD3 MD3
96 EXTAL EXTAL
97 MD2 MD2
98 NMI Vee

99 Ve (FWP)* FWE
100 PA16/AH NC
101 PA17/WAIT NC
102 MD1 MD1
103 MDO MDO
104 PLLV. PLLV,.
105 PLLCAP PLLCAP
106 PLLV PLLVq
107 PA15/CK NC

Note: * V. in the mask version; FWP in the F-ZTAT version (however, FWE in the write
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L1/ Vs Vgg
118 PFO/ANO Vo
119 PF1/AN1 Vo
120 PF2/AN2 Ves
121 PF3/AN3 Vo
122 PF4/AN4 Vo
123 PF5/AN5 Ves
124 AV, Vo
125 PF6/AN6 Vo
126 PF7/AN7 Ves
127 Avref Vee
128 AV . Vee
129 Ves Ves
130 PAO/RXDO NC
131 PA1/TXDO Vee
132 PA2/SCKO/DREQO/IRQ0O Vee
133 PA3/RXD1 NC
134 PA4/TXD1 NC
135 Vee Vee
136 PA5/SCK1/DREQ1/IRQ1T Vee
137 PE7/TIOC2B NC
138 PES/TIOC3A NC
139 PE9/TIOC3B NC
140 PE10/TIOC3C NC
141 Ves Ves
142 PE11/TIOC3D NC
143 PE12/TIOC4A NC
144 PE13/TIOC4B/MRES NC
36

RENESAS



ground. No operation will oc
there are any open pins.

Vep Program Connects to the power supp
supply during normal operation.
When in PROM mode, apply
Clock PLLVCC PLL supply On-chip PLL oscillator suppl
PLLVSS PLL ground On-chip PLL oscillator grour
PLLCAP PLL On-chip PLL oscillator exter
capacitance capacitance connection pin.
EXTAL External clock Connect a crystal oscillator.
external clock can be input t
EXTAL pin.
XTAL Crystal Connect a crystal oscillator.
CK System clock Supplies the system clock tc
peripheral devices.
System control  RES Power-on reset  Power-on reset when low
MRES Manual reset Manual reset when low
WDTOVF Watchdog Overflow output signal from
timer overflow
BREQ Bus request Goes low when external de\
requests bus right release
BACK Bus request Indicates that bus right has |

acknowledge

released to external device.
device that output the BREC
receives the BACK signal, n
the device that it has obtaine
right.

RENESAS



edge Input.

IRQOUT (0] Interrupt request  Indicates that interrupt caus
output occurred. Enables notificatic
interrupt generation also du
release.
Address bus A0-A21 (0] Address bus Outputs addresses.
Data bus DO-D15 I/O Data bus 16-bit (QFP-112 pin and TC
(QFP-112) pin versions) or 32-bit (QFP
DO-D31 version) bidirectional data b
(QFP-144)
Bus control CS0-CS3 O Chip selects 0-3  Chip select signals for exter
memory or devices.
RD o) Read Indicates reading from an e
device.
WRH (0] Upper write Indicates writing the upper ¢
(15-8) of external data.
WRL (0] Lower write Indicates writing the lower &
(7-0) of external data.
WAIT Wait Input causes insertion of wa
into the bus cycle during ex
space access.
RAS o} Row address Timing signal for DRAM rov
strobe address strobe.
CASH (0] Upper column Timing signal for DRAM col
address strobe address strobe.
Output when the upper 8 bi
data are accessed.
38

RENESAS



(QFP-144) 24 of external data.
WRHL (0] HL write Indicates the writing of bi
(QFP-144) 16 of external data.
CASHH (0] HH column Timing signal for DRAM
(QFP-144) address strobe  address strobe. Output w
31 to 24 of data are acce
CASHL (0] HL column Timing signal for DRAM «
(QFP-144) address strobe  address strobe. Output w
23 to 16 of data are acce
Bus control TCLKA MTU timer Input pins for external clc
multifunction TCLKB clock input the MTU counter.
timer/pulse unit
TCLKC
TCLKD
TIOCOA I/0 MTU input Channel 0 input capture
TIOCOB capture/ output  input/output compare ou
compare output pins.
Tiococ (channel 0)
TIOCOD
TIOC1A I/10 MTU input Channel 1 input capture
TIOC1B capture/output input/output compare out
compare output pins.
(channel 1)
TIOC2A I/O MTU input Channel 2 input capture
TIOC2B capture/output  input/output compare out
compare output pins.
(channel 2)
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b S el

b AL N

fipgat il vl At e

access DREQ1 request DMA transfer.

controller (channels 0, 1)

(DMAC)
DRAKO- (0] DREQ request Output the input sampling
DRAK1 acknowledgment  acknowledgment of external |

(channels 0, 1) transfer requests.
DACKO- (0] DMA transfer Output a strobe to the extern:
DACK1 strobe (channels  external DMA transfer reques
0,1)

Serial TxDO-— (0] Transmit data SCI0, SCI1 transmit data out

communication TxD1 (channels 0, 1) (TxD1 is used for data transfe

interface (SCI) boot mode of F-ZTAT)
RxDO- Receive data SCI0, SCI1 receive data inpu
RxD1 (channels 0, 1) (RxD1 is used for data transfi

boot mode of F-ZTAT)

SCKO- /0 Serial clock SCI0, SCI1 clock input/outpu
SCK1 (channels 0, 1)

A/D Converter AV, I Analog supply Analog supply; connected to
AV I Analog ground Analog supply; connected to
AVref I Analog reference  Analog reference supply inpu
(QFP-144 supply (Connected to AV internally
only) QFP-112 and TQFP-120.)
ANO-AN7 | Analog input Analog signal input pins.
ADTRG I A/D conversion External trigger input for A/D

trigger input

conversion start.

40
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pPUIL

pPis.

Each bit can be designate
input/output.

PCO- I/0 General purpose  General purpose input/out
PC15 port pins.
Each bit can be designate
input/output.
PDO- I/0 General purpose  General purpose input/out
PD15 port pins.
(QFP-112) Each bit can be designate
PDO- input/output.
PD31
(QFP-144)
PEO- Ie) General purpose  General purpose input/out
PE15 port pins.
Each bit can be designate
input/output.
PFO-PF7 I General purpose  General purpose input por

port

Usage Notes

1. Unused input pins should be pulled up or pulled down.

2. TheWDTOVF pin should not be pulled down in the SH7044/SH7045 F-ZTAT
However, if it is necessary to pull this pin down, a resistance of Q0fr kigher sl

used.
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Table 1.8  Pins during the Onboard Programming Mode

Notation I/10 Function

FWP Input Hardware protected flash memory write/delete
MD1 Input User programming mode/boot mode setting
MD2 Input Clock mode (PLL) setting

MD3 Input Clock mode (PLL) setting

TxD1 Output Serial sent data output

RxD1 Input Serial receive data input

Power-on
reset condition

=0

1, FWP:

MD1=
ES=0

program
mode

Notes: For transferring between user mode and user pro
proceed while CPU is not programming or erasin
memory.

* RAM emulation permitted

Boot mode
Onboard programming mode

Figure 1.6 Condition Transfer for Flash Memory
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Mpgpiivativil pivygreaatt

‘ | Boot program area |

Figure. 1.7 Data Transfer during Boot Mode
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and recovering the status register (SR) and program counter (PC) in exception |
accomplished by referencing the stack using R15. Figure 2.1 shows the general

Notes: *1

*2

31 0
RO*1
R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15, SP (hardware stack pointer)*2

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

R15 functions as a hardware stack pointer (SP) during exception proce

Figure 2.1 General Registers
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—

>

31 0
GBR

31 0
VBR

Instructions use the T DIt to Inaicat
(1) or false (0). The ADDV, ADDC,
SUBYV, SUBC, DIVOU, DIVOS, DIV
NEGC, SHAR, SHAL, SHLR, SHL
ROTR, ROTL, ROTCR, and ROT(
instructions also use the T bit to in
carry/borrow or overflow/underflow

S hit: Used by the MAC instruction.

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

Bits 10—13: Interrupt mask bits.

M and Q bits: Used by the DIVOU, DIVO
and DIV1 instructions.

Reserved bits. 0 is read. Write only.

Global base register (GBR):

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

Vector base register (VBR):
Stores the base address of the exceptic
processing vector area.

46

Figure 2.2 Control Registers
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31 0 Procedure register (PR): Stores
| PR a return address from a
subroutine procedure.

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

Figure 2.3 System Registers

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

Table 2.1 Initial Values of Registers

Classification Register Initial Value
General registers R0-R14 Undefined
R15 (SP) Value of the stack pointer in the vector addre:s
Control registers SR Bits 13—10 are 1111 (H'F), reserved bits are 0,
bits are undefined
GBR Undefined
VBR H'00000000
System registers  MACH, MACL, PR Undefined
PC Value of the program counter in the vector ad
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222 Data Format in Memory

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

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

Figure 2.5 Byte, Word, and Longword Alignment

2.2.3 Immediate Data Format

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

48
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the pipeline system. Instructions are executed in 35 ns at 28.7 MHz.

Data Length: Longword is the standard data length for all operations. Memory ¢
bytes, words, or longwords. Byte or word data accessed from memory is sign-e:
handled as longword data. Immediate data is sign-extended for arithmetic opere
extended for logic operations. It also is handled as longword data (table 2.2).

Table 2.2 Sign Extension of Word Data

SH7040 Series CPU Description Example of Conventional C
MOV. W @di sp, PO, RL Data is sign-extended to 32 ADD. W #H 1234, R0
ADD RL RO bits, and R1 becomes

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

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

Load-Store Architecture: Basic operations are executed between registers. For
involve memory access, data is loaded to the registers and executed (load-store
Instructions such as AND that manipulate bits, however, are executed directly ir

Delayed Branch Instructions Unconditional branch instructions are delayed. Exe
instruction that follows the branch instruction and then branching reduces pipeli
during branching (table 2.3). There are two types of conditional branch instructic
branch instructions and ordinary branch instructions.

RENESAS
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instructions that change the T bit is kept to a minimum to improve the processing
2.4).

Table 2.4 T Bit

SH7040 Series CPU Description Example of Conventional (
aw &= Rl, RO T bit is set when RO = R1. The aP.W RL, RO
BT TRGETO program branches to TRGETO BGE TRCETO
when RO = R1 and to TRGET1
BF TRCET1 when RO < R1. BLT TRGET1
ADD #1, RO T bit is not changed by ADD. T bitis SUB. W #1, R0
OWEQ #0, RO set when RO = 0. The program BEQ TRGET

branches if RO = 0.
BT TRCGET

Immediate Data Byte (8-bit) immediate data resides in instruction code. Word or
immediate data is not input via instruction codes but is stored in a memory table.
data transfer instruction (MOV) accesses the memory table using the PC relative
with displacement (table 2.5).
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Absolute Address When data is accessed by absolute address, the value alreac
address is placed in the memory table. Loading the immediate data when the in
executed transfers that value to the register and the data is accessed in the indi
addressing mode (table 2.6).

Table 2.6  Absolute Address Accessing

Classification SH7040 Series CPU Example of Conventional C
Absolute address MOV. L @di sp, PO, RL MOV. B @ 12345678, F
MOV. B @~ R0

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

16-Bit/32-Bit Displacement When data is accessed by 16-bit or 32-bit displacem
existing displacement value is placed in the memory table. Loading the immedic
instruction is executed transfers that value to the register and the data is access
indexed register addressing mode (table 2.7).

Table 2.7  Displacement Accessing

Classification SH7040 Series CPU Example of Conventional CP
16-bit displacement  MOV. W @di sp, PO, RO MV. W @H 1234, Rl), R
MOV. W @QRO, R, R

.DATAW H 1234
Note: @(disp,PC) accesses the immediate data.
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indirect register A constant is added to the content of Rn after the (Afte

addressing instruction is executed. 1 is added for a byte
operation, 2 for a word operation, and 4 for a
longword operation.

instr
exec

Byte

M R | F

e Wor

- R

1/2/4 Lont

Rn -

Pre-decrement @Rn The effective address is the value obtained by Byte
indirect register subtracting a constant from Rn. 1 is subtracted for - R
addressing a byte operation, 2 for a word operation, and 4 for Wor
a longword operation. R

Lon

Rn -

Rn - 1/2/4 (Inst

exec

Rn ¢

calcl
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1/2/4

Indirect indexed @R0, Rn) The effective address is the Rn value plus RO. Rn
register
addressing
O
Indirect GBR @di sp: 8, The effective address is the GBR value plus an Byt
addressing with  GBR) 8-bit displacement (disp). The value of disp is zero- disy
displacement extended, and remains the same for a byte opera- Wo
tion, is doubled for a word operation, and is disy
quadrupled for a longword operation. L
or
GB
4

disp
(zero-extended)

GBR
+ disp x 1/2/4
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quadrupled for a longword operation. For a PC
longword operation, the lowest two bits of the PC H'E
value are masked. +di

PC + disp x 2
or
PC & H'FFFFFFFC
+ disp x 4

disp
(zero-extended)

54

RENESAS



| — |

di sp: 12

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

disp
(sign-extended)

PC + disp x 2

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

(—>_Pc+rn |

Immediate
addressing

#imm 8

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

#imm 8

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

#imm 8

The 8-bit immediate data (imm) for the TRAPA —
instruction is zero-extended and is quadrupled.
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Source Destination

Instruction Formats Operand Operand Example

0 format — — NCP

15 0

XXXX  XXXX  XXXX  XXXX
n format — nnnn: Direct MOVT F
register

15 0 Control register nnnn: Direct STS N

| XXXX | nnnn | XXXX  XXXX or system register
register
Control register nnnn: Indirect pre- STC. L
or system decrement register
register

m format mmmm: Direct Control register or  LDC
register system register

15 0 mmmm: Indirect  Control register or LDC. L

| XXXX |mmmm| XXXX  XXXX post-increment system register

register
mmmm: Direct — I @
register
mmmm: PC — BRAF F

relative using Rm
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post-Increment
register (multiply/
accumulate)

mmmm: Indirect  nnnn: Direct MOV. L
post-increment register
register
mmmm: Direct nnnn: Indirect pre- MOV. L
register decrement
register
mmmm: Direct nnnn: Indirect MOV. L
register indexed register Rm @F
md format mmmmdddd: RO (Direct MOV. B
15 indirect register register) @di sr
| XXXX  XXXX |mmmm| dddd W_'th
displacement
nd4 format RO (Direct nnnndddd: MOV. B
15 0 register) Indirect register RO, @c
| XXXX | XXXX | nnnn | dddd with displacement
nmd format mmmm: Direct nnnndddd: Indirect MOV. L
register register with Rm @c
| XXXX | nnnn |mmmm| dddd displacement
mmmmdddd: nnnn: Direct MOV. L
Indirect register register @di sp

with
displacement

Note: * In multiply/accumulate instructions, nnnn is the source register.
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dddddddd: PC — BF
relative
d12 format dddddddddddd: — BRA
15 PC relative (1 abel
| %0 | dddd  dddd  dddd PO
nd8 format dddddddd: PC nnnn: Direct MOV. L
15 relative with register @di sp,
| XXXX | nnnn | dddd dddd displacement
i format jiiiiiii: Immediate Indirect indexed AND. B
GBR #mm @
15 iiiiiiii: Immediate RO (Direct register) AND
|xxxx xxxx|iiii iiii
iiiiiiii: Immediate — TRAPA
ni format jiiiiiii: Immediate nnnn: Direct ADD
15 register
|xxxx|nnnn| Pl i
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Arithmetic
operations

21

ADD Binary addition 33

ADDC Binary addition with carry

ADDV Binary addition with overflow check

CMP/cond Comparison

DIV1 Division

DIVOS Initialization of signed division

DIvVoU Initialization of unsigned division

DMULS Signed double-length multiplication

DMULU Unsigned double-length multiplication

DT Decrement and test

EXTS Sign extension

EXTU Zero extension

MAC Multiply/accumulate, double-length
multiply/accumulate operation

MUL Double-length multiply operation

MULS Signed multiplication

MULU Unsigned multiplication

NEG Negation

NEGC Negation with borrow

SUB Binary subtraction

SUBC Binary subtraction with borrow

SUBV Binary subtraction with underflow
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LA LAY

NMETCTVIL Tt rvtadunt

ROTCL One-bit left rotation with T bit

ROTCR One-bit right rotation with T bit

SHAL One-bit arithmetic left shift

SHAR One-bit arithmetic right shift

SHLL One-bit logical left shift

SHLLn n-bit logical left shift

SHLR One-bit logical right shift

SHLRn n-bit logical right shift

Branch 9 BF Conditional branch, conditional branch with 11

delay (Branch when T = 0)

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

BRA Unconditional branch

BRAF Unconditional branch

BSR Branch to subroutine procedure

BSRF Branch to subroutine procedure

JMP Unconditional branch

JSR Branch to subroutine procedure

RTS Return from subroutine procedure
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STC Storing control register data

STS Storing system register data

TRAPA Trap exception handling
Total: 62 142

Table 2.11 shows the format used in tables 2.12 to 2.17, which list instruction cc
and execution states in order by classification.
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0001 R1

1111: R15
iiii: Immediate data
dddd: Displacement

Operation -, - Direction of transfer
(xx) Memory operand
M/QIT Flag bits in the SR
& Logical AND of each bit
| Logical OR of each bit
A Exclusive OR of each bit
~ Logical NOT of each bit
<<n n-bit left shift
>>n n-bit right shift
Execution — Value when no wait states are inserted* 2
cycles
T bit — Value of T bit after instruction is executed. An em-c

in the column means no change.

Notes: *1 Depending on the operand size, displacement is scaled x1, x2, or x4. For detc
the SH-1/SH-2/SH-DSP Programming Manual.
*2 Instruction execution cycles: The execution cycles shown in the table are mini
The actual number of cycles may be increased when (1) contention occurs bet
instruction fetches and data access, or (2) when the destination register of the
instruction (memory - register) and the register used by the next instruction a
same.
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MV, VvV N N vuliviinnnnmimivvu L nil - \R1l) 4

MOV.L Rm @n 0010nnNNNMMO010 Rm - (Rn) 1

MOV. B @m Rn 0110nnnnmmm000 (Rm) - Sign extension - 1
Rn

MOV. W @M Rn 0110nnnnmmm0001 (Rm) - Sign extension - 1
Rn

MOV.L @m Rn 0110nNnnnmMmmmm©010 (Rm) - Rn 1

MOV. B Rm @Rn 0010nnnnnMMMMO100 Rn-1 - Rn, Rm - (Rn) 1

MOV. W Rm @Rn 0010nnnnnMMmMM©101 Rn-2 - Rn, Rm - (Rn) 1

MOV.L Rm @Rn 0010nnnnmmm®©110 Rn—4 - Rn, Rm - (Rn) 1

MOV. B @+, Rn 0110nnnnmmmO100 (Rm) - Sign extension - 1
Rn,Rm+1 - Rm

MOV. W @, Rn 0110nnnnmmmm0101 (Rm) - Sign extension - 1
Rn,Rm+2 -~ Rm

MOV. L @m+ Rn 0110nnnnnMmMmMM©110 (Rm) - RnRm+4 - Rm 1

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

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

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

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

MV. W @di sp, Ry, RO 10000101mmmdddd (disp x2 + Rm) - Sign 1
extension - RO

MOV.L @disp, R}, R 0101nnnnmmmuddd (disp x4 + Rm) - Rn 1

MOV. B Rm @RO, Rn) 0000NNNNMIMO100 Rm - (RO + Rn) 1
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4 1Uvvvuvvduuduauuu nU - (Ulop T BDOR)

MV. W RO, @di sp, BBR

11000001dddddddd RO - (disp x 2 + GBR)

MWV.L RO, @disp, GBR

11000010dddddddd RO - (disp x 4 + GBR)

MV. B @disp, GBR), RO

11000100dddddddd ~ (disp + GBR) - Sign
extension —» RO

Rl | P F

MV. W @disp, BR, R0

11000101dddddddd (disp x 2 + GBR) - Sign
extension - RO

A

MOV.L @disp, BR, R0 11000110dddddddd (disp x4 + GBR) - RO 1

MOVA  @di sp, PO, RO 11000111dddddddd disp x4 + PC - RO 1

MOVT R 0000nnnNN00101001 T - Rn 1

SWAP.B Rm R 0110nnnnnMmmMm1.000 Rm - Swap the bottom two 1
bytes -~ Rn

SWAP. W Rm Rn 0110nnnnmmmi001 Rm - Swap two 1
consecutive words - Rn

XTRCT RmRn 0010nnnnnMmMmM1.101 Rm: Middle 32 bits of 1
Rn - Rn
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COW/ EQ RmRn 0011nnnnmmmD000 IfRNn=Rm,1 - T Cc
re:
OW HS RmRn 0011nnnnmmm®©010 If Rn=Rm with unsigned Cc
data,1 - T res
OW/ CE RmRn 0011nnnnmmm0011 If Rn = Rm with signed Cc
data,1 - T re:
OWH RnRn 0011nnnnmmm®©110 If Rn > Rm with Cc
unsigned data, 1 - T res
QW GIT' RmRn 0011lnnnnmmm0111 If Rn > Rm with signed Cc
data,1 - T re:
QW PL R 0100nnnn00010101 IfRN>0,1 - T Cc
re:
QW PZ R 0100nnnn00010001 IfRn>0,1-T Cc
re:
OW/ STR R Rn 0010nnnnmmmiL100 If Rn and Rm have Cc
an equivalent byte, res
1-T
D Vi Rm R 0011nnnnmMmm©100 Single-step division Ce
(Rn/Rm) res
D V0S Rm R 0010nnnnmmmm0111 MSB of Rn - Q, MSB Ce
ofRm - M,M"Q - T re:
D VouU 0000000000011001 0 - M/IQIT 0
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EXTS B RmRn 0110nnnnmmm1110 A byte in Rm is sign- 1 —
extended - Rn

EXTSS W Rm R 0110nnnnmmmi111 A word in Rm is sign- 1 —
extended - Rn

EXTUB RmRn 0110nnnnmmm i 100 A byte in Rm is zero- 1 —
extended - Rn

EXTUW RmR 0110nnnnmmmi101 A word in Rm is zero- 1 —
extended - Rn

MAC. L @Rm+, @+ 0000nnnnmMmMi111 Signed operation of 3/[2Qto —
(Rn) x (Rm) +MAC - 4)"
MAC 32 x32 - 64 bit

MC W @m, @+ 0100nnnnmmmilll Signed operation of 3/(2)" —
(Rn) x (Rm) + MAC -
MAC 16 x16 + 64 -
64 bit

M. L Rm R 0000NNNnMMMO111 Rn xRm - MACL, 32 2t04* —
x 32 - 32 bit

MLS. W RmRn 0010nnnnmMmmMi111 Signed operation of Rn 1 to 3 —
xRm - MAC 16 x 16
- 32 hit

MLU W RmRn 0010nnnnmmm1110 Unsigned operation of 1to3* —
Rn xRm - MAC 16 x
16 - 32 bit

NEG Rm R 0110nnnnmmmi011 0-Rm - Rn 1 —

NEGC Rm 0110nnnnnmm 010 0-Rm-T - Rn, Borrow 1 Bort
ST
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CRB #m@R0,BR  1100111%iiiiiiii (RO + GBR) | imm - 3

(RO + GBR)

TAS.B @ 0100nnnn00011011 If(Rn)is0,1 - T;1 - 4
MSB of (Rn)*

TST Rm R 0010nnNnNnmmmi000 Rn & Rm; ifthe resultis 1
0,1-T

TST #i mm RO 11001000iiiiiiii RO & imm; if the resultis 1
0,1-T

TST.B #i mm @ R0, BR 11001100iiiiiiii (RO + GBR) & imm; if 3
theresultis0,1 - T

XCR RmM R 0010nnnnmmMmi1010 Rn~"Rm - Rn 1

XCR #i mm RO 11001010iiiiiiii RO A imm - RO 1

XOR B #inmm @RO, GBBR 11001110iiiiiiii (RO + GBR) A imm - 3
(RO + GBR)

Note: * The on-chip DMAC/DTC bus cycles are not inserted between the read and write
TAS instruction execution. However, bus release due to BREQ is carried out.
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SHR R 0100nnnNn00000001 0O-Rn-T 1
SH L2 R 0100nnnn00001000 Rn<<2 - Rn 1
SHR R 0100nnnn00001001 Rn>>2 - Rn 1
SH L8 R 0100nnnn00011000 Rn<<8 - Rn 1
SH.R3 R 0100nnnn00011001 Rn>>8 - Rn 1
SHL16 Rn 0100nnnn00101000 Rn<<16 - Rn 1
SHRI6 Rn 0100nnnn00101001 Rn>>16 - Rn 1
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PC

BRAF Rm 0000mmMmMO0100011  Delayed branch, Rm + PC - PC
BSR | abel 1011dddddddddddd Delayed branch, PC - PR, disp x 2
+PC - PC
BSRF Rn 0000mmMODO0000011  Delayed branch, PC - PR,
Rm+ PC - PC
JW  @mn 0100mmMMD0101011 Delayed branch, Rm - PC
JSR @m 0100mMmmMM®O0001011 Delayed branch, PC - PR,
Rm - PC
RTS 0000000000001011 Delayed branch, PR - PC

Note: * One state when it does not branch.
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LA L TN, VBIR vivuviinvu vl L4L L A\ = v, it b= = Il 9
LDS  Rm MACH 0100nmMmMD0001010 Rm - MACH 1
LDsS Rm MACL 0100mmMmM®0011010 Rm - MACL 1
LDS Rm PR 0100mmm©0101010 Rm - PR 1
LDS. L @Rm+, MACH 0100mmr00000110 (Rm) - MACH,Rm+4 - Rm 1
LDS. L @m+, NACL 0100mMmmMD0010110 (Rm) - MACL,Rm+4 - Rm 1
LDS. L @m+, PR 0100mm00100110 (Rm) - PR,Rm+4 - Rm 1
NCP 0000000000001001 No operation 1
RTE 0000000000101011 Delayed branch, stack area 4
- PC/SR
SETT 0000000000011000 1T 1
SLEEP 0000000000011011 Sleep 3*
STC SR R 0000nnNN00000010 SR - Rn 1
STC GBR R 0000nnNNN00010010 GBR - Rn 1
STC VBR Rn 0000nnNN00100010 VBR - Rn 1
STICL SR @Rn 0100nnnn00000011 Rn—4 - Rn, SR - (Rn) 2
STCL GBR @R 0100nnnn00010011 Rn-4 - Rn, GBR - (Rn) 2
STC L VBR @Rn 0100nnnn00100011 Rn—-4 - Rn, BR - (Rn) 2
STS MACH, Rn 0000nnNN00001010 MACH - Rn 1
STS MACL, Rn 0000nnnNn00011010 MACL - Rn 1
STS PR Rn 0000nnnNn00101010 PR - Rn 1
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the next instruction are the same.

2.5 Processing States

25.1 State Transitions

The CPU has five processing states: reset, exception processing, bus release, pt
and power-down. Figure 2.6 shows the transitions between the states.
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cleared

Bus request NMiI |nterrup\
source occurs

generated

. Exception Exception
Bus release state _ > processing processing
_ . source occurs ends

Bus request
generated

Bus request
cleared

Bus request
cleared

Bus request
generated

Program execution state

SBY bit SBY bit set
cleared for SLEEP
for SLEEP

| : instruction
instruction

Sleep mode

Power-down state

Standby mode

Figure 2.6 Transitions between Processing States

Reset StateThe CPU resets in the reset state. WheR#ff pin level goes low, a pc
results. When thBES pin is high and MRES is low, a manual reset will occur.

Exception Processing StateThe exception processing state is a transient state tt
exception processing sources such as resets or interrupts alter the CPU’s proce
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modes: sleep mode and standby mode.

Bus Release Statdn the bus release state, the CPU releases access rights to the
that has requested them.

2.5.2 Power-Down State

Besides the ordinary program execution states, the CPU also has a power-down
CPU operation halts, lowering power consumption. There are two power-down st
mode and standby mode.

Sleep Mode When standby bit SBY (in the standby control register SBYCR) is cle
SLEEP instruction executed, the CPU moves from program execution state to sle
sleep mode, the CPU halts and the contents of its internal registers and the data
(or on-chip RAM) is maintained. The on-chip peripheral modules other than the C
in the sleep mode.

To return from sleep mode, use a reset (power-on or manual), any interrupt, or a
error; the CPU returns to the ordinary program execution state through the excer
state.

Standby Mode: To enter the standby mode, set the standby bit SBY (in the standl|
register SBYCR) to 1 and execute a SLEEP instruction. In standby mode, all CPL
peripheral module, and oscillator functions are halted. However, when entering si
DMA master enable bit of the DMAC should be set to 0. If multiplication-related ir
being executed at the time of entry into standby mode, the values of MACH and |
become undefined.

To return from standby mode, use a reset (power-on or manual) or an NMI interr
the CPU returns to ordinary program execution state through the exception proce

placed in a reset state for the duration of the oscillator stabilization time. For NMI
74
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with SBY bit error

clearedto O e Pow

in SBYCR « Man
Stand- Execute Halt Halt Haltand Held Held Held or « NMI
by _SLEEP_ initialize Hi-Z . Pow

instruction (select-

with SBY bit able) * Man

setto 1in

SBYCR

Note: * Differs depending on the peripheral module and pin.
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vioae R vioae vn-cnip

No. FWP MD3*' MD2*'* MD1 MDO Name ROM 112 Pin

0 1 X X 0 0 MCU mode O Not Active  8-bit space

1 1 X X 0 1 MCU mode 1  Not Active  16-bit space

2 1 X X 1 0 MCU mode 2 Active 8/16-bit

space™?

3 1 X X 1 1 Single chip Active —
mode

4 1 1 1 1 1 PROM mode™? Active —

— 0 X X 0 0 Boot mode**  Active 8/16-bit

space*?

— 0 X X 0 1 —

— 0 X X 1 0 User Active 8/16-bit
programming space™?
mode™*

— 0 X X 1 1 —

— 1 1 1 0 1 Flash Active —
programmer
mode™*

Notes: *1 MD2 and MD3 pins select the clock mode in modes 0-3 (table 3.2).
*2 Set by BCR2 of BSC.
*3 Only ZTAT.
*4 Only F-ZTAT.
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Table 3.3 describes the operating modes.

Table 3.3  Operating Modes

Mode Description

(MCU) Mode 0 CSO0 area becomes an external memory space with 8-bit bus wi
the 112-pin version, and 16-bit for the 144-pin version.

(MCU) Mode 1 CSO0 area becomes an external memory space with 16-bit bus v
the 112-pin version, and 32-bit for the 144-pin version

(MCU) Mode 2 The on-chip ROM becomes effective. The bus width for the on-c
space is 32 bit.

Mode 3 (single chip Any port can be used, but external addresses can not be emplo

mode)

Mode 4 (PROM mode) On-chip ROM can be programmed using a general PROM write

Clock mode The input waveform frequency can be used as is, doubled or qu
as an internal clock in modes 0 to 3.
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MD2 Input Designates clock mode through the level applied to this p

MD3 Input Designates clock mode through the level applied to this p

RENESAS



80

RENESAS



PLLCAP
CK
EXTAL —
Oscillator H PLL circuit
XTAL —
»| Prescaler
MD2 — Clock mode
MD3 — control circuitry '
(0] @2 to
N @/8192 y
Within the LSI

Figure 4.1 Block Diagram of the Clock Pulse Generator

4.2 Oscillator

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

421 Connecting a Crystal Oscillator

Circuit Configuration: A crystal oscillator can be connected as shown in figure <
damping resistance (Rd) listed in table 4.1. Use a 4-10 MHz crystal oscillator (c
concerning the compatibility of the crystal oscillator and the LSI).

RENESAS



AN T i Aty Y eiviialivie VR A\ Y eannan e A A VAT

Frequency (MHz)
Parameter 4 8 10
Rd (Q) 500 200 0

Crystal Oscillator: Figure 4.3 shows an equivalent circuit of the crystal oscillator.
oscillator with the characteristics listed in table 4.2.

EXTAL <—¢ —» XTAL

Figure 4.3 Crystal Oscillator Equivalent Circuit
Table 4.2  Crystal Oscillator Parameters

Frequency (MHz)

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

4.2.2 External Clock Input Method

Figure 4.4 shows an example of an external clock input connection. In this case,
clock high level to stop it when in standby mode. During operation, make the exte
frequency 4-10 MHz.
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4.3 Prescaler

The prescaler divides the system clopkt6 generate an internal cloeiZ to ¢/8192)
to peripheral modules.

4.4 Oscillator Halt Function

This CPG can detect a clock halt and automatically cause the timer pins to becc
impedance when any system abnormality causes the oscillator to halt. That is, v
EXTAL has not been detected, the high-current six pins (PE9Q/TIOC3B, PE11/TI
PE12/TIOC4A, PEL13/TIOC4BARES, PE14/TIOC4C/DACKO/AH, PE15/TIOCADI/I
IRQOUT) are set to high-impedance regardless of PFC setting.

Even in standby mode, these six pins become high-impedance regardless of PF
pins enter the normal state after standby mode is cancelled.When abnormalities
oscillator occur except in standby mode, other LSI operations become undefine
operations, including these six pins, become undefined even when the oscillato
again.

4.5 Usage Notes

45.1 Oscillator Usage Notes

Since the characteristics of the oscillator are closely related to the user-defined

user should refer to the connection examples in this section and perform a care
oscillator circuit ratings will differ depending on factors such as the oscillator use
capacitance of the mounted circuitry. Therefore, the oscillator manufacturer sho
before a decision is made. Make sure that the voltage applied to the oscillator d
maximum rating.
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Figure 4.5 Cautions for Oscillator Circuit System Board Design
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Note: * CB and CPB are laminated ceramic capac

(Recommended values)

Figure 4.6 Cautions for Use of PLL Oscillator Circuit

Place oscillation stabilization capacitor C1 and resistor R1 near the PLLCAP pir
these lines do not cross any other signal lines. Supply the C1 ground fromgPLL\

Also, separate PLLM: and PLLV;g and the other M and Vg pins, from the board p
source, and be sure to insert bypass capacitors CPB and CB close to the pins.

If V.cand PLLV; are both 3.3V £ 0.3V, it is recommended that Rp be sef%o 0

45.3 Spread Spectrum Clock Generator Usage Notes

The following points should be borne in mind when using a spread spectrum clo
external oscillator in order to reduce radiation noise.

» Set the center frequency and the spread amplitude such that the internal clo
the maximum frequency during spread spectrum operation.

» Using a spread spectrum clock generator may trigger the oscillator halt funct
section 4.4. If the system configuration is such that this function will cause pr
spectrum clock generator should not be used.
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Exception Source

Reset Power-on reset

Manual reset

Address CPU address error
error DMAC/DTC address error
Interrupt NMI

User break

IRQ

On-chip peripheral modules: « Direct memory access controller (DMAC
¢ Multifunction timer/pulse unit (MTU)
« Serial communications interface (SCI)
« AID converter (A/D)*?
« Data transfer controller (DTC)
¢ Compare match timer (CMT)
¢ Watchdog timer (WDT)
« Bus state controller (BSC)
« Port output enable control section

Instructions Trap instruction (TRAPA instruction)

General illegal instructions (undefined code)

lllegal slot instructions (undefined code placed directly after a delay branch
instruction™* or instructions that rewrite the PC*?)

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

*2 Instructions that rewrite the PC: JMP, JSR, BRA, BSR, RTS, RTE, BT,BF, T
BF/S, BT/S, BSRF, BRAF.

*3 A mask products: A/DO, A/D1.
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Interrupts Detected when instruction is decoded and starts when

previous executing instruction finishes executing.

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

General illegal Starts from the decoding of undefined code anytime ex

instructions a delayed branch instruction (delay slot).

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

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

When exception processing starts, the CPU operates as follows:

1.

88

Exception processing triggered by reset:

The initial values of the program counter (PC) and stack pointer (SP) are fetcl
exception processing vector table (PC and SP are respectively the H'000000C
H'00000004 addresses for power-on resets and the H'00000008 and H'00000
manual resets). See section 5.1.3, Exception Processing Vector Table, for mc
is then written to the vector base register (VBR) and 1111 is written to the inte
(13-10) of the status register (SR). The program begins running from the PC a
from the exception processing vector table.

Exception processing triggered by address errors, interrupts and instructions:
SR and PC are saved to the stack indicated by R15. For interrupt exception pi
interrupt priority level is written to the SR’s interrupt mask bits (13-10). For add
instruction exception processing, the 13—10 bits are not affected. The start add
fetched from the exception processing vector table and the program begins ru
address.
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Table 5.3  Exception Processing Vector Table

Vector
Exception Sources Numbers Vector Table Address Offset
Power-on reset PC 0 H'00000000-H'00000003
SP 1 H'00000004—H'00000007
Manual reset PC 2 H'00000008—-H'0000000B
SP 3 H'0000000C—-H'0000000F
General illegal instruction 4 H'00000010-H'00000013
(Reserved by system) 5 H'00000014—-H'00000017
Slot illegal instruction 6 H'00000018-H'0000001B
(Reserved by system) 7 H'0000001C-H'0000001F
(Reserved by system) 8 H'00000020—-H'00000023
CPU address error 9 H'00000024—-H'00000027
DMAC/DTC address 10 H'00000028-H'0000002B
error
Interrupts NMI 11 H'0000002C—-H'0000002F
User break 12 H'00000030—H'00000033
(Reserved by system) 13 H'00000034—-H'00000037
31 H'0000007C—-H'0000007F
Trap instruction (user vector) 32 H'00000080—H'00000083
63 H'000000FC-H'000000FF
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On-chip peripheral 72 H'00000120-H'00000124
module®

255 H'000003FC—-H'000003FF

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

Table 5.4  Calculating Exception Processing Vector Table Addresses

Exception Source Vector Table Address Calculation
Resets Vector table address = (vector table address offset)
= (vector number) x 4
Address errors, interrupts, Vector table address = VBR + (vector table address offset
instructions =VBR + (vector number) x 4

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

5.2 Resets

Resets have the highest priority of any exception source. There are two types of
resets and power-on resets. As table 5.5 shows, both types of resets initialize the
the CPU. In power-on resets, all registers of the on-chip peripheral modules are i
manual resets, they are not.
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power or when in standby mode (when the clock circuit is halted) or at Ie@g ROH
clock circuit is running). During power-on reset, CPU internal status and all regis
peripheral modules are initialized. See Appendix C, Pin States, for the status of
during the power-on reset status.

In the power-on reset status, power-on reset exception processing starts vRIES
driven low for a set period of time and then returned to high. The CPU will then
follows:

1. The initial value (execution start address) of the program counter (PC) is fetc
exception processing vector table.

2. The initial value of the stack pointer (SP) is fetched from the exception proce

3. The vector base register (VBR) is cleared to H'00000000 and the interrupt m
the status register (SR) are set to H'F (1111).

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

Be certain to always perform power-on reset processing when turning the systel

5.2.2 Manual Reset

When theRES pin is high and th®RES pin is driven low, the LS| does a manual r
reliably reset the LSI, theIRES pin should be kept at low for at least the duration

oscillation settling time when in standby mode (when the clock is halted) or at le
the clock is operating. During manual reset, the CPU internal status is initialized
chip peripheral modules are not initialized. Since the BSC is not affected, the DI
control functions remain operational even when the manual reset status continu
of time. When the LSI enters manual reset status in the middle of a bus cycle, n
exception processing does not start until the bus cycle has ended. Thus, manuz
bus cycles. However, the bus cycle ends MRBES is driven low. Hold at low level
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Type

Bus
Master

Bus Cycle Description

Address Errors

Instruction CPU

Instruction fetched from even address

None (normal)

fetch Instruction fetched from odd address Address error
Instruction fetched from other than on-chip None (normal)
peripheral module space®
Instruction fetched from on-chip peripheral module Address error
space”
Instruction fetched from external memory space Address error
when in single chip mode
Data CPU or Word data accessed from even address None (normal)
read/write  DMAC  Word data accessed from odd address Address error
or DTC  Longword data accessed from a longword None (normal)

boundary

Longword data accessed from other than a long-
word boundary

Address error

Byte or word data accessed in on-chip peripheral
module space”

None (normal)

Longword data accessed in 16-bit on-chip
peripheral module space®

None (normal)

Longword data accessed in 8-bit on-chip peripheral

module space”

Address error

External memory space accessed when in single
chip mode

Address error

Note: * See section 10, Bus State Controller (BSC).
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54 Interrupts

Table 5.7 shows the sources that start up interrupt exception processing. These
NMI, user breaks, IRQ, and on-chip peripheral modules.

Table 5.7  Interrupt Sources

Type Request Source

NMI NMI pin (external input)
User break User break controller

IRQ TRQO-IRQY (external input)

On-chip peripheral module

Direct memory access controller (DMAC)

Multifunction timer/pulse unit (MTU)

Serial communications interface (SCI)

A/D converter

Data transfer controller (DTC)

Compare match timer (CMT)

Watchdog timer (WDT)

Bus state controller (BSC)

Port

Note: * For A mask products, (A/DO, A/D1) is 2

Each interrupt source is allocated a different vector number and vector table off:
Interrupt Controller (INTC), and table 6.3, Interrupt Exception Processing Vectol
for more information on vector numbers and vector table address offsets.
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Table 5.8  Interrupt Priority Order

Type Priority Level Comment

NMI 16 Fixed priority level. Cannot be masked.
User break 15 Fixed priority level.

IRQ 0-15 Set with interrupt priority level setting regi:

through H (IPRA-IPRH).

On-chip peripheral module 0-15 Set with interrupt priority level setting regi:
through H (IPRA-IPRH).

5.4.2 Interrupt Exception Processing

When an interrupt occurs, its priority level is ascertained by the interrupt controlle
is always accepted, but other interrupts are only accepted if they have a priority I
the priority level set in the interrupt mask bits (I13—10) of the status register (SR).

When an interrupt is accepted, exception processing begins. In interrupt exceptic
CPU saves SR and the program counter (PC) to the stack. The priority level valu
interrupt is written to SR bits 13—10. For NMI, however, the priority level is 16, but
I13—10 is H'F (level 15). Next, the start address of the exception service routine is f
exception processing vector table for the accepted interrupt, that address is jump
execution begins. See section 6.4, Interrupt Operation, for more information on tt
exception processing.

5.5 Exceptions Triggered by Instructions

Exception processing can be triggered by trap instructions, general illegal instruc
slot instructions, as shown in table 5.9.
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5.5.1 Trap Instructions

When a TRAPA instruction is executed, trap instruction exception processing st
operates as follows:

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

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

3. The exception service routine start address is fetched from the exception prc
table that corresponds to the vector number specified in the TRAPA instructi
is jJumped to and the program starts executing. The jump that occurs is not a

5.5.2 lllegal Slot Instructions

An instruction placed immediately after a delayed branch instruction is said to b
slot. When the instruction placed in the delay slot is undefined code, illegal slot ¢
processing starts up when that undefined code is decoded. lllegal slot exceptior
starts up when an instruction that rewrites the program counter (PC) is placed ir
processing starts when the instruction is decoded. The CPU handles an illegal <
follows:

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

2. The program counter (PC) is saved to the stack. The PC value saved is the j
delayed branch instruction immediately before the undefined code or the inst
rewrites the PC.

3. The exception service routine start address is fetched from the exception prc
table that corresponds to the exception that occurred. That address is jumpe
program starts executing. The jump that occurs is not a delayed branch.
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exception is decoded.

Table 5.10 Generation of Exception Sources Immediately after a Delayed Branc
Instruction or Interrupt-Disabled Instruction

Exception Source

Point of Occurrence Address Error Interrupt
Immediately after a delayed branch instruction®* Not accepted Not ac
Immediately after an interrupt-disabled instruction™? Accepted Not ac
Notes: *1 Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, B

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

5.6.1 Immediately after a Delayed Branch Instruction

When an instruction placed immediately after a delayed branch instruction (delay
neither address errors nor interrupts are accepted. The delayed branch instructio
instruction located immediately after it (delay slot) are always executed consecuti
exception processing occurs during this period.

5.6.2 Immediately after an Interrupt-Disabled Instruction

When an instruction immediately following an interrupt-disabled instruction is dec
are not accepted. Address errors are accepted.
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SP —»| Aaaress or Instruction

after TRAPA instruction 32 bits
SR 32 hits
General illegal instruction F T
Start address of illegal .
SP > ihstruction 32 bits
SR 32 hits
Interrupt F ” f iy
Address of instruction .
SP > after executed instruction 32 bits
SR 32 hits

lllegal slot instruction

Jump destination address

SP > of delay branch instruction

32 bits

SR

32 hits
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5.8.3 Address Errors Caused by Stacking of Address Error Exception Proces

When the stack pointer is not a multiple of four, an address error will occur during
exception processing (interrupts, etc.) and address error exception processing wi
as the first exception processing is ended. Address errors will then also occur in 1
this address error exception processing. To ensure that address error exception |
go into an endless loop, no address errors are accepted at that point. This allows
to be shifted to the address error exception service routine and enables error pro

When an address error occurs during exception processing stacking, the stackin
is executed. During stacking of the status register (SR) and program counter (PC
both, so the value of SP will not be a multiple of four after the stacking either. The
output during stacking is the SP value, so the address where the error occurred i
This means the write data stacked will be undefined.
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» 16 levels of interrupt priority: By setting the eight interrupt-priority level regist
priorities of IRQ interrupts and on-chip peripheral module interrupts can be s
different request sources.

» NMI noise canceler function: NMI input level bits indicate the NMI pin status.
these bits with the interrupt exception service routine, the pin status can be ¢
it to be used as a noise canceler.

* Notification of interrupt occurrence can be reported externBIQQUT pin). For ¢
is possible to request bus rights if an external bus master is informed that a |
interrupt has occurred when the LSI has released the bus rights.

6.1.2 Block Diagram

Figure 6.1 is a block diagram of the INTC.
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UNIAL
MTU
CMT

SCI
A/ID
DTC
WDT
BSC
I/0

UBC:
DMAC:
MTU:
CMT:
SCI:
A/D:
DTC:
WDT:
BSC:

| (Interrupt request)
| (Interrupt request)
| (Interrupt request)
| (Interrupt request)
| (Interrupt request)
' (Interrupt request)
! (Interrupt request)

| (Interrupt request)
|

VYVVY VYV VYV

TYVY VYV

A4
ISR

Y

IPRA-IPRH

(2]
o}
0 Q 8
< Module bus . e
| interface =
| £
e INTC - - -~ 9
User break controller 1/0: 1/O port (port output control sec
Direct memory access controller ICR: Interrupt control register
Multifunction timer pulse unit ISR: IRQ ststus register
Compare match timer DTER: DTC enable register

Serial communication interface
A/D converter

Data transfer controller
Watchdog timer

Bus state controller (DRAM
refresh control section)

IPRA-IPRH: Interrupt priority level setting
registers A to H

SR: Status register
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Figure 6.1

INTC Block Diagram
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6.1.4 Register Configuration

The INTC has the 10 registers shown in table 6.2. These registers set the priorit

and control external interrupt input signal detection.

Table 6.2  Register Configuration

Name Abbr. R/W  Initial Value Address Access
Interrupt priority register A IPRA R/W H'0000 H'FFFF8348 8, 16,
Interrupt priority register B IPRB R/W  H'0000 H'FFFF834A 8, 16,
Interrupt priority register C  IPRC R/W  H'0000 H'FFFF834C 8, 16,
Interrupt priority register D IPRD R/W H'0000 H'FFFF834E 8, 16,
Interrupt priority register E IPRE R/W  H'0000 H'FFFF8350 8, 16,
Interrupt priority register F IPRF R/W  H'0000 H'FFFF8352 8, 16,
Interrupt priority register G IPRG R/W H'0000 H'FFFF8354 8, 16,
Interrupt priority register H IPRH R/W  H'0000 H'FFFF8356 8, 16,
Interrupt control register ICR R/W *1 H'FFFF8358 8, 16,
IRQ status register ISR R(W)*2 H'0000 H'FFFF835A 8, 16,

Notes: *1 The value when the NMI pin is high is H'8000; when the NMI pin is low, it is F
*2 Only 0 can be written, in order to clear flags.
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6.2.2 User Break Interrupt

A user break interrupt has a priority of level 15, and occurs when the break condi
user break controller (UBC) is satisfied. User break interrupt requests are detecte
held until accepted. User break interrupt exception processing sets the interrupt r
(13—10) in the status register (SR) to level 15. For more information about the use!
see section 7, User Break Controller (UBC).

6.2.3 IRQ Interrupts

IRQ interrupts are requested by input from gIRQ0-IRQ7. Set the IRQ sense selec
(IRQOS-IRQ7S) of the interrupt control register (ICR) to select low level detectior
detection for each pin. The priority level can be set from 0 to 15 for each pin usin
priority registers A and B (IPRA-IPRB).

When IRQ interrupts are set to low level detection, an interrupt request signal is ¢
during the period the IRQ pin is low level. Interrupt request signals are not sent tc
the IRQ pin becomes high level. Interrupt request levels can be confirmed by rea
flags (IRQOF-IRQ7F) of the IRQ status register (ISR).

When IRQ interrupts are set to falling edge detection, interrupt request signals ar
INTC upon detecting a change on the IRQ pin from high to low level. IRQ interruj
detection results are maintained until the interrupt request is accepted. Confirmat
interrupt requests have been detected is possible by reading the IRQ flags (IRQC
IRQ status register (ISR), and by writing a 0 after reading a 1, IRQ interrupt reque
results can be withdrawn.

In IRQ interrupt exception processing, the interrupt mask bits (13—10) of the status

are set to the priority level value of the accepted IRQ interrupt.
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* Bus state controller (BSC)
* 1/O port (I/O)

A different interrupt vector is assigned to each interrupt source, so the exceptior
does not have to decide which interrupt has occurred. Priority levels between 0
assigned to individual on-chip peripheral modules in interrupt priority registers C
IPRH).

On-chip peripheral module interrupt exception processing sets the interrupt mas
in the status register (SR) to the priority level value of the on-chip peripheral mo
was accepted.

6.2.5 Interrupt Exception Vectors and Priority Rankings

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

Each interrupt source is allocated a different vector number and vector table ad
table addresses are calculated from vector numbers and address offsets. In inte
processing, the exception service routine start address is fetched from the vectc
the vector table address. See table 5.4, Calculating Exception Processing Vectc

IRQ interrupts and on-chip peripheral module interrupt priorities can be set freel
15 for each pin or module by setting interrupt priority registers A—H (IPRA-IPRF
of interrupt sources for IPRC—IPRH, however, must be the order listed under Pr
Within IPR Setting Range in table 6.3 and cannot be changed. A power-on rese
level 0 to IRQ interrupts and on-chip peripheral module interrupts. If the same p
assigned to two or more interrupt sources and interrupts from those sources oct
their priority order is the default priority order indicated at the right in table 6.3.
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H'00000107 (11-8)
IRQ2 66 H'00000108— 0-15(0)  IPRA
H'0000010B (7-4)
IRQ3 67 H'0000010C— 0-15(0)  IPRA
H'0000010F (3-0)
IRQ4 68 H'00000110- 0-15(0) IPRB
H'00000113 (15-12)
IRQ5 69 H'00000114- 0-15(0) IPRB
H'00000117 (11-8)
IRQ6 70 H'00000118- 0-15(0) IPRB
H'0000011B (7-4)
IRQ7 71 H'0000011C— 0-15(0) IPRB
H'0000011F (3-0)
DMACO DEIO 72 H'00000120- 0-15(0)  IPRC
H'00000123 (15-12)
DMAC1 DEI1 76 H'00000130- 0-15(0) IPRC
H'00000133 (11-8)
DMAC2 DEI2 80 H'00000140- 0-15(0)  IPRC
H'00000143 (7-4)
DMAC3 DEI3 84 H'00000150- 0-15(0)  IPRC
H'00000153 (3-0)
104
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H'0000016F Low
TClovV 92 H'00000170- 0-15(0) IPRD —
H'00000173 (11-8)
MTUL  TGIIA 96 H'00000180- 0-15(0)  IPRD High
H'00000183 (7-4)
TGIIB 97 H'00000184—  0-15 (0)
H'00000187 Low
TCILV 100 H'00000190- 0-15(0)  IPRD High
H'00000193 (3-0)
TCIlU 101 H'00000194—  0-15 (0)
H'00000197 Low
MTU2  TGI2A 104 H'000001A0- 0-15(0)  IPRE High
H'000001A3 (15-12)
TGI2B 105 H'000001A4—  0-15 (0)
H'000001A7 Low
TCI2Vv 108 H'000001BO- 0-15(0)  IPRE High
H'000001B3 (11-8)
TCI2Uu 109 H'000001B4—  0-15 (0)
H'000001B7 Low
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H'000001CF Low
TCI3V 116 H'000001D0- 0-15(0)  IPRE —
H'000001D3 (3-0)
MTU4  TGHA 120 H'000001E0- 0-15(0)  IPRF High
H'000001E3 (15-12)
TGI4B 121 H'000001E4—  0-15 (0)
H'000001E7
TGlAC 122 H'000001E8—  0-15 (0)
H'000001EB
TGI4D 123 H'000001EC-  0-15 (0)
H'000001EF Low
TCl4V 124 H'000001FO- 0-15(0)  IPRF High
H'000001F3 (11-8)
Reserved 125 H'000001F4—  0-15 (0)
H'000001F7 Low
SCI0 ERIO 128 H'00000200- 0-15(0)  IPRF High
H'00000203 (7-4)
RXIO 129 H'00000204—  0-15 (0)
H'00000207
TXIO 130 H'00000208-  0-15 (0)
H'0000020B
TEIO 131 H'0000020C—  0-15 (0)
H'0000020F Low
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H'0000021F Low

A/ID* ADI 136 H'00000220—  0-15 (0) IPRG —
H'00000223 (15-12)

DTC SWDTCE 140 H'00000230- 0-15 (0) IPRG —
H'00000233 (11-8)

CMTO CMIO 144 H'00000240—  0-15 (0) IPRG —
H'00000243 (7-4)

CMT1 CMI1 148 H'00000250- 0-15 (0) IPRG —
H'00000253 (3-0)

WDT ITI 152 H'00000260—-  0-15 (0) IPRH High
H'00000263 (15-12)

BSC CMI 153 H'00000264—  0-15 (0)
H'00000267 Low

1/0 OEl 156 H'00000270-  0-15 (0) IPRH —
H'00000273 (11-8)

Note: * For A mask products, A/D is as follows

A/D ADIO 136 H'00000220- 0-15(0) IPRG High
H'00000223 (15-12)

ADI1 137 H'00000224—  0-15 (0)

H'00000227 Low
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Bit: 7 6 5 4 3 2 1

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

Table 6.4 Interrupt Request Sources and IPRA-IPRH

Bits

Register 15-12 11-8 7-4 3-0

Interrupt priority register A IRQO IRQ1 IRQ2 IRQ:
Interrupt priority register B IRQ4 IRQ5 IRQ6 IRQ7
Interrupt priority register C DMACO DMAC1 DMAC2 DMA
Interrupt priority register D MTUO MTUO MTU1 MTU
Interrupt priority register E MTU2 MTTU2  MTUS MTU
Interrupt priority register F MTU4 MTU4 SCIO SCI1
Interrupt priority register G A/D(A/DO, DTC CMTO CMT

A/D1)*
Interrupt priority register H WDT,BSC /O Reserved Rese

Note: * Excluding A mask products are A/D, A mask products are A/DO and A/D1.
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pin NMI andIRQO —-IRQ7 and indicates the input signal level to the NMI pin. A pc
initializes ICR but the standby mode does not.

Bitt 15 14 13 12 11 10 9
N e e e e
Initial value: * 0 0 0 0 0 0
R/W: R
Bitt 7 6 5 4 3 2 1
\ IRQOS \ IRQlS‘ IRQ2S \ IRQ3S‘ IRQ4S \ IRQ5S \ IRQ6S
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: * When NMI input is high: 1; when NMI input is low: O

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

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

» Bits 14-9—Reserved: These bits always read as 0. The write value should a
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6.3.3 IRQ Status Register (ISR)

The ISR is a 16-bit register that indicates the interrupt request status of the exter
pinsIRQO-IRQ7. When IRQ interrupts are set to edge detection, held interrupt rec
withdrawn by writing a 0 to IRQnF after reading an IRQnF = 1.

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

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

» Bits 15-8—Reserved: These bits always read as 0. The write value should al
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3. When a DTC transfer due to IRQn interrupt h.

executed

Level detection

An IRQn interrupt request exists.

Set conditions: When IRQn input is low level

Edge detection

An IRQn interrupt request was detected.

Set conditions: When a falling edge occurs at an

IRQ pin

Level

detection

Edge

detection

RESIRQn

ISR.IRQNF
IRQNS
(O: level,
1: edge)
v ~==-DTC ---~,
| : C
| .
Selection | | Judgment e
! v P
;S ! |
? . prc
: activation :
R L__request |

(IRQn interrupt acceptance/DTC transfer completion/IRQnF = 0 write after IRQnF =1

Figure 6.2 External Interrupt Process
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held pendlng due to edge detection are cleared by a power-on reset or a man
these interrupts have the same priority level or if multiple interrupts occur with
module, the interrupt with the highest default priority or the highest priority witl
setting range (as indicated in table 6.3) is selected.

. The interrupt controller compares the priority level of the selected interrupt rec
interrupt mask bits (13—10) in the CPU'’s status register (SR). If the request pric
equal to or less than the level set in 13-10, the request is ignored. If the reques
higher than the level in bits I3—10, the interrupt controller accepts the interrupt
interrupt request signal to the CPU.

. When the interrupt controller accepts an interrupt, a low level is output fraR(k
. The CPU detects the interrupt request sent from the interrupt controller when
next instruction to be executed. Instead of executing the decoded instruction,
interrupt exception processing (figure 6.4).

. SR and PC are saved onto the stack.

. The priority level of the accepted interrupt is copied to the interrupt mask leve
the status register (SR).

. When the accepted interrupt is sensed by level or is from an on-chip peripher
level is output from th&RQOUT pin. When the accepted interrupt is sensed by
level is output from th€RQOUT pin at the point when the CPU starts interrupt €
processing instead of instruction execution as noted in (5) above. However, if
controller accepts an interrupt with a higher priority than one it is in the midst
IRQOUT pin will remain low level.

. The CPU reads the start address of the exception service routine from the ex
table for the accepted interrupt, jumps to that address, and starts executing th
This jump is not a delay branch.
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Level 1o
interrupt?

N

| TRQOUT = low level*! |

v Level 14
| Save SR to stack | Yes interrupt?
1I3to 10 <
Y level 147
| Save PC to stack | interrupt?
v I3to 10 <

Copy accept-interrupt
levelto 13to 10
v

|TRQOUT = high level*? |

Reads exception
vector table
v
Branches to exception

service routine
[ y

level 13?

I3to 10 =
level 0?

13 to 10: Interrupt mask bits of status register

Notes: *1 [|RQOUT is the same signal as the interrupt request signal to the CPL
figure 6.1). Thus, it is output when there is a higher priority interrupt r

than the one in the I3 to 10 bits of the SR.

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

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

low level.

Figure 6.3
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after the executing instruction
*2 Always be certain that SP is a multiple of 4

Figure 6.4 Stack after Interrupt Exception Processing

6.5 Interrupt Response Time

Table 6.5 indicates the interrupt response time, which is the time from the occurr
interrupt request until the interrupt exception processing starts and fetching of the
of the interrupt service routine begins. Figure 6.5 shows the pipeline when an IR(
accepted.
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sequence currently being nterrupt or aaare.
executed by CPU exception proces:
+ml+m2+m3-
interrupt-masking
follows, however,
may be even long

Time from start of interrupt 5+ m1 + m2 + m3 Performs the PC
exception processing until saves and vector
fetch of first instruction of fetch.
exception service routine
starts
Interrupt Total: 7+ml+m2+m3 9+ml+m2+m3
response Minimum: 10 12 0.35-0.42 pis at 2
time

Maximum: 12+2(mMl1+m2+ 13+2(mM1+m2+ 0.67-0.70 ys at?2

m3) + m4 m3) + m4

Note: * Whenml=m2=m3=m4=1
m1-m4 are the number of states needed for the following memory accesses.
m1l: SR save (longword write)
m2: PC save (longword write)
m3: Vector address read (longword read)
m4: Fetch first instruction of interrupt service routine
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. Instruction fetch (instruction fetched from memory where program is stored).

. Instruction decoding (fetched instruction is decoded).

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

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

mo

Figure 6.5 Pipeline when an IRQ Interrupt is Accepted

6.6 Data Transfer with Interrupt Request Signals
The following data transfers can be done using interrupt request signals:

» Activate DMAC only, without generating CPU interrupt
» Activate DTC only, CPU interrupts according to DTC settings

Among interrupt sources, those designated as DMAC activating sources are mas
to the INTC. The masking condition is listed below:

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

The INTC masks CPU interrupts when the corresponding DTE bitis a 1. The DTI
and interrupt source flag clear condition are listed below.

DTE clear condition = DTC transfer end « DTECLR

Interrupt source flag clear condition = DTC transfer end  DTECLR + DMAC tran:
Where: DTECLR = DISEL + counter 0.
Figure 6.6 shows a control block diagram.
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A

Transfer end

Interrupt source
flag clear (oy DTC)

DTE clear |

Figure 6.6 Interrupt Control Block Diagram

6.6.1 Handling DTC Activating and CPU Interrupt Sources, but Not DMAC A
Sources

Either do not select the DMAC as a source, or clear the DME bit to 0.

For DTC, set the corresponding DTE bits and DISEL bits to 1.

Activating sources are applied to the DTC when interrupts occur.

When the DTC performs a data transfer, it clears the DTE bit to 0 and sends
request to the CPU. The activating source does not clear.

5. The CPU clears interrupt sources with its interrupt processing routine. It ther
transfer counter value. When the transfer counter valgt sets the DTE bit to !
the next data transfer. If the transfer counter value = 0, it performs the neces
processing in the interrupt processing routine.

powbdpE
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Either do not select the DMAC as a source, or clear the DME bit to O.
For DTC, set the corresponding DTE bits to 1 and clear the DISEL bits to 0.
Activating sources are applied to the DTC when interrupts occur.

When the DTC performs a data transfer, it clears the activating source. An int
not sent to the CPU, because the DTE bit is maintained as a 1.

5. However, when the transfer counter value = 0 the DTE bit is cleared to 0 and
request is sent to the CPU.
6. The CPU performs the necessary end processing in the interrupt processing I

A wbdp

6.6.4 Treating CPU Interrupt Sources but Not DTC or DMAC Activating Sourt

Either do not select the DMAC as a source, or clear the DME bit to 0.
For DTC, clear the corresponding DTE bits to 0.
When interrupts occur, interrupt requests are sent to the CPU.

The CPU clears the interrupt source and performs the necessary processing |
processing routine.

A owbdpR
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The features of the user break controller are:

» Break compare conditions can be set:

Address

CPU cycle or DMA/DTC cycle

Instruction fetch or data access

Read or write

Operand size: byte/word/longword

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

» Select either to break in the CPU instruction fetch cycle before the instructior
after.

O o0Oooogdg

7.1.2 Block Diagram

Figure 7.1 shows a block diagram of the UBC.
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N

A4
User break
interrupt
generating
circuit

y

Interrupt reque

Interrupt contre

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

Figure 7.1 User Break Controller Block Diagram

7.1.3 Register Configuration

The UBC has the five registers shown in table 7.1. Break conditions are establist
registers.
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7.2.1 User Break Address Register (UBAR)

The user break address register (UBAR) consists of user break address registel
user break address register L (UBARL). Both are 16-bit readable/writable regist
stores the upper bits (bits 31-16) of the address of the break condition, while UE
lower bits (bits 15-0). Resets and hardware standbys initialize both UBARH anc
H'0000. They are not initialized in manual reset or software standby mode.

UBARH:
Bitt 15 14 13 12 11 10 9
UBARH‘ UBA31 \ UBASO‘ UBA29 \ UBA28‘ UBA27 \ UBA26 \ UBA25
Initial value: 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW
Bit: 7 6 5 4 3 2 1
UBARH‘ UBA23 \ UBAZZ‘ UBA21 \ UBAZO‘ UBA19 \ UBA18 \ UBA17
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

RENESAS



» UBARH Bits 15-0—User Break Address 31-16 (UBA31-UBA16): These bits
bit values (bits 31-16) of the address of the break condition.

* UBARL Bits 15-0—User Break Address 15-0 (UBA15-UBAOQ): These bits sto
values (bits 15-0) of the address of the break condition.

7.2.2 User Break Address Mask Register (UBAMR)

The user break address mask register (UBAMR) consists of user break address |
(UBAMRH) and user break address mask register L (UBAMRL). Both are 16-bit

readable/writable registers. UBAMRH designates whether to mask any of the bre
established in the UBARH, and UBAMRL designates whether to mask any of the
bits established in the UBARL. Resets and hardware standbys initialize both UB/
UBAMRL to H'0000. They are not initialized in manual reset or software standby

UBAMRH:
Bit: 15 14 13 12 11 10 9
UBAMRH‘ UBM31‘ UBM30‘ UBM29‘ UBMZS‘ UBMZ?‘ UBMZG‘ UBMZS‘
Initial value: 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1
UBAMRH‘ UBMZS‘ UBMZZ‘ UBMZl‘ UBMZO‘ UBM19‘ UBMlS‘ UBM17‘
Initial value: 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW
122
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* UBAMRH Bits 15-0—User Break Address Mask 31-16 (UBM31-UBM16): T
designate whether to mask any of the break address 31-16 bits (UBA31-UB
in the UBARH.

 UBAMRL Bits 15-0—User Break Address Mask 15-0 (UBM15-UBMO): The:
designate whether to mask any of the break address 15-0 bits (UBA15-UBA
the UBARL.

Bits 15 —0: UBMn Description
0 Break address UBAn is included in the break conditions (initi
1 Break address UBAn is not included in the break conditions

Note: n=31-0

7.2.3 User Break Bus Cycle Register (UBBR)

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

CPU cycle/ DMAC/DTC cycle
Instruction fetch/data access
Read/write

Operand size (byte, word, longword)

powbdpE

Resets and hardware standbys initialize the UBBR to H'0000. It is not initialized
standby mode.
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» Bits 7 and 6—CPU Cycle/Peripheral Cycle Select (CP1, CPO0): These bits des
conditions for CPU cycles or peripheral cycles (DMA/DTC cycles).

Bit 7: CP1 Bit 6: CPO Description

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

1 0 Break on peripheral cycles
1 Break on both CPU and peripheral cycles

» Bits 5 and 4—Instruction Fetch/Data Access Select (ID1, ID0): These bits sele
break on instruction fetch and/or data access cycles.

Bit 5: ID1 Bit 4: IDO Description

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

1 0 Break on data access cycles
1

Break on both instruction fetch and data access cycls
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Bit 1: SZ1 Bit 0: SZ0 Description

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

1 0 Break on word access
1 Break on longword access

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

Operand size is word for instructions or determined by the operand size specifiec

CPU/DMAC data access. It is not determined by the bus width of the space beinc
accessed.
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conditions are in agreement. When using user break interrupts, always be cer
bit conditions for all of these three groups.

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

3. The interrupt controller checks the accepted user break interrupt request sign
The user break interrupt has priority level 15, so it is accepted only if the inter
in bits 13—10 in the status register (SR) is 14 or lower. When the 13—10 bit level
break interrupt cannot be accepted but it is held pending until user break inter
processing can be carried out. Consequently, user break interrupts within NM
service routines cannot be accepted, since the 13-10 bit level is 15. However, |
level is changed to 14 or lower at the start of the NMI exception service routin
interrupts become acceptable thereafter. Section 6, Interrupt Controller (INTC
handling of priority levels in greater detail.

4. The INTC sends the user break interrupt request signal to the CPU, which be

interrupt exception processing upon receipt. See Section 6.4, Interrupt Operat
interrupt exception processing.
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Instruction fetch

Data access

Read cycle

Write cycle

Byte size

Word size

Longword size

74 hJsuv

B

v

SZ1 | SZ0

v W%&“ﬁ

Use
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inte

Figure 7.2 Break Condition Judgment Method



stack in user break interrupt exception processing is the address that matches th
The user break interrupt is generated before the fetched instruction is executed. |
condition is set in an instruction fetch cycle placed immediately after a delayed b
(delay slot), or on an instruction that follows an interrupt-disabled instruction, how
break interrupt is not accepted immediately, but the break condition establishing |
executed. The user break interrupt is accepted after execution of the instruction t
the interrupt. In this case, the PC value saved is the start address of the instructic
executed after the instruction that has accepted the interrupt.

Break on Data Access (CPU/Peripheral)The program counter (PC) value is the tc
the next instruction after the last instruction executed before the user break exce
started. When data access (CPU/peripheral) is set as a break condition, the plac:
will occur cannot be specified exactly. The break will occur at the instruction fetct
where the data access that is to receive the break occurs.

7.4 Use Examples

7.4.1 Break on CPU Instruction Fetch Cycle

1. Register settings: UBARH = H'0000
UBARL = H'0404
UBBR = H'0054
Conditions set: Address: H'00000404

Bus cycle: CPU, instruction fetch, read
(operand size not included in conditions)

A user break interrupt will occur before the instruction at address H'00000404. If
the instruction at H'00000402 to accept an interrupt, the user break exception prc
executed after execution of that instruction. The instruction at H'00000404 is not
PC value saved is H'00000404.
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Bus cycle: CPU, instruction fetch, read
(operand size not included in conditions)

A user break interrupt does not occur because the instruction fetch was perform
address. However, if the first instruction fetch address after the branch is an odc
these conditions, user break interrupt exception processing will be done after ac
exception processing.

7.4.2 Break on CPU Data Access Cycle

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

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

A user break interrupt occurs when word data is written into address H'0012345

2. Register settings: UBARH = H'00A8
UBARL = H'0391
UBBR = H'0066
Conditions set: Address: H'00A80391

Bus cycle: CPU, data access, read, word

A user break interrupt does not occur because the word access was performed
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Conditions set: Address: H'002345C8
Bus cycle: DMA/DTC, instruction fetch, read
(operand size not included in conditions)

A user break interrupt does not occur because no instruction fetch is performed i
cycle.

7.5 Cautions on Use

7.5.1 On-Chip Memory Instruction Fetch

Two instructions are simultaneously fetched from on-chip memory. If a break con
the second of these two instructions but the contents of the UBC break condition
changed so as to alter the break condition immediately after the first of the two in
fetched, a user break interrupt will still occur when the second instruction is fetch

7.5.2 Instruction Fetch at Branches

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

1. Conditional branch instruction, branch taken: BT, BF
Instruction fetch cycles: Conditional branch instruction fetciNext-instructic
fetch —» Next-instruction overrun fetch. Branch destination instruction fetc
Instruction execution: Conditional branch instruction executioBranch dest
instruction execution

2. TRAPA instruction, branch taken: TRAPA

Instruction fetch cycles: TRAPA instruction fetch Next-instruction overrun
- Next-instruction overrun fetch. Branch destination instruction fetch

130
RENESAS



instruction fetch and execution, the kind of overrun fetch instructions noted a
become objects of a break. If data access breaks are also included with instr
as break conditions, a break occurs because the instruction overrun fetch is .
becoming a data break.

7.5.3 Contention between User Break and Exception Handling

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

Thus, if a user break condition has been set for the fetch of the branch destinati
following a branch (BRA, BRAF, BT, BF, BT/S, BF/S, BSR, BSRF, JMP, JSR, R
exception handling), and exception handling for this branch destination instructi
priority than a user break interrupt is accepted, user break exception handling w
performed after completion of that exception handling routine.

Therefore, a user break condition must not be set for the fetch of the branch de:
following a branch.

7.5.4 Break at Non-Delay Branch Instruction Jump Destination

When a branch instruction with no delay slot (including exception handling) jumj
destination instruction on execution of the branch, a user break will not be gene|
break condition has been set for the first jump destination instruction fetch.

RENESAS



132
RENESAS



o Hhaliolch 1nulitiadult stuicu i ircinul y

0 Multiple data transfers possible (chain transfers) for one activating source
Address space: 32-bit addresses can be designated for both transfer source
Transfer devices

O Memory: On-chip ROM, on-chip RAM, external ROM, external RAM

O On-chip peripheral modules (excluding DMAC/DTC)

0 Memory-mapped external devices

Abundant transfer modes

O Can select between normal mode/repeat mode/block transfer mode

0 Can select between increment/decrement/fixed for source/destination adc
Transfer units can be set as byte/word/longword

Interrupts activating the DTC can be requested of the CPU

O Interrupt requests can be generated to the CPU after completion of a date
O Interrupt requests generated to the CPU after completion of all designate
Transfers can be activated by software

RENESAS



S

DTIAR
Request DTER O
priority
> control DTCSR C

Periphel
Interna

CPU interrupt request
source clear control

Interrupt request

External . 9 O : DTBR
memory Q
g . | Bus interface DTC module bus

External I

device . 0 -
(memory- :
mapped) | ~  (J () oo DTC ----ommmmmmees

Bus controller

DTMR: DTC mode register DTIAR: DTC initial address register

DTCR: DTC count register DTER: DTC enable register
DTSAR: DTC source address register DTCSR: DTC control/status register

DTDAR: DTC destination address register DTBR: DTC information base registe

Figure 8.1 DTC Block Diagram
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DTC transfer count register A DTCRA —*2 Undefined — —
DTC transfer count register B DTCRB —*2  Undefined —*2 —
DTC enable register A DTEA R/W H'00 H'FFFF8700 8,
DTC enable register B DTEB R/W H'00 H'FFFF8701 8,
DTC enable register C DTEC R/W H'00 H'FFFF8702 8,
DTC enable register D DTED R/W H'00 H'FFFF8703 8,
DTC enable register E DTEE R/W H'00 H'FFFF8704 8,
DTC control/status register DTCSR R/(W)** H'0000 H'FFFF8706 8,
DTC information base register DTBR R/W Undefined H'FFFF8708 16

Notes: *1 DTC registers cannot be accessed by DMAC/DTC.
*2 DTC internal registers cannot be directly accessed.
*3 Only a 0 write after a 1 read is possible for the NMIF, AE bits of the DTCSR.

8.2 Register Description

8.2.1 DTC Mode Register (DTMR)

The DTC mode register (DTMR) is a 16-bit register that controls the DTC operal
contents of this register is located in memory.
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e Bits 15-14—Source Address Mode 1, 0 (SM1, SMO0): These bits designate wt
increment, or decrement the DTSAR after a data transfer.

Bit 15 (SM1) Bit 14 (SM0) Description
0 — DTSAR remains fixed

1 0 DTSAR is incremented after transfer
(+1 for byte unit transfer, +2 for word, +4 for longwo

1 1 DTSAR is decremented after transfer
(-1 for byte unit transfer, —2 for word, —4 for longwo

e Bits 13-12—Destination Address Mode 1, 0 (DM1, DMO): These bits designat
hold, increment or decrement the DTDAR after a data transfer.

Bit 13 (DM1) Bit 12 (DMO) Description
0 — DTDAR remains fixed

1 0 DTDAR is incremented after transfer
(+1 for byte unit transfer, +2 for word, +4 for longwo

1 1 DTDAR is decremented after transfer
(-1 for byte unit transfer, —2 for word, —4 for longwo
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Byte (8 bits)

Word (16 bits)

Longword (32 bits)
Reserved (setting prohibited)

| = | OO
L O|+» | O

e Bit 7—DTC Transfer Mode Select (DTS): When in repeat mode or block tran
bit designates whether the source side or destination side will be the repeat :

Bit 7 (DTS) Description
0 Destination side is the repeat area or block area
1 Source side is the repeat area or block area

» Bit 6—DTC Chain Enable (CHNE): This bit designates whether to perform cc
data transfers with the same activating source. Continued transfer informatio
16th byte from the start address of the previous transfer information.

Bit 6 (CHNE) Description

0 DTC data transfer end (activation wait state ensues)

1 DTC data transfer continue (read continue register informatic
transfer)
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Bit 4 (NMIM) Description

0 Terminate DTC transfer upon an NMI

1 Continue DTC transfer until end of transfer being executed

» Bits 3-0—Reserved: They have no effect on DTC operation.

8.2.2 DTC Source Address Register (DTSAR)

The DTC source address register (DTSAR) is a 32-bit register that specifies the I
source address. An even address indicates that the transfer size is word; a multiy
means it is longword. The contents of this register is located in memory.

Bit: 31 30 29 28 27 ... 4 3 2 1
N N O I I
Initial value:  * * * * * * * * *
RW: — — — — —- ... = — — —

Note: * Initial value is undefined.

8.2.3 DTC Destination Address Register (DTDAR)

The DTC destination address register (DTDAR) is a 32-bit register that specifies
destination address. An even address indicates that the transfer size is word; a n
address means it is longword. The contents of this register are located in memor
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The contents of this register are located in memory.

Bit: 31 30 29 28 27 ... 4 3 2
N N R N
Initial value: * * * * * * * * *
RIW:  — — — — —_ ... = — —

Note: * Initial value is undefined.

8.2.5 DTC Transfer Count Register A (DTCRA)

DTCRA is a 16-bit register that specifies the number of DTC transfers. The cont
register are located in memory.

In normal mode it functions as a 16-bit transfer counter. The number of transfer:
value is H'0001, 65535 when it is H'FFFF, and 65536 when it is H'0000.

In repeat mode, DTCRAH maintains the transfer count and DTCRAL functions ¢
transfer counter. The number of transfers is 1 when the set value is DTCRAH =
255 when they are H'FF, and 256 when it is H'00.

In block transfer mode it functions as a 16-bit transfer counter. The number of tr
the set value is H'0001, 65535 when it is H'FFFF, and 65536 when it is H'0000.
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8.2.6 DTC Transfer Count Register B (DTCRB)

The DTCRB is a 16-bit register that designates the block length in block transfer
contents of this register is located in memory. The block length is 1 when the set
65535 when it is H'FFFF, and 65536 when it is H'0000.

Bit: 15 14 13 12 11 10 9
| | L L |
Initial value: * * * * * * *
R/W: — — — — — — _
Bit: 7 6 5 4 3 2 1
| ] ] | ]
Initial value: * * * * * * *
R/W: — — — — — — _

Note: * Initial value is undefined.

8.2.7 DTC Enable Registers (DTER)

The DTER (DTEA-DTEE) are five 8-bit readable/writable registers with bits alloc
interrupt source that activates the DTC. They set disable/enable for DTC activatic
interrupt source. When a bit is 1, DTC activation by the corresponding interrupt s
Interrupt sources for each of the DTEA-DTEE registers are indicated in table 8.2

The DTER are initialized to H'00 by a power-on reset or in standby mode. Manua
initialize DTER.
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The DTCSR is a 16-bit readable/writable register that sets disable/enable for DT
software, as well as the DTC vector addresses for software activation. It also inc
transfer status.

The DTCSR is initialized to H'0000 by power-on resets and in standby mode. M
not initialize DTCSR.

Bitt 15 14 13 12 11 10 9
e e e e e Y
Initial value: 0 0 0 0 0 0 0
RIW: R R R R R RIW*  R/W*?

Bitt 7 6 5 4 3 2 1

Bit name: \ DTVEC7‘ DTVECG‘ DTVECB‘ DTVEC4‘ DTVEC3‘ DTVECZ‘ DTVEC
Initial value: 0 0 0 0 0 0 0

RIW:  R/W™  RW™ RW™ RW™ RW™ RW? RW"
Notes: *1 For the NMIF and AE bits, only a 0 write after a 1 read is possible.

*2 For the SWDTE bit, a 1 write is always possible, but a 0 write is possible only
is read.

*3 For the DTVEC7-DTVECO bits, writes are possible only when SWDTE = 0.
*4 Be sure to write 0 to the DTVECO bit.

Bits 15—-11—Reserved: These bits always read as 0. The write value should alw
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When the AE bit is set, DTC transfers are not allowed even if the DTER bit is
the AE bit, read the 1 from it, then write a 0.

The AE bit is initialized to 0 by power-on resets and in standby mode.

Bit 9 (AE) Description
0 No address error by the DTC (initial value)
(Clear condition) Write a O after reading the AE bit

1 An address error by the DTC occurred

* Bit 8—DTC Software Activation Enable Bit (SWDTE): This bit enables/disable
activation by software.

The AE bit is initialized to 0 by resets and standby mode. For details, see sect
Activating Sources.

Bit 8 (SWDTE) Description
0 DTC activation by software disabled (initial value)
1 DTC activation by software enabled

» Bits 7-0—Software Activation Vectors 7-0 (DTVEC7-DTVECDO0): These bits s
vector addresses for DTC activation by software. A vector address is calculate
DTVEC[7:0]. Always specify 0 for DTVECO. 8 bits are available, so you can sy
H'00 (0)-H'FE (254).

142
RENESAS



Bit: 7 6 5 4 3 2 1
| L L | |
Initial value: * * * * * * *

R/W: R/W R/W R/W R/W R/W R/W R/W
Note: * Initial value is undefined.

8.3 Operation

The DTC stores transfer information in memory. When there are DTC transfer re
that transfer information and performs data transfers based on it. It rewrites the
information to memory after data transfers. Storing transfer information in memc
possible to perform data transfers for an arbitrary number of channels. Further,
bit to 1 makes it possible to perform multiple transfers continuously through one
request.

There are three DTC transfer modes: normal mode, repeat mode, and block tral
DTC transfer, the transfer source address and transfer destination address are |
decremented, or kept the same, according to the respective setting.

8.3.1 Overview of Operation

Figure 8.2 shows a flowchart of DTC operation.
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‘ Yes

| DTC vector read |

la
v

| Transfer information read |
v

DTCRA = DTCRA — 1 (normal/block transfer mode)
DTCRAL = DTCRAL - 1 (repeat mode)

<&

Transfer (1 transfer unit)
DTSAR, DTDAR update
DTCRB = DTCRB - 1 (block transfer mode)

transfer mode and
DTCRB # 0?2

| Transfer information write | |Transfer information write

\ 4
| NMI or address error |

No

y Yes
CPU interrupt request
When DISEL = 1 or DTCRA = 0 (normal/block transfer mode)
When DISEL = 1 (repeat transfer mode)
v

( End )

Figure 8.2 DTC Operation Flowchart
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SWDTCE interrupt is requested of the CPU, the SWDTE bit of the DTCSR is au
cleared. When a request is made of the CPU, the SWDTE bit is maintained as &

When multiple DTC activating sources occur simultaneously, they are accepted
activated in accordance with the default priority rankings shown in table 8.2.

Figure 8.3 shows a block diagram of activating source control.

Interrupt requests CPU Interrupt reque:
(those not designated as (those not designatec
DMAC activating sources) DTC activating sourc

Interrupt DTC
requests
> > | DTER > INTC
IRQ_ Source DMAC 'y o
On-chip | flag clear Clear DTC activation reques
peripheral [~
DTC
b Source flag clear control

Figure 8.3 Activating Source Control Block Diagram

8.3.3 DTC Vector Table

Figure 8.4 shows the correspondence between DTC vector addresses and regis
placement. For each DTC activating source there are 2 bytes in the DTC vector
contain the register information start address.

Table 8.2 shows the correspondence between activating sources and vector ad
activating with software, the vector address is calculated as H'0400 + DTVEC[7
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DTC vector address

information
start address
(lower 16 bits)

I RIRJTI I TRALTIWVE T

\
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Figure 8.4 Correspondence between DTC Vector Address and Register Infc
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TGI3D H'00000410-H'00000411  DTEB7 Arbitrary™* Arbitrary™*
MTU TGI2A H'00000412—H'00000413  DTEB6 Arbitrary** Arbitrary™*
(CH2) TGI2B H'00000414-H'00000415 DTEB5 Arbitrary** Arbitrary**
MTU TGI1A H'00000416-H'00000417  DTEB4 Arbitrary** Arbitrary™*
(CHI) TGILB  HO00000418-H00000419 DTEB3 Arbitrary**Arbitrary**
MTU TGIOA H'0000041A-H'0000041B  DTEB2 Arbitrary™*Arbitrary™*
(CHO) TGIOB  H'0000041C-H'0000041D DTEBL Arbitrary**Arbitrary**

TGIOC H'0000041E—H'0000041F DTEBO Arbitrary**Arbitrary™*

TGIOD H'00000420-H'00000421  DTEC7 Arbitrary™*Arbitrary™*
AID ADI(ADI0)* H'00000422-H'00000423 DTEC6 ADDR  Arbitrary”*
IRQO pin  IRQO H'00000424-H'00000425  DTECS5 Arbitrary** Arbitrary™*
IRQ1 pin  IRQ1 H'00000426—H'00000427  DTEC4 Arbitrary™* Arbitrary™*
IRQ2 pin  IRQ2 H'00000428-H'00000429  DTEC3 Arbitrary™* Arbitrary™*
IRQ3 pin  IRQ3 H'0000042A-H'0000042B  DTEC2 Arbitrary** Arbitrary™*
IRQ4 pin  IRQ4 H'0000042C-H'0000042D DTEC1 Arbitrary™*Arbitrary™*
IRQ5 pin  IRQ5 H'0000042E—H'0000042F  DTECO Arbitrary** Arbitrary™*
IRQ6 pin  IRQ6 H'00000430-H'00000431  DTED7 Arbitrary**Arbitrary™*
IRQ7 pin  IRQ7 H'00000432—-H'00000433  DTED6 Arbitrary™* Arbitrary™*
CMT (CHO) CMIO H'00000434-H'00000435  DTED5 Arbitrary™* Arbitrary™*
CMT (CH1) CMI1 H'00000436-H'00000437  DTED4 Arbitrary** Arbitrary™*
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peripheral modules (excluding DMAC and DTC)
*2 Excluding A mask products are ADI, A mask products are ADIO.

8.3.4 Register Information Placement

Figure 8.5 shows the placement of register information in memory space. The re
start addresses are designated by DTBR for the upper 16 bits, and the DTC vect
lower 16 bits.

The placement in order from the register information start address in normal mod
DTCRA, 4 bytes empty (no effect on DTC operation), DTSAR, then DTDAR. In re
DTMR, DTCRA, DTIAR, DTSAR, and DTDAR. In block transfer mode, it is DTMF
bytes empty (no effect on DTC operation), DTCRB, DTSAR, then DTDAR.

Fundamentally, certain RAM areas are designated for addresses storing register
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Figure 8.5 DTC Register Information Placement in Memory Space

8.3.5 Normal Mode

Performs the transfer of one byte, one word, or one longword for each activatior
transfer count is 1 to 65536. An interrupt request is generated to the CPU when
DTCRA =1 ends. Transfers of a number of bytes specified by the SCI are poss

Table 8.3 shows the register functions for normal mode.
Table 8.3 Normal Mode Register Functions

Values Written Back upon a
Transfer Information Write

When DTCRA
Register Function is other than 1 When DTCR
DTMR Operation mode DTMR DTMR
control
DTCRA Transfer count DTCRA-1 DTCRA-1
DTSAR Transfer source Increment/decrement/  Increment/d
address fixed fixed
DTDAR Transfer destination Increment/decrement/  Increment/d
address fixed fixed

8.3.6 Repeat Mode

Performs the transfer of one byte, one word, or one longword for each activatior
transfer source or transfer destination is designated as the repeat area.
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Register Function other than 1 When DTCRA
DTMR Operation mode DTMR DTMR
control
DTCRAH Transfer count DTCRAH DTCRAH
maintenance
DTCRAL Transfer count DTCRAL-1 DTCRAH
DTIAR Initial address (Not written back) (Not written &
DTSAR Transfer source Increment/decrement/ (DTS = 0) Inc
address fixed decrement/ fi
(DTS =1) DT
DTDAR Transfer destination Increment/decrement/ (DTS =0) D1
address fixed (DTS = 1) Inc
decrement/ fi
8.3.7 Block Transfer Mode

Performs the transfer of one block for each one activation. Either the transfer sou

destination is designated as the block area.

The block length is specified between 1 and 65536. When a 1-block transfers en
register of the designated block area is returned to its initial state. Other address
consecutively incremented, decremented, or remain fixed. The block transfer cou
An interrupt request is generated to the CPU when the transfer with DTCRA = 1 «

A/D converter group mode transfers and phase compensation PWM data transfe

Table 8.5 shows the register functions for block transfer mode.
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8.3.8 Operation Timing

Figure 8.6 shows a DTC operation timing example.

N AWANAWANAWANAWAWAWANAWAWAWAWS

Activating
source — |
DTC . v
request
Address C O XXX XRX WX KD
Vector Transfer Data Transf
read information transfer  informat
read write

Figure 8.6 DTC Operation Timing Example (Normal Mode)

When register information is located in on-chip RAM, each mode requires 4 cyc
information reads, and 3 cycles for writes.

8.3.9 DTC Execution State Counts

Table 8.6 shows the execution state for one DTC data transfer. Furthermore, tal
state counts needed for execution state.
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chip chip Internal I/O

Access Objective RAM ROM Register External De

Bus width 32 32 32 8 16

Access 1 1 2"t 3" 2 2

state

Execution Vector read S, — 1 — 4

state Register information S, 1 1 — 4
read/write
Byte data read S 1 1 2 3 2 2
Word data read Sy 1 1 2 3 4 2
Long word data read Sk 1 1 4 6 8 4
Byte data write S, 1 1 2 3 2 2
Word data write S, 1 1 2 3 4 2
Long word write S, 1 1 4 6 8 4
Internal operation Su 1

Notes: *1 Two state access module : port, INT, CMT, SCI, etc.
*2 Three state access module : WDT, CACHE, UBC, etc.

The execution state count is calculated using the following forfiuladicates the nur
transfers by one activating source (count + 1 when CHNE bit is 1).

Execution state count=1;8Y J-S+K-S+L-3)+M-§,
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data transfers, set the DTER to 1.
The procedure for DTC software activation is as follows:

1. Transfer data (DTMR, DTCRA, DTSAR, DTDAR, DTCRB, and DTIAR) is loc
memory space.

2. Establish the register information start address with DTBR and the DTC vect

3. Confirm that the SWDTE bit of the DTCSR is 0. When the SWDTE bit is 1, tt
already being driven by software.

4. Write a 1 to the SWDTE bit and a vector number to the DTVEC (byte data).

5. When SWDTCE interrupt requests are not made to the CPU, the SWDTE bil
interrupts are requested, the SWDTE bit is maintained as a 1.

6. The SWDTE bit is cleared to 0 within the CPU interrupt routine. For continuo
transfers, set the SWDTE to 1.

8.3.11 DTC Use Example
The following is a DTC use example of a 128-byte data reception by the SCI:

1. The settings are: DTMR source address fixed (SM1 = 0), destination addres:
(DM1 =1, DMO = 0), normal mode (MD1 = MDO = 0), byte size (SZ1 = SZ0 -
transfer per activating source (CHNE = 0), and a CPU interrupt request after
number of data transfers (DISEL = 0). 128 (H'0080) is set in DTCRA, the RD
SClis setin DTSAR, and the start address of the RAM storing the receive ds
DTDAR.

2. Establish the register information start address with DTBR and the DTC vect

3. Set the corresponding DTER bit to 1.

4. Set the SCI to a specific receive mode and enable RxI interrupts.
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hat D | ER Nave endeaq, or disable tne transter source 1or eacn channel so tha
corresponding to that DTER will not occdihe above restrictions do not apply fc
due to change in the access method of DTER. However, take caution when cl
mask. since modification of the program is required.
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1-kbyte capacity

External memory (CS space and DRAM space) instruction code and PC rela
256 entry cache tag (tag address 15 bits)

4-byte line length

Direct map replacement algorithm

Valid flag (1 bit) included for purges

15 8 2 Valid bit (1 bit)
CPU Tag Entry Offset
address| address | address Cache tag Cache data

Tag address (15 bits) Data (32 bits)

256 entries

CMP /

\/
Data bus

Hit signal

Figure 9.1 Cache Tag and Cache Data Configuration
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Cache
controller

I i
Cache data C::\

Bus state
controller

sng ssalppe [euaiu|
sNnq e1ep [eusaiy|

External bus
interface

CCR: Cache control register U U

Figure 9.2 Cache Block Diagram

9.1.3 Register Configuration

The cache has one register, which can be used to control the enabling or disablir
space. The register configuration is shown in table 9.1.
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The CCR is a 16-bit readable/writable register. It is initialized to H'0000 by powe
not initialized by manual resets or standby mode.

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

15 14 13 12 11 10 9
* * * * * * *
R R R R R R R
7 6 5 4 3 2 1
— — — CE CE CE CE
DRAM CS3 CSs2 Cs1
* * * 0 0 0 0
R R R R/W R/W R/W R/W

Note: * Bits 15-5 are undefined.

» Bits 15-5—Reserved: Reading these bits gives undefined values. The write

always be 0.

» Bit 4—DRAM Space Cache Enable (CEDRAM): Selects whether to use DRA
cache object (enable) or to exclude it (disable). A O disables, and a 1 enable:

Bit 4 (CEDRAM)

Description

0

DRAM space cache disabled (initial value)

1

DRAM space cache enabled
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1 CS2 space cache enabled

e Bit 1—CS1 Space Cache Enable (CECSL1): Selects whether to use CS1 spac
(enable) or to exclude it (disable). A O disables, and a 1 enables such use.

Bit 1 (CECS1) Description
0 CS1 space cache disabled (initial value)
1 CS1 space cache enabled

» Bit 0—CSO0 Space Cache Enable (CECSO0): Selects whether to use CS0 spac
(enable) or to exclude it (disable). A 0 disables, and a 1 enables such use.

Bit 0 (CECS0) Description
0 CS0 space cache disabled (initial value)
1 CSO0 space cache enabled

9.3 Address Array and Data Array

There is a special cache space for controlling the cache. This space is divided in
and a data array, where addresses (tag address, including valid bit) and data (4-|
cache control are recorded. The special cache space is shown in table 9.2. It car
RAM space when the cache is not being used.
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Address (22 bits) (8 bits) @l

31 26 25 24 10 9

- Tag address -
Data| (g pits) (15 bits) (10 bits)

. Vaiid bit (1 bit)

Figure 9.3 Cache Address Array

Address Array Read: Designates entry address and reads out the corresponding
value/valid bit value.

Address Array Write: Designates entry address and writes the designated tag a
bit value.

9.3.2 Cache Data Array Read/Write Space

The cache data array has a compulsory read/write (figure 9.4).

31 10 9 21
Upper 22 bits of the data array space address Entry address -
Address (22 bits) (8 bits) @t
31
Data
Data (32 bits)

Figure 9.4 Cache Data Array
Data Array Read: Designates entry address and reads out the corresponding lir

Data Array Write: Designates entry address and writes designated data to the
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While the cache is enabled, it is not possible to write to the address array or data
CPU, DMAC, or DTC, and a read will return an undefined value. The cache must
before making a forced access to the address array or data array.

9.4.3 Cache Miss Penalty and Cache Fill Timing

When a cache miss occurs, a single idle cycle is generated as a penalty immedic
cache fill (access from external memory in the event of a cache miss), as shown
However, in the case of consecutive cache misses, idle cycles are not generated
subsequent cache misses, as shown in figure 9.6.

As the timing for a cache fill from normal space, the CS assert period immediatel
of the bus cycle (or the last bus cycle when two or four bus cycles are generated,
access to 8-bit space) is extended by an additional cycle, as shown in figures 9.5

Similarly, as the timing for a cache fill from DRAM space, the RAS assert period i
before the end of the bus cycle is extended by an additional cycle. In RAS down |
bus cycle is delayed by one cycle as shown in figure 9.8.
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Figure 9.5 Cache Fill Timing in Case of Non-Consecutive Cache Miss from N
(No Wait, No CS Assert Extension)

CK/\/\/\/\/\/\/

w0
o ) O N N T N A I )
CSn _'_\ CS assert‘ addltlo‘nal-é;i‘éﬁsmn :

Figure 9.6 Cache Fill Timing in Case of Consecutive Cache Misses from No
(No Wait, CS Assert Extension)
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Figure 9.7 Cache Fill Timing in Case of Non-Consecutive Cache Miss from DF
(Normal Mode, TPC =0, RCD = 0, No Wait)

CS space
DRAM access access DRAM access

S AVAVAVAVAVAUAVAVAY

address ; : : : : : : ; : :
Address :X §XROW§X C(SLUMN XM,,X CS?space X CO?LUMN X:
oS TN\ /T N\

Figure 9.8 Cache Fill Timing in Case of Consecutive Cache Misses from DR/
(RAS Down Mode, TPC = 0, RCD = 0, No Wait)

9.4.4 Cache Hit after Cache Miss

The first cache hit after a cache miss is regarded as a cache miss, and a cache f
cycle generation is performed. The next hit operates as a cache hit.
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Address space is divided into five spaces

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

A maximum linear 4 Mbytes for each of the address spaces CS1-CS3

A maximum linear 16 Mbytes for DRAM dedicated space

Bus width can be selected for each space (8, 16, or 32 bits)

Wait states can be inserted by software for each space

Wait states can be inserted via WAIT pin in external memory spce acces:
Outputs control signals for each space according to the type of memory c
On-chip ROM and RAM interfaces

0 On-chip RAM access of 32 bits in 1 state

O On-chip ROM access of 32 bits in 1 state

Direct interface to DRAM

O Multiplexes row/column addresses according to DRAM capacity

O Supports high-speed page mode and RAS down mode

Access control for each type of memory, peripheral LSI

O Address/data multiplex function

Refresh

O Supports CAS-before-RAS refresh (auto-refresh) and self-refresh
Refresh counter can be used as an interval timer

O Interrupt request generated upon compare match (CMI interrupt request ¢

O 0Ooooogodg
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| I | VI |
| I | I—, |
| I | |
. Lo [ - \
D |
} } control } !
. |
AH 4—3—%— unit -« BCR2 w |
o | I
o | } | o |
RD 4—;—v— < } — | = }
o <! DCR 8 !
RDWR <——+— < = |
|
WRHH, WRHL | - rrcsrK N |
WRH, WRL T | T l
- | | | |
CASHH, CASHL | | Memory | N — |
CASH, CASL 1| control 1 P RTCNT |
| .
‘ unit | U i
|
CMI interrupt request ‘ ! !
ptreq i < Comparator > |
| |
I | I
|
‘ 0 |
| S,
v | : RTCOR }
I | I
Interrupt | - L }
controller N
———————————————— BSC
WCR1: Wait control register 1 DCR: DRAM area control register
WCR2: Wait control register 2 RTCNT: Refresh timer counter
BCR1: Bus control register 1 RTCOR: Refresh timer constant register
BCR2: Bus control register 2 RTSCR: Refresh timer control/status registe

Figure 10.1 BSC Block Diagram
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output during DRAM access.

WRHH Strobe that indicates a write cycle to the most significant byte (D31-D2
ordinary space/multiplex 1/0. Also output during DRAM access.

WRHL Strobe that indicates a write cycle to the 2nd byte (D23-D16) for ordine
space/multiplex I/O. Also output during DRAM access.

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

WRL Strobe that indicates a write cycle to the least significant byte (D7-D0)
ordinary space/multiplex 1/0. Also output during DRAM access.

RDWR Strobe indicating a write cycle to DRAM (used for DRAM space)

RAS RAS signal for DRAM (used for DRAM space)

CASHH CAS signal when accessing the most significant byte (D31-D24) of DR
(used for DRAM space)

CASHL CAS signal when accessing the 2nd byte (D23-D16) of DRAM (used f
space)

CASH CAS signal when accessing the 3rd byte (D15-D8) of DRAM (used for
space)

CASL CAS signal when accessing the least significant byte (D7-DO0) of DRAN
for DRAM space)

AH Signal to hold the address during address/data multiplex

WAIT Wait state request signal

BREQ Bus release request input

BACK Bus use enable output
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Bus control register 2 BCR2 R/W HFFFF H'FFFF8622 8, 16
Wait state control register 1 WCR1 R/W HFFFF H'FFFF8624 8, 16
Wait state control register 2 WCR2 R/W  H'0O00F H'FFFF8626 8, 16
DRAM area control register DCR R/W  H'0000 H'FFFF862A 8, 16
Refresh timer control/status register RTCSR R/W H'0000 H'FFFF862C 8, 16
Refresh timer counter RTCNT R/W H'0000 H'FFFF862E 8, 16
Refresh time constant register RTCOR R/W H'0000 H'FFFF8630 8, 16
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L— oSpace selecton.
Not output externally; used to select the type of space
On-chip ROM space or CS space when 00000000 (H'00)
DRAM space when 00000001 (H'01)
Reserved (do not access) when 00000010 to 11111110 (H'02 to H'FE)
On-chip peripheral module space or on-chip RAM space when 11111111

Figure 10.2 Address Format

This LSI uses 32-bit addresses:

» A31-A24 are used to select the type of space and are not output externally.

+ Bits A23 and A22 are decoded and output as chip select sigis@is(S3) for the
corresponding areas when bits A31-A24 are 00000000.

* A21-A0 are output externally.

Table 10.3 shows an address map for on-chip ROM effective mode. Table 10.4
map for on-chip ROM ineffective mode.
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H'FFFF8000-H'FFFF87FF On-chip On-chip peripheral 2 kbytes  8/16
peripheral module
module

H'FFFF8800-H'FFFFEFFF Reserved Reserved

H'FFFFFO00-H'FFFFFFFF On-chip RAM On-chip RAM 4 kbytes 32 bi

Notes:

168

Do not access reserved spaces. Operation cannot be guaranteed if they are acce:

*1 With the 64-kbyte version of on-chip ROM, the ROM address is H'0000000—
H'0000FFFF, and address H'00010000-H'0003FFFF is reserved space.

With the 128-kbyte version of on-chip ROM, the ROM address is H'00000000-
H'0001FFFF, and address H'00020000-H'0003FFFF is reserved space.

*2 Selected by on-chip register settings.
*3 Ordinary space: selected by on-chip register settings.
Multiplex 1/O space: 8/16 bit selected by the Al4 bit.
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module

H'FFFF8800-H'FFFFEFFF  Reserved Reserved

H'FFFFFOO0-H'FFFFFFFF  On-chip RAM On-chip RAM 4 kbytes 32|

Notes: 1. Do not access reserved spaces. Operation cannot be guaranteed if they are

2. Inthe single-chip mode, spaces other than on-chip ROM, on-chip RAM and c
peripheral modules are unavailable.

*1 Selected by the mode pin:
8/16 bit when 112 pin and 120 pin.
16/32 bit when 144 pin.

*2 Selected by on-chip register settings.

*3 Ordinary space: selected by on-chip register settings.
Multiplex 1/O space: 8/16 bit selected by the Al4 bit.

10.2  Description of Registers

10.2.1 Bus Control Register 1 (BCR1)

BCR1 is a 16-hit read/write register that enables access to the MTU control regi
multiplex 1/0, and specifies the bus size of the CS spaces. With the 112-pin ver:
(SH7040/SH7042/SH7044), and the 120-pin version (SH7040/SH7042), specify
word (16 bits) or less.

Write bits 8—-0 of BCR1 during the initialization stage after a power-on reset, anc
the values thereafter. In on-chip ROM effective mode, do not access any of the
after completion of register initialization. In on-chip ROM ineffective mode, do nc
space other than CSO0 until after completion of register initialization.

BCRL1 is initialized by power-on resets to H'200F, but is not initialized by manua
software standbys.
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e Bits 15, 14, 12-9—Reserved: These bits always read as 0. ['he write value sr

e Bit 13—MTU Read/Write Enable (MTURWE): When this bit is 1, MTU control
access is enabled. See section 12, Multifunction Timer Pulse Unit (MTU), for (

Bit 13 (MTURWE) Description
0 MTU control register access is disabled
1 MTU control register access is enabled (initial value)

» Bit 8—Multiplex 1/0 Enable (IOE): Selects the use of CS3 space as ordinary s
address/data multiplex I/O space. A 0 selects ordinary space and a 1 selects
multiplex 1/0 space. When address/data multiplex I/O space is selected, the a
are multiplexed and output from the data bus. When CS3 space is an address
I/0O space, bus size is decided by the A14 bit (A14 = 0: 8 bit, A14 = 1: 16 bit).

Bit 8 (IOE) Description
0 CS3 space is ordinary space (initial value)
1 CS3 space is address/data multiplex 1/0 space

» Bit 7—CS3 Space Long Size Specification (A3LG): Specifies the CS3 space t
effective only when CS3 space is ordinary space. When CS3 space is an add
I/0 space, bus size is decided by the Al4 bit.

Bit 7 (A3LG) Description

0 According to the A3SZ bit specified value (initial value)
1 Longword (32 bit) size
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» Bit 4—CSO0 Space Long Size Specification (AOLG): Specifies the CS0 space

Bit 4 (AOLG) Description
0 According to the A0SZ bit value (initial value)
1 Longword (32 bit) size

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

e Bit 3—CS3 Space Size Specification (A3SZ): Specifies the CS3 space bus s
0. This is effective only when CS3 space is ordinary space. When CS3 spact
multiplex 1/O space, bus size is decided by the A14 bit.

Bit 3 (A3S2) Description
0 Byte (8 bit) size
1 Word (16 bit) size (initial value)

Note: This bit is ignored when A3LG = 1; CS3 space bus size becomes longword (32 b
ordinary space).

» Bit 2—CS2 Space Size Specification (A2SZ): Specifies the CS2 space bus s
0.

Bit 2 (A2SZ) Description
0 Byte (8 bit) size
1 Word (16 bit) size (initial value)

Note: This bit is ignored when A2LG = 1; CS2 space bus size becomes longword (32 b
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1

Word (16 bit) size (initial value)

Note: AOQSZ is effective only in on-chip ROM effective mode. In on-chip ROM ineffective
the CSO0 space bus size is specified by the mode pin. However, even in on-chip RC
effective mode, this bit is ignored when AOLG = 1; CSO0 space bus size becomes Ic

10.2.2

(32 bit).

Bus Control Register 2 (BCR2)

BCR2 is a 16-bit read/write register that specifies the number of idle cycles and C

extension of each CS space.

BCR2 is initialized by power-on resets to H'FFFF, but is not initialized by manual
software standbys.
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Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

15 14 13 12 10 9

| wal | wso | w21 | w20 | Wil | W10 | Iwol |
1 1 1 1 1 1
RW RW RW  RW RW  RW
7 6 5 4 2 1

| cws | cw2 | cwi | cwo | SW3 | Sw2 | Swi |
1 1 1 1 1 1
RW RW RW  RW RW  RW
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0 0 No idle cycle after accessing CS3
1 Inserts one idle cycle after access
space
1 0 Inserts two idle cycles after acces:
space
1 Inserts three idle cycles after acce
space (initial value)
Bit 13 (IW21) Bit 12 (IW20) Description
0 0 No idle cycle after accessing CS2
1 Inserts one idle cycle
1 0 Inserts two idle cycles
1 Inserts three idle cycles (initial vall
Bit 11 (IW11) Bit 10 (IW10) Description
0 0 No idle cycle after accessing CS1
1 Inserts one idle cycle
1 0 Inserts two idle cycles
1 Inserts three idle cycles (initial vall
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CWa specifies the continuous access idles for CS3 space; CW2 specifies the
idles for CS2 space; CW1 specifies the continuous access idles for CS1 spac
specifies the continuous access idles for CS0O space.

Bit 7 (CW3) Description

0 No CS3 space continuous access idle cycles

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

0 No CS2 space continuous access idle cycles

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

0 No CS1 space continuous access idle cycles

1 One CS1 space continuous access idle cycle (initial value)
Bit 4 (CWO0) Description

0 No CSO0 space continuous access idle cycles

1 One CSO0 space continuous access idle cycle (initial value)
174
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Bit 2 (SW2) Description

0 No CS2 space CS assert extension

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

0 No CS1 space CS assert extension

1 CS1 space CS assert extension (initial value)
Bit 0 (SWO0) Description

0 No CSO0 space CS assert extension

1 CSO0 space CS assert extension (initial value)

10.2.3  Wait Control Register 1 (WCR1)

WCRL1 is a 16-bit read/write register that specifies the number of wait cycles (0-
space.

WCRL1 is initialized by power-on resets to H'FFFF, but is not initialized by manu
software standbys.
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waits for CS3 space access.

Bit 15 Bit 14 Bit 13 Bit 12
(W33) (W32) (W31) (W30) Description

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

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

Bit 11 Bit 10 Bit 9 Bit 8
(W23) (W22) (W21) (W20) Description
0 0 0 0 No wait (external wait input disabled)
0 0 0 1 1 wait external wait input enabled
m
1 1 1 1 15 wait external wait input enabled (initial value|
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Bit 3 Bit 2 Bit 1 Bit O
(W03) (W02) (W01) (WO00) Description

0 0 0 0 No wait (external wait input disabled)
0 0 0 1 1 wait external wait input enabled
m
1 1 1 1 15 wait external wait input enabled (initial valu

10.2.4  Wait Control Register 2 (WCR2)

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

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

WCR?2 is initialized by power-on resets to H'000F, but is not initialized by manue
software standbys.

Bitt 15 14 13 12 11 10 9
-l -1 -=-1T-=-T-=-7T=1=
Initial value: 0 0 0 0 0 0 0
R/W:
Bitt 7 6 5 4 3 2 1
\ — \ — \ DDWl‘ DDWO‘ DSW3‘ DSWZ‘ DSW1
Initial value: 0 0 0 0 1 1 1
RW: R R RW RW RW RW  RW
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* Bits 3-0—CS Space DMA Single Address Mode Access Wait Specification (C
DSW1, DSWO): Specifies the number of waits for CS space access (0-15) du
address mode accesses. These bits are independent of the W bits of the WCI

Bit 3 Bit 2 Bit 1 Bit 0
(DsSw3) (DSW2) (DSW1) (DSWO0) Description
0 0 0 0 No wait (external wait input disabled)
0 0 0 1 1 wait (external wait input enabled)
[
1 1 1 1 15 wait (external wait input enabled) (initial valu

10.2.5 DRAM Area Control Register (DCR)

DCR is a 16-bit read/write register that selects the number of waits, operation mc
address multiplex shifts and the like for DRAM control.

Do not perform any DRAM space accesses before DCR initial settings are compl

DCR is initialized by power-on resets to H'0000, but is not initialized by manual re
standbys.
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RAS is negated before next assert.

Bit 15 (TPC) Description
0 1.5 cycles (initial value)
1 2.5 cycles

* Bit 14—RAS-CAS Delay Cycle Count (RCD): Specifies the number of row ac
cycles.

Bit 14 (RCD) Description
0 1 cycle (initial value)
1 2 cycles

* Bits 13-12—CAS-Before-RAS Refresh RAS Assert Cycle Count (TRAS1-TF
the number of RAS assert cycles for CAS before RAS refreshes.

Bit 13 (TRAS1) Bit12 (TRASO) Description

0 0 2.5 cycles (initial value)
1 3.5 cycles

1 0 4.5 cycles
1 5.5 cycles
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Bit 9 (DWR1) Bit 8 (DWRO) Description

0 0 2-cycle (no wait) external wait disabled (initial value
1 3-cycle (1 wait) external wait disabled

1 0 4-cycle (2 wait) external wait enabled
1 5-cycle (3 wait) external wait enabled

* Bit 7—DRAM Idle Cycle Count (DIW): Specifies whether to insert idle cycles,
accessing a different external space (CS space) or when doing a DRAM write
reads.

Bit 7 (DIW) Description
0 No idle cycles (initial value)
1 1idle cycle

Bit 6—Reserved: This bit always reads as 0. The write value should always be
Bit 5—Burst Enable (BE): Specifies the DRAM operation mode.

Bit 5 (BE) Description
0 Burst disabled (initial value)
1 DRAM high-speed page mode enabled.

» Bit 4—RAS Down Mode (RASD): Specifies the DRAM operation mode.

Bit 4 (RASD) Description

0 Access DRAM by RAS up mode (initial value)
1 Access DRAM by RAS down mode
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10 bit

1 0 11 bit
1 12 bit

10.2.6  Refresh Timer Control/Status Register (RTCSR)

RTCSR is a 16-bit read/write register that selects the refresh mode and the cloc
refresh timer counter (RTCNT), and controls compare match interrupts (CMI).

RTCSR is initialized by power-on resets and hardware standbys to H'0000, but
manual resets or software standbys.

Bitt 15 14 13 12 11 10 9
-l -1 -1T-=-1T=-T1T=-1=
Initial value: 0 0 0 0 0 0 0
R/W:
Bitt 7 6 5 4 3 2 1
\ — \ CMF \ CMIE \ CKSZ‘ CKS1 \ CKS0 \ RFSH
Initial value: 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW

» Bits 15—-7—Reserved: These bits always read as 0. The write value should a
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* Bit 5—Compare Match Interrupt Enable (CMIE): Enables or disables an interr
caused by the CMF bit of the RTCSR when CMF is setto 1.

Bit 5 (CMIE) Description
0 Disables an interrupt request caused by CMF (initial value)
1 Enables an interrupt request caused by CMF

» Bits 4-2—Clock Select (CKS2-CKSO0): Select the clock to input to RTCNT fro
seven types of internal clock obtained from dividing the system cig)ck (

Bit 4 (CKS2) Bit 3 (CKS1) Bit 2 (CKSO0) Description

0 0 0 Stops count-up (initial value)
1 @2
1 0 @8
1 @32
1 0 0 ©/128
1 @512
1 0 (/2048
1 ©/4096

» Bit 1—Refresh Control (RFSH): Selects whether to use refresh control for DR,

Bit 1 (RFSH) Description

0 Do not refresh DRAM (initial value)
1 Refresh DRAM
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10.2.7 Refresh Timer Counter (RTCNT)

RTCNT is a 16-bit read/write register that is used as an 8-bit up counter for refre
interrupt requests.

RTCNT counts up with the clock selected by the CKS2—CKSO0 bits of the RTCSI
can always be read/written by the CPU. When RTCNT matches RTCOR, RTCN
H'0000 and the CMF flag of the RTCSR is set to 1. If the RFSH bit of RTCSR is
bit is 0 at this time, a CAS-before-RAS refresh is performed. Additionally, if the (
RTCSR is a 1, a compare match interrupt (CMI) is generated.

Bits 15-8 are reserved and play no part in counter operation. They are always r

RTCNT is initialized by power-on resets H'0000, but is not initialized by manual
software standbys.

Bit: 15 14 13 12 11 10 9
S - T T S N A A

R/W:

Bit: 7 6 5 4 3 2 1
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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15 Litaltu.

Bits 15-8 are reserved and cannot be used in setting the period. They always re:

RTCOR is initialized by power-on resets to H'0000, but is not initialized by manue
software standbys.

Bit: 15 14 13 12 11 10 9
T e

R/W:

Bit: 7 6 5 4 3 2 1
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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Figure 10.3 Basic Timing of Ordinary Space Access

During a read, irrespective of operand size, all bits in the data bus width for the
(address) are fetched by the LSIRID, using the required byte locations.

During a write, the following signals are associated with transfer of these actual
WRHH (bits 31-24)WRHL (bits 23—16)WRH (bits 15-8), an@VRL (bits 7-0).
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Figure 10.4 Wait Timing of Ordinary Space Access (Software Wait Onl
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RENESAS

2 State +WAIT Signal)

Figure 10.5 Wait State Timing of Ordinary Space Access (Wait States from Sc




Figure 10.6 CS Assert Period Extension Function
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Row Address Column Address
Shift Output Pins  Output Output OL

AMX1 AMXO0 Amount Address Address Pir

0 0 9 bit A21-A15 A21-A15 A21-A0 A2
Al4-A0 A23-A9

0 1 10 bit A21-Al4 A21-Al4 A21-A0 A2
Al13-A0 A23-A10

1 0 11 bit A21-A13 A21-A13 A21-A0 A2
A12-A0 A23-Al11l

1 1 12 bit A21-A12 A21-A12 A21-A0 A2
Al1-AO0 A23-Al12

In addition to ordinary read and write accesses, burst mode access using high s

supported.
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Figure 10.7 DRAM Bus Cycle (Normal Mode, TPC =0, RCD =0, No We
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Figure 10.8 DRAM Bus Cycle (Normal Mode, TPC
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1, Two W

Figure 10.9 DRAM Bus Cycle (Normal Mode, TPC = 1, RCD
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Read

0, Three

Figure 10.10 DRAM Bus Cycle (Normal Mode, TPC =0, RCD

RENESAS



L

Read

0, RCD= 0, Two Waits +

Figure 10.11 DRAM Bus Cycle (Normal Mode, TPC

to WAIT Signal)
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| | | | | | |

RAS | | \ | | 1 1 1

Write \ } | | i | i
CASX _ : : () NN B ) S

| | | | | | |

} } } | | | |

RDWR | 1 1 \ /U 1

| | | | | | |

s A } } } [\ } /_‘\_

Data +/ } } } \+/ } \_}

| | | | | | |

RAS | | \ | | | |

Read | } | | i | i
R i o

owe ]

| | | | | | |

Figure 10.12 DRAM Bus Cycle (High-Speed Page Mode)

RAS Down Mode: There are some instances where even if burst operation is se
accesses to DRAM will not occur, but another space will be accessed instead p
access. In such cases, if iRAS signal is maintained at low level during the time tt
is accessed, it is possible to continue burst operation at the time the next DRANV
is accessed. This is called RAS down mode.

To use RAS down mode, set both the BE and RASD bits of the DCR to 1.

Figures 10.13 and 10.14 show operation in RAS up and down modes.
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Figure 10.14 RAS Down Mode
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Figure 10.16 Self-Refresh Timing

198

RENESAS



the bus size becomes 8 bit and addresses and data are input and output throug
When the A14 address bit is 1, the bus size becomes 16 hit and address output
through the D15-D0 pins. Access for the address/data multiplex /O space is co
AH, RD, andWRx signals.

Address/data multiplex 1/O space accesses are done after a 3-cycle (fixed) addr
ordinary space type access (figure 10.17).

| | | | |
A N R R N R R S N N
S
| | | | | | | | | | | |
| | | | | | | | | | | |
| | | | | | | | | | | } }
CS3 1\ 1
R B B
AH | \ \ \ \ \ \ \ \ \ \ [ \
e e e e
S I S S S NS NS S N I R R
Read RD |
eal :
o bbb Dataj]
pata (" Addressouput__| }————+{ |
R R T A N O A A R
. WRX | 1 b N
Write | \ | ! | | | \ ! \ ‘ |
| | | i ‘ i |
| | | | | | |
| | | |

Figure 10.17 Address/Data Multiplex I/O Space Access Timing (No Wi
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Data output

Figure 10.18 Address/Data Multiplex 1/0O Space Access Wait State Timing (On

Wait + One External Wait)
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Figure 10.19 Wait Timing in Address/Data Multiplex /0O Space when CS A
Extension is Set

10.6  Waits between Access Cycles

When a read from a slow device is completed, data buffers may not go off in tinr
conflicts with the next access. If there is a data conflict during memory access, t
solved by inserting a wait in the access cycle.

To enable detection of bus cycle starts, waits can be inserted between access ¢
continuous accesses of the same CS space by negat@§ntsagnal once.

10.6.1 Prevention of Data Bus Conflicts

For the two cases of write cycles after read cycles, and read cycles for a differel
cycles, waits are inserted so that the number of idle cycles specified by the IW3
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A e

CSn space read CSm space write

Figure 10.20 Idle Cycle Insertion Example

IW31 and IW30 specify the number of idle cycles required after a CS3 space rea
other external spaces, or for this LSI, to do write accesses. In the same manner,
specify the number of idle cycles after a CS2 space read, IW11 and IW10, the nu
space read, and IW01 and IWO00, the number after a CS0 space read.

DIW specifies the number of idle cycles required, after a DRAM space read eithe
external spaces (CS space), or for this LSI, to do write accesses.

0 to 3 cycles can be specified for CS space, and 0 to 1 cycle for DRAM space.
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CSn space access

Figure 10.21 Same Space Consecutive Access ldle Cycle Insertion Ex

10.7 Bus Arbitration

The SH7040 series has a bus arbitration function that, when a bus release requ
an external device, releases the bus to that device. It also has two internal bus
and the DMAC, DTC. The priority ranking for determining bus right transfer betwv
masters is:

Bus right request from external device > refresh > DTC > DMAC > CPU

However, during a read or write in DMAC dual address mode, a burst transfer,
transfer mode operation, the DMAC continues operating even if a DTC request |

Through port register settingRQOUT is asserted to indicate that a CAS-before-F
request for DRAM has been generated during release of bus rights to an extern
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high-level output

Address, data, BACK confirmation

strobe pin:
high impedance

- | BACK = Low
Bus right release

response

Bus right release status Bus right acquisition

Figure 10.22 Bus Right Release Procedure
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AO-Al4 AO-Al4

DO-D7 I/00-1/07

Figure 10.23 8-Bit Data Bus Width ROM Connection

256k x 16 bits

SH704x ROM
CSn CE
RD OE
A0 —
Al1-A18 AO-A17
D0-D15 1/00-1/015

Figure 10.24 16-Bit Data Bus Width ROM Connection
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OE

AO0-A17
I/00-1/015

Figure 10.25 32-Bit Data Bus Width ROM Connection

123k x 8 bits
SH704x SRAM
CSn CS
RD OE
AO0-A16 AO-Al16
WRL WE
DO-D7 1/100-1/07

Figure 10.26 8-Bit Data Bus Width SRAM Connection
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-

AO-A16
WE
1/00-1/07

Figure 10.27 16-Bit Data Bus Width SRAM Connection
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WAL ‘ —| AO-A16
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1/00-1/07
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(2]

OE

+— AO-A16
WE
1/00-1/07

=

CSs

OE

— A0-A16
WE
1/00-1/07

Figure 10.28 32-Bit Data Bus Width SRAM Connection
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SH704x

RAS
RDWR

AO

A1-A9
CASH
CASL
ADO-AD15

256k x 16 bits
DRAM

RAS
WE
OE
A0-A8
UCAS

LCAS
1/00-1/015

RENESAS

Figure 10.30 16-Bit Data Bus Width DRAM Connection




CASL
ADO-AD15

LCAS
1/00-1/015

Figure 10.31 32-Bit Data Bus Width DRAM Connection

10.9  On-Chip Peripheral I/O Register Access
On-chip peripheral I/O registers are accessed from the bus state controller, as sh

Table 10.6 On-Chip Peripheral I/0 Register Access

On-chip MTU, PFC,
Peripheral Module SCI POE INTC PORT CMT A/D* UBC WDT DMAC DTC

Connected bus 8bit 16bit 16bit 16bit 16bit 16bit 16bit 16bit 16bit  16bit
width

Access cycle 2cyc  2cyc 2cyc 2cyc 2cyc  2cyc  3cyc  3cyc  3cyc  3cyc

Note: * A/D of A mask products are accessed in 8-bit width, 3 cyc.
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DUoS 1o 11UL ITitaottu

Figure 10.32 One Bus Cycle

10.10 CPU Operation when Program is in External Memory

In the SH7040 Series, two words (equivalent to two instructions) are normally fe
instruction fetch. This is also true when the program is located in external mem
whether the external memory bus width is 8 or 16 bits.

If the program counter value immediately after the program branches is an odd-
address, or if the program counter value immediately before the program brancl
(2n) address, the CPU will always fetch 32 bits (equivalent to two instructions) tl
respective word instruction.
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The DMAC has the following features:

Four channels

Four Gbytes of address space in the architecture

Byte, word, or longword selectable data transfer unit

16 Mbytes (16,777,216 transfers, maximum)

Single or dual address mode. Dual address mode can be direct or indirect ac

O Single address mode: Either the transfer source or transfer destination (p
accessed by a DACK signal while the other is accessed by address. One
data is transferred in each bus cycle.
0 Dual address mode: Both the transfer source and transfer destination are
address. Dual address mode can be direct or indirect address transfer.
¢ Direct access: Values set in a DMAC internal register indicate the acc
both the transfer source and transfer destination. Two bus cycles are |
data transfer.

¢ Indirect access: The value stored at the location pointed to by the add
DMAC internal transfer source register is used as the address. Opera
the same as direct access. This function can only be set for channel 3
are required for one data transfer.

Channel function: Transfer modes that can be set are different for each chan

mode indirect access can only be set for channel 1. Only direct access is po:

channels.)

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

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

O Channel 2: Dual address mode only. Source address reload function opel
transfer.
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O Fixed priority mode: Always fixed

O Round robin mode: Sets the lowest priority level for the channel that receiv
request last

e CPU can be interrupted when the specified number of data transfers are comj
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eripnheral
module

DREQO, DREQT
MTU

SCI0, SCI1

A/D converter”
DEIn

DACKO, DACK1
DRAKO, DRAK1

External
ROM

C

External
RAM

External 1/0
(memory
mapped)

acknowledge)

External 1/0
(with

)
)
-

_ S| o le—T1 N
= o | | Activation [
E g : control |l
= Q : A A CHCRn {
() £ | »
o I
| L
: v DMAOR {
L <
7| Request
™ priority
L—» control
< |
- |
|
D !
AN : ¥ |
O ||
I | Bus interface
|
:
|
L
SARN: DMAC source address regis
DARN: DMAC destination address r
~ " ~ - DMATCRnN: DMAC transfer count registe
Bus state CHCRn: DMAC chann(_el contr_ol regis
controller DMAOR: DMAC operation register
n: 0,123

Note: * A/D1 for A mask and A/D for ott

Figure 11.1 DMAC Block Diagram
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CAlCITIal sSuulle

DMA transfer request

DMA transfer request input fror
external device to channel 1

DMA transfer request
acknowledge

DMA transfer strobe output frot
channel 1 to external device

DREQ1 acceptance
confirmation

DREQ1 |
DACK1 O
DRAK1 O

Sampling receive acknowledge
for DMA transfer request input
external source
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DMA Transter count
register O

DMATCRO R/W

Unaetined

HFFFFSoCo o2 DIt

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

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

DMA destination DAR1 R/W  Undefined H'FFFF86D4 32 bit
address register 1

DMA transfer count DMATCR1 R/W  Undefined H'FFFF86D8 32 bit
register 1

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

DMA source address SAR2 R/W  Undefined H'FFFF86EO0 32 bit
register 2

DMA destination DAR2 R/W  Undefined H'FFFF86E4 32 bit

address register 2
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register 3

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

Shared DMA operation DMAOR R/W*! H'0000 H'FFFF86B0 16 bit i
register

Notes: Do not attempt to access an empty address. If an access is attemped, the system
operation is not guarenteed.

*1 Write O after reading 1 in bit 1 of CHCRO-CHCRS3 and in bits 1 and 2 of the DN
clear flags. No other writes are allowed.

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

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

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

11.2  Register Descriptions

11.2.1 DMA Source Address Registers 0—-3 (SAR0O-SAR3)

DMA source address registers 0-3 (SAR0-SAR3) are 32-bit read/write registers
source address of a DMA transfer. These registers have a count function, and du
transfer, they indicate the next source address. In single-address mode, SAR val
when a device with DACK has been specified as the transfer source.

Specify a 16-bit or 32-bit boundary address when doing 16-bit or 32-bit data tran:
cannot be guaranteed on any other addresses.

The initial value after power-on resets or in software standby mode is undefined.
are not initialized with manual reset.
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DMA destination address registers 0—-3 (DARO-DAR3) are 32-bit read/write regi
the destination address of a DMA transfer. These registers have a count functio
DMA transfer, they indicate the next destination address. In single-address mod
ignored when a device with DACK has been specified as the transfer destinatiol

Specify a 16-bit or 32-bit boundary address when doing 16-bit or 32-bit data trar
cannot be guaranteed on any other address. The initial value after power-on res
standby mode, is undefined. These registers are not initialized with manual rese

Bit: 31 30 29 28 27 26 25

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

Bit: 23 22 21 .. . 2 1
| L | | |
Initial value: — — — — —
R/W: R/W R/W R/W . . R/W R/W
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Initial value:
R/W:

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

R R R R R R R
23 22 21 20 19 18 17
R/W R/W R/W R/W R/W R/W R/W
15 14 13 12 11 10 9
R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1
R/W R/W R/W R/W R/W R/W R/W
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Initial value:

Bit:

Initial value:
R/W:

Bit:

Initial value:

R/W:

\ DI™?

RO™ \ RL™? \ AM™?

— — — 0 0 0 0
R R R (RW) (RW [RW) (RW)
15 14 13 12 11 10 9

| DML | DMO | SM1 | SMO | RS3 | RS2 | RSl
0 0 0 0 0 0 0
RW RW RW RW RW RW  RW
7 6 5 4 3 2 1

. — | ps | M Ts1 | Tso | E | TE
_ 0 0 0 0 0 0
R (RIW)  R/W R/W RIW RIW  RI(W)”

Notes: *1 TE bit: Allows only 0 write after reading 1.
*2 The DI, RO, RL, AM, AL, or DS bit may be absent, depending on the channel

Bits 31-21—Reserved bits: Data are 0 when read. The write value always be

Bit 20—Direct/Indirect (DI): Specifies either direct address mode operation ol
mode operation for channel 3 source address. This bit is valid only in CHCR:
0 for CHCRO-CHCR2, and cannot be modified.

Bit 20: DI Description
0 Direct access mode operation for channel 3 (initial value)
1 Indirect access mode operation for channel 3
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0 Output DRAK with active high (initial value)

1 Output DRAK with active low

» Bit 17—Acknowledge Mode (AM): In dual address mode, selects whether to o
the data write cycle or data read cycle. In single address mode, DACK is alwa
irrespective of the setting of this bit. This bit is valid only for CHCRO and CHC
reads as 0 for CHCR2 and CHCRS3, and cannot be modified.

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

» Bit 16—Acknowledge Level (AL): Specifies whether to set DACK (acknowledc
output to active high or active low. This bit is valid only with CHCRO and CHC
reads as 0 for CHCR2 and CHCRS3, and cannot be modified.

Bit 16: AL Description

0 Active high output (initial value)
1 Active low output
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e Bits 13 and 12—Source Address Mode 1, 0 (SM1 and SMO0): These bits spe«
increment/decrement of the DMA transfer source address. These bhit specific
when transferring data from an external device to address space in single ac

Bit 13: SM1 Bit 12: SMO Description

0 0 Source address fixed (initial value)

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

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

1 1 Setting prohibited

When the transfer source is specified at an indirect address, specify in source a
(SARQ) the actual storage address of the data you want to transfer as the data ¢
(indirect address).

During indirect address mode, SAR3 obeys the SM1/SMO setting for increment/
case, SAR3's increment/decrement is fixed at +4/-4 or 0, irrespective of the trar
specified by TS1 and TSO.
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0 1 1 0 MTU TGIOA
0 1 1 1 MTU TGI1A
1 0 0 0 MTU TGI2A
1 0 0 1 MTU TGI3A
1 0 1 0 MTU TGI4A
1 0 1 1 A/D ADI*

1 1 0 0 SCIO0 TXIO
1 1 0 1 SCI0 RXIO
1 1 1 0 SCI1 TXI1
1 1 1 1 SCI1 RXI1

Notes: External request designations are valid only for channels 0 and 1. No transfer requ

sources can be set for channels 2 or 3.
* ADI1 for A mask.

Bit 7—Reserved bits: Data is 0 when read. The write value always be O.

Bit 6—DREQ Select (DS): Sets the sampling method forDREQ pin in external |
mode to either low-level detection or falling-edge detection. This bit is valid on
and CHCR1. For CHCR2 and CHCRZ3, this bit always reads as 0 and cannot |
Even with channels 0 and 1, when specifying an on-chip peripheral module or
the transfer request source, this bit setting is ignored. The sampling method is
edge detection in cases other than auto-request.

Bit 6: DS Description

0 Low-level detection (initial value)
1 Falling-edge detection
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1 Prohibited

Bit 2—Interrupt Enable (IE): When this bit is set to 1, interrupt requests are g
number of data transfers specified in the DMATCR (when TE = 1).

Bit 2: IE Description
0 Interrupt request not generated after DMATCR-specified trans
(initial value)
1 Interrupt request enabled on completion of DMATCR specifiec
of transfers
» Bit 1—Transfer End Flag (TE): This bit is set to 1 after the number of data tre
by the DMATCR. At this time, if the IE bit is set to 1, an interrupt request is g
If data transfer ends before TE is set to 1 (for example, due to an NMI or adc
clearing of the DE bit or DME bit of the DMAOR) the TE is not set to 1. With |
data transfer is disabled even if the DE bit is set to 1.
Bit 1: TE Description
0 DMATCR-specified transfer count not ended (initial value)
Clear condition: 0 write after TE = 1 read, Power-on reset, sta
mode
1 DMATCR specified number of transfers completed
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11.2.5 DMAC Operation Register (DMAOR)
The DMAOR is a 16-bit read/write register that specifies the transfer mode of the

Register values are initialized to 0 during power-on reset or in software standby r
reset does not initialize DMAOR.

Bit: 15 14 13 12 11 10 9
— _ — _ — — | PRL |
Initial value: — — — — — — 0
RIW: R R R R R R RIW
Bit: 7 6 5 4 3 2 1
— — — — — | AE | NMIF |
Initial value: — — — — — — 0
RIW: R R R R R RI(W)*  RI(W)*

Note: * O write only is valid after 1 is read at the AE and NMIF bits.

» Bits 15-10—Reserved bits: Data are 0 when read. The write value always be
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CPU cannot write a 1 to the AE bit. Clearing is effected by 0 write after 1 rea

Bit 2: AE Description

0

No address error, DMA transfer enabled (initial value)
Clearing condition: Write AE = 0 after reading AE = 1

1 Address error, DMA transfer disabled
Setting condition: Address error due to DMAC
e Bit 1—NMI Flag (NMIF): Indicates input of an NMI. This bit is set irrespective
DMAC is operating or suspended. If this bit is set during a data transfer, tran:
channels are suspended. The CPU is unable to write a 1 to the NMIF. Cleari
0 write after 1 read.
Bit 1: NMIF Description
0 No NMI interrupt, DMA transfer enabled (initial value)
Clearing condition: Write NMIF = 0 after reading NMIF =1
1 NMI has occurred, DMC transfer prohibited

Set condition: NMI interrupt occurrence

RENESAS



e Dl i

When there is a DMA transfer request, the DMAC starts the transfer according to
predetermined channel priority order; when the transfer end conditions are satisfi
transfer. Transfers can be requested in three modes: auto-request, external requ
peripheral module request. Transfer can be in either the single address mode or
mode, and dual address mode can be either direct or indirect address transfer mi
can be either burst or cycle steal.

11.3.1 DMA Transfer Flow

After the DMA source address registers (SAR), DMA destination address registel
transfer count register (DMATCR), DMA channel control registers (CHCR), and L
register (DMAOR) are set to the desired transfer conditions, the DMAC transfers
to the following procedure:

1. The DMAC checks to see if transfer is enabled (DE = 1, DME = 1, TE = 0, NV
AE =0).

2. When a transfer request comes and transfer has been enabled, the DMAC tre
unit of data (determined by TS0 and TS1 setting). For an auto-request, the tra
automatically when the DE bit and DME bit are set to 1. The DMATCR value \
decremented by 1 upon each transfer. The actual transfer flows vary by addre
mode.

3. When the specified number of transfers have been completed (when DMATC
transfer ends normally. If the IE bit of the CHCR is set to 1 at this time, a DEI
to the CPU.

4. When an address error occurs in the DMAC or an NMI interrupt is generated,
aborted. Transfers are also aborted when the DE bit of the CHCR or the DME
DMAOR are changed to 0.
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Transfer request *2

occurs?*!

Bus mode,
*3 transfer request mode,
f DREQ detection selectic
Transfer (1 transfer unit); system

DMATCR — 1 - DMATCR, SAR, and DAR
updated

Does
NMIF = 1, AE = 1,
DE =0, or DME
=0?

DMATCR = 0?

Yes

DEI interrupt request (when IE = 1) | ( Transfer aborted )

NMIF = 1, AE = 1, No

DE = 0, or DME

v
( Transfer ends > ( Normal end )

Notes: *1 In auto-request mode, transfer begins when NMIF, AE, and TE are
and the DE and DME bits are set to 1.
*2 DREQ = level detection in burst mode (external request), or cycle-s
mode.
*3 DREQ = edge detection in burst mode (external request), or auto-re
mode in burst mode.

Figure 11.2 DMAC Transfer Flowchart
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NMIF and AE bits ot DMAOR are all O).

External Request Mode:In this mode a transfer is performed at the request siDR&
external device. Choose one of the modes shown in table 11.3 according to the ¢
When this mode is selected, if the DMA transfer is enabled (DE = 1, DME =1, TE
AE = 0), a transfer is performed upon a request abRIEQ input. Choose to deteDR]
either the falling edge or low level of the signal input with the DS bit of CHCRO-C
is level detection, DS = 1 is edge detection). The source of the transfer request d
the data transfer source or destination.

Table 11.3 Selecting External Request Modes with the RS Bits

RS3 RS2 RS1 RSO Address Mode Source Destination

0 0 0 0 Dual address  Any* Any*
mode

0 0 1 0 Single address  External memory or  External dev
mode memory-mapped DACK

external device

0 0 1 1 Single address  External device with  External mer

mode DACK memory-may

external devi

Note: * External memory, memory-mapped external device, on-chip memory, on-chip pe
module (excluding DMAC, DTC, BSC, UBC).

On-Chip Peripheral Module Request Mode:In this mode a transfer is performed a
request signal (interrupt request signal) of an on-chip peripheral module. As indic
11.4, there are ten transfer request signals: five from the multifunction timer pulse
which are compare match or input capture interrupts; the receive data full interru
transmit data empty interrupts (TxI) of the two serial communication interfaces (S
conversion end interrupt (ADI1 for A mask, ADI for others) of the A/D converter. \
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MTU*?

TGIOA

0 1 1 o0 Any*t  Any*!  Burst/c
0 1 1 1 MTU*2 TGI1A Any*!  Any*!  Burst/c
1 0 0 O MTU*? TGI2A Any*'  Any*!  Burst/c
1 0 0 1 MTU*2 TGI3A Any*t  Any*!  Burst/c
1 0 1 O MTU*? TGI4A Any*'  Any*!  Burst/c
1 0 1 1 A/D ADI*® ADDR** Any*!  Burst/c
1 1 0 O SCI0*® transmit block ~ TxIO Any*!  TDRO  Burst/c
1 1 0 1 SCI0*? transmit block  RxIO0 RDRO Any**  Burst/c
1 1 1 o0 SCI1*® transmit block ~ TxI1 Any*! TDR1  Burst/c
1 1 1 1 SCI1*? transmit block  RxI1 RDR1 Any** Burst/c

Notes: *1 External memory, memory-mapped external device, on-chip memory, on-chiy
peripheral module (excluding DMAC, DTC, BSC, UBC).

*2 MTU: Multifunction timer pulse unit.

*3 SCI0, SCI1: Serial communications interface.
*4 ADDRO, ADDR1: A/D converter's A/D register.

*5 ADI1 for A mask.

In order to output a transfer request from an on-chip peripheral module, set the |
enable bit for each module, and output an interrupt signal.

When an on-chip peripheral module’s interrupt request signal is used as a DMA

signal, interrupts for the CPU are not generated.

When a DMA transfer is conducted corresponding with one of the transfer reque
11.4, it is automatically discontinued. In cycle steal mode this occurs in the first:

burst mode with the last transfer.
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These are selected by settings of the PR1 and PRO bits of the DMA operation re

Round Robin Mode: In round robin mode, each time the transfer of one transfer L
or long word) ends on a given channel, that channel receives the lowest priority I
The priority level in round robin mode immediately after a reset is €8B11> CH2>
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Priority after transfer

Transfer on channel 2

Initial priority setting

Priority after transfer

Priority after transfer

due to issue of a transfer
request for channel 1

only.

Transfer on channel 3

Initial priority setting

Priority after transfer

CH2 >CH3 >CHO0 >CH1

CHO >CH1 >CH2 > CH3

""" v v r

¥ A v

CH2 >CH3 >CHO0 >CH1

CHO >CH1 >CH2 > CH3

A4

CHO >CH1 >CH2 > CH3

above channel 1, is also sh
simultaneously.

When channel 2 receives tt
lowest priority, the priorities
of channel 0 and 1, which
were above channel 2, are
shifted simultaneously. Imn
ately thereafter, if there is a
request for channel 1 only,
1 is given the lowest priority
and the priorities of channe
and 0 are simultaneously
shifted down.

No change in priority.

Figure 11.3 Round Robin Mode
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0. Vviicrhl the criarnel L trarisier crids, criarnrel L SHilts tO e 10WesL pPriority IEVEel.
7. Channel 3 transfer begins.

8. When the channel 3 transfer ends, channel 3 and channel 2 priority levels are
channel 3 the lowest priority.

Transfer request Channel waiting DMAC operation Channel prior
Issued for
channelsOand3 — _ Channel 0 «—  0>1>2
Issued for channel 1 —» _i transfer begins
Change of
13 Channel 0 priority 1>2>3
transfer ends /
-1 Channel 1
transfer begins
Change of
3 Channel 1 priority 25350
transfer ends /
-1 Channel 3
transfer begins
None Change of
priority
- Channel 3 — > 0>1>2

transfer ends

Figure 11.4 Example of Changes in Priority in Round Robin Mode
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Memory-
Mapped On-(
External Device External External On-Chip Perif
Source with DACK Memory Device Memory Modi
External device with DACK Not available Single Single Not available Not ¢
External memory Single Dual Dual Dual Dual
Memory-mapped external  Single Dual Dual Dual Dual
device
On-chip memory Not available Dual Dual Dual Dual
On-chip peripheral module Not available Dual Dual Dual Dual

Notes: 1. Single: Single address mode

2. Dual: Dual address mode; includes both direct address mode and indirect ad
mode.

11.3.5 Address Modes

Single Address Mode:ln the single address mode, both the transfer source and
external; one (selectable) is accessed by a DACK signal while the other is acce:
In this mode, the DMAC performs the DMA transfer in 1 bus cycle by simultanec
transfer request acknowledge DACK signal to one external device to access it w
address to the other end of the transfer. Figure 11.5 shows an example of a trar
external memory and an external device with DACK in which the external device
the data bus while that data is written in external memory in the same bus cycle

RENESAS



----- » . Data flow

Figure 11.5 Data Flow in Single Address Mode

Two types of transfers are possible in the single address mode: (a) transfers betv
devices with DACK and memory-mapped external devices, and (b) transfers betv
devices with DACK and external memory. The only transfer requests for either of
external requesDREQ). Figure 11.6 shows the DMA transfer timing for the single
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CK
A21-A0 D(:X: <+— Address output to external memory spa
csno N/
D15-DO0 :>—<:>— <—— Data that is output from external memor
RD N\ /  «—— RDsignal to external memory space
DACK —\_/_ <+— DACK signal to external device with DA

(active low)

b. External memory space to external device with DACK

Figure 11.6 Example of DMA Transfer Timing in the Single Address M

11.3.6  Dual Address Mode

Dual address mode is used for access of both the transfer source and destinatic
Transfer source and destination can be accessed either internally or externally.
is subdivided into two other modes: direct address transfer mode and indirect ac
mode.

Direct Address Transfer Mode: Data is read from the transfer source during the
and written to the transfer destination during the write cycle, so transfer is condt
cycles. At this time, the transfer data is temporarily stored in the DMAC. With th
memory transfer shown in figure 11.7, data is read from one of the memaories by
during a read cycle, then written to the other external memory during the subsec
Figure 11.8 shows the timing for this operation.
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The SAR value is taken as the address, and data is read from the transfer sol
module and stored temporarily in the DMAC.

2nd bus cycle

-- DMAC -
: b~ S
|
: SAR I Memory
|
| A
| DAR Lyl 2 3
\ g <2 Transfer source
| : L g module
| | 'g @]
! |
! I » Transfer destination
I | Data buffer |— > >
| | module
| ~— ~—

The DAR value is taken as the address, and data stored in the DMAC's data
buffer is written to the transfer destination module.

Figure 11.7 Direct Address Operation during Dual Address Mode
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S \ v

|
|
|
WRH, WRL [
|
|
|

|

|

|

|

|

|

|

DACK —r\ |
| !
|

|

|

|

|

|

|

Data read cycle Data write cycle

el [ »
& L | »

: (1st cycle) : (2nd cycle)

Note: Transfer between external memories with DACK are output during read
cycle.

Figure 11.8 Example of Direct Address Transfer Timing in Dual Address
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malrect audress 1s Outlput 10 U1 aulicss DUs. VWIICT thallsiel dala 15 54-Dit, Uic Uil
cycles each need to be doubled, giving a required total of six bus cycles and one
whole operation.

240
RENESAS



3rd bus cycle
r— DMAC --

: : N N
: SAR3 : Memory
1 | 4
[ DAR3 bla N
: | 8 2 | Transfer source
I | Temporary | ! | 5 ﬁ D module
: buffer s 5
| o
: Data o Transfer dssltmatlon
| buffer ! module
| NG N

The value in the temporary buffer is taken as the address, and data is read from the
transfer source module to the data buffer.

4th bus cycle

r- DMAC -~
| [P P
: SAR3 : Memory
| RE
: DARS [l B
| | 2 a Transfer source
I | Temporary - o module
I buffer ! 2 g
| N —
| Data | - > Transfer d:sltlnanon
: buffer : module
| N~ N~

The DARS3 value is taken as the address, and the value in the data buffer is written to the
transfer destination module.

Note: Memory, transfer source, and transfer destination modules are shown here.
In practice, connection can be made anywhere there is address space.

Figure 11.9 Dual Address Mode and Indirect Address Operation
(When External Memory Space is 16 bits)
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auudil oo

bus

Internal
data bus

DMAC
indirect
address
buffer

DMAC
data
buffer
=5

@)

RH,

R

= :

Notes:

X NUF
AN addre}ss*lI /\

)

‘ y y !

B 2 T
| . \ * |
[ Indirect address
| | / \

Transfer Transfe
data data

Indirect
address

\

:

,

External memory space has 16-bit width.

>t
[
[
[
[

|
| |
|
|
|
|
I
|
|
|
| |
‘ ! : Transfer
1 ‘ ! data
; : :
! [
| |
! ‘ \ !
! \
| 1 o 1
\ ! | |
| | ‘ | \
! [
I I I
! !
! Address read cycle . NOP | Data : Data
: ! | cycle | readcycle | write cycle
| | |
[ >t e o » »
< > > >
‘ (1st) . (2nd) | (3rd) (4th)
|
[ : :

*1 The internal address bus is controlled by the port and does not change.
*2 DMAC does not fetch value until 32-bit data is read from the internal da

bus.

Figure 11.10 Dual Address Mode and Indirect Address Transfer Timing Exa
(External Memory Space to External Memory Space)
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A e | S0UlCc | INUI | address ‘ Uesl"ldllul”
bus /\ address /\ EA EA address /\
|

|
|
i i T i i
Internal | \ . !
Indirect \/ Transfer |
| | | |
d;jz >< >< address >< )NOP X data >< Transfer data

- P P

|
|
|
1
|
|
|
! |
| | | | | |
DMAC 1 ! ! ‘ !
I T T T T
indirect | } | Indirect | } |
address | | | address | } |
buffer : ; ; ; |
\ \ \ \ \ ‘
DMAC ! } \ \ \ [
data | | } } | Transfer data
buffer | i } 1 } }
| | i * * |
| |
} | Address | NOP |  Data | b L |
| | readcycle | cycle | readcycle | ata write cyee (
| Coasy 1 (2nd) | @Brd) | |
| |
| |
| |
| |

Figure 11.11 Dual Address Mode and Indirect Address Transfer Timing Ex
(On-chip Memory Space to On-chip Memory Space)
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a1\ /

Bus control returned to CPU

—N—
Bus cycle X CPU X CPU X cPU XDMACXDMACK CPU XDMACKDMACK CPU >Q

Read Write Read Write

Figure 11.12 DMA Transfer Example in the Cycle-Steal Mode

Burst Mode: Once the bus right is obtained, the transfer is performed continuous
transfer end condition is satisfied. In the external request mode with low level det
DREQ pin, however, when thBREQ pin is driven high, the bus passes to the other
after the bus cycle of the DMAC that currently has an acknowledged request end
transfer end conditions have not been satisfied.

Figure 11.13 shows an example of DMA transfer timing in the burst mode. Trans!
single address mode abREQ level detection.

DREQ \ /
Bus cycle X cpu X cpu X cpu ><DMAC><DMAC><DMAC><DMAC><DMAC><DMAC><

Figure 11.13 DMA Transfer Example in the Burst Mode
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External memory and memory-mapped Any** B/C 8/16/32 C
external device

Memory-mapped external device and ~ Any™* B/C 8/16/32 C
memory-mapped external device

External memory and on-chip memory ~ Any*! B/C 8/16/32 C
External memory and on-chip Any*? B/C*™® 8/16/32"* C
peripheral module

Memory-mapped external device and ~ Any** B/C 8/16/32 C
on-chip memory

Memory-mapped external device and ~ Any™2 B/C*® 8/16/32"* C
on-chip peripheral module

On-chip memory and on-chip memory ~ Any™* B/C 8/16/32 C
On-chip memory and on-chip Any*? B/C*® 8/16/32"* C
peripheral module

On-chip peripheral module and on- Any*? B/C*® 8/16/32"* C

chip peripheral module

Notes:

*1 External request, auto-request or on-chip peripheral module request enabled
in the case of on-chip peripheral module request, it is not possible to specify 1
A/D converter for the transfer request source.

*2 External request, auto-request or on-chip peripheral module request possible
if transfer request source is also the SCI or A/D converter (A/D1 for A mask),
transfer source or transfer destination must be the SCI or A/D converter (A/D
mask). For A mask, setting A/DO as the transfer request source is not permitt

*3 When the transfer request source is the SCI, only cycle steal mode is possibl

*4 Access size permitted by register of on-chip peripheral module that is the trar
source or transfer destination.

*5 When the transfer request is an external request, channels 0 and 1 only can |

*6 B: Burst, C: Cycle steal
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CPU DMAC \' DMAC \V DMAC \/ DMAC \\ DMAC \ DMAC \/ DMAC cp
chl chl cho chl chO chl chl

ch0 | chl | chO
DMAC ch1l DMAC ch0 and chl DMAC ch1l
CPU burst mode round-robin mode burst mode CP!
> > > >

Priority: Round-robin mode
ch0: Cycle-steal mode
chl: Burst mode

Figure 11.14 Bus Handling when Multiple Channels Are Operating

11.3.10 Number of Bus Cycle States addREQ Pin Sample Timing

Number of States in Bus CycleThe number of states in the bus cycle when the D
bus master is controlled by the bus state controller (BSC) just as it is when the Ci
master. For details, see section 10, Bus State Controller (BSC).

DREQ Pin Sampling Timing and DRAK Signal: In external request mode, th®EQ
sampled by either falling edge or low-level detection. WhBREQ input is detected,
bus cycle is issued and DMA transfer effected, at the earliest, after three states. |
mode when single address operation is specified, a dummy cycle is inserted for t
In this case, the actual data transfer starts from the second bus cycle. Data is tra
continuously from the second bus cycle. The dummy cycle is not counted in the r
transfer cycles, so there is no need to recognize the dummy cycle when setting tt

DREQ sampling from the second time begins from the start of the transfer one bu
the DMAC transfer generated by the previous sampling.
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As in figure 11.16, whatever cycle the CPU transfer cycle is, the next sampling |
start of the transfer one bus cycle before the DMAC transfer begins.

Figure 11.15 shows an example of output during DACK read and figure 11.16 a
output during DACK write.
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Movda

Figure 11.15 Cycle Steal, Dual Address, and Level Detection (Fastest Ope
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)

Movda

ANQ XEU%EX

Ndo

a2hd
sng

V/

I

Avdd

Buidwes pug

034d

MO

Buidwes 1sT

Figure 11.16 Cycle Steal, Dual Address, and Level Detection (Normal Op
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DACK !

Figure 11.17 Cycle Steal, Single Address, and Level Detection (Fastest C
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Figure 11.18 Cycle Steal, Single Address, and Level Detection (Normal Op
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” | | | Mova
| | | |

| | |

| | | | |
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Figure 11.19 Burst Mode, Dual Address, and Level Detection (Fastest Ope
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Figure 11.20 Burst Mode, Dual Address, and Level Detection (Normal Op
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start of DMAC transfer, in the same way as with cycle steal mode.

As with the fourth sampling in figure 11.21, once DMAC transfer is interrupted, a
again inserted at the start as soon as DMAC transfer is resumed.

The DACK output period in burst mode is the same as in cycle steal mode.
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Figure 11.21 Burst Mode, Single Address, and Level Detection (Fastest O
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Figure 11.22 Burst Mode, Single Address, and Level Detection (Normal Op
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Figure 11.23 Burst Mode, Dual Address, and Edge Detection
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Figure 11.24 Burst Mode, Single Address and Edge Detection
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Transfer : ! Count signal
request | ": """ PTTT T T i > DMATCR2
| | v
! Reload signal
! ! Reload control | - —» gnd | SAR2
I : (initial value)
|
! | 4 Reload O
| .
I signal
| L »  SAR2
»| 4th count
|
|
|
|
|
|

Internal ) ) X X X X X X \
address bus X sArR2 X DAR2 ‘xSAR2+2 DAR2 ASAR2+4X DAR2 XSAR2+6 ) DAR2 , A SAF

Internal
data bus

X SAR2 data X SAR2+2 data X SAR2+4 data X SAR2+6 data X

1stchannel2 | 2ndchannel2 | 3rdchannel2 | 4thchannel2 ; . 5th

; transfer transfer transfer transfer t
>, 0 0

' SAR2output : SAR2+2output : SAR2+4output : SAR2+6 output . SA

1 DAR2output | DAR2output | DAR2output | DAR2output | ,\ . DA

After SAR2+6 output, SAR2 is reloaded Bus right is returned one t

Figure 11.26 Source Address Reload Function Timing Chart

RENESAS



the address reload function, SAR, DAR2, and DMATCR2 settings must be carrie
execution.

11.3.12 DMA Transfer Ending Conditions

The DMA transfer ending conditions vary for individual channels ending and for &
ending together.

Individual Channel Ending Conditions: There are two ending conditions. A transfe
the value of the channel’'s DMA transfer count register (DMATCR) is 0, or when t
channel's CHCR is cleared to 0.

« When DMATCR is 0: When the DMATCR value becomes 0 and the correspor
DMA transfer ends, the transfer end flag bit (TE) is set in the CHCR. If the IE |
enable) bit has been set, a DMAC interrupt (DEI) is requested of the CPU.

* When DE of CHCR is 0: Software can halt a DMA transfer by clearing the DE
channel's CHCR. The TE bit is not set when this happens.

Conditions for Ending All Channels Simultaneously:Transfers on all channels enc
NMIF (NMI flag) bit or AE (address error flag) bit is set to 1 in the DMAOR, or wh
bit in the DMAOR is cleared to 0.

e When the NMIF or AE hit is set to 1 in DMAOR: When an NMI interrupt or DM
error occurs, the NMIF or AE bit is set to 1 in the DMAOR and all channels stc
transfers. The DMAC obtains the bus rights, and if these flags are set to 1 dur
a transfer, DMAC halts operation when the transfer processing currently being
and transfers the bus right to the other bus master. Consequently, even if the
are set to 1 during a transfer, the DMA source address register (SAR), design
register (DAR), and transfer count register (TCR) are all updated. The TE bit i
resume the transfers after NMI interrupt or address error processing, clear the
bit to 0. To avoid restarting a transfer on a particular channel, clear its DE bit t
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DMAC is completed in one bus cycle, a longword-size access is automatically d
word accesses, requiring two bus cycles (six basic clock cycles). These two bus
executed consecutively; a different bus cycle is never inserted between the two
This applies to both write accesses and read accesses.

11.4  Examples of Use

11.4.1 Example of DMA Transfer between On-Chip SCI and External Memor

In this example, on-chip serial communication interface channel 0 (SCI0) receiv
transferred to external memory using the DMAC channel 3.

Table 11.7 indicates the transfer conditions and the setting values of each of the

Table 11.7 Transfer Conditions and Register Set Values for Transfer between
SCI and External Memory

Transfer Conditions Register Value

Transfer source: RDRO of on-chip SCIO SAR3 H'FFFF81A
Transfer destination: external memory DAR3 H'0040000(
Transfer count: 64 times DMATCR3 H'0000004(
Transfer source address: fixed CHCR3 H'00004DO0

Transfer destination address: incremented

Transfer request source: SCIO (RDRO)

Bus mode: cycle steal

Transfer unit: byte

Interrupt request generation at end of transfer

Channel priority ranking: 0 >1 >2 >3 DMAOR H'0001
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Huu4UuuuVU

Transfer destination: external device with DACK DAR1

(access by C

Transfer count: 32 times DMATCR1

H'00000020

Transfer source address: decremented CHCR1

Transfer destination address: (setting ineffective)

Transfer request source: external pin (DREQ1) edge
detection

Bus mode: burst

Transfer unit: word

No interrupt request generation at end of transfer

H'00002269

Channel priority ranking: 2 >0>1 >3 DMAOR

H'0201

11.4.3 Example of DMA Transfer between A/D Converter and On-Chip Memot

(Address Reload On) (Excluding A Mask)

In this example, the on-chip A/D converter channel O is the transfer source and o

the transfer destination, and the address reload function is on.

Table 11.9 indicates the transfer conditions and the setting values of each of the
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Iransier unit. dyte

Interrupt request generation at end of transfer

Channel priority ranking: 0 >2 >3 >1 DMAOR H'0101

When address reload is on, the SAR value returns to its initially established valt
transfers. In the above example, when a transfer request is input from the A/D ¢
size data is first read in from the H'FFFF83FO register of ADO and that data is w
chip memory address H'FFFFF001. Because a byte size transfer was performes
DAR values at this point are H'FFFF83F1 and H'FFFFFO01, respectively. Also, |
burst transfer, the bus rights remain secured, so continuous data transfer is pos

When four transfers are completed, if the address reload is off, execution contin
and sixth transfers and the SAR value continues to increment from H'FFFF83F2
H'FFFF83F5 and so on. However, when the address reload is on, the DMAC tre
upon completion of the fourth one and the bus right request signal to the CPU is
time, the value stored in SAR is not H'FFFF83F3-H'FFFF83F4, but H'FFFF83F:
return to the initially established address. The DAR value always continues to b
regardless of whether the address reload is on or off.

The DMAC internal status, due to the above operation after completion of the fo
indicated in table 11.10 for both address reload on and off.
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2. If transfer request source flag clears are executed until the DMATCR value be
they are executed regardless of whether the address reload is on or off.

3. Designate burst mode when using the address reload function. There are case
abnormal operation will result if it is executed in cycle steal mode.

4. Designate a multiple of four for the TCR value when using the address reload
There are cases where abnormal operation will result if anything else is design

To execute transfers after the fifth one when the address reload is on, make the t
source issue another transfer request signal.

11.4.4 Example of DMA Transfer between A/D Converter and Internal Memory
Reload On) (A Mask)

In this example the on-chip A/D converter (A/D1) is the transfer source and the ir
the transfer destination, and the address reload on.

Table 11.11 indicates the transfer conditions and the setting values of each of the
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Interrupt request generated at end of transfer

Channel priority sequence: 0>2>3>1 DMAOR H'0101

When address reload is on, the SAR value returns to its initially established valt
transfers. In the above example, when a transfer request is input from the A/D ¢
the byte size data is first read in from the H'FFFF8408 register and that data is v
chip memory address H'FFFFF001. Because a byte size transfer was performes
DAR values at this point are H'FFFF8409 and H'FFFFF001, respectively. Also, |
burst transfer, the bus rights remain secured, so continuous data transfer is pos

When four transfers are completed, if the address reload is off, execution contin
and sixth transfers and the SAR value continues to increment from H'FFFF840E
to H'FFFF840D and so on. However, when the address reload is on, the DMAC
upon completion of the fourth transfer and the bus right request signal to the CF
this time, the values stored in SAR are not H'FFFF840B—H'FFFF840C, but H'FF
H'FFFF8408, a return to the initially established address. The DAR value alway:
decremented regardless of whether the address reload is on or off.

The DMAC internal status, due to the above operation after completion of the fo
indicated in table 11.12 for both address reload on and off.
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2. If transfer request source flag clears are executed until the DMATCR value be
they are executed regardless of whether the address reload is on or off.

3. Designate burst mode when using the address reload function. There are case
abnormal operation will result if it is executed in cycle steal mode.

4. Designate a multiple of four for the TCR value when using the address reload
There are cases where abnormal operation will result if anything else is design

To execute more than four transfers with the address reload on, make the transfe
issue another transfer request signal.

11.4.5 Example of DMA Transfer between External Memory and SCI1 Send S
(Indirect Address On)

In this example, DMAC channel 3 is used, an indirect address designated extern:
transfer source and the SCI1 sending side is the transfer destination.

Table 11.13 indicates the transfer conditions and the setting values of each of the
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Bus mode: cycle steal

Transfer unit: byte

Interrupt request not generated at end of transfer

Channel priority ranking: 0 >1 >2 >3 DMAOR H'0001

When indirect address mode is on, the data stored in the address established ir
the transfer source data. In the case of indirect addressing, the value stored in t|
read, then that value is used as the address and the data read from that addres
transfer source data, then that data is stored in the address designated by the C

In the table 11.13 example, when a transfer request from the TDR1 of SCI1 is g
the address located at H'00400000, which is the value set in SARS3, is performe:
H'00450000 is stored at this H'00400000 address, and the DMAC first reads thi
value. It then uses this read value of H'00450000 as an address and reads the \
stored in the H'00450000 address. It then writes the value H'55 to the address F
designated by DAR3 to complete one indirect address transfer.

With indirect addressing, the first executed data read from the address establist
results in a longword size transfer regardless of the TS0, TS1 bit designations fc
size. However, the transfer source address fixed and increment or decrement d
according to the SMO0, SM1 bits. Consequently, despite the fact that the transfer
designation is byte in this example, the SAR3 value at the end of one transfer is
write operation is exactly the same as an ordinary dual address transfer write of
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Instances where abnormal operation will result It any other registers are estab

7. After the DMATCR count becomes 0 and the DMA transfer ends normally, alv
the DMATCR, even when executing the maximum number of transfers on the
There are instances where abnormal operation will result if this is not done.

8. Designate burst mode as the transfer mode when using the address reload fu
instances where abnormal operation will result in cycle steal mode.

9. Designate a multiple of four for the DMATCR value when using the address r
There are instances where abnormal operation will result if anything else is de

10. When detecting external requests by falling edge, maintain the external reque
level when performing the DMAC establishment.

11.When operating in single address mode, establish an external address as the
instances where abnormal operation will result if an internal address is establi

12.Do not access DMAC register empty addresses (H'FFFF86B2—H'FFFF86BF).
cannot be guaranteed when empty addresses are accessed.
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The channel 0, 3, and 4 TGRC and TGRD registers can be used as buffer re
Can select eight counter input clock sources for all channels

All channels can be set for the following operating modes:

0 Compare match waveform output: O output/1 output/toggle output selecta

O Input capture function: Selectable rising edge, falling edge, or both rising
detection.

O Counter clearing function: Counters can be cleared by a compare-match ¢

O Synchronizing mode: Two or more timer counters (TCNT) can be written
simultaneously. Two or more timer counters can be simultaneously cleare
match or input capture. Counter synchronization functions enable synchr
input/output.

0 PWM mode: PWM output can be provided with any duty cycle. When con
counter synchronizing function, enables up to twelve-phase PWM output.
0-2 set to PWM mode 2, channels 3—4, and channels 0—4 synchronized
channel 3 as the sync register (channels 0—4 phase output: 4, 2, 2, 2, 2).,

Channels 0, 3, and 4 can be set for buffer operation

O Input capture register double buffer configuration possible

O Output compare register automatic re-write possible

Channels 1 and 2 can be independently set to the phase counting mode

0 Two-phase encoder pulse up/down count possible

Cascade connection operation

0 Can be operated as a 32-bit counter by using the channel 2 input clock fo
overflow/underflow

Channels 3 and 4 can be set in the following modes:

O Reset-synchronized PWM mode: By combining channels 3 and 4, a sawt
comparator type six-phase PWM waveform can be output.
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O Channels 0—4 compare-match/input capture signals can be used as A/D c
conversion start triggers.
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TIOCOB
TIOCOC
TIOCOD

TIOC1B TIOC2B

TIOC3B
TIOC3C
TIOC3D

TIOC
TIO(
TIOC

Counter clear

TGR compare- TGR compare- TGR compare-

TGR compare- TGR

function match or input match or input match or input match or input matc
capture capture capture capture capt

Compare 0 Yes Yes Yes Yes Yes

match output 1 Yes Yes Yes Yes Yes
Toggle Yes Yes Yes Yes Yes

Input capture Yes Yes Yes Yes Yes

function

Synchronization Yes Yes Yes Yes Yes

Buffer operation Yes No No Yes No

PWM mode 1 Yes Yes Yes Yes Yes

PWM mode 2 Yes Yes Yes No No

Phase counting No Yes Yes No No

mode

Reset-synchronized No No No Yes Yes

PWM mode

Complementary No No No Yes Yes

PWM mode

DMAC activation TGROA com- TGR1A com- TGR2A com- TGR3A com- TGR

pare match or pare match or pare match or pare match or pare

input capture

input capture

input capture

input capture

inpu
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capture OA

capture 1A capture 2A capture 3A

captu
Compare Compare Compare Compare Comg
match/input  match/input  match/input  match/input  matct
capture 0B capture 1B capture 2B capture 3B captul
Compare Overflow Overflow Compare Comg
match/input match/input  matct
capture 0C capture 3C captul
Compare Underflow Underflow Compare Comg
match/input match/input  matct
capture 0D capture 3D captul
Overflow — — Overflow Overf

under

12.1.2  Block Diagram

Figure 12.1 is the block diagram of the MTU.
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TIOC2B 6 == TGI2B
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TGI2U
Figure 12.1 MTU Block Diagram
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Clock input D TCLKD I Clock D input pin (B-phase input pin in cha
phase counting mode)

0 Input TIOCOA  1/0 TGROA input capture input/output compare
capture/output output/PWM output pin
compare-match 0A
Input TIOCOB I/0O TGROB input capture input/output compare
capture/output output/PWM output pin
compare-match 0B
Input TIOCOC /O TGROC input capture input/output compare
capture/output output/PWM output pin
compare-match 0C
Input TIOCOD I/0O TGROD input capture input/output compare
capture/output output/PWM output pin
compare-match 0D

1 Input TIOC1A /O TGRI1A input capture input/output compare
capture/output output/PWM output pin
compare-match 1A
Input TIOC1B I/O TGRI1B input capture input/output compare
capture/output output/PWM output pin
compare-match 1B

2 Input TIOC2A  1/0 TGR2A input capture input/output compare
capture/output output/PWM output pin
compare-match 2A
Input TIOC2B  1/0O TGR2B input capture input/output compare
capture/output output/PWM output pin
compare-match 2B
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compare-match 3C

In complementary PWM/reset synchronot
mode

Input TIOC3D I/0 TGR3D input capture input/output compat

capture/output pin

compare-match 3D In complementary PWM/reset synchronot
mode, PWM output/U phase output pin

Input TIOC4A  1/0 TGR4A input capture input/output compatr

capture/output output/PWM output pin

compare-match 4A In complementary PWM/reset synchronot
mode, PWM output/V phase output pin

Input TIOC4B  1/0 TGR4B input capture input/output compat

capture/output pin

compare-match 4B In complementary PWM/reset synchronot
mode, PWM output/W phase output pin

Input TIOC4C 1/0 TGRA4C input capture input/output compat

capture/output output/PWM output pin

compare-match 4C In complementary PWM/reset synchronot
mode, PWM output/V phase output pin

Input TIOC4D 1/0 TGRA4D input capture input/output compat

capture/output pin

compare-match 4D

In complementary PWM/reset synchronot
mode, PWM output/W phase output pin

Note: The TIOC pins output undefined values when they are set to input capture and tir
by the pin function controller (PFC).
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Timer I/O control register OL TIOROL R/W H'00 H'FFFF8263
Timer interrupt enable TIERO R/W H'40 H'FFFF8264
register 0
Timer status register 0 TSRO R/(W)*2 H'CO H'FFFF8265
Timer counter O TCNTO R/W H'0000 H'FFFF8266 16, -
General register 0A TGROA R/W H'FFFF  H'FFFF8268
General register 0B TGROB R/W H'FFFF  H'FFFF826A
General register 0C TGROC R/W H'FFFF  HFFFF826C
General register 0D TGROD R/W H'FFFF  H'FFFF826E
1 Timer control register 1 TCR1 R/W H'00 H'FFFF8280 8, 1
Timer mode register 1 TMDR1 R/W H'CO H'FFFF8281
Timer 1/O control register 1 TIOR1 R/W H'00 H'FFFF8282
Timer interrupt enable TIER1 R/W H'40 H'FFFF8284
register 1
Timer status register 1 TSR1 R/(W)*? H'CO H'FFFF8285
Timer counter 1 TCNT1 R/W H'0000 H'FFFF8286 16, :
General register 1A TGR1A R/W H'FFFF  H'FFFF8288
General register 1B TGR1B R/W H'FFFF  HFFFF828A
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General register 2B TGR2B R/W H'FFFF  H'FFFF82AA
Timer control register 3 TCR3 R/W*®  H'00 H'FFFF8200 8,
Timer mode register 3 TMDR3 R/MW*® H'CO H'FFFF8202
Timer 1/O control register 3H TIOR3H R/W** H'00 H'FFFF8204
Timer 1/O control register 3L TIOR3L R/W** H'00 H'FFFF8205
Timer interrupt enable TIER3 R/MW™ H40 H'FFFF8208
register 3

imer status register ,
Ti i 3 TSR3 R/(W)*2 H'CO H'FFFF822C 8
Timer counter 3 TCNT3 R/W*®  H'0000 H'FFFF8210 186,
General register 3A TGR3A R/MW*® HFFFF HFFFF8218
General register 3B TGR3B R/W™ HFFFF HFFFF821A
General register 3C TGR3C R/W H'FFFF H'FFFF8224 16,
General register 3D TGR3D R/W H'FFFF  H'FFFF8226
Timer control register 4 TCR4 R/W*®  H'00 H'FFFF8201 8,
Timer mode register 4 TMDR4 R/W*® H'CO H'FFFF8203
Timer 1/O control register 4H TIOR4H R/W** H'00 H'FFFF8206
Timer I/O control register 4L TIOR4L R/W** H'00 H'FFFF8207
Timer interrupt enable TIER4 R/W*® H40 H'FFFF8209
register 4
Timer status register 4 TSR4 R/(W)*2 H'CO H'FFFF822D 8,
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Timer gate control register TGCR  R/W*® H'80 H'FFFF820D

Timer cycle data register TCDR R/W** HFFFF HFFFF8214 16, .
Timer dead time data TDDR R/W*® HFFFF HFFFF8216

register

Timer subcounter TCNTS R H'0000 H'FFFF8220 16, :
Timer cycle buffer register TCBR R/W H'FFFF  H'FFFF8222

Notes:

282

*1 16-bit registers (TCNT, TGR) cannot be read or written in 8-bit units.

*2 Write 0 to clear flags.

*3 If the MTURWE bit of bus control register 1 (BCR) in the bus state controller (E
cleared, access becomes impossible (undefined read/write disabled).
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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

Channels 1, 2: TCR1, TCR2:

Bitt 7 6 5 4 3 2 1
| — | ccLR1| cCLRo | CKEGI | CKEGO | TPSC2 | TPSCL

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

e Bits 7-5—Counter Clear 2, 1, 0 (CCLR2, CCLR1, CCLRO0): Select the counte
the TCNT counter.
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1 Synchronizing clear: TCNT is cleared in synchronization witt
other channel counters operating in sync**
Notes: *1 Setting the SYNC bit of the TSYR to 1 sets the synchronization.

*2 When TGRC or TGRD are functioning as buffer registers, TCNT is not cleared
the buffer registers have priority and compare-match/input captures do not occ

Channels 1, 2:
Bit 7: Bit 6: Bit 5:
Reserved ** CCLR1  CCLRO  Description
0 0 0 TCNT clear disabled (initial value)
1 TCNT is cleared by TGRA compare-match or input c:
1 0 TCNT is cleared by TGRB compare-match or input c:
1 Synchronizing clear: TCNT is cleared in synchronizat

clear of other channel counters operating in sync*?

Notes: *1 The bit 7 of channels 1 and 2 is reserved. It always reads 0, and cannot be mc
*2 Setting the SYNC bit of the TSYR to 1 sets the synchronization.

» Bits 4-3—Clock Edge 1, 0 (CKEG1 and CKEGO0): CKEG1 and CKEGO select
edges. When counting is done on both edges of the internal clock the input cl
becomes 1/2 (Example: both edge®bf= rising edge ofp/2). When phase count
used with channels 1, 2, these settings are ignored, as the phase count mode
priority.
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12.4 shows the possible settings for each channel.

Table 12.4 MTU Clock Sources

Internal Clock Other Channel External Clock

Chan- (0 (0 (0} (0} Overflow/ TCL TCL TC
nel @l @4 16 64 256 1024 Underflow KA KB KC
0 O O O o X X X o] o @]
1 O O O o o X O o] O X
2 0] 0] 0] 0] X 0] X O 0] @)
3 O O O o o o X O o X
4 O O O o o o X o] O X
Note: Symbols: O: Setting possible X: Setting not possible
Channel 0:
Bit 2: Bit 1: Bit O:
TPSC2 TPSC1 TPSCO Description
0 0 0 Internal clock: count with @/1 (initial value)

1 Internal clock: count with @/4

1 0 Internal clock: count with ¢/16

1 Internal clock: count with @/64
1 0 0 External clock: count with the TCLKA pin input

1 External clock: count with the TCLKB pin input

1 0 External clock: count with the TCLKC pin input
1 External clock: count with the TCLKD pin input
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Note: These settings are ineffective when channel 1 is in phase counting mode.

Channel 2:

Bit 2: Bit 1: Bit O:

TPSC2 TPSC1 TPSCO Description

0 0 0 Internal clock: count with @/1 (initial value)
1 Internal clock: count with @/4
1 0 Internal clock: count with ¢/16
1 Internal clock: count with @/64
1 0 0 External clock: count with the TCLKA pin input
1 External clock: count with the TCLKB pin input
1 0 External clock: count with the TCLKC pin input
1 Internal clock: count with ¢/1024

Note: These settings are ineffective when channel 2 is in phase counting mode.
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Channel 4:
Bit 2: Bit 1: Bit 0:
TPSC2 TPSC1 TPSCO Description
0 0 0 Internal clock: count with @/1 (initial value)
1 Internal clock: count with @/4
1 0 Internal clock: count with ¢/16
1 Internal clock: count with @/64
1 0 0 Internal clock: count with ¢/256
1 Internal clock: count with ¢/1024
1 0 External clock: count with the TCLKA pin input
1 External clock: count with the TCLKB pin input
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Channels 1, 2: TMDR1, TMDR2:

Bit. 7 6 5 4 3 2 1
. — | — | — | — | vmp3 | mD2 | wmD1 |

Initial value: 1 1 0 0 0 0 0
RW: R R R R RW  RW  RW

» Bits 7, 6—Reserved: These bits are reserved. They always read as 1, and cat

» Bit 5—Buffer Operation B (BFB): Designates whether to use the TGRB registe
operation, or buffer operation in combination with the TGRD register. When u:
buffer register, no TGRD register input capture/output compares are generate
This bit is reserved in channels 1 and 2, which have no TGRD registers. Itis ¢
and cannot be modified.

Bit 5: BFB Description

0 TGRB operates normally (initial value)
1 TGRB and TGRD buffer operation
288
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MD3 MD2 MD1 MDO Description
0 0 0 0 Normal operation (initial value)
1 Reserved (do not set)
1 0 PWM mode 1
1 PWM mode 2**
1 0 0 Phase counting mode 1*2
1 Phase counting mode 2*2
1 0 Phase counting mode 3*2
1 Phase counting mode 4*2
1 0 0 0 Reset synchronous PWM mode™?
1 Reserved (do not set)
1 0 Reserved (do not set)
1 Reserved (do not set)
1 0 0 Reserved (do not set)
1 Complementary PWM mode 1 (transmit at peak)**
1 0 Complementary PWM mode 2 (transmit at valley)*
1 Complementary PWM mode 3 (transmit at peak an
Notes: *1 PWM mode 2 can not be set for channels 3, 4.

*2 Phase measurement mode can not be set for channels 0, 3, 4.

*3 Reset synchronous PWM mode, complementary PWM mode can only be set
channel 3. When channel 3 is set to reset synchronous PWM mode or compl
PWM mode, the channel 4 settings become ineffective and automatically con
channel 3 settings. However, do not set channel 4 to reset synchronous PWN\
complementary PWM mode. Reset synchronous PWM mode and complemet
mode can not be set for channels 0, 1, 2.
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R/W: R/W R/W R/W R/W R/W R/W R/W

e Bits 7-4—I1/O Control B3—B0 (IOB3-I0B0): These bits set the TGRB register:
* Bits 3-0—I1/O Control A3-B0 (I0OA3-IOAO0): These bits set the TGRA register

Channels 0, 3, 4: TIOROL, TIOR3L, TIORA4L:

Bit: 7 6 5 4 3 2 1
\ I0D3 \ IOD2 \ IoD1 \ I0DO0 \ loC3 \ l0C2 \ loC1 \
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: When the TGRC or TGRD registers are set for buffer operation, these settings bec
ineffective and the operation is as a buffer register.

* Bits 7-4—I1/O Control D3-DO0 (IOD3-10D0): These bits set the TGRD register
e Bits 3-0—I/O Control C3—CO0 (I0OC3-10C0): These bits set the TGRC register
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0 output Output 1 on compare-m
1 is1 Toggle output on compe
0 TGROB Capture Input capture on rising ¢
1 is an input source Input capture on falling
0 input is the Input capture on both e
1 capture TIOCOB pin

0 register Capture Input capture

1 input source on TCNT1

0 is channel 1/ count up/count down

1 count clock
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1 0 TGROA Capture Input capture on rising ec
1 is an input source Input capture on falling e
0 input is the Input capture on both edc
1 capture TIOCOA pin
0 register Capture Input capture
1 input source on TCNT1
0 is channel 1/ count up/count down
1 count clock
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1 0 output

Output 1 on compare-m

1 is1 Toggle output on compe
1 0 0 0 TGROD Capture Input capture on rising ¢

1 is an input source Input capture on falling

1 0 input is the Input capture on both e
1 capture TIOCOD pin

1 0 0 register Capture Input capture

1 input source on TCNT1

1 0 is channel 1/ count up/count down
1 count clock

Note: When the BFB bit of TMDRO is set to 1 and TGROD is being used as a buffer reg
settings become ineffective and input capture/output compares do not occur.
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1 0 0 0 TGROC
1 is an
1 0 input
1 capture
1 0 0 register
1
1 0
1

Capture

input source

Input capture on rising ec

Input capture on falling e

is the Input capture on both edc
TIOCOC pin

Capture Input capture

input source on TCNT1

is channel 1/ count up/count down
count clock

Note: When the BFA bit of TMDRO is set to 1 and TGROC is being used as a buffer regis
settings become ineffective and input capture/output compares do not occur.
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output
isl

Output 1 on compare-m

Toggle output on comps

P O|RrP| O, O|Rr|O|FL,|O

TGR1B
is an
input
capture

register

Capture
input source
is the
TIOC1B pin

Input capture on rising ¢

Input capture on falling |

Input capture on both ec

Capture input
source TGROC
compare/match

input capture

Input capture
on channel TGROC
compare-match/input

capture generation
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1 0 TGR1A Capture Input capture on rising ec
1 is an input source Input capture on falling e
0 input is the Input capture on both edc
1 capture TIOC1A pin
0 register Capture input Input capture
1 source is TGROA on channel 0/TGROA
0 compare- compare-match/input cay

match/input generation

1 capture
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0 output Output 1 on compare-m
1 is1 Toggle output on compe
0 TGR2B Capture Input capture on rising ¢
1 is an input source Input capture on falling
0 input is the Input capture on both e
1 capture TIOC2B pin

0 register Input capture on rising €
1 Input capture on falling |
0 Input capture on both e
1
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o L 1VYYiv UULpuUL vl vullipal

1 0 0 0 TGR2A Capture Input capture on rising ec
1 is an input source Input capture on falling e
1 0 input is the Input capture on both edc
1 capture TIOC2A pin
1 0 0 register Input capture on rising ec
1 Input capture on falling e
1 0 Input capture on both edc

[EnY
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0 output Output 1 on compare-m
1 is1 Toggle output on compe
0 TGR3B Capture Input capture on rising ¢
1 is an input source Input capture on falling
0 input is the Input capture on both e
1 capture TIOC3B pin

0 register Input capture on rising €
1 Input capture on falling |
0 Input capture on both e
1
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o L 1VYYiv UULpuUL vl vullipal

1 0 0 0 TGR3A Capture Input capture on rising ec
1 is an input source Input capture on falling e
1 0 input is the Input capture on both edc
1 capture TIOCSA pin
1 0 0 register Input capture on rising ec
1 Input capture on falling e
1 0 Input capture on both edc

[EnY
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1 0 output

Output 1 on compare-m

1 is1 Toggle output on compe
1 0 0 0 TGR3D Capture Input capture on rising ¢
1 is an input source Input capture on falling
1 0 input is the Input capture on both e

1 capture TIOC3D pin
1 0 0 register Input capture on rising €
1 Input capture on falling |
1 0 Input capture on both e

1

Note: When the BFB bit of TMDR3 is set to 1 and TGR3D is being used as a buffer reg
settings become ineffective and input capture/output compares do not occur.
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1 0 0 0 TGR3C Capture Input capture on rising ec
1 is an input source Input capture on falling e
1 0 input is the Input capture on both edc
1 capture TIOC3C pin
1 0 0 register Input capture on rising ec
1 Input capture on falling e
1 0 Input capture on both edc

1

Note: When the BFA bit of TMDR3 is set to 1 and TGR3C is being used as a buffer regis
settings become ineffective and input capture/output compares do not occur.
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0 output Output 1 on compare-m
1 is1 Toggle output on compe
0 TGR4B Capture Input capture on rising ¢
1 is an input source Input capture on falling
0 input is the Input capture on both e
1 capture TIOC4B pin

0 register Input capture on rising €
1 Input capture on falling |
0 Input capture on both e
1
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1 0 0 0 TGR4A Capture Input capture on rising ec
1 is an input source Input capture on falling e
1 0 input is the Input capture on both edc
1 capture TIOCA4A pin
1 0 0 register Input capture on rising ec
1 Input capture on falling e
1 0 Input capture on both edc

[EnY
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1 0 output

Output 1 on compare-m

1 is1 Toggle output on compe
1 0 0 0 TGR4D Capture Input capture on rising ¢
1 is an input source Input capture on falling
1 0 input is the Input capture on both e

1 capture TIOCA4D pin
1 0 0 register Input capture on rising €
1 Input capture on falling |
1 0 Input capture on both e

1

Note: When the BFB bit of TMDR4 is set to 1 and TGR4D is being used as a buffer reg
settings become ineffective and input capture/output compares do not occur.
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1 0 0 0 TGR4C Capture Input capture on rising ec
1 is an input source Input capture on falling e
1 0 input is the Input capture on both edc
1 capture TIOCAC pin
1 0 0 register Input capture on rising ec
1 Input capture on falling e
1 0 Input capture on both edc

1

Note: When the BFA bit of TMDR4 is set to 1 and TGRA4C is being used as a buffer regis
settings become ineffective and input capture/output compares do not occur.

12.2.4  Timer Interrupt Enable Register (TIER)

The TIER is an 8-bit register that controls the enable/disable of interrupt requests
The MTU has five TIER registers, one each for channel. TIER is initialized to H'4
by standby mode.

Channel 0: TIERO:

Bit. 7 6 5 4 3 2 1
| TTGE| — | — | TCIEV | TGIED | TGIEC | TGIEB |
Initial value: 0 1 0 0 0 0 0
RW:  R/W R R RW RW  RW  RW
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R/W: R/W R R R/W R/W R/W R/W

» Bit 7—A/D Conversion Start Request Enable (TTGE): Enables or disables g
A/D conversion start request by a TGRA register input capture/compare-mat

Bit 7: TTGE Description
0 Disable A/D conversion start requests (initial value)
1 Enable A/D conversion start request generation

» Bit 6—Reserved: This bit is reserved. It always reads as 0, and cannot be m

» Bit 5—Underflow Interrupt Enable (TCIEU): Enables or disables interrupt req
underflow flag (TCFU) of the channel 1, 2 timer status register (TSR) is set tc
This bit is reserved for channels 0, 3, and 4. It always reads as 0. The write \
always be 1.

Bit 5: TCIEU Description
0 Disable UDF interrupt requests (TCIU) (initial value)
1 Enable UDF interrupt requests (TCIU)

» Bit 4—Overflow Interrupt Enable (TCIEV): Enables or disables interrupt requ
overflow flag TCFV of the timer status register (TSR) is set to 1.

Bit 4: TCIEV Description
0 Disable TCFV interrupt requests (TCIV) (initial value)
1 Enable TCFV interrupt requests (TCIV)
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be 1.

Bit 2: TGIEC Description
0 Disable interrupt requests (TGIC) due to the TGFC bit (initial v:
1 Enable interrupt requests (TGIC) due to the TGFC bit

* Bit 1—TGR Interrupt Enable B (TGIEB): Enables or disables TGFB interrupt r
the TGFB bit of the TSR register is set to 1.

Bit 1: TGIEB Description
0 Disable interrupt requests (TGIB) due to the TGFB bit (initial ve
1 Enable interrupt requests (TGIB) due to the TGFB bit

e Bit 0—TGR Interrupt Enable A (TGIEA): Enables or disables TGFA interrupt r
the TGFA bit of the TSR register is set to 1.

Bit 0: TGIEA Description

0 Disable interrupt requests (TGIA) due to the TGFA bit (initial ve
1 Enable interrupt requests (TGIA) due to the TGFA bit
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Channels 1, 2: TSR1, TSR2:

Bit: 7 6 5 4 3 2 1
\ TCFD \ — \ TCFU \ TCFV‘ — \ — \ TGFB

Initial value: 1 1 0 0 0 0 0
R/W: R R RIW)*  RI(W)* R R R/(W)*

Note: * Only O writes to clear the flags are possible.

Channels 3, 4: TSR3, TSR4:

Bitt 7 6 5 4 3 2 1
| TcFD | — | — | TCFV | TGFD | TGFC | TGFB

Initial value: 1 1 0 0 0 0 0
R/W: R R R RI(W)*  RI(W)*  R/(W)" R/(W)*

Note: * Only 0 writes to clear the flags are possible.

» Bit 7—Count Direction Flag (TCFD): This status flag indicates the count dire
channel 1, 2, 3, 4 TCNT counters.
This bit is reserved in channel 0. This bit always reads as 1. The write value
1.

Bit 7: TCFD Description
0 TCNT counts down
1 TCNT counts up (initial value)

» Bit 6—Reserved: This bit always reads as 1. The write value should always |
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Bit 4: TCFV Description

0 Clear condition: With TCFV =1, a 0 write to TCFV after reading
(initial value)
1 Set condition: When the TCNT value overflows (H'FFFF - H'C

Notes: *1 For channel 4, this flag is cleared by DTC transfer due to TCFV.

*2 For channel 4, this flag is also set when the TCNT value underflows (H'0001 -
in complementary PWM mode.

» Bit 3—Input Capture/Output Compare Flag D (TGFD): This status flag indicate
occurrence of a channel 0, 3, or 4 TGRD register input capture or compare-m

This bit is reserved in channels 1 and 2. It always reads as 0. The write value
0.

Bit 3: TGFD Description

0 Clear condition: With TGFD = 1, a 0 write to TGFD following a
(Cleared by DTC transfer due to TGFD) (initial value)

1 Set conditions:

* When TGRD is functioning as an output compare register
(TCNT = TGRD)

* When TGRD is functioning as input capture (the TCNT valt
to TGRD by the input capture signal)
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When TGRC is functioning as input capture (the TCNT va
to TGRC by the input capture signal)

Bit 1—Input Capture/Output Compare Flag B (TGFB): This status flag indica
occurrence of a TGRB register input capture or compare-match.

Bit 1: TGFB Description
0

Clear condition: With TGFB = 1, a 0 write to TGFB following &
(Cleared by DTC transfer due to TGFB) (initial value)

1 Set conditions:

.

When TGRB is functioning as an output compare register
(TCNT = TGRB)

When TGRB is functioning as input capture (the TCNT va
to TGRB by the input capture signal)

Bit 0—Input Capture/Output Compare Flag A (TGFA): This status flag indica
occurrence of a TGRA register input capture or compare-match.

Bit 0: TGFA Description
0

Clear condition: With TGFA =1, a 0 write to TGFA following &
(Cleared by DMAC transfer due to TGFA) (initial value)

1 Set conditions:

When TGRA is functioning as an output compare register
(TCNT = TGRA)

* When TGRA is functioning as input capture (the TCNT va
to TGRA by the input capture signal)
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~ AN TS ifviiifviivdbbl it YAttt

4 TCNT4 Increment/decrement counter” 2

Notes: *1 Can only be used as an increment/decrement counter in phase counting mode
other channel overflow/underflow counting. It becomes an increment counter i
cases.

*2 Can only be used as an increment counter in complementary PWM mode. It b
an increment counter in all other cases.

Bit: 15 14 13 12 11 10 9

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

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: 1 1 1 1 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

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

12.2.8  Timer Start Register (TSTR)

The timer start register (TSTR) is an 8-bit read/write register that starts and stop
counters (TCNT) of channels 0—4. TSTR is initialized to H'00 upon power-on res
mode. Manual reset does not initialize TSTR.

Bitt 7 6 5 4 3 2 1
| csta|cst3| — | — | — | cst2| csTt

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

» Bits 7, 6, 2-0—Counter Start 4-0 (CST4-CSTO0): Select the start and stop of
(TCNT). The counter start to channel and bit to channel correspondence are
tables below.
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If 0 is written to the CST bit during operation with the TIOC pin in output status, the
stops, but the TIOC pin output compare output level is maintained. If a write is don
TIOR register while the CST bit is a 0, the pin output level is updated to the establi
initial output value. In complementary PWM mode or reset sync PWM mode, wher
written to the CST bit of a TIOC pin in output mode during operation, it returns to tt
output.

» Bits 5-3—Reserved: These bits always read as 0. The write value should alw

12.2.9 Timer Synchro Register (TSYR)

The timer synchro register (TSYR) is an 8-bit read/write register that selects inde
synchronous TCNT counter operation for channels 0—4. Channels for which 1 is
corresponding bit will be synchronized. TSYR is initialized to H'00 upon power-or
standby mode. Manual reset does not initialize TSYR.

Bit. 7 6 5 4 3 2 1
| SYNc4| sync3| — | — | — | sYNC2| SYNCL|
Initial value: 0 0 0 0 0 0 0
RW: RW  RW R R R RW  RW

* Bits 7, 6, 2-0—Timer Synchronization 4-0 (SYNC4-SYNCOQ): Selects operatit
of, or synchronized to, other channels. Synchronous operation allows synchro
to multiple TCNT synchronous presets and other channel counter clears. A m
channels must have SYNC bits set to 1 for synchronous operation. For synchi
clearing, it is necessary to set the TCNT counter clear sources (the CCLR2-C
TCR register), in addition to the SYNC bit. The counter start to channel and bi
correspondence are indicated in the tables below.
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TCNTnN synchronous preset/ synchronous clear*? possible
Notes: n =4 to 0. However, SYNC4 is bit 7, SYNC3 is bit 6.
*1 Minimum of two channel SYNC bits must be set to 1 for synchronous operati

*2 TCNT counter clear sources (CCLR2—CCLRO bits of the TCR register) must |
addition to the SYNC bit in order to have clear synchronization.

» Bits 5-3—Reserved: These bits always read as 0. The write value should al

12.2.10 Timer Output Master Enable Register (TOER)

The timer output master enable register (TOER) enables/disables output setting
TIOCA4D, TIOCA4C, TIOC3D, TIOC4B, TIOC4A, and TIOC3B. These pins do not
if the TOER bits have not been set. Set TOER of CH3 and CH2 prior to setting
CHA4. The TOER is an 8-bit read/write register. The register is initialized to H'CO
reset or in standby mode. Manual reset does not initialize TOER.

Bitt 7 6 5 4 3 2 1
| — | — | OE4D | OE4C | OE3D | OE4B | OE4A

Initial value: 1 1 0 0 0 0 0
RW: R R RW RW RW RW  RW

» Bits 7-6—Reserved: These bits always read as 1. The write value should al
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» Bit 3—Master Enable TIOC3D (OE3D): Enables or disables the TIOC3D pin N

Bit 3: OE3D Description
0 Disable TIOC3D pin MTU output (initial value)
1 Enable TIOC3D pin MTU output

e Bit 2—Master Enable TIOC4B (OE4B): Enables or disables the TIOC4B pin M

Bit 2: OE4B Description
0 Disable TIOC4B pin MTU output (initial value)
1 Enable TIOC4B pin MTU output

* Bit 1—Master Enable TIOC4A (OE4A): Enables or disables the TIOC4A pin M

Bit 1: OE4A Description
0 Disable TIOC4A pin MTU output (initial value)
1 Enable TIOC4A pin MTU output

» Bit 0—Master Enable TIOC3B (OE3B): Enables or disables the TIOC3B pin M

Bit 0: OE3B Description

0 Disable TIOC3B pin MTU output (initial value)
1 Enable TIOC3B pin MTU output
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» Bits 7, 5-2—Reserved: These bits always read as 1. The write value should

e Bit 6—PWM Synchronous Output Enable (PSYE): Selects the enable/disable
synchronized with the PWM period.

Bit 6: PSYE Description
0 Toggle output synchronous with PWM period disabled (initial
1 Toggle output synchronous with PWM period enabled

» Bit 1—Output Level Select N (OLSN): Selects the reverse phase output leve
complementary PWM mode or reset-synchronized PWM mode.

Compare Match Output

OLSN Initial Output Active Level Increment Count  Decrement Cc

0 High level* Low level High level Low level |
value)

1 Low level” High level Low level High level

Note: * The reverse phase waveform initial output value changes to active level after el
dead time after count start.

» Bit 0—Output Level Select P (OLSP): Selects the positive phase output level
complementary PWM mode or reset-synchronized PWM mode.

Compare Match Output

OLSP Initial Output Active Level Increment Count Decrement Coun
0 High level Low level Low level High level (in
1 Low level High level High level Low level
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TDDR ///// L

H'0000 i U L .

: : Compare match Lo Lo

Co « + output (up count Co -

Positive '+ Initial : put (up ) : Compare match o

phase output . output Active level . output (down count) . r

L Initial . Compare match

Reverse | Output .+ compare match | '_output (down count) . .
phase output +_| ACtVe | | output(upcount) | Active level

level

Figure 12.2 Complementary PWM Mode Output Level Example

12.2.12 Timer Gate Control Register (TGCR)

The timer gate control register (TGCR) is an 8-bit read/write register that controls
output necessary for brushless DC motor control in complementary PWM mode/r
synchronized PWM mode. The TGCR is initialized to H'80 by a power-on reset ol
mode. Manual reset does not initialize TGCR. These register settings are ineffeci
other than complementary PWM mode/reset-synchronized PWM mode.

Bitt 7 6 5 4 3 2 1

\ — \ BDC \ N \ P \ FB \ WF \ VF

Initial value: 1 0 0 0 0 0 0
RW: R RW RW RW RW RW  RW

* Bit 7—Reserved: This bit always reads as 1. The write value should always b
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v Luiput gate signais directly 1o reverse pnase pin output (initial v

Output chopped gate signal and complementary PWM /reset-
synchronized PWM output to reverse phase pin output

» Bit 4—Positive Phase Output (P): Selects whether to output gate signals dire
phase pin (TIOC3B, TIOC4A, and TIOC4B) output, or to output by chopping
and the complementary PWM/reset-synchronized PWM output.

Bit4: P Description
0 Output gate signals directly to positive phase pin output (initial \
1 Output chopped gate signal and complementary PWM /reset-

synchronized PWM output to positive phase pin output

» Bit 3—Feedback Input (FB): Selects whether to use external input or register
feedback input to generate gate signals.

Bit 3: FB Description
0 Feedback input is external input (initial value)

(Input sources are channel 0 TGRA, TGRB, TGRC input captur
1 Feedback input is register input (TGCR’s UF, VF, WF settings)
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1 v U on on on on on on —
1 On Off Off Off On Off —

1 0 Off Off On On Off Off —

1 Off Off Off Off Off Off —

12.2.13 Timer Subcounter (TCNTS)

The timer subcounter (TCNTS) is a 16-bit read-only counter that is used only in ¢
PWM mode. The TCNTS counter is initialized to H'00 by a power-on reset or in s
Manual reset does not initialize TCNTS. Accessing the TCNTS counter in 8-bit ul
prohibited. Always access in 16-bit units.

Bit: 15 14 13 12 11 10 9
| ] ] | ]
Initial value: 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1
| ] ] | ]
Initial value: 0 0 0 0 0 0 0
R/W:
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R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1

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

12.2.15 Timer Period Data Register (TCDR)

The timer period data register (TCDR) is a 16-bit register used only in complem:
mode. Set the PWM carrier sync value as the TCDR register value. This registe
compared with the TCNTS counter in complementary PWM mode, and when a
TCNTS counter switches direction (decrement to increment).

The TCDR register is initialized to H'FFFF by a reset or in standby mode. Manui
initialize TCDR. Accessing the TCDR in 8-bit units is prohibited. Always access

Bit: 15 14 13 12 11 10 9

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

Bit: 7 6 5 4 3 2 1

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



Bit: 7 6 5 4 3 2 1

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

12.3 Bus Master Interface

12.3.1 16-Bit Registers

The timer counters (TCNT) and general registers (TGR) are 16-bit registers. A 1€
the bus master enables 16-bit read/writes. 8-bit read/write is not possible. Always
units. Figure 12.3 shows an example of 16-bit register access operation.

Internal data bus

Upper 8 hits Module data bus
Bus master . Bus ﬁ
: : interface < >

I 0

| ToNTH | TONTL |

Figure 12.3 16-Bit Register Access Operation (Bus Master TCNT (16 Bi
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TCR

Figure 12.4 8-Bit Register Access Operation (Bus Mastes TCR (Upper 8

Internal data bus

Upper 8 bits Module data bus
S— < y
Bus master ~ Bus
interface N
— < y

Lower 8 bits

TMDR

Figure 12.5 8-Bit Register Access Operation (Bus Mastes TMDR (Lower 8

Internal data bus
Upper 8 bits Module data bus

Bus master . Bus ﬁ
interface

—) <
Lower 8 bits U @

TCR TMDR

N/ N/

Figure 12.6 8-Bit Register Access Operation (Bus Mastes TCR, TMDR (1¢
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rewritten, the TCNTSs of other channels are simultaneously rewritten as well. The
synchronization bits of the TSYR registers of multiple channels set for synchrono
be set to clear the TCNTs simultaneously.

Buffer Operation: When TGR is an output compare register, the buffer register ve
corresponding channel is transferred to the TGR when a compare-match occurs.
input capture register, the TCNT counter value is transferred to the TGR when ar
occur simultaneously the value previously stored in the TGR is transferred to the

Cascade Connection OperationThe channel 1 and channel 2 counters (TCNT1 a
can be connected together to operate as a 32-bit counter.

PWM Mode: In PWM mode, a PWM waveform is output. The output level can be
TIOR register. Each TGR can be set for PWM waveform output with a duty cycle
and 100%.

Phase Counting Mode:In phase counting mode, the phase differential between tv
from the channel 1 and channel 2 external clock input pins is detected and the T¢
operates as an up/down counter. In phase counting mode, the corresponding TC
clock inputs and TCNT functions as an up/down counter. It can be used as a two
pulse input.

Reset-Synchronized PWM ModeThree-phase positive and negative PWM wavef
obtained using channels 3 and 4 (the three phases of the PWM waveform share
on one side). When set for reset-synchronized PWM mode, TGR3A, TGR3B, TG
TGRA4B automatically become output compare registers. The TIOC3A, TIOC3B,
TIOCA4B, TIOC4C, and TIOC4D pins also become PWM output pins, and TCNT3
become upcounters. TCNT4, TGR4A, and TGR4B are isolated from TCNT4.
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running mode and a periodic mode.

To select the counting operation (figure 12.7):

1.

Set bits TPSC2-TPSCO in the TCR to select the counter clock. At the same
CKEG1 and CKEGO in the TCR to select the desired edge of the input clock.

To operate as a periodic counter, set the CCLR2-CCLRO bits in the TCR to
clearing source for the TCNT.

Set the TGR selected in step 2 as an output compare register using the time
register (TIOR).

Write the desired cycle value in the TGR selected in step 2.

Set the CST bit in the TSTR to 1 to start counting.
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gl e eyl t |

[
Set period ®@
|

Start counting @ Start counting @

Periodic counter Free-running counter

Figure 12.7 Procedure for Selecting the Counting Operation

Free-Running Counter Operation Example:A reset of the MTU timer counters (T(
them all in the free-running mode. When a bit in the TSTR is set to 1, the corresp
counter operates as a free-running counter and begins to increment. When the c
from H'FFFF-H'0000, the TCFV bit in the timer status register (TSR) is setto 1. |
in the timer’s corresponding timer interrupt enable register (TIER) is set to 1, the
an interrupt request to the interrupt controller. After the TCNT overflows, counting
H'0000. Figure 12.8 shows an example of free-running counter operation.

TCNT value

H'0000 _ | ,

CST bit

TCFV

Figure 12.8 Free-Running Counter Operation
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H'0000

Tim

CST bit

Flag cleared by software
or DTC/DMAC activatior
A :

TGF

Figure 12.9 Periodic Counter Operation

Compare-Match Waveform Output Function: The MTU can output O level, 1 leve
output from the corresponding output pins upon compare-matches.

Procedure for selecting the compare-match waveform output operation (figure 1

1. Setthe TIOR to select 0 output or 1 output for the initial value, and 0 output,
toggle output for compare-match output. The TIOC pin will output the set initi
first compare-match occurs.

2. Set avalue in the TGR to select the compare-match timing.
3. Setthe CST bit in the TSTR to 1 to start counting.
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BE At e e e

D I

Waveform Output Operation (0 Output/1 Output): Figure 12.11 shows 0 output/1
the example, TCNT is a free-running counter, 1 is output upon compare-match A
upon compare-match B. When the pin level matches the set level, the pin level d

TCNT value
A

H'FFFF

TGRA

TGRB

H'0000

&0
TIOCA Does not change EDoes not change 1
TIOCB /_\ m 0
N\ -/
Does not change Does not change

Figure 12.11 Example of 0 Output/1 Output

Waveform Output Operation (Toggle Output): Figure 12.12 shows the toggle outj
example, the TCNT operates as a periodic counter cleared by compare-match B,
output at both compare-match A and compare-match B.
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Figure 12.12 Example of Toggle Output

Input Capture Function: In the input capture mode, the TCNT value is transferre
register when the input edge is detected at the input capture/output compare pir

Detection can take place on the rising edge, falling edge, or both edges. Chann
other channel counter input clocks or compare-match signals as input capture s

The procedure for selecting the input capture operation (figure 12.13) is:

1. Setthe TIOR to select the input capture function of the TGR, then select the
source, and rising edge, falling edge, or both edges as the input edge.

2. Setthe CST bit in the TSTR to 1 to start the TCNT counting.

< Input selection >

I
Select input-capture input @
I

Start counting @

Input capture operation

Figure 12.13 Procedure for Selecting Input Capture Operation
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\
TIOCA \

|

|

|

|

3
TGRA X H'0005 X HO160

|

TIOCB

TGRB >< X H'0180

Figure 12.14 Input Capture Operation

12.4.3 Synchronous Operation

In the synchronizing mode, two or more timer counters can be rewritten simultan
(synchronized preset). Multiple timer counters can also be cleared simultaneousl
settings (synchronized clear).

The synchronizing mode can increase the number of TGR registers for a single ti
channels can be set for synchronous operation.
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Select
synchronizing mode

Set synchronizing
mode

l

®

|
CSynchronized preset)

’ Set TCNT

v
Synchronized preset

[©

|

C Synchronized cIear)

Channel that
generated clear
source?

No

Select counter Set count
clear source synchronous

| |

’ Start counting ‘ @ ’ Start count

v y

Counter clear Synchronized

Figure 12.15 Procedure for Selecting Synchronizing Operation
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TIOCOA

TIOC2A

Figure 12.16 Synchronized Operation Example
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a 16R4A oRraC
TGR4B TGR4D

The buffer operation differs, depending on whether the TGR has been set as an
register or an output compare register.

When TGR Is an Output Compare Register:When a compare-match occurs, the
channel buffer register value is transferred to the general register. Figure 12.17

Compare match signal

Buﬁer General > Comparator K TCNT
register register

Figure 12.17 Compare Match Buffer Operation

When TGR Is an Input Capture Register: When an input capture occurs, the timq
(TCNT) value is transferred to the general register (TGR), and the value that ha
that time in the TGR is transferred to the buffer register (figure 12.18).

Input capture signal 4
Buffer General
register register TC

Figure 12.18 Input Capture Buffer Operation
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Select bulffer mode @
|

| Start counting | @

Buffer mode

Figure 12.19 Buffer Operation Setting Procedure

Buffer Operation Examples—when TGR Is an Output Compare RegisterFigure 1
shows an example of channel 0 set to PWM mode 1, and the TGRA and TGRC r
buffer operation.

The TCNT counter is cleared by a compare-match B, and the output is a 1 upon
and 0 output upon compare-match B. Because buffer mode is selected, a compa
changes the output, and the buffer register TGRC value is simultaneously transfe
general register TGRA. This operation is repeated with each occurrence of a con

See section 12.4.6, PWM Mode, for details on the PWM mode.
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TIOCOA

Figure 12.20 Buffer Operation Example (Output Compare Register)

Buffer Operation Examples—when TGR Is an Input Capture RegisterFigure 12.

an example of TGRA set as an input capture register with the TGRA and TGRB
buffer operation.

The TCNT counter is cleared by a TGRA register input capture, and the TIOCA
input edge is selected as both rising and falling edge. Because buffer mode is s
capture A causes the TCNT counter value to be stored in the TGRA register, an
was stored in the TGRA up until that time is simultaneously transferred to the T(

TCNT value
H'oF07 4

HOFB | -~

H'0532 ~————p———mopf ok

X H'0532 ;)( H'OF07 i><H'09FB
X 3 X

X Hoss2 X HOFO7

Figure 12.21 Buffer Operation Example (Input Capture Register)

RENESAS



Combination Upper 16 Bits Lower 16 Bits

Channel 1, channel 2 TCNT1 TCNT2

Procedure for Setting Cascade Connection Mode (Figure 12.22):

1. Setthe TPSC2-TPSC 0 bits of the channel 1 timer control register (TCR) to E
“count by TCNT2 overflow/underflow.”

2. Setthe CST bits corresponding to the upper and lower 16 bits in the TSTR to
count operation.

CCascade connection operatio®
I

Select cascade connection @

|
Start counting @

Cascade connection operation

Figure 12.22 Procedure for Selecting Cascade Connection Mode
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TCNT1 0000 X 0001 X

Figure 12.23 Cascade Connection Operation Example (Phase Counting

1246 PWM Mode

PWM mode outputs the various PWM waveforms from output pins. Output level
output, or toggle output can be selected as the output level for the compare-ma

A period can be set for a register by using the TGR compare-match as a counte
five channels can be independently set to PWM mode. Synchronous operation i

There are two PWM modes:

* PWM mode 1
Generates PWM output using the TGRA and TGRB registers, and TGRC an
as pairs. The initial output values are those established in the TGRA and TG
When the values set in TGR registers being used as a pair are equal, output
change even if a compare-match occurs.
A maximum of 8-phase PWM output is possible for PWM mode 1.

* PWM mode 2
Generates PWM output using one TGR register as a period register and ano
register. The output value of each pin upon a counter clear is the initial value
TIOR register. When the values set in the period register and duty register ai
values will not change even if a compare-match occurs. PWM mode 2 can b
channels 0, 1, and 2.
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TGR2B

TIOC 2B

3 (AB pair)

TGR3A
TGR3B

TIOC3A Setting not pos

3 (CD pair)

TGR3C
TGR3D

TIOC3C

4 (AB pair)

TGR4A
TGR4B

TIOC4A

4 (CD pair)

TGR4C
TGR4D

TIOC4C

Note: PWM output of the period setting TGR is not possible in PWM mode 2.

Procedure for Selecting the PWM Mode (Figure 12.24):

1. Set bits TPSC2-TPSCO in the TCR to select the counter clock source. At the
bits CKEG1 and CKEGO in the TCR to select the desired edge of theclopkt

2. Set bits CCLR2—-CCLRO in the TCR to select the TGR to be usedmamter clear
3. Set the period in the TGR selected in step 2, and the duty cycle in another TC

4. Using the timer 1/O control register (TIOR), set the TGR selected in step 3 to
compare register, and select the initial value and output value.

5. Setthe MD3-MD 0 bits in TMDR to select the PWM mode.
6. Setthe CST bitinthe TSTR to 1 to let the TCNT start counting.
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-

Select PWM mode ®
Start counting ®
PWM mode

Figure 12.24 Procedure for Selecting the PWM Mode

PWM Mode Operation Examples—PWM Mode 1 (Figure 12.25)A TGRA registe
match is used as a TCNT counter clear source, the TGRA register initial output
compare output value are both 0, and the TGRB register output compare output
example, the value established in the TGRA register becomes the period and th
in the TGRB register becomes the duty cycle.

TCNT value

Counter cleared by TGRA compare match

Figure 12.25 PWM Mode Operation Example (Mode 1)
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H'0000 =

TIOCOA

TIOCOB

TIOCOC 1_m
TIOCOD B h_‘—
TIOC1A ] ]

Figure 12.26 PWM Mode Operation Example (Mode 2)

0% Duty Cycle: Figure 12.27 shows an example of a 0% duty cycle PWM wavefc
PWM mode.

TCNT value
*  TGRB rewrite

TGRA } -~~~V

TGRB

0% duty cycle

TIOCA

Figure 12.27 PWM Mode Operation Example (0% Duty Cycle)
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| 100% duty cycle I_I

TIOCA !
TCNT value Output dqes not change if period reglste_r and d
A cycle register compare matches occur simultan
TGRB rewrite é
TGRA |} -~ O ¥T ] -

[TGRB rewrite

O_

TGRB rewrs
1
L

TGRB

TIOCA | 100% duty cycle | 0% duty cycle

Figure 12.28 PWM Mode Operation Example (100% Duty Cycle)

12.4.7 Phase Counting Mode

The phase counting mode detects the phase differential of two external clock in|
TCNT counter up or down. This mode can be set for channels 1 and 2.

When set in the phase counting mode, an external clock is selected for the cour
regardless of the settings of the TPSC2-TPSCO bits of TCR or the CKEG1 and
TCNT also becomes an up/down counter. Since the TCR CCLR1/CCLRO bits, T
TGR functions are all enabled, input capture and compare-match functions and
can be used.

When the TCNT counter is incrementing, an overflow sets the TSR register TCF
flag). When it is decrementing, an underflow sets the TCFU (underflow flag).

RENESAS



1. Set the MD3-MDO bits of the timer mode register (TMDR) to select the phase
2. Setthe CST bit of the timer start register (TSTR) to 1 to start the count.

< Phase counting mode >
|

Select phase counting mode @

I
Start counting @

Phase counting mode

Figure 12.29 Procedure for Selecting the Phase Counting Mode

Phase Counting Operation ExamplesThe phase counting mode uses the phase c
between two external clocks to increment/decrement the TCNT counter. There al
depending on the count conditions.

Phase Counting Mode 1Figure 12.30 shows an example of phase counting mode
Table 12.9 lists the up counting and down counting conditions for the TCNT.
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Table 12.9 Phase Count Mode 1 Up/Down Counting Conditions

TCLKA (Channel 1)

TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation
1 (high level) Rising edge Increment
0 (low level) Falling edge

Rising edge 0 (low level)

Falling edge 1 (high level)

1 (high level) Falling edge Decrement
0 (low level) Rising edge

Rising edge 1 (high level)

Falling edge 0 (low level)
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Figure 12.31 Phase Counting Mode 2 Operation

Table 12.10 Phase Count Mode 2 Up/Down Counting Conditions

TCLKA (Channel 1) TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation

1 (high level) Rising edge Does not count (don’t
0 (low level) Falling edge Does not count (don't
Rising edge 0 (low level) Does not count (don't
Falling edge 1 (high level) Increment

1 (high level) Falling edge Does not count (don't
0 (low level) Rising edge Does not count (don't
Rising edge 1 (high level) Does not count (don't
Falling edge 0 (low level) Decrement
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Figure 12.32 Phase Counting Mode 3 Operation

Table 12.11 Phase Count Mode 3 Up/Down Counting Conditions

TCLKA (Channel 1) TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation

1 (high level) Rising edge Does not count (don
0 (low level) Falling edge Does not count (don
Rising edge 0 (low level) Does not count (don
Falling edge 1 (high level) Increment

1 (high level) Falling edge Decrement

0 (low level) Rising edge Does not count (don
Rising edge 1 (high level) Does not count (don
Falling edge 0 (low level) Does not count (don

RENESAS



Figure 12.33 Phase Counting Mode 4 Operation

Table 12.12 Phase Count Mode 4 Up/Down Counting Conditions

TCLKA (Channel 1) TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation

1 (high level) Rising edge Increment

0 (low level) Falling edge

Rising edge 0 (low level) Does not count (don't
Falling edge 1 (high level)

1 (high level) Falling edge Decrement

0 (low level) Rising edge

Rising edge 1 (high level) Does not count (don't
Falling edge 0 (low level)

Phase Counting Mode Application ExampleFigure 12.34 shows an example whe
is set to phase counting mode and is teamed with channel 0 to input a two-phase
a servo motor to accurately detect position and speed.

Channel 1 is set to phase counting mode 1, and the encoder pulse A phase and
the TCLKA and TCLKB pins.

Channel 0 is set so that the TCNT counter is cleared on a TGROC register comp:
TGROA and TGROC registers are used with the compare-match function to estak
control and position control periods. The TGROB register is used with the input ce
and the TGROB and TGROD registers are employed for buffer operation. The che
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ol I
[
TGR1B (position }\,] ﬂ
period capture)

A

TCNTO

TGROA (speed
control period)

e

TGROC (position
control period)

I

TGROB (pulse

. /_ B
L width capture) N %] —
[jr TGROD (buffer

operation)

N

Channel 0

Figure 12.34 Phase Count Mode Application Example
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TIOC3D PWM output 1' (negative-phase waveform of PWM ot

TIOC4A PWM output 2
TIOC4C PWM output 2' (negative-phase waveform of PWM oL
TIOC4B PWM output 3
TIOC4D PWM output 3' (negative-phase waveform of PWM oL

Table 12.14 Register Settings for Reset-Synchronized PWM Mode

Register Description of Contents

TCNT3 Initial setting of H'0000

TCNT4 Initial setting of H'0000

TGR3A  Set count cycle for TCNT3

TGR3B  Sets the turning point for PWM waveform output by the TIOC3B and TIOC3D y
TGR4A  Sets the turning point for PWM waveform output by the TIOC4A and TIOCAC
TGR4B  Sets the turning point for PWM waveform output by the TIOC4B and TIOCA4D y

Procedure for Selecting the Reset-Synchronized PWM Mode (Figure 12.35):

1. Clear the CST3 and CST4 bits in the TSTR to Balt TCNT3 and TCNT4. The re
synchronized PWM mode must be set up while TCNT3 and TCNT4 are haltec

2. Set bits TPSC2-TPSCO0 and CKEG1 and CKEGO in the TCR to select the col
clock edge for channel 3.

3. Set bits CCLR2—CCLRO in the TCR3 to select TGRA compare-match as a co
source.
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o. Setnits Vibo—NIDU In 1 VMIDRo 10 b 1UUU 10 select tne reset-syncnronized v
TIOC3B, TIOC3D, TIOC4A, TIOC4B, TIOCAC, and TIOC4D become PWM

9. Setthe CST3 bitin the TSTR to 1 to start the count operation.
10. Set the STR3 bit in the TSTR to 1 to let the TCNT3 start counting.

RENESAS



control setting

Set TCNT ®

Set TGR ®

PWM cycle output enabling, @
PWM output level setting

Set reset-synchronized

PWM mode
Enable PWM output @
Start count operation @)

y

Reset-synchronized PWM mode

Figure 12.35 Procedure for Selecting the Reset-Synchronized PWM M
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S I

I \JI\=Tw

TIOC3B
TIOC3D

TIOC4A

TIOC4AC

TIOC4B

TIOC4D _|

Figure 12.36 Reset-Synchronized PWM Mode Operation Example (When th

1land OLSP =1)

OLSN
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Table 12.15 Output Pins for Complementary PWM Mode

Channel Output Pin Description
3 TIOC3A Toggle output synchronized with PWM period (or 1/O |
TIOC3B PWM output 1
TIOC3C I/O port (Avoid setting this pin as a timer I/O pin in the
complementary PWM mode.)
TIOC3D PWM output 1 (non-overlapping negative-phase wave
PWM output 1)
4 TIOC4A PWM output 2
TIOC4B PWM output 3
TIOC4C PWM output 2 (non-overlapping negative-phase wave
PWM output 2)
TIOC4D PWM output 3 (non-overlapping negative-phase wave
PWM output 3)
352
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“ FTCIN T &

UpP-LOUTIL Stalg, hidalliZeu v
H'0000

ViaskallT Uy DOl
setting®

TGR4A PWM output 2 compare register Maskable by BS(
setting®
TGR4B PWM output 3 compare register Maskable by BS(
setting®
TGR4C PWM output 2/TGR4A buffer Always readable,
register
TGR4D PWM output 3/TGR4B buffer Always readable.

register

Timer dead time data register
(TDDR)

Set TCNT4 and TCNT3 offset
value (dead time value)

Maskable by BS(
setting®

Timer cycle data register
(TCDR)

Set TCNT4 upper limit value
(/2 carrier cycle)

Maskable by BS(
setting®

Timer cycle buffer register
(TCBR)

TCDR buffer register

Always readable,

Subcounter (TCNTS)

Subcounter for dead time
generation

Read-only

Temporary register 1 (TEMP1)

PWM output 1/TGR3B temporary
register

Not readable/wri

Temporary register 2 (TEMP2)

PWM output 2/TGR4A temporary
register

Not readable/wri

Temporary register 3 (TEMP3)

PWM output 3/TGR4B temporary
register

Not readable/wri

Note: * Access can be enabled or disabled according to the setting of bit 13 (MTURWE
BSC/BCR1 (bus controller/bus control register 1).
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——O PWM
0O PWM
—O PWM (
—O PWM
——O PWM

Exterr

input
~—O PO
O PO
~—O PO
~—-O PO

L l |
RTCNTsﬂ TCNTS K:I'CNT4§
1 l l

Comparator
p :Di Match

Output contt

Output protection circuit

Temp 2

. ; N\ N
TGR3D | TGR4C | | TGR4D |

-— ]
External cutoff
interrupt

[1: Registers that can always be read or written from the CPU
R\ : Registers that can be read or written from the CPU

(but for which access disabling can be set by the bus cont

"1 : Registers that cannot be read or written from the CPU
(except for TCNTS, which can only be read)

Figure 12.37 Block Diagram of Channels 3 and 4 in Complementary PWM
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4. Setthe dead time in TCNT3. Set TCNT4 to H'0000.

5. Set only when restarting by a synchronous clear from another channel durin
PWM mode operation. In this case, synchronize the channel generating the :
with channels 3 and 4 using the timer synchro register (TSYR).

6. Set the output PWM duty in the duty registers (TGR3B, TGR4A, TGR4B) an
(TGR3D, TGRAC, TGR4D). Set the same initial value in each corresponding

7. Set the dead time in the dead time register (TDDR), 1/2 the carrier cycle in tl
data register (TCDR) and carrier cycle buffer register (TCBR), and 1/2 the ca
the dead time in TGR3A and TGR3C.

8. Select enabling/disabling of toggle output synchronized with the PWM cycle
in the timer output control register (TOCR), and set the PWM output level wit
OLSN.

9. Select complementary PWM mode in timer mode register 3 (TMDR3). Pins T
TIOC3B, TIOC3D, TIOC4A, TIOC4B, TIOCA4C, and TIOCA4D function as outg
set in TMDRA4.

10. Set enabling/disabling of PWM waveform output pin output in the timer outp
register (TOER).

11. Set bits CST3 and CST4 in TSTR to 1 simultaneously to start the count opel
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TCNT setting @

Inter-channel cycle setting ®

TGR setting ®
Dead time, carrier cycle @
setting

PWM cycle output enabling,
PWM output level setting

Complementary PWM mode ©

setting
Enable waveform output @)
Start count operation @

|

<Complementary PWM mode>

Figure 12.38 Example of Complementary PWM Mode Setting Procedu
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When the CST bit is set to 1, TCNT4 counts up in synchronization with TCN"
to down-counting when it matches TCDR . On reaching H'0000, TCNT4 swit
counting, and the operation is repeated in this way.

TCNTS is a read-only counter. It need not be initialized.

When TCNT3 matches TCDR during TCNT3 and TCNT4 up/down-counting,
is started, and when TCNTS matches TCDR, the operation switches to up-c
TCNTS matches TGR3A, it is cleared to H'0000.

When TCNT4 matches TDDR during TCNT3 and TCNT4 down-counting, up
started, and when TCNTS matches TDDR, the operation switches to down-c
TCNTS reaches H'0000, it is set with the value in TGR3A.

TCNTS is compared with the compare register and temporary register in whi
is set during the count operation only.

TC

TC

TC

Counter value

TGR3A
TCDR

TDDR I
H'0000

Figure 12.39 Complementary PWM Mode Counter Operation
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The data written to a buffer register is constantly transferred to the temporary
interval. Data is not transferred to the temporary register in the Tb interval. Da
buffer register in this interval is transferred to the temporary register at the enc
interval.

The value transferred to a temporary register is transferred to the compare re
TCNTS for which the Tb interval ends matches TGR3A when counting up, or
counting down. The timing for transfer from the temporary register to the comj
be selected with bits MD3-MDO in the timer mode register (TMDR). Figure 12
example in which the mode is selected in which the change is made in the tro
In the tb interval (tb2 in figure 12.40) in which data transfer to the temporary re
performed, the temporary register has the same function as the compare regis
compared with the counter. In this interval, therefore, there are two compare r
phase output, with the compare register containing the pre-change data, and 1
register containing the new data. In this interval, the three counters—TCNT3,
TCNTS—and two registers—compare register and temporary register—are c
PWM output controlled accordingly.
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Figure 12.40 Example of Complementary PWM Mode Operation
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Table 12.17 Registers and Counters Requiring Initialization

Register/Counter Set Value

TGR3C 1/2 PWM carrier cycle + dead time Td
TDDR Dead time Td

TCBR 1/2 PWM carrier cycle

TGR3D, TGR4C, TGR4D Initial PWM duty value for each phase
TCNT4 H'0000

Note: The TGR3C set value must be the sum of 1/2 the PWM carrier cycle set in TCBR :

time Td set in TDDR.

PWM output level setting

In complementary PWM mode, the PWM pulse output level is set with bits OL
in the timer output control register (TOCR).

The output level can be set for each of the three positive phases and three ne
phase output.

Complementary PWM mode should be cleared before setting or changing out

Dead time setting

In complementary PWM mode, PWM pulses are output with a non-overlappin:
between the positive and negative phases. This non-overlap time is called the

The non-overlap time is set in the timer dead time data register (TDDR). The \
TDDR is used as the TCNT3 counter start value, and creates non-overlap bet
TCNT4. Complementary PWM mode should be cleared before changing the c
TDDR.
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the crest, and from the current cycle when performed in the trough. Figure 1:
operation when the PWM cycle is updated at the crest.

See the following section, Register data updating, for the method of updating
buffer register.

Count | TGR3C TGR3A
ounter value update update
—"
TCNT3
TGR3A : i TCNT4

Figure 12.41 Example of PWM Cycle Updating
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When rewriting buffer register data, a write to TGR4D must be performed at tt
update. Data transfer from the buffer registers to the temporary registers is pe
simultaneously for all five reqisters after the write to TGR4D.

A write to TGR4D must be performed after writing data to the registers to be L
when not updating all five registers, or when updating the TGR4D data. In this
written to TGR4D should be the same as the data prior to the write operation.
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Figure 12.42 Example of Data Update in Complementary PWM Moo
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TCNTS3, 4 value

TCNT3
TCNT4
TGR4A
TDDR
~ N Lo
: L o
' Initial output | ! Dead time
Positive phase | )
output 4/ ; Active level
Negative phase / ] "
output | Active level |
\ \
Complementary TCNT3, 4 count start
PWM mode (TSTR setting)

(TMDR setting)

Figure 12.43 Example of Initial Output in Complementary PWM Mode (:
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TDDR

TGRaA D&

-~
' Initial output @ !

Positive phase ; — )
output 4 : Active level

Negative phase ;
output / i

Y Y
Complementary ~ TCNT3, 4 count start
PWM mode (TSTR setting)

(TMDR setting)

Figure 12.44 Example of Initial Output in Complementary PWM Mode
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line counter, and the on timing by a compare-match with the dotted-line count
a delay of the dead time behind the solid-line counter. In the T1 period, comps
turns off the negative phase has the highest priority, and compare-matches o«
are ignored. In the T2 period, compare-matthat turns off the positive phase he
priority, and compare-matches occurring prioc tre ignored.

In normal cases, compare-matches occur inthe ardeth -~ ¢ -~ d (orc - d -
as shown in figure 12.45.

If compare-matches deviate from the- b - ¢ - d order, since the time for wh
negative phase is off is less than twice the dead time, the figure shows the po
being turned on. If compare-matches deviate frontthed - a' - b’ order, sinc
for which the positive phase is off is less than twice the dead time, the figure <
negative phase as not being turned on.

If compare-matcte occurs first following compare-matehas shown in figure 12..
compare-match is ignored, and the negative phase is turned off by compare-t
because turning off of the positive phase has priority due to the occurrence of
(positive phase off timing) before compare-mdicfpositive phase on timing) (col
the waveform does not change since the positive phase goes from off to off).
Similarly, in the example in figure 12.47, compare-matchith the new data in th
temporary register occurs before compare-meattiut other compare-matches oc
¢, which turns of the positive phase, are ignored. As a result, the positive phas
on.

Thus, in complementary PWM mode, compare-matches at turn-off timings tak
and turn-on timing compare-matches that occur before a turn-off timing comp:
ignored.
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Positive phase | | : :
Negative phase | | |

Figure 12.45 Example of Complementary PWM Mode Waveform Outpu

47 T1 period T2 period

TGR3A |

TCDR |

TDDR |

H'0000

Positive phase

: : I_

Negative phase

Figure 12.46 Example of Complementary PWM Mode Waveform Outpu
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H'0000 /\

Positive phase

Negative phase

Figure 12.47 Example of Complementary PWM Mode Waveform Output

<~ T1 period - T2 period > T1
iC 'd
TGR3A )
TCDR
a
2/
TDDR
H'0000

Positive phase

Negative phase | |

ii

Figure 12.48 Example of Complementary PWM Mode 0% and 100% Waveform
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H'0000 l/\

Positive phase

Negative phase

Figure 12.49 Example of Complementary PWM Mode 0% and 100% Waveforr

<« T1 period : T2 period T

TGR3A

TCDR

TDDR !

H'0000

Positive phase :

Negative phase Q |

Figure 12.50 Example of Complementary PWM Mode 0% and 100% Waveforr
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H'0000 V\

Positive phase

Negative phase I

Figure 12.51 Example of Complementary PWM Mode 0% and 100% Waveform

+———T1 period T2 period
c ad b

TGR3A

T1

TCDR

TDDR

H'0000

Positive phase

Negative phase

Figure 12.52 Example of Complementary PWM Mode 0% and 100% Waveform
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PWM carrier cycle by setting the PSYE bit to 1 in the timer output control reg
An example of a toggle output waveform is shown in figure 12.53.

This output is toggled by a compare-match between TCNT3 and TGR3A anc
between TCNT4 and H'0000.

The output pin for this toggle output is the TIOC3A pin. The initial output is 1.

TGR3A

H'0000

Toggle output

TIOC3A pin I —

Figure 12.53 Example of Toggle Output Waveform Synchronized with PWN
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TCNT3 //
TCNT4
TDDR

H'0000

Channel 1
input capture A

_— j

TCNT1

Synchronous counter clearing by channel 1 input capture A

Figure 12.54 Counter Clearing Synchronized with Another Channel
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WIth tnis b-phase output, In the case 01 On output, IT IS POSsIDie 10 use compil
mode output and perform chopping output by setting the N bit or P bit to 1. W
P bitis 0, level output is selected.

The 6-phase output active level (on output level) can be set with the OLSN a
the timer output control register (TOCR) regardless of the setting of the N an
using this mode, set the 6-phase output waveform to High active (Low active
for A masks).

External input TIOCOA pin [ ! ! ‘ ! ! ] : 3 ‘
TIOCOB pin H N R I S S B
TIOCOC pin =~ N P

6-phase output TIOC3B pin !

mocaopn [ | [
mocanpn [ | [
Tiocacpin L | i ? L
TIOC4B pin o o

When BDC =1,N=0, P =0, FB =0, output active level = hig

Figure 12.55 Example of Output Phase Switching by External Input (
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gy

TIOC4B pin
TIOC4D pin ! L

When BDC =1,N=1, P =1, FB =0, output active level = high

Figure 12.56 Example of Output Phase Switching by External Input (2

TGCR UF bit 1
VEbit . [l
WFbit Lo T L
6-phase output TIOC3B pin : ! | :
TIoc3aD pin | | ! : b

TIOC4Apin | | | |

TIOC4C pin | R | .
TIOC4Bpin | | : S
TIOC4D pin | 3 o 3

When BDC =1, N =0, P =0, FB =0, output active level = high

Figure 12.57 Example of Output Phase Switching by Means of UF, VF, WF Bit
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LlLlI_ll_ll‘ L L L Euuyuu%
I
I
I

TIOC4B pin
TIOC4D pin ! R

When BDC =1,N=1, P =1, FB =0, output active level = high

Figure 12.58 Example of Output Phase Switching by Means of UF, VF, WF Bi

A/D conversion start request setting

In complementary PWM mode, an A/D conversion start request can be issue
compare-match or a compare-match on a channel other than channels 3 anc

When start requests using a TGR3A compare-match are set, A/D conversior
the center of the PWM pulse.

A/D conversion start requests can be set by setting the TTGE bitto 1 in the t
enable register (TIER).
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inputting specified external signals. There are four external signal input pins.
See section 12.9, Port Output Enable (POE), for details.

» Halting of PWM output when oscillator is stopped

If it is detected that the clock input to the SH7040 chip has stopped, the 6-pha
pins automatically go to the high-impedance state. The pin states are not gual
clock is restarted.

See section 4.4, Oscillator Halt Function, for details.
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The channel priority order can be changed with the interrupt controller. The priol
within a channel is fixed. For more information, see section 6, Interrupt Controlle

Table 12.17 lists the MTU interrupt sources.

Input Capture/Compare Match Interrupts: If the TGIE bit of the timer input enab
(TIER) is already set to 1 when the TGF flag in the timer status register (TSR) is
register input capture/compare-match of any channel, an interrupt request is sel
controller. The interrupt request is canceled by clearing the TGF flag to 0. The N
capture/compare-match interrupts; four each for channels 0, 3, and 4, and two ¢
and 2.

Overflow Interrupts: If the TCIEV bit of the TIER is already set to 1 when the TC
TSR is setto 1 by a TCNT counter overflow of any channel, an interrupt request
interrupt controller. The interrupt request is canceled by clearing the TCFV flag |
has five overflow interrupts, one for each channel.

Underflow Interrupts: If the TCIEU bit of the TIER is already set to 1 when the T
the TSR is set to 1 by a TCNT counter underflow of any channel, an interrupt re
interrupt controller. The interrupt request is canceled by clearing the TCFU flag
has two underflow interrupts, one each for channels 1 and 2.

RENESAS
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TN L UVETTTUVY

TCI1U TCNT1 underflow No No
2 TGI2A TGR2A input capture/compare-match Yes Yes
TGI2B TGR2B input capture/compare-match  No Yes
TCI2V TCNT2 overflow No No
TCI2U TCNT2 underflow No No
3 TGI3A TGR3A input capture/compare-match  Yes Yes
TGI3B TGR3B input capture/compare-match  No Yes
TGI3C TGR3C input capture/compare-match No Yes
TGI3D TGR3D input capture/compare-match No Yes
TCI3V TCNT3 overflow No No
4 TGI4A TGRA4A input capture/compare-match Yes Yes
TGl4B TGR4B input capture/compare-match  No Yes
TGl4C TGRAC input capture/compare-match  No Yes
TGl4D TGRA4D input capture/compare-match No Yes
TCl4V TCNT overflow/underflow No Yes

L

Note: * Indicates the initial status following reset. The ranking of channels can be altered
the interrupt controller.
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can be used as DMAC activation sources.

12.5.3 A/D Converter Activation

The TGRA register input capture/compare-match of any channel can be used tc
chip A/D converter.

If the TTGE bit of the TIER is already set to 1 when the TGFA flag in the TSR is
TGRA register input capture/compare-match of any of the channels, an A/D con
request is sent to the A/D converter. If the MTU conversion start trigger is select
on the A/D converter side when this happens, the A/D conversion starts.

The MTU has 5 TGRA register input capture/compare-match interrupts, one for
can be used as A/D converter activation sources.
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TCNT
input
clock

TCNT N-1 >< N >< N+1

Figure 12.59 TCNT Count Timing during Internal Clock Operation

° |

External ) — _
clock ﬂ) Falling edge (D Rising edge (D Falling edge

TCNT
input
clock

TCNT N-1 >< N >< N+1

Figure 12.60 TCNT Count Timing during External Clock Operation (Normal |
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Output Compare Output Timing: The compare-match signal is generated at the
TCNT and TGR matching. When a compare-match signal is issued, the output \
or TOCR is output to the output compare output pin (TIOC pin). After TCNT and
a compare-match signal is not issued until immediately before the TCNT input c

Output compare output timing (normal mode and PWM mode) is shown in figure
figure 12.63 for output compare output timing in complementary PWM mode an
PWM mode.

* L

TCNT
input clock

TCNT N >< N+1

TGR N

Compare-
match signal

TIOC pin ><

Figure 12.62 Output Compare Output Timing (Normal Mode/PWM Moc
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TIOC pin ><

Figure 12.63 Output Compare Output Timing (Complementary PWM Mode/Re
PWM Mode)

Input Capture Signal Timing: Figure 12.64 illustrates input capture timing.

o LI LT L) L L L g

Input capture
input

Input capture
signal
| |
| |
TCNT X N X N+1 X N2 | X

TGR >< N

JaR

Rising edge (D __ Falling edge

Figure 12.64 Input Capture Input Signal Timing
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TCNT N X H'0000

TGR N

Figure 12.65 Counter Clearing Timing (Compare-Match)

d L

Input
capture
signal

Counter
clear signal

I
|
>< H'0000

S

TGR >< N

TCNT N

Figure 12.66 Counter Clearing Timing (Input Capture)
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signal

TGRA, TGRB n

j—
3/

TGRC, TGRD N

Figure 12.67 Buffer Operation Timing (Compare-Match)

L L L

Input capture
signal

Input capture

signal buffer
| |
| |
TCNT N | A N+ |
N S
T T
TGRA, TGRB n o1 X N X N+
\ \A
TGRC, TGRD >< n >< N

Figure 12.68 Buffer Operation Timing (Input Capture)
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TGR N
Compare- ,—\
match signal

TGF flag

TGl interrupt |

Figure 12.69 TGI Interrupt Timing (Compare Match)

Setting TGF Flag Timing during Input Capture: Figure 12.70 shows timing for th
of the timer status register (TSR) due to input capture, as well as TGl interrupt r
timing.
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TGl interrupt

Figure 12.70 TGI Interrupt Timing (Input Capture)

Setting Timing for Overflow Flag (TCFV)/Underflow Flag (TCFU): Figure 12.71 sl
timing for the TCFV flag of the timer status register (TSR) due to overflow, as wel
interrupt request signal timing. Figure 12.72 shows timing for the TCFU flag of the
register (TSR) due to underflow, as well as TCIU interrupt request signal timing. |
shows timing for the TCFV flag of TSR4 due to underflow in complementary PWI
as TCIV interrupt request signal timing.

CJ I B s A |
TCNT ,—\
input clock

TCNT )
(underflow) HFFFF ><

H'0000

Overflow
signal

TCFV flag

TCIV interrupt

Figure 12.71 TCIV Interrupt Setting Timing
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TCIU interrupt

Figure 12.72 TCIU Interrupt Setting Timing

o | L) L L L L L
inputchI:oI\::-IE J r

TCNT
(underflow)

H0001Y H'0000 X H'0001

Underflow
signal

TCFV flag

TCIV
interrupt

Figure 12.73 TCIV Interrupt Setting Timing (TSR4, Complementary PWM
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Write signal

Status flag |

Interrupt
request signal

Figure 12.74 Timing of Status Flag Clearing by the CPU

DTC/DMAC DTC/DMAC
read cycle write cycle

Address Source Destination
address address
Status flag |
Interrupt |

request signal

Figure 12.75 Timing of Status Flag Clearing by DTC/DMAC Activation
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Phase Phase
difference difference
Overlap Overlap Pulse width Pulse v
TCLKA :<—>i<—>:<—>:<—>: i«—»i :<_I
(TCLKC) I I I I !
! : ! ! I
I I I | | I !
TCLKB ! ! ! !
(TCLKD) o+ | I I
| ' | | ' | ' '
I Pulse width ! I Pulse width !
— —

Note: Phase difference and overlap: 1.5 states or greater
Pulse width: 2.5 states or greater

Figure 12.76 Phase Difference, Overlap, and Pulse Width in Phase Cour

12.7.2  Note on Cycle Setting

When setting a counter clearing by compare-match, clearing is done in the final
matches the TGR value (update timing for count value on TCNT match). The ac
states set in the counter is given by the following equation:

P

(N +1)

(f: counter frequency, @: operating frequency, N: value set in the TGR)
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Write signal

Counter
clear signal

TCNT

.
[

N >< H'0000

390

Figure 12.77 TCNT Write and Clear Contention
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Write signal

TCNT input
clock

TCNT

.
[

N oK M
/

TCNT write data

Figure 12.78 TCNT Write and Increment Contention
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putier register

Address >< address

Write signal

Compare

.

Sanal |
[

A

Compare
match buffer
signal

/Buffer register wr
»
M

Buffer

register N

TGR X M

Figure 12.79 TGR Write and Compare-Match Contention (Channel 0)
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Lullipalc

match buffer

signal ! Buffer register wri
Buffer N | >< M K
register !
TGR X N

Figure 12.80 TGR Write and Compare-Match Contention (Channels 3 a
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Read signal

Input capture
signal

TGR

Internal data
bus

.
[
X

X

X M

394

Figure 12.81 TGR Read and Input Capture Contention
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Write signal
Input capture —‘
signal

TCNT M

Sa
X ™

TGR

Figure 12.82 TGR Write and Input Capture Contention
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Write signal

L
Input capture ,—\

signal
|
TCNT LN
™Sa
TGR Mo >< N
TN
Buffer >< M
register

Figure 12.83 Buffer Register Write and Input Capture Contention
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Write signal
Compare ,—\
match signal

TCNT N >< N+ 1

TGR N X M

TGR write data

Figure 12.84 TGR Write and Compare Match Contention

12.7.10 TCNT2 Write and Overflow/Underflow Contention in Cascade Connec

With timer counters TCNT1 and TCNT2 in a cascade connection, when a conte
during TCNT1 count (during a TCNTZ2 overflow/underflow) in thestiate of the TCH
cycle, the write to TCNT2 is conducted, and the TCNT1 count signal is prohibite
there is match with TGR1A or TGR1B and the TCNT1 value, a compare signal i
timing is shown in figure 12.85.

For cascade connections, be sure to synchronize settings for channels 1 and 2
clearing.
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TGR2A-B H'EEEF

Ch2 compare-
match signal A/B

TCNT1 777777770 Disabled
input clock ; '

TCNT1 M

TGR1A M

Ch1 compare-
match signal A

TGR1B N >< M
Ch1 inputcapture
signal B
TCNTO P
TGROA-D Q >< P

ChO input capture
signal A-D

Figure 12.85 TCNT2 Write and Overflow/Underflow Contention with Cascade C
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TCNT3

TCNT4
TDDR(-—/ —— -~~~ ————————
H'0000 | | ;
\< :x \<
! Complementary PWM Complementary P\
mode operation mode operatior

Counter Complementary
operation stop PMW restart

Figure 12.86 Counter Value during Complementary PWM Mode Sto

12.7.12 Buffer Operation Setting in Complementary PWM Mode

In complementary PWM mode, conduct rewrites by buffer operation for the PWI
register (TGR3A), PWM carrier cycle setting register (TCDR) and duty setting re
TRG4A, and TGR4B).

In complementary PWM mode, channel 3 and channel 4 buffers operate in accc
settings BFA and BFB of TMDR3. When TMDR3'’s BFA bit is setto 1, TGR3C ft
buffer register for TGR3A. At the same time, TGR4C functions as the buffer reg
while the TCBR functions as the TCDR's buffer register.

RENESAS



The TGFC bit and TGFD bit of TSR3 are not set when TGR3C and TGR3D are ¢
buffer registers. On the other hand, TSR4's TGFC and TGFD bits are set even w
TGRA4D are operating as buffer registers.

When buffer operation has been set for reset sync PWM mode, set the timer inte
register’s (TIER4) TGIEC and TGIED bits to 0, to prohibit interrupt output.

Figure 12.87 shows an example of operations for TGR3, TGR4, TIOC3, and TIO
TMDR3's BFA and BFB bits set to 1, and TMDR4's BFA and BFB bits set to 0.
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mocsA L W I I N S
TlocaB I :::::I:::I_I::::::::l_[:::::::,
TIocap | [ ] [ 1

TIOC4A | ‘ijll_l ,,,,,,,, [ ]
Tiocac | | | [
Tloc4B [ ] [
TIOC4D | | L/ ] [ ]
TGF3C |/ [l ¥ Notset " |

TGF3D Tiii#/jﬁﬂ&tfsfef *********************** |

Figure 12.87 Buffer Operation and Compare-Match Flags in Reset Sync PV

A mask operation

For A mask, the above operation is modified as follows:

When setting buffer operation for reset sync PWM mode, set the BFA and BI
TMDRA4 to 0. The TIOCA4C pin will be unable to produce its waveform output
TMDRA4 is set to 1.

In reset sync PWM mode, the channel 3 and channel 4 buffers operate in ac
BFA and BFB bit settings of TMDR3. For example, if the BFA bit of TMDR3 i
TGR3C functions as the buffer register for TGR3A. At the same time, TGRA4(
buffer register for TRG4A.

When setting buffer operation for reset sync PWM mduecompare-match flag
and TGFD bit operations will be the same for TSR3 and TSRA4.

The TGFC bit and TGFD bit of TSR3 are not set when TGR3C and TGR3D :
buffer registersThe TGFC bit and TGFED bit of TSR4 are not set when TGRA(
are operating as buffer registers.
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,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

TIOC3A

TocsB . | T I |

Tlocac :ﬁ """"""""""" | [ }

iocas A / ,,,,,,,,,,, ] L |

TGF3C ! Not set

TGF3D J/ ””” Notset
TGFac | P Notset
Torap | W hetser T

Figure 12.88 Buffer Operation and Compare-Match Flags in Reset Sync PW
(for A Mask)

12.7.14 Overflow Flags in Reset Sync PWM Mode

When set to reset sync PWM mode, TCNT3 and TCNT4 start counting when the
TSTR is set to 1. At this point, TCNT4’s count clock source and count edge obey
setting.

In reset sync PWM mode, with cycle register TGR3A'’s set value at H'FFFF, take
specifying TGR3A compare-match for the counter clear source, since the operati
overflow flag (TCFV bit) differs with TSR3 and TSR4.
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TGR3A

(H'FFFF)
TCNT3 =TCNT4
H'0000
- - - - - - - - _ _____4 | ,/, ,,,,,,,,,,,,,, r -
TCF3V | w Not set [
. _ _ _ _ _ _ _ ____—_C ] 7 T
TCF4V | | ¥ Set |

Figure 12.89 Reset Sync PWM Mode Overflow Flag

A mask operation

For A mask, the above operation is modified as follows:

When set to reset sync PWM mode, TCNT3 and TCNT4 start counting when
TSTR is set to 1. At this point, TCNT4's count clock source and count edge c
setting.

In reset sync PWM mode, with cycle register TGR3A'’s set value at H'FFFF a
TGR3A compare-match for the counter clear souteepperation of the overflow
bit for both TSR3 and TSR4 will be the same.

When TCNT3 and TCNT4 count up to H'FFFF, a compare-match occurs witt
TCNT3 and TCNT4 are both cleargd.this point, TCFV bits for TSR3 and TSF
Figure 12.90 shows a TCFV bit operation example in reset sync PWM mode
for cycle register TGR3A of H'FFFF, when a TGR3A compare-match has be
without synchronous setting for the counter clear source.
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Figure. 12.90 Reset Sync PWM Mode Overflow Flag (for A Mask)
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TGR3A

TCDR
(TGR3A —
Td)

TGR3B

TDDR

H'0000

TIOC3A L

TIOC3B |

[ I
TIOC3D !
TGF3B |
setting |
signal }
TGF3D}

setting UT 7777777777777 D

signal point 4 Point b Point ¢

Point a: TGR3D setting Td

Point b: TGR3D setting TGR3A — Td or TGR3A — 2TD

Point c: TGR3D setting Td or 2Td

Point d: TGR3D setting TGR3A — Td or TGR3A — 2Td, and the setting signa
not output

Figure 12.91 Special Properties of Compare Match Flag in Complementary F
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TGR3B

TDDR

H'0000

TIOC3A |

TiocsB |

TIOC3D |

e —
et | [ I L

Point a Point b Point ¢

Set signals are output when:

Point a: TGR3D setting is Td

Point b: TGR3D settings are TGR3A-Td, TGR3A-2Td
Point c: TGR3D settings are Td, 2Td

Point d: TGR3D settings are TGR3A-Td, TGR3A-2Td

Figure. 12.92 Special Properties of Compare Match Flag in Complementary P!
(for A Mask)
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TCNT

Counter clear
signal

TGF flag

TCFV flag

H'FFFF >< H'0000

Disabled ——— 7-----mmmmmmmmmmmmmmm e

Figure 12.93 Contention between Overflow and Counter Clearing
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Address >< TCNT address ><

Write signal
TCNT input

clock

TCNT H'FFFF >< N —<—— TCNT write data

Disabled ——— 7--7-7m7mmmmmmmmmmmmm s
TCFV flag
Figure 12.94 Contention between TCNT Write and Overflow
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vwhen making a transiton rrom Fvvivi moae 1 10 reset-syncnronous Fvwivi mode,
normal operation, then initialize the output pins to low level output and set an ini
of H'00 before making the transition to reset-synchronous PWM mode.

12.7.19 Output Level in Complementary PWM Mode and Reset-Synchronous

When channels 3 and 4 are in complementary PWM mode or reset-synchronou:
PWM waveform output level is set with the OLSP and OLSN bits in the timer ou
register (TOCR). In the case of complementary PWM mode or reset-synchronot
TIOR should be set to H'0O.

12.7.20 Cautions on Using the Chopping Function in Complementary PWM M
Synchronous PWM Mode (A Mask Excluded)

When channels 3 and 4 are in complementary PWM mode or reset-synchronou:
using the chopping output function, setting the PWM waveform output level to Ic
OLSP and OLSN bhits in the timer output control register (TOCR) will output an i
signal or chopping output.

When channels 3 and 4 are in complementary PWM mode or reset-synchronou:
using the chopping output function, the PWM output level should be set to high

12.7.21 Cautions on Carrying Out Buffer Operation of Channel 0 in PWM Maod
Excluded)

In PWM mode 1, the TGRA and TGRB registers are used in pairs and PWM wa
to the TIOCA pin. In the same manner, the TGRC and TGRD registers are used
waveform is output to the TIOCC pin. If either the TGRC or TGRD register is op
buffer register, the TIOCC pin cannot execute default output setting or PWM wa
with the 1/0O control register (TIOR).
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When restarting with sync clear, the following operations may occur:

1. When restarting with sync clear, the next set value is used for the PWM duty,
following set value may be used by mistake.

2. If sync clear and the setting of the value following the next value of PWM dut
TGR4D) occurs at the same time, the next set value may be overwritten.

How to avoid 1

When selecting the mode to transfer using the crest/trough in the complementary
mode, set the value following the next value of the PWM duty (write to TGR4D) w
temporary register is not executing comparisons. Furthermore, set the occurrenc
clear while the temporary register is not executing comparisons.

When selecting the mode to transfer using the crest in the transfer mode, set the
the next value of the PWM duty (write to TGR4D) while the temporary register is
comparisons and while TCNT3 and TCNT4 are counting up. Furthermore, set th
timing of sync clear while the temporary register is not executing comparisons an
and TCNT4 are counting up.

When selecting the mode to transfer using the trough in the transfer mode, set th
the next value of the PWM duty (write to TGR4D) while the temporary register is
comparisons and while TCNT3 and TCNT4 are counting down. Furthermore, set
timing of sync clear while the temporary register is not executing comparisons an
and TCNT4 are counting down.

How to avoid 2

Regardless of the transfer mode, set so that the sync clear and the setting of the
the next value (write to TGR4D) does not occur at the same time.
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Figure. 12.95 Temporary Register Comparison Execution Time
12.8  MTU Output Pin Initialization

12.8.1 Operating Modes

The MTU has the following six operating modes. Waveform output is possible in
modes.

* Normal mode (channels 0 and 4)

« PWM mode 1 (channels 0 and 4)

* PWM mode 2 (channels 0 and 2)

» Phase counting modes 1-4 (channels 1 and 2)

» Complementary PWM mode (channels 3 and 4)

* Reset-synchronous PWM mode (channels 3 and 4)

The MTU output pin initialization method for each of these modes is described il

12.8.2 Reset Start Operation

The MTU output pins (TIOC) are initialized low by a reset and in standby mode.
function selection is performed by the pin function controller (PFC), when the PF
MTU pin states at that point are output to the ports. When MTU output is selecte
immediately after a reset, the MTU output initial level, low, is output directly at tt
the active level is low, the system will operate at this point, and therefore the PF
be made after initialization of the MTU output pins is completed.

Note: Channel number and port notation are substituted for *.
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After

Before Normal PWM1 PWM2 PCM CPWM RPW
Normal 1) ) 3) 4 (5) (6)
PWM1 7 (8) ) (10) (11) (12)
PWM2 (13) (14) (15) (16) None Non
PCM 17) (18) (19) (20) None Non
CPWM (21) (22) None None (23) (24)
RPWM (25) (26) None None (27) (28)
Legend:

Normal: Normal mode

PWM1: PWM mode 1

PWM2: PWM mode 2

PCM: Phase counting modes 1-4
CPWM: Complementary PWM mode
RPWM: Reset-synchronous PWM mode

The above abbreviations are used in some places in following descriptions.

12.8.4  Overview of Initialization Procedures and Mode Transitions in Case of |
during Operation, Etc.

* When making a transition to a mode (Normal, PWM1, PWM2, PCM) in which
level is selected by the timer I/O control register (TIOR) setting, initialize the p
a TIOR setting.

e In PWM mode 1, since a waveform is not output to the TIOC*B (TIOC *D) pin,
will not initialize the pins. If initialization is required, carry it out in normal mode
to PWM mode 1.
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© allu 5 UUuilputl Wil uic uiicth vdiput 1iaosttcl ©lialic 1Tylolcl (1T VL), 1111 UY
accordance with the mode setting procedure (TOCR setting, TMDR setting,

Pin initialization procedures are described below for the numbered combination:
The active level is assumed to be low.

Note: Channel number is substituted for * indicated in this article.
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n=0to 15

A owbdpE

414

Figure 12.96 Error Occurrence in Normal Mode, Recovery in Normal Mc

After a reset, MTU output is low and ports are in the high-impedance state.
After a reset, the TMDR setting is for normal mode.
For channels 3 and 4, enable output with TOER before initializing the pins wi

Initialize the pins with TIOR. (The example shows initial high output, with low
compare-match occurrence.)

Set MTU output with the PFC.
The count operation is started by TSTR.
Output goes low on compare-match occurrence.
An error occurs.
Set port output with the PFC and output the inverse of the active level.
The count operation is stopped by TSTR.
Not necessary when restarting in normal mode.

. Initialize the pins with TIOR.
. Set MTU output with the PFC.
. Operation is restarted by TSTR.
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n=0 to 15

Figure 12.97 Error Occurrence in Normal Mode, Recovery in PWM Mo

1 to 10 are the same as in figure 12.96.
11. Set PWM mode 1.

12. Initialize the pins with TIOR. (In PWM mode 1, the TIOC*B side is not initial
initialization is required, initialize in normal mode, then switch to PWM mode

13. Set MTU output with the PFC.
14. Operation is restarted by TSTR.
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n=0to 15

Figure 12.98 Error Occurrence in Normal Mode, Recovery in PWM Mod

1 to 10 are the same as in figure 12.96.
11. Set PWM mode 2.

12. Initialize the pins with TIOR. (In PWM mode 2, the cycle register pins are not
initialization is required, initialize in normal mode, then switch to PWM mode

13. Set MTU output with the PFC.
14. Operation is restarted by TSTR.

Note: PWM mode 2 can only be set for channels 0-2, and therefore TOER sett
necessary.
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Figure 12.99 Error Occurrence in Normal Mode, Recovery in Phase Counti

1 to 10 are the same as in figure 12.96.
11. Set phase counting mode.

12. Initialize the pins with TIOR.

13. Set MTU output with the PFC.

14. Operation is restarted by TSTR.

Note: Phase counting mode can only be set for channels 1 and 2, and therefol
not necessary.
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Figure 12.100 Error Occurrence in Normal Mode, Recovery in Complemental
Mode

1to 10 are the same as in figure 12.96.

11. Initialize the normal mode waveform generation section with TIOR.

12. Disable operation of the normal mode waveform generation section with TIO
13. Disable channel 3 and 4 output with TOER.

14. Select the complementary PWM output level and cyclic output enabling/disal
TOCR.

15. Set complementary PWM.

16. Enable channel 3 and 4 output with TOER.
17. Set MTU output with the PFC.

18. Operation is restarted by TSTR.
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Figure 12.101 Error Occurrence in Normal Mode, Recovery in Reset-Sync
PWM Mode

1to 13 are the same as in figure 12.100.

14. Select the reset-synchronous PWM output level and cyclic output enabling/
TOCR.

15. Set reset-synchronous PWM.

16. Enable channel 3 and 4 output with TOER.
17. Set MTU output with the PFC.

18. Operation is restarted by TSTR.
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n=0to 15

Figure 12.102 Error Occurrence in PWM Mode 1, Recovery in Normal M

After a reset, MTU output is low and ports are in the high-impedance state.
Set PWM mode 1.
For channels 3 and 4, enable output with TOER before initializing the pins wi

Initialize the pins with TIOR. (The example shows initial high output, with lov
compare-match occurrence. In PWM mode 1, the TIOC*B side is not initializ

5. Set MTU output with the PFC.

6. The count operation is started by TSTR.

7. Output goes low on compare-match occurrence.
8

9

A owbdpE

An error occurs.
. Set port output with the PFC and output the inverse of the active level.
10. The count operation is stopped by TSTR.
11. Set normal mode.
12. Initialize the pins with TIOR.
13. Set MTU output with the PFC.
14. Operation is restarted by TSTR.
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n=0 to 15

Figure 12.103 Error Occurrence in PWM Mode 1, Recovery in PWM Mc

1 to 10 are the same as in figure 12.102.

11. Not necessary when restarting in PWM mode 1.

12. Initialize the pins with TIOR. (In PWM mode 1, the TIOC*B side is not initial
13. Set MTU output with the PFC.

14. Operation is restarted by TSTR.
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Figure 12.104 Error Occurrence in PWM Mode 1, Recovery in PWM Moc

1 to 10 are the same as in figure 12.102.

11. Set PWM mode 2.

12. Initialize the pins with TIOR. (In PWM mode 2, the cycle register pins are not
13. Set MTU output with the PFC.

14. Operation is restarted by TSTR.

Note: PWM mode 2 can only be set for channels 0—2, and therefore TOER sett
necessary.
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Figure 12.105 Error Occurrence in PWM Mode 1, Recovery in Phase Count

1to 10 are the same as in figure 12.102.
11. Set phase counting mode.

12. Initialize the pins with TIOR.

13. Set MTU output with the PFC.

14. Operation is restarted by TSTR.

Note: Phase counting mode can only be set for channels 1 and 2, and therefol
not necessary.
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Figure 12.106 Error Occurrence in PWM Mode 1, Recovery in Compleme
PWM Mode

1to 10 are the same as in figure 12.102.

11.
12.
13.
14.
15.

16.
17.
18.
19.

424

Set normal mode for initialization of the normal mode waveform generation s
Initialize the PWM mode 1 waveform generation section with TIOR.

Disable operation of the PWM mode 1 waveform generation section with TIC
Disable channel 3 and 4 output with TOER.

Select the complementary PWM output level and cyclic output enabling/disal
TOCR.

Set complementary PWM.

Enable channel 3 and 4 output with TOER.
Set MTU output with the PFC.

Operation is restarted by TSTR.
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Figure 12.107 Error Occurrence in PWM Mode 1, Recovery in Reset-Sync
PWM Mode

1to 14 are the same as in figure 12.106.

15. Select the reset-synchronous PWM output level and cyclic output enabling/
TOCR.

16. Set reset-synchronous PWM.

17. Enable channel 3 and 4 output with TOER.
18. Set MTU output with the PFC.

19. Operation is restarted by TSTR.
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n=0to 15

Figure 12.108 Error Occurrence in PWM Mode 2, Recovery in Normal M

1. After a reset, MTU output is low and ports are in the high-impedance state.
2. Set PWM mode 2.

3. Initialize the pins with TIOR. (The example shows initial high output, with lov
compare-match occurrence. In PWM mode 2, the cycle register pins are not
example, TIOC *A is the cycle register.)

4. Set MTU output with the PFC.

5. The count operation is started by TSTR.

6. Output goes low on compare-match occurrence.

7. An error occurs.

8. Set port output with the PFC and output the inverse of the active level.
9. The count operation is stopped by TSTR.

10. Set normal mode.

11. Initialize the pins with TIOR.

12. Set MTU output with the PFC.

13. Operation is restarted by TSTR.
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n=0to 15

Figure 12.109 Error Occurrence in PWM Mode 2, Recovery in PWM Mc

1 to 9 are the same as in figure 12.108.

10. Set PWM mode 1.

11. Initialize the pins with TIOR. (In PWM mode 1, the TIOC*B side is not initial
12. Set MTU output with the PFC.

13. Operation is restarted by TSTR.
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n=0to 15

Figure 12.110 Error Occurrence in PWM Mode 2, Recovery in PWM Moc

1 to 9 are the same as in figure 12.108.

10. Not necessary when restarting in PWM mode 2.

11. Initialize the pins with TIOR. (In PWM mode 2, the cycle register pins are not
12. Set MTU output with the PFC.

13. Operation is restarted by TSTR.
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Figure 12.111 Error Occurrence in PWM Mode 2, Recovery in Phase Count

1 to 9 are the same as in figure 12.108.
10. Set phase counting mode.

11. Initialize the pins with TIOR.

12. Set MTU output with the PFC.

13. Operation is restarted by TSTR.
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n=0to 15

Figure 12.112 Error Occurrence in Phase Counting Mode, Recovery in Norm

1. After a reset, MTU output is low and ports are in the high-impedance state.
2. Set phase counting mode.

3. Initialize the pins with TIOR. (The example shows initial high output, with lov
compare-match occurrence.)

4. Set MTU output with the PFC.

5. The count operation is started by TSTR.

6. Output goes low on compare-match occurrence.

7. An error occurs.

8. Set port output with the PFC and output the inverse of the active level.
9. The count operation is stopped by TSTR.

10. Setin normal mode.

11. Initialize the pins with TIOR.

12. Set MTU output with the PFC.

13. Operation is restarted by TSTR.
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n=0to 15

Figure 12.113 Error Occurrence in Phase Counting Mode, Recovery in PWI

1 to 9 are the same as in figure 12.112.

10. Set PWM mode 1.

11. Initialize the pins with TIOR. (In PWM mode 1, the TIOC *B side is not initia
12. Set MTU output with the PFC.

13. Operation is restarted by TSTR.
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n=0to 15

Figure 12.114 Error Occurrence in Phase Counting Mode, Recovery in PWM

1to 9 are the same as in figure 12.112.

10. Set PWM mode 2.

11. Initialize the pins with TIOR. (In PWM mode 2, the cycle register pins are not
12. Set MTU output with the PFC.

13. Operation is restarted by TSTR.
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Figure 12.115 Error Occurrence in Phase Counting Mode, Recovery in
Counting Mode

1to 9 are the same as in figure 12.112.

10. Not necessary when restarting in phase counting mode.
11. Initialize the pins with TIOR.

12. Set MTU output with the PFC.

13. Operation is restarted by TSTR.
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Figure 12.116 Error Occurrence in Complementary PWM Mode, Recover
Normal Mode

After a reset, MTU output is low and ports are in the high-impedance state.

Select the complementary PWM output level and cyclic output enabling/disal
TOCR.

Set complementary PWM.

Enable channel 3 and 4 output with TOER.

Set MTU output with the PFC.

The count operation is started by TSTR.

The complementary PWM waveform is output on compare-match occurrence
An error occurs.

Set port output with the PFC and output the inverse of the active level.

. The count operation is stopped by TSTR. (MTU output becomes the complel

output initial value.)

Set normal mode. (MTU output goes low.)
Initialize the pins with TIOR.

Set MTU output with the PFC.

Operation is restarted by TSTR.
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Figure 12.117 Error Occurrence in Complementary PWM Mode, Recovery

Mode 1

1to 10 are the same as in figure 12.116.

11.
12.
13.
14.

Set PWM mode 1. (MTU output goes low.)

Initialize the pins with TIOR. (In PWM mode 1, the TIOC *B side is not initia
Set MTU output with the PFC.

Operation is restarted by TSTR.
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Figure 12.118 Error Occurrence in Complementary PWM Mode, Recover
Complementary PWM Mode

1to 10 are the same as in figure 12.116.

11. Set MTU output with the PFC.

12. Operation is restarted by TSTR.

13. The complementary PWM waveform is output on compare-match occurrence
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Port output B
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Figure 12.119 Error Occurrence in Complementary PWM Mode, Recove
Complementary PWM Mode

1 to 10 are the same as in figure 12.116.

11.
12.
13.

14.
15.
16.
17.

Set normal mode and make new settings. (MTU output goes low.)
Disable channel 3 and 4 output with TOER.

Select the complementary PWM mode output level and cyclic output enabli
TOCR.

Set complementary PWM.

Enable channel 3 and 4 output with TOER.
Set MTU output with the PFC.

Operation is restarted by TSTR.
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Figure 12.120 Error Occurrence in Complementary PWM Mode,
Recovery in Reset-Synchronous PWM Mode

1to 10 are the same as in figure 12.116.

11.
12.
13.

14.
15.
16.
17.

438

Set normal mode. (MTU output goes low.)
Disable channel 3 and 4 output with TOER.

Select the reset-synchronous PWM mode output level and cyclic output enal
with TOCR.

Set reset-synchronous PWM.

Enable channel 3 and 4 output with TOER.
Set MTU output with the PFC.

Operation is restarted by TSTR.
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Figure 12.121 Error Occurrence in Reset-Synchronous PWM Mode
Recovery in Normal Mode

After a reset, MTU output is low and ports are in the high-impedance state.

Select the reset-synchronous PWM output level and cyclic output enabling/
TOCR.

Set reset-synchronous PWM.

Enable channel 3 and 4 output with TOER.

Set MTU output with the PFC.

The count operation is started by TSTR.

The reset-synchronous PWM waveform is output on compare-match occurr
An error occurs.

Set port output with the PFC and output the inverse of the active level.

. The count operation is stopped by TSTR. (MTU output becomes the reset-¢

output initial value.)

Set normal operating mode. (MTU positive phase output is low, and negativ
high.)

Initialize the pins with TIOR.

Set MTU output with the PFC.

Operation is restarted by TSTR.
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Figure 12.122 Error Occurrence in Reset-Synchronous PWM Mode,
Recovery in PWM Mode 1

1to 10 are the same as in figure 12.121.

11.
12.
13.
14.

440

Set PWM mode 1. (MTU positive phase output is low, and negative phase ol
Initialize the pins with TIOR. (In PWM mode 1, the TIOC *B side is not initiali
Set MTU output with the PFC.

Operation is restarted by TSTR.
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Figure 12.123 Error Occurrence in Reset-Synchronous PWM Mode
Recovery in Complementary PWM Mode

1 to 10 are the same as in figure 12.121.
Disable channel 3 and 4 output with TOER.
Select the complementary PWM output level and cyclic output enabling/dis:

11.
12.

13.
14.
15.
16.

TOCR.

Set complementary PWM. (The MTU cyclic output pin goes low.)
Enable channel 3 and 4 output with TOER.

Set MTU output with the PFC.
Operation is restarted by TSTR.
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Figure 12.124 Error Occurrence in Reset-Synchronous PWM Mode,
Recovery in Reset-Synchronous PWM Mode

1 to 10 are the same as in figure 12.121.

11. Set MTU output with the PFC.

12. Operation is restarted by TSTR.

13. The reset-synchronous PWM waveform is output on compare-match occurre
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Each of th?OE0-POE3 input pins can be set for falling edg#8 x 16,¢/16 x 16,
16 low-level sampling.

High-current pins can be set to high-impedance staROB0—POE3 pin falling-ed
level sampling.

High-current pins can be set to high-impedance state when the high-current
are compared and simultaneous low-level output continues for one cycle or r
33.3 MHz version).

Interrupts can be generated by input-level sampling or output-level comparis

RENESAS



OCSR imped;

j > » Interru
reques

ICSR
P f A
Input level detection circuit
Falling-edge T
POE3 detection circuit ul
POE2 Low-level B
POE1 detection circuit
POEO
[
[
[
Note: * Includes multiplexed
@8 @16 @128
Figure 12.125 POE Block Diagram
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Pin Combination /0

Description

All high-current pins are made high-impec
state when the pins simultaneously outpu
for longer than 1 cycle.

All high-current pins are made high-impec
state when the pins simultaneously outpu
for longer than 1 cycle.

PEOQO9/TIOC3B and Output
PE11/TIOC3D

PE12/TIOC4A and - Output
PE14/TIOC4C/DACKO/AH
PE13/TIOC4B/MRES and Output

PE15/TIOC4D/DACK1/IRQOUT

All high-current pins are made high-impec
state when the pins simultaneously outpu
for longer than 1 cycle.

12.9.4 Register Configuration

The POE has the two registers shown in table 12.20. The input level control/sta
controls botiPOEO—POE3 pin input signal detection and interrupts. The output le\
control/status register (OCSR) controls both the enable/disable of output compa

interrupts.

Table 12.20 Input Level Control/Status Register Configuration

Name Abbreviation R/W Initial Value Address Access ¢
Input level control/status ICSR R/I(W)** H'0000 H'FFFF83C0O 8, 16,
register H'FFFF83C1
Output level OCSR R/(W)*? H'0000 H'FFFF83C2 8, 16,
control/status register H'FFFF83C3

Notes: *1 Only O writes to bits 15-12 are possible to clear the flags.
*2 Only 0 writes to bits 15 are possible to clear the flags.
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Initial value: 0 0 0 0 0 0 0
RIW:  RI(W)*  RI(W)"  RI(W)* RI(W)* R

Bit 7 6 5 4 3 2 1
\ POESMl‘ POE3MO‘ POE2M1‘ POEZMO‘ POElMl‘ POElMO‘ POEOMl‘
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: * Only O writes are possible to clear the flags.

Bit 15—POE3 Flag (POE3F): This flag indicates that a high impedance reque:
to thePOE3 pin.

Bit 15: POE3F Description

0

Clear condition: By writing 0 to POE3F after reading a P(
(initial value)

Set condition: When the input set by ICSR bits 7 and 6 o
the POES3 pin

Bit 14—POE2 Flag (POE2F): This flag indicates that a high impedance reque

to thePOE2 pin.

Bit 14: POE2F Description

0 Clear condition: By writing 0 to POE2F after reading a P(
(initial value)

1 Set condition: When the input set by ICSR bits 5 and 4 o
the POE2 pin
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0 Clear condition: By writing 0 to POEOF after reading a F
(initial value)

1 Set condition: When the input set by ICSR bits 1 and O
the POEO pin

Bits 11-9—Reserved: These bits always read as 0. The write value should a

Bit 8—Port Interrupt Enable (PIE): Enables or disables interrupt requests wh
POEOF-POES3F bits of the ICSR are set to 1.

Bit 8: PIE Description
0 Interrupt requests disabled (initial value)
1 Interrupt requests enabled

» Bits 7 and 6—POE3 Mode 1, 0 (POE3M1 and POE3MO0): These bits select tl
the POE3 pin.

Bit 7: Bit 6:
POE3M1 POE3MO Description
0 0 Accept request on falling edge of POES input. (initiz
1 Accept request when POE3 input has been sample
@/8 clock pulses, and all are low level.
1 0 Accept request when POES input has been sample
@16 clock pulses, and all are low level.
1 Accept request when POE3 input has been sample

@128 clock pulses, and all are low level.
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* Bits 3 and 2—POE1 Mode 1, 0 (POE1M1 and POE1MO): These bits select th

the POE1 pin.
Bit 3: Bit 2:
POE1M1 POE1MO Description
0 0 Accept request on falling edge of POE1 input. (initial
1 Accept request when POE1 input has been sampled
@8 clock pulses, and all are low level.
1 0 Accept request when POE1 input has been sampled
@16 clock pulses, and all are low level.
1 Accept request when POE1 input has been sampled

@128 clock pulses, and all are low level.

e Bits 1 and 0—POEO Mode 1, 0 (POEOM1 and POEOMO): These hits select th

the POEO pin.
Bit 1: Bit O:
POEOM1 POEOMO Description
0 0 Accept request on falling edge of POEO input. (initial
1 Accept request when POEOQ input has been sampled
@8 clock pulses, and all are low level.
1 0 Accept request when POEO input has been sampled
@/16 clock pulses, and all are low level.
1 Accept request when POEOQ input has been sampled
@128 clock pulses, and all are low level.
448
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Initial value: 0 0 0
R/W: R R R
Note: * Only O writes are possible to clear the flag.

o
o
o
o

» Bit 15—Output Short Flag (OSF): This flag indicates that among the three pe
outputs compared, the outputs of at least one pair have simultaneously beco
output.

Bit 15: OSF Description
0 Clear condition: By writing 0 to OSF after reading an OSF = 1 (init
1 Set condition: When any one pair of the 2-phase outputs simultan

become Low level

e Bits 14-10—Reserved: These bits always read as 0. The write value should

RENESAS



0 Output level compare disabled (initial value)

1 Output level compare enabled; makes an output high impedance re
when OSF = 1.

» Bit 8—Output Short Interrupt Enable (OIE): Makes interrupt requests when the
OCSR is set.

Bit 8: OIE Description
0 Interrupt requests disabled (initial value)
1 Interrupt requests enabled

» Bits 7-0—Reserved: Always read as 0, and cannot be modified.
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8/16/128 clock

Sampling

clock l_l 45 l_l l_l l_l
POE inpUt l (« l ( "---l-\\\ (« l / i

PE9/TIOC3B — | R I
|High-

'state’

When low level is sampled fFIag <
at all points @ ) @ s '(POE

When high level is sampled @ @ ® Flag 1

at least once

Note: * Other large-current pins (PE11/TIOC3D, PE12/TIOC4A, PE13/TIOC4B/MRES, PE14/TIOC4C
PE15/TIOC4D/DACK1/IROOUT) also go to the high-impedance state at the same time.

Figure 12.126 Low-Level Detection Operation
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Figure 12.127 Output-Level Detection Operation

12.11.3 Release from High-Impedance State

High-current pins that have entered high-impedance state due to input-level dete
released either by returning them to their initial state with a power-on reset, or by
the bit 12-15 (POEOF-POESF) flags of the ICSR. High-current pins that have be
impedance due to output-level detection can be released either by returning then
state with a power-on reset, or by first clearing bit 9 (OCE) of the OCSR to disabl
compares, then clearing the bit 15 (OSF) flag. However, when returning from higl
state by clearing the OSF flag, always do so only after outputting a high level fror
current pins (TIOC3B, TIOC3D, TIOC4A, TIOC4B, TIOCA4C, and TIOC4D). High-
can be achieved by setting the MTU internal registers. See section 12.2, MTU Re
Descriptions, for details.
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Last transition edge detected

PE9/TIOC3B

~ —

High impedance state™

Note: * Other high current pins(_PEll/TICO3D, PE12/TIOC4A, PE13/TIOCA
PE14/TIOC4C/DACKO0/AH, PE15/TIOC4D/DACK1/IRQOUT) will ent
impedance state with the same timing.

Figure 12.128 Last Transition Edge Detection Operation

12.11.5 Usage Notes

To perform POE level detection, first set POE input to high level.
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13.1.1 Features

* Works in watchdog timer mode or interval timer mode.

e OutputsWDTOVF in the watchdog timer mode. When the counter overflows i
timer mode, overflow signAVDTOVF is output externally. You can select whe
the chip internally when this happens. Either the power-on reset or manual re
selected as the internal reset signal.

» Generates interrupts in the interval timer mode. When the counter overflows,
interval timer interrupt.

» Clears standby mode.
» Works with eight counter input clocks.

RENESAS
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reset signal® < ‘

[ Internal

A
clock sources

A 4

|
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|RSTCSR }4—,TTCNT |<—>| TCSR | i
|

|

|

|

‘ ’ Bus

< Module bus

interface € !

S

TCSR: Timer control/status register
TCNT: Timer counter
RSTCSR: Reset control/status register

Note: * The internal reset signal can be generated by setting the register.
The type of reset can be selected (power-on or manual).

Figure 13.1 WDT Block Diagram

13.1.3  Pin Configuration
Table 13.1 shows the pin configuration.

Table 13.1 Pin Configuration

Pin Abbreviation 1/0 Function

Watchdog timer overflow WDTOVF (0] Outputs the counter overflow sigr
watchdog timer mode
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register

Notes: *1 Write by word transfer. It cannot be written in byte or longword.
*2 Read by byte transfer. It cannot be read in word or longword.
*3 Only 0 can be written in bit 7 to clear the flag.

13.2  Register Descriptions

13.2.1  Timer Counter (TCNT)

The TCNT is an 8-bit read/write upcounter. (The TCNT differs from other registe
more difficult to write to. See section 13.2.4, Register Access, for details.) Wher
bit (TME) in the timer control/status register (TCSR) is set to 1, the watchdog tin
counting pulses of an internal clock selected by clock select bits 2—-0 (CKS2-CK
When the value of the TCNT overflows (changes from H'FF to H'00), a watchdo
signal WDTOVF) or interval timer interrupt (ITI) is generated, depending on the
in the WTIT bit of the TCSR.

The TCNT is initialized to H'00 by a power-on reset and when the TME bit is cle
initialized in the standby mode. The TCNT is not initialized by a manual reset frc
source MRES), but is initialized by a manual reset from the WDT.

Bit: 7 6 5 4 3 2 1

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 1 1 0 0
RIW:  RI(W) RIW RIW R R RIW RIW

* Bit 7—Overflow Flag (OVF): Indicates that the TCNT has overflowed from H'F
the interval timer mode. It is not set in the watchdog timer mode.

Bit 7: OVF Description
0 No overflow of TCNT in interval timer mode (initial value)
Cleared by reading OVF, then writing 0 in OVF

1 TCNT overflow in the interval timer mode

« Bit 6—Timer Mode Select (WTT): Selects whether to use the WDT as a watch
interval timer. When the TCNT overflows, the WDT either generates an interv;
interrupt (IT1) or generatesWDTOVF signal, depending on the mode selected.

Bit 6: WT/IT Description

0 Interval timer mode: interval timer interrupt request to the CPU
TCNT overflows (initial value)

1 Watchdog timer mode: WDTOVF signal output externally wher
overflows. (Section 13.2.3, Reset Control/Status Register (RST
describes in detail what happens when TCNT overflows in the
timer mode.)

458
RENESAS



Description

Overflow Interval *

Bit 2: CKS2 Bit1: CKS1 Bit0: CKSO Clock Source (p=28.7 MHz)
0 0 0 @2 (initial value) 17.9 ps

0 0 1 @64 573.4 s

0 1 0 ®/128 1.1ms

0 1 1 @256 2.3 ms

1 0 0 @512 4.6 ms

1 0 1 ¢/1024 9.2ms

1 1 0 @/4096 36.7 ms

1 1 1 ©/8192 73.4 ms

Note: * The overflow interval listed is the time from when the TCNT begins counting at |
an overflow occurs.
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Note: * Only 0 can be written in bit 7 to clear the flag.

« Bit 7—Watchdog Timer Overflow Flag (WOVF): Indicates that the TCNT has ¢
(H'FF=H'00) in the watchdog timer mode. It is not set in the interval timer mod

Bit 7: WOVF Description

0 No TCNT overflow in watchdog timer mode (initial value)
Cleared when software reads WOVF, then writes 0 in WOVF

1 Set by TCNT overflow in watchdog timer mode

» Bit 6—Reset Enable (RSTE): Selects whether to reset the chip internally if the
overflows in the watchdog timer mode.

Bit 6: RSTE Description

0 Not reset when TCNT overflows (initial value). LSI not reset int
but TCNT and TCSR reset within WDT.

1 Reset when TCNT overflows

» Bit 5—Reset Select (RSTS): Selects the type of internal reset generated if the
in the watchdog timer mode.

Bit 5: RSTS Description
0 Power-on reset (initial value)
1 Manual reset

» Bits 4-0—Reserved: These bits always read as 1. The write value should alw
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Writing to the TCNT

15 8 7 0
Address: H'FFFF8610 H'5A Write data
Writing to the TCSR
15 8 7 0
Address: H'FFFF8610 H'A5 Write data

Figure 13.2 Writing to the TCNT and TCSR

Writing to the RSTCSR: The RSTCSR must be written by a word access to add
H'FFFF8612. It cannot be written by byte transfer instructions.

Procedures for writing 0 in WOVF (bit 7) and for writing to RSTE (bit 6) and RST
different, as shown in figure 13.3.

To write 0 in the WOVF bit, the write data must be H'A5 in the upper byte and H
byte. This clears the WOVF bit to 0. The RSTE and RSTS bits are not affected.
RSTE and RSTS bits, the upper byte must be H'5A and the lower byte must be
values of bits 6 and 5 of the lower byte are transferred to the RSTE and RSTS &
The WOVF bit is not affected.
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other registers. Use byte transfer instructions. The read addresses are H'FFFF8E
H'FFFF8611 for the TCNT, and H'FFFF8613 for the RSTCSR.

13.3  Operation

13.3.1 Watchdog Timer Mode

To use the WDT as a watchdog timer, set thelW&hd TME bits of the TCSR to 1. :
must prevent TCNT overflow by rewriting the TCNT value (normally by writing H'
overflow occurs. No TCNT overflows will occur while the system is operating nort
TCNT fails to be rewritten and overflows occur due to a system crash or the WHaT
signal is output externally (figure 13.4). TRDTOVF signal can be used to reset th
WDTOVF signal is output for 128 clock cycles.

If the RSTE bit in the RSTCSR is set to 1, a signal to reset the chip will be gener:
simultaneous to th&w DTOVF signal when TCNT overflows. Either a power-on rese
reset can be selected by the RSTS bit. The internal reset signal is outputdar &R«

When a watchdog overflow reset is generated simultaneously with a reset inpiRE
RES reset takes priority, and the WOVF bit is cleared to 0.

The following are not initialized a WDT reset signal:

e« The MTU'’s POE (Port Output Enable) function register
» PFC (Pin Function Controller) function register
e 1/O port register

Initializing is only possible by external power-on reset.
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internal reset generated

v
WDTOVF
||

signal

128 @ clocks
Internal

reset signal®

]

_ 512 @ clocks
WT/IT: Timer mode select bit

TME: Timer enable bit

Note: * Internal reset signal occurs only when the RSTE bit is set to 1.

Figure 13.4 Operation in the Watchdog Timer Mode
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H'oo | 7 7 7 L,
t v v v v
WTAT =0 ITI ITI ITI ITI
TME =1

ITI: Interval timer interrupt request generation

Figure 13.5 Operation in the Interval Timer Mode

13.3.3 Clearing the Standby Mode

The watchdog timer has a special function to clear the standby mode with an NM
using the standby mode, set the WDT as described below.

Before Transition to the Standby Mode:The TME bit in the TCSR must be clearec
the watchdog timer counter before it enters the standby mode. The chip cannot e
mode while the TME bit is set to 1. Set bits CKS2—-CKSO0 so that the counter over
equal to or longer than the oscillation settling time. See sections 25.3, and 26.3, /
Characteristics, for the oscillation settling time.

Recovery from the Standby Mode:When an NMI request signal is received in stat
the clock oscillator starts running and the watchdog timer starts incrementing at t
by bits CKS2—-CKSO0 before the standby mode was entered. When the TCNT ove
from H'FF to H'00), the clock is presumed to be stable and usable; clock signals
entire chip and the standby mode ends.

For details on the standby mode, see section 24, Power-Down State.
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(nternal signail) ﬁ)—\

OVF

(( |
U

Figure 13.6 Timing of Setting the OVF

13.3.5 Timing of Setting the Watchdog Timer Overflow Flag (WOVF)

When the TCNT overflows in the watchdog timer mode, the WOVF bit of the RS
and aWDTOVF signal is output. When the RSTE bit is set to 1, TCNT overflow ¢
internal reset signal to be generated for the entire chip (figure 13.7).

o 1, T LI LT LT L1l
TCNT IS HFF ><H'00 SS:

11
Overflow signal
(internal signal) S (G

WOVF

(¢
)

Figure 13.7 Timing of Setting the WOVF Bit
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Address >< TCNT address ><

Internal
write signal

TCNT
input clock

TCNT N >< « M

Counter write data

Figure 13.8 Contention between TCNT Write and Increment

13.4.2 Changing CKS2-CKSO0 Bit Values

If the values of bits CKS2—CKSO0 are altered while the WDT is running, the count
incorrectly. Always stop the watchdog timer (by clearing the TME bit to 0) before
values of bits CKS2—-CKSO0.

13.4.3  Changing between Watchdog Timer/Interval Timer Modes

To prevent incorrect operation, always stop the watchdog timer (by clearing the T
before switching between interval timer mode and watchdog timer mode.
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I TvoUl viylial Vv

entire system WDTOVF

Figure 13.9 Example of a System Reset Circuit with WDTOVF Signa

13.4.5 Internal Reset with the Watchdog Timer

If the RSTE bit is cleared to 0 in the watchdog timer mode, the LSI will not reset
TCNT overflow occurs, but the TCNT and TCSR in the WDT will reset.
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» Select asynchronous or clock synchronous as the serial communications mo

O Asynchronous mode: Serial data communications are synched by start-st
units. The SCI can communicate with a universal asynchronous receiver/
(UART), an asynchronous communication interface adapter (ACIA), or ar
employs a standard asynchronous serial communication. It can also com
or more other processors using the multiprocessor communication functic
twelve selectable serial data communication formats.

Data length: seven or eight bits

Stop bit length: one or two bits

Parity: even, odd, or none

Multiprocessor bit: one or none

Receive error detection: parity, overrun, and framing errors

Break detection: by reading the RxD level directly when a framing error

O Clocked synchronous mode: Serial data communication is synchronized \

signal. The SCI can communicate with other chips having a clock synchre
communication function. There is one serial data communication format.

Data length: eight bits

Receive error detection: overrun errors

» Full duplex communication: The transmitting and receiving sections are inde
SCI can transmit and receive simultaneously. Both sections use double buffe
continuous data transfer is possible in both the transmit and receive directior

* On-chip baud rate generator with selectable bit rates.

« Internal or external transmit/receive clock source: baud rate generator (interr
(external).

» Four types of interrupts: Transmit-data-empty, transmit-end, receive-data-full
error interrupts are requested independently. The transmit-data-empty and re
interrupts can start the direct memory access controller (DMAC)/data transfe
to transfer data.
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: | | \/ A | (p

RxD —%| RSR TSR SMR Baud rate -~ @
- enerator |€¢——+—
4 + Transmit/ 9 ) : g‘

receive control

|
|
:
TxD < ‘
! Parity | Clock
|
|
|

|
:
generation :
|
Parity check I
SCK#L External clock !
| g
| | -
i <
| md
I |
o SCl---—-----
RSR: Receive shift register SMR: Serial mode register
RDR: Receive data register SCR: Serial control register
TSR: Transmit shift register SSR: Serial status register

TDR: Transmit data register BRR: Bit rate register

Figure 14.1 SCI Block Diagram
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Transmit data pin TxD1 Output SCI1 transmit d

14.1.4  Register Configuration

Table 14.2 summarizes the SCI internal registers. These registers select the col
(asynchronous or clock synchronous), specify the data format and bit rate, and
transmitter and receiver sections.

Table 14.2 Registers

Channel Name Abbreviation R/W {?elltlljcle Address *?

0 Serial mode register SMRO R/W H'00 H'FFFF81A0
Bit rate register BRRO R/W H'FF H'FFFF81A1
Serial control register SCRO R/W H'00 H'FFFF81A2
Transmit data register TDRO R/W H'FF H'FFFF81A3
Serial status register SSRO RI(W)** H'84 H'FFFF81A4
Receive data register RDRO R H'00 H'FFFF81A5

1 Serial mode register SMR1 R/W H'00 H'FFFF81B0
Bit rate register BRR1 R/W H'FF H'FFFF81B1
Serial control register SCR1 R/W H'00 H'FFFF81B2
Transmit data register TDR1 R/W H'FF H'FFFF81B3
Serial status register SSR1 RI(W)** H'84 H'FFFF81B4
Receive data register RDRL1 R H'00 H'FFFF81B5

Notes: *1 The only value that can be written is a 0 to clear the flags.
*2 Do not access empty addresses.
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14.2.2 Receive Data Register (RDR)

The receive data register (RDR) stores serial receive data. The SCI completes th
byte of serial data by moving the received data from the receive shift register (RS
for storage. The RSR is then ready to receive the next data. This double bufferin
to receive data continuously.

The CPU can read but not write the RDR. The RDR is initialized to H'00 by a pow
standby mode. Manual reset does not initialize RDR.

Bit: 7 6 5 4 3 2 1

| L ] | ]
Initial value: 0 0 0 0 0 0 0
R/W: R R R R R R R

14.2.3  Transmit Shift Register (TSR)

The transmit shift register (TSR) transmits serial data. The SCI loads transmit da
transmit data register (TDR) into the TSR, then transmits the data serially from th
(bit 0) first. After transmitting one data byte, the SCI automatically loads the next
from the TDR into the TSR and starts transmitting again. If the TDRE bit of the S
however, the SCI does not load the TDR contents into the TSR.
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The CPU can always read and write the TDR. The TDR is initialized to H'FF by
or in standby mode. Manual reset does not initialize TDR.

Bit: 7 6 5 4 3 2 1

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

14.2.5 Serial Mode Register (SMR)

The serial mode register (SMR) is an 8-bit register that specifies the SCI serial ¢
format and selects the clock source for the baud rate generator.

The CPU can always read and write the SMR. The SMR is initialized to H'00 by
or in standby mode. Manual reset does not initialize SMR.

Bitt 7 6 5 4 3 2 1
\ C/A \ CHR \ PE \ O/E \ STOP \ MP \ 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
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Seven-bit data. (When 7-bit data is selected, the MSB (bit 7) of
transmit data register is not transmitted.)

» Bit 5—Parity Enable (PE): Selects whether to add a parity bit to transmit data
parity of receive data, in the asynchronous mode. In the clock synchronous m
neither added nor checked, regardless of the PE setting.

Bit 5: PE Description
0 Parity bit not added or checked (initial value)
1 Parity bit added and checked. When PE is set to 1, an even or

parity bit is added to transmit data, depending on the parity mo
setting. Receive data parity is checked according to the even/o
mode setting.

 Bit 4—Parity Mode (OE): Selects even or odd parity when parity bits are addec
The OE setting is used only in asynchronous mode and only when the parity
set to 1 to enable parity addition and check. THe $®tting is ignored in the clock
synchronous mode, or in the asynchronous mode when parity addition and ch

Bit4: O/E

Description

0

Even parity (initial value). If even parity is selected, the parity b
added to transmit data to make an even number of 1s in the tr
character and parity bit combined. Receive data is checked to
has an even number of 1s in the received character and parity
combined.

Odd parity. If odd parity is selected, the parity bit is added to tr
data to make an odd number of 1s in the transmitted character
parity bit combined. Receive data is checked to see if it has an
number of 1s in the received character and parity bit combined
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» Bit 2—Multiprocessor Mode (MP): Selects multiprocessor format. When mult
format is selected, settings of the parity enable (PE) and parity mdeleb(®/are
The MP bit setting is used only in the asynchronous mode; it is ignored in the
synchronous mode. For the multiprocessor communication function, see sec
Multiprocessor Communication.

Bit 2: MP Description
0 Multiprocessor function disabled (initial value)
1 Multiprocessor format selected

» Bits 1 and 0—Clock Select 1 and 0 (CKS1 and CKSO0): These bits select the
source of the on-chip baud rate generator. Four clock sources are avajlalap
@/64. For further information on the clock source, bit rate register settings, ar
section 14.2.8, Bit Rate Register (BRR).

Bit 1: CKS1 Bit 0: CKSO Description

0 0 @ (initial value)
1 o4

1 0 @16
1 @64
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¢ DIt /—Iransmit interrupt enapie (11E): Enables or disables the transmit-aata-
(TxI) requested when the transmit data register empty bit (TDRE) in the serial
(SSR) is set to 1 by transfer of serial transmit data from the TDR to the TSR.

Bit 7: TIE Description

0 Transmit-data-empty interrupt request (TxI) is disabled (initial \
The Txl interrupt request can be cleared by reading TDRE afte
been set to 1, then clearing TDRE to 0, or by clearing TIE to O.

1 Transmit-data-empty interrupt request (Txl) is enabled

* Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-ft
requested when the receive data register full bit (RDRF) in the serial status re
to 1 by transfer of serial receive data from the RSR to the RDR. It also enable
receive-error interrupt (ERI) requests.

Bit 6: RIE Description

0 Receive-data-full interrupt (RxI) and receive-error interrupt (ER
requests are disabled (initial value). Rxl and ERI interrupt requ
be cleared by reading the RDRF flag or error flag (FER, PER,
after it has been set to 1, then clearing the flag to 0, or by clear
to 0.

1 Receive-data-full interrupt (RxI) and receive-error interrupt (ER
requests are enabled.
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Receiver disabled (initial value). Clearing RE to 0 does not af
receive flags (RDRF, FER, PER, ORER). These flags retain t
previous values.

Receiver enabled. Serial reception starts when a start bit is d
the asynchronous mode, or synchronous clock input is detect
clock synchronous mode. Select the receive format in the SM
setting RE to 1.

» Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiproc
The MPIE setting is used only in the asynchronous mode, and only if the mu
bit (MP) in the serial mode register (SMR) is set to 1 during reception. The M
ignored in the clock synchronous mode or when the MP bit is cleared to O.

Bit 3: MPIE Description

0 Multiprocessor interrupts are disabled (normal receive operati
value). MPIE is cleared when the MPIE bit is cleared to 0, or 1
multiprocessor bit (MPB) is set to 1 in receive data.

1 Multiprocessor interrupts are enabled. Receive-data-full interr

requests (Rxl), receive-error interrupt requests (ERI), and set
RDRF, FER, and ORER status flags in the serial status regist
are disabled until data with the multiprocessor bit set to 1 is re

The SCI does not transfer receive data from the RSR to the Rk
not detect receive errors, and does not set the RDRF, FER, a
flags in the serial status register (SSR). When it receives date
includes MPB = 1, MPB is set to 1, and the SCI automatically
MPIE to 0, generates Rxl and ERI interrupts (if the TIE and R
the SCR are set to 1), and allows the FER and ORER bits to |
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SCK pin function by using the pin function controller (PFC).

The CKEO setting is valid only in the asynchronous mode, and only when the
clocked (CKEL1 = 0). The CKEQO setting is ignored in the clock synchronous mc
external clock source is selected (CKEL = 1). Select the SCI operating mode |
register (SMR) before setting CKE1 and CKEO. For further details on selectior
clock source, see table 14.9 in section 14.3, Operation.

Bit1: BitO:
CKE1 CKEO Description **
0 0 Asynchronous mode Internal clock, SCK pin used for input pin (in|
is ignored) or output pin (output level is unde
Clock synchronous mode Internal clock, SCK pin used for synchronou:
output™?
0 1 Asynchronous mode Internal clock, SCK pin used for clock output
Clock synchronous mode Internal clock, SCK pin used for synchronou:
output
1 0 Asynchronous mode External clock, SCK pin used for clock input®
Clock synchronous mode External clock, SCK pin used for synchronou
input
1 1 Asynchronous mode External clock, SCK pin used for clock input®

Clock synchronous mode External clock, SCK pin used for synchronou
input

Notes: *1 The SCK pin is multiplexed with other functions. Use the pin function controller

select the SCK function for this pin, as well as the I/O direction.
*2 Initial value.
*3 The output clock frequency is the same as the bit rate.
*4 The input clock frequency is 16 times the bit rate.
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RIW:  RI(W)*  RI(W)*" RIMW" RI(W" RI(W* R R
Note: * The only value that can be written is a 0 to clear the flag.

* Bit 7—Transmit Data Register Empty (TDRE): Indicates that the SCI has loa
from the TDR into the TSR and new serial transmit data can be written in the

Bit 7: TDRE Description

0 TDR contains valid transmit data

TDRE is cleared to 0 when software reads TDRE after it has been set
writes 0 in TDRE or the DMAC or DTC writes data in TDR

1 TDR does not contain valid transmit data (initial value)

TDRE is set to 1 when the chip is power-on reset or enters standby mc
bit in the serial control register (SCR) is cleared to 0, or TDR contents .
into TSR, so new data can be written in TDR
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received data is lost.

» Bit 5—Overrun Error (ORER): Indicates that data reception ended abnormally
overrun error.

Bit 5: ORER

Description

0

Receiving is in progress or has ended normally (initial value). Clearing tl
to 0 in the serial control register does not affect the ORER bit, which ret:
previous value.

ORER is cleared to 0 when the chip is power-on reset or enters standby
software reads ORER after it has been set to 1, then writes 0 in ORER

A receive overrun error occurred. RDR continues to hold the data recei\
before the overrun error, so subsequent receive data is lost. Serial recel
cannot continue while ORER is set to 1. In the clock synchronous mode
transmitting is disabled.

ORER is set to 1 if reception of the next serial data ends when RDRF is
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FER is set to 1 if the stop bit at the end of receive data is checked and
be 0

» Bit 3—Parity Error (PER): Indicates that data reception (with parity) ended al
a parity error in the asynchronous mode.

Bit 3: PER

Description

0

Receiving is in progress or has ended normally (initial value). Clearing
to 0 in the serial control register does not affect the PER bit, which rete
previous value.

PER is cleared to 0 when the chip is power-on reset or enters standby
software reads PER after it has been set to 1, then writes 0 in PER

A receive parity error occurred. When a parity error occurs, the SCl tra
receive data into the RDR but does not set RDRF. Serial receiving can
continue while PER is set to 1. In the clock synchronous mode, serial t
is also disabled.

PER is set to 1 if the number of 1s in receive data, including the parity
not match the even or odd parity setting of the parity mode bit (O/E) in
mode register (SMR)
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» Bit 1—Multiprocessor Bit (MPB): Stores the value of the multiprocessor bit in 1
when a multiprocessor format is selected for receiving in the asynchronous m
a read-only bit and cannot be written.

Bit 1: MPB Description

0 Multiprocessor bit value in receive data is O (initial value). If RE is cleare
when a multiprocessor format is selected, the MPB retains its previous \

1 Multiprocessor bit value in receive data is 1

» Bit 0—Multiprocessor Bit Transfer (MPBT): Stores the value of the multiproce:
to transmit data when a multiprocessor format is selected for transmitting in th
mode. The MPBT setting is ignored in the clock synchronous mode, when a n
format is not selected, or when the SCI is not transmitting.

Bit 0: MPBT Description

0 Multiprocessor bit value in transmit data is O (initial value)
1 Multiprocessor bit value in transmit data is 1
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R/W: R/W R/W R/W R/W R/W R/W R/W

Table 14.3 lists examples of BRR settings in the asynchronous mode; table 14./
BBR settings in the clock synchronous mode.

Table 14.3 Bit Rates and BRR Settings in Asynchronous Mode

¢ (MHz)

Bit Rate 4 4.9152 6
(Bits/s) n N Error (%) n N Error (%) n N En
110 2 70 0.03 2 86 0.31 2 106 -
150 1 207 0.16 1 255 0.00 2 77 (
300 1 103 0.16 1 127 0.00 1 155
600 0 207 0.16 0 255 0.00 1 77 (
1200 0 103 0.16 0 127 0.00 0 155 (
2400 0 51 0.16 0 63 0.00 o 77 (
4800 0 25 0.16 0 31 0.00 0 38 (
9600 0 12 0.16 0 15 0.00 0 19 -
14400 0 8 -3.55 0 10 -3.03 0 12 (
19200 0 6 —6.99 0o 7 0.00 0 9 -
28800 0 3 8.51 0 4 6.67 0 6 -
31250 0 3 0.00 0 4 -1.70 0 5 (
38400 0o 2 8.51 0 3 0.00 0 4 -
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4800 0 47 0.00 0 51 0.16 0 63 0.
9600 0 23 0.00 0 25 0.16 0 31 0.
14400 0 15 0.00 0 16 2.12 0 20 1.
19200 0 11 0.00 0 12 0.16 0 15 0.
28800 0 7 0.00 0 8 -3.55 0 10 -
31250 0 6 5.33 0 0.00 0 9 -
38400 0 5 0.00 0 6 —6.99 o 7 0.
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4800 0 64 0.16 0 71 0.00 o 77
9600 0 32 -136 0 35 0.00 0 38
14400 0 21 -136 0 23 0.00 0 25
19200 0 15 1.73 0 17 0.00 0 19
28800 0 10 -1.36 0 11 0.00 0 12
31250 0 9 0.00 0 10 0.54 0 11
38400 o 7 1.73 0 8 0.00 0 9
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4800 0 79 0.00 0 90 0.16 0 95 0.
9600 0 39 0.00 0 45 -0.93 0 47 0.
14400 0 26 -1.23 0 29 1.27 0 31 0.
19200 0 19 0.00 0 22 -0.93 0 23 0.
28800 0 12 2.56 0 14 1.27 0 15 0.
31250 0 11 2.40 0 13 0.00 0 14 -
38400 0 9 0.00 0 10 3.57 0 11 0.
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4800 0 103 0.16 0 111 0.00 0 116
9600 0 51 0.16 0 55 0.00 0 58
14400 0 34 079 0 36 0.90 0 38
19200 0 25 0.16 0 27 0.00 0 28
28800 0 16 212 0 18 -1.75 0 19
31250 0 15 0.00 0 16 1.20 0o 17
38400 0 12 0.16 0 13 0.00 0 14
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4800 0 119 0.00 0 127 0.00 0 129
9600 0 59 0.00 0 63 0.00 0 64
14400 0 39 0.00 0 42 -0.78 0 42
19200 0 29 0.00 0 31 0.00 0 32
28800 0 19 0.00 0 20 1.59 0 21
31250 0 17 2.40 0 19 -1.70 0 19
38400 0 14 0.00 0 15 0.00 0 15
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4800 0 142 0.16 0 143 0.00 0 155
9600 0 71 054 0 71 0.00 o 77
14400 0 47 054 0 47 0.00 0 51
19200 0 3 054 0 35 0.00 0 38
28800 0 23 054 0 23 0.00 0 25
31250 0 21 0.00 0 21 0.54 0 23
38400 0 17 -054 0 17 0.00 0 19
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4800 0 159 0.00 0 167 0.00 0 168 O.
9600 0 79 0.00 0 83 0.00 0 84 —
14400 0 52 0.63 0 55 0.00 0 55 0.
19200 0 39 0.00 0 41 0.00 0 41 0.
28800 0 26 -1.283 0o 27 0.00 0 27 0.
31250 0 24 -1.70 0 25 -0.75 0 25 0.
38400 0 19 0.00 0 20 0.00 0 20 0.
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4800 0 175 0.00 0O 181 O0.16 0 191
9600 0 87 0.00 0 90 0.16 0 95
14400 0 58 -0.56 0 60 -0.39 0 63
19200 0 43 0.00 0 45 0.93 0 47
28800 0 28 1.15 0 29 1.27 0 31
31250 0 26 0.12 0o 27 0.00 0 28
38400 0 21 0.00 0 22 -0.93 0 23
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4800 0 194 0.16 0 207 0.00 0 207 O
9600 0 97 -0.35 0 103 0.00 0 103 O
14400 0 64 0.16 0 68 0.48 0 68 0
19200 0 48 -0.35 0 51 0.00 0 51 0
28800 0 32 -1.36 0 34 -0.95 0 34 -
31250 0 29 0.00 0 31 -0.16 0 31 0
38400 0 23 1.73 0 25 0.00 0 25
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4800 0 214 -0.07 0 215 0.00 0 216
9600 0 106 0.39 0 107 0.00 0 108
14400 0 71 054 0 91 0.00 0 91
19200 0 53 054 0 53 0.00 0 53
28800 0 35 054 0 35 0.00 0 35
31250 0 32 0.00 0 32 0.54 0 32
38400 0 26 054 0 26 0.00 0 26
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149
239
119
59
23
11

124
199
99
49

99

10k

25k
50k

159
79
39
15

0

100k
250k
500k
M

19

0

2.5M
3.5M
5M
™
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10k 1 187 1 199 1 205 1 2
25k 1 74 1 79 1 82 1 8
50k 0 149 0 159 0 164 0 1
100k 0 74 0 79 0 82 0
250k 0 29 0 31 0 32 0
500k 0 14 0 15 0 16 0 1
M 0 7 0 7 0 7 0 7
2.5M 0 2 0 2 0 2 — —
5M — — — — — — — —
™ — — — — — — — —
Note: Settings with an error of 1% or less are recommended.
Legend

Blank: No setting available
—: Setting possible, but error occurs
*: Continuous transmission/reception is not possible.

The BRR setting is calculated as follows:
Asynchronous mode:

N —>— x10°1

64 x2°"xB
Synchronous mode:

N= ———— x10° -1
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The bit rate error in asynchronous mode is calculated as follows:

@ x108
Error (%) = o —1 %100
(N+1) xB x 64 x 2

Table 14.5 indicates the maximum bit rates in the asynchronous mode when the
generator is being used for various frequencies. Tables 14.6 and 14.7 show the
external clock input.
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11.0592 345600 0 0
12 375000 0 0
12.288 384000 0 0
14 437500 0 0
14.7456 460800 0 0
16 500000 0 0
17.2032 537600 0 0
18 562500 0 0
18.432 576000 0 0
19.6608 614400 0 0
20 625000 0 0
22 687500 0 0
22.1184 691200 0 0
24 750000 0 0
24.576 768000 0 0
25.8048 806400 0 0
26 812500 0 0
27.0336 844800 0 0
28 875000 0 0
29.4912 921600 0 0
30 937500 0 0
31.9488 998400 0 0
32 1000000 0 0
33 1031250 0 0
33.1776 1036800 0 0
33.3333 1041666 0 0
498
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12.288 3.0720 192000
14 3.5000 218750
14.7456 3.6864 230400
16 4.0000 250000
17.2032 4.3008 268800
18 4.5000 281250
18.432 4.6080 288000
19.6608 4.9152 307200
20 5.0000 312500
22 5.5000 343750
22.1184 5.5296 345600
24 6.0000 375000
24.576 6.1440 384000
25.8048 6.4512 403200
26 6.5000 406250
27.0336 6.7584 422400
28 7.0000 437500
29.4912 7.3728 460800
30 7.5000 468750
31.9488 7.9872 499200
32 8.0000 500000
33 8.2500 515625
33.1776 8.2944 518400
33.3333 8.3333 520832.8125
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20 3.3333 3333333.3
22 3.6667 3666666.7
24 4.0000 4000000.0
26 4.3333 4333333.3
28 4.6667 4666666.7
30 5.0000 5000000.0
32 5.3333 5333333.3
33.3333 5.5556 5555550.0
500
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» Data length is selectable: seven or eight bits.

» Parity and multiprocessor bits are selectable, as well as the stop bit length (c
These selections determine the transmit/receive format and character length

» Inreceiving, it is possible to detect framing errors (FER), parity errors (PER),
(ORER), and the break state.

* An internal or external clock can be selected as the SCI clock source.

O When an internal clock is selected, the SCI operates using the on-chip ba
clock, and can output a clock with a frequency matching the bit rate.

0O When an external clock is selected, the external clock input must have a1
the bit rate. (The on-chip baud rate generator is not used.)

Clock Synchronous Mode:

» The communication format has a fixed 8-bit data length.
* Inreceiving, it is possible to detect overrun errors (ORER).
» Aninternal or external clock can be selected as the SCI clock source.

O When an internal clock is selected, the SCI operates using the on-chip ba
clock, and outputs a synchronous clock signal to external devices.

O When an external clock is selected, the SCI operates on the input synchr
on-chip baud rate generator is not used.
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1
Asynchronous 0 * 1 0 8-bit Not set Set
(multiprocessor * 1
format)
1 * 0 7-bit

* 1
Clock 1 * * * * 8-bit Not set
synchronous

Note: Asterisks (*) in the table indicate don’t-care bits.

Table 14.9 SMR and SCR Settings and SCI Clock Source Selection

SMR SCR Settings SCI Transmit/Receive Clock
Bit7 Bitl Bit 0
Mode C/A  CKEl CKEO Clock Source SCK Pin Function
Asynchronous 0 0 0 Internal SCI does not use the SCK pir
1 Outputs a clock with frequenc
matching the bit rate
1 0 External Inputs a clock with frequency
the bit rate
1
Clock synch- 1 0 0 Internal Outputs the synchronous cloc
ronous 1
1 0 External Inputs the synchronous clock
1

Note: * Select the function in combination with the pin function controller (PFC).

502
RENESAS



\Hight Ul 1uvy), dllu otup JiL (1hygti), i tiat uituct.

When receiving in the asynchronous mode, the SCI synchronizes on the falling
bit. The SCI samples each data bit on the eighth pulse of a clock with a frequen
rate. Receive data is latched at the center of each bit.

Idling (marking stat
1 (LSB) (MSB) ‘

serial | 0 | po| p1| p2| D3| Da| 5| 6| D7 |01 |1 1
data

Start Parity|  Stop
bit bit bit

P P Transmit/receive data Ny R

> : > >

1 blt1 7 or 8 bits lor 1lor

no bit 2 bits

One unit of communication data (characters or frames)

<
Bl

\ 4

Figure 14.2 Data Format in Asynchronous Communication (Example: 8-bit L
Parity and Two Stop Bits)
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o 1 o0 1 ‘START‘ 8-Bit data | P |sToP

1 0 0 0 |START| 7-Bit data  STOP|

1 0 0 1 |START| 7-Bit data | STOP| STOP |

1 1 0 0 |START| 7-Bit data | P [sToP]

1 1 0 1 |START| 7-Bit data | P |sTop|sTop
0 — 1 0 |START| 8-Bit data | mPB | STOP
0 — 1 1 |START| 8-Bit data | mPB | STOP
1 — 1 0 |START| 7-Bit data | MPB | STOP|

1 — 1 1 |START| 7-Bit data | MPB | STOP | STOP

—: Don't care bits.

Note: START: Start bit
STOP: Stop bit
P: Parity bit
MPB: Multiprocessor bit

Clock: An internal clock generated by the on-chip baud rate generator or an exte
from the SCK pin can be selected as the SCI transmit/receive clock. The clock sc
by the CA bit in the serial mode register (SMR) and bits CKE1 and CKEO in the s
register (SCR) (table 14.9).
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Figure 14.3 Output Clock and Communication Data Phase Relationship (Asy
Mode)

SCI Initialization (Asynchronous Mode): Before transmitting or receiving, clear tt
bits to 0 in the serial control register (SCR), then initialize the SCI as follows.

When changing the operation mode or communication format, always clear the
0 before following the procedure given below. Clearing TE to 0 sets TDRE to 1
transmit shift register (TSR). Clearing RE to 0, however, does not initialize the R
and ORER flags and receive data register (RDR), which retain their previous co

When an external clock is used, the clock should not be stopped during initialize
operation. SCI operation becomes unreliable if the clock is stopped.

Figure 14.4 is a sample flowchart for initializing the SCI. The procedure is as fol
correspond to the numbers in the flowchart):

1. Select the clock source in the serial control register (SCR). Leave RIE, TIE,
and RE cleared to 0. If clock output is selected in asynchronous mode, clock
immediately after the setting is made to SCR.

2. Select the communication format in the serial mode register (SMR).

3. Write the value corresponding to the bit rate in the bit rate register (BRR) unl
clock is used.

4. Wait for at least the interval required to transmit or receive one bit, then set T
serial control register (SCR) to 1. Also set RIE, TIE, TEIE, and MPIE as nece
or RE enables the SCI to use the TxD or RxD pin. The initial states are the in
state, and the idle receive state (waiting for a start bit).
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1-bit interval elapsed?

Set TE or RE to 1 in SCR; Set RIE, @
TIE, TEIE, and MPIE as necessary

( = )

Figure 14.4 Sample Flowchart for SCI Initialization

Transmitting Serial Data (Asynchronous Mode):Figure 14.5 shows a sample flow
transmitting serial data. The procedure is as follows (the steps correspond to the
flowchart):

1. SCl initialization: Set the TxD pin using the PFC.

2. SCI status check and transmit data write: Read the serial status register (SSF
TDRE bit is 1, then write transmit data in the transmit data register (TDR) and
to 0.

3. Continue transmitting serial data: Read the TDRE bit to check whether it is sa
reads 1); if so, write data in TDR, then clear TDRE to 0. When the DMAC or tt
started by a transmit-data-empty interrupt request (Txl) in order to write data i
TDRE bit is checked and cleared automatically.

4. To output a break at the end of serial transmission, first clear the port data rec
then clear the TE to 0 in SCR and use the PFC to establish the TxD pin as an
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All data transmitted?

Yes

«

Read TEND bit in SSR

Output break signal?

SetDR=0

Clear TE bitin SCR to 0;
select theTxD pin as an
output port with the PFC

|A
[~

< End transmission >

Figure 14.5 Sample Flowchart for Transmitting Serial Data
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Fig

508

15 OUtlput. FOITHats i Wincr fneitricer a pality DIt NoE a mMuitdprocessor DIt 1s O
be selected.

d. Stop bit: one or two 1 bits (stop bits) are output.
e. Marking: output of 1 bits continues until the start bit of the next transmit da

The SCI checks the TDRE bit when it outputs the stop bit. If TDRE is O, the S
data from the TDR into the TSR, outputs the stop bit, then begins serial transr
next frame. If TDRE is 1, the SCI sets the TEND bit to 1 in the SSR, outputs tl
continues output of 1 bits (marking). If the transmit-end interrupt enable bit (T
is set to 1, a transmit-end interrupt (TEI) is requested.

ure 14.6 shows an example of SCI transmit operation in the asynchronous mc
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and clears
TDREto O

A
\

1 frame

Example: 8-bit data with parity and one stop bit

Figure 14.6 SCI Transmit Operation in Asynchronous Mode

Receiving Serial Data (Asynchronous Mode)rigures 14.7 and 14.8 show a samy
for receiving serial data. The procedure is as follows (the steps correspond to th
flowchart).

1. SCl initialization: Set the RxD pin using the PFC.

2. Receive error handling and break detection: If a receive error occurs, read tt
and FER bits of the SSR to identify the error. After executing the necessary ¢
clear ORER, PER, and FER all to 0. Receiving cannot resume if ORER, PEF
set to 1. When a framing error occurs, the RxD pin can be read to detect the

3. SCI status check and receive-data read: Read the serial status register (SSF
is set to 1, then read receive data from the receive data register (RDR) and c
The RxI interrupt can also be used to determine if the RDRF bit has changec

4. Continue receiving serial data: Read the RDR and RDRF bit and clear RDRF
stop bit of the current frame is received. If the DMAC or the DTC is started b
full interrupt (RxI) to read RDR, the RDRF bit is cleared automatically so this
unnecessary.
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|
Read the RDRF bit in SSR @

No

Yes

Read reception data of RDR and @
clear RDRF bit in SSR to 0

All data received?

Clear the RE bit of SCR t0o 0

< End reception >

Figure 14.7 Sample Flowchart for Receiving Serial Data (1)

510
RENESAS



Yes

Yes

Break?

No
A

Clear RE bitin SCRto 0

Framing error handling

»

No

PER =17

Yes

Parity error handling

»ld

«

Clear ORER, PER, and FER
to 0in SSR

|
e

Figure 14.8 Sample Flowchart for Receiving Serial Data (2)
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If the data passes these checks, the SCI sets RDRF to 1 and stores the recei

RDR. If one of the checks fails (receive error), the SCI operates as indicated i

Note: When a receive error occurs, further receiving is disabled. While receivi
bit is not set to 1, so be sure to clear the error flags.

4. After setting RDRF to 1, if the receive-data-full interrupt enable bit (RIE) is set
SCR, the SCI requests a receive-data-full interrupt (Rxl). If one of the error fla
PER, or FER) is set to 1 and the receive-data-full interrupt enable bit (RIE) in
set to 1, the SCI requests a receive-error interrupt (ERI).

Figure 14.9 shows an example of SCI receive operation in the asynchronous mo

Table 14.11 Receive Error Conditions and SCI Operation

Receive Error  Abbreviation  Condition Data Transfer
Overrun error ORER Receiving of next data ends while Receive data not |
RDRF is still setto 1 in SSR from RSR into RD
Framing error FER Stop bitis 0 Receive data load
RSR into RDR
Parity error PER Parity of receive data differs from Receive data load

even/odd parity setting in SMR RSR into RDR
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clears RDRF to 0. request.
Example: 8-bit data with parity and one stop bit.

Figure 14.9 SCI Receive Operation

14.3.3  Multiprocessor Communication

The multiprocessor communication function enables several processors to shar
communication line for sending and receiving data. The processors communica
asynchronous mode using a format with an additional multiprocessor bit (multipi

In multiprocessor communication, each receiving processor is addressed by a u
communication cycle consists of an ID-sending cycle that identifies the receiving
data-sending cycle. The multiprocessor bit distinguishes ID-sending cycles from
cycles. The transmitting processor starts by sending the ID of the receiving proc
wants to communicate as data with the multiprocessor bit set to 1. Next the tran
sends transmit data with the multiprocessor bit cleared to 0.

Receiving processors skip incoming data until they receive data with the multipr
1. When they receive data with the multiprocessor bit set to 1, receiving process
data with their IDs. The receiving processor with a matching ID continues to rec
incoming data. Processors with IDs not matching the received data skip further
until they again receive data with the multiprocessor bit set to 1. Multiple proces
receive data in this way.

Figure 14.10 shows the example of communication among processors using the
format.

RENESAS



(ID=01) (ID=02) (ID = 03) (ID =1

Serial H01 H'AA r
data

(MPB =1) (MPB = 0)

\ 4

| |
| |
‘A ;‘A

! ID-transmit cycle: ! Data-transmit cycle:
receiving processor address data sent to receiving

processor specified by 1D

MPB: Multiprocessor bit
Example: Sending data H'AA to receiving processor A

Figure 14.10 Communication among Processors Using Multiprocessor Fc

Transmitting Multiprocessor Serial Data: Figure 14.11 shows a sample flowchart
transmitting multiprocessor serial data. The procedure is as follows (the steps co
numbers in the flowchart):

1.
2.

SCl initialization: Set the TxD pin using the PFC.

SCI status check and transmit data write: Read the serial status register (SSF
TDRE bit is 1, then write transmit data in the transmit data register (TDR). Als
(multiprocessor bit transfer) to 0 or 1 in SSR. Finally, clear TDRE to 0.
Continue transmitting serial data: Read the TDRE bit to check whether it is sa
reads 1); if so, write data in TDR, then clear TDRE to 0. When the DMAC or tt
started by a transmit-data-empty interrupt request (Txl) to write data in TDR, t
checked and cleared automatically.

Output a break at the end of serial transmission: Set the data register (DR) of
clear TE to 0 in SCR and set the TxD pin function as output port with the PFC
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|
Clear TDRE bit to 0 |

All data transmitted?

Yes [
Read TEND bit in SSR |

Output break signal?

SetDR=0 @

Clear TE bit in SCR to 0;
select theTxD pin function as
an output port with the PFC

le
[

< End transmission >

Figure 14.11 Sample Flowchart for Transmitting Multiprocessor Serial L

RENESAS



d. Stop bit: one or two 1 Dits (stop bits) are output.
e. Marking: output of 1 bits continues until the start bit of the next transmit da

3. The SCI checks the TDRE bit when it outputs the stop bit. If TDRE is 0, the S
from the TDR into the TSR, outputs the stop bit, then begins serial transmissic
frame. If TDRE is 1, the SCI sets the TEND bit in the SSR to 1, outputs the st
continues output of 1 bits in the marking state. If the transmit-end interrupt en:
in the SCR is set to 1, a transmit-end interrupt (TEI) is requested at this time.

Figure 14.12 shows an example of SCI receive operation in the multiprocessor fc
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interrupt  Nandier writes Interrupt | Interrupt
request datain TDR and request request
clears TDRE to O |

Pl
<«

1 frame

|
»
g

|

Example: 8-bit data with multiprocessor bit and one stop bit

Figure 14.12 SCI Multiprocessor Transmit Operation

Receiving Multiprocessor Serial Data:Figure 14.13 shows a sample flowchart fol
multiprocessor serial data. The procedure for receiving multiprocessor serial dai

1.
2.
3.

SCl initialization: Set the RxD pin using the PFC.

ID receive cycle: Set the MPIE bit in the serial control register (SCR) to 1.
SCI status check and compare to ID reception: Read the serial status registe
RDRF is set to 1, then read data from the receive data register (RDR) and cc
processor’s own ID. If the ID does not match the receive data, set MPIE to 1
RDREF to 0. If the ID matches the receive data, clear RDRF to 0.

Receive error handling and break detection: If a receive error occurs, read tr
bits in SSR to identify the error. After executing the necessary error processi
ORER and FER to 0. Receiving cannot resume if ORER or FER remain set t
framing error occurs, the RxD pin can be read to detect the break state.

SCI status check and data receiving: Read SSR, check that RDRF is set to ]
from the receive data register (RDR).
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RDRF =17

Yes
Read receive data from RDR

No

Is ID the station’s ID

Yes <
Read ORER and FER bits in SSR

FER =17 Yes

or ORER =17

\ 4

Read RDRF bitofSSR | ®

Yes

Read receive data from RDR |

@

( Error processing >

All data received?

| ClearREbitinSCR100 |
|

< End reception >

Figure 14.13 Sample Flowchart for Receiving Multiprocessor Serial Da
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Yes
Break? Yes
No \
Framing error handling Clear RE bitin SCRto 0

Clear ORER and FER
bits in SSR to 0

(e )

Figure 14.13 Sample Flowchart for Receiving Multiprocessor Serial Data
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RDR X 7 D1 \

value «
=~ \ \
RxI interrupt request Rxl interrupt handler Not station’s No Rxl inte
(multiprocessor reads data in RDR ID, so MPIE is RDR main
interrupt), MPIE = 0 and clears RDRF to 0 setto 1 again state

520

Figure 14.14 SCI Receive Operation (ID Does Not Match)
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RDR 7 )
value I/D{ i« X ID2 \ « X D;
) K}

RxI interrupt request Rxl interrupt handler  Station’s ID, so receiving \Y
(multiprocessor reads data in RDR continues, with data  bit i
interrupt), MPIE = 0 and clears RDRF to 0 received by the Rxl se

interrupt processing routine

Example: Own ID matches data, 8-bit data with multiprocessor bit and one stop bit

Figure 14.15 Example of SCI Receive Operation (ID Matches)

14.3.4  Clock Synchronous Operation

In the clock synchronous mode, the SCI transmits and receives data in synchrol
pulses. This mode is suitable for high-speed serial communication.

The SCI transmitter and receiver are independent, so full duplex communicatior
sharing the same clock. The transmitter and receiver are also double buffered, ¢
transmitting or receiving is possible by reading or writing data while transmitting
progress.

Figure 14.16 shows the general format in clock synchronous serial communicati
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In clock synchronous serial communication, each data bit is output on the commt
from one falling edge of the serial clock to the next. Data are guaranteed valid at
the serial clock. In each character, the serial data bits are transmitted in order fro
to the MSB (last). After output of the MSB, the communication line remains in the
MSB. In the clock synchronous mode, the SCI transmits or receives data by sync
the falling edge of the synchronization clock.

Communication Format: The data length is fixed at eight bits. No parity bit or mul
can be added.

Clock: An internal clock generated by the on-chip baud rate generator or an exte
from the SCK pin can be selected as the SCI transmit/receive clock. The clock sc
by the CA bit in the serial mode register (SMR) and bits CKE1 and CKEQ in the s
register (SCR). See table 14.9.

When the SCI operates on an internal clock, it outputs the clock signal at the SCI
pulses are output per transmitted or received character. When the SCI is not tran
receiving, the clock signal remains in the high state.

Note: An overrun error occurs only during the receive operation, and the sync c
until the RE bit is cleared to 0. When you want to perform a receive opera
character units, select external clock for the clock source.

SCI Initialization (Clock Synchronous Mode): Before transmitting or receiving, sof
clear the TE and RE bits to 0 in the serial control register (SCR), then initialize th

When changing the mode or communication format, always clear the TE and RE
following the procedure given below. Clearing TE to 0 sets TDRE to 1 and initiali:
shift register (TSR). Clearing RE to 0, however, does not initialize the RDRF, PEI
ORER flags and receive data register (RDR), which retain their previous contents
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Clear TE and RE bits to 0 in SCR

Set RIE, TIE, TEIE, MPIE, CKEL1,
and CKEO bits in SCR
(TE and RE are 0)

Select transmit/receive
format in SMR

Set value in BRR

Wait

1-bit interval elapsed?

Set TE and RE to 1 in SCR;
Set RIE, TIE, TEIE, and MPIE bits

< End

@

RENESAS

Figure 14.17 Sample Flowchart for SCI Initialization
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Yes

Write transmit data in TDR and
clear TDRE flag to 0 in SSR

All data transmitted?

Yes

Bl

Read TEND flag in SSR

No

TEND =17

Yes

Clear TE bitto 0 in SCR

( cra )

Figure 14.18 Sample Flowchart for Serial Transmitting

RENESAS



TEND | | (C | (¢

| U | U

TxI TxI interrupt TxI |
request handler writes request rec
data in TDR and
clears TDRE to O

<
<

A 4

1 frame

Figure 14.19 Example of SCI Transmit Operation

SCI serial transmission operates as follows.

1.

The SCI monitors the TDRE bit in the SSR. When TDRE is cleared to O the S
that the transmit data register (TDR) contains new data and loads this data frc
the transmit shift register (TSR).

. After loading the data from the TDR into the TSR, the SCI sets the TDRE bit t

transmitting. If the transmit-data-empty interrupt enable bit (TIE) in the SCR is
SCI requests a transmit-data-empty interrupt (TxI) at this time.

If clock output mode is selected, the SCI outputs eight synchronous clock puls
clock source is selected, the SCI outputs data in synchronization with the inpL
output from the TxD pin in order from the LSB (bit 0) to the MSB (bit 7).

The SCI checks the TDRE bit when it outputs the MSB (bit 7). If TDRE is O, tf
data from the TDR into the TSR, then begins serial transmission of the next fr
1, the SCI sets the TEND bit in the SSR to 1, transmits the MSB, then holds tt
pin (TxD) in the MSB state. If the transmit-end interrupt enable bit (TEIE) in th
1, a transmit-end interrupt (TEI) is requested at this time.

After the end of serial transmission, the SCK pin is held in the high state.
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The RxI interrupt can also be used to determine if the RDRF bit has changec

4. Continue receiving serial data: Read RDR, and clear RDRF to 0 before the fi
of the current frame is received. If the DMAC or the DTC is started by a rece
interrupt (Rxl) to read RDR, the RDRF bit is cleared automatically so this ste

RENESAS



Read RDRF bit of SSR | ®)

No

Yes

Read receive data from RDR @
and clear RDRF bit of SSRto 0

All data received?

Clear RE bit of SCR to 0

( End reception >

Figure 14.20 Sample Flowchart for Serial Receiving (1)
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Figure 14.22 snOws an example or tne SCl receive operation.

Transfer direction
<—
Synchroni- ’_55
zation clock
Serial : - . - - 2 ’
e X Bit7 X Bito ><j«} X Bit7 X Bito X Bit1 X s X B|t6><

(¢
7

RDRF
«

A U
ORER // \ «

«
U \ 7

RxI request | Read data with Rxl | RxI request

interrupt processing ERI inte
routine and clear request ge
RDRF bitto 0 by overru

h 1 frame

Figure 14.22 Example of SCI Receive Operation
In receiving, the SCI operates as follows:

1. The SCI synchronizes with serial clock input or output and initializes internal
2. Receive data is shifted into the RSR in order from the LSB to the MSB. After
data, the SCI checks that RDRF is 0 so that receive data can be loaded fron
RDR. If this check passes, the SCI sets RDRF to 1 and stores the received c
the check does not pass (receive error), the SCI operates as indicated in tab
further transmission or reception is possible. If the error flag is set to 1, the R
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TDRE bit is 1, then write transmit data in the transmit data register (TDR) and
0. The Txl interrupt can also be used to determine if the TDRE bit has change

. Receive error handling: If a receive error occurs, read the ORER bit in SSR tc
error. After executing the necessary error processing, clear ORER to 0. Trans
cannot resume if ORER remains set to 1.

. SCI status check and receive data read: Read the serial status register (SSR)
is set to 1, then read receive data from the receive data register (RDR) and cl
The RxI interrupt can also be used to determine if the RDRF bit has changed

. Continue transmitting and receiving serial data: Read the RDRF bit and RDR,
to 0 before the frame MSB (bit 7) of the current frame is received. Also read tt
check whether it is safe to write (if it reads 1); if so, write data in TDR, then cle
before the MSB (bit 7) of the current frame is transmitted. When the DMAC or
started by a transmit-data-empty interrupt request (Txl) to write data in TDR, t
checked and cleared automatically. When the DMAC or the DTC is started by
full interrupt (RxI) to read RDR, the RDRF bit is cleared automatically.

Note: In switching from transmitting or receiving to simultaneous transmitting ar

simultaneously clear both TE and RE to 0, then simultaneously set both T
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»l
~ 1

Read ORER bit of SSR

ORER =17 | @

No < Error handling >

Read RDRF bit of SSR @

Yes

Read receive data of RDR,
and clear RDRF bit of SSR to 0 @

data transmitted/and
received

Clear TE and RE bits of SCR to 0
I
( End transmission/reception >

Figure 14.23 Sample Flowchart for Serial Transmission
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ERI is requested when the ORER, PER, or FER bit in the SSR is set to 1. ERI ca
DMAC or the DTC.

TEI is requested when the TEND bit in the SSR is set to 1. TEI cannot start the C
DTC. Where the Txl interrupt indicates that transmit data writing is enabled, the T
indicates that the transmit operation is complete.

Table 14.12 SCI Interrupt Sources

Interrupt Source Description DMAC/DTC Activation  Prio
ERI Receive error (ORER, PER, or FER) No

RxI Receive data full (RDRF) Yes

TxI Transmit data empty (TDRE) Yes

TEI Transmit end (TEND) No
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Table 14.13 indicates the state of the SSR status flags when multiple receive er
simultaneously. When an overrun error occurs, the RSR contents cannot be trat
RDR, so receive data is lost.

Table 14.13 SSR Status Flags and Transfer of Receive Data

Receiv

SSR Status Flags Transfe

Receive Error Status RDRF ORER FER PER RSR -
Overrun error 1 1 0 0 X
Framing error 0 0 1 0 @)
Parity error 0 0 0 1 O
Overrun error + framing error 1 1 1 0 X
Overrun error + parity error 1 1 0 1 X
Framing error + parity error 0 0 1 1 O
Overrun error + framing error + parity 1 1 1 1 X

error

Notes: O = Receive data is transferred from RSR to RDR.
X = Receive data is not transferred from RSR to RDR.
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first clear the DR to 0, then establish the TxD pin as an output port using the PFC
cleared to O, the transmission section is initialized regardless of the present trans

14.5.5 Receive Error Flags and Transmitter Operation (Clock Synchronous Mc

When a receive error flag (ORER, PER, or FER) is set to 1, the SCI will not start
even if TDRE is set to 1. Be sure to clear the receive error flags to 0 before startil
Note that clearing RE to 0 does not clear the receive error flags.

14.5.6  Receive Data Sampling Timing and Receive Margin in the Asynchronot

In the asynchronous mode, the SCI operates on a base clock of 16 times the bit |
receiving, the SCI synchronizes internally with the falling edge of the start bit, whi
the base clock. Receive data is latched on the rising edge of the eighth base cloc
14.24).
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Figure 14.24 Receive Data Sampling Timing in Asynchronous Mod

The receive margin in the asynchronous mode can therefore be expressed as:
1 D - 05
M = @).5 - —@- (L - 05)F - ————(1 + F)| x 100%
2N N

: Receive margin (%)
: Ratio of clock frequency to bit rate (N = 16)
: Clock duty cycle (D =0-1.0)
Frame length (L = 9-12)
. Absolute deviation of clock frequency

mMrozzg

From the equation above, if F = 0 and D = 0.5 the receive margin is 46.875%:

D =05F=0
M =(0.5-1/(2 x 16)) x 100%
= 46.875%

This is a theoretical value. A reasonable margin to allow in system designs is 2C
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TDRE |
X po X b1 X D2 X D3 X D4 X D5 X D6 X D7

Note: During external clock operation, an error may occur if t is 4@ or less.

Figure 14.25 Example of Clock Synchronous Transmission with DMA(

14.5.8 Cautions for Clock Synchronous External Clock Mode

» Set TE = RE =1 only when the external clock SCK is 1.
* Do not set TE = RE = 1 until at least four clocks after the external clock SCK t
from O to 1.

* When receiving, RDRF is 1 when RE is set to zero 2.5-3.5 clocks after the ris
RxD D7 bit SCK input, but it cannot be copied to RDR.

14.5.9  Caution for Clock Synchronous Internal Clock Mode

When receiving, RDRF is 1 when RE is set to zero 1.5 clocks after the rising edg
bit SCK output, but it cannot be copied to RDR.
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Eight input channels
Analog conversion voltage range setting is selectable

0 Using the reference voltage pin (AVref) as an analog standard voltage (Vi
analog input from 0 to Vref (only with SH7043).

High-speed conversion

O Minimum conversion time: 2.9 us per channel (for 28-MHz operation)

O 1.4 us per channel during continuous conversion

Multiple conversion modes

O Select mode/group mode

0 Single mode/scan mode

O Buffered operation possible

O 2 channel simultaneous sampling possible

Three types of conversion start

O Software, timer conversion start trigger (MTU),ADTRG pin can be selecte
Eight data registers

O Conversion results stored in 16-bit data registers corresponding to each ¢
Sample and hold function

A/D conversion end interrupt generation

O An A/D conversion end interrupt (ADI) request can be generated on comg
conversions
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AN3—» O | | o__ZT. —O—|' - @ > [
3| saHB |2 ADDRD £
AN4—» S | | F37-= | CMP | | © »  ADDRE g
ANs—» 2 117 7T S ADDRF o
>
———
ANG —» N , »  ADDRG ;8
| === |
AN7 —> - > ADDRH
AVgg >
ss Ol el
ADTRG ‘ 1 8-hit timer ¢
MTU conve
start trigger
» Interrupt sig
. ADI
ADCR: A/D control register CMP: Comparator array
ADSCR: A/D control status register S&H: Sample and hold circuit
ADDRA: A/D data register A ADDRE: A/D data register E
ADDRB: A/D data register B ADDRF: A/D data register F
ADDRC: A/D data register C ADDRG: A/D data register G
ADDRD: A/D data register D ADDRH: A/D data register H

Note: * SH7043 only

Figure 15.1 High Speed A/D Converter Block Diagram

15.1.3 Pin Configuration
Table 15.1 shows the input pins used by the high speed A/D converter.

The AV, and AV pins are for the A/D converter internal analog section power st
AV pin is for the A/D conversion standard voltage.
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Analog input 4 AN4 I Analog input channel 4

Analog input 5 AN5 I Analog input channel 5
Analog input 6 ANG6 I Analog input channel 6
Analog input 7 AN7 I Analog input channel 7
A/D external trigger input ADTRG I External trigger for A/D conversi

15.1.4 Register Configuration
Table 15.2 shows the configuration of the high speed A/D converter registers.

Table 15.2 Register Configuration

Name Abbreviation R/W Initial Value Address Access .
A/D data register A ADDRA R H'0000 H'FFFF83FO0 8,16
A/D data register B ADDRB R H'0000 H'FFFF83F2

A/D data register C ADDRC R H'0000 H'FFFF83F4

A/D data register D ADDRD R H'0000 H'FFFF83F6

A/D data register E ADDRE R H'0000 H'FFFF83F8

A/D data register F ADDRF R H'0000 H'FFFF83FA

A/D data register G ADDRG R H'0000 H'FFFF83FC

A/D data register H ADDRH R H'0000 H'FFFF83FE

A/D control/status register ADCSR RI(W)* H'00 H'FFFF83EOD

A/D control register ADCR R/W  H'00 H'FFFF83E1

Note: * Only O can be written to bit 7 to clear the flag.
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Table 15.3 shows the correspondence between the analog input channels and th

The ADDR are initialized to H'0000 by power-on reset or in standby mode. Manu
initialize ADDR.

Bitt 15 14 13 12 11 10 9
= = =] =] =] = | aps |
Initial value: 0 0 0 0 0 0 0
RW: R R R R R R R
Bit: 7 6 5 4 3 2 1
\ AD7 \ AD6 \ AD5 \ AD4 \ AD3 \ AD2 \ AD1 \
Initial value: 0 0 0 0 0 0 0
RW: R R R R R R R
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Note: * Except during buffer operation

15.2.2  A/D Control/Status Register (ADCSR)

The ADCSR is an 8-bit read/write register used for A/D conversion operation co
indicate status.

The ADCSR s initialized to H'00 by power-on reset or in standby mode. Manual
initialize ADCSR.

Bitt 7 6 5 4 3 2 1
\ ADF \ ADIE \ ADST‘ CKS \ GRP \ CH2 \ CH1
Initial value: 0 0 0 0 0 0 0

RW: RI(W)* RMW RIW R/W RIW R/W R/IW
Note: * The only value that can be written is a 0 to clear the flag.
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Bit 6—A/D Interrupt Enable (ADIE): Enables or disables interrupt requests (AL
conversion ends. Set the ADIE bit while conversion is suspended.

Bit 6: ADIE Description

0 Disables interrupt requests (ADI) after A/D conversion ends (in
value)

1 Enables interrupt requests (ADI) after A/D conversion ends

Bit 5—A/D Start (ADST): Selects start or stop for A/D conversion. A 1 is maint
A/D conversions.

The ADST bit can be set to 1 by software, timer conversion start triggers, or a
trigger input pin ADTRG).

Bit 5: ADST Description

A/D conversion halted (initial value)

1 Single mode: Start A/D conversion. Automatically cleared to O
conversion for the designated channel ends.
Scan mode: Start A/D conversion. Continuous conversion until
cleared by software.
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Bit 3: GRP Description

0 Select mode (initial value)

1 Group mode

e Bits 2-0—Channel Select 2—0 (CH2-CHO): These bits, along with the GRP |
analog input channel.

Set the input channel only while conversion is halted.

Description
Bit2: CH2 Bit1l: CH1 Bit0: CHO Select Mode (GRP =0) Group Mode (GRP =
0 0 0 ANO (initial value) ANO
0 0 1 AN1 ANO-AN1
0 1 0 AN2 ANO-AN2
0 1 1 AN3 ANO-AN3
1 0 0 AN4 ANO-AN4
1 0 1 ANS ANO-AN5
1 1 0 ANG6 ANO-ANG6
1 1 1 AN7 ANO-AN7
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Setting the PWR bit to 1 sets high speed start mode, and a 0 sets to low powe
mode. See section 15.4.7, Conversion Start Modes, for details on the convers
operation.

Set the PWR bit only while conversion is halted.

Bit 6: PWR Description
0 Low power conversion mode (initial value)
1 High speed start mode

e Bits 5 and 4—Timer Trigger Select 1, 0 (TRGS1, TRGSO0): These bits enable
conversion starts by trigger signals.

Set the TRGS1, TRGSO bits only while conversion is halted.

Bit 5: TRGS1 Bit 4: TRGSO Description

0 0 Enable A/D conversion start by software (initial value)
0 1 Enables A/D conversion start by MTU conversion stal
1 0 Reserved

1 1 Enables A/D conversion start by external trigger pin (

Bit 3—Scan Mode (SCAN): Selects either single mode or scan mode for the A
operation mode. See section 15.4, Operation, for details on single mode and :
operation.

Set the SCAN bit only while conversion is halted.

Bit 3: SCAN Description

0 Single mode (initial value)
1 Scan mode
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o€l the bUrELl and bUFEU DItS only wnile conversion Is nalted.

Bit 1: BUFE1 Bit 0: BUFEO Description

0 0 Normal operation (initial value)

0 1 ADDRA and ADDRB buffer operation: conversion re
ADDRA - ADDRB (ADDRSB is the buffer register)

1 0 ADDRA and ADDRC, also ADDRB and ADDRD bulff

operation: conversion result 1 -~ ADDRA - ADDRC
conversion result 2 -~ ADDRB - ADDRD (ADDRC
ADDRD are buffer registers)

1 1 ADDRA-ADDRD buffer operation: conversion result
ADDRA - ADDRB - ADDRC - ADDRD (ADDRB-
are buffer registers)

15.3 Bus Master Interface

The ADDRA-ADDRH are 16-bit registers with a 16-bit width data bus to the bus
master can read from ADDRA—-ADDRH in either word or byte units.

When an ADDR is read in word units, the ADDR contents are transferred to the
at a time. In byte unit reads, the contents of the most significant eight bits (AD9-
converted data (AD9—-ADO) are transferred to the bus master.

Figures 15.2 and 15.3 shows an example of the ADDR read operation.
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AD 9

AD 8

AD7
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AD 6
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AD 5
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AD 4
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AD 3

v

Lower 8 bits

\

AD 2

AD 1

v

\

ADO

v
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Figure 15.2 ADDR Read Operation (1)
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AD 8

AD7

AD 6

AD 5

AD 4

AD 3

AD 2

AD1

AD O

N
:

Figure 15.3 ADDR Read Operation (2)
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e Software, a timer conversion start trigger (MTU), or an ADTRG input can be s
conversion start condition.

» High speed start mode or low power conversion mode can be selected for A/L
using the PWR bit setting.

* When changing the operation mode or input channel, rewrite the ADCSR, AD
ADST bit is cleared to 0. After rewriting the ADCSR, ADCR, A/D conversion w
when the ADST bit is set to 1. Operation mode or input channel changes can
simultaneously with ADST bit setting. When stopping an A/D conversion befor
clear the ADST bit.

15.4.1 Select-Single Mode
Choose select-single mode when doing A/D conversions for one channel only.

When the ADST bit is set to 1, A/D conversion is started according to the designe
start conditions. The ADST bit is held to 1 during the A/D conversion and is autor
to 0 upon completion.

The ADF flag is also set to 1 at the end of conversion. If the ADIE bitis setto 1 a
ADI interrupt request is generated. The ADF flag is cleared by reading the ADCS
0.

Figure 15.4 shows an example of operation in the select-single mode when AN1
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ADDRA

ADDRB Conversion result 1

ADDRC

ADDRD

Figure 15.4 A/D Converter Operation Example (Select-Single Mode

15.4.2 Select-Scan Mode

Choose select-scan mode when doing repeated A/D conversions for one chann
when doing continuous monitoring of the analog input of one channel.

When the ADST bit is set to 1, A/D conversion is started according to the desigr
start conditions. The ADST bit is held to 1 until O cleared by software. A/D conve
selected input channel is repeated during that interval.

The ADF flag is set to 1 at the end of the first conversion. At this point, if the AD
ADI interrupt request is issued, and the A/D converter is halted. With the A/D co
mode due to an ADI interrupt request, conversion is restarted when the ADF fla
The ADF flag is cleared by reading the ADCSR then writing a 0.

Figure 15.5 shows an example of operation in the select-scan mode when AN1
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Sampling

Channel 2 | Conversion standby

Channel 3 | Conversion standby

ADDRA
Conver-\ /Conver-\ /Conver- Conve
ADDRB sion sion sion sion
result 1 result 2 result 3 result
ADDRC
ADDRD

Figure 15.5 A/D Converter Operation Example (Select-Scan Mode)

15.4.3  Group-Single Mode
Choose group-single mode when doing A/D conversions for multiple channels.

When the ADST bit is set to 1, A/D conversion is started according to the design:
start conditions. The ADST bit is held to 1 during A/D conversion and is automati
0 when all conversions for the designated input channels are completed.

The ADF flag is set to 1 when all conversions for the designated input channels &
the ADIE bit is set to 1 at this time, an ADI interrupt request is generated. The AC
by reading the ADCSR then writing a 0.

Figure 15.6 shows an example of operation in the group-single mode when ANO-
selected.
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Channel 2 | Lonversion stanaby vw--sv----u iconvgrsion V;t;r:d;;“
Channel 3 | Conversion standby
ADDRA Conversion result 1
ADDRB Conversion result 2
ADDRC Conversion |

ADDRD

Figure 15.6 A/D Converter Operation Example (Group-Single Mode

15.4.4  Group-Scan Mode

Choose group-scan mode when doing repeated A/D conversions for multiple ch
useful when doing continuous monitoring of the analog inputs of multiple channe

When the ADST bit is set to 1, A/D conversion is started according to the desigr
start conditions. The ADST bit is held to 1 until O cleared by software. A/D conve
selected input channels is repeated during that interval.

The ADF flag is set to 1 at the completion of the first conversions of all the desig
channels. At this point, if the ADIE bit is set to 1, an ADI interrupt request is issu
converter is temporarily halted. With the A/D converter in stop mode due to an £
request, conversion is restarted when the ADF flag is cleared to 0. The ADF flac
reading the ADCSR, then writing a 0.
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Channel 1 T atandhy pling | conver- | sion pling | conver-
standby 2 | sion2 |standby 5 | sion5
Sam- A/D | Conver- | Sam-

sion 3 | standby

T
|
Channel 2 Conversion standby pling : conver- sion pling
|
|

Channel 3 | Conversion standby
ADDRA Conversion result 1 Conversion re
ADDRB Conversion result 2
Conversion re
ADDRC Conversion result :
ADDRD

Figure 15.7 A/D Converter Operation Example (Group-Scan Mode)

15.4.5 Buffer Operation

When conversion ends on the relevant channel, the conversion result is stored in
simultaneously, the previously stored result is transferred to another ADDR. Buffe
be selected from the following:

e ANO - ADDRA -, ADDRB (Two-stage, one-group operation)

« ANO - ADDRA - ADDRC, AN1 - ADDRB -. ADDRD (Two-stage, two-grou
operation)

e ANO - ADDRA -, ADDRB - ADDRC - ADDRD (Four-stage, one-group opt
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Channel 1 | Conversion standby

Channel 2 | Conversion standby

Channel 3 | Conversion standby

Conver-\ /Conver-\ /Conver- Cor
ADDRA sion sion sion Si
result 1 result 2/ \result 3 resl
Conver-\ /Conver- Cor
ADDRB sion sion Si
result 1/ \result 2 res|
ADDRC
ADDRD

Figure 15.8 Buffer Operation Example (Select Scan Mode: Two-Stage On
Operation, When CH2-CHO = B'001)

Buffer-Only Operation: When performing conversion only on the analog input cl
specified by the BUFE1 and BUFEDO bits, select group mode, and you can selec
setting conditions with the CH2—CHO bits.

Table 15.4 shows conversion during buffer operation and ADF flag setting condi
flag is set at the point in the table when the final conversion has ended. In single
is halted after the ADF flag is set to 1. In scan mode, conversion continues, and
is stored in sequence in the buffer registers specified by the BUFE1 and BUFEC
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(ADDRDB)

1 ANO 2 times (ADDRB) ANO 2 times (AL
1 0 * ANO, AN1 2 times ANO 3 times (AL
(ADDRD)
1 * ANO 4 times (AL
1 . _ * * *

Note: * See table 15.5.

Combined Group Mode and Buffer Operation: Continuous conversion is possible
input channels (ANO and AN1) specified by bits BUFE1 and BUFEO as well as Al
setting of bits CH2—-CHO.

Table 15.5 shows conversion during buffer operation and ADF flag setting condit
flag is set at the point in the table when the final conversion has ended. In this ca
performed on the analog input corresponding with the ADDR specified in the buff
example, when BUFE1 and BUFEO = B'11 and CH2—-CHO = B'110, conversion re
in ADDRA and ADDRE-ADDRG. Also, contents of ADDRA-ADDRC before the s
conversion are transferred to ADDRB-ADDRD.

In single mode, conversion is halted after the ADF flag has been set to 1. Conver
scan mode.
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(ADDRF) (ADDRF) (ADDRF)

1 0 ANO, AN2-AN6 ANO, AN1, AN4-AN6  ANO, AN4—AN(
(ADDRG) (ADDRG) (ADDRG)

1 ANO, AN2-AN7 ANO, AN1, AN4-AN7  ANO, AN4-AN:
(ADDRH) (ADDRH) (ADDRH)

Note: * See table 15.4.

ADF Flag Clearing: When the DTC and DMAC are started up due to an A/D con
interrupt, the ADF flag is cleared when the ADDR specified in table 15.4 or 15.5

Resetting the Number of Buffer Operations:Clear the BUFE1 and BUFEDO bits to
conversion standby mode or when the converter has been halted. The number
is cleared to 0.

Updating Buffer Operations: Clear the BUFE1 and BUFEO bits to B'00 in conver
mode or when the converter has been halted. Thereafter, set BUFE1 and BUFE
operations shown in tables 15.4 and 15.5 are performed when conversion is res

15.4.6  Simultaneous Sampling Operation

With simultaneous sampling, continuous conversion is conducted with sampling
voltages on two channels at the same time. Simultaneous sampling is valid in g|
Channels for sampling are determined by the CH2 and CH1 bits of the RDSCR.
are shown in table 15.6. For example, if GRP = 1 when CH2 and CH1 = B'11, s:
order in the following pairs: ANO, ANZ AN2, AN3 - AN4, AN5- AN6, AN7. Samf
is shown in figure 15.9.
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ADST Set to 1 by software

Automatically cleare

Conver- . | AD )
Channel 0 sion Sampling : conver- Conversion
standby | sion 1 standby
Conver- . | Conver- | conver- A/D
Channel 1 sion |Sampling! sion ! sion | conver-
standby 2 | standby ! standby | sion 2
Channel 2 | Conversion standby
Channel 3 | Conversion standby
ADDRA Conversion result 1
ADDRB Conversion result
ADDRC
ADDRD

Figure 15.9 Simultaneous Sampling Operation (Group Single Mode)
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active during the A/D conversion operation period in this mode, current consumj
reduced.

In high-speed start mode, ADST is cleared to 0 when A/D conversion ends. Pov
supplied to the analog circuitry, and conversion-ready status is maintained. Con
immediately by resetting ADST to 1. However, the first conversion after power-c
cycles after setting ADST. Clear the PWR bit to 0 to switch off the analog power
performing consecutive conversions, the second and later conversions are exec
Because the analog circuit is always active in this mode, A/D conversion can be
speed.
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Channel 1

Channel 2

Channel 3

ADDRA

ADDRB

ADDRC

ADDRD

Conver-
sion
standby

A/D
conver-
sion 2

Sam-
pling
2

Conver-
sion
standby

)
|

~ T

Conver-
sion
standby

SS

/
200 cycles

«——»

)

Conversion Con
result 1 res

)

Conversion
result 2

)

)

Figure 15.10 Conversion Start Operation (Low-Power Conversion Mod
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Conversion

Channel 1 standby

standby

Conversion
Channel 3 standby

))
Channel 2 |Conversion S§
§

| 200 cycles
}A S—h Conversion

ADDRA

)  coerson e
ADDRB SS

)
ADDRD SS

ADDRC

Figure 15.11 Conversion Start Operation (High-Speed Start Mode)
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ADF (

ADST Q

Channel 0 | Conversion standby

Channel 1 CC;?(;/r(]ar- Sam- ico'?]/vDer- Conversion
standby| PIn9 1 ! sion 1 standby
Channel 2 | Conversion standby
Channel 3 | Conversion standby
ADDRA
ADDRB Conversion result 1
ADDRC
ADDRD

Figure 15.12 Conversion Start b ADTRG Conversion Start Trigger
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‘P_‘II_II_I

Address 1 X ><

A

|
|
. . |
Write signal |
i \
ADST |
‘ |
} \
Sampling | }
timing : ‘ ‘
o i :
|
ADF | | | |
T | [
} | to i tspL } tcp
| < =‘4 >
|
} | tcony
| |

tp: A/D conversion start delay time
tgpL: Input sampling time
t cony: A/D conversion time
t cp: Operation time

Figure 15.13 A/D Conversion Timing
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when CKS=0 and 40 cycle when CKS=1.

The CKS bit of the ADCSR is the operation tigg\t, but set so that this is 2 us or g
15.8 shows the operating frequency and CKS bit settings.

Table 15.8 Operating Frequency and CKS Bit Settings

Conversion Time Minimum Conversion Time (us)

CKS (States) 28 MHz 20 MHz 16 MHz 10 MHz 8
0 42.5 — 21 2.6 4.3 5
1 82.5 2.9 4.2 5.0 8.3 1

Note: The indication “—" means the setting is not available.

15.5 Interrupts

The high speed A/D converter generates an A/D conversion end interrupt (ADI) L
of A/D conversions. The ADI interrupt request can be enabled or disabled by the
ADCSR.

The DTC or DMAC can be activated by ADI interrupts. When converted data is re
or DMAC upon an ADI interrupt, consecutive conversions can be done without sc
responsibility.

Table 15.9 lists the high speed A/D converter interrupt sources.

During scan mode, if the ADIE bit is set to 1, A/D conversion is temporarily suspe
immediately when the ADF flag is set to 1. A/D conversion is restarted when the .
cleared to 0.
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During A/D conversions, see that the voltage applied to the analog input pins
within the range Avss ANO—AN7 < Avcc.

AVcc and AVss input voltages
The AVcc and AVss input voltage must be AVcce = Vece £ 10%, AVss = Vss. \
the A/D converter, use AVcc = Vcc, AVss = Vss. During the standby mode, gy
< 5.5V, AVss = Vss. Y. is the RAM standby voltage.

AVref input voltage
The analog standard voltage AVref (A¥must be Avrek AVcc. When not using
converter, use Ay; = Vcc. During the standby mode, usg,y < AVref < AVcce. V,
RAM standby voltage.

Input ports
The time constant for the circuit connecting to the input port must be shorter
time of the A/D converter. Input voltage may not be sampled sufficiently whe
constant of the circuit is long.

Conversion start modes

Depending on the PWR bit setting, the demand for A/D conversion will differ
speed start mode and low-demand conversion mode.

Analog input pins handling
Connect a protection circuit as shown in figure 15.14 to prevent analog input
from being destroyed due to abnormal voltage from surge, etc. This circuit is
with a CR filter to control errors due to noise. The circuit shown in the diagral
example and the number of circuits is to be determined by considering the ac
use.

Figure 15.15 shows an equivalent circuit of analog input pins and table 15.1(
specification of the analog input pins.

RENESAS



Notes: Numbers are only to be noted as reference value
*1

10pF 0.01pF

*2 Rin: Input impedance

Figure 15.14 Example of a Protection Circuit for the Analog Input Pins

ANO to AN7 O —A\NN, I

~ 20pF 3 § MQ
e | e
Analog multiplexer High-speed A/D convertel

Note: Numbers are only to be noted as reference value

Figure 15.15 Equivalent Circuit of Analog Input Pins
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10-bit resolution
Eight input channels (four channels times two)
Analog conversion voltage range setting is selectable

0 Using the standard voltage pin (AVref) as an analog standard voltage (Vr
analog input from 0V to Vref (only with SH7041A, SH7043A, and SH704E

(Connected to Ay internally in the SH7040A, SH7042A, and SH7044.)
High speed conversion
O Minimum conversion time: per channel
O Operation frequency: <POMHz, CKS=0, 1
6.7us (20MHz, CKS=1)
0 Operation frequency: f>20MHz, CKS=0
9.3us (28.7MHz, CKS=0)
Multiple conversion modes
O Single mode/scan mode
0 2 channel simultaneous conversion
Three types of conversion start
0 Software, timer conversion start trigger (MTU), or ADTRG pin can be sele
Eight data registers
O Conversion results stored in 16-bit data registers corresponding to each c
Sample and hold function
A/D conversion end interrupt generation

O An A/D conversion end interrupt (ADI) can be generated on completion of
conversion.

Furthermore, ADIO (A/DO interrupt request) can activate DTC and ADI1 (A/D
request) can activate DMAC.
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Analog multiplexer

Control circuit

—_—
i Interr
signa
(DTC

Module data bus

! AID1
AV ——] 9s
(Only with 144 pin) §<£
AVyet ——  10-bit D/IA £8¢2
g2
o5
AVgs Ooc@

AN4 —L > |
AN5 —»|
AN6 ———>|

AN7 —>

flaialn

—>

ADDRA1
ADDRB1
ADDRC1
ADDRD1
ADCSR1
ADCR1

Bus interface

Analog multiplexer

Sample & hold circuit

Comparator

Control circuit

i Interrt
signal
(DMA
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Standard voltage

AVref”

A/D conversion standard voltage
(SH7041A, SH7043A, and SH704

A/DO Analog input0  AND | Analog input channel 0
Analog input1  AN1 | Analog input channel 1
Analog input2  AN2 | Analog input channel 2
Analog input3  AN3 | Analog input channel 3
A/D1 Analog input4  AN4 | Analog input channel 4
Analog input5 AN5 | Analog input channel 5
Analog input6  AN6 | Analog input channel 6
Analog input 7 AN7 | Analog input channel 7
A/D external trigger input ~ ADTRG | External trigger for A/D conversiol

Note: * Inthe SH7040A, SH7042A, and SH7044, AV, is connected to AV . internally.

RENESAS



AU Uata Toylotcl Wil

MU VT

7

LI

e oOosuvse

o, 4V

A/DO data register CL ADDRCOL R H'00 H'FFFF8405 8
A/DO data register DH ADDRDOH R H'00 H'FFFF8406 8, 16
A/DO data register DL ADDRDOL H'00 H'FFFF8407 8
A/DO control/status register ADCSRO R/I(W)* H'O00 H'FFFF8410 8, 16
A/DO control register ADCRO R/W H'7F H'FFFF8412 8,16
A/D1 data register AH ADDRA1H R H'00 H'FFFF8408 8, 16
A/D1 data register AL ADDRAIL R H'00 H'FFFF8409 8
A/D1 data register BH ADDRB1H R H'00 H'FFFF840A 8, 16
A/D1 data register BL ADDRBI1L R H'00 H'FFFF840B 8
A/D1 data register CH ADDRC1H R H'00 H'FFFF840C 8, 16
A/D1 data register CL ADDRCI1L R H'00 H'FFFF840D 8
A/D1 data register DH ADDRD1H R H'00 H'FFFF840E 8, 16
A/D1 data register DL ADDRD1L H'00 H'FFFF840F 8
A/D1 control/status register ADCSR1 R/I(W)* H00 H'FFFF8411 8
A/D1 control register ADCR1 R/W H'7F H'FFFF8413 8

Note: * Only 0 can be written to bit 7 to clear the flag.
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ADDR can always be read from the CPU. The upper byte may be read directly.
transferred through the temporary register (TEMP). For details, see section 16.2
CPU.

ADDR is initialized to H'0000 during power-on reset or standby mode. ADDR wi
initialized by manual reset.

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

ADDRn : | AD9 | AD8 | AD7 | AD6 | ADS | AD4 | AD3 | AD2 | AD1 | ADO | — — — —

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

RW: R R R R R R R R R R R R R
(n=Ato D)

Table 16.3 Analog Input Channel and ADDRA-ADDRD Correspondence

Analog Input Channel A/D Data Register Module
ANO ADDRAO A/DO
AN1 ADDRBO
AN2 ADDRCO
AN3 ADDRDO
AN4 ADDRA1 A/D1
ANS ADDRB1
ANG ADDRC1
AN7 ADDRD1
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Note: * Only O can be written to clear the flag.

» Bit 7—A/D End Flag (ADF): Status flag that indicates end of A/D conversion.

Bit 7:
ADF Description
0 [Clear conditions] (In
1. Writing O to ADF after reading ADF with ADF=1
2. When registers of the mid-speed converter are accessed after the DMAC a
are activated by ADI interrupt.
1 [Set conditions]

1. Single mode: When A/D conversion is complete
2. Scan mode: When A/D conversion of all designated channels are complete

» Bit 6—A/D Interrupt Enable (ADIE): Enables or disables interrupt request (AD
completion of A/D conversion.

Bit 6:

ADIE Description

0 Disables interrupt request (ADI) due to completion of A/D conversion (Ini
1 Enables interrupt request (ADI) due to completion of A/D conversion
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e Bit 4—Scan Mode (SCAN): Selects the A/D conversion mode from single mc
mode. For operations during single/scan mode, see section 16.4, Operation.
modes, proceed while ADST=0.

Bit 4:

SCAN Description

0 Single mode (I
1 Scan mode

» Bit 3—Clock Select (CKS): Sets the A/D conversion time. Proceed conversic
while adst=0. Always set CKS=0 when operating frequency exceeds 20MHz

Bit 3:

CKS Description

0 Conversion time = 266 states (max) (I
1 Conversion time = 134 states (max)

» Bit 2—Reserved bit: Bit 2 always reads 0. Furthermore, always write 0.

» Bits 1, 0—Channel select 1, 0 (CH1, CHO): Selects the analog input channel
SCAN bit. Switch channels while ADST=0.
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A/D control registers (ADCRO, 1) are registers that can read/write in 8 bits and er
A/D conversion start of the external trigger input. There are the ADCRO (A/DO) ar
(A/D1).

ADCR is initialized to H'7F during power-on reset and standby mode. Manual res
initialize ADCR.

Bit : 7 6 5 4 3 2 1
Initial value : | TRGE | — | — | — | — | — | — |
0 1 1 1 1 1 1
R/IW : R/W R R R R R

» Bit 7—Trigger Enable (TRGE): Enables or disables A/D conversion start of inj
external or MTU trigger.

Bit 7:

TRGE Description

0 Disables A/D conversion start of external or MTU trigger (Ini
1 Starts A/D conversion on last transition edge of A/D conversion trigger input pir

(ADTRG) or MTU trigger.

A/DO and A/D1 are common for external trigger pin and MTU trigger.
A/DO and A/D1 settings are of logical sum.

» Bits 6-0—Reserved bits: These bits always read as 1. The write value should
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When reading the ADDR in byte size, read the upper byte before the lower byte
possible to read only the upper byte, however, please note that contents are no

reading only the lower byte. In addition, when reading ADDR in word size, uppe
automatically read before the lower byte.

Figure 16.2 shows the data flow when reading from ADDR.

<Reading the upper byte>

cPU Module data bus
(HAA) Bus interface

TEMP
(H'40)

ADDRNH ADDRnNL
(H'AA) (H'40)

<Reading of the lower byte>

Module data bus
CPU

(H'40)

Bus interface

TEMP
(H'40)

ADDRNH ADDRnNL
(H'AA) (H'40)

Figure 16.2 ADDR Access Operation (During Reading of (H'AA40))
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ADCSR is 1, ADI interrupt request occurs.
The ADF bit can be cleared by writing 0 after reading ADF=1.

To switch modes or analog input channels during A/D conversion, clear the ADS’
stop A/D conversion to avoid malfunction. After switching (mode/channel change
setting can be made at the same time), set the ADST bit to 1 to restart A/D conve

An example of operation when channel 1 (AN1) is selected in the single mode is
16.3 (the bit specification in the example is the ADCSRO register).

1. Set operation mode to single mode (SCAN=0), input channel to AN1 (CH1=0
A/D interrupt request to enable (ADIE) then start A/D conversion (ADST=1).

2. When A/D conversion is complete, A/D conversion result is transferred to AD
same time, ADF=1 will become ADF=0 and the mid-speed converter will stan
conversion.

Since ADF=1 and ADIE=1, ADI interrupt request will occur.
The A/D interrupt process routine will start.

After reading ADF=1, write 0 to ADF.

Read the A/D conversion result (ADDRBO) and process.

End A/D interrupt process routine execution. When ADST bit is setto 1, A/D
starts, following steps (2) to (7) above.

No ok~
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Figure 16.3 Operation Example of Mid-speed A/D Converter (Single Mode,
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An example of operation when three channels of A/DO (ANO-2) are selected for
is shown in figure 16.4 (the bit specification in the example is the ADCSRO regist

1. Set operation mode to scan mode (SCAN=1), set analog channels to AN0O-2
then start A/D conversion (ADST=1).

2. When A/D conversion for channel 1 is complete, A/D conversion result is trar
ADDRAO.

Next, channel 2 (AN1) will automatically be selected and conversion will begir
3. In the same manner, channel 3 will be converted (AN2).
4. When conversion of all of the selected channels (ANO-AN2) are complete, A
1 and channel 1 (ANO) will again be selected and conversion will begin.
At this time, if the ADIE bit is set to 1, ADI interrupt request will occur after cor
conversion.
5. Steps (2) to (4) will be repeated while ADST bit is set to 1.
A/D conversion will stop when setting the ADST bit to 0. When setting the AD.
A/D conversion will start again from channel 1 (ANO).
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Selected) (ANO—AN2)

Figure 16.4 Operation Example of Mid-speed A/D Converter (Scan Mode, Thr




CKS=1.

(€0)
CK
@

Write signal |

Input sampling ((
timing »
ADF (
1))
tp tspL
t cony
< Key> tp: A/D conversion start delay time
(1): Write cycle of ADCSR tgp: INput sampling time
(2): Address of ADCSR tcony: A/D conversion time
Figure 16.5 A/D Conversion Timing
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from the ADTRG pin or MTU when the TRGE bit of the A/D control register (ADC

A/D conversion is started when the ADST bit of the A/D control/status register (/
1 by theADTRG input pin last transition edge or MTU trigger. Other operations, |
whether in the single or scan mode, are the same as when setting the ADST bit

software.

Figure 16.6 shows an example of external trigger input timing.

CK

External trigger

signal

ADST
A/D conversion

Figure 16.6 External Trigger Input Timing
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A/DO ADIO Interrupt by conversion complete O X
A/D1 ADI1 X @)

O: activation enabled
x: activation disabled

When accessing the A/DO register with DTC activated by ADIO interrupt, the ADF
control/status register (ADCSRO0) will automatically be cleared to 0. Furthermore,
automatically clear the ADF bit of ADCSR1 by register access of A/D1 with active
ADI1 interrupt. For details on the automatic clearing operation of this interrupt fac
8, Data Transfer Controller (DTC).
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A/D conversion. Offset error (see figure 16.7 (1)) is the deviation between the a
conversion characteristic and the ideal A/D conversion characteristic when the ¢
changes from the minimum value (zero voltage) of 0000000000 (000 in the figu
(001 in the figure ). Full-scale error (see figure 16.7 (2)) is the deviation betwee
conversion characteristic and the ideal A/D conversion characteristic when the c
changes from 1111111110 (110 in the figure) to the maximum value (full-scale \
1111212111 (111 in the figure). Quantization error is the deviation inherent in the
A/D converter, given by 1/2 LSB (see figure 16.7 (3)). Nonlinearity error is the ©
the actual A/D conversion characteristic and the ideal A/D conversion character
voltage to full-scale voltage (see figure 16.7 (4)). This does not include offset el
error, and quantization error.

(2) Full-scale errc

Digital output Digital output ¢
Ideal A/D conversion Ideal A/D conversion /
111 Characteristic Characteristic ‘
110+ ,
101— //
100~
7’L— (4) Nonlinearity error
011 S/ @ Y
010 L(3) Quantization error /
001 Actual A/D conversion
characteristic
000 | | | | | | |
0 1/8 2/8 3/8 4/8 58 68 7/8 FS F
Analog input T Analog |
voltage (1) Offset error volta

FS : Full-scale voltage

Figure 16.7 A/D Conversion Precision Definitions
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meaium-speea A/D converter 1S Not USed, SegsH v Ve and AVgs = Vg

(3) AVref input voltage
For the AV, pin input voltage analog reference, setA¥ AV ... When the med
A/D converter is not used, set A= AV ..

(4) AVc and AV, must be connected to the power supplyd\éven if the medium-:
converter is not used or is in standby mode.

16.7.2 Handling of Analog Input Pins

To prevent damage from surges and other abnormal voltages at the analog input
connect a protection circuit such as that shown in figure 16.8. This circuit also in
function that suppresses error due to noise. The circuit shown here is only a des
circuit constants must be decided on the basis of the actual operating conditions.

Figure 16.9 shows an equivalent circuit for the analog input pins, and table 16.6 ¢
analog input pin specifications.

584
RENESAS



Notes: Numbers are only to be noted as reference value
*1 (P
10uF —— —— 0.01 pF

-

*2 Rj,: Input impedance

Figure 16.8 Example of Analog Input Pin Protection Circuit
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Analog multiplexer Mid-speed A/D conv

Note : Numbers are only to be noted as reference val

Figure 16.9 Equivalent Circuit for the Analog Input Pins

Table 16.6 Analog Pin Specifications

ltem Min Max Unit
Analog input capacitance — 20 pF
Permissible signal source impedance — 1 kQ
586
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O One of four internal clocksy(8, ¢/32, @/128,@/512) can be selected indepen
channel.

e Interrupt sources
O A compare match interrupt can be requested independently for each char

17.1.2  Block Diagram

Figure 17.1 shows a block diagram of the CMT.
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CMSTR: Compare match timer start register
CMCSR: Compare match timer control/status register
CMCOR: Compare match timer constant register
CMCNT: Compare match timer counter

CMI: Compare match interrupt

Figure 17.1 CMT Block Diagram
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Compare match timer CMCORO R/W H'FFFF H'FFFF83D6 8, 1
constant register 0

1 Compare match timer CMCSR1 R/(W)* HO0000 HFFFF83DS8 8, 1
control/status register 1
Compare match timer CMCNT1 R/W H'0000 H'FFFF83DA 8,1
counter 1
Compare match timer CMCOR1 R/W H'FFFF H'FFFF83DC 8, 1

constant register 1

Note: * The only value that can be written to the CMCSRO0 and CMCSR1 CMF bits is a
the flags.
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Bit: 7 6 5 4 3 2 1

- == =] =] = [sm]
Initial value: 0 0 0 0 0 0 0
R/W: R R R R R R R/W

» Bits 15-2—Reserved: These bits always read as 0. The write value should al

e Bit 1—Count Start 1 (STR1): Selects whether to operate or halt compare matc
1.

Bit 1: STR1 Description
0 CMCNT1 count operation halted (initial value)
1 CMCNT1 count operation

» Bit 0—Count Start 0 (STRO): Selects whether to operate or halt compare matc
0.

Bit 0: STRO Description

0 CMCNTO count operation halted (initial value)
1 CMCNTO count operation
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Bl 4 o o] a4 o < 1

oMF | eme| — | — | — | — | ckst
Initial value: 0 0 0 0 0 0 0
RIW: RIW)*  RW R R R R RIW

Note: * The only value that can be written is a 0 to clear the flag.

» Bits 15-8 and 5—2—Reserved: These bits always read as 0. The write value
0.

» Bit 7—Compare Match Flag (CMF): This flag indicates whether or not the C\
CMCOR values have matched.

Bit 7: CMF Description

0 CMCNT and CMCOR values have not matched (initial status)
Clear condition: Write a 0 to CMF after reading a 1 from it

1 CMCNT and CMCOR values have matched

» Bit 6—Compare Match Interrupt Enable (CMIE): Selects whether to enable c
compare match interrupt (CMI) when the CMCNT and CMCOR values have
1).

Bit 6: CMIE Description
0 Compare match interrupts (CMI) disabled (initial status)
1 Compare match interrupts (CMI) enabled
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1/7.2.0 CLompare Match limer counter (CIVICN )

The compare match timer counter (CMCNT) is a 16-bit register used as an upcot
generating interrupt requests.

When an internal clock is selected with the CKS1, CKSO0 bits of the CMCSR regis
bit of the CMSTR is set to 1, the CMCNT begins incrementing with that clock. Wt
value matches that of the compare match timer constant register (CMCOR), the (
cleared to H'0000 and the CMF flag of the CMCSR is set to 1. If the CMIE bit of t
set to 1 at this time, a compare match interrupt (CMI) is requested.

The CMCNT is initialized to H'0000 by power-on resets and by standby mode. M
not initialize CMCNT.

Bit: 15 14 13 12 11 10 9

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

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: 7 6 5 4 3 2 1

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

17.3  Operation

17.3.1  Period Count Operation

When an internal clock is selected with the CKS1, CKSO bits of the CMCSR reg
bit of the CMSTR is set to 1, the CMCNT begins incrementing with the selected
CMCNT counter value matches that of the compare match constant register (CI
CMCNT counter is cleared to H'0000 and the CMF flag of the CMCSR register i
CMIE bit of the CMCSR register is set to 1 at this time, a compare match interru
requested. The CMCNT counter begins counting up again from H'0000.

Figure 17.2 shows the compare match counter operation.

CMCNT value Counter cleared by
/ CMCOR compare match
o
H'0000 > Time

Figure 17.2 Counter Operation
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Figure 17.3 Count Timing
17.4  Interrupts

17.4.1 Interrupt Sources and DTC Activation

The CMT has a compare match interrupt for each channel, with independent vec
allocated to each of them. The corresponding interrupt request is output when the
flag CMF is set to 1 and the interrupt enable bit CMIE has also been set to 1.

When activating CPU interrupts by interrupt request, the priority between the cha
changed by using the interrupt controller settings. See section 6, Interrupt Contro
details.

Interrupt requests can also be used as data transfer controller (DTC) activating s
case, channel priorities are fixed. See section 8, Data Transfer Controller (DTC),

17.4.2 Compare Match Flag Set Timing

The CMF bit of the CMCSR register is set to 1 by the compare match signal gene
CMCOR register and the CMCNT counter match. The compare match signal is g
the final state of the match (timing at which the CMCNT counter matching count \
updated). Consequently, after the CMCOR register and the CMCNT counter mat
match signal will not be generated until a CMCNT counter input clock occurs. Fig
the CMF bit set timing.
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Compare
match signal

CMF

CMI

Figure 17.4 CMF Set Timing

17.4.3 Compare Match Flag Clear Timing

The CMF bit of the CMCSR register is cleared either by writing a O to it after rea
clear signal after a DTC transfer. Figure 17.5 shows the timing when the CMF b
CPU.

CMCSR write cycle

x| B

CMF

Figure 17.5 Timing of CMF Clear by the CPU
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Address >< CMCNT ><

Internal
write signal

Compare
match signal

CMCNT N >< H'0000

Figure 17.6 CMCNT Write and Compare Match Contention
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Internal
write signal

Compare
match signal

CMCNT

X

M

A
\

CMCNT write data

Figure 17.7 CMCNT Word Write and Increment Contention
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Address CMCNTH

Internal
write signal

CMCNT
input clock

CMCNTH N M

A 3

CMCNTH write data

CMCNTL X X

Figure 17.8 CMCNT Byte Write and Increment Contention
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4 Lo

A

PA23 I/O (port)

WRHH output (BSC) —

PA22 1/0 (port)

WRHL output (BSC) —

PA21 1/0 (port)

CASHH output (BSC) —

PA20 I/O (port)

CASHL output (BSC) —

PA19 I/O (port)

BACK output (BSC) DRAK1 output
(DMAC)

PA18 I/0 (port)

BREQ input (BSC) DRAKO output
(DMAC)

PA17 /O (port)

WAIT input (BSC) —

PA16 1/0 (port)

AH output (BSC) —

PA15 I/O (port)  CK output (CPG) — — 83
PA14 1/O (port)  RD output (BSC) — — 34
PA131/O (port) WRH output (BSC) — — 36
PA12 1/O (port)  WRL output (BSC) — — 38
PA111/O (porty CS1 output (BSC) — — 40
PA10 I/O (port)  CSO output (BSC) — — 41
PA9 1/O (port) TCLKD input (MTU) TRQ3 (INTC) — 42
PA8 I/O (port) ~ TCLKC input (MTU) TRQ2 (INTC) — 43
PA7 1/O (port) TCLKB input (MTU) CS3 output (BSC)— 44
PAG I/O (port) TCLKA input (MTU) CS2 output (BSC) — 45

PAS5 I/O (port)

SCK1 1/0 (SCI) DREQT input
(DMAC)

IRQ1 input (INTC) 46
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PB7 I/O (port)

IRQ5 input (INTC) A19 output (BSC) BREQ input (BSC) 30

PB6 I/O (port)

IRQ4 input (INTC) A18 output (BSC) BACK output (BSC) 29

PB5 1/O (port)

IRQ3 input (INTC) POES input (port) RDWR output (BSC)28

PB4 1/0O (port)

IRQ2 input (INTC) POE2 input (port) CASH output (BSC) 26

PB3 I/O (port)

IRQ1 input (INTC) POET1 input (port) CASL output (BSC) 25

PB2 1/O (port)

IRQO input (INTC) POEQ input (port) RAS output (BSC) 24

PB1 1/O (port) Al7 input (BSC) — — 22
PBO I/O (port) A16 output (BSC) — — 20
PC15 I/O (port) A15 output (BSC) — — 19
PC14 1/O (port) Al4 output (BSC) — — 18
PC13 1/O (port) A13 output (BSC) — — 17
PC12 1/O (port) A12 output (BSC) — — 16
PC11 1/O (port) All output (BSC) — — 15
PC10 I/O (port) A10 output (BSC) — — 14
PC9 I/0 (port) A9 output (BSC) — — 13
PC8 1/0 (port) A8 output (BSC) — — 12
PC7 1/0 (port) A7 output (BSC) — — 11
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Uol IV (Do)

AU TR Nput (\Arv)

PD30 I/O (port)

D30 1/0 (BSC)

IRQOUT output
(INTC)

PD29 1/O (port)

D29 I/O (BSC)

CS3 output (BSC)

PD28 1/O (port)

D28 1/0 (BSC)

CS2 output (BSC)

PD27 1/O (port)

D27 I/0 (BSC)

DACK1 output
(DMAC)

PD26 1/O (port)

D26 1/0 (BSC)

DACKO output
(DMAC)

PD25 1/0 (port)

D25 1/0 (BSC)

DREQ?1 input
(DMAC)

PD24 1/0O (port)

D24 1/0 (BSC)

DREQO input
(DMAC)

PD23 1/0 (port)

D23 1/0 (BSC)

IRQ7 input (INTC)

PD22 1/O (port)

D22 I/O (BSC)

IRQ6 input (INTC)

PD21 /O (port)

D21 1/0 (BSC)

IRQ5 input (INTC)

PD20 1/0 (port)

D20 1/0 (BSC)

IRQ4 input (INTC)

PD19 /O (port)

D19 I/O (BSC)

IRQ3 input (INTC)

PD18 1/O (port)

D18 1/0 (BSC)

IRQ2 input (INTC)

PD17 I/O (port)

D17 I/O (BSC)

IRQ1 input (INTC)

PD16 /O (port)

D16 I/O (BSC)

IRQO input (INTC)

PD15 /O (port)

D15 /0 (BSC)

52

PD14 1/O (port)

D14 I/O (BSC)

53
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UV TV LYV

PD5 I/O (port) D5 I/0 (BSC) — — 64
PD4 1/O (port) D4 1/0 (BSC) — — 66
PD3 1/0 (port) D3 1/0 (BSC) — — 67
PD2 I/O (port) D2 I/0 (BSC) — — 68
PD1 I/O (port) D1 1/0 (BSC) — — 69
PDO 1/O (port) DO 1/0 (BSC) — — 70
E PE151/O (port)y  TIOC4D I/O (MTU) DACK1 output IRQOUT output 2
(DMAC) (INTC)
PE14 1/O (port) TIOC4C I/O (MTU) DACKO output AH output (BSC) 1
(DMAC)
PE13 1/O (port)  TIOC4B I/O (MTU) MRES input (INTC) — 112
PE12 I/O (port)  TIOC4A I/O (MTU) — — 111
PE11 I/O (port) ~ TIOC3D I/O (MTU) — — 110
PE10 I/O (port)  TIOC3C I/O (MTU) — — 108
PE9 I/O (port) TIOC3B I/0 (MTU) — — 107
PES I/0 (port) TIOC3A I/0 (MTU) — — 106
PE7 I/O (port) TIOC2B I/O (MTU) — — 105
PES6 1/O (port) TIOC2A 1/0 (MTU) — — 104
PES I/0 (port) TIOC1B I/0O (MTU) — — 102
PE4 1/O (port) TIOC1A I/O (MTU) — — 89
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PF6 input (port)

ANBG input (A/D)

98

PF5 input (port)

ANS5 input (A/D)

96

PF4 input (port)

AN4 input (A/D)

95

PF3 input (port)

AN3 input (A/D)

94

PF2 input (port)

AN2 input (A/D)

93

PF1 input (port)

AN1 input (A/D)

92

PFO input (port)

ANO input (A/D)

91
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FOlrt A LUNdoulricyislel Ll rFrALRLL n/VV LIV AV AV mnmrrerooo. O, 10, C

H'4000 H'FFFF838D

Port A control register L2 PACRL2 R/W  H'0000 H'FFFF838E 8, 16, 3
H'FFFF838F

Port B 1/O register PBIOR R/W  H'0000 H'FFFF8394 8, 16, 3
H'FFFF8395

Port B control register 1 PBCR1 R/W  H'0000 H'FFFF8398 8, 16, 3
H'FFFF8399

Port B control register 2 PBCR2 R/W  H'0000 H'FFFF839A 8, 16, 3
H'FFFF839B

Port C I/O register PCIOR R/W  H'0000 H'FFFF8396 8, 16, 3
H'FFFF8397

Port C control register PCCR R/W  H'0000 H'FFFF839C 8, 16, 3
H'FFFF839D

Port D I/O register H PDIORH R/W  H'0000 H'FFFF83A4 8, 16, 3
H'FFFF83A5

Port D I/O register L PDIORL R/W  H'0000 H'FFFF83A6 8, 16, 3
H'FFFF83A7

Port D control register HL PDCRH1 R/W  H'0000 H'FFFF83A8 8, 16, 3
H'FFFF83A9

Port D control register H2 PDCRH2 R/W  H'0000 H'FFFF83AA 8, 16, 3
H'FFFF83AB

Port D control register L PDCRL R/W  H'0000 H'FFFF83AC 8, 16, 3
H'FFFF83AD

Port E 1/O register PEIOR R/W  H'0000 H'FFFF83B4 8, 16, 3
H'FFFF83B5

Port E control register 1 PECR1 R/W  H'0000 H'FFFF83B8 8, 16, 3
H'FFFF83B9

Port E control register 2 PECR2 R/W  H'0000 H'FFFF83BA 8, 16, 3
H'FFFF83BB

IRQOUT function control IFCR R/W  H'0000 H'FFFF83C8 8, 16, 3
register H'FFFF83C9

Note: * The port A control register L1 initial value varies depending on the operating mc
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manual resets, reset by WDT, standby mode, or sleep mode, so the previous dat

The settings for this register are effective only for the 144-pin version. There are
pins for this register in the 112-pin and 120-pin versions. However, read/writes ar

Bit: 15 14 13 12 11 10 9
Initial value: 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1
PA23 PA22 PA21 PA20 PA19 PA18 PA17
IOR IOR IOR IOR IOR IOR IOR
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

608
RENESAS



PA15 PAl14 PA13 PA12 PAl1l PA10 PA9
IOR IOR IOR IOR IOR IOR IOR

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
PA7 PA6 PA5 PA4 PA3 PA2 PA1l
IOR IOR IOR IOR IOR IOR IOR
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

18.3.3  Port A Control Register H (PACRH)

PACRH is a 16-bit read/write register that selects the multiplex pin function for tl
significant pins of port A. PACRH selects the PARRHH-PA16/AH pin functions.

The eight most significant pins of port A have bus control sigVaRHH, WRHL, CA
CASHL, BACK, BREQ, WAIT, AH) and DMAC control signals (DRAK1, DRAKO)
are instances when the register settings that select these pin functions will be ig
table 18.2, Pin Arrangement by Mode.

PACRNH is initialized to H'0000 by external power-on reset but is not initialized fc
reset by WDT, standby mode, or sleep mode, so the previous data is maintaine
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Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R R/W
» Bit 15—Reserved: This bit always reads as 0. The write value should always |
* Bit 14—PA23 Mode (PA23MD): Selects the function of the PAPRHH pin.

Bit 14: PA23MD Description
0 General input/output (PA23) (initial value) (WRHH in on-chip ROM inve

1 Most significant byte write output (WRHH) (PA23 in single chip mode)

» Bit 13—Reserved: This bit always reads as 0. The write value should always |
e Bit 12—PA22 Mode (PA22MD): Selects the function of the PAPRHL pin.

Bit 12: PA22MD Description
0 General input/output (PA22) (initial value) (WRHL in on-chip ROM inva

1 Write output (WRHL) (PA22 in single chip mode)

* Bit 11—Reserved: This bit always reads as 0. The write value should always |
* Bit 10—PA21 Mode (PA21MD): Selects the function of the PA2ISHH pin.

Bit 10: PA21MD Description
0 General input/output (PA21) (initial value)

1 Column address output (CASHH) (PA21 in single chip mode)

» Bit 9—Reserved: Always reads as 0. The write values should always be 0.
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1 Bus right request acknowledge (BACK) (PA19 in si
mode)
1 0 DREQ1 request received output (DRAK1) (PA19 in
chip mode)
1 Reserved

e Bits 5 and 4—PA18 Mode 1, 0 (PA18MD1 and PA18MDO): These bits select

the PA18BREQ/DRAKO pin.

Bit 5: Bit 4:
PA18MD1 PA18MDO Description
0 0 General input/output (PA18) (initial value)
1 Bus right request input (BREQ) (PA18 in single chi
1 0 DREQO request received output (DRAKO) (PA18 in
chip mode)
1 Reserved

» Bit 3—Reserved: This bit always reads as 0. The write value should always |

* Bit 2—PA17 Mode (PA17MD): Selects the function of the PAXLAAT pin.

Bit 2: PA17MD  Description

0 General input/output (PA17) (initial value)

1 Wait state request input (WAIT) (PA17 in single chip mode)

» Bit 1—Reserved: This bit always reads as 0. The write value should always |
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Port A has bus control signalRIp, WRH, WRL, CS0-CS3, AH) and DMAC control si
(DREQO-DREQL), but there are instances when the register settings that select
will be ignored, depending on the operation mode. Refer to table 18.2, Pin Arranc
for details.

PACRL1 is initialized by external power-on reset to H'4000 in extended mode, ar
single chip mode. PACRL2 is initialized by external power-on reset to H'0000. Ne
initialized by manual resets, reset by WDT, standby mode, or sleep mode, so the
maintained.

Port A Control Register L1 (PACRL1):

Bit. 15 14 13 12 11 10 9
| — |PAlSMD  — |PA14MD — |PAI3MD| —
Initial value: 0 o)* 0 0 0 0 0
RW: R RIW R RIW R RIW
Bit. 7 6 5 4 3 2 1
| — |pA1IMD — |PA10MD PASMD1| PASMDO| PABMD]
Initial value: 0 0 0 0 0 0 0
RW: R RIW R RW RW RW  RW

Note: * Bit 14 is initialized to 1 in extended mode.

* Bit 15—Reserved: This bit always reads as 0. The write value should always |
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1 Read output (RD) (PAl4 In single chip mode)

» Bit 11—Reserved: This bit always reads as 0. The write value should always
* Bit 10—PA13 Mode (PA13MD): Selects the function of the PAMRH pin.

Bit 10: PA13MD Description
0 General input/output (PA13) (initial value) (WRH in on-chip ROM inva

1 Most significant side write output (WRH) (PA13 in single chip mode)

» Bit 9—Reserved: This bit always reads as 0. The write value should always |
* Bit 8—PA12 Mode (PA12MD): Selects the function of the PAXRL pin.

Bit 8: PA12MD  Description
0 General input/output (PA12) (initial value) (WRL in on-chip ROM inval

1 Least significant side write output (WRL) (PA12 in single chip mode)

e Bit 7—Reserved: This bit always reads as 0. The write value should always |
« Bit 6—PA11 Mode (PA11MD): Selects the function of the PAKI pin.

Bit 6: PA11IMD  Description
0 General input/output (PA11) (initial value) (CS1 in on-chip ROM invali

1 Chip select output (CS1) (PAL1 in single chip mode)

» Bit 5—Reserved: This bit always reads as 0. The write value should always |
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MTU timer clock input (ICLKD)

Interrupt request input (IRQ3)

Reserved

e Bits 1 and 0—PA8 Mode 1, 0 (PABMD1 and PA8BMDO0): These bits select the f
PA8/TCLKCARQ?2 pin.

Bit 1: Bit O:

PASMD1 PA8BMDO Description

0 0 General input/output (PA8) (initial value)
1 MTU timer clock input (TCLKC)

1 0 Interrupt request input (IRQ2)
1 Reserved
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R/W: R R/W R/W R/W R R/W R

» Bits 15 and 14—PA7 Mode 1, 0 (PA7MD1 and PA7MDO): These bits select t
the PA7/TCLKBLCS3 pin.

Bit 15: Bit 14:

PA7MD1 PA7MDO Description

0 0 General input/output (PA7) (initial value)
1 MTU timer clock input (TCLKB)

1 0 Chip select output (CS3) (PA7 in single chip mode)
1 Reserved

e Bits 13 and 12—PA6 Mode 1, 0 (PA6MD1 and PA6MDO): These bits select t
the PAG/TCLKALS?2 pin.

Bit 13: Bit 12:

PA6MD1 PA6MDO Description

0 0 General input/output (PA6) (initial value)
1 MTU timer clock input (TCLKA)

1 0 Chip select output (CS2) (PA6 in single chip mode)
1 Reserved

RENESAS



* Bit 8—PA4 Mode (PA4MD): Selects the function of the PA4/TxD1 pin.

Bit 8: PAAMD Description

0 General input/output (PA4) (initial value)

1 Transmit data output (TxD1)

» Bit 7—Reserved: This bit always reads as 0. The write value should always b
* Bit 6—PA3 Mode (PA3MD): Selects the function of the PA3/RxD1 pin.

Bit 6: PA3MD Description

0 General input/output (PA3) (initial value)

1 Receive data input (RxD1)

e Bits 5 and 4—PA2 Mode 1, 0 (PA2MD1 and PA2MDO0): These bits select the f
PA2/SCKODREQO/IRQO pin.

Bit 5: Bit 4:
PA2MD1 PA2MDO Description
0 0 General input/output (PA2) (initial value)
1 Serial clock input/output (SCKO)
1 0 DMA transfer request received input (DREQO) (PA2 in
chip mode)
1 Interrupt request input (IRQO)

» Bit 3—Reserved: This bit always reads as 0. The write value should always b
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1 Receive data input (RxDO)

18.3.5 Port B I/0 Register (PBIOR)

The port B I/O register (PBIOR) is a 16-bit read/write register that selects input ¢
ten port B pins. Bits PB9IOR-PBOIOR correspond to the REP//A21/ADTRG pin t
pin. PBIOR is enabled when the port B pins function as input/outputs (PB9—-PBC
functions, it is disabled.

For port B pin functions PB9—PBO, a given pin in port B is an output pin if its cor
PBIOR bit is set to 1, and an input pin if the bit is cleared to 0.

PBIOR is initialized to H'0000 by external power-on reset; however, it is not initi:
resets, reset by WDT, standby mode, or sleep mode, so the previous data is me

Bit: 15 14 13 12 11 10 9
— — — — — — PB9
IOR
Initial value: 0 0 0 0 0 0 0
R/W: R R R R R R R/W
Bit: 7 6 5 4 3 2 1
PB7 PB6 PB5 PB4 PB3 PB2 PB1
IOR IOR IOR IOR IOR IOR IOR
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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thalriallicu.

Port B Control Register 1 (PBCR1):

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

15 14 13 12 11 100 9
-l -J-1-]T=-]T=-1=]
0 0 0 0 0 0 0
7 6 5 4 3 2 1

— — — — PB9 PB9 PB8
MD1 | MDO | MD1

0 0 0 0 0 0 0
R/IW R/W R/W

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

+ Bits 3 and 2—PB9 Mode (PBO9MD1 and PBOMDO): PBOMD1 and PBOMDO se
function of the PBARQ7/A21/ADTRG pin.

Bit 3: PBOMD1 Bit 2: PBOMDO Description

0 0 General input/output (PB9) (initial value)
1 Interrupt request input (IRQ7)

1 0 Address output (A21) (PB9 in single chip mode)
1 A/D conversion trigger input (ADTRG)
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Bit: 15 14 13 12 11 10 9
\ PB7MD1‘ PB7MDO‘ PB6MD1‘ PBBMDO‘ PBSMDl‘ PBSMDO‘ PB4MD

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

Bitt 7 6 5 4 3 2 1

|PB3MD1| PB3VMDQ PB2MD1 PB2MD)  — | PBIMD |  —

Initial value: 0 0 0 0 0 0 0
RW: RW RW RW  RW R RIW

e Bits 15 and 14—PB7 Mode (PB7MD1 and PB7MDO0): PB7MD1 and PB7MD(
function of the PBTRQ5/A19/BREQ pin.

Bit 15: Bit 14:
PB7MD1 PB7MDO Description
0 0 General input/output (PB7) (initial value)
1 Interrupt request input (IRQ5)
1 0 Address output (A19) (PB7 in single chip mode)
1 Bus right request input (BREQ) (PB7 in single chip r
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Bit 11: Bit 10:
PB5MD1 PB5MDO Description

0 0 General input/output (PB5) (initial value)

1 Interrupt request input (IRQ3)
1 0 Port output enable (POE3)
1 Read/write output (RDWR)

 Bits 9 and 8—PB4 Mode (PB4MD1 and PB4MDO0): PB4MD1 and PB4MDO se
function of the PB4RQ2/POE2/CASH pin.

Bit 9: PB4AMD1 Bit 8: PB4AMDO Description

0 0 General input/output (PB4) (initial value)

1 Interrupt request input (IRQ2)
1 0 Port output enable (POE2)
1 Column address strobe (CASH) (PB4 in single chip m

+ Bits 7 and 6—PB3 Mode (PB3MD1 and PB3MDO): PB3MD1 and PB3MDO se
function of the PB3RQ1/POE1/CASL pin.

Bit 7: PB3AMD1 Bit 6: PB3AMDO Description

0 0 General input/output (PB3) (initial value)

1 Interrupt request input (IRQ1)
1 0 Port output enable (POE1)
1 Column address strobe (CASL) (PB3 in single chip m
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Bit 2: PBIMD  Description
0 General input/output (PB1) (initial value) (A17 in on-chip ROM invalid n

1 Address output (A17) (PBL1 in single chip mode)

» Bit 1—Reserved: This bit always reads as 0. The write value should always |
e Bit 0—PBO0 Mode (PBOMD): Selects the function of the PB0/A16 pin.

Bit 0: PAOMD  Description
0 General input/output (PBO) (initial value) (A16 in on-chip ROM invalid n

1 Address output (A16) (PBO in single chip mode)
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Initial value:

R/W:

Bit:

Initial value:
R/W:

PC15 PC14 PC13 PC12 PC11 PC10 PC9
IOR IOR IOR IOR IOR IOR IOR
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
PC7 PC6 PC5 PC4 PC3 PC2 PC1
IOR IOR IOR IOR IOR IOR IOR
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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R/W: R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1
PC7 PC6 PC5 PC4 PC3 PC2 PC1
MD MD MD MD MD MD MD
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 Bit 15—PC15 Mode (PC15MD): Selects the function of the PC15/A15 pin.

Bit 15: PC15MD  Description
0 General input/output (PC15) (initial value) (A15 in on-chip ROM inva
1 Address output (A15) (PC15 in single chip mode)

* Bit 14—PC14 Mode (PC14MD): Selects the function of the PC14/A14 pin.

Bit 14: PC14MD  Description
0 General input/output (PC14) (initial value) (A14 in on-chip ROM inva
1 Address output (A14) (PC14 in single chip mode)

* Bit 13—PC13 Mode (PC13MD): Selects the function of the PC13/A13 pin.

Bit 13: PC13MD  Description
0 General input/output (PC13) (initial value) (A13 in on-chip ROM inva
1 Address output (A13) (PC13 in single chip mode)
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» Bit 10—PC10 Mode (PC10MD): Selects the function of the PC10/A10 pin.

Bit 10: PC10MD  Description
0 General input/output (PC10) (initial value) (A10 in on-chip ROM invali

1 Address output (A10) (PC10 in single chip mode)

e Bit 9—PC9 Mode (PC9MD): Selects the function of the PC9/A9 pin.

Bit 9: PCOMD Description
0 General input/output (PC9) (initial value) (A9 in on-chip ROM invalid n

1 Address output (A9) (PC9 in single chip mode)

* Bit 8—PC8 Mode (PC8MD): Selects the function of the PC8/A8 pin.

Bit 8: PC8MD Description
0 General input/output (PC8) (initial value) (A8 in on-chip ROM invalid n

1 Address output (A8) (PC8 in single chip mode)

* Bit 7—PC7 Mode (PC7MD): Selects the function of the PC7/A7 pin.

Bit 7: PC7MD Description

0 General input/output (PC7) (initial value) (A7 in on-chip ROM invalid n
1 Address output (A7) (PC7 in single chip mode)
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» Bit 4—PC4 Mode (PC4MD): Selects the function of the PC4/A4 pin.

Bit 4: PC4MD Description

0 General input/output (PC4) (initial value) (A4 in on-chip ROM invalid

1 Address output (A4) (PC4 in single chip mode)

* Bit 3—PC3 Mode (PC3MD): Selects the function of the PC3/A3 pin.

Bit 3: PC3MD Description
0 General input/output (PC3) (initial value) (A3 in on-chip ROM invalid

1 Address output (A3) (PC3 in single chip mode)

* Bit 2—PC2 Mode (PC2MD): Selects the function of the PC2/A2 pin.

Bit 2: PC2MD Description
0 General input/output (PC2) (initial value) (A2 in on-chip ROM invalid

1 Address output (A2) (PC2 in single chip mode)

» Bit 1—PC1 Mode (PC1MD): Selects the function of the PC1/Al pin.

Bit 1: PC1IMD Description
0 General input/output (PC1) (initial value) (Al in on-chip ROM invalid

1 Address output (A1) (PC1 in single chip mode)
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For port D pin functions PD31-PD16, a given pin in port D is an output pin if its ¢
PDIORH bit is set to 1, and an input pin if the bit is cleared to 0.

PDIORH is initialized to H'0000 by external power-on reset; however, it is not init
manual resets, reset by WDT, standby mode, or sleep mode, so the previous dat

The settings for this register are effective only for the 144-pin version. There are |
pins for this register in the 112-pin and 120-pin versions. However, read/writes ar

Bit: 15 14 13 12 11 10 9
PD31 PD30 PD29 PD28 PD27 PD26 PD25
IOR IOR IOR IOR IOR IOR IOR
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
PD23 PD22 PD21 PD20 PD19 PD18 PD17
IOR IOR IOR IOR IOR IOR IOR
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:
R/W:

Bit:

Initial value:
R/W:

PD15 PD14 PD13 PD12 PD11 PD10 PD9
IOR IOR IOR IOR IOR IOR IOR
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
PD7 PD6 PD5 PD4 PD3 PD2 PD1
IOR IOR IOR IOR IOR IOR IOR
0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W

18.3.11 Port D Control Registers H1, H2 (PDCRH1 and PDCRH?2)

PDCRH1 and PDCRH?2 are 16-bit read/write registers that select the functions c
significant sixteen multiplexed pins of port D. PDCRH1 selects the functions of t
PD31/D31ADTRG-PD24/D24DREQO pins of port D; PDCRH2 selects the functi
PD23/D23IRQ7-PD16/D16IRQO pins of port D. There are instances when these
will be ignored, depending on the operation mode. Refer to table 18.2, Pin Arrar

for details.

The settings for this register are effective only for the 144-pin version. There are
pins for this register in the 112-pin and 120-pin versions. However, read/writes ¢

PDCRH1 and PDCRH2 are both initialized to H'0000 by external power-on rese
initialized for manual resets, reset by WDT, standby mode, or sleep mode, so th

maintained.
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R/W: R/W R/W R/W R/W R/W R/W R/W

e Bits 15 and 14—PD31 Mode
of the PD31/D3IADTRG pin.

1, 0 (PD31MD1 and PD31MDO): These bits sele

Bit 15: Bit 14:
PD31MD1 PD31MDO Description
0 0 General input/output (PD31) (initial value) (No ROM, |
CSO0 = 32 bit width)
1 Data input/output (D31) (PD31 in single chip mode)
1 0 A/D conversion trigger input (ADTRG) (No ROM, D31
CSO0 = 32 bit width)
1 Reserved

* Bits 13 and 12—PD30 Mode
of the PD30/D3ARQOUT pin.

1, 0 (PD30MD1 and PD30MDO): These bits sele

Bit 13: Bit 12:

PD30MD1 PD30MDO Description

0 0 General input/output (PD30) (initial value) (No ROM, |
CSO0 = 32 bit width)
Data input/output (D30) (PD30 in single chip mode)

1 0 Interrupt request received output (IRQOUT) (No ROM
with CS0 = 32 hit width. Reserved in single chip mode

1 Reserved
628

RENESAS



e Bits 9 and 6—PDZ28 Mode 1, 0 (PD256MD1 and PDZ238MDQ): These Dbits selec
the PD28/D287S2 pin.

Bit 9: Bit 8:
PD28MD1 PD28MDO0O Description
0 0 General input/output (PD28) (initial value) (D28 with

and CSO0 = 32 bit width)
Data input/output (D28) (PD28 in single chip mode)

1 0 Chip select output (CS2) (PD28 in single chip mode
with no ROM and CS0 = 32 bhit width)

1 Reserved

e Bits 7 and 6—PD27 Mode 1, 0 (PD27MD1 and PD27MDO0): These bits selec
the PD27/D27/DACK1 pin.

Bit 7: Bit 6:
PD27MD1 PD27MDO Description
0 0 General input/output (PD27) (initial value) (D27 with

and CSO0 = 32 bit width)
Data input/output (D27) (PD27 in single chip mode)

1 0 DMA transfer request received output (DACK1) (PD:
chip mode, and D27 with no ROM and CSO0 = 32 bit

1 Reserved
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¢ DIls o and c—FDczso Mode 1, U (FD2oMID1 ana FDolVIDU). Inhese DILS seleCt

the PD25/D25DREQI pin.

Bit 3: Bit 2:

PD25MD1 PD25MDO Description

0 0 General input/output (PD25) (initial value) (D25 with n
and CSO0 = 32 bit width)
Data input/output (D25) (PD25 in single chip mode)

1 0 DMA transfer request input (DREQ1) (PD25 in single
mode, and D25 with no ROM and CS0 = 32 bit width)

1 Reserved

* Bits 1 and 0—PD24 Mode 1, 0 (PD24MD1 and PD24MDO): These bits select

the PD24/D24DREQO pin.

Bit 1: Bit O:
PD24MD1 PD24MDO0O Description
0 0 General input/output (PD24) (initial value) (D24 with n
and CSO0 = 32 bit width)
1 Data input/output (D24) (PD24 in single chip mode)
1 0 DMA transfer request input (DREQO) (PD24 in single
mode, and D24 with no ROM and CSO0 = 32 bit width)
1 Reserved
630

RENESAS



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

» Bits 15 and 14—PD23 Mode 1, 0 (PD23MD1 and PD23MD0): These bits sel
of the PD23/D23RQ7 pin.

Bit 15: Bit 14:
PD23MD1 PD23MDO Description
0 0 General input/output (PD23) (initial value) (D23 with
and CSO0 = 32 bit width)
Data input/output (D23) (PD23 in single chip mode)
1 0 Interrupt request input (IRQ7)

Reserved

e Bits 13 and 12—PD22 Mode 1, 0 (PD22MD1 and PD22MDO0): These bits sel
of the PD22/D22RQ6 pin.

Bit 13: Bit 12:
PD22MD1 PD22MDO0O Description
0 0 General input/output (PD22) (initial value) (D22 with
and CSO0 = 32 bit width)
1 Data input/output (D22) (PD22 in single chip mode)
1 0 Interrupt request input (IRQ6)
1 Reserved
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the PD20/D20RQ4 pin.

Bit 9: Bit 8:
PD20MD1 PD20MDO Description
0 0 General input/output (PD20) (initial value) (D20 with n
and CSO0 = 32 bit width)
1 Data input/output (D20) (PD20 in single chip mode)
1 0 Interrupt request input (IRQ4)

Reserved

e Bits 7 and 6—PD19 Mode 1, 0 (PD19MD1 and PD19MDO): These bits select

the PD19/D19RQ3 pin.

Bit 7: Bit 6:
PD19MD1 PD19MDO Description
0 0 General input/output (PD19) (initial value) (D19 with n
and CSO0 = 32 bit width)
Data input/output (D19) (PD19 in single chip mode)
1 0 Interrupt request input (IRQ3)
1 Reserved
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the PD17/D171RQ1 pin.

Bit 3: Bit 2:
PD17MD1 PD17MDO Description
0 0 General input/output (PD17) (initial value) (D17 with
and CSO0 = 32 bit width)
Data input/output (D17) (PD17 in single chip mode)
1 0 Interrupt request input (IRQ1)
1 Reserved

* Bits 1 and 0—PD16 Mode 1, 0 (PD16MD1 and PD16MDO): These bits selec

the PD16/D1@RQO pin.

Bit 1: Bit O:
PD16MD1 PD16MDO Description
0 0 General input/output (PD16) (initial value) (D16 with
and CSO0 = 32 bit width)
1 Data input/output (D16) (PD16 in single chip mode)
1 0 Interrupt request input (IRQO)

Reserved
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O Mode 1 (16-bit bus): Port D pins are data I/0O pins; PDCRL settings are dis

On-Chip ROM-Enabled Extended Mode: The port D pins are shared as data I/O
general I/O pins; PDCRL settings are enabled.

Single Chip Mode: The port D pins are general I/O pins; PDCRL settings are disa

PDCRL is initialized to H'0000 by external power-on reset but is not initialized for
reset by WDT, standby mode, or sleep mode, so the previous data is maintained

Port D Control Register L (PDCRL)

Bit: 15 14 13 12 11 10 9
PD15 PD14 PD13 PD12 PD11 PD10 PD9
MD MD MD MD MD MD MD
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
PD7 PD6 PD5 PD4 PD3 PD2 PD1
MD MD MD MD MD MD MD
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 13—PD13 Mode (PD13MD): Selects the function of the PD13/D13 pin.

Bit 13: PD13MD Description
0 General input/output (PD13) (initial value) (D13 in on-chip ROM invali
1 Data input/output (D13) (PD13 in single chip mode)

* Bit12—PD12 Mode (PD12MD): Selects the function of the PD12/D12 pin.

Bit 12: PD12MD Description
0 General input/output (PD12) (initial value) (D12 in on-chip ROM invali

1 Data input/output (D12) (PD12 in single chip mode)

* Bit 11—PD11 Mode (PD11MD): Selects the function of the PD11/D11 pin.

Bit 11: PD11MD Description
0 General input/output (PD11) (initial value) (D11 in on-chip ROM invali

1 Data input/output (D11) (PD11 in single chip mode)

» Bit 10—PD10 Mode (PD10MD): Selects the function of the PD10/D10 pin.

Bit 10: PD10MD Description
0 General input/output (PD10) (initial value) (D10 in on-chip ROM invali

1 Data input/output (D10) (PD10 in single chip mode)
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* Bit 7—PD7 Mode (PD7MD): Selects the function of the PD7/D7 pin.

Bit 7: PD7MD Description
0 General input/output (PD7) (initial value) (D7 in on-chip ROM invalid m

1 Data input/output (D7) (PD7 in single chip mode)

e Bit 6—PD6 Mode (PD6MD): Selects the function of the PD6/D6 pin.

Bit 6: PD6MD Description
0 General input/output (PD6) (initial value) (D6 in on-chip ROM invalid m

1 Data input/output (D6) (PD6 in single chip mode)

» Bit 5—PD5 Mode (PD5MD): Selects the function of the PD5/D5 pin.

Bit 5: PD5MD Description
0 General input/output (PD5) (initial value) (D5 in on-chip ROM invalid m

1 Data input/output (D5) (PD5 in single chip mode)

* Bit 4—PD4 Mode (PD4MD): Selects the function of the PD4/D4 pin.

Bit 4: PDAMD Description

0 General input/output (PD4) (initial value) (D4 in on-chip ROM invalid m
1 Data input/output (D4) (PD4 in single chip mode)
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e Bit 1—PD1 Mode (PD1MD): Selects the function of the PD1/D1 pin.

Bit 1: PD1MD Description

0 General input/output (PD1) (initial value) (D1 in on-chip ROM invalid r

1 Data input/output (D1) (PD1 in single chip mode)

* Bit 0—PDO0 Mode (PDOMD): Selects the function of the PDO/DO pin.

Bit 0: PDOMD Description

0 General input/output (PDO) (initial value) (DO in on-chip ROM invalid n

1 Data input/output (DO) (PDO in single chip mode)
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PE15 PE14 PE13 PE12 PE11 PE10 PE9
IOR IOR IOR IOR IOR IOR IOR

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
PE7 PE6 PE5 PE4 PE3 PE2 PE1
IOR IOR IOR IOR IOR IOR IOR
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

18.3.14 Port E Control Registers 1, 2 (PECR1 and PECR2)

PECR1 and PECR?2 are 16-bit read/write registers that select the functions of the
multiplexed pins of port E. PECR1 selects the functions of the upper eight bit pin¢
PECR?2 selects the function of the lower eight bit pins of port E.

Port E has a bus control signAl{) and DMAC control signals (DACK1, DACKO, DI
DRAKQO), but there are instances when the register settings that select these pin

ignored, depending on the operation mode. Refer to table 18.2, Pin Arrangement
details.

PECR1 and PECR?2 are both initialized to H'0000 by external power-on reset but
for manual resets, reset by WDT, standby mode, or sleep mode, so the previous
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» Bits 15 and 14—PE15 Mode 1, 0 (PE15MD1 and PE15MDO): These bits sel
the PE15/TIOC4AD/DACKIRQOUT pin.

Bit 15: Bit 14:
PE15MD1 PE15MDO Description
0 0 Input/output (PE15) (initial value)
1 MTU input capture input/output compare output (TI
1 0 DMAC request received output (DACK1) (PE15 in <
mode)
1 Interrupt request output (IRQOUT)

(Reserved in single chip mode)

* Bits 13 and 12—PE14 Mode 1, 0 (PE14MD1 and PE14MDO): These bits sel
the PE14/TIOCAC/DACKQYH pin.

Bit 13: Bit 12:
PE14MD1 PE14MDO Description
0 0 Input/output (PE14) (initial value)
1 MTU input capture input/output compare output (TI
1 0 DMAC request received output (DACKO) (PE14 in <
mode)
1 Address hold output (AH) (PE14 in single chip mod
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* Bit s—PE12 Mode (PE12MD): Selects the tunction ot the PE12/TIOC4A pin.

Bit 8: PE12MD  Description
0 General input/output (PE12) (initial value)

1 MTU input capture input/output compare output (TIOC4A)

» Bit 7—Reserved: This bit always reads as 0. The write values should always |
* Bit 6—PE11 Mode (PE11MD): Selects the function of the PE11/TIOC3D pin.

Bit 6: PE11IMD  Description
0 General input/output (PE11) (initial value)

1 MTU input capture input/output compare output (TIOC3D)

e Bit 5—Reserved: This bit always reads as 0. The write values should always |
e Bit 4—PE10 Mode (PE10MD): Selects the function of the PE10/TIOC3C pin.

Bit 4: PEILOMD  Description
0 General input/output (PE10) (initial value)

1 MTU input capture input/output compare output (TIOC3C)

» Bit 3—Reserved: This bit always reads as 0. The write values should always |
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1 MTU Input capture input/output compare output (11OCsA)

Port E Control Register 2 (PECR?2):

Bitt 15 14 13 12 11 10 9

\ — \ PE7MD‘ — \ PEGMD‘ — \ PE5SMD \ —

Initial value: 0 0 0 0 0 0 0
RW: R RIW R RIW R RIW

Bit: 7 6 5 4 3 2 1

PE3 PE3 PE2 PE2 PE1 PE1 PEO
MD1 MDO MD1 MDO MD1 MDO MD1

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—Reserved: This bit always reads as 0. The write value should always

e Bit 14—PE7 Mode (PE7MD): Selects the function of the PE7/TIOC2B pin.

Bit 14: PE7TMD  Description

0 General input/output (PE7) (initial value)

1 MTU input capture input/output compare output (TIOC2B)

» Bit 13 —Reserved: This bit always reads as 0. The write value should alway:
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1 MU INput Capture Inputoutput compare output { UL 1B5)

» Bit 9—Reserved: This bit always reads as 0. The write value should always b
» Bit 8—PE4 Mode (PE4MD): Selects the function of the PE4/TIOC1A pin.

Bit 8: PE4AMD Description
0 General input/output (PE4) (initial value)

1 MTU input capture input/output compare output (TIOC1A)

* Bits 7 and 6—PE3 Mode 1, 0 (PE3MD1 and PE3MDO): These bits select the
PE3/TIOCOD/DRAK1 pin.

Bit 7: Bit 6:
PE3MD1 PE3MDO Description
0 0 General input/output (PE3) (initial value)
1 MTU input capture input/output compare output (TIO
1 0 DREQ1 request received output (DRAK1) (PE3 in sil
mode)
1 Reserved
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Bit 3: Bit 2:

PE1IMD1 PE1MDO Description
0 0 General input/output (PE1) (initial value)
1 MTU input capture input/output compare output (TI
1 0 DREQO request received output (DRAKO) (PE1 in
mode)
1 Reserved

* Bits 1 and 0—PEO Mode 1, 0 (PEOMD1 and PEOMDO): These bits select the
PEO/TIOCOADREQO pin.

Bit 1: Bit O:
PEOMD1 PEOMDO Description
0 0 General input/output (PEO) (initial value)
1 MTU input capture input/output compare output (TI
1 0 DREQO request receive input (PEO in single chip m
1 Reserved

18.3.15 IRQOUT Function Control Register (IFCR)

The IFCR is a 16-bit read/write register used to control output when the multiple
established aRRQOUT outputs by the port D control register (PDCRH1) or port E
(PECR1). When PDCRH1 or PECR1 are set for any other function, the settings
have no effect on the pin functions.
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R/W:

R R R/W R/W R/W

+ Bits 3 and 2—IRQOUT Mode 3, 2 (IRQMD3 and IRQMD2): These bits seledR
pin function when the PDCRH1 bits 13 and 12 (PD30MD1, PD30MDO) are se
bit settings are effective only for the 144 pin version. Reads and writes are als
112-pin and 120-pin versions, but they have no effect on the pin functions.

Bit 3: IRQMD3 Bit 2: IRQMD2 Description
0 0 Interrupt request received output (initial value)
1 Refresh signal output
1 0 Interrupt request received, or refresh signal out
(which of the two is output depends on the oper
status at the time)
1 Always high level output

+ Bits 1 and 0—IRQOUT Mode 1, 0 (IRQMD1 and IRQMDO): These bits seledR
pin function when the PECR1 bits 1 and 0 (PE15MD1, PE15MDO) are set to (

Bit 1: IRQMD1 Bit 0: IRQMDO

Description

0 0 Interrupt request received output (initial value)
1 Refresh signal output
1 0 Interrupt request received, or refresh signal out
(which of the two is output depends on the oper
status at the time)
1 Always high level output
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There are two versions of port A:

. FP-112/TFP-120
. FP-144

In the FP-112 and TFP-120 versions, port A is a 16-pin input/output port, as liste
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PA8 (1/0)/ITCLKC (input)/IRQ2
(input)

PAS8 (I/0)/ITCLKC (input)/IRQ2
(input)

PA8 (I/0)/TCLKC (inp
(input)

PA7 (I/O)/TCLKB (input)/CS3
(output)

PA7 (I/O)/TCLKB (input)/CS3
(output)

PA7 (I/0)/TCLKB (inp

PA6 (I/O)/TCLKA (input)/CS2
(output)

PA6 (I/O)/TCLKA (input)/CS2
(output)

PAG (I/O)/TCLKA (in

PA5 (1/0)/SCK1 (I/0)/DREQ1
(input)/IRQ1 (input)

PA5 (I/0)/SCK1 (I/0)/DREQ1
(input)/IRQ1 (input)

PAS (I/0)/SCK1 (1/O)/
(input)

PA4 (1/0)/TXD1 (output)

PA4 (1/0)/ITXD1 (output)

PA4 (1/0)/TXD1 (outp

PA3 (I/0)/RXD1 (input)

PA3 (I/0)/RXD1 (input)

PA3 (I/0)/RXD1 (inpu

PA2 (1/0)/SCKO (I/0)/DREQO
(input)/IRQO (input)

PA2 (1/0)/SCKO (I/0)/DREQO
(input)/IRQO (input)

PA2 (1/0)/SCKO (I/0),
(input)

PA1 (I/0)/TXDO0 (output)

PA1 (1/0)/TXDO0 (output)

PA1 (1/0)/TXDO (outp

PAO (I/0)/RXDO (input)

PAO (I/0)/RXDO (input)

PAO (I/0)/RXDO (inpu

In the FP-144 version, port A is a 24-pin input/output port, as listed in table 19.2.
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PA17 (I/O)/WAIT (input) PA17 (I/O)/WAIT (input) PAL7 (1/0)
PA16 (I/0)/AH (output) PA16 (I/0)/AH (output) PA16 (1/0O)
PA15 (1/0)/CK (output) PA15 (1/O)/CK (output) PA15 (1/0)/CK (outp
RD (output) PA14 (I/0)/RD (output) PA14 (1/0)
WRH (output) PA13 (I/0)/WRH (output) PA13 (1/0)
WRL (output) PA12 (I/0)/WRL (output) PA12 (1/O)
CST (output) PA11 (1/0)/CST (output) PAL11 (1/O)
CS0 (output) PA10 (I/0)/CS0 (output) PA10 (1/0)

PA9 (I/O)/TCLKD (input)/IRQ3
(input)

PA9 (I/0O)/ITCLKD (input)/IRQ3
(input)

PA9 (I/O)/TCLKD (in
(input)

PA8 (I/0)/ITCLKC (input)/IRQ2
(input)

PA8 (I/0)/TCLKC (input)/IRQ2
(input)

PA8 (I/0)/TCLKC (ir
(input)

PA7 (I/O)/ITCLKB (input)/CS3
(output)

PA7Y (I/O)/ITCLKB (input)/CS3
(output)

PA7 (I/O)/[TCLKB (in

PA6 (I/O)/TCLKA (input)/CS2
(output)

PA6 (I/O)/TCLKA (input)/CS2
(output)

PA6 (I/O)/TCLKA (ir

PAS (1/0)/SCK1 (I/0)/DREQT
(input)/IRQ1 (input)

PAS (1/0)/SCK1 (I/0)/DREQT
(input)/IRQ1 (input)

PAS5 (1/0)/SCK1 (/0
(input)

PA4 (1/0)/TXD1 (output)

PA4 (1/0)/TXD1 (output)

PA4 (1/0)/TXD1 (out

PA3 (I/0)/RXD1 (input)

PA3 (I/0)/RXD1 (input)

PA3 (/0)/RXD1 (inp

PA2 (1/0)/SCKO (1/0)/DREQO
(input)/IRQO (input)

PA2 (1/0)/SCKO (I/0)/DREQO
(input)/IRQO (input)

PA2 (I/0)/SCKO (I/0
(input)

PAL1 (1/0)/TXDO (output)

PAL1 (1/0)/TXDO (output)

PA1 (/0)/TXDO (out

PAO (I/0)/RXDO (input)

PAO (I/0)/RXDO (input)

PAO (I/0)/RXDO (inp
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PADRH is a 16-bit read/write register that stores data for port A. The bits PA23DI
correspond to the PAZBIRHH-PA16/AH pins. When the pins are used as ordinary
will output whatever value is written in the PADRH; when PADRH is read, the rec
be output regardless of the pin status. When the pins are used as ordinary inputs
rather than the register value is read directly when PADRH is read. When a value
PADRH, that value can be written into PADRH, but it will not affect the pin status
shows the read/write operations of the port A data register.

PADRH is initialized by an external power-on reset. However, PADRH is not initic
manual reset, reset by WDT, standby mode, or sleep mode.

These register settings function only for the 144-pin version. There are no pins cc
this register in the 112-pin version. However, read/writes are possible.

Bitt 15 14 13 12 11 10 9
-l -1 -1T-7T-=-7T=-171T=1
Initial value: 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1
\ PA23DR‘ PA22DR‘ PA21DR‘ PAZODR‘ PA19DR‘ PA18DR‘ PAl?DR‘
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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|PAI5DR| PAL4DR| PA13DR| PA12DR| PA1LDR| PA10DR| PA9DR
Initial value: 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW  RW

Bit: 7 6 5 4 3 2 1
\ PA7DR‘ PAGDR‘ PA5DR‘ PA4DR‘ PASDR‘ PA2DR‘ PA1DR
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

Table 19.4 Read/Write Operation of the Port A Data Register (PADR)

PAIOR Pin Status Read Write
0 Ordinary input Pin status Can write to PADR, but it has no effect on
Other function Pin status Can write to PADR, but it has no effect on
1 Ordinary output PADR value Value written is output by pin
Other function PADR value Can write to PADR, but it has no effect on
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\LULpPuUy)/ DK (Hiputy)

\LVULpUl)/IDREW (ITPUy)

PB6 (I/0)/IRQ4 (input)/A18
(output)/BACK (output)

PB6 (I/0)/IRQ4 (input)/A18
(output)/BACK (input)

PB6 (1/0)/IRQ4 (input

PB5 (I/0)/IRQS3 (input)/POE3
(input)/RDWR (output)

PB5 (I/0)/IRQ3 (input)/POE3
(input)/RDWR (output)

PBS5 (I/0)/IRQ3 (input
(input)

PB4 (1/0)/IRQ2 (input)/POE2
(input)/CASH (output)

PB4 (1/0)/IRQ2 (input)/POE2
(input)/CASH (output)

PB4 (I/0)/IRQ2 (input
(input)

PB3 (I/0)/IRQ1 (input)/POE1
(input)/CASL (output)

PB3 (I/0)/IRQ1 (input)/POE1
(input)/CASL (output)

PB3 (I/0)/IRQ1 (input
(input)

PB2 (1/0)/IRQO (input)/POEOD
(input)/RAS (output)

PB2 (1/0)/IRQO (input)/POEO
(input)/RAS (output)

PB2 (I/0)/IRQO (input
(input)

A17 (output) PB1 (I/0)/A17 (output) PB1 (1/0)

A16 (output) PBO (I/0)/A16 (output) PBO (I/0)

19.3.1 Register Configuration

Table 19.6 summarizes the port B register.

Table 19.6 Port B Register

Name Abbreviation R/W Initial Value  Address Access Siz

Port B data register PBDR R/W H'0000 H'FFFF8390 8, 16, 3-
H'FFFF8391
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Initial value: 0 0 0 0 0 0 0
R/W: R/W

Bit: 7 6 5 4 3 2 1

\ PB7DR‘ PBGDR‘ PBSDR‘ PB4DR‘ PBSDR‘ PBZDR‘ PB1DF

Initial value: 0 0

R/W: R/W R/W

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

Table 19.7 Read/Write Operation of the Port B Data Register (PBDR)

PBIOR Pin Status Read Write

0 Ordinary input Pin status Can write to PBDR, but it has no effect on pi
Other function Pin status Can write to PBDR, but it has no effect on p

1 Ordinary output PBDR value  Value written is output by pin

Other function PBDR value

Can write to PBDR, but it has no effect on pi
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A10 (output) PC10 (1/O)/A10 (output) PC10 (1/0)
A9 (output) PC9 (I/O)/A9 (output) PC9 (1/0)
A8 (output) PC8 (1/0)/A8 (output) PC8 (1/0)
A7 (output) PC7 (1/O)/A7 (output) PC7 (1/0)
A6 (output) PC6 (I/O)/A6 (output) PC6 (1/0)
A5 (output) PCS5 (I/0)/A5 (output) PCS5 (1/0)
A4 (output) PC4 (1/0)/A4 (output) PC4 (1/0)
A3 (output) PC3 (I/O)/A3 (output) PC3 (1/0)
A2 (output) PC2 (1/0)/A2 (output) PC2 (1/0)
A1l (output) PC1 (I/O)/A1 (output) PC1 (1/0)
AO (output) PCO (I/O)/A0 (output) PCO (1/0)

19.4.1 Register Configuration
Table 19.9 summarizes the port C register.

Table 19.9 Port C Register

Name Abbreviation R/W Initial Value  Address Access Siz

Port C data register PCDR R/W H'0000 H'FFFF8392 8, 16, 3:
H'FFFF8393
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\ PClSDR‘ PC14DR‘ PClSDR‘ PClZDR‘ PCllDR‘ PClODR‘ PCODF

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

Bit: 7 6

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

5 4 3 2 1

\ PC7DR‘ PCGDR‘ PCSDR‘ PC4DR‘ PCSDR‘ PC2DR‘ PC1DF

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

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

Table 19.10 Read/Write Operation of the Port C Data Register (PCDR)

PCIOR Pin Status Read

Write

0

Ordinary input Pin status

Can write to PCDR, but it has no effect on p

Other function Pin status

Can write to PCDR, but it has no effect on p

Ordinary output PCDR value

Value written is output by pin

Other function PCDR value

Can write to PCDR, but it has no effect on p
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D15 (I/O) D15 (1/0) PD15 (/0)/D15 (I/0) ~ PD15 (I/O)

D14 (I/O) D14 (1/0) PD14 (/0)/D14 (I/0)  PD14 (I/O)
D13 (I/O) D13 (1/0) PD13 (/0)/D13 (I/0) ~ PD13 (l/O)
D12 (I/O) D12 (1/O) PD12 (/0)/D12 (I/0)  PD12 (I/O)
D11 (I/O) D11 (1/O) PD11 (/0)/D11 (I/0)  PD11 (I/O)
D10 (I/O) D10 (1/0) PD10 (/0)/D10 (I/0)  PD10 (I/O)
D9 (I/0) D9 (1/0) PD9 (1/0)/D9 (I/O) PDO (1/O)
D8 (I/0) D8 (I/0) PD8 (1/0)/D8 (I/O) PDS (1/0)
D7 (I/0) D7 (1/0) PD7 (1/0)/D7 (I/O) PD7 (1/O)
D6 (I/0) D6 (I/0) PD6 (1/0)/D6 (I/O) PD6 (1/O)
D5 (1/0) D5 (1/O) PD5 (1/0)/D5 (I/O) PD5 (1/0)
D4 (1/0) D4 (1/0) PD4 (1/0)/D4 (I/O) PD4 (1/O)
D3 (I/0) D3 (I/0) PD3 (1/0)/D3 (I/O) PD3 (1/O)
D2 (I/0) D2 (1/0) PD2 (1/0)/D2 (I/O) PD2 (1/O)
D1 (I/0) D1 (1/0) PD1 (1/0)/D1 (I/O) PD1 (1/O)
DO (I/0) DO (1/0) PDO (1/0)/DO (I/O) PDO (1/O)

In the FP-144 version, port D is a 32-pin input/output port, as listed in table 19.12

656
RENESAS



PD27 (I/0)/D27 (I/0)/ D27 (1/0) PD27 (I/0)/D27 (I/0)/  PD27 (1/0)
DACK1 (output) DACK1 (output)

PD26 (1/0)/D26 (1/0)/ D26 (1/0) PD26 (1/0)/D26 (1/0)/ PD26 (1/0)
DACKO (output) DACKO (output)

PD25 (I/0)/D25 (I/0)/ D25 (1/0) PD25 (I/0)/D25 (I/0)/  PD25 (1/0)
DREQ1 (input) DREQ1 (input)

PD24 (1/0)/D24 (/0)/ D24 (I/O) PD24 (1/0)/D24 (/0)/  PD24 (1/0)
DREQO (input) DREQO (input)

PD23 (I/0)/D23 (I/0)/ D23 (1/0) PD23 (I/0)/D23 (I/0)/  PD23 (I/O)/IR
IRQ7 (input) IRQ7 (input) (input)

PD22 (I/0)/D22 (I/0)/ D22 (1/0) PD22 (I/0)/D22 (I/0)/  PD22 (I/O)/R
IRQ6 (input) IRQ6 (input) (input)

PD21 (I/0)/D21 (I/0)/ D21 (1/0) PD21 (I/0)/D21 (I/0)/  PD21 (I/O)/R
IRQ5 (input) IRQ5 (input) (input)

PD20 (1/0)/D20 (I/0)/ D20 (1/O) PD20 (1/0)/D20 (1/0)/ PD20 (I//0)/R
IRQ4 (input) IRQ4 (input) (input)

PD19 (I/0)/D19 (I/0)/ D19 (1/0) PD19 (I/0)/D19 (I/0)/  PD19 (I/O)/R
IRQS3 (input) IRQS (input) (input)

PD18 (1/0)/D18 (I/0)/ D18 (1/0) PD18 (1/0)/D18 (1/0)/ PD18 (I/0)/R
IRQ2 (input) IRQ2 (input) (input)

PD17 (I/0)/D17 (I/0)/ D17 (1/0) PD17 (I/0)/D17 (I/0)/ ~ PD17 (I/O)/IR
IRQ1 (input) IRQ1 (input) (input)

PD16 (1/0)/D16 (I/0)/ D16 (1/O) PD16 (1/0)/D16 (1/0)/ PD16 (I//O)/R
IRQO (input) IRQO (input) (input)
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D8 (1/0) D8 (1/0) PD8 (1/0)/D8 (I/0) PD8 (I/0)

D7 (1/O) D7 (1/O) PD7 (I/0)/D7 (1/0) PD7 (I/O)
D6 (I/O) D6 (I/O) PD6 (I/0)/D6 (1/0) PD6 (I/0)
D5 (I/O) D5 (1/O) PD5 (I/0)/D5 (1/0) PD5 (I/0)
D4 (1/O) D4 (1/O) PD4 (1/0)/D4 (1/0) PD4 (1/0)
D3 (1/O) D3 (1/O) PD3 (I/0)/D3 (1/0) PD3 (I/0)
D2 (I/0) D2 (1/0) PD2 (1/0)/D2 (I/O) PD2 (1/O)
D1 (1/O) D1 (1/O) PD1 (I/0)/D1 (1/O) PD1 (I/O)
DO (1/O) DO (1/O) PDO (I/0)/DO (1/0) PDO (I/0)

19.5.1 Register Configuration
Table 19.13 summarizes the port D register.

Table 19.13 Port D Register

Name Abbreviation R/W Initial Value  Address Access Siz

Port D data register H PDDRH R/W H'0000 H'FFFF83A0 8, 16, 32
H'FFFF83A1

Port D data register L PDDRL R/W H'0000 H'FFFF83A2 8, 16, 3-
H'FFFF83A3
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this register in the 112-pin version. However, read/writes are possible.

Bitt 15 14 13 12 11 10 9
‘PD31DR‘PD30DR‘PD29DR‘PD28DR‘PD27DR‘PD26DR‘PD25DF
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
‘PD23DR‘PD22DR‘PD21DR‘PD20DR‘PDlQDR‘PDlBDR‘PDl?DF
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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\ PDlSDR‘ PD14DR‘ PD13DR‘ PDlZDR‘ PDllDR‘ PDlODR‘ PD9DR‘

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
\ PD7DR‘ PD6DR‘ PD5DR‘ PD4DR‘ PD3DR‘ PD2DR‘ PDlDR‘
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

Table 19.14 Read/Write Operation of the Port D Data Register (PDDR)

PDIOR Pin Status Read Write

0 Ordinary input  Pin status Can write to PDDR, but it has no effect on pi
Other function  Pin status Can write to PDDR, but it has no effect on pi

1 Ordinary output PDDR value Value written is output by pin

Other function PDDR value  Can write to PDDR, but it has no effect on pi
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PE11 (I/O)/TIOC3D (I/O)

PE11 (I/0)/TIOC3D (I/O)

PE10 (1/0)/TIOC3C (I/O)

PE10 (1/0)/TIOC3C (I/O)

PE9 (I/0)/TIOC3B (I/O)

PE9 (I/0)/TIOC3B (1/O)

PES (I/O)/TIOC3A (I/O)

PES (1/0)/TIOC3A (I/O)

PE7 (/0)/TIOC2B (1/O)

PE7 (/0)/TIOC2B (1/O)

PE6 (I/0)/TIOC2A (1/O)

PE6 (I/0)/TIOC2A (1/O)

PE5 (1/0)/TIOC1B (I/O)

PE5 (1/0)/TIOC1B (I/O)

PE4 (/0)/TIOC1A (I/O)

PE4 (/0)ITIOC1A (1/O)

PE3 (I/0)/TIOCOD (I/O)/DRAK1 (output)

PE3 (I/0)/TIOCOD (I/O)

PE2 (I/0)/TIOCOC (/0)/DREQT (input)

PE2 (1/0)/TIOCOC (1/O)

PE1 (1/0)/TIOCOB (I/O)/DRAKO (output)

PE1 (1/0)/TIOCOB (I/O)

PEO (I/0)/TIOCOA (I/0)/DREQO (input)

PEO (I/0)/TIOCOA (1/O)

19.6.1 Register Configuration
Table 19.16 summarizes the port E register.

Table 19.16 Port E Register

Name Abbreviation R/W Initial Value  Address Access Si
Port E data register PEDR R/W H'0000 H'FFFF83B0O 8, 16, :
H'FFFF83B1
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‘PElSDR‘PE14DR‘PE13DR‘PElZDR‘PEllDR‘PElODR‘PE9DR‘
Initial value: 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW

Bit: 7 6 5 4 3 2 1
\ PE7DR‘ PE6DR‘ PE5DR‘ PE4DR‘ PE3DR‘ PE2DR‘ PElDR‘
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

Table 19.17 Read/Write Operation of the Port E Data Register (PEDR)

PEIOR Pin Status Read Write

0 Ordinary input  Pin status Can write to PEDR, but it has no effect on pi
Other function  Pin status Can write to PEDR, but it has no effect on pi

1 Ordinary output PEDR value  Value written is output by pin

Other function PEDR value  Can write to PEDR, but it has no effect on pi
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19.7.1 Register Configuration
Table 19.18 summarizes the port F register.

Table 19.18 Port F Register

Name Abbreviation R/W Initial Value  Address Access Si
Port F data register PFDR R External pin H'FFFF83B3 8
dependent

19.7.2 Port F Data Register (PFDR)

PFDR is an 8-bit read-only register that stores data for port F. The bits PF7DR—
correspond to the PF7/AN7—PFO/ANO pins. There are no bits 15-8, so always a
Any value written into these bits is ignored, and there is no effect on the status c
any of the bits are read, the pin status rather than the bit value is read directly.
A/D converter analog input is being sampled, values of 1 are read out. Table 19
read/write operations of the port F data register.

PFDR is not initialized by power-on resets, manual resets, standby mode, or sle
always reflect the pin status).

Bit. 7 6 5 4 3 2 1
| PF7DR | PF6DR | PF5DR | PF4DR | PF3DR | PF2DR | PFIDR
Initial value: * * * * * * *
RW: R R R R R R R

Note: * Initial values are dependent on the status of the pins at the time of the reads.

RENESAS



664
RENESAS



00 0 T

H'00000000 H'00000001 H'00000002 H'00000003
H'00000004 H'00000005 H'00000006 H'00000007
~L ~L ~_ ~_ N
N ~N— N TN
On-chip ROM
H'0000FFFC H'0000FFFD H'0000FFFE H'0000FFFF

Figure 20.1 Mask ROM Block Diagram (64-kbyte Version)
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HO001FFFC | HOOO1FFFD | ROO01FFFE | HOOOLFFFF |

Figure 20.2 Mask ROM Block Diagram (128-kbyte Version)

< Internal data bus (32 bits)

)0 O O

H'00000000 H'00000001 H'00000002 H'00000003
H'00000004 H'00000005 H'00000006 H'00000007
—~L L L —~L__ L
~N— N ~N— N
On-chip ROM
H'0003FFFC H'0003FFFD H'0003FFFE H'0003FFFF

Figure 20.3 Mask ROM Block Diagram (256-kbyte Version)
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Mode 1 (MCU mode 1) * * 0 1 On-chip ROM invalid, external 16-bit s
pin and 120 pin), external 32-bit space

Mode 2 (MCU mode 2) * * 1 0 On-chip ROM valid, external space (bu
with bus state controller)

Mode 3 (MCU mode 3) * * 1 1 On-chip ROM valid, single-chip mode

0: Low

1: High

*: Refer to section 3, Operating Modes.
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)

)

L)

)

))

H'00000000 H'00000001 H'00000002 H'00000003
H'00000004 H'00000005 H'00000006 H'00000007
L ~L —~L_ ~L ~
— ~— ~N— N
On-chip ROM
H'0001FFFC H'0001FFFD H'0001FFFE H'0001FFFF

Figure 21.1 PROM Block Diagram

The operating mode determines whether the on-chip ROM is valid or not. The o
selected using mode-setting pins MD3-MDO as shown in table 21.1. If you are
ROM, select mode 2 or mode 3; if you are not, select mode 0 or 1. The on-chip
to addresses H'00000000—H'0001FFFF of memory area O.
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0: Low
1: High
*: Refer to section 3, Operating Modes.

With the PROM version, programs can be written in the same manner as with an
EPROM by setting the LSI to PROM mode and using a standard EPROM writer.

21.2 PROM Mode

21.2.1 PROM Mode Settings

When programming the on-chip PROM, set the pins as shown in figure 21.2, 21..
perform the programming in PROM mode.

21.2.2  Socket Adapter Pin Correspondence and Memory Map

Connect the socket adapter to the SH7040 series chip as shown in figure 21.2 or
allow the on-chip PROM to be programmed in the same manner as an ordinary 3
(HN27C101). Figures 21.2, 21.3, and 21.4 show the correspondence between thi
pins and HN27C101 pins. Figure 21.5 is a memory map of the on-chip ROM.
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6 PC2/A2 : A2 10
7 PC3/A3 I A3 9
8 PC4/A4 : L A 8
9 PC5/A5 : L A5 7
10 PC6/A6 | L A6 6
11 PC7IA7 : L A7 5
12 PC8/A8 : L A8 27
25 PB3/RD1/POE1/CASL _ H H OE 24
14 PC10/A10 : L Al0 23
15 PC11/A11 ; ALl 25
16 PC12/A12 : L AL2 4
17 PC13/A13 ; ™ A13 28
18 PC14/A14 I ™ A14 29
19 PC15/A15 i L Al5 3
20 PBO/A16 | L Al 2
26 PB4/IRQ2/POE2/CASH _ | L PGM 31
————| —12nF =
2 PE15/TIOC4D/DACK1/IRQOUT[—*—;—+{ CE 22
1 PE14/TIOCAC/DACKO/AH H  Vee 32
28 PB5/IRQ3/POE3/RDWR [—* —H_ Vss 16
21, 37,65,77,103 Y ' ! .
79 MDO 1] | Ver: PROME
_:_. I power sl
2 S R N 11
] I A16-A0: Address
80, 100 PLLVcc/AVee 0t 11/07-1/00: Data inp
81, 82, 74 PLLCAP, PLLVss, EXTAL . output
3,23, 27, 33, 39, 55, Ves . I OE: Output e
61,71, 90, 101, 109 | =1000|  PGM: Program
98, 99 PFO/ANO-PF7/AN7 [ ! CE: Chip en:
97 AVss ; !
|
73 MD3 e !
7;'70.1 uF

Figure 21.2 SH7042 Pin and HN27C101 Pin Correspondence (112-Pin \
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H I
7 PC2/A2 1 % A2 10
i
8 PC3/A3 ; A3 9
|
9 PC4/A4 i A4 8
i
| !
10 PC5/A5 ! s AS 7
I
11 PC6/A6 T 3 A6 6
|
12 PC7/A7 : } A7 5
‘ ‘
13 PC8/A8 ; 7 A8 27
— ‘ i —
26 PB3/IRQ1/POEL/CASL i ‘ OE 24
‘
15 PC10/A10 } ; A10 23
‘ |
16 PC11/A11 i } ALl 25
|
17 PC12/A12 : ! AL2 4
! |
18 PC13/A13 : i A13 28
I
19 PC14/A14 I : Al4 29
|
20 PC15/A15 ; 1 A15 3
I
21 PBO/AL6 : i A16 2
S — I
27 PB4/IRQ2/POE2/CASH 1 1 PGM 31
| e ! —
3 PE15/TIOCAD/DACK1/IRQOUT [ ~— : CE 22
— | I
2 PE14/TIOC4C/DACKO/AH ; ! vee 32
J— I
29 PB5/IRQ3/POE3/RDWR ; : Vss 16
‘
| |
22, 40,70, 82, 111 vee i ! Vpp: PROM program
L | power supply
84 MDO | 1 ey
83 MD1 ; Al6 to AO: Address input
{ i 1/07 to 1/00: Data input/
80 MD2 : i output
| | OE: Output enable
85, 107 PLLVCC, AvCC ! | PGM: Program enable
86, 87, 79 PLLCAP, PLLVSS, EXTAL i TE: Chip enable
I
4,24, 28, 36, 42 | 1
vss i |
58, 66, 76, 97, 108, 117 | L \
I =1000 !
98 10 103 PFO/ANO to PF5/ANS S |
+ I
105 to 106 PF6/ANG to PF7/AN7 1 !
| !
I
104 AVSS ; !
!
i |
78 MD3 F j — K
I 0.1 uF

Figure 21.3 SH7042 Pin and HN27C101 Pin Correspondence (120-Pin V¢
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9 PCZ2/IAZ t ' 1
10 PC3/A3 : H A3 9
11 PC4/A4 ! A4 8
13 PC5/A5 : H A5 7
15 PC6/A6 : L A6 6
16 PC7IA7 ; a7 5
17 PC8/A8 ! H A8 2
32 PB3/IRQT/POET/CASL _H H OE 2
19 PC10/A10 I H A0 2!
20 PC11/A11 : AL 2t
21 PC12/A12 ! H AL2 4
22 PC13/A13 ! H o AL3 2¢
23 PC14/A14 : H  Al4 2
24 PC15/A15 ; U A15 3
25 PBO/A16 ; H Al 2
34 PB4/IRQ2/POE2/CASH__ l_“_|2n'F PGM 3:
5 PE15/TIOCAD/DACK1IRQOUTI—+——1—+ CE 2;
2 PE14/TIOC4D/DACKO/AH H Ve 3
36 PB5/RQ3/POE3/RDWR ¢ —:r Vss 1¢
12, 26, 40, 63, 77, e
85, 99, 112, 135 Vee HB i Vee: PRO
I power
103 MDO -— ! (125
102 MD1 ¢ | A16-A0: Addre
97 MD2 e | /O7-1/00: Data i
104, 128, 127 PLLVcc, AVee, AVigr [ ! output
105, 106, 96 PLLCAP, PLLVss, EXTAL |1 | OE: Outpu
6, 14, 28, 35, 42, 55, 61, i ! PGM: Progr:
71,79, 87,93, 117, 129, Vss :gilooQi CE: Chipe
141 |
118-123, 125, 126 PFO/ANO—PF7/AN7 i :
124 AVss : i
95 MD3
%6.‘1‘@"

Figure 21.4 SH7043 Pin and HN27C101 Pin Correspondence (144-Pin \
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21.3 PROM Programming

The PROM mode write/verify specifications are the same as those of the standar
HN27C101. However, because the page program format is not supgortest,set the
writer to the page programming modROM writers that only support page prograr
cannot be used. When selecting a PROM writer, confirm that it supports the byte
speed, high-reliability programming format.

21.3.1 Programming Mode Selection

There are two on-chip PROM programming modes: write and verify (reads and ¢
data). The mode is selected by using the pins (table 21.2).

Table 21.2 PROM Programming Mode Selection

Pin

Mode CE OE PGM V. Ve I/07-1/00 A16-A(
Write 0 1 0 Vop Ve Data input Addres
Verify 0 0 1 Data output input
Programming 0 0 0 High
Prohibited 0 1 1 impedance

1 0 0

1 1 1

Note: 0: low level, 1: high level, V..: V,, level, V. V. level.
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n+l-n

Data write
(tpy = 0.2 ms + 5%)

Address + 1
address

Is verify
result OK?

A

Data write
(topyw = 0.2n ms)

Final
address?

No

Set EPROM
writer to read mode
(Vee=5.0V+0.25V,

Vep = Veo)

A 4

All address

No

No good )4 read results

OK?

. Power supply

: PROM program power supply
. Initial programming pulse width ( End )
. Over-programming pulse width
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Figure 21.6 High-Speed, High-Reliability Programming Basic Flow
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voltage

OUtpUt low-level 1/07-1/00 VOL — 0.45 \Y |o|_ =1.(

voltage

Input leak current  1/07-1/00, A16—-A0, | Iy] — 2 MA  VIN=5.
OE, CE, PGM

V. current lee — 80 mA

V., current lpp — 80 mA
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. Vi '

PGM pulse width during initial programming tpyy 0.19 0.20 0.21 ms

PGM pulse width during over-programming topy”™® 0.19 — 525 ms
Vcce setup time tvcs 2 — — Hs
CE setup time tees 2 — —  ps
Data output delay time tog 0 — 150 ns

Notes: *1 Input pulse level: 0.45 V to 2.4 V; input rise, fall times < 20 ns; input timing refe
levels: 0.8 V, 2.0 V; output timing reference levels: 0.8 V, 2.0 V.

*2 t,: is defined as when the output becomes open state and referencing the outy
no longer possible.

*3 topy IS defined by the values noted in the flowchart (figure 21.6).
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Vce
Vee tycs
CE
tces
T fa
PGM
(topw)”

oF i /

Note: * typ,y is defined by the values noted in the flowchart (figure 19.6).

Figure 21.7 Write/Verify Timing

21.3.3  Cautions on Writing

1. Writes must always be done with the established voltage and timing. The wr
(programming voltage) M is 12.5 V (when the EPROM writer is set for the HN
Hitachi specifications, M. becomes 12.5 V). Devices will sometimes be destro
higher than the rated one is applied. Pay particular attention to such phenom
writer overshoot.

2. Always confirm that the indices of the EPROM writer socket, socket adapter,
agreement before programming. Devices will sometimes be destroyed due f
flow if these are not connected in the proper locations.

3. Do not touch the socket adapter or device during writing. Contact faults can:
devices to be improperly written.

4. Page programming mode writes are not possible. Always set to byte progran
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vl ety v M ffiyiiaiiiativyiti v die U Vi Wit A Al M.

Program write/verify } Figure 21.5 (flowchart)

Unpowered high-
temperature bias
(125-150°C, 24-48 hours)

Data read out and verify
Ve =5.0V)

( Installation on board )

Figure 21.8 Screening Flow

If there are any abnormalities in program write/verify or program read-out verifica
temperature biasing, please contact a Renesas Technology technical representa
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Programming/erase methods

The flash memory is programmed 32 bytes at a time. Block erase (in single-!
performed. Block erasing can be performed as required on 1 kbyte, 28 kbyte
blocks.

Programming/erase times

The flash memory programming time is 10 ms (typ.) for simultaneous 32-byte
equivalent to 300 ps (typ.) per byte, and the erase time is 100 ms (typ.) per

Reprogramming capability

The flash memory can be reprogrammed up to 100 times.

On-board programming modes

There are two modes in which flash memory can be programmed/erased/ver
O Boot mode

O User program mode

Automatic bit rate adjustment

With data transfer in boot mode, this LSI's bit rate can be automatically adjus
transfer bit rate of the host.

Flash memory emulation in RAM

Flash memory programming can be emulated in real time by overlapping a p
flash memory.

Protect modes

There are two protect modes, hardware and software, which allow protected
designated for flash memory program/erase/verify operations

Programmer mode

Flash memory can be programmed/erased in programmer mode, using a PR
as well as in on-board programming mode.

RENESAS



AV4 AV4

< >-—>_FLMCR2 Bus interface/controll Operation
us interface/controller

< [ EBR1 = mode

< >E_EBR2 ! O O

< {RAMER}——

|~

A

Module bu

Flash memory
(256kB)

Legend

FLMCR1: Flash memory control register 1
FLMCR2: Flash memory control register 2
EBR1 :Block specification register 1
EBR2 :Block specification register 2
RAMER : RAM emulation register

FW
Mot
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Figure 22.1 Flash Memory Block Diagram
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*2

Programmer
mode

program mode

Notes: Execute transition between the us
and user program mode while the
not programming or erasing the fl;
*1 RAM emulation permitted
*2 MDO0=1, MD1=0, MD2=1, MD:

Boot mode

On-board programming mode

Figure 22.2 Flash Memory Mode Transitions
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LSI LS|

SCl
Flash memory RAM Flash memory RAM

Appllication Appllication Boot program area
version version
(old version) (old version)
3. Initializing the flash memory 4. Writing the new application program
To initialize (to H'FF) the flash memory, execute Execute the program transferred to RAM from |
the erase program located in the boot program host and write the new application program loc
area (within RAM). During the boot mode, the at the transfer destination to the flash memory.
entire flash memory is erased, regardless of blocks.
HOST HOST
New application ) iﬂﬁﬂﬂﬁﬂﬂﬁlﬁ
program o |
LSI LSI
Boot program SCl1 Boot program / SCl1
Flash memory RAM Flash memory RAM

Erasing the \ %\a New application Boot program area
flash memory W\ program

Program execution state

684

Figure 22.3 Boot Mode
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Flash memory

RAM

SCI

FWP v

9
Transfer program

Application program

(old version)

3. Initializing the flash memory

Execute the Programming/erase program in RAM to
initialize (to H'FF) the flash memory. Erase is executed
in block units, but cannot be executed in byte units.

HOST

New application
program

LSl

Boot program

Flash memory

FWP verify program

Transfer program

Flash memory
erase

5CI

Flash memory RAM

Programming
control program

Application program
(old version)

4. Writing new application program
Next, the new application program in the |
written into the erased flash memory blocl
not write to unerased blocks.

HOST

LSI

Boot program / SClI
RAM

<Flash memory>
FWP verify program

Transfer program

New application
program

KX Program execution stz

Figure 22.4 User Program Mode
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Application program

Overlap RAM (Emulation is execute
using data written to RAM)

Emulation block

686

Figure 22.5 Emulation

When overlap RAM data is confirmed, the RAMS bit is cleared, RAM overlap |
writes should actually be performed to the flash memory.
When the programming control program is transferred to RAM, ensure that th

destination and the overlap RAM do not overlap, as this will cause data in the
be rewritten.

RENESAS



L
Programming data /

Figure 22.6 Programming to the Flash Memory

22.2.5 Differences between Boot Mode and User Program Mode

Table 22.1 Differences between Boot Mode and User Program Mode

Boot Mode User Program Moc
Total erase Yes Yes
Block erase No Yes
Programming control program” 2 1) (2 (3)

(1) Erase/erase-verify

(2) Program/program-verify

(3) Emulation

Note: * To be prepared by the user according to the recommended algorithm.
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MEeN )yt

32kbyte

32kbyte

256kbyte

32kbyte

32kbyte

28kbyte

1kbyte

1kbyte

1kbyte

Yy 1kbyte

Address H'3FFFF —

Figure 22.7 Block Configuration
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Mode 0 MDO Input Set operation mode of LSI

Transmit data TxD1 Output Serial send data output

Receive data RxD1 Input Serial receive data input

22.4  Register Configuration

Registers that control the flash memory when the on-chip flash memory is valid

22.3.

Table 22.3 Register Configuration

Abbre-
Name viation R/W Initial Value  Address Acce
Flash memory control register 1 FLMCR1 R/W*!  H'00*2 H'FFFF8580 8
Flash memory control register 2 FLMCR2 R/W*'  H'00*® H'FFFF8581 8
Erase block register 1 EBR1  R/W**  HO00*® H'FFFF8582 8
Erase block register 2 EBR2 R/W**  HO00*® H'FFFF8583 8
RAM emulation register RAMER R/W H'0000 H'FFFF8628 8,

Notes: 1. FLMCR1, FLMCR2, EBR1, and EBR2 are 8-bit registers, and RAMER is a 1¢

register.

2. Only byte accesses are valid for FLMCR1, FLMCR2, EBR1, and EBR2, the &
requiring 3 cycles. Three cycles are required for a byte or word access to RA

6 cycles for a longword access.

3. When a longword write is performed on RAMER, 0 must always be written to
word (address H'FFFF8630). Operation is not guaranteed if any other value i

*1 In modes in which the on-chip flash memory is disabled, a read will return H'C
writes are invalid. Writes are also disabled when the FWE bit is setto 1 in FL

*2 When a low level is input to the FWP pin, the initial value is H'80.
*3 When a high level is input to the FWP pin, or if a low level is input and the SV

FLMCRL1 is not set, these registers are initialized to H'00.
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VAT

Writes to bits SWE, ESU1, PSU1, EV1, and PV1 are enabled only when FWE =
writes to the E1 bit only when FWE = 1, SWE =1, and ESU1 = 1; and writes to tt
when FWE =1, SWE =1, and PSU1 = 1.

Bit. 7 6 5 4 3 2 1
| FWE | SWE | ESU1 | PSUL | EVI | PVI | EL |

Initial value: 0 0 0 0 0 0 0

RW: R RW RW RW RW RW  RW

» Bit 7—Flash Write Enable Bit (FWE): Displays the state of the FWP pin which
protection against flash memory programming/erasing.

Bit 7: FWE Description
0 When high level is input to the FWP pin (hardware-protect state)
1 When low level is input to the FWP pin

e Bit 6—Software Write Enable Bit (SWE): Enables or disables the flash memor
should be set when setting bits 5-0, FLMCR2 bits 5-0, EBR1 bits 3—-0, and El

Bit 6: SWE Description
0 Writes disabled (Initial v
1 Writes enabled

[Setting condition] When FWE=1

e Bit 5—Erase Setup Bit 1 (ESU1): Prepares for a transition to erase mode (apy
addresses: H'00000-H'1FFFF). Do not set the SWE, PSU1, EV1, PV1, E1, or
same time.
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[Setting condition] When FWE=1 and SWE=1

» Bit 3—FErase-Verify 1 (EV1): Selects erase-verify mode transition or release |

addresses: H'00000-H'1FFFF). Do not set the SWE, ESU1, PSU1, PV1, E1,
same time.

Bit 3: EV1 Description
0 Erase verify mode release (Initial value)
1 Transition to erase verify mode

[Setting condition] When FWE=1 and SWE=1

» Bit 2—Program-Verify 1 (PV1): Selects program-verify mode transition or rel
addresses: H'00000-H'1FFFF). Do not set the SWE, ESU1, PSU1, EV1, E1,
same time.

Bit 2: PV1 Description
0 Program verify mode release (Initial value)
1 Transition to program verify mode

[Setting condition] When FWE=1 and SWE=1

RENESAS



) Program setup mode release (Initial value)

1 Program setup
[Setting condition] When FWE=1, SWE=1, and PSU1=1

22.5.2 Flash Memory Control Register 2 (FLMCR2)

FLMCRZ2 is an 8-hit register used for flash memory operating mode control. Prog
or erase-verify mode for addresses H'20000-H'3FFFF is entered by setting SWE
when FWE (FLMCR1) = 1, then setting the EV2 or PV2 bit. Program mode for ac
H'20000-H'3FFFF is entered by setting SWE (FLMCR1) to 1 when FWE (FLMCF
setting the PSU2 bit, and finally setting the P2 bit. Erase mode for addresses H'2
entered by setting SWE (FLMCR1) to 1 when FWE (FLMCR1) = 1, then setting tl
and finally setting the E2 bit. FLMCR?2 is initialized to H'00 by a power-on reset, il
mode, when a high level is input to the FWP pin, and when a low level is input to
and the SWE bit in FLMCRL1 is not set (the exception is the FLER bit, which is ini
a power-on reset). When on-chip flash memory is disabled, a read will return H'O(
invalid.

Writes to bits ESU2, PSU2, EV2, and PV2 in FLMCR2 are enabled only when FV
1 and SWE (FLMCR1) = 1; writes to the E2 bit only when FWE (FLMCR1) =1, S
(FLMCR1) =1, and ESU2 = 1, and writes to the P2 bit only when FWE (FLMCR1
(FLMCR1) =1, and PSU2 = 1.
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1 Indicates error during flash memory program/erase.
Flash memory program/erase protect (error protect) enabled
[Setting condition] See section 22.8.3, Error protection

e Bit 6—Reserved bit: This bit is always read as O.

» Bit 5—Erase Setup Bit 2 (ESU2): Prepares for a transition to erase mode (af
addresses: H'20000-H'3FFFF). Do not set the PSU2, EV2, PV2, E2, or P2 b

Bit 5: ESU2 Description
0 Erase setup release (Initial value)
1 Erase setup

[Setting condition] When FWE=1 and SWE=1

» Bit 4—Program Setup Bit 2 (PSU2): Prepares for a transition to program mo
addresses: H'20000-H'3FFFF). Do not set the ESU2, EV2, PV2, E2, or P2 b

Bit 4: PSU2 Description
0 Program setup release (Initial value)
1 Program setup

[Setting condition] When FWE=1 and SWE=1
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Bit 2: PV2 Description

0 Program verify mode release (Initial value)

1 Transition to the program verify mode
[Setting condition] When FWE=1, and SWE=1

» Bit 1—FErase 2 (E2): Selects erase mode transition or release (applicable addi
H'3FFFF). Do not set the ESU2, PSU2, EV2, PV2, or P2 bit at the same time.

Bit 1: E2 Description
0 Erase mode release (Initial value)
1 Transition to the erase mode

[Setting condition] When FWE=1, SWE=1, and ESU2=1

» Bit 0—Program 2 (P2): Selects program mode transition or release (applicable
H'20000-H'3FFFF). Do not set the ESU2, PSU2, EV2, PV2, or E2 bit at the s:

Bit 0: P2 Description
0 Program mode release(Initial value)
1 Transition to the program mode

[Setting condition] When FWE=1, SWE=1, and PSU2=1
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‘ _ ‘ _ ‘ — ‘ _ \ EB3 \ EB2 \ EB1
Initial value: 0 0 0 0 0 0 0
RW: R R R R RW RW  RW

22.5.4 Erase Block Register 2 (EBR2)

EBR?2 is an 8-bit register that specifies the flash memory erase area block by bl
initialized to H'00 by a power-on reset and standby mode, when a high level is it
pin, and when a low level is input to the FWP pin and the SWE bit in FLMCRL1 is
bit in EBR2 is set to 1, the corresponding block can be erased. Other blocks are
When on-chip flash memory is disabled, a read will return H'00, and writes are i

The flash memory block configuration is shown in table 22.4.

Bitt 7 6 5 4 3 2 1
\ EB11 \ EB10 \ EB9 \ EBS \ EB7 \ EB6 \ EB5
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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EB9 (1kB) H'03F400-H'03F7FF

EB10 (1kB) H'03F800-H'03FBFF

EB11 (1kB) H'03FCO0-H'03FFFF

22.5.5 RAM Emulation Register (RAMER)

RAMER specifies the area of flash memory to be overlapped with part of RAM wi
real-time flash memory programming. RAMER is initialized to H'0000 by a power
not initialized in software standby mode. RAMER settings should be made in use
program mode. (For details, see the description of the BSC.)

Flash memory area divisions are shown in table 22.5. To ensure correct operatio
function, the ROM for which RAM emulation is performed should not be accesse
after this register has been modified. Normal execution of an access immediately
modification is not guaranteed.

Bit: 15 14 13 12 11 10 9
-l -] -T-]T-]T-1=-
Initial value: 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1
- | — | = | = | — | raus| raw1|
Initial value: 0 0 0 0 0 0 0
R/W: R R R R R R/W R/W

» Bits 15-3—Reserved bits: These bits are always read as 0.
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Table 22.5 Separation of the Flash Memory Area

Addresses Block Name RAMS RAM1 RAMO
H'FFF800-H'FFFBFF RAM area 1kB 0 * *
H'03F000-H'03F3FF EB8 (1kB) 1 0 0
H'03F400-H'03F7FF EB9 (1kB) 1 0 1
H'03F800-H'03FBFF EB10(1kB) 1 1 0
H'03FC00-H'03FFFF EB11(1kB) 1 1 1
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Expanded Mode

x2 0 1 0

Single-chip Mode 0 1 0

Expanded Mode x4 1 0 0

Single-chip Mode 1 0 0

User program mode  Expanded Mode x1 0 0 1
Single-chip Mode 0 0 1

Expanded Mode x2 0 1 1

Single-chip Mode 0 1 1

Expanded Mode x4 1 0 1

1 0 1

Single-chip Mode
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programming algorithm given later.
The system configuration in boot mode is shown in figure 22.8, and the boot mo

procedure in figure 22.9.

LSI

Flash memoi

Host Writ i
rite data reception RXD1

sCi1 On-chip |

Verify data transmission
-t TXD1

Figure 22.8 System Configuration in Boot Mode
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rate adjustment is received, then
transmits 1 byte of data H'55

After receiving H'55, this LSI sends
1 byte of HAA

The host sends the byte number
(N) of the user program in sequence
of upper byte then lower byte

T

This LSI sends the received byte
number to the host as verify data
(echo back)

n=1

‘ -

The host transmits the user program
in sequence using byte units
I

This LSI sends the received
program to the host as verify data
(echo back)

The received user program is
transferred to the on-chip RAM

< >

Yes

| Transmission complete

Data of the flash memory is
checked. All data are erased if

data already exists
I

After confirming that all data of the
flash memory have been erased,

this LSI sends 1 byte of H'AA to the host
I

The write control program transferred
to the on-chip RAM is executed

Note: If a memory cell does not operate normally and cannot be erased, one H'FF byte is
transmitted as an erase error, and the erase operation and subsequent operations

Figure 22.9 Boot Mode Execution Procedure
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communication data (H'00) transmitted continuously from the host. The SCI trar
format should be set as follows: 8-bit data, 1 stop bit, no parity. The LSI calculat
the transmission from the host from the measured low period, and transmits one
host to indicate the end of bit rate adjustment. The host should confirm that this
indication (H'00) has been received normally, and transmit one H'55 byte to the
cannot be performed normally, initiate boot mode again (reset), and repeat the «
Depending on the host’s transmission bit rate and the LSI's system clock freque
a discrepancy between the bit rates of the host and the LSI. To ensure correct S
host's transfer bit rate should be set to 9,600 or 4,800 bps.

Table 22.7 shows host transfer bit rates and system clock frequencies for which
adjustment of the LSI bit rate is possible. The boot program should be executed
clock range.

Table 22.7 System Clock Frequencies for which Automatic Adjustment of LSI |

Possible
System Clock Frequency for which Automatic Adjustment
Host Bit Rate of LSI Bit Rate is Possible
9,600 bps 810 28.7 MHz
4,800 bps 4 to 20 MHz
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Boot program area
(2k bytes)

HFFFFFFFF

Figure 22.11 RAM Areas in Boot Mode

Note: The boot program area cannot be used until a transition is made to the e
the programming control program transferred to RAM. Note also that the |
remains in this area of the on-chip RAM even after control branches to the
control program.
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D i

1 and transfer program
v
) FWP =1
(user program mode)
v
3 Transfer programming/erase

control program to RAM

v
Execute programming/

4 erase control program in RAM
(flash memory rewriting)

\ 4

Execute user application
program

Figure 22.12 User Program Mode Execution Procedure

Notes: 1. When programming and erasing, start the watchdog timer so that me
taken to prevent program runaway, etc. Memory cells may not operat
overprogrammed or overerased due to program runaway.

2. If an address at which a flash memory register resides is read in the r
ZTAT version, the value will be undefined. When a flash memory ver:
used in the mask ROM or ZTAT version, the state of the FWP pin can
determined. A modification must therefore be made to prevent operal
memory rewrite program.
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FLMCRZ2, is executed by a program in flash memory.

2. When programming or erasing, set FWP to low level (programming/ere
executed if FWP is set to high level).

3. Programming should be performed in the erased state. Do not perform
programming on previously programmed addresses.

4. Do not program addresses H'00000-H'1FFFF and H'20000—H'3FFFF
Operation is not guaranteed if this is done.

22.7.1 Program Mode (n = 1 for Addresses H'0000-H'1FFFF, n = 2 for Addres
H'20000-H'3FFFF)

When writing data or programs to flash memory, the program/program-verify flow
figure 22.13 should be followed. Performing program operations according to this
enable data or programs to be written to flash memory without subjecting the dev
stress or sacrificing program data reliability. Programming should be carried out :
time.

Following the elapse of 10 us or more after the SWE bit is set to 1 in flash memo
register 1 (FLMCR1), 32-byte program data is stored in the program data area ar
area, and the 32-byte data in the program data area in RAM is written consecutiv
program address (the lower 8 bits of the first address written to must be H'00, H'Z
H'80, H'AQ, H'CO, or H'EQ). Thirty-two consecutive byte data transfers are perforr
program address and program data are latched in the flash memory. A 32-byte d
be performed even if writing fewer than 32 bytes; in this case, H'FF data must be
extra addresses.

Next, the watchdog timer is set to prevent overprogramming in the event of progr
Set a minimum value of 300 us or more as the WDT overflow period. After this, |
program mode (program setup) is carried out by setting the PSUn bit in FLMCRn
elapse of 50 ys or more, the operating mode is switched to program mode by set
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of H'FF data should be made to the addresses to be read. The dummy write shc
after the elapse of 4 us or more. When the flash memory is read in this state (ve
32-bit units), the data at the latched address is read. Wait at least 2 us after the
before performing this read operation. Next, the written data is compared with tt
reprogram data is computed (see figure 22.13) and transferred to the reprogran
bytes of data have been verified, exit program-verify mode, wait for at least 4 ps
SWE bit in FLMCRZ1. If reprogramming is necessary, set program mode again,
program/program-verify sequence as before. However, ensure that the program
sequence is not repeated more than 1,000 times on the same bits.
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L NS SVV He |

| Clear P1(2) bit in FLMCR1(2) | End of programming
)

| Wait 10 ps | *5

[ clearPsu1) bitin FLMCR1(2) |
I

[ Wait 10 ps ] *5
:

[ Disable WDT |
1

[ Set PV1(2) bit in FLMCR1(2) |

[ Wait 4 s | +5
T

i | O

| Dummy write of H'FF to verify address
¥

RAM [ Wait 2 jis ] *s
¥

[ Read verify data | 2

Program data storage
area (32 bytes)

Verify
Increment address

Notes: *1

*2
*3

4

*

a

Reprogram data storage " *
area (32 bytes) | Reprogram data computation ] 3
Transfer reprogram data to reprogram %4
data area

[ ciearPva(2) bitin FLMCR1(2) |
¥

| Wait 4 ps | *5

*5

NG N\
Data transfer is performed by byte transfer. The lower W @

8 bits of the first address written to must be H'00, H'20, H'40,
H'60, H'80, H'A0, H'CO, or H'EO. A 32-byte data transfer

must be performed even if writing fewer than 32 bytes; |
in this case, H'FF data must be written to the extra addresses.

Verify data is read in 32-bit (longword) units.

Even bits for which programming has been completed in a
32-byte programming loop will be subjected to additional
programming if they fail the subsequent verify operation.

OK OK
Clear SWE bit in FLMCR1 ] Clear SWE bit in FLMCR1

Programming failure

Note: The memory erased state is 1. Programming is performed on 0 data.

A 32-byte area for storing program data and a 32-byte area for
storing reprogram data are required in RAM. The contents of Write data (D) |Verify data (V) | Rewrite data (X) Comment
the latter are rewritten according to the progress of the 0 0 1 Programming completed

programming operation. —
Make sure to set the wait times and repetitions as specified. 0 1 0 Programming incomplete; repr
Programming may not complete correctly if values other than 1 0 1

1 1 1

the specified ones are used.

Still in erased state; no action
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Figure 22.13 Program/Program Verify Flow
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FLMCR2 . EQU H 81

(03¢ . EQU HO
NG . EQU H1
Wi t 10u .EQU 72
Vi t 50u . EQU 359
Vi t 4u . EQU 29
Wi t 2u . EQU 14
Wi t 200u . EQU 1435
VWOT_TCSR . EQU H FFFF8610
WOT 573u .EQU H A579
SWESET . EQU B' 01000000
PSULSET . EQU B' 00010000
P1SET . EQU B' 00000001
P1CLEAR .EQU B 11111110
PSULCLEAR . EQU B 11101111
PVSET . EQU B' 00000100
PVCLEAR . EQU B 11111011
SWECLEAR .EQU B 10111111
MAXVeri fy .EQU 1000
FI ashPr ogr am .EQU $
MOV #H 01, R2 ; R2 work register (1)
MOV. L #Pdat aBuf f , RO ; Save program data to work area
MOV R4, R12
MOV #8, R13
CCPY_LOCP . EQU $
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Wit 1 SUBC
BF

MOV. L
ow/ GT
BT
MOV. L
Program Start
MOV. L
Pr ogram | oop
MOV. L
MOV. L
MOV. L
MOV. L
Wite_Loop
MOV. B
MOV. B
ADD. L
ADD. L
OWP/ PL
BT

MOV. L
MOV. W

708

#oveore |, (G RY, (BR) , O€l oWk
R2, R3 ; Wait 10 ps
Vait 1

#H 20000, RO

R5, RO

Program Start

#FLMOR2, RO

. EQU $

#0, RO ; Initialize n (R9) to 0

. EQU $

#0, R10 ; Initialize m (R10) to O
#32, R3 ; Write 32-byte data consecutively
#Pdat aBuf f , R12

R5, R13

.EQU $

@rR12+, RL

Rl, @13

#1, R13

# 1, R3

R3

Wite_Loop

#WOT_TCSR RL ; Enable WDT
#WOT_573u, R3 ; 573.4 ps cycle

RENESAS



Wit 4

Wit 5

Wit 6

MOV. L
AND. B
SUBC

MOV. L
AND. B
SUBC

MOV. L
MOV. W
MOV. W

MOV. L
R B
SUBC

MOV. L
MOV. L
MOV. L
MOV. L
MOV. L

#Wi t 10u, R3
#P1CLEAR @R, GBR)
R, R3

Wit 4

#Wi t 10u, R3
#PSULOLEAR @ RO, GBR)
R, R3

Wit 5

#WOT_TCSR R1L
#H AS5F, R3
R3, @1

#Wi t 4u, R3
#PVSET, @ R0, GBR)
R, R3

Vit 6

Pdat aBuf f, R3
R4, RL

R5, R12

#8, R13

#H FFFFFFFF, RL1

; Clear P
; Wait 10 ps

; Clear PSU
; Wait 10 ps

; Disable WDT

; Set PV
; Wait 4 s
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XCR
NOT
R
MOV. L

Verify_K

Vit 8

ADD, L
ADD. L
oW/ PL
BT

MOV. L
AND. B
SUBC
BF

QW PL
BF

ADD
MOV. L
MOV. L
QW EQ
BT

BRA
NCP

Program &K
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#1, U , VEINTy NG, m<-1

R8, R7 ; Program data computation

R7, R7

R7, R8

R8, @3 ; Store in reprogram data RAM (Pd
. EQU $

#4, R3

#-1, R13

R13

Veri f yLoop

#Wai t 4u, R7

#PVCOLEAR, @ RO, GBR) ; Clear PV
R2, R7 ; Wait 4 us
Vait_8

R10 ; if m=0 then GOTO Program_OK

Program &K

#1, RO

#NG R7 ; R7 <- NG (return value)

#NMAXVeri fy, R12 ; if n>=MAXVerify then Program NC
R9, R12

Pr ogr am end
Pr ogram | oop

. EQU $
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When erasing flash memory, the erase/erase-verify flowchart shown in figure 22
followed.

To perform data or program erasure, set the flash memory area to be erased in
n (EBRn) at least 10 us after setting the SWE bit to 1 in flash memory control re
(FLMCR1). Next, the watchdog timer is set to prevent overerasing in the event c
runaway, etc. Set 5.3 ps as the WDT overflow period. After this, preparation for
setup) is carried out by setting the ESUn bit in FLMCRn, and after the elapse of
the operating mode is switched to erase mode by setting the En bit in FLMCRn.
which the En bit is set is the flash memory erase time. Set an erase time of 5 m:

Note: With flash memory erasing, preprogramming (setting all memory data in
be erased to all “0") is not necessary before starting the erase procedure

RENESAS
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operation. If the read data has been erased (all “1”), a dummy write is performed
address, and erase-verify is performed. If the read data is unerased, set erase m
repeat the erase/erase-verify sequence in the same way. However, ensure that |
verify sequence is not repeated more than 60 times. When verification is complet
verify mode, and wait for at least 5 ps. If erasure has been completed on all the €
completing erase-verify operations on all these blocks, release the SWE bit in FL
are any unerased blocks, set erase mode again, and repeat the erase/erase-veri
before. However, ensure that the erase/erase-verify sequence is not repeated me
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]
[ Wait 10 ps | +5
1

[ clearESUL2) bitin FLMCR1(2) |
1

[ Wait 10 ps | s
¥

[ Disable WDT |
12

[ Set EV1(2) bit in FLMCR1(2) | [
¥

| Wait 20 pus | *5

| Set block start address to verify address |

]
L)

| H'FF dummy write to verify address |
¥

| Wait 2 ps | *5
i

Increment | Read verify data | *2
address
NG

Verify data = all "1"?
OK

Last address of block?

oK
[ clearevi@bitinFLMcR12) | [ clearevi@bitinFLMcR12) |

| Wait 5 ps | *5 | Wait 5 ps |*5

.
Ne 2 ~ End of 2 NG
erasing of all erase
blocks?
OK oK
Clear SWE bit in FLMCR1 | [ Clear SWE bit in FLMCR1

End of erasing

Notes: *1 Preprogramming (setting erase block data to all “0”) is not necessary.
*2 Verify data is read in 32-bit (longword) units.
*3 Set only one bit in EBR1(2). More than one bit cannot be set.
*4 Erasing is performed in block units. To erase a number of blocks, each block must be erased in turn.
*5 Make sure to set the wait times and repetitions as specified. Erasing may not complete correctly if values other
than the specified ones are used.

Figure 22.14 Erase/Erase-Verify Flowchart (Single Block Erase)
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FLMCRL . EQU H 80

FLMOR2 . EQU H 81
EBRL . EQU H 82
EBR2 . EQU H 83
Wi t 10u . EQU 72
Wi t 2u . EQU 14
Wi t 200u . EQU 1435
Wi t 5m . EQU 35875
Wi t 20u . EQU 144
Wi t 5u . EQU 36
WOT_TCSR . EQU H FFFF8610
WOT_9m . EQU H A57D
SWESET . EQU B' 01000000
ESUSET . EQU B' 00100000
ESET . EQU B' 00000010
ECLEAR . EQU B 11111101
ESUCLEAR . EQU B 11011111
EVSET . EQU B' 00001000
EVCLEAR . EQU B 11110111
SWECLEAR . EQU B 10111111
MAXEr ase . EQU 60
Fl ashEr ase .EQU $

MOV. L #H FFFF8500, RO

LDC RO, GBBR ; Initialize GBR

MOV. L #1, R2
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MOV. B

MOV. L
MOV. L
MOV. L
owl GT
BT
MOV. L
Er aseLoop

MOV. L
MOV. W
MOV. W

MOV. L
R B

EWiit 2 SUBC
BF

MOV, L
R B

EWit_3 SUBC
BF

MOV. L

&/, RV
RO, @EBR2, GBBR) ; Erase memory block (EBR2) set

#FLMCRL, RO

@5, R6 ; Erase memory block start addre:
#H 020000, R7

R6, R7

Er aseLoop

#FLMCR2, RO

.EQU $

#WOT_TCSR, RL ; Enable WDT
#WOT_9m R3 ; 9.2 ms cycle
R3, @

#Wai t 200u, R3

#ESUSET, @ R0, GBR) ; Set ESU
R2, R3 ; Wait 200 ps
Bt 2

#Wai t 5m R3
#ESET, @ R0, GBR) ; SetE
R2, R3 ; Wait5 ms

Evait 3

#Wai t 10u, R3
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MOV, L

R B

EWit_6 SUBC
BF

MOV. L
Bl ockVerify_1
MOV. L
MOV. L
MOV. L
EVéit_7 SUBC
BF

MOV, L
QWP EQ
BF

MOV, L
QW EQ
BF

MOV, L
AND. B

EVit 8 SUBC

BF
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)

#VWai t 20u, R3
#EVSET, @ R0, GBR)
R, R3

EWit 6

oS, R6

.EQU $

#H FFFFFFFF, R8
R8, @6

#Wi t 2u, R3

R, R3

Evait_7

@6+, RL

R8, RL

Bl ockVeri fy_NG
@8, R5), R7

R6, R7

Bl ockVerify_1
#Wai t 5u, R3

#EVCLEAR, @ RO, GBR)

R, R3
EWait_8

; SetEV
; Wait 20 ps

; Erase memory block start addres:

; Erase-verify

; H'FF dummy write

; Read verify data

; Check for last address of memory

; Clear EV
; Wait 5 s
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=4
BF
MOV. L
Fl ashEr ase_end
MOV. L
AND. B

RTS
NCP

; Memory block table

.ALICGN
Fl ash_Bl ockDat a
EBO . DATA L
EB1 .DATA L
EB2 . DATA L
EB3 .DATA L
EB4 . DATA L
EB5 .DATA L
EB6 . DATA L
EB7 .DATA L
EB8 . DATA L
EB9 .DATA L
EB10 . DATA L
EB11 .DATA L
Dummy . DATA L

[V a )
Er aseLoop

#NG R7

. EQU $

#FLMCRL, RO
#SWECLEAR, @ RO, GBR)

4
.EQU $
H 00000000, H 00000100
H 00008000, H 00000200
H 00010000, H 00000400
H 00018000, H 00000800
H 00020000, H 00000001
H 00028000, H 00000002
H 00030000, H 00000004
H 00038000, H 00000008
H 0003F000, H 00000010
H 0003F400, H 00000020
H 0003F800, H 00000040
H 0003FQ00, H 00000080

H 00040000

; R7 <- NG (return value)

; Clear SWE

Memory block start address: EBR value

RENESAS



Table 22.8 Hardware Protection

Func
Item Description Program Ei
FWP pin «  When a high level is input to the FWP pin, FLMCR1, Yes
protection FLMCR2, EBR1, and EBR?2 are initialized, and the
program/erase-protected state is entered.
Reset/standby ¢ In areset (including a WDT overflow reset) and in Yes

protection

standby mode, FLMCR1, FLMCR2, EBR1, and EBR2 are
initialized, and the program/erase-protected state is
entered.

In a reset via the RES pin, the reset state is not entered
unless the RES pin is held low until oscillation stabilizes
after powering on. In the case of a reset during operation,
hold the RES pin low for the RES pulse width specified in
the AC Characteristics section.
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Table 22.9 Software Protection

Fur
Item Description Program |
SWE bit protection *  Clearing the SWE bit to 0 in FLMCR1 sets the Yes
program/erase-protected state for all blocks.
(Execute in on-chip RAM or external memory.)
Block specification * Erase protection can be set for individual blocks by _
protection settings in erase block register 1 (EBR1) and erase
block register 2 (EBR2).
¢ Setting EBR1 and EBR2 to H'00 places all blocks in
the erase-protected state.
Emulation e Setting the RAMS bit to 1 in the RAM emulation Yes
protection register (RAMER) places all blocks in the

program/erase-protected state.

RENESAS



FLER bit setting conditions are as follows:

1. When flash memory is read during programming/erasing (including a vector re
fetch)

2. Immediately after exception handling (excluding a reset) during programming

3. When a SLEEP instruction (including software standby) is executed during
programming/erasing
4. When the bus is released during programming/erasing

Error protection is released only by a reset and in hardware standby mode.

Figure 22.15 shows the flash memory state transition diagram.
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DVFPRERFLER=0 B RD VFPRERFLER =1
Software standby v
mode release

FLMCR1, FLMCR2, EBR1,
EBR?2 initialization state
Legend

Memory read not possible
Verify-read not possible
Programming not possible
Erasing not possible

RD: Memory read possible
VF: Verify-read possible
PR: Programming possible
ER: Erase enable

m o <| T
5353

Figure 22.15 Flash Memory State Transitions
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A A
Set RAMER

-

4

Write tuning data to overlap
RAM

Execute application program

—

Yes

Release RAMER

4

Write to flash memory emulation
block

y
( End of emulation program >

Figure 22.16 Flowchart for Flash Memory Emulation in RAM

722
RENESAS



1AW Wl Wl Wr

H'O3FFFF EBI11

On-chip RAM
H'FFFFFE

H'FFFFFE

Figure 22.17 Example of RAM Overlap Operation

Example in which Flash Memory Block Area (EB8) is Overlapped

1.

Set bits RAMS, RAM1, and RAMO in RAMER to 1, 0, 1, to overlap part of R/
area (EB8) for which real-time programming is required.

Real-time programming is performed using the overlapping RAM.
After the program data has been confirmed, the RAMS bit is cleared, releasi
The data written in the overlapping RAM is written into the flash memory spa

Notes: 1. When the RAMS bit is set to 1, program/erase protection is enabled

regardless of the value of RAM1 and RAMO (emulation protection). In
setting the P1 or E1 bit in flash memory control register 1 (FLMCR1),

bit in flash memory control register 2 (FLMCR2), will not cause a tran:
program mode or erase mode. When actually programming or erasing
area, the RAMS bit should be cleared to 0.

2. A RAM area cannot be erased by execution of software in accordanc
algorithm while flash memory emulation in RAM is being used.
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In programmer mode, set the mode pins to PLL x2 mode (see table 22.10) and u
clock. The LSI will then operate at 12 MHz.

Table 22.10 shows the pin settings for programmer mode. For the pin names in
see section 1.3.2, Pin Arrangement by Mode).

Table 22.10 Programming Mode Pin Settings

Pin Names Settings
Mode pin: MD3, MD2, MD1, MDO 1101 (PLL x 2)
FWE pin High level input (in auto-program and

erase modes)

RES pin Power-on reset circuit
XTAL, EXTAL, PLLVcc, PLLCAP, and PLLVss pins Oscillator circuit

Note: During the programming mode, polarity of the FWP pin is inverted and becomes tf
(flash write enable) pin.
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On-chip ROM space
256 kB

H'0003FFFF H'3FFFF

Figure 22.18 On-Chip ROM Memory Map
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5 Al
6 A2
7 A3
8 A4
9 A5
10 A6
11 A7
12 A8
43 OE
14 A10
15 All
16 Al12
17 Al13
18 Al4
42 CE
21, 37, 46, 49, 50, 65, 73, v
cc
75, 76, 79, 100, 103
3, 23, 27, 33, 39, 55, 61, 71
78, 90, 91, 92, 93, 94, 95, 96, Vss
97, 98, 99, 101, 109
26 Al7
84 RES
72 XTAL
74 EXTAL
80 PLLVc
81 PLLCAP
82 PLLVss
Other than the above NC(OPEN)

Lo AU
11 Al
10 A2
9 A3
8 A4
7 A5
6 A6
5 A7
27 A8
24 OE
23 A10
25 All
4 A12
28 A13
29 Al4
22 CE
32 Vee
16 Vss
30 Al7
Legend
FWE: Flash write €
1/07-1/00: Data input/o
A17-A0:  Address inp
OE: Output enab
CE: Chip enable
WE: Write enable
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Figure 22.19 Socket Adapter Pin Correspondence Diagram (SH7044
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8 Al
9 A2
10 A3
11 Al
13 A5
15 A6
16 A7
17 A8
52 OE
19 A10
20 All
21 Al12
22 A13
23 Al4
51 CE
12, 26, 40, 63, 77, 85, 95,
97, 98, 103, 112, 127, 128, v
cc
131, 132, 135, 136
6, 14, 28, 35, 42, 55, 61,
71,79, 87, 93, 102, Ves
117 to 126, 129, 141
34 Al7
108 RES
94 XTAL
96 EXTAL
104 PLLVce
105 PLLCAP
106 PLLVsg
Other than the above NC(OPEN)

Legend

FWE: Flash write
1/07-1/00: Data input/
Al7-AO: Addressin
OE: Output enz
CE: Chip enabl
WE: Write enab

Figure 22.20 Socket Adapter Pin Correspondence Diagram (SH704
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» Status Read Mode

Status polling is used for auto-programming and auto-erasing, and normal ter
confirmed by reading the 1/06 signal. In status read mode, error information is

error occurs.

Table 22.11 Settings for Various Operating Modes In Programmer Mode

Pin names
Mode FWE CE OE WE 1/07-0 Al
Read HorlL L L H Data output Ain
Output disable HorlL L H H Hi-z Ain
Command write  HorL L H L Data input  * Al
Chip disable HorlL H X X Hi-z Ain

Notes: *Ain indicates that there is also address input in auto-program mode.
1. Chip disable is not a standby state; internally, it is an operation state.
2. For command writes in auto-program and auto-erase modes, input a high leve

FWE pin.
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22.11.3 Memory Read Mode

Table 22.13 AC Characteristics in Transition to Memory Read Mode
(Conditions: Ve =5.0 V £10%, Vs;s=0V, T, = 25°C £5°C)

Item Symbol Min Max Unit Notes
Command write cycle e 20 us
CE hold time teon 0 ns
CE setup time teos 0 ns
Data hold time tan 50 ns
Data setup time ts 50 ns
Write pulse width toep 70 ns
WE rise time t, 30 ns
WE fall time t, 30 ns
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tds

<> tdn

1/07-0 { <<{

)

Note: Data is latched on the rising edge of WE.

(.

Figure 22.21 Timing Waveforms for Memory Read after Memory Write

Table 22.14 AC Characteristics in Transition from Memory Read Mode to Anothe

(Conditions: Ve = 5.0 V £10%, Ves= 0V, T, = 25°C +5°C)

Item Symbol Min Max Unit Notes
Command write cycle Lo 20 us

CE hold time teen ns

CE setup time tooe ns

Data hold time tan 50 ns

Data setup time tas 50 ns

Write pulse width toep 70 ns

WE rise time t, 30 ns

WE fall time t, 30 ns
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Note: Do not enable WE and OE at the same time.

Figure 22.22 Timing Waveforms in Transition from Memory Read Mode to Anc

Table 22.15 AC Characteristics in Memory Read Mode (Conditions: - =5.0 V -
V=0V, T,=25°C £5°C)

Item Symbol Min Max Unit Note
Access time ace 20 us
CE output delay time t. 150 ns
OE output delay time t,, 150 ns
Output disable delay time ty 100 ns
Data output hold time ton 5 ns
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Figure 22.23 CE and OE Enable State Read Timing Waveforms

A16-0 :X Address stable :X: Address stable :}<
] tee tee
cE / # 1
toe toe
oOE | Ji \ //_
WE ViH tacc . tacc t tyr
tohke—» of oh, [
1070 () ()

Figure 22.24 CE and OE Clock System Read Timing Waveforms
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6. Perform one auto-program operation for a 128-byte block for each address. !
not guaranteed for two or more additional programming operations.

7. Confirm normal end of auto-programming by checking 1/06. Alternatively, st
can also be used for this purpose (I/O7 status output uses the auto-program
identification pin).

8. Status polling I/06 and I/O7 pin information is retained until the next commal
as the next command write has not been performed, reading is possible by d
OE.

RENESAS



Slatus poling access tme

ERelV)

Address setup time tos 0 ns
Address hold time tan 60 ns
Memory write time [ 1 3000 ms
Write setup time tons 100 ns
Write end setup time tonn 100 ns
WE rise time t, 30 ns
WE fall time t, 30 ns

FWE

_J

tas tan

i
j

h

patt
M Data transfer

1 to 128byte

-

OE e
tr tr
WE N
tds | —td
o7 ()
1106 <<‘TL ‘}>

1/05-0 << H'40 >>

-

-

€
€
€

)

Write operation comple

Write normal complete

(o )

Figure 22.25 Auto-Program Mode Timing Waveforms
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Vgs=UV, I;,=20°Cxo°0)

Iltem Symbol Min Max Unit Notes
Command write cycle ot 20 ps
CE hold time teen ns
CE setup time teoe ns
Data hold time tan 50 ns
Data setup time tas 50 ns
Write pulse width toep 70 ns
Status polling start time teets 1 ms
Status polling access time topa 150 ns
Memory erase time terase 100 40000 ms
Erase setup time tens 100 ns
Erase end setup time tenn 100 ns
WE rise time t, 30 ns
WE fall time t, 30 ns
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o1 %, g) \\ // Erase complete
verify signal
A Y
1106 <§, 7} << >> Erase normal
complete
verify signal

105:0 () ) =)

Figure 22.26 Auto-Erase Mode Timing Waveforms

22.11.6 Status Read Mode

Table 22.18 AC Characteristics in Status Read Mode (Conditions: ¥ = 5.0 V £10
V¢s=0V, T, =25°C £5°C)

Item Symbol Min Max Unit Notes
Read time after command write o 20 ps
CE hold time teen 0 ns
CE setup time tooe 0 ns
Data hold time tan 50 ns
Data setup time tas 50 ns
Write pulse width toep 70 ns
OE output delay time toe 150 ns
Disable delay time ty 100 ns
CE output delay time t. 150 ns
WE rise time t, 30 ns
WE fall time t, 30 ns
736
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Figure 22.27 Status Read Mode Timing Waveforms

Table 22.19 Return Commands for the Status Read Mode

Pin Name 1/07 1106 1/105 1104 1/103 1102 /101
Attribute Normal Command Program- Erase — — Program-
end error ming error  error ming or
identification erase count
exceeded
Initial value 0 0 0 0 0 0 0
Indications Normal Command Program- Erasing — — Count
end: 0 Error: 1 ming Error: 1 exceeded: 1
Abn.ormal Otherwise: 0 Error: 1 Otherwise: 0 Otherwise: 0
end: 1 Otherwise: 0

Note: D2 and D3 are undefined at present.

22.11.7 Status Polling

1. 1/O7 status polling is a flag that indicates the operating status in auto-prograt
mode.

2. 1/06 status polling is a flag that indicates a normal or abnormal end in auto-
mode.
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Table 22.21 Stipulated Transition Times to Command Wait State

Item Symbol Min Max Unit Note
Standby release tosct 10 ms

(oscillation stabilization time)

Programmer mode setup time tomy 10 ms

V. hold time taun 0 ms

tosc1

tomv

Memory read

mode

Command
wait state

Command wait state

Automatic write mode Normal/abnormal
Automatic erase mode complete verify ty
wn

FWE

Note : For the level of FWE input pin, set V,_ when using other than the automatic write mode
and automatic erase mode.

Figure 22.28 Oscillation Stabilization Time and Boot Program Transfer Ti
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Additional programming cannot be performed on previously programn
blocks.
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< Internal data bus (32 bits)

J 0 O

H'FFFFFO00 H'FFFFFO01 HFFFFF002 | HFFFFF003
HFFFFFO04 | HFFFFFO05 | H'FFFFFO06 | HFFFFF007

L/ a4 a4 —~_ 7~
- N N TN

))

On-chip RAM

HFFFFFFFC | HFFFFFFFD | HFFFFFFFE | HFFFFFFFF

Figure 23.1 Block Diagram of RAM

23.2  Operation

The on-chip RAM is accessed by accessing addresses H'FFFFFO00—H'FFFFFF
is also used as cache memory. There are 2 kbytes of on-chip RAM space durin
section 9, Cache Memory (CAC), for details.
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» Standby mode

Table 24.1 describes the transition conditions for entering the modes from the p
state as well as the CPU and peripheral function status in each mode and the pi
canceling each mode.

Table 24.1 Power-Down State Conditions

State
On-Chip

Entering Peripheral CPU I/O Cancel
Mode Procedure Clock CPU  Modules  Registers RAM Ports  Proced
Sleep Execute SLEEP Run Halt Run Held Held Held * Inte
instruction with « DM
SBY bitsetto 0 add
in SBYCR « Pow
rese
e Mar
Stand- Execute SLEEP Halt Halt Halt™* Held Held Held or * NMI
by instruction with high e Pow
SBY bitsetto 1 impe- rese
in SBYCR dance*®, \ar

Notes: SBYCR: standby control register. SBY: standby bit

*1 Some bits within on-chip peripheral module registers are initialized by the sta
mode; some are not. Refer to table 24.3, Register States in the Standby Mod
section 24.4.1, Transition to Standby Mode. Also refer to the register descript
each peripheral module.

*2 The status of the I/O port in standby mode is set by the port high impedance
the SBYCR. Refer to section 24.2, Standby Control Register (SBYCR). For p
other than for the 1/O port, refer to Appendix C, Pin Status.
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Saliuby 1110uUc, dlliu uic Pulit statuos 1l stalluly Hivuc. 111C ob T i 1o Hitall£Zcu LU |

Bit: 7 6 5 4 3 2 1
sy oz | — | — | = [ = | =

Initial value: 0 0 0 1 1 1 1

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

* Bit 7—Standby (SBY): Specifies transition to the standby mode. The SBY bit
1 while the watchdog timer is running (when the timer enable bit (TME) of the
control/status register (TCSR) is set to 1). To enter the standby mode, always
0 clearing the TME bit, then set the SBY bit.

Bit 7: SBY Description
0 Executing SLEEP instruction puts the LSI into sleep mode (initial value
1 Executing SLEEP instruction puts the LSI into standby mode

* Bit 6—Port High Impedance (HIZ): In the standby mode, this bit selects wheth
port pin to high impedance or hold the pin status. The HIZ bit cannot be set to
bit of the WDT timer control/status register (TCSR) is set to 1. When making tl
status high impedance, always clear the TME bit to 0 before setting the HIZ bi

Bit 6: HIZ Description
0 Holds pin status while in standby mode (initial value)
1 Keeps pin at high impedance while in standby mode

» Bits 5-0—Reserved: Bit 5 always reads as 0. Always write O to bit 5. Bits 4-0
1. Always write 1 to these bits.
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Cancellation by an Interrupt: When an interrupt occurs, the sleep mode is cance
exception processing is executed. The sleep mode is not canceled if the interru
accepted because its priority level is equal to or less than the mask level set in t
register (SR) or if an interrupt by an on-chip peripheral module is disabled at the
module.

Cancellation by a DMAC/DTC Address Error: If a DMAC/DTC address error occ
mode is canceled and DMAC/DT&tldress error exception processing is executec

Cancellation by a Power-On ResetA power-on reset resulting from setting RES
level cancels the sleep mode.

Cancellation by a Manual ResetWhen theMRES pin is set to low level while thRE
high level, a manual reset occurs and the sleep mode is canceled.

24.4  Standby Mode

24.4.1 Transition to Standby Mode

To enter the standby mode, set the SBY bit to 1 in SBYCR, then execute the SL
The LSI moves from the program execution state to the standby mode. In the st
power consumption is greatly reduced by halting not only the CPU, but the clocl
peripheral modules as well. CPU register contents and on-chip RAM data are he
prescribed voltages are applied. The register contents of some on-chip peripher
initialized, but some are not (table 24.3). The I/O port status can be selected as
impedance by the port high impedance bit (HIZ) of the SBYCR. For pin status o
I/O port, refer to Appendix C, Pin States.
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Direct memory access * DMA channel control —

DMA so

controller (DMAC) registers 0—-3 (CHCRO- address
CHCR3) 0-3 (SA
« DMA operation register SAR3)
(DMAOR) DMA de
address
0-3 (DA
DAR3)
DMA tre
count re
0-3 (DM
DMATC
Multifunction timer MTU associated registers POE associated
pulse unit (MTU) registers
Watchdog timer + Bits 7-5 (OVF, WT/IT, TME) « Bits 2-0
(WDT) of the timer control status (CKS2-CKS0)
register (TCSR) of the TCSR
* Reset control/status register « Timer counter
(RSTCSR) (TCNT)

Serial communication ¢ Receive data register (RDR) —
interface (SCI) « Transmit data register (TDR)

« Serial mode register (SMR)

» Serial control register (SCR)

» Serial status register (SSR)

e Bit rate register (BBR)

A/D converter (A/D) All registers —

Compare match timer  All registers —
(CMT)
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The standby mode is canceled by an NMI interrupt, a power-on reset, or a mant

Cancellation by an NMI: Clock oscillation starts when a rising edge or falling edc
the NMI edge select bit (NMIE) of the interrupt control register (ICR) of the INTC
the NMI signal. This clock is supplied only to the watchdog timer (WDT). A WDT
occurs if the time established by the clock select bits (CKS2—CKSO0) in the TCSI
elapses before transition to the standby mode. The occurrence of this overflow i
that the clock has stabilized, so the clock is supplied to the entire chip, the stanc
canceled, and NMI exception processing begins.

When canceling standby mode with NMI interrupts, set the CKS2—CKSO0 bits so
overflow period is longer than the oscillation stabilization time.

When canceling standby mode with an NMI pin set for falling edge, be sure that
upon entering standby (when the clock is halted) is high level, and that the NMI
returning from standby (when the clock starts after oscillation stabilization) is lov
canceling standby mode with an NMI pin set for rising edge, be sure that the NN
entering standby (when the clock is halted) is low level, and that the NMI pin lev
from standby (when the clock starts after oscillation stabilization) is high level.

Cancellation by a Power-On ResetA power-on reset caused by setting RiES pin t
cancels the standby mode.
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i \
| |
T T
| |
| |
| | |
| | |
\ ‘ ‘
NMI A « 1 ( } }
) | ) | |
| | | | |
I | I I I
| ; ()5 } I }
NMIE | | | | | |
| (( | | | |
‘ ) ‘ | | |
| | | | |
| ! « 1 ‘ ‘
SBY | | | Y | | |
: . | | Oscillation !
| | | settling time |
| +— !
| | [ | |
| ¢ ¢ ¢ | ¢ ¢ | ¢
NMI Exception Standby Oscillation WDT NI
exception service mode start time exce
processing  routine time set proce
SBY =1
SLEEP
instruction

Figure 24.1 Standby Mode NMI Timing (Application Example)
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gt YUIitAg>Y \« 1711 Vi iy Wiy /s Y PP R A

Input voltage (other than A/D ports) V., -0.3t0 V. +0.3

Input voltage (A/D ports) V., —-0.3t0 AV +0.3
Analog supply voltage AV -0.3to +7.0 '
Analog reference voltage (QFP-144 only) AV, —-0.3t0 AV, +0.3
Analog input voltage Vo —-0.3t0 AV, +0.3
Operating temperature Topr —20to +75™*
Programming temperature (ZTAT version only) Toe —20 to +75™2

Storage temperature Ty -551to +125

Notes: Operating the LSI in excess of the absolute maximum ratings may result in perm

damage.

*1 Normal Products : Top; = —40 to + 85°C for wide-temperature range products
*2 Normal Products: T,, = —20 to +85°C for wide-temperature range products.
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Other input pins 2.2 — Vee+03 V. —
Input low- RES, NMI, MD3-V,_ -0.3 — 0.5 V —
level MDO, PA2, PA5,
voltage PA6-PA9, PEO-
PE15, FWP
Other input pins -0.3 — 0.8 vV —
Schmitt PA2, PA5, PA6— VT'-VT 0.4 — — V.  VT'2V.,-07
trigger input PA9, PEO-PE15 VT~ <0.5V (m:
voltage T
Input leak RES, NMI, MD3- | lin | — — 1.0 HA  Vin=0.5t0 V
current MDO, PA2, PA5,
PA6-PA9, PEO—
PE15,FWP
A/D port — — 1.0 MA  Vin=0.5to0 AV
Other input pins — — 1.0 MA  Vin=0.5t0 V
(except EXTAL
pin)
Three-state A21-A0, D31- | Itg| — — 1.0 HA  Vin=0.5t0 V

leak current DO, CS3-CS0,

(while offf RDWR, RAS,
CASxx, WRxx,
RD, ports A, B, C,
D, E
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capaci- NMI _ — 50 pF Ta=25°C
tance -
All other input — — 20 pF
pins
Current Ordinary cc — 160 230 mA f=28 MHz
consump- operation
tion Sleep — 140 200 mA  f=28 MHz
Standby — 0.01 5 HA Ta<50°C
— — 20 MA Ta>50°C
Analog Al — 5 10 mA
supply A, — 05 1*2 mA QFP144 versio
current
RAM Viam 2.0 — — \Y,
standby
voltage
Notes: 1. When the A/D converter is not used (including during standby), do not releas
AV, and AV, (SH7041,SH7043,SH7045 only) pins. Connect the AV and .
(SH7041,SH7043,SH7045 only) pins to V. and the AV pin to V.

2. The current consumption is measured when V,;min = V.. - 0.5V, V, max = (
all output pins unloaded.

3. The ZTAT and mask versions as well as F-ZTAT and mask versions have th
functions, and the electrical characteristics of both are within specification, bt
characteristic-related performance values, operating margins, noise margins,
emission, etc., are different. Caution is therefore required in carrying out syst
when switching between ZTAT and mask versions, and when switching betw
ZTAT and mask versions.

4. When the SH7040 chip is used for high-speed operation, the package surfac

temperature rises. Appropriate measures (such as heat dissipation) to ensure
system reliability and safety should therefore be investigated.

*1 110pF for A mask
*2 5 mA in the A mask version, except for F-ZTAT products.
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25.3 AC Characteristics

25.3.1  Clock Timing

Table 25.4 Clock Timing (Conditions: V¢ = 5.0 V£ 10%, AV = 5.0 V£ 10%, A
Ve £ 10%, AV, = 4.5V 10 AV, Vgs= AVgs =0V, Ta = -20 to +75°

Item Symbol Min Max Unit  Figu
Operating frequency fop 4 28.7 MHz 25
Clock cycle time toye 34.8 250 ns

Clock low-level pulse width te 10 — ns

Clock high-level pulse width ten 10 — ns

Clock rise time ter — 5 ns

Clock fall time ter — 5 ns

EXTAL clock input frequency fex 4 10 MHz 25
EXTAL clock input cycle time exeye 100 250 ns

EXTAL clock low-level input pulse width  t,, 40 — ns

EXTAL clock high-level input pulse width  t.,,, 40 — ns

EXTAL clock input rise time texr — 5 ns

EXTAL clock input fall time texe — 5 ns

Reset oscillation settling time toscs 10 — ms 25
Standby return clock settling time tosce 10 — ms
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v v
EXTAL 12Vee H N
/ Vi ViL7

Figure 25.2 EXTAL Clock Input Timing

A

«
)

Ve min

t toscz
osc1

D D

)
m
2]

(
P

Figure 25.3 Oscillation Settling Time
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NMI setup time* taws 35 — ns
IRQ7-1RQO setup time (edge detection) tiroes 35 — ns
TRQ7-IRQO setup time (level detection) tiroLs 35 — ns
NMI hold time i 35 — ns
TRQ7-IRQO hold time troen 35 — ns
TRQOUT output delay time tirqo0 — 35 ns
Bus request setup time teros 35 — ns
Bus acknowledge delay time 1 teackor — 35 ns
Bus acknowledge delay time 2 teacko2 — 35 ns
Bus three-state delay time tazn — 35 ns

Note: * The RES, MRES, NMI, BREQ, and IRQ7-IRQO signals are asynchronous inputs
when thesetup times shown here are provided, the signals are considered to hav
produced changes at clock rise (for RES, MRES, BREQ) or clock fall (for NMI an
IRQO). If the setup times are not provided, recognition is delayed until the next cls

or fall.
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YIH
MRES Vi Vi
() ()
<~ tyresw —>

Figure 25.4 Reset Input Timing

! INMIrINMIE

tNMIH | tmis )
NMI VIH

VIL

A

HRQEH . UroEs

A

IRQ edge Vi

ViL

I thQle
1RQ level

Figure 25.5 Interrupt Signal Input Timing
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_/ /1 _/
tsrQS
teros
BREQ #‘
(Input) D) ))
(« tBACKDl « tBACK[
D))
BACK (€
Output D)
(Output tszp «
RD, RDWR, ()() JF /-
RAS, CASxx, D / ()()
CSn, WRxx « tazp
N <4+
A21-A0, « ¥ )
D31-DO (2) 7 «

Note: During the bus-release period of a self-refresh, RAS, CASx, and RDWR are output.

Figure 25.7 Bus Right Release Timing
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Rcalu suouuc Uciay ulic

LRsD2

o

Read data setup time teos * 15 — ns 2519
Read data hold time trom 0 — ns

Write strobe delay time 1 tyeos 270 18 ns

Write strobe delay time 2 twspy 20 18 ns

Write data delay time twoo — 35 ns

Write data hold time twon 0 10"% ns

WAIT setup time twrs 15 — ns 25.10, 2
WAIT hold time tyrm 0 — ns 2019
RAS delay time 1 toasos 20 18 ns 25.11-
RAS delay time 2 toaspe 20 18 ns

CAS delay time 1 teasos 270 18 ns

CAS delay time 2 teaspe 270 18 ns

Read data access time thee t,. X (n+2)-40 — ns 258, 2F
Access time from read strobe  ty.** t,. X (n+1.5)-40 — ns

Access time from column ot t,. x(n+2)-40 — ns 25.11-2
address

Access time from RAS teac© tye X (N+RCD+25)-40 — ns

Access time from CAS teac tye X (n+1)-40 — ns

Row address hold time tran t,. X (RCD +0.5) - 15 — ns

Row address setup time taer ° t,. x0.5-17.5 — ns

Data input setup time tos ty. X (m+0.5)-25 — ns

Data input hold time ton 20 — ns

RENESAS



~

CAS setup time tesr 10 — ns 25.17, 25.1

AH delay time 1 tanos 2*3 18 ns 25.19

AH delay time 2 tarioo 2% 18 ns

Multiplex address delay time  t,,., 2% 18 ns

Multiplex address hold time tian 0 — ns

DACK delay time toackor 2% 21 ns 25.8,25.9,:
25.16, 25.1¢

Notes: n is the number of waits. m is 0 when the number of DRAM write cycle waits is 0,
otherwise. RCD is the set value of the RCD bit in DCR. TPC is the set value of the

758

in DCR.

*1 If the access time is satisfied, t;,5 need not be satisfied.
*2 twon (Max) is a reference value.

*3 The delay time Min values are reference values (typ).

*4 typ IS a reference value.

*5 When 28.7MHz, tASR=0ns (min)
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RD
(During read)

D31-D0
(During read)

WRxx
(During write)

D31-D0O
(During write)

DACKn

tace tros
- - -t —
\ 7L
/) <L
twsp1 twspz twr
-l <l |-l -
B | B B ol B | Ll
/ i
- ;* PR -
- N Lot . Lol
AS | twop twon
- B B

—

toackoL

toacko1

Note:

trpn is specified from fastest negate timing of A21-A0, CSn, and RD.

Figure 25.8 Basic Cycle (No Waits)
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(During read) » /]
- tacc > <tRDS > _l {;
D31-D0 T\ ) Y/
(During read) / « AN
tWSDl tWSDZ
o < < » twr
WRXx — T
(During write) \( N /
tas [ L «
PRI
twop ;WDH ,
D31-DO e \
(During write) (2) 7E
tDACKDl

> toackp.
))
DACKn ¢ Q
D))

\§

Note: trpy is specified from fastest negate timing of A21-A0, CSn, and RD.

Figure 25.9 Basic Cycle (Software Waits)
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D31-DO
(During read)

WRxx
(During write) \
D31-D0 —<
(During write)
twrs || twrh  twrs || twTH
WAIT Jﬁ

DACKn X

DM

Figure 25.10 Basic Cycle (2 Software Waits + Wait due WAIT Signal
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y
h

(During read)

ry

trac

AVYY

D31- DO
(During read)

CASxx
(During write)

[RWDl

RDWR
(During write)

A
N
A
-

<
twop twon
” »
w

D31-D0
(During write)

Jqy y

N,

lDACKDZL

tDACK
4—

DACKn

lRSDI 1,
RS

RD
(During read)

N

twsp1 twsp2

WRxx — e
(During write)

Note: tgrpn IS specified from fastest negate timing of A21-A0, RAS, and CAS.

Figure 25.11 DRAM Cycle (Normal Mode, No Waits, TPC =0, RCD = (
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(During read) ——/ ‘ f
t t
(‘ASDl< 47
CASxx \
(During write) J \
trwo1 1
RDWR —* *
(During write) J
4 tDS » < tDH
oo &
D31-D0 ———\ g
(During write) / hN
IDACKDI [E
DACKn N +
Trsp1 1
RD ol
(During read) /
tws t
WRxx — e wsb2

(During write)

Note: trpn is specified from fastest negate timing of A21-A0, RAS, and CAS.

Figure 25.12 DRAM Cycle (Normal Mode, 1 Wait, TPC=0, RCD=0)
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D31-D0
(During write)

DACKn
RD
(During read)

WRxx
(During write)

\ rd
JE— [ X
tDACKD lD}
le—
{Rsp1 T
twsp1 twspz
N

Note: tgpy is specified from fastest negate timing of A21-A0, RAS, and CAS.

Figure 25.13 DRAM Cycle (Normal Mode, 2 Waits, TPG=1, RCD=1)

CK

A21-A0

RAS

CASXxx
(During read)

RDWR
(During read)
D31-D0O
(During read)

CASXxx
(During write)
RDWR
(During write)

D31-D0
(During write)
DACKn

RD

(During read)

WRxx
(During write)

L Tp Tpw Tr 1 Trw Tcl Tcwl Tew2 . Tew3 4. Tc2
/
_*_\J_\JM\_)‘,A \_f L/
pal| 25
x Row address Column address
‘RASD]
l tran J
J trp
” 24 teaspn le
1,
7 cac !
tan trp:
t 1
_\ RAC A
—_— -
'CASDI
e |
—/ X
lRWDl
L Iy oy
5
—_ /G <
e tDACKDI
I L
X
‘RSDl ’
'SD1 tWSDZ

Note: tgpy is specified from fastest negate timing of A21-A0, RAS, and CAS.

Figure 25.14 DRAM Cycle (Normal Mode, 3 Waits, TPG=1, RCD=1)
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B e

[QWDI
RDWR
(During write) J - n
< DS »le DH
tWDD M o
[—>
D31-D0 —\ /
(During write) ——/ X
tWTS I\NTH I\I\/TS I\I\/TH
WAIT \
IDACKDI
> XL
DACKn 3
IRSDI
RD
(During read) —/ . ”
WSDL SD:
WRXxx > —

(During write)

Note: tgpy is specified from fastest negate timing of A21-A0, RAS, and CAS.

Figure 25.15 DRAM Cycle (Normal Mode, 2 Waits + Wait due tOWAIT Si
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oL

i e— la—
CASxx / \ 4 \
(During write) N < e N
A’IRWD trwp2 »,| ;me l
Yoo/ IR
(During write) / N
< [D$ >« tDH » "DS# < tDH
» tWDDk (WDH‘ » ‘WDD‘ e
D31-D0 T\ Y \
(During write) /' N 7
IDACKDl tDACKDl t
-
DACKn X
trspt tRsp2, {rsp1
_ - — -
RD /
During read
( 9 ) twsp1 twspz twspr
WRxx —>

(During write)

Note: tgpy is specified from fastest negate timing of A21-A0, RAS, and CAS.

twspz
U

Figure 25.16 DRAM Cycle (High-Speed Page Mode)

‘ TRp P TRrl ‘ TRr2 P TRc P TRc o
A ' r
o« A N 4 1 S \_J
trasD1
o trasi
RAS J 5 tesr R
tcaspr "
teasi
CASxx /
RDWR /
Figure 25.17 CAS Before RAS Refresh (TRAS20, TRAS0=0)
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Tal | Ta2 | Ta3 | Ta4 T1 ™ TWo | 1

ek 1, V—/_NF_}_XV_}_T(_] X ;?L_XF_;?L_*_] \
‘AD
A21-A0 *;k
tCSDl
CS3 %K
tarp1 tanD2
- N S E—
tRSDl
RD
(During read) _J . t
<_M£D MAH
; D15-DO { Address »
(During read) [
"WSD:
WRxx
(During write)
lMAD tMAH [WDD
D15-D0 — P
(During write) —< Address H
twrs || twrn twrs tyrh
4D 4|

WATT \tﬁhjfi( R‘

tDACKDl

DACKn

Note: tgpn is specified from fastest negate timing of A21-A0, CS3, and Rl

Figure 25.19 Address Data Multiplex 1/0 Space Cycle (1 Software Wait + Ext
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CK \

tbros

DREQO
DREQf1 \
Level ‘

tDRQS tDRQH

DREQO
DREQ1

Edge _Kk
tbros

DREQO
DREQ1
Level clear

Figure 25.20 DREQO and DREQ1 Input Timing (1)
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| g e S |

Figure 25.21 DREQO and DREQ1 Input Timing (2)

CK
()—
torakD torakD
- —— [~
)
/ : \
DRAKnN
N\ > /
A\Y

Figure 25.22 DRAK Output Delay Time
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lTimer clock puise wiath (oboth Lrekwhie 2.9 — Toye
edges specified)
Timer clock pulse width (phase | S 25 — toye

measurement mode)

o )/ \_/—
trocp
Output x)x)
compare output )
T
trics

D)) =
Input S
capture input (Z)

Figure 25.23 MTU I/O Timing

N N N s  a

trek

trcks
- > -
b))
/ Y
TCLKA N f JN

to TCLKD §

A
A

trekwi trekwH

Figure 25.24 MTU Clock Input Timing

770
RENESAS



CK

>XL
Port (Read) .

tpwp

Port (Write)

Figure 25.25 1/O Port I/0O Timing
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WDTOVF \L /’F

).
' ¢

Figure 25.26 Watchdog Timer Timing
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~SCKT - ~Ccyc

Transmit data delay time (clock sync) t,,, — 100 ns
Receive data setup time (clock sync) tgys 100 — ns
Receive data hold time (clock sync)  tgyy, 100 — ns

SCKO, SCK1
Figure 25.27 Input Clock Timing
| tscyc - |
SCKO0, SCK1 / A\_/—\ / \ /

trxp

TXDO, TXD1 -
(Transmit data) r

trxs || trRxH
> —p

oo e X X X

Figure 25.28 SCI I/O Timing (Clock Sync Mode)
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CKS=1 40 40 40

A/D conversion time CKS=0 teony 42.5 425 425
CKS=1 82.5 825 825
1 state
o M\fm

tTRGW N

ADTRG input l/

ADCR %
/|
Figure 25.29 External Trigger Input Timing
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ADF

1
:
1
: o tspL tcp

- ———— P ——————————— P ————p
: 1 1 1
. ' tconv
! et |
1 .

65} : A/D conversion start delay time

tspL : Input sampling time
tconv: A/D conversion time
tcp 1 Operation time

Figure 25.30 Analog Conversion Timing
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Input sampling time CKS=0 tepL — 64 —
CKS=1 — 32 _
A/D conversion time CKS =0 teony 259 — 266
CKs=1 131 — 134
1 state

trrew

ADTRG input /

v

trres

ADCR

/|

Figure 25.31 External Trigger Input Timing
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«

:ADCSR write cycle

: ADCSR address

: A/ID conversion start delay time
: Input sampling time

A/D conversion time

Figure 25.32

Analog Conversion Timing
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LSI

output pin DUT output

C L Vref

!

low

Note: C, is set with the following pins, including the total capacitance of the
measurement equipment etc:

30 pF: CK, RAS, CASxx, RDWR, CS0-CS3, AH, BREQ, BACK, DACK
DACKZ1, and IRQOUT
50 pF:  A21-A0, D31-D0, RD, WRxx
70 pF: Port output and peripheral module output pins other than the ab
loL, lon:  See table 25.3, Permitted Output Current Values.

Figure 25.33 Output Load Circuit
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R

impedance

Non-linear error* — — +8 LSB
Offset error” — — +8 LSB
Full-scale error* — — +8 LSB
Quantization error” — — +0.5 LSB
Absolute error (when CKS=1) — — +15 LSB

Note: * Reference values

Table 25.16 A/D Converter Timing (A mask) (Condition:

Vece=5.0 = 10%, AVcc=

AVcc=Vcc + 10%, AVref=4.5V to AVcc, Vss=AVss=0V, Ta=-20 to +

28.7 MHz 20 MHz
Item Min  Typ Max Min Typ Max
Resolution 10 10 10 10 10 10
Conversion time (when CKS=0) — — 9.3 — — 134
Analog input capacity — — 20 — — 20
Permission signal source — — 1 — — 1
impedance
Non-linearity error — — +3 — — +3
Offset error” — — +3 — — +3
Full scale error” — — +3 — — +3
Quantize error® — — +0.5 — — +0.5
Absolute error — — 4 — — 14

Note: * Reference value
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Input voltage (A/D ports) V. —0.3t0 AV, +0.3

Analog supply voltage AV -0.3t0 +7.0

Analog reference voltage (QFP-144 only) AV —-0.3t0 AV, +0.3

Analog input voltage Vo —0.3t0 AV, +0.3

Operating temperature Tonr —20to +75

Programming temperature (ZTAT version only) Toe —-20to +75

Storage temperature Tyq -55to +125

Note: Operating the LSI in excess of the absolute maximum ratings may result in perm
damage.

RENESAS



Other input pins Veex 0.7 — Ve+t03 V
Input low- RES, NMI, Vv, -03 —  Vx01 VvV
level MD3-0, PA2,
voltage PA5, PA6-PA9,
PAO-PE15, FWP
Other input pins -0.3 — Vx02  V
Schmitt PA2, PA5, PA6— v/ *— v~ VX - — V. VT 2V x0.8
trigger input PA9, 0.07 o\ v -
voltage ~ PEO-PE15 VT" < Veex 0.2
Input leak RES, NMI, MD3- — — 1.0 HA V,=0.51t0 V¢
current 0, PA2, PA5, [ 1]
PA6-PA9, PEO—
PE15,FWP
A/D port — — 1.0 HA V,=0.5t0 AV,
Other input pins — — 1.0 HA V,=0.51t0 V¢
(except EXTAL
pin)
Three—state A21-AQ, D31- | I;l] — — 1.0 HA  V,=0.51t0 V

leak current DO, CS3-CSO,

(while offy RDWR, RAS,
CASxx, WRxx,
RD, Ports A, B,
C,DE
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All other input — — 20 pF Ta=25°C
pins
Current During normal lec — 80 130 mA f=16.7MHz
consump- Operations
tion During sleep — 70 110 mA f=16.7MHz
mode
During standby — 001 5 pA  T.s50°C
mode
— — 20 pA 9S0°C <Ta
Analog Al — 4 8 mA f=16.7MHz
supply
current Al _ 05 1°° mA QFP144 versio
RAM V, 2.0 — — Y
standby FA
voltage

Notes: 1. Do not release AV, AVq and AV, (SH7041, SH7043 and SH7045 only) pin

using the A/D converter (including standby).

Connect AV . (SH7041,SH7043,SH7045 only) and AV, (SH7041, SH7043 a

SH7045 only) pins to V. and AV pin to V.

2. The value for consumed current is with conditions of V,;min = V.. — 0.5V and

0.5V, with no burden on any of the output pins.

3. The ZTAT and mask versions have the same functions, and the electrical
characteristics of both are within specification, but characteristic-related perfc
values, operating margins, noise margins, noise emission, etc., are different.
therefore required in carrying out system design, and when switching betwee

and mask versions.

*1 SH7042/43 ZTAT (excluding A mask) are 3.2 V.

*2 110pF for A mask
*3 2 mA in the A mask version of MASK products.
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26.3 AC Characteristics

26.3.1 Clock Timing

Table 26.4 Clock Timing (Conditions: V.. = 3.0° to 3.6V, AV = 3.0° to 3.6V, AV,
10%, AV, = 3.0° t0 AV, Vo= AVgs = 0V, T, = —20 to +75C)

ltem Symbol Min Max Unit Figu
Operating frequency fop 4 16.7 MHz 26.
Clock cycle time teye 60 250 ns
Clock low-level pulse width teL 10 — ns
Clock high-level pulse width ten 10 — ns
Clock rise time ter — 5 ns
Clock fall time ter — 5 ns
EXTAL clock input frequency fex 4 10 MHz 26.
EXTAL clock input cycle time texeye 100 250 ns
EXTAL clock low-level input pulse width tex 40 — ns
EXTAL clock high-level input pulse width texn 40 — ns
EXTAL clock input rise time texr — 5 ns
EXTAL clock input fall time texe — 5 ns
Reset oscillation settling time tosct 10 — ms 26.
Standby return clock settling time tosco 10 — ms

Note: * SH7042/43 ZTAT (excluding A mask) are 3.2V.
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v v
EXTAL 12Vee H N
/ Vi ViL7

Figure 26.2 EXTAL Clock Input Timing

A

«
)

Ve min

t toscz
osc1

D D

)
m
2]

(
P

Figure 26.3 Oscillation Settling Time
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NMI setup time (during edge detection) tamis 100 — ns
TRQ7-IRQO setup time (edge detection)*? tiroes 100 — ns
TRQ7-IRQO setup time (level detection)*?  tgo.s 100 — ns
NMI hold time i 50 — ns 26.
TRQ7-IRQO hold time troen 50 — ns
TRQOUT output delay time tirqop — 50 ns 26.
Bus request setup time teros 35 — ns 26.
Bus acknowledge delay time 1 teackor — 35 ns
Bus acknowledge delay time 2 taacko? — 35 ns
Bus three state delay time tezn — 35 ns

Notes: *1 SH7042/43 ZTAT (excluding A mask) are 3.2V.

*2 The RES, MRES, NMI, BREQ, and IRQ7-IRQO signals are asynchronous inpt
when the setup times shown here are provided, the signals are considered to |

produced changes at clock rise (for RES, MRES, BREQ) or clock fall (for NMI
IRQ7-IRQO). If the setup times are not provided, recognition is delayed until t

clock rise or fall.
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Vi
MRES Vi Vi

) )
t

<~ tyrResw —>

Figure 26.4 Reset Input Timing

CK m

! INMIrINMIE

L InviH I tmis R

NMI VIH

y
A

VIL

YRQEH . broes
IRQ edge Vi

A

ViL

I tIRQLS R

IRQ level

Figure 26.5 Interrupt Signal Input Timing
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CK \_/ h \ 7‘
tBrROS teros
BREQ *
(Input) D)) ))
(« tBACKDl « tBACK[
D))
BACK (€
(Output tszp ()()
D)) JF
RD, RDWR,
RAS, CASxx, (g) / ()() /_
CSn, WRxx (¢ tazp
) A
A21-A0, « ¥ )
D31-DO (2) 7 [

Note: During the bus-release period of a self-refresh, RAS, CASx, and RDWR are output.
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Figure 26.7 Bus Right Release Timing
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Read data hold time tron 0 — ns

Write strobe delay time 1 twspt 3% 35 ns

Write strobe delay time 2 twspz 3*s 35 ns

Write data delay time twop — 45 ns

Write data hold time twon 0 25"3 ns

WAIT setup time twrs 15 — ns 26.10,15, 19
WAIT hold time tyrn 0 — ns

RAS delay time 1 trasol 3% 35 ns  26.11-18
RAS delay time 2 traso2 3% 35 ns

CAS delay time 1 teasor 3% 35 ns

CAS delay time 2 teason 3% 3  ns

Read data access time e 2 teyeX (N+2) — 45 — ns 26.8,9
Access time from read strobe tog 2 teyeX (N+1.5) — 40 — ns

Access time from column a2 toyeX (N+2) — 45 — ns 26.11-16
address

Access time from RAS taac 2 t,.x (WRCD+2.5)-40 —  ns

Access time from CAS teac? teyeX (n+1) — 40 — ns

Row address hold time tran teyex (RCD+0.5) — 15 — ns

Row address setup time tasr 0 — ns

Data input setup time tos teyeX (M+0.5) — 27 — ns

Data input hold time ton 20 — ns

Notes: n is the wait number. m is 1 unless the DRAM write cycle wait number is 0, then
RCD is the set value of the RCD bit of DCR.

*1 SH7042/43 ZTAT (excluding A mask) are 3.2V.

*2 If the access time is satisfied, then the t;,; need not be satisfied.
*3 tywon (Max) is a reference value.

*4 The delay time min values are reference values (typ).

*5 tgps IS a reference value.
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CUAS SEtup time lesk 1V — ns £0.1/, 1o

AH delay time 1 tanos 3*2 40 ns  26.19

AH delay time 2 tana 3*2 40 ns

Multiplex address delay time  t,,,, 3*2 35 ns

Multiplex address hold time tyan 0 — ns

DACK delay time 1 toackor 32 45 ns 268,911

Notes: TPC is the set value of the TPC bit in DCR.
*1 SH7042/43 ZTAT (excluding A mask) are 3.2V
*2 Min values for delay time are reference values (typ)

790
RENESAS



RD \
(During read)
tace trps
- - -t —
D31-DO \ A
(During read) / X
twsp1 twspz twr
-y - -t -
WRxx V/
(During write) N /
- > | twrH >
IAS [WDD 1WDH
D31-D0 ==
(During write) AE
tD/-\CKDl tDACKDl
DACKn

Note: tgpy is specified from fastest negate timing of A21-A0, CSn, and RD.

Figure 26.8 Basic Cycle (No Waits)
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RD \L {F
(During read) » /|
tacc [ t
- =
D31-D0 —\ N /
(During read) / « AN
tWSDl 1WSDZ
4—p <4+>i4 Pty
WRXX — T
(During write) \( N /
ts |4 > u
PRI
tWDD ;WDH >
D31-DO > N
(During write) (2) 7E
tDACKDl
t

<> DACKD:
)]
DACKn ¢ ;1
D))

\§

Note: tgrpy is specified from fastest negate timing of A21-A0, CSn, and RD.

Figure 26.9 Basic Cycle (Software Waits)
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D31-DO
(During read)

WRxx
(During write) \
D31-D0 —<
(During write)
twrs || twrh  twrs || twTH
> b b
WAIT ]T' Jﬁ
T T
DACKn X

M

Figure 26.10 Basic Cycle (2 Software Waits + Wait due WAIT Signal
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I
(During read) —/ e
» tan , | (Ros
4 - tF{AC ;
D31- DO \ §l
(During read) -/
teaspr feas
CASxx / \\
(During write) trwp1 t
l RW
RDWR /
(During write)
AtDSL < tDH
I l =
AtWDD ‘tWDth
D31-D0 \ ¢ |
\
(During write) —/ \
toacko1 toack
DACKn
trsp1 trsi
_ :
RD J
(During read)
twspr twspz
WRxx

(During write)

Note: tgrpy is specified from fastest negate timing of A21-A0, RAS, and CAS.

Figure 26.11 DRAM Cycle (Normal Mode, No Wait, TPC = 0, RCD =G
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D31-D0
(During read)

CASxx
(During write)
RDWR

(During write)

D31-D0
(During write)

DACKn
RD
(During read)

WRxx
(During write)

) ic
-7/ f
{casp1 |
r— <+
J \
fRwp1 t
—» <
< tos e ton
il |
fwop fy
<«—> <
\ L
—4 X
toackpt Ic
<
Trsp1 1
<
twsp1 twspz
—

Note: trpn is specified from fastest negate timing of A21-A0, RAS, and CAS.

Figure 26.12 DRAM Cycle (Normal Mode, 1 Wait, TPC= 0, RCD=0
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D31-D0 =\ L -
(During write) — =—t" ool Tac
DACKn X
o TRoo1 tRsp:
RD
(During read) —/ t [
WR N SD1 ISD2
XX \
(During write) —/

Note: tgpy is specified from fastest negate timing of A21-A0, RAS, and CAS.

Figure 26.13 DRAM Cycle (Normal Mode, 2 Waits, TPG- 1, RCD = 1)

L Tp . Tpw Tr | Trw Tcl Tewl Tew2 | Tew3 . Tc2
-
O N N e o U U N S N o N e
pad 23
A21-A0 X )]_ Row address Column address
‘RASD]
| fasp le tran ﬁ
RA
S J trp T
CASxXx 2% feaspr e
(During read) —/
RDWR
1
(During read) —/ A |
tan trps
D31-D0 =\ Trac i
(During read) — ¢ f -
'CASD1 t
e Lt -
CASxx \
) > \
(During write) —/ trwp1 tR
RDWR 7
(During write) - T T
fwpp Ty
D31-D0 =\ "l =
(During write) ~=——" toackor, © -
DACKn x
trsp1 &
== —
RD 7 i
(During read) . T

WRxx ;

(During write)

Note: tgpy is specified from fastest negate timing of A21-A0, RAS, and CAS.

Figure 26.14 DRAM Cycle (Normal Mode, 3 Waits, TPG= 1, RCD = 1)
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(During write) ——/ ‘\ Y
RWD1
RDWR
(During write) J - n
< DS »le DH
‘WDD M o
>
D31-D0 —\ g
(During write) ——/ X
‘WTS :_\/&I'H ‘\/\{E» <‘—V“ITH
WATT ;l/ 7\
IDACKDI
= -
DACKn X
tRSDI
RD
(During read) J o ”
[ SD:
WRxx —» —

(During write)

Note: tgpy is specified from fastest negate timing of A21-A0, RAS, and CAS.

Figure 26.15 DRAM Cycle (Normal Mode, 2 Waits + Wait due tOVAIT Si
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l‘CASDI ICASDZ AJ’ﬁASDl
» “— -
~ CASxx / \ T\
(During write) X « e N
yl RWDy trwp2 >, ;me l
RDWR 7%
(During write) / / N
<[DS > !DH » leg - tDH
fwop_ fwon twop_ ‘J
D31-D0 T\ Y \ Y
(During write) /' N\ 7
IDACKDl tDACKDI t
_l .
DACKn X
trsp1 trspe, trsp1
_ ! — e
RD /
(During read) e [~ fsor —
WRxx

(During write)

-

Note: tgpy is specified from fastest negate timing of A21-A0, RAS, and CAS.

Figure 26.16 DRAM Cycle (High-Speed Page Mode)

‘ TRp P TRrl P TRr2 S TRc P TRc L
A ' r
o« N A A S
trasp1
o trasi
RAS J 5 tesr R
tcasp1 " tens
CASxx /
RDWR /
Figure 26.17 CAS Before RAS Refresh (TRAS2 0, TRASO = 0)
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CK

A21-A0

RD
(During read)

D15-D0
(During read)

WRxx
(During write)

D15-D0
(During write)

WAIT

DACKn

Tal | Ta2z | Ta3 | Ta4 T1 ™W T™Wo | T
A NFJ XV_}_T(_] Sr_zzl_?ﬁ_fl_%_] \
tAD
lAHDl tAHDZ
Jisil
tMAD tMAH
>
{ Address 2
tWSD
tMA [MAH t\/\/DD
[+ >
—— Address M

fwrn twrs tyrh
<—><—:T

‘DACKDl

X

Note: tgrpy is specified from fastest negate timing of A21-A0, CS3, and R

Figure 26.19 Address Data Multiplex 1/0 Space Cycle (1 Software Wait + Ext
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CK \

tbros

DREQO
DREQ1 \
Level ‘

tDRQS tDRQH

Edge _Kk
tbros

DREQO
DREQ1
Level clear

Figure 26.20 DREQO and DREQ1 Input Timing (1)
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| -DRQW >

Figure 26.21 DREQO and DREQ1 Input Timing (2)

CK
()_
torakD torakD
- —— [~
D)
/ ¢ \
DRAKnN
N » /
\\Y

Figure 26.22 DRAK Output Delay Time
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Timer clock pulse width (both edges troewe. 2.5 — toye
specified)
Timer clock pulse width (phase troew 2.5 — toye

measurement mode)
Note: * SH7042/43 ZTAT (excluding A mask) are 3.2V.

oK e—/—\—/—

troco
>
D))
Output >< «
compare output (2)
trics
N -
Input €
capture input D}

(€

Figure 26.23 MTU I/O Timing

/N N N S

t t

IS TCK
)

/ ¢

TCLKA 3# N T
to TCLKD «
> .-
trekwi trekwH

Figure 26.24 MTU Clock Input Timing

802
RENESAS



CK

>XL
Port (Read) .

tpwp

Port (Write)

Figure 26.25 1/O Port I/0O Timing
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I [—>
WDTOVF —

)
' «

Figure 26.26 Watchdog Timer Timing
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~SCKI

Transmit data delay time (clock sync) tro — 100 ns 2
Receive data setup time (clock sync) trxs 100 — ns
Receive data hold time (clock sync) trxn 100 — ns
Note: * SH7042/43 ZTAT (excluding A mask) are 3.2V.
[ I
tsckw tsckr tsck
- - —
SCKO, SCK1
| |
tscyc
Figure 26.27 Input Clock Timing
tscyc

-l
-

[y
st

SCKO, SCK1 / _I\_

{_\_/_\

Py
TXDO, TXD1 ~
(Transmit data) L
trxs || tRxH
[ —p
X KL X ‘
(Receive data) - § )

Figure 26.28 SCI I/O Timing (Clock Sync Mode)
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CKS=1 40 40 40

A/D conversion time CKS=0 teonw 425 425 425

CKS=1 825 825 825

Note: * SH7042/43 ZTAT (excluding A mask) are 3.2V.

1 state

< »

« _/ _/ N/ S

trrew ‘

A
A4

ADTRG input /(

trres

ADST 4

/|

Figure 26.29 External Trigger Input Timing
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ADF

tp tspL tcp
- ————— P ——————————————— P ————————— P
1 1 1
: tcony
r >
o : A/D conversion start delay time

tspL : Input sampling time
tconv: A/D conversion time
tcp Operation time

Figure 26.30 Analog Conversion Timing
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CKS=1

A/D conversion time

CKS =0

CKS=1

tCONV

259

— 266

131

— 134

Note: * SH7042/43 ZTAT (excluding A mask) are 3.2V.

1 state

<

»

trrew L trrow .
ADTRG input /( J/
4—Pp|
trres
ADST /4
/|
Figure 26.31 External Trigger Input Timing
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ADF | | | D)

((

tconv
-

Q) : ADCSR write cycle

) : ADCSR address

ty : AID conversion start delay time
tep  :Input sampling time

conv : A/D conversion time

Figure 26.32 Analog Conversion Timing
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LSI

output pin DUT output

C L Vref

!

lon

Note: C, is set with the following pins, including the total capacitance of the
measurement equipment etc:

30 pF: CK, RAS, CASxx, RDWR, CS0-CS3, AH, BREQ, BACK, DACK
DACKZ1, and IRQOUT
50 pF:  A21-A0, D31-D0, RD, WRxx
70 pF: Port output and peripheral module output pins other than the ab
loL, lon:  See table 26.3, Permitted Output Current Values.

Figure 26.33 Output Load Circuit
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2

Non-linearity error” — — +15 LSB
Offset error*2 — — +15 LSB
Full scale error*? — — +15 LSB
Quantize error*? — — +0.5 LSB
Absolute error — — +31 LSB

Notes: *1 SH7042/43 ZTAT (excluding A mask) are 3.2V.

*2 Reference values

Table 26.16 A/D Converter Characteristics (A mask) (Conditions:¥. = 3.0°* to 3.
=3.0"1t0 3.6V, AV = Ve + 10%, AV, = 3.0°1 to AV, Vss = AV

—20to +78C)
16.7MHz
Item min typ max Unit
Resolution 10 10 10 bit
Conversion time (when CKS = 0) — — 16.0 us
Analog input capacity — — 20 pF
Permission signal source impedance — — 1 kQ
Non-linearity error*? — — +4 LSl
Offset error™? — — +4 LS|
Full scale error*? — — +4 LS
Quantize error*? — — +0.5 LS|
Absolute error — — *6 LS

Notes: *1 SH7042/43 ZTAT (excluding A mask) are 3.2V.

*2 Reference values
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DTDAR

DTIAR

DTCRA

DTCRB

H'FFFF81A0

SMRO C/A CHR PE OE STOP

MP

CKS1

CKSO

H'FFFF81A1

BRRO

H'FFFF81A2

SCRO TIE RIE TE RE MPIE

TEIE

CKE1

CKEQ

H'FFFF81A3

TDRO

H'FFFF81A4

SSRO TDRE RDRF ORER FER PER

TEND

MPB

MPBT

H'FFFF81A5

RDRO

H'FFFF81A6
to
H'FFFF81AF
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H'FFFF8200 TCR3 CCLR2 CCLR1 CCLRO CKEGl CKEGO TPSC2 TPSC1  TPSCO
HFFFF8201 TCR4 CCLR2 CCLR1 CCLRO CKEGl CKEGO TPSC2 TPSC1  TPSCO
HFFFF8202 TMDR3  — — BFB BFA MD3 MD2 MD1 MDO
HFFFF8203 TMDR4  — — BFB BFA MD3 MD2 MD1 MDO
HFFFF8204 TIOR3H I0B3 10B2 10B1 10BO I0A3 10A2 I0A1 10A0
HFFFF8205 TIOR3L  I0D3 10D2 10D1 10D0 10C3 10C2 10C1 10CO
HFFFF8206 TIOR4H I10B3 I10B2 I10B1 I0BO I0A3 I0A2 I0AL I0A0
HFFFF8207 TIOR4L  IOD3 10D2 10D1 10D0 10C3 10C2 10C1 10C0
HFFFF8208 TIER3  TTGE — — TCIEV ~ TGIED TGIEC TGIEB  TGIEA
HFFFF8209 TIER4  TTGE — — TCIEV  TGIED TGIEC TGIEB  TGIEA
HFFFF820A TOER — — OE4D  OE4C  OE3D  OE4B OE4A OE3B
H'FFFF820B TOCR — PSYE — — — — OLSN OLSP
HFFFF820C — - — — — — — — —
HFFFF820D TGCR — BDC N P FB WF VF UF
HFFFF820E — — — — — — — — —
HFFFF820F — — — — - — — — -
HFFFF8210 TCNT3

HFFFF8211

HFFFF8212 TCNT4

HFFFF8213

HFFFF8214 TCDR

HFFFF8215

HFFFF8216 TDDR

HFFFF8217

HFFFF8218 TGR3A

HFFFF8219

814



H'FFFF8223

H'FFFF8224

H'FFFF8225

TGR3C

H'FFFF8226

H'FFFF8227

TGR3D

H'FFFF8228

H'FFFF8229

TGR4C

H'FFFF822A

H'FFFF822B

TGR4D

H'FFFF822C

TSR3

TCFD

TCFV TGFD TGFC

TGFB

TGFA

H'FFFF822D

TSR4

TCFD

TCFV TGFD TGFC

TGFB

TGFA

H'FFFF822E

H'FFFF822F

H'FFFF8230
to
H'FFFF823F

H'FFFF8240

TSTR

CST4

CST3

— — CST2

CST1

CSTO

HFFFF8241

TSYR

SYNC4

SYNC3

— — SYNC2

SYNC1

SYNC

H'FFFF8242
to
H'FFFF825F

H'FFFF8260

TCRO

CCLR2

CCLR1

CCLRO CKEG1 CKEGO TPSC2

TPSC1

TPSC

H'FFFF8261

TMDRO

BFB BFA MD3 MD2

MD1

MDO

H'FFFF8262

TIOROH

10B3

10B2

10B1 10B0O I0A3 I0A2

I0A1

I0A0

H'FFFF8263

TIOROL

10D3

10D2

10D1 10D0 10C3 10C2

10C1

10COo

HFFFF8264

TIERO

TTGE

TCIEV TGIED TGIEC

TGIEB

TGIE/

H'FFFF8265

TSRO

TCFV TGFD TGFC

TGFB

TGFA

H'FFFF8266

H'FFFF8267

TCNTO
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HFFFF827F

H'FFFF8280

TCR1

CCLR1

CCLRO CKEG1 CKEGO

TPSC2

TPSC1

TPSCO

HFFFF8281

TMDR1

— — MD3

MD2

MD1

MDO

HFFFF8282

TIOR1

10B3

10B2

10B1 10B0 I0A3

I0A2

I0A1

I0A0

H'FFFF8283

HFFFF8284

TIER1

TTGE

TCIEU TCIEV —

TGIEB

TGIEA

H'FFFF8285

TSR1

TCFD

TCFU TCFV —

TGFB

TGFA

H'FFFF8286

HFFFF8287

TCNT1

HFFFF8288

H'FFFF8289

TGR1A

HFFFF828A

HFFFF828B

TGR1B

H'FFFF828C
to
H'FFFF829F

H'FFFF82A0

TCR2

CCLR1

CCLRO CKEG1 CKEGO

TPSC2

TPSC1

TPSCO

HFFFF82A1

TMDR2

— — MD3

MD2

MD1

MDO

H'FFFF82A2

TIOR2

10B3

10B2

10B1 10BO I0A3

I0A2

I0A1

I0A0

HFFFF82A3

HFFFF82A4

TIER2

TTGE

TCIEU TCIEV —

TGIEB

TGIEA

H'FFFF82A5

TSR2

TCFD

TCFU TCFV —

TGFB

TGFA

H'FFFF82A6

HFFFF82A7

TCNT2

H'FFFF82A8

HFFFF82A9

TGR2A

HFFFF82AA

HFFFF82AB

TGR2B
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H'FFFF834E IPRD

H'FFFF834F

H'FFFF8350 IPRE

H'FFFF8351

H'FFFF8352 IPRF

H'FFFF8353

H'FFFF8354 IPRG

H'FFFF8355

H'FFFF8356 IPRH

H'FFFF8357

H'FFFF8358

CR NMIL — — — — — — NMIE

H'FFFF8359 IRQOS  IRQ1S IRQ2S IRQ3S IRQ4S IRQ5S  IRQ6S  IRQT

H'FFFF835A

SR — — — — — — — —

H'FFFF835B IRQOF  IRQIF  IRQ2F IRQ3F IRQ4F  IRQ5F  IRQ6F  IRQ7I

H'FFFF835C — — — — — — — — —
to
H'FFFF837F

HFFFF8380 PADRH  — — — — — — — —

H'FFFF8381 PA23DR PA22DR PA21DR PA20DR PA19DR PA18DR PA17DR PA16

H'FFFF8382 PADRL PA15DR PA14DR PA13DR PA12DR PAl11DR PA1ODR PA9DR PA8D

H'FFFF8383 PA7DR PA6DR PA5DR PA4DR PA3DR PA2DR PA1DR PAOD

HFFFF8384 PAIORH — — — — — — - —

H'FFFF8385 PA23I0R PA22I0R PA21I0R PA20IOR PA19I0R PAI18IOR PAl7I0R PAl6

H'FFFF8386 PAIORL PA15I0R PA14I0R PA13IOR PAI12I0R PA11lIOR PA10IOR PA9IOR PASIC

H'FFFF8387 PA7IOR PAGIOR PASIOR PA4IOR PA3IOR PA2IOR PALIOR PAOIC
H'FFFF8388 PACRH  — PA23MD — PA22MD — PA2IMD — PA20
H'FFFF8389 PA19MD1 PA19MDO PA18MD1 PA18MDO — PA17TMD — PA16!
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nrrerooJds reuUn reloumn relsumn reliouUumn relcumn rellumnn reluvumn reoJun mLouUn

H'FFFF8393 PC7DR PC6DR PC5DR PC4DR PC3DR PC2DR PCIDR  PCODR
H'FFFF8394 PBIOR  — — — — — — PBOIOR  PBSIOF
H'FFFF8395 PB7IOR PB6IOR PB5IOR PB4IOR PB3IOR PB2IOR PBlIOR PBOIOF

HFFFF8396 PCIOR  PCI15I0R PCI14I0R PCI13I0R PCI2I0R PCI11I0R PCI0IOR PC9IOR  PCS8IOl

H'FFFF8397 PC7I0OR PC6IOR PC5I0R PC4IOR PC3IOR PC2IOR PC1lIOR PCOIOF

HFFFF8398 PBCRL  — — — — - - - —

H'FFFF8399 — — — — PBOMD1 PBOMDO PB8MD1 PBSML

H'FFFF839A PBCR2 PB7MD1 PB7MDO PB6MD1 PB6MDO PB5MD1 PB5MDO PB4MD1 PB4MLC

H'FFFF839B PB3MD1 PB3MDO PB2MD1 PB2MDO — PBIMD — PBOML

HFFFF839C PCCR  PCISMD PCI14MD PC13MD PC12MD PC11MD PCIOMD PCOMD  PC8ML

H'FFFF839D PC7MD PC6MD PC5MD PC4MD PC3MD PC2MD PCIMD PCOMC

HFFFF839E — — — — — — — - -

HFFFF839F — — — — — — — — —

H'FFFF83A0 PDDRH PD31DR PD30DR PD29DR PD28DR PD27DR PD26DR PD25DR PD24D

H'FFFF83A1 PD23DR PD22DR PD21DR PD20DR PD19DR PD18DR PD17DR PD16D

H'FFFF83A2 PDDRL PD15DR PD14DR PD13DR PD12DR PD11DR PD10DR PD9DR PD8DR

H'FFFF83A3 PD7DR PD6DR PD5DR PD4DR PD3DR PD2DR PD1DR PDODR

H'FFFF83A4 PDIORH PD31IOR PD30IOR PD29IOR PD28IOR PD27I0R PD26IOR PD25I0R PD24IC

H'FFFF83A5 PD23IOR PD22I0R PD21IOR PD20IOR PD19IOR PD18IOR PD17I0R PD16IC

H'FFFF83A6 PDIORL PDI15I0R PD14IOR PDI13IOR PD12I0R PD11IOR PD10IOR PD9IOR PDS8IOF

H'FFFF83A7 PD7I0OR PD6IOR PD5IOR PD4IOR PD3IOR PD2IOR PD1IOR PDOIOF

H'FFFF83A8 PDCRH1 PD31MD1 PD31MDO PD30MD1 PD30MDO PD29MD1 PD29MDO PD28MD1 PD28M

H'FFFF83A9 PD27MD1 PD27MDO PD26MD1 PD26MD0O PD25MD1 PD25MDO PD24MD1 PD24M

H'FFFF83AA PDCRH2 PD23MD1 PD23MDO PD22MD1 PD22MDO PD21MD1 PD21MDO PD20MD1 PD20M

H'FFFF83AB PD19MD1 PD19MDO PD18MD1 PD18MDO PD17MD1 PD17MDO PD16MD1 PD16M

818
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nmrrrroobs

H'FFFF83B5

roivn

roioivun

roisivun

rciolivun rizivm

reidiaun

reivivun

rEJivun

L OIL

PE7IOR

PEGIOR

PESIOR  PE4IOR

PE3IOR

PE2IOR

PEL1IOR

PEOIC

H'FFFF83B6

H'FFFF83B7

H'FFFF83B8

H'FFFF83B9

PECR1

PE15MD1

PE15MDO

PE14MD1 PE14MDO

PE13MD1

PE13MDO

PE12

PE11MD

PE10MD

PESMD

PESN

H'FFFF83BA

H'FFFF83BB

PECR2

PE7MD

PE6MD

PE5SMD

PE4N

PE3MD1

PE3MDO

PE2MD1 PE2MDO

PE1IMD1

PE1MDO

PEOMD1

PEONV

H'FFFF83BC
to
H'FFFF83BF

H'FFFF83C0

H'FFFF83C1

ICSR

POE3F

POE2F

POELF POEOF

PIE

POE3M1

POE3MO

POE2M1 POE2MO

POE1IM1

POE1MO

POEOM1

POEC

H'FFFF83C2

H'FFFF83C3

OCSR

OSF

OCE

OIE

H'FFFF83C4
to
H'FFFF83C7

H'FFFF83C8

H'FFFF83C9

IFCR

IRQMD3

IRQMD2

IRQMD1

IRQM

H'FFFF83CA
to
H'FFFF83CF

H'FFFF83D0

H'FFFF83D1

CMSTR

STR1

STRO

H'FFFF83D2

H'FFFF83D3

CMCSRO

CMF

CMIE

CKsS1

CKSO

HFFFF83D4

H'FFFF83D5

CMCNTO
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nrreroovve —

H'FFFF83DF

RENESAS

HFFFF83E0 ADCSR  ADF ADIE ADST  CKS GRP CH2 CH1 CHO
HFFFF83EL ADCR  — PWR TRGS1 TRGSO SCAN  DSMP  BUFEl  BUFEO
HFFFF83E2 — — — — — — — — —
to

H'FFFF83EF

H'FFFF83F0 ADDRA  — — — — — — AD9 AD8
HFFFF3F1 AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO
HFFFF83F2 ADDRB  — — — — — — AD9 AD8
H'FFFF83F3 AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO
HFFFF83F4 ADDRC — — — — — — AD9 AD8
H'FFFF83F5 AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO
H'FFFF83F6 ADDRD — — — — — — AD9 AD8
HFFFF83F7 AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO
H'FFFF83F8 ADDRE  — — — — — — AD9 AD8
H'FFFF83F9 AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO
HFFFF83FA ADDRF  — — — — — — AD9 AD8
H'FFFF83FB AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO
H'FFFF83FC ADDRG — — — — — — AD9 AD8
HFFFF83FD AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO
H'FFFF83FE ADDRH — — — — — — AD9 AD8
H'FFFF83FF AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO
H'FFFF8400 ADDRAO AD9 ADS AD7 AD6 AD5 AD4 AD3 AD2
H'FFFF8401 AD1 ADO — — — — — —
H'FFFF8402 ADDRBO AD9 ADS AD7 AD6 AD5 AD4 AD3 AD2
H'FFFF8403 AD1 ADO — — — — — —
H'FFFF8404 ADDRCO AD9 ADS AD7 AD6 AD5 AD4 AD3 AD2
H'FFFF8405 AD1 ADO — — — — — —
820



nmrrrrosvc

AUVURU L

AUI

MAYO

AU

AL

A9

AUS

MAYo

AUo

H'FFFF840F AD1 ADO — — — — — —
H'FFFF8410 ADCSRO ADF ADIE ADST  SCAN  CKS CH2 CH1 CHO
HFFFF8411 ADCSR1 ADF ADIE ADST  SCAN  CKS CH2 CH1 CHO
HFFFF8412 AADCRO TRGE  — — — — — — —
HFFFF8413 AADCR1 TRGE  — — — — — — —
HFFFF8414 — — — — — — — — —
to

H'FFFF857F

HFFFF8580 FLMCR1 FWE SWE ESUL  PSU1  Evi PV1 El P1
HFFFF8581 FLMCR2 FLER  — ESU2  PSU2  EV2 PV2 E2 P2
HFFFF8582 EBR1 — — — — EB3 EB2 EB1 EBO
HFFFF8583 EBR2 EB11 EB10 EB9 EB8 EB7 EB6 EB5 EB4
HFFFF8584 — — — — — — — — —
to

H'FFFF859F

HFFFF8600 UBARH UBA31  UBA30 UBA29 UBA28 UBA27 UBA26 UBA25  UBA2
H'FFFF8601 UBA23  UBA22 UBA21 UBA20 UBA19 UBA18 UBAL7  UBAI
HFFFF8602 UBARL  UBA15 UBA14 UBA13  UBA12 UBA11  UBAI0 UBA9  UBAS
H'FFFF8603 UBA7  UBA6  UBA5  UBA4  UBA3  UBA2  UBAL  UBAC
HFFFF8604 UBAMRH UBM31 UBM30 UBM29 UBM28 UBM27 UBM26 UBM25  UBM:
H'FFFF8605 UBM23 UBM22 UBM21 UBM20 UBM19 UBMI18 UBM17  UBM:
HFFFF8606 UBAMRL UBM15 UBM14 UBM13 UBM12 UBM1l UBM10 UBM9  UBME
H'FFFF8607 UBM7  UBM6  UBM5  UBM4  UBM3  UBM2  UBM1  UBMC
HFFFF8608 UBBR  — — — — — — — —
H'FFFF8609 cP1 CPO ID1 IDO RW1 RWO sz1 SZ0
HFFFF860A — — — — — — — — —

to

H'FFFF860F

HFFFF8610 TCSR  OVF WTAT  TME — — CKS2  CKS1  CKSO

RENESAS



HFFFF8620 BCR1 — — MTURWE — — — — IOE
HFFFF8621 A3LG  A2LG  AlLG  AOLG  A3SZ  A2SZ  AISZ  AO0SZ
HFFFF8622 BCR2 Iw31 IW30 w21 IW20 W11 IW10 IWOo1 IWO00
HFFFF8623 cws cw2 cwi cwo sw3 sw2 swi SWO
HFFFF8624 WCR1 W33 w32 w31 w30 w23 w22 w21 W20
HFFFFe625 w13 w12 w11 w10 wo3 W02 wo1 W00
HFFFF8626 WCR2  — — — — — — — —
HFFFF8627 — — DDW1 DDWO DSW3 DSW2 DSW1  DSWO
HFFFF8628 RAMER — — — — — — — —
HFFFF8629 — — — — — RAMS  RAM1  RAMO
HFFFF862A DCR TPC RCD TRASL TRASO DWW1 DWWO DWRL  DWRO
H'FFFF862B DIW — BE RASD  SZ1 S20 AMX1  AMXO
HFFFF862C RTCSR  — — — — — — — —
HFFFF862D — CMF CMIE CKS2 ~ CKS1  CKSO  RFSH  RMD
HFFFF862E RTCNT =~ — — — — — — — —
H'FFFF862F

HFFFF8630 RTCOR  — — — — — — — —
HFFFF8631

Notes: *1 Write address.

*2 Read address. For details, see section 13.2.4, Register Access, in section 13,

822

Watchdog Timer (WDT).
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H'FFFF86C2

H'FFFF86C3

H'FFFF86C4

H'FFFF86C5

H'FFFF86C6

H'FFFF86C7

DARO

H'FFFF86C8

H'FFFF86C9

H'FFFF86CA

H'FFFF86CB

DMATCRO — — — — —

H'FFFF86CC

H'FFFF86CD

H'FFFF86CE

H'FFFF86CF

CHCRO — — — — —

RL

AM

AL

DM1 DMO SM1 SMO RS3

RS2

RS1

RSO

— DS ™ TS1 TSO

TE

DE

H'FFFF86D0

H'FFFF86D1

H'FFFF86D2

H'FFFF86D3

SAR1

H'FFFF86D4

H'FFFF86D5

H'FFFF86D6

H'FFFF86D7

DAR1

H'FFFF86D8

H'FFFF86D9

H'FFFF86DA

H'FFFF86DB

DMATCR1 — — — — —

RENESAS



nrrrrovces

H'FFFF86ES

H'FFFF86E6

H'FFFF86E7

UAR<

H'FFFF86ES

H'FFFF86EQ

H'FFFF86EA

H'FFFF86EB

DMATCR2 —

H'FFFF86EC

H'FFFF86ED

H'FFFF86EE

H'FFFF86EF

CHCR2

DI RO

RL

AM

AL

DM1

DMO

SM1 SMO0 RS3

RS2

RS1

RSO

DS

™

TS1 TSO

TE

DE

H'FFFF86F0

H'FFFF86F1

H'FFFF86F2

H'FFFF86F3

SAR3

H'FFFF86F4

H'FFFF86F5

H'FFFF86F6

H'FFFF86F7

DAR3

H'FFFF86F8

H'FFFF86F9

H'FFFF86FA

H'FFFF86FB

DMATCR3 —

H'FFFF86FC

H'FFFF86FD

H'FFFF86FE

H'FFFF86FF

DI RO

RL

AM

AL

DMO

SM1 SMO RS3

RS2

RS1

RSO

DS

™

TS1 TSO

TE

DE
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H'FFFF8709

vipbr

H'FFFF870A
to
H'FFFF873F

H'FFFF8740

H'FFFF8741

CCR

CEDRAM CECS3 CECS2 CECS1  CECs

H'FFFF8742
to
H'FFFF87FF
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o L 4
‘ PAW | /==

—————

\_‘/7— Cr._ Standby

————

n=0,3

m=0,1

PAR: Port A read signal
PAW: Port A write signal
RES: Reset signal

Figure B.1 PAn/RXDm Block Diagram
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Cb—— (*— Standby

n=2,5

m=0,1

PAR: Port A read signal
PAW: Port A write signal
RES: Reset signal

Figure B.2 PAn/SCKmDREQm/IRQm Block Diagram
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n

%E'r

O

.

— Standby

n==6, 7

PAR: Port A read signal
PAW: Port A write signal
RES: Reset signal

828

Figure B.3 PAB/TCLKA/CS2, PA7/TCLKB/ CS3 (ZTAT, Mask) Block Diagr
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PA7/TCL

| c
a \467 [PAW

,,,,,

Hif:

,,,,,

s— Standby

PAR: Port A read sign:
PAW: Port A write sign
RES: Reset signal

Figure B.4 PA7/TCLKB/CS3 Block Diagram (F-ZTAT Version)
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Pt
s
G

R e

Cl—o— Standby

n=8, 9

PAR: Port A read signal
PAW: Port A write signal
RES: Reset signal

830

Figure B.5 PANn/TCLKm/IRQx Block Diagram (ZTAT, Mask)
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PA8/T(
PA9/T(

|9
PAW

,,,,,,

T

s— Standby

0

n=8, 9

PAR: Port A re
PAW: Port A w
RES: Reset si

Figure B.6 PANn/TCLKmM/IRQx Block Diagram (F-ZTAT Version)
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@_l

I Gj\ Standby

n=14
m=0,1
PAR: Port A read signal
PAW: Port A write signal

RES: Reset signal

832

Figure B.7 PANn/TXDm Block Diagram
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0

L

. Gj\ Standby

PAR: Port A read signal
PAW: Port A write signal
RES: Reset signal

Figure B.8 PA15/CK Block Diagram
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j I 0 |

,=BYC
b T — Standby I

PAR: Port A read signal
PAW: Port A write signal
RES: Reset signal

Figure B.9 PA18/DRAKOBREQ Block Diagram
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release

o
]

CL

/‘()—

PAR: Port A read signal
PAW: Port A write signal
RES: Reset signal

/—I-L Standby
-

Figure B.10 PA19/DRAQIBACK Block Diagram
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ViU UL
{j]{ MCU moc
| MCU moc

— Bus right (PFC
release [
HQ PANMD

- G‘ﬁsm“dby SBYCR
SBYCR
LQ HIZ

n=10-14

PAR: Port A read signal
PAW: Port A write signal
RES: Reset signal

Figure B.11 PAn/XXX Block Diagram
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Bus right

ij

release
Gl‘_ Standby

e —— —

n =16,20-23

PAR: Port A read signal
PAW: Port A write signal
RES: Reset signal

Figure B.12 PAn/XXXX Block Diagram
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O E
_CE/—GT Bus right i

release

HIZ

E

v
S
3

PAR: Port A read signal
PAW: Port A write signal
RES: Reset signal

Figure B.13 PAL17WAIT Block Diagram

838
RENESAS



Al6
LpBw

( Single
\}I—G

MCU
MCU

MCU

—— Bus right __PFC
release

PBR: Port B read signal
PBW: Port B write signal
RES: Reset signal

Note: * Not available with the mask versions.

Figure B.14 PBO0/A16 Block Diagram
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— rbVvv

—

— Bus right
release

,,,,,,,

< [ Standby - SB Y

PBR: Port B read signal
PBW: Port B write signal
RES: Reset signal

840

Figure B.15 PBO0/A16 Block Diagram (F-ZTAT Version)
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MCU |

{C‘I_C MCU |
' MCU |

—— Busright | | | = —-—=-=-=
release

. G_L‘_ Standby SBYC
HIZ

PBR: Port B read signal
PBW: Port B write signal
RES: Reset signal

Figure B.16 PB1/A17 Block Diagram
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o

=y

Qﬁﬁﬁ

T

s Standby

—— Bus
rele

right
ase

PBR: Port B read signal
PBW: Port B write signal
RES: Reset signal

842

Figure B.17 PB6IRQ4/A18/BACK Block Diagram
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————— -

oy

Ol g

xll

— Standby

—t

—— Bus right
release

n=3,4
m=1,2
PBR: Port B read signal
PBW: Port B write signal
RES: Reset signal
Note: * Not available with the ZTAT version.

Figure B.18 PBnIRQm/POEm/CASx Block Diagram
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PB3/IRQ1/PO

PB4/IRQ2/PO

@%ﬁﬁ@ﬂﬁ

T Standby ﬁ
- oH

Bus right release

m=1,

PBR: Port B res

PBW: Port B wr
Note: * Only when n = 4. RES: Reset sig

Figure B.19 PB4IRQ2/POE2/CASH,PB3IRQ1/POE1/CASL
Block Diagram (F-ZTAT Version)

844
RENESAS



o0

aﬁf
E

s— Standb !
! y LQHIZ

L—— Busright = -----
release @ _ DP2MA

L

n=7-9

m = 5-7

PBR: Port B read signal
PBW: Port B write signal
RES: Reset signal

Figure B.20 PBnIRQm/XXX/YYY Block Diagram
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ol 4

@Qé

:
|

1< T Standby

L Bus right

release

n=2,
m )

PBR: Port B read signal
PBW: Port B write signal
RES: Reset signal

846

Figure B.21 PBnIRQm/XXXX/YYYY Block Diagram
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Al N - i — — An

Lpcw

( Singl
\}I—G

—— Bus right
release

G.:‘ Standby SBY
HI

n=0-15

PCR: Port C read signal
PCW: Port C write signal
RES: Reset signal

Note: * Not available with the mask versions.

Figure B.22 PCn/An Block Diagram
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— PCW

Sin

g

— Bus right
release

,,,,,,,

(J—

Standby R

n=0-15

PCR: Port C read sif
PCW: Port C write s
RES: Reset signal
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Figure B.23 PCn/An Block Diagram (F-ZTAT Version)



Dn

—PDW

Dou

Sing

MCL

G

MCL
MCL

— Bus right release

|
Fe i)
o1

- SLEEP

o1 14

G:T Standby

|<£:’To
2

/ﬁ Din

n=0-7

PDR: Port D read signal

PDW: Port D write signal

RES: Reset signal

Dout: Data output timing signal
Din: Data bus input timing signal

Note: * Not available with the mask version.

;

2|

Figure B.24 PDn/Dn Block Diagram
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Dout

|
L pow

Single

| Bus right release
— Sleep

( MCU
% MCU
{ ‘ MCU

o

— Standby SB 7Y(
] s

/ﬁ Din

n=0-15

PDR: Port D read signal
PDW: Port D write signal
RES: Reset signal

Dout: Data bus output timing
Din: Data bus input timing si

850

Figure B.25 PDn/Dn Block Diagram (F-ZTAT Version)
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UL

- PDW

Sing
\_(_<F modi
J (

MCL

—G_ MCL
MCL

Bus right PEC

I release it

—— SLEEP ,jCLi = QPI

L=

| —

C:L H QPI

E || =

—G’—@_‘ | QP

| [ S—

G;my “soxe

. e

i Din : QFr
| ————

IN

n=16-23 RES: Reset signal
m = 0-7 . Dout: Data output timing signal
PDR: Port D read signal Din: Data bus input timing signal

PDW: Port D write signal

Figure B.26 PDn/DnIRQm Block Diagram (n = 16-23)
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= IAL

L pDW

Single
% mode
J (

MCU
_G— MCU
MCU
Bus right PEC
release oo
—— SLEEP ,jq 5 QPD

— |
|_
—C:L I QPD
CE | |=

:

S

—Cl’—CL_‘ QPO

G;ﬁdby “sBYC
Din !

O Lo

n=24,25 RES: Reset signal
m=0,1 _ Dout: Data output timing signal
PDR: Port D read signal Din: Data bus input timing signal

PDW: Port D write signal

Figure B.27 PDn/DnDREQm Block Diagram (n = 24, 25)
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DAC

| L pDw

Sing
moc

—(F

Bus right
r release

SLEEP

=
e

T

—C

s

{:L_‘

< l:— Standby

—(]
—(C—
t Din

n=26,27 RES: Reset signal
m=0,1 _ Dout: Data output timing signal
PDR: Port D read signal Din: Data bus input timing signal

PDW: Port D write signal

Figure B.28 PDn/DnDACKm Block Diagram (n = 26, 27)
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CSm

Single
LCF mode
MCU |
—C B Y E( MCU
MCU
Bus right
release r_P_FE:__
f—
[ SLEEP ,_EL orD
|
|
—(TG —( ], 'l QPD
|
| —
—Q*_Qj {oro
[ S
+—— Standby _é_éi(_j
. G;‘ Fe===
Din : QHI
)_| E -

n = 28-29 RES: Reset signal
m =2-3 . Dout: Data output timing signal
PDR: Port D read signal Din: Data bus input timing signal

PDW: Port D write signal

854

Figure B.29 PDn/DnCSm Block Diagram (n = 28, 29)
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!
| L pDw

=

PRIRCS g

Bus right

r release e

SLEEP ,_EL
—C 1
s

{:L_l

n=230 _ RES: Reset signal
PDR: Port D read signal Dout: Data output timing signal
PDW: Port D write signal Din: Data bus input timing signal

[
\
—(
—— Standby SBY
Din !
:l ) £ |
==

Figure B.30 PDn/DnIRQOUT Block Diagram (n = 30)
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L pDW b g
Singl
( @ mode
MCU
MCU
Bus right PEC
release ro-o-
—— SLEEP ,jCL H QPC
|
|_
(:L H QPL
— | ——
[
—G;CH H QPC
[ S—
G;ﬁndby "SBYC
Din !
r)_§ QA

PDR: Port D read signal Dout: Data output timing signal
PDW: Port D write signal Din: Data bus input timing signal
RES: Reset signal

Figure B.31 PD31/D31ADTRG Block Diagram
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Singl

46_(:[)_— mode
{]fcj McU
| MCU
E— Bus right release

—— SLEEP

—G’_@_l QPE
— Standby éé\_((_:
QH

n=28-15 _ RES: Reset signal
PDR: Port D read signal Dout: Data output timing signal
PDW: Port D write signal Din: Data bus input timing signal

Figure B.32 PDn/Dn Block Diagram
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HUCL4S

L
G
L

-
G: Standby [===="

PER: Port E read signal
PEW: Port E write signal
RES: Reset signal
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Figure B.33 PE13/TIOC4BMRES Block Diagram
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+— Standby QHI
< [ S—

PER: Port E read signal
PEW: Port E write signal
RES: Reset signal

Figure B.34 PE14/TIOC4C/DACKOAH Block Diagram
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PER: Port E read signal
PEW: Port E write signal
RES: Reset signal

Figure B.35 PEN/TIOC4AD/DACK1IMIRQOUT Block Diagram
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HJoom,
TIOC3C,
TIOC4A

.

e —

» TIOC1A, TIC

n=4-12

PER: Port E read signal
PEW: Port E write signal
RES: Reset signal

|

| TIOC2A, TIC
TIOC3A, T
TIOC3C, Tt
TIOC4A

Figure B.36 PEN/TIOCXX Block Diagram
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n=1,3

m=0,1

PER: Port E read signal
PEW: Port E write signal
RES: Reset signal
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Figure B.37 PEN/TIOCXX/DRAKm Block Diagram
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i o Standby

a=

n
m
PER: Port E read signal
PEW: Port E write signal
RES: Reset signal

Figure B.38 PEN/TIOCXX/DREQm Block Diagram
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n=0-7
PFR: Port F read signal

Figure B.39 PFn/ANn Block Diagram
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BREQ z* | z | I I
BACK A o) z 6] L L
Interrupt  NMI | I | I | |
IRQO-IRQ7 z* | | I
IRQOUT (PD30) Z** o} *1 H o} *1
IRQOUT (PE15) Z** o} H o}
Address A0-A21 0*? o) z o) z z
bus
Data bus D0-D31 z* I/0 z o z z
Bus WAIT z* | z | z z
control  pp\WR, RAS z* o 0 o z z
CASH, CASL, z* o) 0 o) z z
CASLH, CASLL
RD H 6] z o) z z
CS0, CS1 H o) z 0 z z
CS2,CS3 z* o) z o) z z
WRHH, WRHL, H o) z o) z z
WRH, WRL
AH z* 6] z 6] z z
DMAC DACKO, DACK1 Z** o) o™t o) o*!
(PD26, PD27)
DACKO, DACK1 Z** o} z o) 0 z
(PE14, PE15)
DRAKO, DRAK1 Z** o) o™t o) o o*!
DREQO, DREQ1 Z** | z | I z
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Port POEO-POE3 z* z I z
control

SCI SCKO-SCK1 z* 110 z /O 10 z
TXDO-TCD1 z* o} o** o} o) o**
RXDO-RXD1 z* | z | [ z

AID ADTRG z* [ z [ [ z

converter ANo-AN7 z | z | | z

I/O Port PAO-PA23 z* 110 K*? K 110 K*!
PBO-PB9
PCO-PC15
PDO-PD31
PEO-PES8,PE10
PE9,PE11-PE15 Z** 110 z K 110 z
PFO-PF17 z | z | [ z

Notes: 1. There are instances where bus right release and transition to software standby
occur simultaneously due to the timing between BREQ and internal operations
cases, standby mode results, but the standby state may be different.

The initial pin states depend on the mode. See section 18, Pin Function Contr
details.

2. I: Input, O: Output, H: High-level output, L: Low-level output, Z: High impedanc
K: Input pin with high impedance, output pin mode maintained.

*1 If the standby control register port high-impedance bits are set to 1, output pin:
high impedance.

*2 A21-A18 will become input ports after power-on reset.

*3 Input in the SH7044/SH7045 F-ZTAT version.

*4 General use I/O ports PAn, PBn, PCn, PDn, and PEn, as well as pins multiple
them, are unstable during the RES setup time (t.css) immediately after the RE
goes to low level.
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BAUA L v L v L

Interrupt  NMI | I | I |

IRQO-IRQ7 z* [ z [ I z

IRQOUT z* 0 z H z
Address A0-A21 0*? 0 z z z
bus
Data bus D0-D31 z* I/O z oz z
Bus WAIT z* [ z [ z z
control  pp\WR, RAS 7+ o o o z z

CASH, CASL z* 0 o) 0 z z

RD H o) z o) z z

S0, CSi H 0 z 0 z z

S2,CS3 z* 0 z 0 z z

RH, WRL H o) z o) z z

AH A ¢) z ¢) z z
DMAC DACKO-DACK1 Z** o) z o) o} z

DRAKO-DRAK1  Z** o) z o) o} z

DREQO-DREQ1 Zz** | z | I z
MTU TIOCOA-TIOCOD, Z** I/O K** /o 1/0 K

TIOC1A-TIOC1D,

TIOC2A-TIOC2D,

TIOC3A, TIOC3C

TIOC3B,TIOC3D, Z** 11O z /o 110

TIOC4A-TIOC4D

TCLKA-TCLKD Z** z I
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converter
control

ANO-AN7 z [ z [ | z
I/O Port PAO-PA15 z* 110 K" K 110 K"

PBO-PB9

PCO-PC15

PDO-PD15

PEO-PE8-PE10

PE9,PE11-PE15 Z** 110 z K 110 z

PFO-PF7 z [ z [ | z

Notes: 1. There are instances where bus right release and transition to software standby
occur simultaneously due to the timing between BREQ and internal operations

2.

cases, standby mode results, but the standby state may be different.

The initial pin states depend on the mode. See section 18, Pin Function Contr

detalils.

I: Input, O: Output, H: High-level output, L: Low-level output, Z: High impedanc

K: Input pin with high impedance, output pin mode maintained.

*1 If the standby control register port high-impedance bits are set to 1, output pin:

high impedance.

*2 A21-A18 will become input ports after power-on reset.

*3 Input in the SH7044/SH7045 F-ZTAT version.

*4 General use /O ports PAn, PBn, PCn, PDn, and PEn, as well as pins multiple;
them, are unstable during the RES setup time (t..ss) immediately after the RE:
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goes to low level.
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el d ot ot L L L
RD/WR H H H H H
AH L L L L L
RD R H H H H H

W — H H H H
WRHH R H H H H H

w — H H H H
WRHL R H H H H H

w — H H H H
WRLH R H H H H H

W — H H H H
WRLL R H H H H H

w — H H H H
A21-A0 Address Address  Address Address  Address
D31-D24 High-Z High-Z High-Z High-Z High-Z
D23-D16 High-Z High-Z High-Z High-Z High-Z
D15-D8 High-Z High-Z High-Z High-Z High-Z
D7-DO High-Z High-Z High-Z High-Z High-Z

Notes: R: Read, W: Write

*1 L asserted in RAS down state or refresh state.

*2 L asserted in refresh state.
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AH L L L L
RD R L L L L

W H H H H
WRHH R H H H H

W H H H H
WRHL R H H H H

W H H H H
WRLH R H H H H

W H L H L
WRLL R H H H H

W L H L L
A21-A0 Address Address Address Address
D31-D24 High-Z High-Z High-Z High-Z
D23-D16 High-Z High-Z High-Z High-Z
D15-D8 High-Z Data High-Z Data
D7-D0O Data High-Z Data Data
870
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I

= - - A
I|T|T|r ||| ||| |:

I, T T\ | T | T|xT| ||z

=
by
Py

I T T T | T | T | T T| ||z
I T r|T|IT| T T | T |||z
r/T|T|IT|IT|T| T | T T| ||z
r'T|r|IT|IT| T T | T T| ||z

H H

A21-A0 Address Address Address Address Address  Address

D31-D24 Data High-Z High-Z High-Z  Data High-Z

D23-D16 High-Z Data High-Z High-Zz  Data High-Z

D15-D8 High-Z  High-Z Data High-Z  High-Z Data

D7-D0O High-Zz  High-Z High-Z Data High-Z Data

Notes: 1. R: Read, W: Write

2. Valid: Chip select signal corresponding with accessed area is low; chip selec
other cases is high.

*1 L asserted in RAS down mode or refresh mode.
*2 L asserted in refresh mode.
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RD/WR H H H H
AH Valid Valid Valid Valid
RD R L L L L

W H H H H
WRHH R H H H H

W H H H H
WRHL R H H H H

W H H H H
WRH R H H H H

W H L H L
WRL R H H H H

w L H L L
A21-A0 Address Address Address Address
D31-D24 High-Z High-Z High-Z High-Z
D23-D16 High-Z High-Z High-Z High-Z
D15-D8 High-Z Address/Data Address Address/
D7-D0O Address/Data Address Address/Data Address/

Notes: 1. R: Read, W: Write
2. Valid: High output in accordance with AH timing.
*1 L asserted in RAS down mode or refresh mode.
*2 L asserted in refresh mode.
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w L L L L
AH L L L L
RD R L L L L

w H H H H
WRHH R H H H H

w H H H H
WRHL R H H H H

w H H H H
WRH R H H H H

w H L H L
WRL R H H H H

w L H L L
A21-A0 Address Address Address Address
D31-D24 High-Z High-Z High-Z High-z
D23-D16 High-Z High-Z High-Z High-Z
D15-D8 High-Z Data High-Z Data
D7-D0 Data High-Z Data Data
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VTR L ot L L L L r
W L L L L L L L
AH L L L L L L L
RD R L L L L L L L
W H H H H H H 5
WRHH R H H H H H H 5
W L H H H L H L
WRHL R H H H H H H 5
W H L H H L H L
WRH R H H H H H H F
W H H L H H L L
WRL R H H H H H H F
W H H H L H L L
A21-A0 Address Address Address Address Address Address @/
D31-D24 Data High-Z High-Z High-Zz  Data High-Z L
D23-D16 High-Z Data High-Z High-Z  Data High-Z [
D15-D8 High-Zz  High-Z Data High-Z  High-Z Data L
D7-D0O High-Z  High-Z High-Z Data High-Z Data L

Notes: 1. R: Read, W: Write

2. Valid: Chip select signal corresponding with accessed area is low; chip select :
other cases is high.

*1 Asserted in RAS down mode or refresh mode.
*2 Asserted in refresh mode.
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running

1: Programming 1: Applicatic
running

Note: This difference applies to all the F-ZTAT versions and all the mask-ROM version:
different ROM size.
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X s o

version HD6417040AVF16 HD6417040AVF16 QFP2020-112 HD641
HD6417040AVX16 HD6417040AVX16 TQFP1414-120 HD641

HD6417040ACF28 HD6417040ACF28 QFP2020-112Cu** HD641

HD6417040AVCF16 HD6417040AVCF16 QFP2020-112Cu** HD641

SH7041A Mask ROM A MASK HD6437041AF28 HD6437041A(*** )F28  QFP2020-144 HD643
version HD6437041AVF16 HD6437041A(*** )VF16 QFP2020-144 HD643
HD6437041ACF28 HD6437041A(*** )CF28 QFP2020-144Cu** HD643

HD6437041AVCF16 HD6437041A(**) VCF16 QFP2020-144Cu** HD643

ROMless A MASK HD6417041AF28 HD6417041AF28 QFP2020-144 HD641

verion HD6417041AVF16 HD6417041AVF16 QFP2020-144 HD641
HD6417041ACF28 HD6417041ACF28 QFP2020-144Cu** HD641

HD6417041AVCF16 HD6417041AVCF16 QFP2020-144Cu** HD641

SH7042 Mask ROM — HD6437042F28 HD6437042 (*** )F28 QFP2020-112 HD643
version HD6437042VF16 HD6437042 (*** )VF16 QFP2020-112 HD643

Z-TAT - HD6477042F28 HD6477042F28 QFP2020-112 HD647

version HD6477042VF16 HD6477042VF16 QFP2020-112 HD647

SH7042A Mask ROM A MASK HD6437042AF28 HD6437042A(*** )F28  QFP2020-112 HD643
version HD6437042AVF16 HD6437042A(*** )VF16 QFP2020-112 HD643
HD6437042AVX16 HD6437042A(*** )VX16 TQFP1414-120 HD643

HD6437042ACF28 HD6437042A(*** )CF28 QFP2020-112Cu** HD643

HD6437042AVCF16 HD6437042A(*** )VCF16 QFP2020-112Cu** HD643
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version HD6477043VF16 HD6477043VF16 QFP2020-144 HD647

SH7043A Mask ROM A MASK HD6437043AF28 HD6437043A(*** )F28 QFP2020-144 HD643

version HD6437043AVF16 HD6437043A(*** )VF16 QFP2020-144 HD643

HD6437043ACF28 HD6437043A(***) CF28 QFP2020-144Cu*'  HD64:

HD6437043AVCF16 HD6437043A(*** )VCF16 QFP2020-144Cu** HD643

Z-TAT A MASK HD6477043AF28 HD6477043AF28 QFP2020-144 HD647

version HD6477043AVF16 HD6477043AVF16 QFP2020-144 HD647

HD6477043ACF28 HD6477043ACF28 QFP2020-144Cu** HD647

HD6477043AVCF16 HD6477043AVCF16 QFP2020-144Cu*'  HD647

SH7044 Mask ROM A MASK HD6437044F28 HD6437044(*** )F28 QFP2020-112 HD643
version

F-ZTAT HDB64F7044F28 HD64F7044F28 QFP2020-112 HD64F
version

SH7045 Mask ROM A MASK HD6437045F28 HD6437045(*** )F28 QFP2020-144 HD643
version

F-ZTAT HD64F7045F28 HD64F7045F28 QFP2020-144 HDG64F

version

(*** ) is the ROM code.

Notes: *1 Package with Copper used as the lead material.

*2 *** in the Order Model No. is the ROM code, consisting of a letter and a two-
number (ex. E00). The letter indicates the voltage and frequency, as shown |

* E,F,G,H:50V, 28 MHz
* P,Q R:33V, 16 MHz
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23.2+0.3

o

w
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H+
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o

>
3.05 Max

0.15+0.04

*0.17 +0.05

*Dimension including the plating thickness
Base material dimension

Package Code

JEDEC

JEITA

Mass (reference value)

Figure F.1 Package Dimensions (FP-112)
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0.30 + 0.06 =2 3Sls
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1.23 s o M .
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©]0.10 =]
o
Package Code FP-112B
JEDEC —
*Dimension including the plating thickness JEITA Conforms
Base material dimension Mass (reference value) 249

Figure F.2 Package Dimensions (FP-112B)
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*Dimension including the plating thickness

Base material dimension

S S &M LOT
i — O O _ Oo _ 8°
‘“ * S e A

S 05:01 £

(=}

+l

o

—

o Package Code TFP-120
JEDEC —
JEITA Conforms
Mass (reference value) 059

Figure F.3 Package Dimensions (TFP-120)
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3.05 |

*0.22 +0.05
5

*0.17+0
0.15*0.

39
9
o
— Package Code FP-144J
© JEDEC —
*Dimension including the plating thickness JEITA Conforms
Base material dimension Mass (reference value) 2449

Figure F.4 Package Dimensions (FP-144J)

RENESAS



144 37

1 36 é 813
*0.22 £ 0.05 o| © o|o
020 0,04~ 1]0.10M) Noal M
o|lo
*x
99 4
bt
9! Package Code FP-144G
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*Dimension including the plating thickness JEITA Conforms
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Figure F.5 Package Dimensions (FP-144G)
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