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Cautions

Keep safety first in your circuit designs!

1.

Renesas Technology Corporation puts the maximum effort into making semiconductor products better and more reliable, but

there is always the possibility that trouble may occur with them. Trouble with semiconductors may lead to personal irguty, fire

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

Notes regarding these materials

1.

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

Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any third-party's right

placen

ation

, or an

originating in the use of any product data, diagrams, charts, programs, algorithms, or circuit application examples contained i

these materials.

All information contained in these materials, including product data, diagrams, charts, programs and algorithms represents

information on products at the time of publication of these materials, and are subject to change by Renesas Technology

Corporation without notice due to product improvements or other reasons. It is therefore recommended that customers

contac

Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor for the latest|produc

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 rising from these #jaccurac

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

he

When using any or all of the information contained in these materials, including product data, diagrams, charts, prdgrims, an

algorithms, please be sure to evaluate all information as a total system before making a final decision on the applitebili

y of

information and products. Renesas Technology Corporation assumes no responsibility for any damage, liability or other loss

resulting from the information contained herein.

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

use.

is use

in for ¢

repeat

The prior written approval of Renesas Technology Corporation is necessary to reprint or reproduce in whole or in part these

materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be exported nseler @a lice

from the Japanese government and cannot be imported into a country other than the approved destination.
Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the country of destination
prohibited.

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

The SH7040 Series (SH7040, SH7041, SH7042, SH7043, SH7044, SH7045) single-chip RISC
(Reduced Instruction Set Computer) microprocessors integrate a Renesas Technology-original
RISC CPU core with peripheral functions required for system configuration.

The CPU has a RISC-type instruction. 84¢st instructions can be executed in one clock cycle,
which greatly improves instruction execution spéedaddition, the 32-bit internal-bus

architecture enhances data processing power. With this CPU, it has become possible to asseml
low cost, high performance/high-functioning systems, even for applications that were previously
impossible with microprocessors, such as real-time control, which demands high speeds. In
particular, the SH7040 series has a 1-kbyte on-chip cache, which allows an improvement in CP!
performance during external memory access.

In addition, the SH7040 series includes on-chip peripheral functions necessary for system
configuration, such as large-capacity ROM and RAM, timers, a serial communication interface
(SCI), an A/D converter, an interrupt controller, and I/O ports. Memory or peripheral LSIs can be
connected efficiently with an external memory access support function. This greatly reduces
system cost.

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

This hardware manual describes the SH7040 series hardware. Refer to the programming manu
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 development
environment system.
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List of Items Revised or Added for This Version

Section

Page

Description

1.1.1 SH7040 Series 7,

Features

Notes on the
SH7040 Series
Specifications

9

AD Notes on the SHT040 Series Specifcations
Mask  On-chip External Acc Operating Electrical
Type AbbreviationVersion ROM  Bus Width (SVversion) package Temp Frequency Voltage Type Name ROM Characteristics
ZTAT  SH7042 128kB 16bis  +I5LSB  QFP2020-112 -20°Cl075°C 28MHz 5V  HDB477042F28 See 128 kB See *Electrical
(High-Speed) 16MHz 33V HDB4T7042VF16 PROM" Characteristics™
SH7042A Amask 128kB 16bits  *4LSB  QFP2020-112 —20°Cto75°'C 28MHz 5V HD6477042AF28 See 128 kB See “Electrical
(id-Speed) 16MHz 33V HD6477042AVF16 PROM" Characteristics”
TQFP1414-120 16MHz 33V HD6477042AVX16
QFP2020-112Cu*
28MHz 5V HD6477042ACF28
16MHz 33V HD6477042AVCF16
SH7043 128kB 32bits  +15.SB  QFP2020-144 —20°Ct075°C 28MHz 5V HD6477043F28 See 128 kB See “Electrical
(High-Speed) 16MHz 33V HDBAT7043VF16 PROM" Characteristics™
SH7043A  Amask 128kB 32bits  +4LSB  QFP2020-144 —20°Ct075°C 28MHz 5V  HDBAT7043AF28 See “128 kB See “Electrical
(Mid-Speed) 16MHz 33V HD6477043AVF16 PROM Characteristics”
QFP2020-144Cu*
28MHz 5V HD6477043ACF28
16MHz 33V HDG477043AVCF16
FLASH SH7044F  Amask 256kB 16bils  4LSB  QFP2020-112 -20°C1075°'C 28MHz ~ 5V HDGAF7044F28 See *256 kB Flash ~See "Electrical
(Mid-Speed) Memory” Characteristics™
SH7045F  Amask 256kB 32bits  4LSB  QFP2020-144 —20°Cto75°C 28MHz 5V HD64F7045F28 See '256 kB Flash _See "Electrical
(Mid-Speed) Memory” Characteristics™
MASK SH7040A Amask 64kB 16bits  +4LSB  QFP2020-112 —20°Cto75°C 28MHz 5V  HD6437040AF28 See ‘64 kB Mask _ See "Electrical
(Mid-Speed) 16MHz 33V HD6437040AVF16 ROM" Characteristics”
TQFP1414-120 16MHz 33V HD6437040AVX16
QFP2020-112Cu*
28MHz 5V HD6437040ACF28
16MHz 33V HDG437040AVCF16
SH7041A Amask 64kB 32bits  +ALSB  QFP2020-144 —20°Clo75°C 28MHz 5V HD6437041AF28 See '64 kB Mask  See "Electrical
(Mid-Speed) 16MHz 33V HDG437041AVF16 ROM' Characteristics™
QFP2020-144Cu*
28MHz 5V HD6437041ACF28
16MHz 33V HD6437041AVCF16
SH7042 128kB 16bis  +I5.SB  QFP2020112 —20°Ct075°C 28MHz 5V  HD6437042F28 See "128 kB Mask _ See "Electrical
(High-Speed) 16MHz 33V HDB437042VF16 ROM' Characteristics™
SHT042A  Amask 128KB 16bits  4LSB  QFP2020-112 —20°C1075°'C 28MHz 5V HDG6437042AF28 See *128 kB Mask See “Electrical
(Mid-Speed) 16MHz 33V HD6437042AVF16 ROM' Characteristics”
TQFP1414-120 16MHz 33V HDB437042AVX16
QFP2020-112Cu*
28MHz 5V HDG6437042ACF28
16MHz 33V HD6437042AVCF16
SH7043 128kB 32bits  +15.SB  QFP2020-144 —20°Ct075°C 28MHz 5V HD6437043F28 See *128 kB Mask _ See "Electrical
(High-Speed) 16MHz 33V HD6437043VF16 RO Characteristics”
SH7043A Amask 128KB 32bits  *4LSB  QFP2020-144 —20°C1075C 28MHz 5V HDG6437043AF28 See *128 kB Mask See "Electrical
(Mid-Speed) 16MHz 33V HD6437043AVF16 ROM' Characteristics”
QFP2020-144Cu*
28MHz 5V HD6437043ACF28
16MHz 33V HDG437043AVCF16
SH7044  Amask 256KB 16bits  4LSB  QFP2020-112 —20°C1075°C 28MHz 5V HD6437044F28 See 256 kB Mask _See “Electrical
(Mid-Speed) ROM' c -
SH7045  Amask 256kB 32bis  4LSB  QFP2020-144 -20°C1075°C 28MHz 5V  HDB437045F28 See *256 kB Mask  See "Electrical
(Mid-Speed) ROM' Characteristics”
ROM  SH7040A  Amask 16bits  +4LSB  QFP2020-112 —20°Cto75°C 28MHz 5V HDG417040AF28 See *Electrical
less (Mid-Speed) 16MHz 133V HD6417040AVF16 Characteristics”
TQFP1414-120 16MHz 33V HD6417040AVX16
QFP2020-112Cu* 28MHz 5V HD6417040ACF28
16MHz 33V HD6417040AVCF16
SH7041A  Amask a2bits  +4LSB  QFP2020-144 —20°Cto75°C 28MHz 5V HD6417041AF28 See “Electrical
(Mid-Speed) 16MHz 33V HD6417041AVF16 Characteristics”
QFP2020-144Cu*
28MHz 5V HDG6417041ACF28
16MHz 33V HD6417041AVCF16

Note: Package with Copper used as the lead maerial

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 mode,
proceed while CPU is not programming or erasing the flash
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, disp x 2 + [2/1*

PC - PC;if T=1, nop

4.2.3 Notes on
Board Design

Deleted

4.5 Usage Notes

83to
85

Newly added

11.1.4 Register
Configuration

Table 11.2 DMAC
Registers

218

Note *5 deleted
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Section Page Description
11.2.3 DMA 220 Description amended
'Fl;?grggsc(?_u;t The data for the upper 8 bits of a DMATCR is 0 when read.
(DMATCRO-
DMATCR3)
11.2.4 DMA 221 Description amended
ggg:wsrt]:rlsc(?grol * Bits 31-21—Reserved bits: Data are 0 when read. The write
(CHCRO—CHCR3) value always be 0.
224 Description amended
» Bit 7—Reserved bits: Data is 0 when read. The write value
always be 0.
11.2.5 DMAC 226 Description amended
ration Register . . .
(ODpl\t: Aaé)%) egiste » Bits 15-10—Reserved bits: Data are 0 when read. The write
value always be 0.
227 Description amended
» Bits 7-3—Reserved bits: Data are 0 when read. The write
value always be 0.
11.3.3 Channel 233 Figure amended
Priority
Figure 11.3 Round Char_mtnel 0 is given the lowest
Robin Mode prionty.
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 = high
Figure 12.55

Example of Output
Phase Switching by
External Input (1)

RENESAS



Section Page  Description

12.9.2 Block 444 Note added
Diagram « -
Figure 12.125 POE I:ggzs* _:
Block Diagram [
TIOC4A* —»
TIOC4C* —f»
TIOC4B* —»
TIOC4D* —I{p

Note: * Includes multiplexed pins.

12.11.5 Usage 453 Section added

Notes

14.2.8 Bit Rate 491 Table amended

Register (BRR) Bit Rate 27.0336

Table 14.3 Bit Rates (Bits/s) n_ N Error (%)

and BRR Settings in 110 3 119 0.0

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 Py =

Clocked oy o

Synchronous Mode

(cont) ™

14.3.4 Clock 529 Figure amended

Synchronous

Operation —»J_|—,_|—,_|—

Figure 14.22 5

Example of SCI 4 ( Bit7 X Bito )

Receive Operation

’ \

Rxl request

RENESAS



Section Page

Description

15.4.9 A/D 562
Conversion Time

Table 15.8

Operating Frequency

and CKS Bit Settings

33 MHz deleted

15.6 Noteson Use 564

Figure 15.14
Example of a
Protection Circuit for
the Analog Input Pins

Figure amended

/\_/

Avce

Avref

o —

This LSI

*1 A 01pF

O
Rin*2 A 1000
o—/\/\/\,——/\/\/\,—l—[ ANO to AN7
1

1| AVss

/_\/

*2 Rin: Input impedance

16.7.2 Handling of 585
Analog Input Pins

Figure 16.8 Example
of Analog Input Pin
Protection Circuit

Note amended
Notes: Numbers are only to be noted as reference value

19.2 Port A 649

Table 19.2 Port A,
FP-144 Version

Table amended

PA16 (I/0)/AH (output) PA16 (I/0)/AH (output) PA16 (I/0)

PA15 (I/0)/CK (output) PA15 (I/O)/CK (output) PA15 (I/O)/CK (output)

21.2.2 Socket 671
Adapter Pin
Correspondence and
Memory Map

Figure 21.2 SH7042

Pin and HN27C101

Pin Correspondence
(112-Pin Version)

Eigure amended
| penf
| 7]
=t

|
|
}
| =100/Q
|
T
|
1
|
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Section Page  Description
21.2.2 Socket 672 Figure amended
Adapter Pin : !
Correspondence and J—r—:I,L
Memory Map §
Figure 21.3 SH7042 |
Pin and HN27C101 ! !
Pin Correspondence 1
(120-Pin Version) | !

| |

; 1000 i

‘ |

Foaw
Figure 21.4 SH7043 673 Figure amended
Pin and HN27C101 | p2nE
Pin Correspondence ; L
(144-Pin Version) DG

iy |

H— i

I |

o i

H 1

!

} |

| 1000 |

! |

! !

! i

%611{;*‘
22.2.2 Mode 683 Note amended

Transition Diagram

Figure 22.2 Flash
Memory Mode
Transitions

Execute transition between the user mode and user program mode
while the CPU is not programming or erasing the flash memory

RENESAS



Section Page  Description

22.7.2 Program- 706 Figure amended
Verify Mode
Figure 22.13 [ Set SWE bit in FLMCR1 |
]
Program/Program | Waio ] %5
Verify Flow 1
Store 32-byte program data in *4
reprogram data area
I3
I n=1 |
T
F
I m=0 |
i
Write 32-byte data in reprogram data area | 9
in RAM to flash memory consecutively
[ Enable WDT |
¥
[ setpsui@bitinFimcri@) |
i
[ Wait 50 ps | -
i
[ Set P1(2) bit in FLMCR1(2) | start of programming
¥
[ Wait 200 ps |*5
| Clear P1(2) bitin FLMCR1(2) | End of programming
)
| Wait 10 ps | *5
[ clear Psu1(2) bitin FLMCR12) |
]
[ Wait 10 ps |5
¥
[ Disable WDT |
i
[ Set PV1(2) bit in FLMCR1(2) |
1
| Wait 4 ps | *5
T
—n+l
| Dummy write of H'FF to verify address | IIE
| Wait 2 ps | 5]
¥
[ Read verify data | x2
Increm\;n deress Program data = verify data?
| Reprogram data computation | *3
!
Transfer reprogram data to reprogram %4
data area
[ clear Pva(2) bitin FLMCR1(2) |
¥
| Wait 4 ps | R5]
o]
OK OK
[ Clear SWE bit in FLMCR1 ] | Clear SWE bit in FLMCR1, |

End of programming Programming failure

Note *5 added.

*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



Section

Page

Description

22.7.4 Erase-Verify 713
Mode

Figure 22.14
Erase/Erase-Verify
Flowchart

Figure amended

Caa

[ Set SWE bit in FLMCR1 |
;

l Wait 10 pus ] *5
|
»
l n=1 |
¥
[ Set EBRL(2) *3
!
[ Enable WDT |
¥
[ setEsui(2)bitin FLMCR1(2) |
¥
[ Wait 200 s |*s
¥
l Set E1(2) bitin FLMCR1(2) ] Start erase
¥
l Wait 5 ms ] 55
¥
[ Clear E1(2) bitin FLMCR1(2) ] Halt erase
¥
l Wait 10 ps ] *5
¥
[ clear ESUL(2) bitin FLMCR1(2) |
¥
[ Wait 10 ps ] *5
¥
[ Disable WDT |
¥
[ setEVi(2) bitin FLMCR1(2) | [non+i]
1)
[ Wait 20 ps ] *5
l Set block start address to verify address]
[ H'FF dummy write to verify address ]
¥
l Wait 2 ps ] *5
¥
Increment l Read verify data ] *2
address
| [ clearEvi) bitin FLMCR1(2) |
] *5 l Wait 5 us I*S
5
<

OK

[ Clear SWE bit in FLMCRL ]

Clear SWE bit in FLMCR1 |

)

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.

24.4.2 Canceling the 747
Standby Mode

Cancellation by a Manual Reset deleted

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

Deleted

RENESAS



Section Page

Description

25.2 DC 751 Note amended

Characteristics *2 5 mA in the A mask version, except for F-ZTAT products.

Table 25.2 DC

Characteristics

25.3.2 Control 754 Note amended

Signal Timing Note: * The RES, MRES, NMI, BREQ, and IRQ7-IRQO signals are
Table 25.5 Control asynchronous inputs, but when thesetup times shown here
Signal Timing are provided, the signals are considered to have produced

changes at clock rise (for RES, MRES, BREQ) or clock fall
(for NMI and IRQ7-IRQO0). If the setup times are not
provided, recognition is delayed until the next clock rise or
fall.

25.3.3 Bus Timing 763

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

Figure amended
Tewl Tc2
|-

11_\_71_\ v

Column address

[y

tcaspi

|, feac

A 4

tros

tkac

Figure 25.13 DRAM 764
Cycle (Normal Mode,

2 Waits, TPC=1,

RCD=1)

Figure amended
Tcwl Tew2 |

N\

Colbmn address

B¢ teasor
N

teac

tan
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25.3.3 Bus Timing 764

Figure 25.14 DRAM
Cycle (Normal Mode,
3 Waits, TPC=1,
RCD=1)

Figure amended
Tewl Tew2

=Ua

Column

[+ tcaspr

Zd

teac

tan

25.3.5 Multifunction 770
Timer Pulse Unit

Timing

Figure 25.23 MTU

I/O Timing

Figure amended

troco

)

Figure 25.24 MTU 770
Clock Input Timing

Figure amended

ﬁ

treks

ﬁ)

—

25,3.11 Measuring 778
Conditions for AC
Characteristics

Figure 25.33 Output
Load Circuit

Title amended
Output Load Circuit

RENESAS
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Description

25.4 A/D Converter 779
Characteristics

Table 25.16 A/D
Converter Timing (A
mask)

Table amended

Non-linearity error™

Offset error”

Full scale error”

Quantize error”®

26.2 DC 782 Table amended
Characteristics

Schmitt ~ PA2, PAS, PA6— v *_ v, Vex V. VT* 2 Vx 0.9V (min)
Table 26.2 DC trigger input PA9, 0.07 m
Characteristics volage PEG-PEIS

783 Table amended

Analog Alge — 4 8 mA  f=16.7MHz

supply

current Al _ 05 12 mA QFP144 version only

*3 2 mA in the A mask version of MASK products.
26.3.2 Control 786 Note amended
Signal Timing Notes: *1 SH7042/43 ZTAT (excluding A mask) are 3.2V.
Table 26.5 Control *2 The RES, MRES, NMI, BREQ, and IRQ7-IRQO signals
Signal Timing are asynchronous inputs, but when the setup times

shown here are provided, the signals are considered to
have produced changes at clock rise (for RES, MRES,
BREQ) or clock fall (for NMI and TRQ7-IRQO). If the
setup times are not provided, recognition is delayed until
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

Tewl Tc2
-

[y
- - Lot

TN S

Column address

{caspL

o lcac
<

tan tros

‘RAC

A
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26.3.3 Bus Timing 796

Figure 26.13 DRAM
Cycle (Normal Mode,
2 Waits, TPC =1,
RCD =1)

Figure amended
Tcwl Tow2 |
S\

Column address

\ teaso

|4

feac

AA

Trac

teasor

Figure 26.14 DRAM 796
Cycle (Normal Mode,

3 Waits, TPC =1,

RCD =1)

Figure amended

Tcewl Tew2

AN\ F

Column address

_i‘_ feaspr

teac

tan

—_— lRAC

teasor

26.3.5 Multifunction 802
Timer Pulse Unit

Timing

Figure 26.23 MTU

I/0 Timing

Figure amended

CK

troco

Output
compare output

26.3.11 810
Measurement

Conditions for AC
Characteristics

Figure 26.33 Output
Load Circuit

Title amended
Output Load Circuit
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Appendix B Block 844 Note added

Diagrams

Figure B.19 On-chip flash memory™
PB4/IRQ2/POE2/ 3
CASH,PB3/IRQ1/ Al
POE1/CASL Frmmrtmommeeoees

Block Diagram

(F-ZTAT Version)
Note: * Only when n = 4.

Pin modes

Appendix C Pin 865 Table amended
States
Table C.1 Pin Pin Function Reset

Power-Down Bus Right

Modes During Reset,

Standby in Bus

Class Pin Name Power-OnManual Standby Sleep Release Right Release
Power-Down, and Clock  CK o o H™ o o o
Bus Right Release System RES | | | | | |
Modes (144 Pin) control  MRES 7% | z | | 7
WDTOVF o*2 o*2 o o o o
BREQ zZ* | z | | |
BACK z* o z l¢] L L
Interrupt  NMI | | | | | |
TRQO-IRQ7 zZ*4 | z | | z
TRQOUT (PD30) Z** o 1 H o 1
TRQOUT (PE15) Z** o z H o z
Address A0-A21 o*2 o z o z z
bus
Data bus DO-D31 z7*4 110 z mw  z z
Bus WAIT zZ*4 I z I z z
control  pppwR, RAS 2 o o o z z
CASH,CASL, ~ z* o o o z z
CASLH, CASLL
RD H o z o z z
CSo, CST H l¢] z l¢] z z
CS2,CS3 z7*4 o z o z z
WRHH, WRHL,  H o z o z z
WRH, WRL
AH z* o z o z z
DMAC  DACKO, DACK1  Z* o o*! o o o**
(PD26, PD27)
DACKO, DACK1 ~ Z** o z o o z
(PE14, PE15)
DRAKO, DRAK1 ~ Z** o o** o o o**
DREQO, DREQ1T z** I z I 1 z

RENESAS
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Description

Appendix C Pin
States

Table C.1 Pin
Modes During Reset,
Power-Down, and
Bus Right Release
Modes (144 Pin)
(cont)

866

Table amended

Pin modes
Pin Function Reset Power-Down g s Right Standby in Bus
Class Pin Name Power-OnManual Standby Sleep Release Right Release
MTU TIOCOA-TIOCOD, Z** 110 K** /o 1o K**
TIOC1A-TIOC1D,
TIOC2A-TIOC2D,
TIOC3A, TIOC3C
TIOC3B,TIOC3D, Z** [l[e] z /o 1o z
TIOC4A-TIOC4D
TCLKA-TCLKD i | z | | z
Port POEO-POE3 7% | z | | z
control
SCI SCKO-SCK1 7% 110 z 110 110 z
TXDO-TCD1 z*4 o o*! o o o*!
RXD0O-RXD1 7% | z | | z
AID ADTRG z*4 I z | I z
converter oNo—_AN7 z I z I | z
I/0 Port  PAO-PA23 z7* 110 K** K 110 K**
PB0-PB9
PCO-PC15
PDO-PD31
PEO-PES,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 mode

occur simultaneously due to the timing between BREQ and internal operations. In such
cases, standby mode results, but the standby state may be different.
The initial pin states depend on the mode. See section 18, Pin Function Controller
(PFC), for details.

2. I: Input, O: Output, H: High-level output, L: Low-level output, Z: High impedance,

K: Input pin with high impedance, output pin mode maintained.

If the standby control register port high-impedance bits are set to 1, output pins become

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 multiplexed with
them, are unstable during the RES setup time (tress) immediately after the RES pin
goes to low level.

*

-
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Appendix C Pin
States

Table C.2 Pin
Modes During Reset,
Power-Down, and
Bus Right Release
Modes (112 Pin,

120 Pin)

Table amended

Pin modes
Pin Function Reset Power-Down gy g Right Standby in Bus

Class Pin Name Power-On Manual Standby Sleep Release Right Release
Clock  CK o o H* o o o
System RES | | | | | |
control  RES Z* | z | I z

WDTOVF o*? o*? o o o o

BREQ z* | z | | |

BACK zZ*4 o z o L L
Interrupt  NMI | | | | | |

IRQO-IRQ7 z* | z | | z

TRQOUT z*4 o z H o z
Address A0-A21 o*2 o z o z z
bus
Data bus D0O-D31 zZ*4 110 z oz z
Bus WAIT zZ*4 I z I z z
control  powR, RAS 7 o o o z z

CASH, CASL zZ*4 o o o z z

RD H o z o z z

S0, CS1 H o z o z z

S2,CS3 z*4 o z o z z

RH, WRL H o z o z z

AH z* o z o z z
DMAC DACKO-DACK1 Z* o z o o z

DRAKO-DRAK1 ~ Z** o z o o z

DREQO-DREQT Z** | z | | z
MTU TIOCOA-TIOCOD, Z** 110 K** 1o 1o K**

TIOC1A-TIOC1D,

TIOC2A-TIOC2D,

TIOC3A, TIOC3C

TIOC3B,TIOC3D, Z** 110 z /o 1o z

TIOC4A-TIOC4D

TCLKA-TCLKD ~ Z** z | z
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Appendix C Pin
States

Table C.2 Pin
Modes During Reset,
Power-Down, and
Bus Right Release
Modes (112 Pin,

120 Pin) (cont)

868

Table amended

Pin Function

Pin modes

Reset

Power-Down g5 Right

Class Pin Name

Power-On Manual

Standby Sleep Release

Standby in Bus
Right Release

Port POEO-POE3 z* I z I I z
control
scl SCKO-SCK1 z* e} z /o 10 z
TXDO-TCD1 z o o™ o o o™t
RXDO-RXD1 z* I z I I z
AID ADTRG z* | z I | z
converter
control - ANo-ANT z | z | | z
110 Port  PAO-PA15 7% 110 K*t K 110 K*t
PBO-PB9
PCO-PC15
PDO-PD15
PEO-PE8-PE10
PE9,PE11-PE15 Z** 110 z K 110 z
PFO-PF7 z I z I I z

Notes: 1. There are instances where bus right release and transition to software standby mode
occur simultaneously due to the timing between BREQ and internal operations. In such

cases, standby mode results, but the standby state may be different.

The initial pin states depend on the mode. See section 18, Pin Function Controller

(PFC), for details.

2. I: Input, O: Output, H: High-level output, L: Low-level output, Z: High impedance,
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 pins become

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/0 ports PAn, PBn, PCn, PDn, and PEn, as well as pins multiplexed with
them, are unstable during the RES setup time (tress) immediately after the RES pin

goes to low level.
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Appendix E Product 876,
Code Lineup 877

Table E.1 SH7040,
SH7041, SH7042,
SH7043, SH7044,
and SH7045 Product
Lineup

Table amended

Product Mask
Type Version Product Code Mark Code Package Order Model No.*2
SH7040A Mask ROM A MASK HD6437040AF28 HD6437040A (***)F28 QFP2020-112 HD6437040A*F
verion HD6437040AVF16 HD6437040A(***)VF16  QFP2020-112 HD6437040A**F
HD6437040AVX16 HD6437040A("**)VX16 TQFP1414-120 HD6437040A**X
HD6437040ACF28  HD6437040A(**)CF28  QFP2020-112Cu*l HD6437040A**CF
HD6437040AVCF16 HD6437040A(***)VCF16 QFP2020-112Cu*!l HD6437040A***CF
ROMless A MASK HD6417040AF28 HD6417040AF28 QFP2020-112 HD6417040AF28
verion HD6417040AVF16 HD6417040AVF16 QFP2020-112 HD6417040AVF16
HD6417040AVX16  HD6417040AVX16 TQFP1414-120 HD6417040AVX16
HD6417040ACF28 HD6417040ACF28 QFP2020-112Cu*l HD6417040ACF28
HD6417040AVCF16 HD6417040AVCF16 QFP2020-112Cu*! HD6417040AVCF16
SH7041A Mask ROM A MASK HD6437041AF28 HD6437041A(***)F28 QFP2020-144 HD6437041A**F
verion HD6437041AVF16 HD6437041A("**)VF16  QFP2020-144 HD6437041A*F
HD6437041ACF28 HD6437041A(***)CF28  QFP2020-144Cu*l HD6437041A**CF
HD6437041AVCF16 HD6437041A(***)VCF16 QFP2020-144Cu*!l HD6437041A**CF
ROMless A MASK HD6417041AF28 HD6417041AF28 QFP2020-144 HD6417041AF28
verion HD6417041AVF16 HD6417041AVF16 QFP2020-144 HD6417041AVF16
HD6417041ACF28 HD6417041ACF28 QFP2020-144Cu*1 HD6417041ACF28
HD6417041AVCF16 HD6417041AVCF16 QFP2020-144Cu*! HD6417041AVCF16
SH7042 Mask ROM — HD6437042F28 HD6437042 (***)F28 QFP2020-112 HD6437042***F
verion HD6437042VF16 HD6437042 (***)VF16 QFP2020-112 HD6437042**F
Z-TAT - HD6477042F28 HD6477042F28 QFP2020-112 HD6477042F28
version HD6477042VF16 HD6477042VF16 QFP2020-112 HD6477042VF16
SH7042A Mask ROM A MASK HD6437042AF28 HD6437042A(***)F28 QFP2020-112 HD6437042A**F
verion HD6437042AVF16 HD6437042A("**)VF16  QFP2020-112 HD6437042A%*F
HD6437042AVX16 HD6437042A(**)VX16 TQFP1414-120 HD6437042A%*X
HD6437042ACF28 HD6437042A(***)CF28  QFP2020-112Cu*l HD6437042A***CF
HD6437042AVCF16 HD6437042A(**)VCF16 QFP2020-112Cu*! HD6437042A**CF
Product Mask
Type Version Product Code Mark Code Package Order Model No.*2
SH7042A Z-TAT AMASK HD6477042AF28 HD6477042AF28 QFP2020-112 HD6477042AF28
version HD6477042AVF16 HD6477042AVF16 QFP2020-112 HD6477042AVF16
HD6477042AVX16 HD6477042AVX16 TOFP1414-120 HD6477042AVX16
HD6477042ACF28  HD6477042ACF28 QFP2020-112Cu*! HD6477042ACF28
HD6477042AVCF16 HD6477042AVCF16 QFP2020-112Cu*1 HD6477042AVCF16
SH7043 Mask ROM — HD6437043F28 HD6437043(***)F28 QFP2020-144 HD6437043**F
version HD6437043VF16 HD6437043(***)VF16 QFP2020-144 HD6437043*F
Z-TAT - HD6477043F28 HD6477043F28 QFP2020-144 HD6477043F28
version HD6477043VF16 HD6477043VF16 QFP2020-144 HD6477043VF16
SH7043A Mask ROM A MASK HDG6437043AF28 HD6437043A(***)F28 QFP2020-144 HD6437043A**F
version HD6437043AVF16 HD6437043A(**)VF16  QFP2020-144 HD6437043A***F
HD6437043ACF28  HD6437043A(**)CF28  QFP2020-144Cu*l HD6437043A**CF
HD6437043AVCF16 HD6437043A(***)VCF16 QFP2020-144Cu*l HD6437043A**CF
Z-TAT AMASK HD6477043AF28 HD6477043AF28 QFP2020-144 HD6477043AF28
version HD6477043AVF16 HD6477043AVF16 QFP2020-144 HD6477043AVF16
HD6477043ACF28  HD6477043ACF28 QFP2020-144Cu*! HD6477043ACF28
HD6477043AVCF16 HD6477043AVCF16 QFP2020-144Cu*1 HD6477043AVCF16
SH7044 Mask ROM A MASK HD6437044F28 HD6437044(***)F28 QFP2020-112 HD6437044*F
version
F-ZTAT HD64F7044F28 HD64F7044F28 QFP2020-112 HD64F7044F28
version
SH7045 Mask ROM A MASK HD6437045F28 HD6437045(***)F28 QFP2020-144 HD6437045**F
version
F-ZTAT HD64F7045F28 HD64F7045F28 QFP2020-144 HD64F7045F28

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-digit
number (ex. E00). The letter indicates the voltage and frequency, as shown below.

*E,FG
P,Q,R

Q,

.

H:5.0V, 28 MHz
3.3V, 16 MHz

RENESAS



Contents

Section 1  SH7040 SerieS OVEIVIBW............ccoovuiurieieernirinisireeeeieese e 1
1.1 SHT7040 SErES OVEIVIEW........uviieeiiiiiiieeiiitieeeesatiteeeessstteeeesstbaeeeesassaeeeesassseeaesanseseeesansseeen
1.1.1  SH7040 SerieS FEAUINES .. ..ottt e e e e
2 =1 (o Tt QB = o | = T o PP PUPPUUTRR 11
1.3 Pin Arrangement and Pin FUNCLONS ........coiuiiiiiiiiiiiie e
R Tt R T 2 g = T [0 01T o | SO PP RPP TP PPP
1.3.2  Pin Arrangement BY MOGE ......coooeiiiiiiiiie et e e e e e
R TR T 1o T U T 1o o SRR
1.4 The F-ZTAT Version Onboard Programming........cccuceeeeoiiiieiieeeeeeee e asiiiieeeeeeee e e ‘
SECHON 2 CPUL.oiiie et 4
2.1 Register CONfIQUIAtION. .......uutiiiiiiiiiiee ittt 45....
2.1.1  General REQISIErS (RN) ..occciii ittt e e st e e e e e e e e e s s s e e e e e e e e e e s e nnnneeen
N N 040 |1 (o] I 2 L=T o 1] (= £ U EEERRPR
2.1.3  SYSIEM REQISIEIS. ...ttt ettt e e e e e e s e b e ee e e e e e e e e e
2.1.4  Initial Values Of REQISIEIS .......ueiiiiiiiiiii et ‘
2.2 DaAta FOIMMALS.....ccoiiiiiiiieeeeeee e e et et e ettt ettt e bbb e e e e e e e 48
2.2.1 Data FOrmat in REJISIEIS ....ccoiiiiiiiii ittt
2.2.2 Data Format in MEMOIY ........coccciiiiieieieee e e e s e e e e e e s s s s srrar e e e e e e e e s e s snnnneeen ‘
2.2.3  Immediate Data FOMMAL.........ccoiiuiiiiiiiiiiiie et e e snaaeee s
2.3 INSIrUCION FEALUIES .......euiiiiiiiiiieeeii et eiirreneeee e e e e DO
2.3.1  RISC-Type INSIUCHION SEL......eeiiiiiiiiieiiiiiii et ¢
2.3.2  AJAresSiNg MOGES ........oiiiiiiiiiiie ittt
P22 TR T 1 15 ¢ {1 Tox 1o T N T 4 1 - | SRS |
2.4 Instruction Set by ClasSIfiCation ...........ceiieeiiiiiiiiiii e
2.5  ProCesSiNg StAteS ......uuuuiiiiieeiiiiiiiiiiiieiie e e e e e e e ssssirrrreer e e s e e e s snsnnnnnnneereeeeeeesssnnmnee el Do
2.5.1  State TranSIIONS ...cceeiiiiiieitie ettt e e e e e et e e e e e e e e e e s e s nbbabeeeeeeaaan
2.5.2  POWEI-DOWN SEALE ... ..ot e e e e e e e e e e e e e eeeeeeaeeannes
Section 3 Operating MOUES........ccooieeess e 77
3.1 Operating Modes, Types, and SeIeCtION ..........cccoii i
3.2 Explanation of Operating MOUES..........ccuuiiiiiiiiii e e e
3.3 Pin CoNfIQUIALION. .....coiiiiiiiiie ettt e e e e e eeeeean s 79,
Section 4  Clock Pulse Generator (CRPG).......cccovivriiieiceeesseeeeeeeeeiee 81
R @ Y= V1= PSSP 81
o Ot R = [ Yo I =Y | = U PSSR {
N © 1~ox - 1o I PP 81
4.2.1 Connecting a Crystal OSCIllator...........coiiiiiiiiiiiiiiieeee e {

RENESAS



4.2.2 External Clock INput Method ............ccociiiiiiiiiii e 8:
4.3 PrESCAIEI ... ittt e e e e re e e e e 83
4.4 OscCillator Halt FUNCHON. ......coiiiiiiiie e a e e e e 83...
4.5 USAQE NOLES ....ceiiiiiiiiieiitt ettt e ettt e e e e e s e r et e e e e e e s e e s 83

4.5.1  OSCillator USAge NOLES .......ueiiiiiiiiiiee ittt sttt e e e e eneeee e 8

4.5.2 NOteS 0N BOAId DESIGN....uiiiiiieeeeiieciiiiiiiie et e e e e e s s et r e e e e e e s s s s e rreeaeeeaee e 8

45.3 Spread Spectrum Clock Generator Usage NOtES........ccccvvieeeeeeeeeie i, {
Section 5  EXCePLioN ProCESSING......cccoooiiiiieieiiiiieeeeee e 87
o0 A @ V=TV = S PPSRPRPRP 87

5.1.1 Types of Exception Processing and Priority...........cccoovviiieeiiiiieineniiiieee e 8

5.1.2 Exception Processing OPEratiONS ..........cccuuiiuiuiieeireeeeeesessisiniieeeeeraeeesssssssnsssseeen €

5.1.3 Exception Processing Vector Table...........ccccuiiiiiiiiii e 8
5.2 RESEIS ..ot 90

5.2.1  POWEI-ON RESET ...ttt e e e e e e e e e e e e e e e e eeaeeaenerane (

5.2.2  MaANUAI RESEL ...coiiiieiieice ettt e e e e e e e e e a e e e e e e ¢
TR T Yo [0 | (TSR g (] USRS 92

5.3.1 Address Error EXCEption ProCESSING ....uuvviiiieeeiiiiiiiiiiieiieiiee e e e e s ssseivnreeeneaeeeeeeneans 9
LR A 101 (=] ¢ (U] o £ USSP 93

5.4.1  Interrupt PrOY LEVEL........o it 94

5.4.2 Interrupt EXCEPtion PrOCESSING......uuuutieiiiiiiaaaaiiaiiiiiiie et e e e e e e e e e e e e e e e 9
5.5 Exceptions Triggered by INSIIUCHONS .........oiuiiiiiiiiiiiee e C

5.5.1  Trap INSIIUCHIONS. ....eeiiiiiiiiiiie ettt e e et e e e sabreee e 9

5.5.2  lllegal SIOt INSLIUCHIONS. .....ciiieeiii it e e e s e s s e e e e e ae e e e e e e 9!

5.5.3 General lllegal INSIrUCHIONS. ........cccoiiiiiiiiiiiiicece e e e 9
5.6  When Exception Sources Are NOt ACCEPLEM.........uuuiiiiiiiiiiiiiiiiiieeieee e ¢

5.6.1 Immediately after a Delayed Branch INStruCtioN ............cccceeviiiiiiiiiiiiiieieiee e 9¢

5.6.2 Immediately after an Interrupt-Disabled INStruction .............cccccoviiviieinniiine e 96
5.7  Stack Status after Exception Processing ENAS..........ccooviiiiiiiiiiiiiieiiieee e
5.8  NOES ON USE ... .oiiiiiiiiiiiie ettt enmnre e s 98

5.8.1 Value of Stack POINLEN (SP) ...cciciiii i 9

5.8.2 Value of Vector Base RegiSter (VBR) .......ccuiiiiiiiiiiiiiiiiiiiceeee e 9¢

5.8.3 Address Errors Caused by Stacking of Address Error Exception Processing...... S
Section 6  Interrupt Controller (INTC).......coiiirieeeeee e 99
B.1  OVEIVIEW ... eieiiiiie ettt ettt ettt n et e e st e e ne e e anne e e ne e e e e e e s emeeesannee s 99

B.1.1  FEALUIES......ciiiiiiiiii e 920......

6.1.2  BIOCK DIBGIAIM ....eutiiiiiiiiee ittt ettt e e e e e et e e e e e e e e e e s s nnnbbeaeeeas 9

6.1.3  Pin CONfIQUIALION ......eiiiiiiiieiiii et e e e e e e e e 10

6.1.4 Register Configuration ...........cc.ueeiiiiiiiiiiiiiiie e 10
6.2 INTEITUPE SOUICES .. ..ttt ettt e e e e e e s e e e e e e e e e e e eeeeaa 102

LT R 11V, I [0 = ¢ 0 o) 10:

6.2.2  USEr Break INterTUPL........ccuviiiiiiiie et e e e e e e e e e e e s e s sar e e e e eean 10
1



(O T | 2 (@ N [ 0] (=T (U] o] £ PP TPPPPPRT 1

6.2.4  On-Chip Peripheral Module INterruptS........ccuveiiiiiiiiie e 1
6.2.5 Interrupt Exception Vectors and Priority RanKiNgS ..........ccoovviiiiiiiiiiiiiiiieeenns 1C
6.3  DeSCription Of REQISTEIS........eiiiiiiiiiiieiiiii et 108....
6.3.1 Interrupt Priority Registers A—H (IPRA—IPRH)........ccccccoiiiiiiiiiiice e 10
6.3.2 Interrupt Control Register (ICR) ......ccuvviiiiiiiiiee e e e e 1(
6.3.3 IRQ Status REQISLEr (ISR) ....uuuuiiiiiiieeiii i e e e e e 1
6.4 INtEITUPL OPEIALION. ..ottt e e e e e e e e aabb e e e e e s e 112,
6.4.1  INLEITUPL SEOUENCE .....eiiie ettt e e e e e e e e e e e e aaaaaeeaeeeeaeasennnes ]
6.4.2 Stack after Interrupt Exception ProCesSing..........cccovureieiiniieieeiniiieee e 1
6.5  INterrupt RESPONSE TIME ... .uiiiiiiiiiiiiee ittt 114.......
6.6 Data Transfer with Interrupt Request Signals ...........ceevveeiiiiiiiiiiiiiiiieece e i
6.6.1 Handling DTC Activating and CPU Interrupt Sources,
but Not DMAC ACHIVAtING SOUICES .......cuuuiiiiiiiiieeeeee ettt e e ee e 11
6.6.2 Handling DMAC Activating Sources but Not CPU Interrupt
OF DTC ACHVALING SOUICES ......uviiiiieiiiiiie ettt ettt 11
6.6.3 Handling DTC Activating Sources but Not CPU Interrupt
OF DMAC ACHVALING SOUICES .eeviiieeeiiiiiiiiiietie et e e e e e e s st e e e e e e e e s s e snnrnraneeeaeee s 11
6.6.4 Treating CPU Interrupt Sources but Not DTC
OF DMAC ACHVALING SOUICES ..cciiiiiiiiiiiiiiiie ettt e e e e e 11
Section 7 User Break Controller (UBC)........ccccoiiiriiiieessneeccecee 119
4% T © 1Y =T V= SRS 119
T. 11 FRAIUIMES......eeeie ettt et s s 119.....
% N = 1 (o Tox [ B 1T Vo [ = o SRR 1
7.1.3  Register CONfIQUIALION ..........uuiiiiiiiiieeeee e 1
7.2 RegiSter DESCIPIONS ... ittt e e e e e e e e e e e e en e e e aen s 121...
7.2.1 User Break Address Register (UBAR).........uuiiiiiiiiiiee et 1
7.2.2 User Break Address Mask Register (UBAMR) .......ceueveiiiiiiiieiiiiiiee e 12
7.2.3 User Break Bus Cycle Register (UBBR)..........ucuiviiieeeiiiiiiiiiieeeee e 1
48 T @ o 11 - 1o ) o [P PSSR 126
7.3.1 Flow of the User Break Operation ...........coooiiiiiiiiieiiieee i e 1
7.3.2 Break on On-Chip Memory Instruction Fetch CycCle ..........ccccooiiiiiiiiiiiiiiinnn 12
7.3.3  Program Counter (PC) Values Saved..........cccceeiiiiiiiiiiiiiiece e i
T4 USE EXAMPIES. ..ottt e et e st e e 128.
7.4.1 Break on CPU Instruction FetCh CYCle .........ccoeiiiiiiiiiiiiieeeee e 1
7.4.2 Break on CPU Data ACCESS CYCIB.....uuuuiiiiiiiii e 1
7.4.3 Break 0N DMA/DTC CYCIE ...uuiiiiiiiiieiiiitee ettt 13
7.5 CAULIONS ON USE ...ttt ettt e e e e e e e e et b e e e e e e e 130..
7.5.1 On-Chip Memory INStruction FETCH .........occuiiiiiiiiiii e 13
7.5.2 Instruction Fetch at BranChes ..........cuiviieiiiiiiiiiiieecce e e 1
7.5.3 Contention between User Break and Exception Handling..............ccccccvvvvvennennnn, 1
7.5.4 Break at Non-Delay Branch Instruction Jump Destination..............ccccccvveeeeeeeennn. 13
1l

RENESAS



Section 8 Data Transfer Controller (DTC)......cccoovvvviieieeiieeieeeeeeeee 133

8.1 OVEBIVIBW ...eeeiiiiiiieie ettt ettt et e st e e st e e s et e e e e e e s e e e e e e e 133
811 FAIUIES .. e e e e e et e e e et 133.....
8.1.2  BIOCK DIBUIAIM ...cciiitiiiiei ittt e ettt e st e e e st e e e s aanneee s 13
8.1.3 Register ConfigUuration ...........ccuueiiiiiiiiiiei i 13
T2 = To 1) (= gl =TT ox o] P 135...
8.2.1 DTC Mode Register (DTMR) ....ccooiiiiiiiiiiiieeee e e e e e e 13E
8.2.2 DTC Source Address Register (DTSAR) ......uuiiiiiiiiiiiiiiiiee e 13
8.2.3 DTC Destination Address Register (DTDAR)........c.uuuuiiiiiiiaaeaaiaiiiiiiiiiieee e e 138
8.2.4 DTC Initial Address Register (DTIAR) .....oovuiiiiiiiiiieee e 139
8.2.5 DTC Transfer Count Register A (DTCRA) ....ccuviviiiiiiiiee e 139
8.2.6 DTC Transfer Count Register B (DTCRB).......cccooiiiciiiiiiiiiiiee e ecvinieeee e e 14C
8.2.7 DTC Enable RegiSters (DTER) ....uuviiieieie et 14
8.2.8 DTC Control/Status Register (DTCSR) .........uuuuiiiiiiiieaiieiiiiiieeie e 14:
8.2.9 DTC Information Base Register (DTBR).........uuuiiiiiiiiiiiiiiiiiiie e 143
SR B O o 1T =1 1o o H ST U PP PP 143
8.3.1  OVErvieW Of OPEIratiON .......ceiiiiiiiiee it et ee ettt e st e e e s sibaeee e 14
TG T A Xod 1) V7 Y] o TR o U o = SRR 14
8.3.3  DTC VECION TADIE ...eeieiiiieiiee ettt 14
8.3.4 Register Information PlaCemMeNt...........cccuuiiiiiiiiiiiie e 14
8.3.5  NOIMMAI MOAE.....cco it e e e e e e e e e eeaaae s 14
8.3.6  REPEAL MOUE......eeiiiiiiiiiii et 14
8.3.7  BIOCK Transfer MOUE.......cccueieiiiiiiiie et e e e e e e eeeee s 15
8.3.8  OPEration TIMING ....uuueeeiieieeeieiiiiiitiitie e e e e e e e e s e s st e e e aee e e s e s st aaerreeaaaeesssnannnnnen 15
8.3.9 DTC EXeCUtion State COUNTS.......ccccuiiiiirieiiieeriiee sttt e e 1E
8.3.10 DTC USAQE PrOCEAUIE .....eeeeiieieeeiie ettt ettt a e et e e e e e e e e e e 1!
8.3.11 DTC USE EXAMPIE ...eeiiiiiieiee ittt e e e e e e e e e 15
8.4 CAULIONS ON USE ...ttt ettt e e e e e e e e s e s et b e e e e e s emmams 154..
Section 9 Cache MemMOry (CAC).......ccoiiieieeeeeeeeee s 155
0.1 OVEBIVIBW ...ttt ettt ettt ekt b et e skt e e e he e e e kbt e e sh b e e e bb e e e snbe e e snb e e e snmnneeennees 155
0. 1.1 FRALUIES..... ittt 155......
9.1.2  BIOCK DIBQIAIM ...ttt ettt e e e e e e e e ettt e e e e e e e e e e e nnnebeeeeeas 15
9.1.3  Register Configuration ............c.ueeiiiiiiiiieiiiie e 15
9.2  Register EXPlan@tion ..........ocuuiiiiiiiiiie e 157....
9.2.1 Cache Control REGIStEr (CCR) ....uuuuiiiiieeeeiiiiciiiiieer et e e e e e e s s rr e e e e e e e e s e eanneen 15
9.3  Address Array and Data AITAY ..........eeeieieeeiiiiiiiiiiieereeee e e e s e s essirersreereeae e e s s s sssrsrrerreaeaeesaes 1t
9.3.1 Cache Address Array Read/Write SPaCE..........cocuuiiiiiiiiiieeee e 1t
9.3.2 Cache Data Array Read/WIte SPACE ..........ceeiiiiiiiieiiiiiiie et 1t
9.4 CAULIONS ON USE ...ttt ettt e e e e e e e e e e s e e st b e ee e e s emmms 160..
9.4.1  Cache INtIAlIZAtION........coiiiiee e 16
9.4.2 Forced Access to Address Array and Data Arfay...........eeeeeeeeeeieiieiinnineieeeeeaenenin 16
9.4.3 Cache Miss Penalty and Cache Fill TIMiNG ........ccoceeiiiiiiiiiiiiiieeeee e 16
v

RENESAS



9.4.4 Cache Hit after CaChe MISS .......c.ocuuueiiiiiiiiiie et e e e e e e aees 1

Section 10 Bus State Controller (BSC).........ccoooioiiiiiiiiceieeeeese e 163
LO.1  OVEIVIBW ...eitiieeiiiete e e ettt e e e e e e e e e et e e et e e e e e e se e s st bt e e e e aeaeeeeessaannssnrneenaaaanas 163
L10.1.1 FEAIUIES....ceeeieeeeeeteieiteee e e e e e e e e e e e e e e e e e e e et ettt e eeee e be e bb e s e e e e e e e eaeeeaeaeaeeenes 163......
0 2 = [ Yo 2 I = Vo | = T SRR 1
10.1.3 Pin CoNfIQUIAtioN .......c.cvuiiiiiieiiee et e e e e e s r e e e e e e e e s e s st areeeaaaeaan 1
10.1.4 Register CONfIQUIALION . ...ooiiiiiiiiieeie e e e e e e e aeeeen 1
10.1.5 AdArESS MAP..cii e ittt e e e e e e ettt e e e e e e e e e n e aeaaaaaaeae e i
10.2 DesCription Of REJISIEIS. ....ciiiiiiiie ittt 169...
10.2.1 Bus Control RegiSter 1 (BCRIL) .....ccciiuiiiiiiiiiiiiee ittt 1
10.2.2 Bus Control RegiSter 2 (BCR2) .....uuiiiieie et ee e e se st e e e e e e e sennnveeee s 1
10.2.3 Wait Control Register 1 (WCRL) .....c..uuuiiiiiieieee e e e e e s seinranne e e e e e e e 1
10.2.4 Wait Control Register 2 (WCR2) .......uuuiiiiiiiiieiie et 1’
10.2.5 DRAM Area Control Register (DCR) ....cccoieiiiiiiiiiiieeieeee e 17
10.2.6 Refresh Timer Control/Status Register (RTCSR) ......ccoovuviiieiiiiiiieniiiiiee i 1
10.2.7 Refresh Timer Counter (RTCNT) ..ueiiiiiiiiiiieiiiiee et 1
10.2.8 Refresh Time Constant Register (RTCOR)......cccvviiiiiiieeeiieiiiiiiiieeeee e e e e e 1
10.3 AcCesSING OrdiNary SPACE.......ccccuuiiiiiieee e ccirrer e e e e e e e e e e e e s s s e nanranaeees 85.......
10.3.1 BASIC TIMING. . uuittttiiieeeie e ettt e e e e e ettt e e e e e e e e e s abb bbb et e e e e e e e e e e s e s annnrneeeen 1
10.3.2 Wat StAte CONLIOL ......eeeieiieeieeiie ettt e e e e e e e e e e e e e e annnenes 1
10.3.3 CS ASSert PEriotd EXIENSION........c.ecvvivieeeieeieeeeeieseeeeeseeseeesseseses s es s s seseensnanes 1¢
O B ] o N 1Y oo =13 189..
10.4.1 DRAM DireCt CONNECHON .......eieiirieiiriiesitee et ree et e e nnee e 1¢
O - 1) Tl T 1] o SRR 1
10.4.3 Walt State CONLIOl ........oooiiiiiiiiiiiiie e 1
10.4.4 BUISE OPEIALION. ....ceitiiie ettt e e e e e ettt e e e e e e e e e e s s aenbbe e e e e e eaaaeeesaaannnreneeen 1
10.4.5 RefresSh TiMING ...uueeiiiiiiiiie e 1
10.5 Address/Data MUltipleX [/O SPACE ACCESS......coiuuriiiiiiiiie ettt i
OR300 R = - 13 o I T 11 o SRR 1
10.5.2 Walt State CONLIOL ......eeiiiiiie ittt 2
10.5.3 CS ASSErtioN EXIENSION ...couviiiiieiiiiieie ettt z
10.6  Waits between ACCESS CYCIES .. ..ottt e e e e e e e eeee e
10.6.1 Prevention of Data Bus CONFlICES .........cuviieeiiiiiiiiiiiiee e 2
10.6.2 Simplification of Bus Cycle Start Detection ..........cccoooveeeeeiiiiiee e 20
10.7  BUS AIDIITALION. ....ciieiieiiie ittt e 203
10.8 Memory ConNNECHiON EXAMPIES .....uuviiiiiiiei i e e r e e e e e e :
10.9 On-Chip Peripheral [/O ReQISIEr ACCESS......uuuiiiiiiiiiaieaiiaeiiiiiiee e e :
10.10 CPU Operation when Program is in External Memory .........ccccuuviieiiiieaeiiniiiieiieeeee e 2
Section 11 Direct Memory Access Controller (DMAQC)........cccooieernnnnnnnn. 213
I I R O 1Y 1= USRS PR PP 213
11,101 FRAUIMES...oiiie ittt 213......



I3 O 7 = Y[ Tor T =T | = o U 21

11.2.3 Pin CONfIQUIALION ...ttt e e e e e e e e e e 21
11.1.4 Register CONfIQUIAtION ...t e e e e e e e e 21
11.2 ReQiSter DESCHPLONS ... ..ciiiiiiiiiie ittt 218..
11.2.1 DMA Source Address Registers 0—3 (SARO—SAR3).......cccceveiiiieeieiiiiiiee i 21
11.2.2 DMA Destination Address Registers 0—3 (DARO-DARS3)...........cccccvvvvverereenennn. 219
11.2.3 DMA Transfer Count Registers 0-3 (DMATCRO-DMATCR3)..........ceevccvvvvnne 220
11.2.4 DMA Channel Control Registers 0—3 (CHCRO—CHCRS3).........cccccuviiiieiiiieennni 221
11.2.5 DMAC Operation Register (DMAOR) ......coiiiiiaiiiiiiiiiiieeee e 226
11,3 OPEIALION ..ttt e ettt e e e e ettt e e s e b be e e e e e enb e et e e —— 228
11.3.1 DMA TranSfer FIOW .........uuuiiiiiiieiee ittt e e e e e e e e e e e s snenaneeeeee e 22¢
11.3.2 DMA Transfer REQUESES........uuuiiiiiiieeee e ittt ie e e e e e e s s e e e e e e e e e s e s s nnneenaeeen 23
I IORC T0C T O o F- T o 1= N = T | SR 23
11.3.4 DMA TranSTer TYPES ...uueeiiiiiiiiii ittt ettt e e e e e e e e e e e e e e 23
11.3.5 AdAIESS MOUES ....ceiiiiieieiie ittt e e e e e et e e e e e e e e e e e e nnnneeeeeen 2:
11.3.6 Dual ADAreSS MOUE ........uuuiiiiiiiieie et a e e e e e s eeeaaeeeas 23
0 O T A = 10 -3 1Y o o = PR 2!
11.3.8 Relationship between Request Modes and Bus Modes by DMA Transfer
(OF= 11T o (0] o VA PSPPSRI 24
11.3.9 Bus Mode and Channel Priority OFder..........coouiiiiiiiiiiiiiieeeeee e 24
11.3.10 Number of Bus Cycle States ®REQ Pin Sample Timing ..........ccccceevvivieeeenne 246
11.3.11 Source Address Reload FUNCHION ...........eeiiiiieiiiiiiiiieeece e 20
11.3.12 DMA Transfer Ending CONAItiONS ........ccuuviiiiiiiiiiieeiiiee e 26¢
11.3.13 DMAC ACCESS frOM CPU ....coviiiiiiieiiiie et 26!
11.4 EXAmMPIES OF USE ...ttt e e e e e et e e e e s e e 265..
11.4.1 Example of DMA Transfer between On-Chip SCI and External Memory .......... 265
11.4.2 Example of DMA Transfer between External RAM and External Device
WIth DACK ...ttt sttt e e st e e et eesmbeeesnbeeeenbeeeaneeeans 266
11.4.3 Example of DMA Transfer between A/D Converter and On-Chip Memory
(Address Reload On) (Excluding A Mask) ........ccuvuieiiiieeee s 266
11.4.4 Example of DMA Transfer between A/D Converter and Internal Memory
(Address Reload On) (A MaSK) ......cooiiiiiiiiiiiie et 26¢
11.4.5 Example of DMA Transfer between External Memory and SCI1 Send Side
(INAIreCt AAAIESS ON) ..ottt st e e e abb e e e s sbbeeee e 27(
S T O 10 1T TS o o TN U S 212.
Section 12 Multifunction Timer Pulse Unit (MTU).......c.ccovoveieiiiiiiiciccecee 273
L2.1  OVEIVIEW....itieiee ittt e ettt ekttt e e e sttt e e e ek e e e e s sa e et e e s sb b e e e e e s anrr e e e e s annnneeenaanes 273
L12.1.1 FALUIES.. ...t e e e e e e e e e et e e ettt e et tebe b e bbb e e e e e e e mas 213......
I N =1 (o Tod [ DI = Lo = 11 T PP PP PO PP PRI 27
12.1.3 Pin CONFIQUIALION ..ottt st 27
12.1.4 Register Configuration ..........cuvviiiiiiieie e er e e e e s e e e e e e e e e e e anennreen 28
12.2 MTU ReQISter DESCIIPLONS .......uuiiiiiiiiieeeee i it e e et e e e e e e s s e e e e e e e e e s e snanrrraeaeees 3. 2¢
\Y|



12.3

12.4

125

12.6

12.7

12.2.1 Timer Control RegiSter (TCR) ...cccoiiiiiiiiieeee e errrre e e e e 2¢

12.2.2 Timer Mode Register (TMDR)......ccoi ittt 28
12.2.3 Timer /O Control Register (TIOR) ........ooiiiiiiiiieiiiieiee e 29
12.2.4 Timer Interrupt Enable Register (TIER)........coociiiiiiiiiiieiieee e 3(
12.2.5 Timer Status RegiSter (TSR) ...ccuueiiiiiiiiiee ettt 3
12.2.6 Timer CoUNErS (TCNT) ..uuiiiiiiiiiiee e i it e e e e e s s e e e e e e e e e e s s s sanrrnraeeeeeeeen 3.
12.2.7 Timer General REgIStEr (TGR)....uuuiiiiiiiee i e e e e e 3
12.2.8 Timer Start Register (TSTR) ....coociiiiiiieeeiee et e e e 3
12.2.9 Timer Synchro Register (TSYR) ....cooiiiiiiieiiiiiie et 3
12.2.10 Timer Output Master Enable Register (TOER).........coocuiiiiiiiiiieeiiiieee i 3
12.2.11 Timer Output Control Register (TOCR)........coiiuiiiiiiiiiiiee it 3!
12.2.12 Timer Gate Control RegiSter (TGCR) ....uuuiiiiieee i re e 3
12.2.13 Timer SUbcoUNter (TCNTS) ..uuuiiiiiiii e e e e e e e e raaeeen 3
12.2.14 Timer Dead Time Data Register (TDDR) .....cccooiiiiiiiiiiiiiiiieeieee e 3.
12.2.15 Timer Period Data Register (TCDR)........oooiuiiiiiiiiieeee e 3
12.2.16 Timer Period Buffer Register (TCBR) .......cuutiiiiiiiiiie it 32
BUS MaSter INtEIaCE ... 322...
12.3.1 16-Bit REQISIEIS ..uuviiiiiiiieee i e i ittt r e e e e e e e s s r e e e e e e e e s e e eannraaeeees 3
D A < B o ) = LYo 1) (= = SRR 3
(O] 01=] 711 o] o ENUU PO PP PPTP PR

12.4.1 Overview.

12.4.2 BaSIC FUNCHIONS. ...ttt e e e e e s st e e e e e e e e s e e snnnb e eeeeaeeeeeeanans K
12.4.3 SYNChronOUS OPEration .........eeiiiiiiiiieiiiiiie ettt sibbe e e s seneas K
A U 11 (=T R @] o T=Y - 4o o 1SS 3
12.4.5 Cascade CoNNECION MOUE .........uuiiiiiiiiiee ittt et e e e sbaee e e s arreeee e :
12.4.6 PWM MOUOE .....eiiiiiie ittt ettt et e sttt e e st e e e e ent e e e e nnsbaeaeeenneees 3
12.4.7 Phase Counting MOGE........ccoiiiiiiiiiiiieie et e e e e e e :
12.4.8 Reset-Synchronized PWM MOGE ........coccuiiiiiiiiiiiic e 3
12.4.9 Complementary PWM MOAE ........ocuiiiiiiiiiiie et 3!
=T 1 0] o) 377
12.5.1 Interrupt Sources and Priority RanKiNg .........ccccvvviiiiieiiiiiiiiiiiieeeeee e 3
12.5.2 DTC/DMAC ACHVALION .. .uvviiiiiiiiiiee ettt e ettt e s st e e e e e s ee e s sstaeeeesenneneen 37
12.5.3 A/D Converter ACHVALION. .........oiieiieieiieeie ettt eee e e e e e e e e e 37
OPEration TIMING......eeeeeeiiiiiee ettt e e ibb e e s abb e e e e e ssseeeans 380.
12.6.1  INPUL/OULPUL TIMING . ceiiitiieeeiiiieee ettt ettt e et e e st e e e e s it e e e e s snbreeee e e 3
12.6.2 Interrupt SigNal TiMING ..oeeeeeeeoi i e e e e e s e s rr e e e e e e e e e s ennnes 3¢
NOES AN PrECAULIONS......ciiiiiie ettt e e et e eennbae e e e s snaeeas 389.....
12.7.1 Input Clock LIMItatiONS .......oooiueiiiiiieiiieee ettt e 3€
12.7.2 NOtE ON CYCIE SEING. . .eeiiiiieeiiiiiiiiee ettt e e e e e e e e e e 3
12.7.3 Contention between TCNT Write and Clear .........cccccvveeeeeeiiiiiiiiiiiieeeee e 3
12.7.4 Contention between TCNT Write and INCremMeNt..........ccccvveeeviiiicciiiiiiineneeeeeenen 3
12.7.5 Contention between Buffer Register Write and Compare Match......................... 3
12.7.6 Contention between TGR Read and Input Capture .............oeeecvvvvieeeeieeeeeeeeeeeinns :

vii
RENESAS



12.7.7 Contention between TGR Write and Input Capture...........ccccccvveeeeeeeeee e cccivvnnen 39

12.7.8 Contention between Buffer Register Write and Input Capture ..........cccccceeeeeeeennn. 39
12.7.9 Contention between TGR Write and Compare Match ... 39
12.7.10 TCNT2 Write and Overflow/Underflow Contention in Cascade Connection ..... 397
12.7.11 Counter Value during Complementary PWM Mode Stop ........ccoevvvveeeeiiiiiienennnn 39¢
12.7.12 Buffer Operation Setting in Complementary PWM Mode.........ccccccccoevviiivvinnnnn 399
12.7.13 Reset Sync PWM Mode Buffer Operation and Compare Match Flag................. 401
12.7.14 Overflow Flags in Reset Sync PWM MOde ..o 40:
12.7.15 Notes on Compare Match Flags in Complementary PWM Mode ....................... 40!
12.7.16 Contention between Overflow/Underflow and Counter Clearing..............cccuu.... 407
12.7.17 Contention between TCNT Write and Overflow/Underflow..........cccccccvvveeennnnn 408
12.7.18 Cautions on Transition from Normal Operation or PWM Mode 1
to Reset-Synchronous PWM MOAE ..........cccuiiiiiiiiiie e 40
12.7.19 Output Level in Complementary PWM Mode and Reset-Synchronous PWM
1Y/ To [ U P RPN 40
12.7.20 Cautions on Using the Chopping Function in Complementary PWM Mode
or Reset Synchronous PWM Mode (A Mask Excluded).........ccccooceieiiniiiceennnnn 409
12.7.21 Cautions on Carrying Out Buffer Operation of Channel 0 in PWM Mode
(A Mask EXCIUAEA)........cccoiiiiiiieiieeee et e e e e s 40¢
12.7.22 Cautions on Restarting with Sync Clear of Another Channel
in Complementary PWM Mode (A Mask Excluded).........cccooooiiiiiiiiiiiiiiiinnn 410
12.8 MTU Output Pin INGANZAtION.........cooiiiiiieiie e 1..41
12.8.1 OpPerating MOUES ......ouviiiiiiiiie ettt ettt e e 4]
12.8.2 ReSet Start OPEratiOn ..........uueeiieeeeeiiiiiiiiiieiir e e e e e s e s essre e e e e e e e e e s s annrrranrrraaaeeaaes 4
12.8.3 Operation in Case of Re-Setting Due to Error During Operation, Etc................. 41
12.8.4 Overview of Initialization Procedures and Mode Transitions in Case of Error
dUring OPEration, ELC...........uuiiiiiiiiieeiie it e e e e e e e eeeeaae e 41
12.9 Port Output ENable (POE) .........ooiiiiiiiiiie et 43....... 4
D R = 443......
D2 T =1 (o Tod [ I 1=V | = Lo SRS 44
12.9.3 Pin CONfIQUIALION ....uuviiiiiiiiiie e e e e e e e e e e e e e s s ree e e e e e e e e e e s aaanns 44
12.9.4 Register CONfIQUIATION..........uuiiiiiiiiie ettt e e e eeeeas 44
12.10 POE ReQiSter DESCHPONS ...cociiiiiiiiiiiitiiieie e e e e ettt e e e e e e e e st eeeeeaaaaaeas 4486.......
12.10.1 Input Level Control/Status Register (ICSR).........cccouiiiiieiiiiiiieeiee e 44
12.10.2 Output Level Control/Status Register (OCSR)........covcueieeiiiiiieeiiiiiee e 44
2 5 R @ o 1T - [ ) o PR 451
12.11.1 Input Level Detection OPEration ..........cccuvvviieiieeeeeiieciiiiiieere e e e e e e e e e 45
12.11.2 Output-Level Compare OPEratioN ............ouiiuuriiieiiieeee et eee e e e e e 45
12.11.3 Release from High-Impedance State ...........cccccviviiiiiiiiiii e 4!
2 O O @ ] 1 11 o PSR S I 4F
12.10.5 USAQE NOES ....coeiiiiieit ettt ettt e e e e e e e s e 3o 4
Section 13 Watchdog Timer (WDT)......ccooiiiiieiceeeeeeeeeee e 455
VIl

RENESAS



13,1 OVEIVIEW..eiiiiieiiiie ettt ettt ettt ettt e s e st e s ssbe e e snneessnne e e snneessnneeesnneeennneessnnes ADD
13,101 FALUIMES....ci i ettt 455.....
R R = (o T QL = Yo | = T o TR PPUPRRRR 4
13.1.3  Pin CONfIQUIALION ..cooiiiieieiiiiiie ettt e 4
13.1.4 Register CONfIQUIALION ........eiiiiiiiiiiie it 4
13.2 REQIStEr DESCHPUONS ... euiiiiieeee ettt e e s e e e e e e e e s e s s e ereeaeaeeesennaemed 457...
13.2.1 Timer CoUNEr (TCNT)..cciii ittt e e e e e e e e e e e e s e s s r e e e e e e e e e s s e annneeraeen 4!
13.2.2 Timer Control/Status Register (TCSR) ........uuiiiiiiiiieaiiiiiiiiiee e 4
13.2.3 Reset Control/Status Register (RSTCSR) ........uvviiiiiiiiieiiiieee e L
13.2.4 REQISIEN ACCESS...ceeiitieieee ittt tee ettt ettt e ettt e e sttt e e st b b et e e s abbe e e e e saabbeeeesanbneen ‘
13,3 OPEIALION ...eeeeie ettt e e e e et e e e e s b e e e e e b b et e et —— 462
13.3.1 Watchdog Timer MOGE..........uuuiiiiiieieee e e e re e e e e e e e e e s e enreneeen 4
13.3.2 Interval TIMEr MOGE........ccoiiiiiiiie et 4
13.3.3 Clearing the Standby MOUE ..........uuiiiiiiiieiii e 4
13.3.4 Timing of Setting the Overflow Flag (OVF)......cccooiiiiiiiiiiiee e 46!
13.3.5 Timing of Setting the Watchdog Timer Overflow Flag (WOVF)........cccccevvnnnee. 465
134 NOTES ON USE ..o s e e e s e e e e e e e e e e e ee e e e e eeeeeeesannnnnnnns 466
13.4.1 TCNT Write and Increment CONteNtioN...........cveevieeiriiieniee e 4¢
13.4.2 Changing CKS2—CKSO0 Bit ValUES .......c.cc.uuvriiiiieeeiiiiicciiiie e seivvnnn e 4
13.4.3 Changing between Watchdog Timer/Interval Timer Modes............ccccceeeeeeeeeenn. 4¢
13.4.4 System Reset WIlDTOVE .........oooiiiiiiiiiiiiite et 467
13.4.5 Internal Reset with the Watchdog Timer..........coooiiiiiiiii e 4
Section 14 Serial Communication Interface (SCI)........ccccooovviviiiicciic 469
LA 1 OVEIVIEW..eiiiiiiiiiiieiieee st e sttt et e st e st snneessnneessnneeesnneessnnenesnneeesnnenssnenennns 409
T4.1.1 FEAUIMES....cii ittt 469......
I = (0Tt QL = Yo | = T o TR PPURURPR 4
14.1.3 Pin CONIQUIALTION ..coiiiiiiieiiiiiiee ettt 4
14.1.4 Register CONfIQUIALION ........eiiiiiiiiiiie e 4
14.2 ReEQIStEr DESCHPUONS ... .uiiiiiee e e e i ettt e e e s e e e e e e e s e s s e ereeaeaeeesennaemed 472..
14.2.1 Receive Shift Register (RSR)......ccccuiiiiiiiieeii e 4
14.2.2 Receive Data RegiSter (RDR).......ccuiiiieiiiiiiiiiieeee et 4
14.2.3 Transmit Shift Register (TSR).....cooi e 4
14.2.4 Transmit Data RegiSter (TDR) .....cccoiuiiiiiiiiiiiiie e 4
14.2.5 Serial Mode RegiSter (SMR) ....cooiuiiiiiiiiiiiie e 4
14.2.6 Serial Control REQISIEr (SCR) ..vvvuiiiiiiiee i eee e e e e 4
14.2.7 Serial Status ReGISIEr (SSR) .....cccccciiiiiiieeee e ‘
14.2.8 Bit Rate Register (BRR).......cccuiiiiiiiiiiiee ettt 4
G B @ T 1= = 11 ] o PRSP 501
I R R O 1V o= PR 0l.... 5
14.3.2 Operation in ASYNChroN0OUS MOGE........ocuuiiiiiiiiiiie e 5
14.3.3 Multiprocessor COMMUNICALION ........uuuuieiiieeeeeiiesiiieiieire e e e e e e e e sssererrrerreeaeeeseeaan 5.
14.3.4 Clock Synchronous OPeration...........cceeiiiiciiiiiiiereeie e e e e s sessirrrer e e e e e e e e e s sseaenreneeees 5
IX

RENESAS



14.4 SCI Interrupt Sources and the DMAC/DTC ....uuuviiiiieiee et e e e e e 53

145 INOEES ON USE ..o e e e e e e e e e e e e et e e e eeeeeere s s aenennnnns 533
14.5.1 TDR Write and TDRE FIAQS ...cccoveiiiiiiiiiiiieeee ettt 53
14.5.2 Simultaneous Multiple RECEIVE EITOIS.........cooiiiiiiiiiiiiiiiiee e 53
14.5.3 Break Detection and ProCeSSING ........cuuuiiiiiiiiiiiiiiie et 5
14.5.4 Sending a Break Signal.........c..uuuuiiiiieiee e 5!
14.5.5 Receive Error Flags and Transmitter Operation (Clock Synchronous Mode

(@01 1Y RSP SR 53
14.5.6 Receive Data Sampling Timing and Receive Margin in the Asynchronous

11/ Yo [P 53
14.5.7 Constraints 0N DMAC/DTC USE......cccccuiiiiiiiiieee e eeesieiieeereae e e e s e snnsnraeaeeeeaeaee s 53
14.5.8 Cautions for Clock Synchronous External Clock Mode..............ccocccvvviiieeeeeennnn 53¢
14.5.9 Caution for Clock Synchronous Internal Clock Mode........cccccceoeiiiiiiiiiinineneneenn, 53€

Section 15 High Speed A/D Converter (Excluding A Mask).........c.c.ccco..... 537

T R © Y= V1 PP PPPPPR 537
15,11 FAIUIES. .. ettt et e e e e et e e e e e e aa e e e e e ee b e amee b31......

L T80 2 =T Tod 1 I =V | = U RSP 53
15.1.3 Pin CONfIQUIALION ....uuviiiiiiiiiie et e e s e e e e e e e e e s s ar e e e e e e e e e e s eaaanns 53
15.1.4 Register CONfIQUIATION ..ottt e e e e e e e e 53

15.2 REQISter DESCHPUONS ... .eeiiiiiieeee ittt e et e e e e e e e e e e s eeeaaaae e e e e aine 540...
15.2.1 A/D Data Registers A—H (ADDRA—ADDRH) .......cccccceiiiiiiiiiienie e 540
15.2.2 AJD Control/Status Register (ADCSR) .......coouiiiiiiiiiiiee i 541
15.2.3 A/D Control Register (ADCR) ......uuuiiiiiieeeeiiiiiiiiiiee e e e e s s srieaeee e e e e e e e s e aanneen 544

15.3 BUS MaSter INTEITACE ....ccoi it 545...

T A @ T T=1 - 110 o PP PP ORI 548
15.4.1 Select-SiNgle MOE..........cooiiiiiiiieiiiit e 54
15.4.2 SeleCt-SCAN MOUE .......uuiiiiiiiiieee et e e e e e e e e e e s s s st an e eeeeaeeeeesaanns 5.
15.4.3 Group-SiNgle MOOE .........cooiiiiiiiiiiiiiiie ettt e e e e 55
15.4.4 Group-SCan MOOE. ......uuuiiiieeeee ittt e e e e e e e s e s s e e e e e e e s e s et areeeaaaeeesaaannnneen 5t
15.4.5 BUfEr OPEIAtION.....ciiiiiei i ittt e e r e e e e e e s e s s r e e e e e e e e e e e esnnnnreen 55
15.4.6 Simultaneous Sampling OPEration .............cueeeiiiiiiiiiiiiieeee e 5E
15.4.7 Conversion Start MOOES ...........uuuiiiiiiiiea e e e e e e e 5t
15.4.8 Conversion Start by External INPUL .........coouiiiiiiiii e 56
15.4.9 A/D CONVEISION TIME...uuiiiiiiieeeeesieisiiieieeeeeeeeeessssssansreaeeeseeaesesssssssrnrennerereeeeeesann 56

ST [ 01 (T 1 U o O 562

15.6 NOES ON USE ..o e e e e e e e e e e e e e e e e e e e e e ee e reenennnnns 563

Section 16 Mid-Speed A/D Converter (A Mask)...........ccccocoevernninececceee 567

T R @ Y= V1 PP PPPPPR 567
G I R = 561......
G20 2 =T Tod 1 I =V | = U SRR 56
16.1.3 Pin CONfIQUIALION ....uuviiiiiiiiiie et e e r e e e e e e e e s s e e e e e e e e e e e s e aaanns 56

X



16.1.4 Register Configuration ...........ccccuiiiiiiieee e e e e e e e e e e e e e s e eneenreen 5

16.2 REQISter DESCHPHONS ... .eiiiiiiie ittt e e e e e e e e e e e e s e 571..
16.2.1 A/D Data Register A-D (ADDRAO-ADDRDO, ADDRA1-ADDRD1)............ 571
16.2.2 A/D Control/Status Register (ADCSRO, ADCSR1)........ccoeeiiiiiiiiiiiiiiiee e 57
16.2.3 A/D Control Register (ADCRO, ADCRL) ......ccuuuiiiiiiiiiiee et 57

16.3 Interface With CPU ........cooiiiiiiiiie et

T @ T 1= = 11T I PR .

16.4.1 Single Mode (SCANZO) .....ccoiuiiiiiieeiiie ettt e e b e e e e snee e 5
16.4.2 Scan Mode (SCANTL) ...ttt 5
16.4.3 Input Sampling and A/D ConVersion TIME ........cccooiiiiiee i 5¢
16.4.4 External Trigger INPUL TIMING ....eeeiiiiiiiiieiiiiiie e 58

16.5 Interrupt and DMA, DTC Transfer REQUESES .......cccooiiiiiiiiiieiieccee et ee e e e e 5

16.6 A/D Conversion Precision DefinitionsS ..........ccccoviiiiiiiiiiiieeiee e 5

16.7 USAQE NOLES ...ttt e e e e e e e e e e e e e eeeeeeeeeeaessse e e st s 584
16.7.1 Analog VOIage SettNGS....cuiiii ittt e e e e e e e e e e e e e 5
16.7.2 Handling of ANalog INPUL PINS.........eoiiiiiii e 5¢

Section 17 Compare Match Timer (CMT)........ccccoeiviviiiiiieeceeeeeeee e 587

L7.1  OVEIVIEW .. iiiiiiitii ettt ettt ettt ettt et e e bt e et et e e e kb e e e bb e e s enb e e e snb e e e s re e e smreeeanes 587
L17.0.1 FEAUIMES....cii ittt 581......
O = (0Tt QL = Yo | = T o PP PPURRRPR 5
17.1.3 Register CONfIQUIALION .........eiiiiiiiiiee it 5

17.2 ReQIStEr DESCHPLONS .....ciiiiitiiiie ittt 590..
17.2.1 Compare Match Timer Start Register (CMSTR) ......ccccoviiiiieiee e 5¢
17.2.2 Compare Match Timer Control/Status Register (CMCSR).......cccccceeevvvviiivnvvnnnen. 5¢
17.2.3 Compare Match Timer Counter (CMCNT) ..c.ccoeiiiiiiiiiiiiieee e 5¢
17.2.4 Compare Match Timer Constant Register (CMCOR) ........cccovieeriiiiiiiiiiiiiieeeeeenn, 5¢

L17.3  OPEIALION ...ttt e e st e e e ekt et e e e e aab b e e e e anb et e e+t 593
17.3.1 Period CoUNt OPEIatiON .........uveieiiiiiiiee ittt s e nbbee e e e eeeee 5
17.3.2 CMCNT CoUNt TIMING..tttiiiieiiiiiiiiiiiieie e re e e e e s ssserrrre e e e e e e e e e s s s snnnrraeereraaaeeessnnnnnns 5¢

A S 1 01 (=T ¢ U] o] £ PSPPSR 594
17.4.1 Interrupt Sources and DTC ACHVALION.........ccuuuiiiiiiiiieai e 5
17.4.2 Compare Match Flag Set TiMiNg .......coooiiiiiiiiiiieie e 5
17.4.3 Compare Match Flag Clear Timing ........ccceeeriiiiiieiiiiiiee e 5

17.5 INOEES ON USE .. .ttt e e e e et e e et e e taa e e emeneennns 596
17.5.1 Contention between CMCNT Write and Compare Match............cccooevcvvvvvvnnnnn 5¢
17.5.2 Contention between CMCNT Word Write and Incrementation...............ccccovee. 59
17.5.3 Contention between CMCNT Byte Write and Incrementation ..................cc...e... 59

Section 18 Pin Function Controller..............ccceeiiiiiiceeeceee e 599

ST R @ Y= V1 PSP 599

18.2 Register CoNfIQUIatioN..........euiiiieeiii i e e e e e e e s e e e e e s s 607...

18.3 REQIStEr DESCIPUONS .. .euiiiiie i e e ettt e e e e e e s e s s rr e e e e e e e e s s enaemed 608...



18.3.1 Port A 1/O Register H (PAIORH).......ccoiiiiiiiiie e 608
18.3.2 Port AI/O RegiSter L (PAIORL) ....cocviiiiiiie ettt 609
18.3.3 Port A Control Register H (PACRH) .......uuiiiiiiiieiee e 60¢
18.3.4 Port A Control Registers L1, L2 (PACRL1 and PACRL2) ........cccooveiiiiiiieennnin 612
18.3.5 Port B I/O RegiSter (PBIOR) .......coiiuuiiieiiiiiiee ettt 61
18.3.6 Port B Control Registers (PBCR1 and PBCR2).........cccccvvviiiieee e cicciiiieeeeeaee 61
18.3.7 Port C 1/O RegIStEr (PCIOR) ...cciiiiie e ittt e ettt e e e nanrrn e e e e e 62
18.3.8 Port C Control RegISter (PCCR)......uuiiiiiieiieiiiiiie ittt 62
18.3.9 Port D I/O Register H (PDIORH)..........coiiiiiiiieiiee e 62¢
18.3.10 Port D I/O Register L (PDIORL) ......ueiiiiiiiiiieeeiee et siee et 627
18.3.11 Port D Control Registers H1, H2 (PDCRH1 and PDCRH2).........ccccoovviveeeinnnen. 62’
18.3.12 Port D Control Register L (PDCRL) .....cccceiiiiiciiiiieie e e seeiieree e e e e e e e e 63¢
18.3.13 Port E I1/O Register (PEIOR) ........coo ottt e e 63
18.3.14 Port E Control Registers 1, 2 (PECR1 and PECR2)..........ccooiiiiiiiiiiiiiiieeeiin 6:
18.3.15 IRQOUT Function Control Register (IFCR).........cooiiuiiiiiiiiieeeeeeeeciiiieeieeee e 643
18.4 CaAULIONS 0N USE ... .eiiiiiiiiiiiee ettt ettt et e e st e e e e e bbb e e e e s s ne s emmmmmn 645.
Section 19 1/O POItS (I/O) ... 647
19,1 OVEIVIEW..eiiiiiieitiee ettt ettt ettt ettt e st e e st e s st e e sabe e e ssne e e snbneesnneesrneesanneennned 647
10,2 PO A e bbbt bb e e b e e s s neeeeaneeaa 647
19.2.1 Register CONfIQUIAtION ..ot e e e e e e e 65
19.2.2 Port A Data Register H (PADRH)........ccoiiiiiiiiiiiiee e 65(
19.2.3 Port A Data Register L (PADRL).......ccoiiiiiiiiiiiiee et 65!
L1O.3 PO B it e e 652
19.3.1 Register ConfiQuIation ..........cuvviiiiiiiiie e e e s e e e e e e e e e e saenreen 65
19.3.2 Port B Data Register (PBDR).........uuiiiiiiaiaiiiiiiieiieee e 65
RS I S = o4 o OO OU PO PR 654
19.4.1 Register CONfIQUIALION .......ccoiiiiiieieiiiieie e eee e 65
19.4.2 Port C Data RegiSter (PCDR)......cuuiiiiiiiiiii ettt 6"
LO.5 PO D ettt e e 656
19.5.1 Register CoNfiQUIation ..........ccuuviiiiiiiiie e e e e s e e e e e e e e e e e saenreen 65
19.5.2 Port D Data Register H (PDDRH).......coooiiiiiiiiiiieieeee e 65
19.5.3 Port D Data Register L (PDDRL)......cccuuiiiiiiiiiae et 66!
e TG =0 4 B OSSPSR 661
19.6.1 Register CONfIQUIALION .......ccoiiiiiiiiiiiiiee ettt e 66
19.6.2 Port E Data Register (PEDR) .......ccccuiiiiiiiiiiee et e e e e e e e 6€
10,7 POI F et e e e e b e e emmmmeeannn 663
19.7.1 Register CONfIQUIATION .....cooiiiiiiiiei et e e e e e e 66
19.7.2 Port F Data Register (PFDR).......uuu i 6€
Section 20 64/128/256kB Mask ROM...........ccccocoiiinniiicceeseeee e 665
20,1 OVEIVIBW...eiiiitiieiiee ettt sttt ettt et et esnr e e e snneesnre e e nnneesnrreesanneennned 665

i



Section 21 128KB PROM ..ot 66¢

211 OVEIVIEW..ceeiiitiiie ettt ettt e e ettt e e e st e e e e sk et e et aa b e et e e s s nb e e e e e s annn e e e e s arnneeenaa 669
21.2 PROM MOUE.......ceiiiiiii ittt ettt ettt e e st e e e s eab e e s bt e et 670.
21.2.1 PROM MOUE SEHINGS. . cceiiutriiieiiiiiite ettt ettt et e e e e snneeen 6
21.2.2 Socket Adapter Pin Correspondence and Memory Map .........ccccceeeevvivieeeennnnnenn. 6
21.3 PROM Programming ......ccccuuuuiereieeeeeesisiiiiiiieeseesresesssssssssssssssesssaessssssnsssssssseeeseeeaes 74...... t
21.3.1 Programming Mode SeleCtioN ..........ccccviiiiiiiiiee e 6
21.3.2 Write/Verify and Electrical CharaCteristiCS..........ooviiuiiiiiiiiiiiiee i 67
21.3.3 CautioNS ON WITING ...ueeeiiiiiiieeee ettt e e e e e e e e e et eeeeaaaeaee e 6
21.3.4 Post-Write Reliability ..........ccuuiiiiiiiiie e 6¢
Section 22 256kB Flash Memory (F-ZTAT)......ccoeiieeeeeeeeee e 681
22.1 FRALUIES ...ttt mme e e 681
22,2 OVEIVIEW ..ttt ettt e ekt e e st e e e ek et e e s aan et e e s s nr e e e e e s annn e e e e s arneeeenaa 682
WA T = (o Tod 1q B I = To | = o DT TP 6
22.2.2 Mode Transition DIAgram...........couuuiieeiiiiiee sttt e e |
22.2.3 ONboard Program MOUE ..........cueiiiiiiieiiiiie ettt e €
22.2.4 Flash Memory Emulation in RAM ........cooiiiiiii i e e e 68
22.2.5 Differences between Boot Mode and User Program Mode.........cccccceveveeeeneiiiinnns 6
22.2.6 BIloCK CONfIQUIAtioN .......ooiiiiiiiieeieee e 6¢
22.3  Pin CoNfigUIatioN.......ccoeiiiiiiiiieee e e e e e e eaend 689
22.4 Register CONFIQUIALION.........ooiiiiiiii ettt e e b 689...
22.5 DesSCription Of REGISIEIS. ...ccciiiiiiiie it 69Q...
22.5.1 Flash Memory Control Register 1 (FLMCR1).......cccooocciviiiiiiiieee e ccinvveeee e 69
22.5.2 Flash Memory Control Register 2 (FLMCR2).........cccccciiiiiieeieee e cccinvieeee e 69
22.5.3 Erase Block Register 1 (EBRL) .......cccuuuuiiiiiiiiiiaiiieiiiiie et e e 6
22.5.4 Erase Block Register 2 (EBR2) .......cuuuiiiiiiiiiiae it 6
22.5.5 RAM Emulation Register (RAMER) ........ooouuiiiiiiiiiieee et 69
22.6  On-Board Programming MOGE .........cuuuiiiiiiiiiiie ettt €
22.6.1 BOOtMOUE ....oiiiiieiiiie ettt 6
22.6.2 USEr Program MOUE ........ceeiiiieiieiieciiiiieee e e e e e e s st re e e e e e e e e e s s st naeseeaaaeeesaesans 1
22.7 Programming/Erasing Flash MemOry............ueeiiiiiiiiiiii e 1
22.7.1 Program Mode (n =1 for Addresses H'0000—H'1FFFF,
n = 2 for Addresses H'20000—H'3FFFF).........cccouiiiiiiiiiciieee e 7(
22.7.2 Program-Verify Mode (n = 1 for Addresses H'0000-H'1FFFF,
n = 2 for Addresses H'20000—H'3FFFF)........ccccoiiiiiiie e 7(
22.7.3 Erase Mode (n =1 for Addresses H'0000-H'1FFFF,
n = 2 for Addresses H'20000—H'3FFFF).........cooiiiiiiiiieeeeiieieeeee e 7!
22.7.4 Erase-Verify Mode (n = 1 for Addresses H'00000—H'1FFFF,
n = 2 for Addresses H'20000—H'3FFFF)..........cccciiiiiiiiieie e 71
P2 & T = (] (Yo 1o o 718
22.8.1 Hardware ProteCHION .........coiiiuiieiiiie ittt 1
22.8.2 SOftWAre PrOtECHON ......cciiiiiiiiiie ittt 7
X1



A < R T = (o] g = (o (<11 [0] o [N 772

22.9 Flash Memory Emulation in RAM ..ot 72:

22.10 Note on Flash Memory Programming/Erasing ..........ccoccveeeriiiiieeiiiiiiee e e

22.11 Flash Memory Programmer MOUE.........oouiiiiiiiiiiiie ettt 7.
22.11.1 Socket Adapter Pin Correspondence Diagrams ...........coovveeeeenniiieeesinieeeeesnienen 7.
22.11.2 Programmer Mode OPEratiON...........ueeiieeeeeeiiiiiiiiiiieereeeeeesssssnrnieeereeeeeesesssnssnsenn 72
22.11.3 Memory Read MOUE...........cccuiiiiiieiieee et e e e e e e e e e s e saarae e 72
22.11.4 AULO-Program MOOE.........cooi ittt e e e 73
22.11.5 AULO-Erase MOOE......cooiiiiaeiiiie ettt e e e e e e e e e e enaaees 73
22.11.6 StatuS REAA MOUE.......uuiiiiiiiiiiee ettt e e e e e e e e e e e e s eeeeaeeeeseaannns 7
22.10.7 StAtUS POING ..o 37...... 7
22.11.8 Programmer Mode TransSition TiIMe.........ccccuviiiiiiiieee e ettt e e e e e e e e e 73
22.11.9 Cautions Concerning Memory Programming.........cccccoeeveviiiinivereeeeeeeeessessnnennneen 73

SECHON 23 RAM. ...ttt 741

B T T O 1Y 4T SRR 741

P B O o 1= - 1110 ] [P P PP PPPPPRPN 741

Section 24 POWEr-DOWN StaLe..........ccccoveiiiiiiiiceeeee e 743

24,1 OVEIVIEW. ..t iitieeee ettt e ettt e ettt e e e st e e e st et e e e s aar et e e s s b e e e e e s anbee e e e s aarreeeeesnrneeeeaans 743
24.1.1 POWE-DOWN STALES ..ottt e e e e e e e e e e e e e e e e eeeeaebebrebabanaeaaans 7
24.1.2 Related REQISTEN......ciiiiiiiiiiie ittt et e e e st e e e s abbeeeeeeaaes 7:

24.2 Standby Control Register (SBYCR) ......ciiiiiiiiiiiiiiiiie et 7/

2 B 1= T o T 1Y o o [ USSR 745
24.3.1 Transition t0 SIEEP MOAE ........c..uviiiiiiiiiee e 74
24.3.2 Canceling SIEEP MOGE........coooiiiiiiie e 7!

244  SEANADY MOE ......oeiiiiiiiiiie et e e e 745.
24.4.1 Transition to Standby MOGE ........ccuuiiiiiiiiiiie e 74
24.4.2 Canceling the Standby MOde...........coouuiiiiiiiiii e 74
24.4.3 Standby Mode Application EXample........cccoiiiiiiiiieee e 74

Section 25 Electrical Characteristics (5V, 28.7 MHz Versian).................... 749

25.1 Absolute Maximum REUNGS .....cooiiiiiiiiiiie e e e e e e e e e e s e anneeeeeees 74

A A B O O ¢ T V= Tor (] 1S3 1 o= SO PRR 750.

P B A O O o= 1 - Tt (= 1) [ S 752,
240 5 A @ T Yo G I T2 211 o PR 75
25.3.2 Control Signal TiMING .....uuviiiieiieee e e e e e e e e e rre e e e e aaaees 75:
25.3.3 BUS TIMING cetiiiiiiiiiiiiie ettt e e e e e e e e e e s e bbbaae e e e aaaeeeeeaannns 75
25.3.4 Direct Memory Access Controller Timing........c.ooooviiiiiiiiiiieeeeee e 768
25.3.5 Multifunction Timer Pulse Unit TIMINg........c.coooiiiiiiiiiiiieeeieee e 770
25.3.6  1/O POIT TIMING....ttiiiieiiiiiee ettt e et e e e sttt e e e s saba e e e e sbbaeeee e 77
25.3.7 Watchdog Timer TIMING .....uueeiieeeeeiiiiccciie e e e rr e e e e e e s e e s areeraaaee s 17.
25.3.8 Serial Communication Interface TiMiNg .......ccceeeeeiiiiiiiiiiiiiiieeeee e 77:

XIvV

RENESAS



25.3.9 High-speed A/D Converter Timing (excluding A mask) ..........ccccoeccvvvivieeeeeeennnn 77

25.3.10 Mid-speed Converter Timing (A Mask) ... 7
25.3.11 Measuring Conditions for AC CharacteristiCs ............cceviieeiiiiiiiiiiiiieiieeee e 7
25.4  A/D Converter CharaCteriStiCS.......ioiiuiiiiiiiiiieee et e e ssenreree e e e e e e e eee 9..... |
Section 26 Electrical Characteristics (3.3V, 16.7 MHz Version).................. 781
26.1 Absolute Maximum RAUNGS ......ccooiiiiiiiiiiiie e e s e e e e e e e e e e e s eeannrraeeees 7
26.2 DC CharaCteriStCS .......vveeeeiiiriiie ettt s e 782.
26.3  AC CharaCteriSHCS ...cciiee ettt ettt e e e e et e e e e e e e e e e e e anneee e manm s 784.
PG TR T0t R O (o Tox Qi 1 11 o O PP P PP PPPPPP 7
26.3.2  Control Signal TiMiNG ....c.cooiieiieeiiiiiee et e e e e 7
26.3.3 BUS TIMING ceiiiieiiiiiiiiiiie e e e e e e e e s e s s e e e e aeeesesssnnnnbanaeereaeaeeesaannnns 7
26.3.4 Direct Memory Access Controller TiMiNg.......cccccovviiiiiiiiiiieeeee e 80
26.3.5 Multifunction Timer Pulse Unit TIMING.........cccoiiiiiriiiiiiiiiieeee e 80°
26.3.6  1/O POIT TIMING.....ttieeeeiiiiiee ettt e et e et e e e e anb e e e e s sabneeee e 8
26.3.7 Watchdog Timer TIMING .....ccvueieeiiiiiiee e e e 8(
26.3.8 Serial Communication Interface TiMING .......ccoviiiiriiiiiiiee e 8(
26.3.9 High-speed A/D Converter Timing (excluding A mask) ..........ccceeecvvvvviereeeeeen 80
26.3.10 Mid-speed Converter Timing (A Mask) ......eeeeviieiiiiiiiiiiieeeeceee e 8(
26.3.11 Measurement Conditions for AC CharacteristiC...........ccccoovvvveeeiniiire e 8
26.4 A/D Converter CharaCteriStiCS. .. ...iiiiuiiiiieieeie e e ettt e e e e e e e e e e e e e e 1. ¢
Appendix A On-Chip Supporting Module RegiSters............cccocoevveennnnnnnn. 813
AL AQAIESSES ...ttt ettt neene e 813
Appendix B BIOCK DIQQramMS...........cccovceiiiiiiiciescteeetese e 826
APPENAIX C PN STAIES. ..o 86!
Appendix D Notes when Converting the F-ZTAT Application Software
to the Mask-ROM VErSIONS........cccccoviiiiiiieeeee e 875
Appendix E Product Code LINEUP.........ccccooiiiiriririiiiiecee e 876
Appendix F Package DIMENSIONS.........cccooiiiiiiieeeessesee s 878
XV

RENESAS



Xvi
RENESAS



Section 1 SH7040 Series Overview

1.1 SH7040 Series Overview

The SH7040 Series (SH7040/41/42/43/44/45) CMQOS single-chip microprocessors integrate a
Renesas-original architecture, high-speed CPU with peripheral functions required for system
configuration.

The CPU has a RISC-type instruction. 840st instructions can be executed in one clock cycle,
which greatly improves instruction execution spéeaddition, the 32-bit internal-bus

architecture enhances data processing power. With this CPU, it has become possible to asseml
low cost, high performance/high-functioning systems, even for applications that were previously
impossible with microprocessors, such as real-time control, which demands high speeds. In
particular, the SH7040 series has a 1-kbyte on-chip cache, which allows an improvement in CP!
performance during external memory access.

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

In addition to the masked-ROM versions of the SH7040 series, the SH7042 and SH7043 have &
ZTAT™*! version with user-programmable on-chip PROM and the SH7044 and SH7045 have &
F-ZTAT™*2 version with on-chip flash memory. These versions enable users to respond quickly
and flexibly to changing application specifications, growing production volumes, and other
conditions.

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

1.1.1 SH7040 Series Features
CPU:

« Original Renesas architecture

e 32-bit internal 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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O Instruction length: 16-bit fixed length for improved code efficiency

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

O Delayed branch instructions reduce pipeline disruption during branch

O Instruction set based on C language

Instruction execution time: one instruction/cycle (35 ns/instruction at 28.7-MHz operation)
Address space: Architecture supports 4 Gbytes

On-chip multiplier: multiplication operations (32 bi#s32 bits - 64 bits) and
multiplication/accumulation operations (32 bk82 bits + 64 bits» 64 bits) executed in two
to four cycles

Five-stage pipeline

Cache Memory:

1-kbyte instruction cache

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

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 address array/data
array when cache is enabled

Interrupt Controller (INTC):

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

User Break Controller (UBC):

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

Simplifies configuration of an on-chip debugger

Bus State Controller (BSC):

Supports external extended memory access
0 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, one area of DRANM
space) with the following settable features:

O Bus size (8, 16, or 32 hits)
O Number of wait cycles
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O Outputs chip-select signals for each area
O During DRAM space access:

« OutputsRAS andCAS signals for DRAM

e Can generate a RAS precharge time assurance Tp cycle
DRAM burst access function
0 Supports high-speed access mode for DRAM
DRAM refresh function
O Programmable refresh interval
O Supports CAS-before-RAS refresh and self-refresh modes
Wait cycles can be inserted using an exteWalT signal
Address data multiplex I/0O devices can be accessed

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 the transfer
destination address

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

Data Transfer Controller (DTC):

Data transfer independent of the CPU possible through peripheral 1/O interrupt requests
Transfer mode can be set for each interrupt factor (transfer mode set in memory)
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 transfer

O Interrupts can be generated to the CPU after completing all designated data transfers
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 processing possib
based on 16-bit timer, 5 channels

16 dual-use output compare/input capture registers
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e 16 independent comparators
» 8 types of counter input clock
e Input capture function
» Pulse output mode
O One shot, toggle, PWM, phase-compensated PWM, reset-synchronized PWM
* Multiple counter synchronization function
» Phase-compensated PWM output mode
O Non-overlapping waveform output for 6-phase inverter control
O Automatic setting for dead time
0 PWM duty cycle can be set from 0 to 100%
O Output off function
* Reset-synchronized PWM mode
O 3-phase output of any duty cycle positive phase/reverse phase PWM waveforms
* Phase calculation mode
O 2-phase encoder calculation processing

Compare Match Timer (CMT) (Two Channels):

e 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

» Multiprocessor communication function

I/O Ports:

* QFP 112 (SH7040, SH7042, SH7044), TQFP-120 (SH7040, SH7042)
O Input/output: 74
0 Input: 8
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0 Total: 82
e QFP 144 (SH7041, SH7043, SH7045)
O Input/output; 98
O Input: 8
0 Total: 106

A/D Converter:

e 10 bitsx 8 channels
« Conversion upon external trigger possible
e Sample and hold function: two on-chip units (two channels can be sampled simultaneously)

« Depending on the product, there is a high speed, mid-accuracy A/D on-chip type and a mid-
speed, high accuracy A/D on-chip type. For details, see the product lineup.

Large Capacity On-Chip Memory:

« ROM (128 kbytes PROM, 256 kbytes/128 kbytes/64 kbytes mask ROM, 256 kbytes flash
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:

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

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

O On-chip clock-doubling PLL circuit
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Notes on the SH7040 Series Specifications (For details, see each section in this manual)

AID
Mask On-chip External Accuracy Operating A/D Electrical
Type Abbreviation ~ Version ROM Bus Width  (5V Version) Package Temp Frequency Voltage Type Name INTC DTC DMAC MTU Converter ROM Characteristics
ZTAT SH7042 128 kB 16 bits +15LSB QFP2020-112 —20°C to 75°C 28 MHz 5V HD6477042F28 See “High- See “128 kB See “Electrical
(High-Speed) 16 MHz 3.3V HD6477042VF16 Speed A/D PROM” Characteristics”
Converter”
SH7042A Amask 128kB 16 bits +4L.SB QFP2020-112 —20°C to 75°C 28 MHz 5V HD6477042AF28  Change the interrupt Change the DTER Change the setting Change the Usage See “Mid- See “128 kB See “Electrical
(Mid-Speed) 16 MHz 3.3V HD6477042AVF16 vectors related A/D access methods  methods on transfer Notes Speed A/D PROM” Characteristics”
TQFP1414-120 16 MHz 33V HD6477042AVX16 converter and DTC vectors  requests Converter”
QFPZOZO-llZCu* 28 MHz 5V HD6477042ACF28
16 MHz 33V HD6477042AVCF16
SH7043 128 kB 32 bits +15LSB QFP2020-144  -20°C to 75°C 28 MHz 5V HD6477043F28 See “High- See “128 kB See “Electrical
(High-Speed) 16 MHz 3.3V HD6477043VF16 Speed A/D PROM” Characteristics”
Converter”
SH7043A Amask 128kB 32 bits +4L.SB QFP2020-144 —20°C to 75°C 28 MHz 5V HD6477043AF28  Change the interrupt Change the DTER Change the setting Change the Usage See “Mid- See “128 kB See “Electrical
(Mid-Speed) 16 MHz 3.3V HD6477043AVF16 vectors related A/D access methods methods on transfer Notes Speed A/D PROM” Characteristics”
QFP2020-144Cu’r 28 MHz 5V HD6477043ACF28 converter and DTC vectors requests Converter”
16 MHz 3.3V HD6477043AVCF16
FLASH SH7044F Amask 256 kB 16 bits +4L.SB QFP2020-112 —20°C to 75°C 28 MHz 5V HD64F7044F28 Change the interrupt Change the DTER Change the setting Change the Usage See “Mid- See “256 kB Flash See “Electrical
(Mid-Speed) vectors related A/D access methods  methods on transfer Notes Speed A/D Memory” Characteristics”
converter and DTC vectors requests Converter”
SH7045F Amask 256 kB 32 bits +4L.SB QFP2020-144  -20°C to 75°C 28 MHz 5V HD64F7045F28 Change the interrupt Change the DTER Change the setting Change the Usage See “Mid- See “256 kB Flash See “Electrical
(Mid-Speed) vectors related A/D access methods  methods on transfer Notes Speed A/D Memory” Characteristics”
converter and DTC vectors  requests Converter”
MASK  SH7040A Amask 64 kB 16 bits +4L.SB QFP2020-112  -20°C to 75°C 28 MHz 5V HD6437040AF28  Change the interrupt Change the DTER Change the setting Change the Usage See “Mid- See “64 kB Mask See “Electrical
(Mid-Speed) 16 MHz 3.3V HD6437040AVF16 vectors related A/D access methods methods on transfer Notes Speed A/D ROM” Characteristics”
TQFP1414-120 16 MHz 33V HD6437040AVX16 converter and DTC vectors  requests Converter”
QFPZOZO-llZCu’r 28 MHz 5V HD6437040ACF28
16 MHz 3.3V HD6437040AVCF16
SH7041A A mask 64kB 32 bits +4L.SB QFP2020-144 —20°C to 75°C 28 MHz 5V HD6437041AF28 Change the interrupt Change the DTER Change the setting Change the Usage See “Mid- See “64 kB Mask See “Electrical
(Mid-Speed) 16 MHz 3.3V HD6437041AVF16 vectors related A/D access methods methods on transfer Notes Speed A/D ROM” Characteristics”
QFP2020—144Cu* 28 MHz 5V HD6437041ACF28 converter and DTC vectors  requests Converter”
16 MHz 33V HD6437041AVCF16
SH7042 128 kB 16 bits +15LSB QFP2020-112 —20°C to 75°C 28 MHz 5V HD6437042F28 See “High- See “128 kB Mask See “Electrical
(High-Speed) 16 MHz 3.3V HD6437042VF16 Speed A/D ROM” Characteristics”
Converter”
SH7042A Amask 128kB 16 bits +4L.SB QFP2020-112 —20°C to 75°C 28 MHz 5V HD6437042AF28  Change the interrupt Change the DTER Change the setting Change the Usage See “Mid- See “128 kB Mask See “Electrical
(Mid-Speed) 16 MHz 3.3V HD6437042AVF16 vectors related A/D access methods  methods on transfer Notes Speed A/D ROM” Characteristics”
TQFP1414-120 16 MHz 33V HD6437042AVX16 converter and DTC vectors requests Converter”
QFP2020-112Cu* 28 MHz 5V HD6437042ACF28
16 MHz 33V HD6437042AVCF16
SH7043 128 kB 32 bits +15LSB QFP2020-144 —20°C to 75°C 28 MHz 5V HD6437043F28 See “High- See “128 kB Mask See “Electrical
(High-Speed) 16 MHz 3.3V HD6437043VF16 Speed A/D ROM” Characteristics”
Converter”
SH7043A Amask 128kB 32 bits +4L.SB QFP2020-144 —20°C to 75°C 28 MHz 5V HD6437043AF28  Change the interrupt Change the DTER Change the setting Change the Usage See “Mid- See “128 kB Mask See “Electrical
(Mid-Speed) 16 MHz 3.3V HD6437043AVF16 vectors related A/D access methods  methods on transfer Notes Speed A/D ROM” Characteristics”
QFP2020—144Cu* 28 MHz 5V HD6437043ACF28 converter and DTC vectors  requests Converter”
16 MHz 3.3V HD6437043AVCF16

RENESAS



RENESAS



Notes on the SH7040 Series Specifications (For details, see each section in this manual)

AID
Mask On-chip External Accuracy Operating A/D Electrical
Type Abbreviation ~ Version ROM Bus Width  (5V Version) Package Temp Frequency Voltage Type Name INTC DTC DMAC MTU Converter ROM Characteristics
MASK  SH7044 Amask 256kB 16 bits +4L.SB QFP2020-112 —20°C to 75°C 28 MHz 5V HD6437044F28 Change the interrupt Change the DTER Change the setting Change the Usage See “Mid- See “256 kB Mask See “Electrical
(Mid-Speed) vectors related A/D access methods  methods on transfer Notes Speed A/D ROM” Characteristics”
converter and DTC vectors  requests Converter”
SH7045 Amask 256kB  32bits +4L.SB QFP2020-144 -20°C to 75°C 28 MHz 5V HD6437045F28 Change the interrupt Change the DTER Change the setting Change the Usage See “Mid- See “256 kB Mask See “Electrical
(Mid-Speed) vectors related A/D access methods  methods on transfer Notes Speed A/D ROM” Characteristics”
converter and DTC vectors  requests Converter”
ROM SH7040A A mask 16 bits +4L.SB QFP2020-112 -20°C to 75°C 28 MHz 5V HD6417040AF28  Change the interrupt Change the DTER Change the setting Change the Usage See “Mid- See “Electrical
less (Mid-Speed) 16 MHz 3.3V HD6417040AVF16 vectors related A/D access methods methods on transfer Notes Speed A/D Characteristics”
TQFP1414-120 16 MHz 33V HD6417040AVX16 converter and DTC vectors  requests Converter”
QFPZOZO-llZCu’r 28 MHz 5V HD6417040ACF28
16 MHz 3.3V HD6417040AVCF16
SH7041A A mask 32 bits +4L.SB QFP2020-144 -20°C to 75°C 28 MHz 5V HD6417041AF28  Change the interrupt Change the DTER Change the setting Change the Usage See “Mid- See “Electrical
(Mid-Speed) 16 MHz 3.3V HD6417041AVF16 vectors related A/D access methods methods on transfer Notes Speed A/D Characteristics”
QFP2020—144Cu* 28 MHz 5V HD6417041ACF28 converter and DTC vectors  requests Converter”
16 MHz 33V HD6417041AVCF16

Note: * Package with Copper used as the lead material.
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1.2 Block Diagram

Figure 1.1 is a block diagram of the SH7040 Series QFP-112 pin and TQFP-120 pin. Figure 1.2
a block diagram of the SH7040 Series QFP-144 pin.

— i=]
(o] ‘O 5 g T |2
E B pogriflg
[se Y] le] le] (=] o (< £ 20
ge@lge B <ECeRRLg
= = 1010 % < S8%3poololo
T2 838S 8o S 3SgCEicid
seEER83553255588 SBPpREREEys
FssNySsebbEEoEroibx EECETEEEE <<
OO0~ O NANAOC ODONOWUNITONAO
CCCICCICICLCLCLCLCLCLCCCL DD O DO DDA DA
[ My o Wy M o I o M I o M o M I o MY o N o M T o I o M o W T o T o O a O o e e o
T O T O O O A A T O A O A O
RESNVpp 2 — | < |
WDTOVF <— N
MD3 —» % [ ]« PC15/A15
MD2 —» \\ N\ lew PC14/A14
VD1 — ETETTTTTTIITIIIRTT N e
MDO
Vioo - § Flash ROM/PROM/ RAM/cache § lew PC12/A12
N 256Kkbytes/ 4 kbytes/1 kbyte | | | N s PC11/A11
N N
EXTAL — § 128 kbytes/64 kbytes § lew PC10/A10
XTAL —= \ \
[« PC9/A9
PLLVCC — 5 % % |« PC8/A8
F’LLCAP_> o § § les PC7/A7
v P”tb\xjs*sl § | Data transfer § le— PC6/A6
- . controller
ce v § -_I §\\\\\ [+~ PC5/AS
ce § Direct memory § | PC4/A4
Ve — § cess controlier § lew PC3/A3
Vee — N A .
PC2/A2
Voo — ﬂ Interrupt N s PCU/AL
Vee —= controller ‘\
ss N N e PCO/AO
Ve — % M g % L
Vs — A —
VSS_> N Serial communi- . A |« PD15/D15
Ss \~ cation interface Multlfunlctlon timer/ [« PD14/D14
xss = I%\\ (2 channels) i L PD13/D13
ss
Ve — & |« PD12/D12
ss
Vgg — § Compare match y AD Watch- |« PD11/D11
Vgs — § timer (x2 channels) converter l« PD10/D10
Vgg —
Ss |+ PD9/D9
A\\/’SS" m\\\\\ L PDB/D8
cc ™ lew PD7/D7
AVss = e PD6/D6
| l«—> PD5/D5
Frittttt R et
52232932 LEQIA98583222528 | [
x3233%% 8%'&088000000<m<u [+~ PD2/D2
NSOBT®H®N SO OxIE000000000 XX & le PD1/D1
defoadad CoaEEEEEEEEESRGN
;gvmﬁsmwr\mmvﬂumz |« PDO/DO
geéoaSsuumuunuwgggg L
. OOQEEL&JQ&&Q&&SOOB
-:Perlpheral address bus B JE £ 8 EE
= «© ~ 3 =
& : Peripheral data bus 2 g o IR
<! Internal address bus 83 & Latoa
4@ : Internal upper data bus e E
& 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), SH7040, SH7042
(TQFP-120 pin)
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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
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Figure 1.2 Block Diagram of the SH7041, SH7043, SH7045 (QFP-144 Pin)
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1.3 Pin Arrangement and Pin Functions

131 Pin Arrangment

Figure 1.3 shows the pin arrangement for the QFP-112 (top view).
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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 1.3 SH7040, SH7042, SH7044 Pin Arrangement (QFP-112 Top View)
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Figure 1.4 shows the pin arrangement for the TFP-120 (top view).
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Figure 1.4 SH7040, SH7042 Pin Arrangement (TQFP-120 Top View)

Note: * Vpp: ZTAT version only
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Figure 1.5 shows the pin arrangement for the QFP-144 (top view).
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Notes: *1 Vcc in the mask and ZTAT versions; FWP in the F-ZTAT version (however, FWE in writer mode)
*2 Vpp: ZTAT version only

Figure 1.5 SH7041, SH7043, SH7045 Pin Arrangement (QFP-144 Top View)
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1.3.2 Pin Arrangement by Mode

Table 1.2  Pin Arrangement by Mode for SH7040, SH7042 (QFP-112 Pin)

Pin No. MCU Mode PROM Mode
1 PE14/TIOCAC/DACKO/AH Vee
2 PE15/TIOC4D/DACK1/IRQOUT CE
3 Vss Vss
4 PCO/AQ A0
5 PC1/A1 Al
6 PC2/A2 A2
7 PC3/A3 A3
8 PC4/A4 A4
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 Al5
20 PBO/A16 A16
21 Vee Vee
22 PB1/A17 NC
23 Vs Ves
24 PB2/IRQO/POEO/RAS NC
25 PB3/IRQ1/POE1/CASL OE
26 PB4/IRQ2/POE2/CASH PGM
27 Vs Vs
28 PB5/IRQ3/POE3/RDWR Vee
16
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Table 1.2

Pin Arrangement by Mode for SH7040, SH7042 (QFP-112 Pin) (cont)

Pin No. MCU Mode PROM Mode
29 PB6/IRQ4/A18/BACK NC
30 PB7/IRQ5/A19/BREQ NC
31 PB8/IRQ6/A20/WAIT NC
32 PBY9/IRQ7/A21/ADTRG NC
33 Vss Vss
34 PA14/RD NC
35 WDTOVF NC
36 PA13/WRH NC
37 Vee Vee
38 PA12/WRL NC
39 Vss Vss
40 PA11/CST NC
41 PA10/CSO NC
42 PA9/TCLKD/IRQ3 NC
43 PAS/TCLKC/IRQ2 NC
44 PA7/TCLKB/CS3 NC
45 PA6/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 Vss Vss
56 PD12/D12 NC
57 PD11/D11 NC
58 PD10/D10 NC

RENESAS
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Table 1.2  Pin Arrangement by Mode for SH7040, SH7042 (QFP-112 Pin) (cont)

Pin No. MCU Mode PROM Mode
59 PD9/D9 NC
60 PD8/D8 NC
61 Ve Vs
62 PD7/D7 D7
63 PD6/D6 D6
64 PD5/D5 D5
65 Vee Vee
66 PD4/D4 D4
67 PD3/D3 D3
68 PD2/D2 D2
69 PD1/D1 D1
70 PDO/DO DO
71 \V% Ves
72 XTAL NC
73 MD3 Vee
74 EXTAL Ves
75 MD2 Vee
76 NMI A9
7 Vee Vee
78 MD1 Vee
79 MDO Vee
80 PLLVCC Vee
81 PLLCAP Vs
82 PLLVSS Vs
83 PA15/CK NC
84 RES Vep
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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Table 1.2

Pin Arrangement by Mode for SH7040, SH7042 (QFP-112 Pin) (cont)

Pin No. MCU Mode PROM Mode
89 PE4/TIOC1A NC
90 Vss Vss
91 PFO/ANO Ve
92 PF1/AN1 Vs
93 PF2/AN2 Vs
94 PF3/AN3 Ve
95 PF4/AN4 Vs
96 PF5/ANS Vs
97 AV, Ve
98 PF6/ANG Vs
99 PF7/AN7 Vs
100 AV, Vee
101 Vo Vs
102 PES/TIOC1B NC
103 Vee Vee
104 PE6/TIOC2A NC
105 PE7/TIOC2B NC
106 PES/TIOC3A NC
107 PE9/TIOC3B NC
108 PE10/TIOC3C NC
109 Ve Ve
110 PE11/TIOC3D NC
111 PE12/TIOC4A NC
112 PE13/TIOC4B/MRES NC
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Table 1.3  Pin Arrangement by Mode for SH7040, SH7042 (TQFP-120 Pin)

TQFP120 Pin No. MCU Mode PROM Mode
1 NC NC
2 PE14/TIOCAC/DACKO/AH Ve
3 PE15/TIOC4D/DACK1/IRQOUT CE
4 Vss Vss
5 PCO/AO0 A0
6 PC1/A1 Al
7 PC2/A2 A2
8 PC3/A3 A3
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 Al3
19 PC14/A14 Al4
20 PC15/A15 Al5
21 PBO/A16 Al6
22 Vee Vee
23 PB1/A17 NC
24 Vs Ve
25 PB2/IRQO/POEO/RAS NC
26 PB3/IRQ1/POE1/CASL OE
27 PB4/IRQ2/POE2/CASH PGM
28 Ves Vs
29 PB5/IRQ3/POE3/RDWR Vee
30 NC NC
31 NC NC
20
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Table 1.3  Pin Arrangement by Mode for SH7040, SH7042 (TQFP-120 Pin) (cont)

TQFP120 Pin No. MCU Mode PROM Mode
32 PB6/IRQ4/A18/BACK NC
33 PB7/IRQ5/A19/BREQ NC
34 PB8/IRQ6/A20/WAIT NC
35 PBY9/IRQ7/A21/ADTRG NC
36 Ves Ves
37 PA14/RD NC
38 WDTOVF NC
39 PA13/WRH NC
40 Vee Vee
41 PA12/WRL NC
42 Ves Ves
43 PA11/CST NC
44 PA10/CSO NC
45 PA9/TCLKD/IRQ3 NC
46 PA8S/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/SCKO/DREQO/IRQ0O NC
53 PA1/TXDO NC
54 PAO/RXDO NC
55 PD15/D15 NC
56 PD14/D14 NC
57 PD13/D13 NC
58 Vss Vss
59 PD12/D12 NC
60 NC NC
61 NC NC
62 PD11/D11 NC
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Table 1.3  Pin Arrangement by Mode for SH7040, SH7042 (TQFP-120 Pin) (cont)

TQFP120 Pin No. MCU Mode PROM Mode
63 PD10/D10 NC
64 PD9/D9 NC
65 PD8/D8 NC
66 Ves Vo
67 PD7/D7 D7
68 PD6/D6 D6
69 PD5/D5 D5
70 Vee Vee
71 PD4/D4 D4
72 PD3/D3 D3
73 PD2/D2 D2
74 PD1/D1 D1
75 PDO/DO DO
76 Ves Ves
77 XTAL NC
78 MD3 Vee
79 EXTAL Ves
80 MD2 Vee
81 NMI A9
82 Vee Vee
83 MD1 Vee
84 MDO Vee
85 PLLV . Vee
86 PLLCAP Ve
87 PLLV Vo
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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Table 1.3  Pin Arrangement by Mode for SH7040, SH7042 (TQFP-120 Pin) (cont)

TQFP120 Pin No. MCU Mode PROM Mode
94 PE2/TIOCOC/DREQT NC
95 PE3/TIOCOD/DRAKT NC
96 PE4/TIOC1A NC
97 Vss Vss
98 PFO/ANO Vs
99 PF1/AN1 Ves
100 PF2/AN2 Vs
101 PF3/AN3 Vs
102 PF4/AN4 Vs
103 PF5/AN5 Vs
104 AV Vs
105 PF6/AN6 Vs
106 PF7/AN7 Vs
107 AV, Vee
108 Ve Vs
109 PES/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 Ve Vs
118 PE11/TIOC3D NC
119 PE12/TIOCA4A NC
120 PE13/TIOC4B/MRES NC
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Table 1.4  Pin Arrangement by Mode for SH7041, SH7043 (QFP-144 Pin)

Pin No. MCU Mode PROM Mode
1 PA23/WRHH NC
2 PE14/TIOCAC/DACKO/AH Vee
3 PA22/WRHL NC
4 PA21/CASHH NC
5 PE15/TIOC4D/DACK1/IRQOUT CE
6 Vss Vss
7 PCO/A0 A0
8 PC1/A1 Al
9 PC2/A2 A2
10 PC3/A3 A3
11 PC4/A4 Ad
12 Vee Vee
13 PC5/A5 A5
14 Vo Vs
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 \V% Ves
29 PA20/CASHL NC
30 PA19/BACK/DRAK1 NC
24

RENESAS



Table 1.4

Pin Arrangement by Mode for SH7041, SH7043 (QFP-144 Pin) (cont)

Pin No. MCU Mode PROM Mode
31 PB2/IRQ0O/POEO/RAS NC
32 PB3/IRQ1/POE1/CASL OE
33 PA18/BREQ/DRAKO NC
34 PB4/IRQ2/POE2/CASH PGM
35 Vss ss
36 PB5/IRQ3/POE3/RDWR Vee
37 PB6/IRQ4/A18/BACK NC
38 PB7/IRQ5/A19/BREQ NC
39 PB8/IRQ6/A20/WAIT NC
40 Vee Vee
41 PB9/IRQ7/A21/ADTRG NC
42 Ve 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 PAB/TCLKA/CS2 NC
55 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/DREQT NC
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Table 1.4  Pin Arrangement by Mode for SH7041, SH7043 (QFP-144 Pin) (cont)

Pin No. MCU Mode PROM Mode
61 Vo Ves
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/IRQ1T NC
71 Ves Ves
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 Vo Ves
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 Ve Ves
88 PD4/D4 D4
89 PD3/D3 D3
90 PD2/D2 D2
26
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Table 1.4

Pin Arrangement by Mode for SH7041, SH7043 (QFP-144 Pin) (cont)

Pin No. MCU Mode PROM Mode
91 PD1/D1 D1
92 PD0/DO DO
93 Vss Vss
94 XTAL NC
95 MD3 Vee
96 EXTAL Ves
97 MD2 Vee
98 NMI A9
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 Ve Ves
118 PFO/ANO Vs
119 PF1/AN1 Ves
120 PF2/AN2 V.
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Table 1.4  Pin Arrangement by Mode for SH7041, SH7043 (QFP-144 Pin) (cont)

Pin No. MCU Mode PROM Mode
121 PF3/AN3 Ves
122 PF4/AN4 Ves
123 PF5/ANS Vs
124 AV Ves
125 PF6/ANG Ves
126 PF7/AN7 Ves
127 Avref Vee
128 AV, Vee
129 Ve 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 Ve Ves
142 PE11/TIOC3D NC
143 PE12/TIOC4A NC
144 PE13/TIOC4B /MRES NC
28
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Table 1.5 Pin Arrangement by Mode for SH7044 (QFP-112 Pin)
PinNo. MCU Writer mode
1 PE14/TIOC4C/DACKO/AH NC
2 PE15/TIOC4D/DACK1/IRQOUT NC
3 Vs Vss
4 PCO/A0 A0
5 PC1/A1 Al
6 PC2/A2 A2
7 PC3/A3 A3
8 PC4/A4 A4
9 PC5/A5 A5
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 Al13
18 PC14/A14 Al4
19 PC15/A15 A15
20 PBO/A16 A16
21 Vee Vee
22 PB1/A17 NC
23 Vs Vss
24 PB2/IRQ0O/POEO/RAS NC
25 PB3/IRQ1/POE1/CASL NC
26 PB4/IRQ2/POE2/CASH Al7
27 Vs Vss
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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Table 1.5 Pin Arrangement by Mode for SH7044 (QFP-112 Pin) (cont)

PinNo. MCU Writer mode
33 Vs Ve
34 PA14/RD NC
35 WDTOVF NC
36 PA13/WRH NC
37 Vee Vee
38 PA12/WRL NC
39 Vs Ve
40 PA11/CS1 NC
41 PA10/CSO NC
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/SCK0/DREQO/IRQO Vee
50 PA1/TXDO Vee
51 PAO/RXDO NC
52 PD15/D15 NC
53 PD14/D14 NC
54 PD13/D13 NC
55 Vs Ve
56 PD12/D12 NC
57 PD11/D11 NC
58 PD10/D10 NC
59 PD9/D9 NC
60 PD8/D8 NC
61 Vs Ve
62 PD7/D7 D7
63 PD6/D6 D6
64 PD5/D5 D5
30
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Table 1.5 Pin Arrangement by Mode for SH7044 (QFP-112 Pin) (cont)

PinNo. MCU Writer mode
65 Vee Vee

66 PD4/D4 D4

67 PD3/D3 D3

68 PD2/D2 D2

69 PD1/D1 D1

70 PDO/DO DO

71 Vs Vss

72 XTAL XTAL
73 MD3 MD3
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/DREQT NC

88 PE3/TIOCD/DRAK1 NC

89 PE4/TIOC1A NC

90 Vss Vss

91 PFO/ANO Ve

92 PF1/AN1 Ve

93 PF2/AN2 Ve

94 PF3/AN3 Ve

95 PF4/AN4 Ve

96 PF5/ANS Ve

Note: * V. in the mask version; FWP in the F-ZTAT version (however, FWE in the writer mode)
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Table 1.5

Pin Arrangement by Mode for SH7044 (QFP-112 Pin) (cont)

PinNo. MCU Writer mode
97 AV, Ves
98 PF6/ANG Vs
99 PF7/AN7 Ves
100 AV, Vee
101 \V% Vs
102 PE5/TIOC1B NC
103 Vee Vee
104 PE6/TIOC2A NC
105 PE7/TIOC2B NC
106 PES/TIOC3A NC
107 PE9/TIOC3B NC
108 PE10/TIOC3C NC
109 \V% Ves
110 PE11/TIOC3D NC
111 PE12/TIOC4A NC
112 PE13/TIOC4B/MRES NC
32
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Table 1.6  Pin Arrangement by Mode for SH7045 (QFP-144 Pin)
PinNo. MCU Writer mode
1 PA23/WRHH NC
2 PE14/TIOC4C/DACKO/AH NC
3 PA22/WRHL NC
4 PA21/CASHH NC
5 PE15/TIOC4D/DACK1/IRQOUT NC
6 Vss Vss
7 PCO/A0 A0
8 PC1/A1 Al
9 PC2/A2 A2
10 PC3/A3 A3
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 Al13
23 PC14/A14 Al4
24 PC15/A15 A15
25 PBO/A16 Al16
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
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Table 1.6  Pin Arrangement by Mode for SH7045 (QFP-144 Pin) (cont)

PinNo. MCU Writer mode
37 PB6/IRQ4/A18/BACK NC
38 PB7/IRQ5/A19/BREQ NC
39 PB8/IRQ6/A20/WAIT NC
40 Vee Vee
41 PB9/IRQ7/A21/ADTRG NC
42 Vss Vss
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/CS1 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
55 Vs Vss
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
61 Vs 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/IRQ1 NC
71 Vss Vss
72 PD16/D16/IRQ0 NC
34
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Table 1.6

Pin Arrangement by Mode for SH7045 (QFP-144 Pin) (cont)

PinNo. MCU Writer mode
73 PD15/D15 NC

74 PD14/D14 NC

75 PD13/D13 NC

76 PD12/D12 NC

7 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

91 PD1/D1 D1

92 PD0/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¢e PLLVg
107 PA15/CK NC

Note: * V. in the mask version; FWP in the F-ZTAT version (however, FWE in the writer mode)
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Table 1.6  Pin Arrangement by Mode for SH7045 (QFP-144 Pin) (cont)

PinNo. MCU Writer mode
108 RES RES
109 PEO/TIOCOA/DREQO NC
110 PE1/TIOCOB/DRAKO NC
111 PE2/TIOCOC/DREQ1 NC
112 Vee Vee
113 PE3/TIOCOD/DRAK1 NC
114 PE4/TIOC1A NC
115 PE5/TIOC1B NC
116 PE6/TIOC2A NC
117 Vs Ve
118 PFO/ANO Ves
119 PF1/AN1 Vs
120 PF2/AN2 \V%
121 PF3/AN3 Ves
122 PF4/AN4 Vs
123 PF5/AN5 \V%
124 AV, Ves
125 PF6/ANG Ves
126 PF7/AN7 \V%
127 AVref Vee
128 AV, Vee
129 Vs Ve
130 PAO/RXDO NC
131 PAL1/TXDO Vee
132 PA2/SCK0/DREQO/IRQO 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 Vs Ve
142 PE11/TIOC3D NC
143 PE12/TIOC4A NC
144 PE13/TIOC4B/MRES NC
36
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1.3.3 Pin Functions

Table 1.7 lists the pin functions.

Table 1.7  Pin Functions
Classification ~ Symbol 1/10 Name Function
Power supply Ve | Supply Connects to power supply.
Connect all V. pins to the system
supply. No operation will occur if
there are any open pins.
Vs | Ground Connects to ground.
Connect all Vg pins to the system
ground. No operation will occur if
there are any open pins.
Vop | Program Connects to the power supply (Vo)
supply during normal operation.
When in PROM mode, apply 12.5 V.
Clock PLLVCC | PLL supply On-chip PLL oscillator supply.
PLLVSS | PLL ground On-chip PLL oscillator ground.
PLLCAP | PLL On-chip PLL oscillator external
capacitance capacitance connection pin.
EXTAL | External clock Connect a crystal oscillator. Also, an
external clock can be input to the
EXTAL pin.
XTAL | Crystal Connect a crystal oscillator.
CK (0] System clock Supplies the system clock to
peripheral devices.
System control  RES | Power-on reset  Power-on reset when low
MRES | Manual reset Manual reset when low
WDTOVF O Watchdog Overflow output signal from WDT
timer overflow
BREQ | Bus request Goes low when external device
requests bus right release
BACK (@) Bus request Indicates that bus right has been

acknowledge

released to external device. The
device that output the BREQ signal
receives the BACK signal, notifying
the device that it has obtained the bus
right.
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Table 1.7  Pin Functions (cont)

Classification ~ Symbol 1/0 Name Function

Operating MDO-MD3 | Mode set Determines the operating mode. Do

mode control not change input value during
operation.

FWP | Flash memory Protects flash memory from being

write protect written or deleted.
Interrupts NMI | Non-maskable Non-maskable interrupt request pin.
interrupt Enables selection of whether to
accept on the rising or falling edge.

IRQO- | Interrupt Maskable interrupt request pins.

IRQ7 requests 0—7 Allows selection of level input and
edge input.

IRQOUT O Interrupt request  Indicates that interrupt cause has

output occurred. Enables notification of
interrupt generation also during bus
release.
Address bus AO0-A21 0] Address bus Outputs addresses.
Data bus D0O-D15 110 Data bus 16-bit (QFP-112 pin and TQFP-120

(QFP-112) pin versions) or 32-bit (QFP-144 pin

DO-D31 version) bidirectional data bus.

(QFP-144)

Bus control CS0-CS3 O Chip selects 0-3  Chip select signals for external
memory or devices.

RD 0 Read Indicates reading from an external
device.

RH o Upper write Indicates writing the upper 8 bits
(15-8) of external data.

WRL 0 Lower write Indicates writing the lower 8 bits
(7-0) of external data.

WAIT | Wait Input causes insertion of wait cycles
into the bus cycle during external
space access.

RAS (@) Row address Timing signal for DRAM row

strobe address strobe.
CASH o Upper column Timing signal for DRAM column
address strobe address strobe.
Output when the upper 8 bits of
data are accessed.
38
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Table 1.7

Pin Functions (cont)

Classification ~ Symbol 1/0 Name Function
Bus control CASL @) Lower column Timing signal for DRAM column
(cont) address strobe  address strobe.
Output when the lower 8 bits of
data are accessed.
RDWR (0] DRAM DRAM write strobe signal.
read/write
AH 0 Address hold Address hold timing signal for
devices using an address/data
multiplex bus.
WRHH 0] HH write Indicates the writing of bits 31 to
(QFP-144) 24 of external data.
WRHL (@) HL write Indicates the writing of bits 23 to
(QFP-144) 16 of external data.
CASHH 0] HH column Timing signal for DRAM column
(QFP-144) address strobe  address strobe. Output when bits
31 to 24 of data are accessed.
CASHL o HL column Timing signal for DRAM column
(QFP-144) address strobe  address strobe. Output when bits
23 to 16 of data are accessed.
Bus control TCLKA | MTU timer Input pins for external clocks to
multifunction TCLKB clock input the MTU counter.
timer/pulse unit
TCLKC
TCLKD
TIOCOA 110 MTU input Channel 0 input capture
TIOCOB capture/ output  input/output compare output/PWM
compare output pins.
Tiococ (channel 0)
TIOCOD
TIOC1A 1/0 MTU input Channel 1 input capture
TIOC1B capture/output input/output compare output/PWM
compare output pins.
(channel 1)
TIOC2A 110 MTU input Channel 2 input capture
TIOC2B capture/output  input/output compare output/PWM
compare output pins.
(channel 2)
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Table 1.7  Pin Functions (cont)
Classification ~ Symbol 1/0 Name Function
Bus control TIOC3A 110 MTU input Channel 3 input capture input/output
multifunction TIOC3B capture/output compare output/PWM output pins.
timer/pulse unit compare
(cont) TIOC3C (channel 3)
TIOC3D
TIOC4A 110 MTU input Channel 4 input capture input/output
TIOC4B capture/output compare output/PWM output pins.
compare
Tioc4c (channel 4)
TIOC4D
Direct memory  DREQO- | DMA transfer Input pin for external requests for
access DREQ1 request DMA transfer.
controller (channels 0, 1)
(DMAC)
DRAKO- (@) DREQ request Output the input sampling
DRAK1 acknowledgment  acknowledgment of external DMA
(channels 0, 1) transfer requests.
DACKO- (0] DMA transfer Output a strobe to the external I/O of
DACK1 strobe (channels  external DMA transfer requests.
0,1)
Serial TxDO- (@) Transmit data SCI0, SCI1 transmit data output pins.
communication TxD1 (channels 0, 1) (TxD1 is used for data transfer during
interface (SCI) boot mode of F-ZTAT)
RxD0- | Receive data SCIO0, SCI1 receive data input pins.
RxD1 (channels 0, 1) (RxD1 is used for data transfer during
boot mode of F-ZTAT)
SCKO- 110 Serial clock SCI0, SCI1 clock input/output pins.
SCK1 (channels 0, 1)
A/D Converter AV | Analog supply Analog supply; connected to V..
AV | Analog ground Analog supply; connected to V.
AVref | Analog reference  Analog reference supply input pin.
(QFP-144 supply (Connected to AV internally in
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.
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Table 1.7

Pin Functions (cont)

Classification ~ Symbol I/0 Name Function
I/O ports POEO- | Port output Input pin for port pin drive control
POES3 enable when general use ports are
established as output.
PAO- 110 General purpose  General purpose input/output port
PA15 port pins.
(QFP-112) Each bit can be designated for
PAO- input/output.
PA23
(QFP-144)
PBO-PB9 I/O General purpose  General purpose input/output port
port pins.
Each bit can be designated for
input/output.
PCO- 1/0 General purpose  General purpose input/output port
PC15 port pins.
Each bit can be designated for
input/output.
PDO- 110 General purpose  General purpose input/output port
PD15 port pins.
(QFP-112) Each bit can be designated for
PDO- input/output.
PD31
(QFP-144)
PEO- 1/0 General purpose  General purpose input/output port
PE15 port pins.
Each bit can be designated for
input/output.
PFO-PF7 | General purpose  General purpose input port pins.

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 version.
However, if it is necessary to pull this pin down, a resistance of Q0dr kigher should be

used.
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1.4 The F-ZTAT Version Onboard Programming

There are 2 modes on the F-ZTAT version: a mode that writes and overwrites programs using the
special writer and a mode that writes and overwrites programs onboard the application system.

When rebooting after setting each mode pin and FWP pin during the reset condition, the
microcomputer will transfer to one of the modes indicated in figure 1.6. In the user mode, data ca
be read from the flash memory but cannot be written or deleted. Use the boot mode and the user
program mode to write to the flash memory or delete data.

In the boot mode, SCI1 (TXD1, RXD1) is used for data transfer. It is possible to automatically
adjust the transfer bit rate to the transfer bit rate of the host.

Table 1.8  Pins during the Onboard Programming Mode

Notation I/0 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

User
program
mode

Boot mode
Onboard programming mode

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

* RAM emulation permitted

Figure 1.6 Condition Transfer for Flash Memory
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<Host>

Write control program

Application program

<SH7044/45> RXD1 Y TXD1
SCi1
Boot program
<Flash memory> <RAM> i

Write control
program area

Application program
Boot program area

Figure. 1.7 Data Transfer during Boot Mode
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Section 2 CPU

2.1 Register Configuration

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

2.1.1 General Registers (Rn)

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

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

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

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

Figure 2.1 General Registers
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2.1.2 Control Registers

The 32-bit control registers consist of the 32-bit status register (SR), global base register (GBR),

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

31 98 76543210
SR| ———omoo M Q3121110 -~ ST| SR: Status register

-1 T I_> T bit: The MOVT, CMP/cond, TAS, TST,

BT (BT/S), BF (BF/S), SETT, and CLRT
instructions use the T bit to indicate true
(2) or false (0). The ADDV, ADDC,
SUBV, SUBC, DIVOU, DIV0S, DIV1,
NEGC, SHAR, SHAL, SHLR, SHLL,
ROTR, ROTL, ROTCR, and ROTCL
instructions also use the T bit to indicate
carry/borrow or overflow/underflow.

— S bit: Used by the MAC instruction.

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

—— ¥ Bits 10-13: Interrupt mask bits.

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

Reserved bits. 0 is read. Write only.

v

v

31 0 Global base register (GBR):

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

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

Figure 2.2 Control Registers
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2.1.3 System Registers

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

31 0 Multiply and accumulate (MAC)
MACH registers high and low (MACH,
MACL MACL): Stores the results of

multiply and accumulate operations.

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

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

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 address table
Control registers SR Bits 13—10 are 1111 (H'F), reserved bits are 0, and other
bits are undefined
GBR Undefined
VBR H'00000000
System registers  MACH, MACL, PR Undefined
PC Value of the program counter in the vector address table
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2.2 Data Formats

221 Data Format in Registers

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

| Longword

Figure 2.4 Longword Operand

222 Data Format in Memory

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

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

§

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 accessed by the MOV
ADD, and CMP/EQ instructions is sign-extended and handled in registers as longword data.
Immediate data accessed by the TST, AND, OR, and XOR instructions is zero-extended and
handled as longword data. Consequently, AND instructions with immediate data always clear the
upper 24-bits of the destination register.
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Word or longword immediate data is not located in the instruction code, but instead is stored in «
memory table. An immediate data transfer instruction (MOV) accesses the memory table using
PC relative addressing mode with displacement.

2.3 Instruction Features

231 RISC-Type Instruction Set

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

One Instruction per Cycle: The microprocessor can execute basic instructions in one cycle using
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 can be accessed
bytes, words, or longwords. Byte or word data accessed from memory is sign-extended and
handled as longword data. Immediate data is sign-extended for arithmetic operations or zero-
extended for logic operations. It also is handled as longword data (table 2.2).

Table 2.2 Sign Extension of Word Data

SH7040 Series CPU Description Example of Conventional CPU
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 operations that
involve memory access, data is loaded to the registers and executed (load-store architecture).
Instructions such as AND that manipulate bits, however, are executed directly in memory.

Delayed Branch Instructions Unconditional branch instructions are delayed. Executing the
instruction that follows the branch instruction and then branching reduces pipeline disruption
during branching (table 2.3). There are two types of conditional branch instructions: delayed
branch instructions and ordinary branch instructions.
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Table 2.3  Delayed Branch Instructions

SH7040 Series CPU Description Example of Conventional CPU
BRA TRGET Executes an ADD before ADDW RL,RO
ADD RL, RO branching to TRGET BRA TRGET

Multiplication/Accumulation Operation : 16-bitx 16-bit . 32-bit multiplication operations are
executed in one to two cycles. 16-kil6-bit + 64-bit— 64-bit multiplication/accumulation
operations are executed in two to three cycles. 32-8&-bit . 64-bit and 32-bik 32-bit + 64-
bit - 64-bit multiplication/accumulation operations are executed in two to four cycles.

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

Table 2.4 T Bit

SH7040 Series CPU Description Example of Conventional CPU
W& RL,RO T bit is set when RO = R1. The awr.W R, RO
BT TRCETO program branches to TRGETO BGE TRCETO
when RO = R1 and to TRGET1
BF TRCGET1 when RO < R1. BLT TRCGET1
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 TRCET

branches if RO = 0.
BT TRCGET

Immediate Data Byte (8-bit) immediate data resides in instruction code. Word or longword
immediate data is not input via instruction codes but is stored in a memory table. An immediate
data transfer instruction (MOV) accesses the memory table using the PC relative addressing moc
with displacement (table 2.5).
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Table 2.5 Immediate Data Accessing

Classification SH7040 Series CPU Example of Conventional CPU
8-bit immediate MOV #H 12, RO MOV.B #H 12, RO
16-bit immediate = MOV. W @di sp, PO, RO MOV. W #H 1234, RO

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

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

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

Table 2.6 Absolute Address Accessing

Classification SH7040 Series CPU Example of Conventional CPU
Absolute address MOV. L @di sp, PO, RL MOV. B @ 12345678, RO
MOV. B @rl, R

.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 displacement, the pre-
existing displacement value is placed in the memory table. Loading the immediate data when th
instruction is executed transfers that value to the register and the data is accessed in the indirec
indexed register addressing mode (table 2.7).

Table 2.7  Displacement Accessing

Classification SH7040 Series CPU Example of Conventional CPU
16-bit displacement  MOV. W @di sp, PO, RO MV. W @H 1234, Rl), R2
MOV, W @R, R, R

.DATAW H 1234
Note: @(disp,PC) accesses the immediate data.
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2.3.2

Table 2.8 describes addressing modes and effective address calculation.

Addressing Modes

Table 2.8 Addressing Modes and Effective Addresses
Addressing Instruction
Mode Format Effective Addresses Calculation Equation
Direct register 21} The effective address is register Rn. (The operand —
addressing is the contents of register Rn.)
Indirect register @ The effective address is the content of register Rn.  Rn
addressing
Post-increment @+ The effective address is the content of register Rn.  Rn
indirect register A constant is added to the content of Rn after the (After the
addressing instruction is executed. 1 is added for a byte instruction
operation, 2 for a word operation, and 4 for a executes)
longword operation.
Byte: Rn + 1
- Rn
Word: Rn + 2
- Rn
Longword:
Rn+4 - Rn
Pre-decrement @HRn The effective address is the value obtained by Byte: Rn -1
indirect register subtracting a constant from Rn. 1 is subtracted for - Rn
addressing a byte operation, 2 for a word operation, and 4 for Word: Rn — 2
a longword operation. - Rn.
Longword:
Rn—-4 - Rn
Rn —1/2/4 (Instruction
executed with
Rn after
calculation)
52
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Table 2.8  Addressing Modes and Effective Addresses (cont)

Addressing Instruction

Mode Format Effective Addresses Calculation Equation
Indirect register @di sp: 4, The effective address is Rn plus a 4-bit Byte: Rn +
addressing with  Rn) displacement (disp). The value of disp is zero- disp
displacement extended, and remains the same for a byte Word: Rn +

operation, is doubled for a word operation, and is

quadrupled for a longword operation.

disp x 2
Longword: Rn

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

disp
(zero-extended)

GBR
+ disp x 1/2/4
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Table 2.8 Addressing Modes and Effective Addresses (cont)

Addressing Instruction
Mode Format Effective Addresses Calculation Equation

Indirect indexed @R0, @BR The effective address is the GBR value plus the RO. GBR + RO
GBR addressing

GBR + RO

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

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

displacement extended, and is doubled for a word operation, and Longword:
quadrupled for a longword operation. For a cC&

longword operation, the lowest two bits of the PC H'EEFEFEFC

value are masked. +disp x 4

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

disp
(zero-extended)
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Table 2.8

Addressing
Mode

Addressing Modes and Effective Addresses (cont)

Instruction
Format

Effective Addresses Calculation Equation

PC relative
addressing

disp: 8

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

disp
(sign-extended)

PC + disp x 2

di sp: 12

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

disp
(sign-extended)

PC + disp x 2

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

()—»_Pcrrn |

Immediate
addressing

#imm 8

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

#inm 8

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

#imm 8

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

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

* xxxx: Instruction code
 mmmm: Source register

» nnnn: Destination register
* iii: Immediate data

» dddd: Displacement

Table 2.9 Instruction Formats

Source Destination

Instruction Formats Operand Operand Example

0 format — — NCP

15 0

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

15 0 Control register nnnn: Direct STS NMACH Rn

| xxxx| nnnn | XXXX  XXXX or system register
register
Control register nnnn: Indirectpre- STC L SR @Rn
or system decrement register
register

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

15 0 mmmm: Indirect  Control registeror LDC. L @, SR

| XXXX |mmmm| XXXX  XXXX post-increment system register
register
mmmm: Direct — JWP  @Rm
register
mmmm: PC — BRAF Rm

relative using Rm
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Table 2.9

Instruction Formats (cont)

Source Operand Destination

Instruction Formats Operand Example

nm format mmmm: Direct nnnn: Direct ADD Rm
register register
mmmm: Direct nnnn: Indirect MOV.L Rm @n

| XXXX | nnnn |mmmm| XXXX register register

mmmm: Indirect  MACH, MACL MAC. W
post-increment @Rm+, @+
register (multiply/
accumulate)
nnnn®: Indirect
post-increment
register (multiply/
accumulate)
mmmm: Indirect  nnnn: Direct MOV.L @Rm+, Rn
post-increment register

register

mmmm: Direct

nnnn: Indirect pre-

MOV.L Rm@Rn

register decrement
register
mmmm: Direct nnnn: Indirect MOV. L
register indexed register Rm @ RO, Rn)
md format mmmmdddd: RO (Direct MOV. B
15 indirect register register) @disp,R), RO
| XXXX  XXXX |mmmm| dddd W_'th
displacement
nd4 format RO (Direct nnnndddd: MOV. B
15 0 register) Indirect register RO, @di sp, Rn)
| XXXX | XXXX | nnnn | dddd with displacement
nmd format mmmm: Direct nnnndddd: Indirect MOV. L
register register with Rm @di sp, Rn)
| XXXX | nnnn |mmmm| dddd displacement
mmmmdddd: nnnn: Direct MOV. L
Indirect register register @di sp, R, R

with
displacement

Note: * In multiply/accumulate instructions, nnnn is the source register.
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Table 2.9

Instruction Formats (cont)

Source Operand Destination

Instruction Formats Operand Example
d format dddddddd: RO (Direct register) MOV. L
15 0 Indirect GBR @di sp, BR, RO
XXXX  XXxX | dddd dddd W.Ith
displacement
RO(Direct dddddddd: Indirect MOV. L
register) GBR with RO, @di sp, BR
displacement
dddddddd: PC RO (Direct register) MOVA
relative with @di sp, PO, RO
displacement
dddddddd: PC — BF | abel
relative
d12 format dddddddddddd: — BRA | abel
15 0 PC relative (label = disp +
| %0 | dddd  dddd  dddd PO
nd8 format dddddddd: PC nnnn: Direct MOV. L
15 0 relative with register @di sp, PO, R
| XXXX | nnnn | dddd dddd displacement
i format iiiiiiii: Immediate Indirect indexed AND. B
GBR #i mm @ RO, GBR)
15 0 iiiiiiii; Immediate RO (Direct register) AND #i nm RO
|xxxx xxxx|iiii iiii
iiiiiiii: Immediate — TRAPA #i mm
ni format iiiiiiii: Immediate nnnn: Direct ADD #i mm Rn
15 0 register
|xxxx|nnnn| Pl diii
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2.4 Instruction Set by Classification

Table 2.10 Classification of Instructions

Operation No. of
Classification Types Code Function Instructions
Data transfer 5 MOV Data transfer, immediate data transfer, 39
peripheral module data transfer, structure data
transfer

MOVA Effective address transfer
MOVT T bit transfer

SWAP Swap of upper and lower bytes

XTRCT Extraction of the middle of registers connected

Arithmetic 21 ADD Binary addition 33
operations ADDC Binary addition with carry

ADDV Binary addition with overflow check

CMP/cond Comparison

DIVl Division
DIVOS Initialization of signed division
DIVOU 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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Table 2.10 Classification of Instructions (cont)

Operation No. of
Classification Types Code Function Instructions
Logic 6 AND Logical AND 14
operations NOT Bit inversion

OR Logical OR

TAS Memory test and bit set

TST Logical AND and T bit set

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

ROTR One-bit right rotation

ROTCL One-bit left rotation with T bit

ROTCR One-bit right rotation with T bit

SHAL One-bit arithmetic left shift

SHAR One-bit arithmetic right shift

SHLL One-bit logical left shift

SHLLn n-bit logical left shift

SHLR One-bit logical right shift

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

delay (Branch when T = 0)

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

BRA Unconditional branch

BRAF Unconditional branch

BSR Branch to subroutine procedure

BSRF Branch to subroutine procedure

JMP Unconditional branch

JSR Branch to subroutine procedure

RTS Return from subroutine procedure
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Table 2.10 Classification of Instructions (cont)

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

LDC Load to control register

LDS Load to system register

NOP No operation

RTE Return from exception processing

SETT T bit set

SLEEP Shift into power-down mode

STC Storing control register data

STS Storing system register data

TRAPA Trap exception handling
Total: 62 142

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

Item

Format

Instruction Code Format

Explanation

Instruction

CP. Sz SRC, DEST

OP: Operation code

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

DEST: Destination

Rm: Source register

Rn: Destination register

imm: Immediate data

disp: Displacement™1

Instruction
code

MSB - LSB

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

1111: R15
iiii: Immediate data
dddd: Displacement

Operation

Direction of transfer

(xx)

Memory operand

M/QIT

Flag bits in the SR

Logical AND of each bit

Logical OR of each bit

Exclusive OR of each bit

Logical NOT of each bit

<n

n-bit left shift

>>n

n-bit right shift

Execution
cycles

Value when no wait states are inserted™ 2

T bit

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

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

*2 Instruction execution cycles: The execution cycles shown in the table are minimums.
The actual number of cycles may be increased when (1) contention occurs between
instruction fetches and data access, or (2) when the destination register of the load
instruction (memory - register) and the register used by the next instruction are the
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Table 2.12 Data Transfer Instructions

Execu-
tion T
Instruction Instruction Code Operation Cycles Bit
MOV #i mm Rn 1110nnnniiiiiiii #imm - Sign extension - 1 —
Rn
MOV. W @di sp, PO, R1 1001nnnndddddddd (disp x 2 + PC) - Sign 1 —
extension - Rn
MOV.L @disp, PO, R 1101nnnndddddddd (disp x4 +PC) - Rn 1 —
MOV Rm Rn 0110nnnnnMmmMO011 Rm - Rn 1 —
MOV. B Rm @n 0010nnNnnMmmm®000 Rm - (Rn) 1 —
MOV. W Rm @ 0010nNnnnMmMMO001 Rm - (Rn) 1 —
MOV.L Rm @n 0010nnNNMMM®O010 Rm - (Rn) 1 —
MOV. B @m Rn 0110nnNnmMmmrd000 (Rm) - Sign extension - 1 —
Rn
MOV. W @m Rn 0110nnnNnmmmmd001 (Rm) - Sign extension - 1 —
Rn
MOV.L @m R 0110nnnnmmm9010 (Rm) - Rn 1 —
MOV. B Rm @Rn 0010nNnnnnMMMO100 Rn-1 - Rn, Rm - (Rn) 1 —
MOV. W Rm @Rn 0010nnnnnMmMmMO101 Rn-2 - Rn, Rm - (Rn) 1 —_
MOV.L Rm @Rn 0010nnnnmmm®110 Rn—4 - Rn, Rm - (Rn) 1 —
MOV. B @Rmt, Rn 0110nnnnmMmMm®©100 (Rm) - Sign extension » 1 —
Rn,Rm+1 - Rm
MOV. W @+, Rn 0110nnnnmmmo101 (Rm) - Sign extension - 1 —
Rn,RM+2 -~ Rm
MOV.L @m+ Rn 0110nnnnnMmMmM©110 (Rm) - Rn,Rm+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) 0001nnnnmmmdddd Rm - (disp x4 + Rn) 1 —
MV. B @disp, R, RO 10000100mmmuddd (disp + Rm) - Sign 1 —
extension - RO
MV. W @di sp, R, RO 10000101mmmdddd (disp x2 + Rm) - Sign 1 —
extension —» RO
MOV.L @disp, R}, R 0101nnnnmmmdddd (disp x4 + Rm) - Rn 1 —
MOV. B Rm @RO, Rn) 0000nNNNMMMMO100 Rm - (RO + Rn) 1 —

RENESAS
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Table 2.12 Data Transfer Instructions (cont)

Execu-
tion T
Instruction Instruction Code Operation Cycles Bit
MOV. W Rm @R, Rn) 0000nnNnmMMO101  Rm - (RO + Rn) 1 —
MOV.L Rm @R, Rn) 0000nNNNMMMO110  Rm - (RO + Rn) 1 —
MV.B @RO,RY),Rn 0000NnNNNNMMMML100 (RO + Rm) - Sign 1 —
extension - Rn
MV.W @RO,R),Rn 0000nnnnmmmM1101 (RO + Rm) - Sign 1 —
extension - Rn
MV.L @RO,RY),Rn 0000nnnnmmmM1110 (RO +Rm) - Rn 1 —
MOV. B RO, @di sp, GBBR 11000000dddddddd RO - (disp + GBR) 1 —
MV. W RO, @di sp, BR 11000001dddddddd RO - (disp x2 + GBR) 1 —
MOV.L RO, @disp, GBR 11000010dddddddd RO - (disp x4 + GBR) 1 —
MOV.B @disp, BBR,R0  11000100dddddddd (disp + GBR) - Sign 1 —
extension - RO
MV. W @disp, BR,R0 11000101dddddddd (disp x 2 + GBR) - Sign 1 —
extension - RO
MOV.L @disp, BBR,R0 11000110dddddddd (disp x4 + GBR) - RO 1 —
MOVA  @disp, PO, RO 11000111dddddddd  disp x4 + PC - RO 1 —
MOVT R 0000nnnNn00101001 T - Rn 1 —
SWAP.B Rm R 0110nnnnnMmmm 1000 Rm - Swap the bottom two 1 —
bytes — Rn
SWAP. W Rm Rn 0110nnnnmmmi001 Rm - Swap two 1 —
consecutive words - Rn
XTRCT Rm R 0010nnnnmmmm 101 Rm: Middle 32 bits of 1 —
Rn - Rn
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Table 2.13 Arithmetic Operation Instructions

Execu-
tion
Instruction Instruction Code Operation Cycles T Bit
ADD Rm R 0011nnnnmmmi100 Rn+Rm - Rn 1 —
ADD #i mm R Ol1lnnnniiiiiiii Rn +imm - Rn 1 —
ADDC Rm R 0011nnnnnmmmi110 Rn+Rm+T - Rn, 1 Carry
Carry - T
ADDV Rm R 0011lnnnnmmmilll Rn+Rm - Rn, 1 Overflow
Overflow - T
QW EQ # mmRO 10001000iiiiiiii IfRO=imm,1 - T 1 Comparison
result
OW EQ RmRn 00121nnNnmmmmrd000 IfRN=Rm,1 - T 1 Comparison
result
OWHS RmRn 0011nnnnmmm0010 If Rn=Rm with unsigned 1 Comparison
data,1 - T result
OW/ CGE RmR 0011nnnnmmmmo011 If Rn = Rm with signed 1 Comparison
data,1 - T result
OW/H Rk 0011nnnnmmm®©110 If Rn > Rm with 1 Comparison
unsigned data, 1 - T result
OW/ GIT RmRn 0011lnnnnmmmo111 If Rn > Rm with signed 1 Comparison
data,1 - T result
QW PL R 0100nnnn00010101 IfRn>0,1 T 1 Comparison
result
OW/ PZ Rn 0100nnnn00010001 IfRN=0,1-T 1 Comparison
result
OW/ STR Rm R 0010nnnnmmmi.100 If Rn and Rm have 1 Comparison
an equivalent byte, result
1-T7T
D Vi Rm R 0011nnnnmmm©100 Single-step division 1 Calculation
(Rn/Rm) result
D V0S Rm R 0010nnnnmmmo111 MSBofRn - Q,MSB 1 Calculation
of Rm - M,M"Q - T result
D VouU 0000000000011001 0 - M/QIT 1 0

RENESAS
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Table 2.13 Arithmetic Operation Instructions (cont)

Execu-
tion

Instruction Instruction Code Operation Cycles T Bit

DMLS. L RmRn 0011nnnnmmmi101 Signed operation of R 2to 4* —
x Rm - MACH, MACL
32 x32 - 64 hit

DMLU L RmRn 0011nnnnmmm0101 Unsigned operation of 2to4" —
Rn xRm - MACH,
MACL 32 x 32 - 64 bit

Dr R 0100nnnNn00010000 Rn—1 - Rn,whenRn 1 Comparison
is0,1 - T.When Rnis result
nonzero,0 - T

EXTS. B RmRn 0120nnnnmmm 1110 A byte in Rm is sign- 1 —
extended - Rn

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

EXTUB RmRn 0110nnnnmmmi100 A byte in Rm is zero- 1 —
extended - Rn

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

MAC. L @Rm+, @+ 0000nnNnmMml11l Signed operation of 3l(2to  —
(Rn) x (Rm) +MAC - 4)"
MAC 32 x 32 - 64 bit

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

MUL. L RM R 0000NnNNNmMMMMO111 Rn xRm - MACL,32 2to4* —
x 32 - 32 bit

MLS. W RmRn 0010nnnnmmM 1111 Signed operation of Rn  1t0 3* —
xRm - MAC 16 x 16
- 32 hit

MLU W RmRn 0010nnnnmmml110 Unsigned operation of 1to 3" —
Rn xRm - MAC 16 x
16 - 32 hit

NEG Rm R 0110nnnnnMmmMmi 011 0-Rm - Rn 1 —

NEQC Rm R 0110nnnnnmm 1010 0-Rm-T - Rn, Borrow 1 Borrow
- T
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Table 2.13 Arithmetic Operation Instructions (cont)

Execu-
tion
Instruction Instruction Code Operation Cycles T Bit
SUB Rm R 0011nnnnmmmi000 Rn—-Rm - Rn 1 —
SUBC RMm R 0011nnnnmMmm010 Rn—Rm-T - Rn, 1 Borrow
Borrow - T
SUBV Rn R 0011nnnnmmmi011 Rn-Rm - Rn, 1 Overflow

Underflow — T

Note: * The normal minimum number of execution cycles. (The number in parentheses is the
number of cycles when there is contention with following instructions.)
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Table 2.14 Logic Operation Instructions

Execu-
tion
Instruction Instruction Code Operation Cycles T Bit
AND Rm R 0010nnnnnmmm1001 Rn & Rm - Rn 1 —
AND # mmRO 1100100%iiiiiiii RO & imm - RO 1 —
AND. B #i mm @R0, GBR 1100110%iiiiiiii (RO + GBR) & imm - 3 —
(RO + GBR)
NOT Rm Rn 0110nnnnmmmm©0111 ~Rm - Rn 1 —
R Rm R 0010nnnnmmm1011 Rn|Rm - Rn 1 —
R #i mm RO 1100101%iiiiiiii RO | imm - RO 1 —
CRB # mm @R0, GBR 11002222iiiiiiii (RO + GBR) | imm - 3 —
(RO + GBR)
TAS.B @ 0100nnnn00011011 If(Rn)is0,1 - T;1 - 4 Test
MSB of (Rn)* result
TST RM R 0010nnnNmMmm000 Rn & Rm; if the resultis 1 Test
0,1-T result
TST #i mm RO 11001000iiiiiiii RO & imm; if the resultis 1 Test
0,1-T result
TST.B #i mm @R, BR 11001100iiiiiiii (RO + GBR) & imm; if 3 Test
theresultis0,1 - T result
XCR RmM R 0010nnnnnMmmi010 Rn~"Rm - Rn 1 —
XR #immRO 11001010iiiiiiii RO~ imm - RO 1 —
XOR B #imm @ RO, BR 110012120 iiiiiii (RO + GBR) A imm - 3 —
(RO + GBR)

Note: * The on-chip DMAC/DTC bus cycles are not inserted between the read and write cycles of
TAS instruction execution. However, bus release due to BREQ is carried out.
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Table 2.15 Shift Instructions

Execu-

tion
Instruction Instruction Code Operation Cycles T Bit
ROTL R 0100nnnn00000100 T « Rn « MSB 1 MSB
ROTR R 0100nnnn00000101 LSB - Rn - T 1 LSB
ROTCL R 0100nnnNn00100100 T<Rn T 1 MSB
ROTCR R 0100nnnn00100101 T-Rn T 1 LSB
SHAL R 0100nnnNn00100000 T<Rn<0 1 MSB
SHAR R 0100nnnn00100001 MSB - Rn - T 1 LSB
SHL R 0100nnnn00000000 T-Rn<0 1 MSB
SHR R 0100nnnNn00000001 0-Rn-T 1 LSB
SH L2 R 0100nnnNn00001000 Rn<<2 - Rn 1 —
SHRR R 0100nnnn00001001 Rn>>2 - Rn 1 —
SH L8 R 0100nnnn00011000 Rn<<8 - Rn 1 —
SH.R3 R 0100nnnn00011001 Rn>>8 - Rn 1 —
SHL16 R 0100nnnNn00101000 Rn<<16 - Rn 1 —
SHRI6 Rn 0100nnnn00101001 Rn>>16 - Rn 1 —

69

RENESAS



Table 2.16 Branch Instructions

Exec. T

Instruction Instruction Code Operation Cycles Bit

BF | abel 10001011dddddddd IfT=0,dispx2+PC - PC;ifT= 3/1% —
1, nop

BF/ S | abel 10001111dddddddd  Delayed branch, if T=0, disp x2+ 2/1* —
PC - PC;if T=1, nop

BT | abel 10001001dddddddd IfT=1,dispx2+PC - PC;if T = 311" —
0, nop

BT/ S | abel 10001101dddddddd  Delayed branch, if T=1, disp x2+  2/1* —
PC - PC;if T=0, nop

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

BRAF Rm 0000mmMmM®O0100011  Delayed branch, Rm + PC - PC 2 —

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

BSRF Rm 0000mmMMOO0000011  Delayed branch, PC - PR, 2 —
Rm + PC - PC

JW @m 0100mMmmMm©00101011 Delayed branch, Rm - PC 2 —

JSR @mn 0100MmmMM®D0001011 Delayed branch, PC - PR, 2 —
Rm - PC

RTS 0000000000001011  Delayed branch, PR - PC 2 —

Note: * One state when it does not branch.
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Table 2.17 System Control Instructions

Instruction Instruction Code Operation E))(/ilcés T Bit
CLRT 0000000000001000 0-T 1 0
CLRVAC 0000000000101000 0 - MACH, MACL 1 —
LDC  RmSR 0100nmmM©0001110 Rm - SR 1 LSB
LDC Rm GBR 0100mMmmM®O0011110 Rm - GBR 1 —
LDC Rm VBR 0100mmMm©0101110 Rm - VBR 1 —
LDC L @R+, SR 0100nmMmM00000111 (Rm) - SR,Rm+4 - Rm 3 LSB
LDC L @mt, GBBR 0100mmMO0010111 (Rm) - GBR,Rm+4 -~ Rm 3 —
LDC L @+, VBR 0100mmMm©O0100111 (Rm) - VBR,Rm+4 - Rm 3 —
LDS  Rm MACH 0100nmM©0001010 Rm - MACH 1 —
LDS Rm MACL 0100mMmmM®O0011010 Rm - MACL 1 —
LDSs Rm PR 0100mmMm©0101010 Rm - PR 1 —
LDS. L @Rm+, MACH 0100nmM©0000110 (Rm) - MACH,Rm+4 - Rm 1 —
LDS. L @, MACL 0100mMmmM®O0010110 (Rm) - MACL,Rm+4 - Rm 1 —
LDS. L @+, PR 0100mmMm00100110 (Rm) - PR,Rm+4 - Rm 1 —
NCP 0000000000001001 No operation 1 —
RTE 0000000000101011 Delayed branch, stack area 4 —
- PC/SR
SETT 0000000000011000 1-T 1 1
SLEEP 0000000000011011 Sleep 3* —
STC SR Rn 0000nnNNN00000010 SR - Rn 1 —
STC &BR 0000nnNN00010010 GBR - Rn 1 —
STC VBR R 0000nnNn00100010 VBR - Rn 1 —
STICL SR @R 0100nnnNn00000011 Rn-4 - Rn, SR - (Rn) 2 —
STC L GBR @R 0100nnnn00010011 Rn-4 - Rn, GBR - (Rn) 2 —
STCL 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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Table 2.17 System Control Instructions (cont)

Instruction Instruction Code Operation CE:);ilcés T Bit
STS.L  MACH @R 0100nnnn00000010 Rn—4 - Rn, MACH - (Rn) 1 —
STS. L MAOL, @Rn 0100nnnn00010010 Rn—4 - Rn, MACL - (Rn) 1 —
STS L PR @R 0100nnnn00100010 Rn—4 - Rn, PR - (Rn) 1 —
TRAPA  #i nmm 1100001%iiiiiiii PC/SR - stack area, 8 —

(imm x 4 +VBR) - PC

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

2.5 Processing States

25.1 State Transitions

The CPU has five processing states: reset, exception processing, bus release, program executio
and power-down. Figure 2.6 shows the transitions between the states.
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From any state
when RES =0

When an interrupt source
or DMA address error occurs

Bus request
cleared

Bus release state _ -’

N \

Bus request
generated

Bus request
cleared

Bus request
generated

SBY bit
cleared
for SLEEP
instruction

Power-down state

cleared

Sleep mode

From any state when
RES =1 and MRES =0

Exception processing state

NMI interrupt

Bus request
source occurs

generated
Exception Exception
processing processing
source occurs ends

Bus request

y

Program execution state

SBY bit set
for SLEEP
instruction

Standby mode

Figure 2.6 Transitions between Processing States

Reset StateThe CPU resets in the re

set state. WherR#f pin level goes low, a power-on reset

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 that occurs when
s resets or interrupts alter the CPU’s processing state flow

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

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

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

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

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

25.2 Power-Down State

Besides the ordinary program execution states, the CPU also has a power-down state in which
CPU operation halts, lowering power consumption. There are two power-down state modes: slee
mode and standby mode.

Sleep Mode When standby bit SBY (in the standby control register SBYCR) is cleared to 0 and a
SLEEP instruction executed, the CPU moves from program execution state to sleep mode. In the
sleep mode, the CPU halts and the contents of its internal registers and the data in on-chip cache
(or on-chip RAM) is maintained. The on-chip peripheral modules other than the CPU do not halt
in the sleep mode.

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

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

To return from standby mode, use a reset (power-on or manual) or an NMI interrupt. For resets,
the CPU returns to ordinary program execution state through the exception processing state whe
placed in a reset state for the duration of the oscillator stabilization time. For NMI interrupts, the
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CPU returns to ordinary program execution state through the exception processing state after tf
oscillator stabilization time has elapsed. In this mode, power consumption drops markedly, since

the oscillator stops (table 2.18).

Table 2.18 Power-Down State

State
On-Chip
On-Chip Cacheor 1/0
Transition Peripheral CPU On-Chip Port
Mode Conditions Clock CPU Modules Registers RAM Pins  Canceling
Sleep Execute Run  Halt Run Held Held Held « Interrupt
.SLEEP. < DMA address
instruction
with SBY bit error
cleared to O ¢ Power-on reset
in SBYCR ¢ Manual reset
Stand- Execute Halt Halt Haltand Held Held Held or « NMI interrupt
by _SLEEP_ initialize Hi-Z . Power-on reset
instruction (select-
with SBY bit able) * Manual reset
setto lin
SBYCR

Note: * Differs depending on the peripheral module and pin.
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Section 3 Operating Modes

3.1 Operating Modes, Types, and Selection

This LSI has five operating modes and three clock modes, determined by the setting of the mod
pins (MD3-MDO). Do not change the mode pin settings during LSI operation (while power is on)
(In the F-ZTAT version, however, MD1 can be changed in the power-on reset state.)

Table 3.1 indicates the setting method for the operating mode.

Table 3.1  Operating Mode Setting

Mode Pin Setting Mode On-Chip CSO0 Area

No. FWP MD3*! MD2*! MD1 MDO Name ROM 112 Pin 144 Pin

0 1 X X 0 0 MCU mode O Not Active  8-bit space 16-hit

space

1 1 X X 0 1 MCU mode 1  Not Active  16-bit space  32-bit

space

2 1 X X 1 0 MCU mode 2 Active 8/16-bit 8/16/32-bit

space™? 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 8/16/32-bit

space™? space™?

— 0 X X 0 1 — —

— 0 X X 1 0 User Active 8/16-bit 8/16/32-bit
programming space™? 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 3.2 indicates the setting method for the clock mode.

Table 3.2  Clock Mode Setting

MD3 MD2 Clock Mode
0 0 PLLON x1
0 1 PLL ON x 2
1 0 PLL ON x 4
1 1 Reserved (PROM mode only)

3.2 Explanation of Operating Modes

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 width for
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 width for
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-chip ROM
space is 32 bit.

Mode 3 (single chip
mode)

Any port can be used, but external addresses can not be employed.

Mode 4 (PROM mode)

On-chip ROM can be programmed using a general PROM writer.

Clock mode

The input waveform frequency can be used as is, doubled or quadrupled
as an internal clock in modes 0 to 3.
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3.3

Pin Configuration

Table 3.4 describes the function of each operating mode related pin.

Table 3.4  Operating Mode Pin Function

Pin

Name Input/Output  Function

XTAL Input Connects to a crystal oscillator

EXTAL Input Connects to a crystal oscillator, or used for external clock input pin
PLLCAP Input Connects to a capacitor for PLL circuit operation

MDO Input Designates operating mode through the level applied to this pin
MD1 Input Designates operating mode through the level applied to this pin
MD2 Input Designates clock mode through the level applied to this pin

MD3 Input Designates clock mode through the level applied to this pin
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Section 4 Clock Pulse Generator (CPG)

4.1 Overview

The SH7040 Series has an on-chip clock pulse generator (CPG) that generates the system cloc
(), as well as the internal cloc/2 to ¢/8192). The CPG consists of an oscillator, a PLL, and a
prescaler.

41.1 Block Diagram

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

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 clock.

4.2.1 Connecting a Crystal Oscillator

Circuit Configuration: A crystal oscillator can be connected as shown in figure 4.2. Use the
damping resistance (Rd) listed in table 4.1. Use a 4-10 MHz crystal oscillator (consult your deal
concerning the compatibility of the crystal oscillator and the LSI).
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EXTAL _T_ | J7

XTAL A ||
Ry J7

C, 1 =C,,=18-22 pF (Recommended value)

Figure 4.2 Connection of the Crystal Oscillator (Example)
Table 4.1 Damping Resistance Values (Recommended Values)

Frequency (MHz)

Parameter 4 8 10
Rd (Q) 500 200 0

Crystal Oscillator: Figure 4.3 shows an equivalent circuit of the crystal oscillator. Use a crystal
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, make the exterr
clock high level to stop it when in standby mode. During operation, make the external input clock
frequency 4-10 MHz.
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When leaving the XTAL pin open, make sure the parasitic capacitance is less than 10 pF.

Even when inputting an external clock, be sure to delay until after the oscillation stabilization tim
(upon power-on) or after release from standby, in order to ensure the PLL stabilization time.

EXTAL | | | | | | External clock
input 4-10 MHz

XTAL Open

Figure 4.4 Example of External Clock Connection

4.3 Prescaler

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

4.4 Oscillator Halt Function

This CPG can detect a clock halt and automatically cause the timer pins to become high-
impedance when any system abnormality causes the oscillator to halt. That is, when a change c
EXTAL has not been detected, the high-current six pins (PE9/TIOC3B, PE11/TIOC3D,
PE12/TIOC4A, PE13/TIOC4BARES, PE14/TIOC4C/DACKO/AH, PE15/TIOC4D/DACK1/
IRQOUT) are set to high-impedance regardless of PFC setting.

Even in standby mode, these six pins become high-impedance regardless of PFC setting. Thes
pins enter the normal state after standby mode is cancelled.When abnormalities that halt the
oscillator occur except in standby mode, other LSI operations become undefined. In this case, L
operations, including these six pins, become undefined even when the oscillator operation starts
again.

4.5 Usage Notes

45.1 Oscillator Usage Notes

Since the characteristics of the oscillator are closely related to the user-defined board settings, t
user should refer to the connection examples in this section and perform a careful evaluation. T
oscillator circuit ratings will differ depending on factors such as the oscillator used and the stray
capacitance of the mounted circuitry. Therefore, the oscillator manufacturer should be consultec
before a decision is made. Make sure that the voltage applied to the oscillator does not exceed
maximum rating.
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45.2 Notes on Board Design

When connecting a crystal oscillator, observe the following precautions:

e To prevent induction from interfering with correct oscillation, do not route any signal lines

near the oscillator circuitry.

* When designing the board, place the crystal oscillator and its load capacitors as close as

possible to the XTAL and EXTAL pins.

Figure 4.5 shows the precautions regarding oscillator block board settings.

Crossing of signal
lines prohibited

5

XTAL

EXTAL

Figure 4.5 Cautions for Oscillator Circuit System Board Design
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External circuitry such as that shown in figure 4.6 is recommended around the PLL.

PLLCAP

PLLVce

PLLVsg

Vee

Vss

R1: 3 kQ

C1: 470 pF

MW\

Rp: 200 Q

1
T

W

CPB: 0.1 pF*

1
T

CB: 0.1 pF*

N

1
i

e

Note: * CB and CPB are laminated ceramic capacitors

(Recommended values)

Figure 4.6 Cautions for Use of PLL Oscillator Circuit

Place oscillation stabilization capacitor C1 and resistor R1 near the PLLCAP pin, and ensure the

these lines do not cross any other signal lines. Supply the C1 ground fromgLLV

Also, separate PLLY: and PLLV;g and the other 3 and Vg pins, from the board power supply

source, and be sure to insert bypass capacitors CPB and CB close to the pins.

If Vcand PLLV are both 3.3V £ 0.3V, it is recommended that Rp be se€Xo 0

45.3 Spread Spectrum Clock Generator Usage Notes

The following points should be borne in mind when using a spread spectrum clock generator as

external oscillator in order to reduce radiation noise.

« Set the center frequency and the spread amplitude such that the internal clock does not exce
the maximum frequency during spread spectrum operation.

e Using a spread spectrum clock generator may trigger the oscillator halt function described in
section 4.4. If the system configuration is such that this function will cause problems, a sprea

spectrum clock generator should not be used.
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Section 5 Exception Processing

51 Overview

5.1.1 Types of Exception Processing and Priority

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

Table 5.1  Types of Exception Processing and Priority Order

Exception Source Priority

Reset Power-on reset High

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)

e Multifunction timer/pulse unit (MTU)

e Serial communications interface (SCI)
« AID converter (A/D)*?

« Data transfer controller (DTC)

e 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 Low
instruction™* or instructions that rewrite the PC*?)

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

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

*3 A mask products: A/DO, A/D1.
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5.1.2 Exception Processing Operations

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

Table 5.2  Timing of Exception Source Detection and the Start of Exception Processing

Exception  Source Timing of Source Detection and Start of Processing
Reset Power-on reset Starts when the RES pin changes from low to high.
Manual reset Starts when the RES pin is high and the MRES pin changes

from low to high.

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

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

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

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

instructions a delayed branch instruction (delay slot).

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

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

When exception processing starts, the CPU operates as follows:

1. Exception processing triggered by reset:

The initial values of the program counter (PC) and stack pointer (SP) are fetched from the
exception processing vector table (PC and SP are respectively the H'00000000 and
H'00000004 addresses for power-on resets and the H'00000008 and H'0000000C addresses
manual resets). See section 5.1.3, Exception Processing Vector Table, for more information. (
is then written to the vector base register (VBR) and 1111 is written to the interrupt mask bits
(13-10) of the status register (SR). The program begins running from the PC address fetched
from the exception processing vector table.

2. Exception processing triggered by address errors, interrupts and instructions:
SR and PC are saved to the stack indicated by R15. For interrupt exception processing, the
interrupt priority level is written to the SR’s interrupt mask bits (13-10). For address error and
instruction exception processing, the 13—I0 bits are not affected. The start address is then
fetched from the exception processing vector table and the program begins running from that
address.
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5.1.3 Exception Processing Vector Table

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

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

Table 5.3 shows the vector numbers and vector table address offsets. Table 5.4 shows how vec
table addresses are calculated.

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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Table 5.3  Exception Processing Vector Table (cont)

Vector
Exception Sources Numbers Vector Table Address Offset
Interrupts IRQO 64 H'00000100-H'00000103
IRQ1 65 H'00000104—H'00000107
IRQ2 66 H'00000108-H'0000010B
IRQ3 67 H'0000010C—-H'0000010F
IRQ4 68 H'00000110-H'00000113
IRQ5 69 H'00000114-H'00000117
IRQ6 70 H'00000118-H'0000011B
IRQ7 71 H'0000011C-H'0000011F
On-chip peripheral 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 module
interrupt are given in section 6, Interrupt Controller (INTC), and table 6.3, Interrupt
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: manual
resets and power-on resets. As table 5.5 shows, both types of resets initialize the internal status
the CPU. In power-on resets, all registers of the on-chip peripheral modules are initialized; in
manual resets, they are not.
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Table 5.5 Types of Resets

Conditions for Transition

to Reset Status Internal Status
Type RES MRES CPU On-Chip Peripheral Module
Power-on reset  Low — Initialized Initialized
Manual reset High Low Initialized Not initialized

521 Power-On Reset

When theRES pin is driven low, the LSI does a power-on reset. To reliably reset the LREfhe
pin should be kept at low for at least the duration of the oscillation settling time when applying
power or when in standby mode (when the clock circuit is halted) or at Ie%g glhen the

clock circuit is running). During power-on reset, CPU internal status and all registers of on-chip
peripheral modules are initialized. See Appendix C, Pin States, for the status of individual pins
during the power-on reset status.

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

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

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

3. The vector base register (VBR) is cleared to H'00000000 and the interrupt mask bits (I13—10)
the status register (SR) are set to H'F (1111).

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

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

522 Manual Reset

When theRES pin is high and th®RES pin is driven low, the LSI does a manual reset. To

reliably reset the LSI, th®IRES pin should be kept at low for at least the duration of the
oscillation settling time when in standby mode (when the clock is halted) or at Ieagl\ﬂbdn

the clock is operating. During manual reset, the CPU internal status is initialized. Registers of or
chip peripheral modules are not initialized. Since the BSC is not affected, the DRAM refresh
control functions remain operational even when the manual reset status continues for a long pel
of time. When the LSI enters manual reset status in the middle of a bus cycle, manual reset
exception processing does not start until the bus cycle has ended. Thus, manual resets do not ¢
bus cycles. However, the bus cycle ends MRBRES is driven low. Hold at low level until manual
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reset mode. (Keep at low level for at least the longest bus cycle.) See Appendix C, Pin States, fo

the status of individual pins during manual reset mode.

In the manual reset status, manual reset exception processing starts viNiBEShein is first

kept low for a set period of time and then returned to high. The CPU will then operate the same &

described for power-on resets.

5.3

Address errors occur when instructions are fetched or data read or written, as shown in table 5.6

Table 5.6

Bus Cycle

Bus

Type Master

Address Errors

Bus Cycles and Address Errors

Bus Cycle Description

Address Errors

Instruction CPU

Instruction fetched from even address

None (normal)

fetch Instruction fetched from odd address Address error occurs
Instruction fetched from other than on-chip None (normal)
peripheral module space™
Instruction fetched from on-chip peripheral module Address error occurs
space”®
Instruction fetched from external memory space Address error occurs
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 occurs

or DTC  Longword data accessed from a longword None (normal)

boundary

Longword data accessed from other than a long-
word boundary

Address error occurs

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 occurs

External memory space accessed when in single
chip mode

Address error occurs

Note: * See section 10, Bus State Controller (BSC).
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5.3.1 Address Error Exception Processing

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

as follows:

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

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

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

54 Interrupts

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

Table 5.7  Interrupt Sources

Number of
Type Request Source Sources
NMI NMI pin (external input) 1
User break User break controller 1
IRQ IRQO-IRQY7 (external input) 8
On-chip peripheral module Direct memory access controller (DMAC) 4
Multifunction timer/pulse unit (MTU) 24
Serial communications interface (SCI) 8
AID converter 1"
Data transfer controller (DTC) 1
Compare match timer (CMT) 2
Watchdog timer (WDT) 1
Bus state controller (BSC) 1
Port 1

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

Each interrupt source is allocated a different vector number and vector table offset. See section
Interrupt Controller (INTC), and table 6.3, Interrupt Exception Processing Vectors and Priorities,

for more information on vector numbers and vector table address offsets.
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54.1 Interrupt Priority Level

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

The priority order of interrupts is expressed as priority levels 0—16, with priority O the lowest and
priority 16 the highest. The NMI interrupt has priority 16 and cannot be masked, so it is always
accepted. The user break interrupt priority level is 15. IRQ interrupts and on-chip peripheral
module interrupt priority levels can be set freely using the INTC’s interrupt priority level setting
registers A through H (IPRA-IPRH) as shown in table 5.8. The priority levels that can be set are
0-15. Level 16 cannot be set. See section 6.3.1, Interrupt Priority Registers A-H (IPRA-IPRH), fo
more information on IPRA to IPRH.

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 registers A

through H (IPRA-IPRH).

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

5.4.2 Interrupt Exception Processing

When an interrupt occurs, its priority level is ascertained by the interrupt controller (INTC). NMI
is always accepted, but other interrupts are only accepted if they have a priority level higher than
the priority level set in the interrupt mask bits (I3—10) of the status register (SR).

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

5.5 Exceptions Triggered by Instructions

Exception processing can be triggered by trap instructions, general illegal instructions, and illega
slot instructions, as shown in table 5.9.
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Table 5.9  Types of Exceptions Triggered by Instructions

Type Source Instruction Comment
Trap instructions TRAPA —

lllegal slot Undefined code placed Delayed branch instructions: JMP, JSR,
instructions immediately after a delayed BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,
branch instruction (delay slot) BRAF

and instructions that rewrite the Instructions that rewrite the PC: JMP, JSR,
PC BRA, BSR, RTS, RTE, BT, BF, TRAPA,
BF/S, BT/S, BSRF, BRAF

General illegal Undefined code anywhere —
instructions besides in a delay slot

5.5.1 Trap Instructions

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

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

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

3. The exception service routine start address is fetched from the exception processing vector
table that corresponds to the vector number specified in the TRAPA instruction. That addres:
is jumped to and the program starts executing. The jump that occurs is not a delayed branch

5.5.2 lllegal Slot Instructions

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

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

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

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

When undefined code placed anywhere other than immediately after a delayed branch instructior
(i.e., in a delay slot) is decoded, general illegal instruction exception processing starts up. The
CPU handles general illegal instructions the same as illegal slot instructions. Unlike processing o
illegal slot instructions, however, the program counter value stored is the start address of the
undefined code.

5.6 When Exception Sources Are Not Accepted

When an address error or interrupt is generated after a delayed branch instruction or interrupt-
disabled instruction, it is sometimes not accepted immediately but stored instead, as shown in
table 5.10. When this happens, it will be accepted when an instruction that can accept the
exception is decoded.

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

Exception Source

Point of Occurrence Address Error Interrupt
Immediately after a delayed branch instruction™* Not accepted Not accepted
Immediately after an interrupt-disabled instruction™? Accepted Not accepted

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

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

5.6.1 Immediately after a Delayed Branch Instruction

When an instruction placed immediately after a delayed branch instruction (delay slot) is decodec
neither address errors nor interrupts are accepted. The delayed branch instruction and the
instruction located immediately after it (delay slot) are always executed consecutively, so no
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 decoded, interrupts
are not accepted. Address errors are accepted.

96
RENESAS



5.7 Stack Status after Exception Processing Ends

The status of the stack after exception processing ends is as shown in table 5.11.

Table 5.11 Types of Stack Status after Exception Processing Ends

Types Stack Status
Address error E _ ' y
SP->| 2fer exeoutod metrugtion 32 PtS
SR 32 bits
Trap instruction T I
op »|Mdrsctnaton

SR 32 bits

General illegal instruction

SP -»| Start address of illegal

instruction 32 bits
SR 32 bits
Interrupt T — f —
Address of instruction .
SP > after executed instruction 32 Pits
SR 32 bits
lllegal slot instruction “J T — —
ump destination address _
SP > of delay branch instruction 32 Dits
SR 32 bits
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5.8 Notes on Use

5.8.1 Value of Stack Pointer (SP)

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

5.8.2 Value of Vector Base Register (VBR)

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

5.8.3 Address Errors Caused by Stacking of Address Error Exception Processing

When the stack pointer is not a multiple of four, an address error will occur during stacking of the
exception processing (interrupts, etc.) and address error exception processing will start up as soc
as the first exception processing is ended. Address errors will then also occur in the stacking for

this address error exception processing. To ensure that address error exception processing does
go into an endless loop, no address errors are accepted at that point. This allows program contrag
to be shifted to the address error exception service routine and enables error processing.

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

6.1 Overview

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

6.1.1 Features
The INTC has the following features:

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

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

* Notification of interrupt occurrence can be reported externBIQQUT pin). For example, it
is possible to request bus rights if an external bus master is informed that a peripheral modu
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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6.1.3 Pin Configuration
Table 6.1 shows the INTC pin configuration.

Table 6.1 Pin Configuration

Name Abbreviation 1/0  Function

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

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

Interrupt request output pin IRQOUT @) Output of notification signal when an

interrupt has occurred

6.14 Register Configuration

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

Table 6.2  Register Configuration

Name Abbr. R/W  Initial Value Address Access Sizes
Interrupt priority register A IPRA R/W  H'0000 H'FFFF8348 8, 16, 32
Interrupt priority register B IPRB R/W  H'0000 H'FFFF834A 8, 16, 32
Interrupt priority register C  IPRC R/W  H'0000 H'FFFF834C 8, 16, 32
Interrupt priority register D IPRD R/W  H'0000 H'FFFF834E 8, 16, 32
Interrupt priority register E IPRE R/W  H'0000 H'FFFF8350 8, 16, 32
Interrupt priority register F IPRF R/W  H'0000 H'FFFF8352 8, 16, 32
Interrupt priority register G IPRG R/W  H'0000 H'FFFF8354 8, 16, 32
Interrupt priority register H IPRH R/W  H'0000 H'FFFF8356 8, 16, 32
Interrupt control register ICR R/W *1 H'FFFF8358 8, 16, 32
IRQ status register ISR R(W)*2 H'0000 H'FFFF835A 8, 16, 32

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

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

6.2.1 NMI Interrupts

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

6.2.2 User Break Interrupt

A user break interrupt has a priority of level 15, and occurs when the break condition set in the
user break controller (UBC) is satisfied. User break interrupt requests are detected by edge and
held until accepted. User break interrupt exception processing sets the interrupt mask level bits
(13-10) in the status register (SR) to level 15. For more information about the user break interrupt
see section 7, User Break Controller (UBC).

6.2.3 IRQ Interrupts

IRQ interrupts are requested by input from gRQ0-IRQ7. Set the IRQ sense select bits
(IRQOS-IRQ7S) of the interrupt control register (ICR) to select low level detection or falling edge
detection for each pin. The priority level can be set from 0 to 15 for each pin using the interrupt
priority registers A and B (IPRA-IPRB).

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

When IRQ interrupts are set to falling edge detection, interrupt request signals are sent to the
INTC upon detecting a change on the IRQ pin from high to low level. IRQ interrupt request
detection results are maintained until the interrupt request is accepted. Confirmation that IRQ
interrupt requests have been detected is possible by reading the IRQ flags (IRQOF-IRQ7F) of the
IRQ status register (ISR), and by writing a 0 after reading a 1, IRQ interrupt request detection
results can be withdrawn.

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

are set to the priority level value of the accepted IRQ interrupt.
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6.2.4 On-Chip Peripheral Module Interrupts

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

« Direct memory access controller (DMAC)
e Multifunction timer/pulse unit (MTU)

e Compare match timer (CMT)

e Serial communications interface (SCI)

e A/D converter (A/D)

< Data transfer controller (DTC)

e Watchdog timer (WDT)

e Bus state controller (BSC)

e /O port (I/O)

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

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

6.2.5 Interrupt Exception Vectors and Priority Rankings

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

Each interrupt source is allocated a different vector number and vector table address offset. Vec
table addresses are calculated from vector numbers and address offsets. In interrupt exception

processing, the exception service routine start address is fetched from the vector table indicatec
the vector table address. See table 5.4, Calculating Exception Processing Vector Table Address

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

Interrupt Exception Processing Vectors and Priorities

Interrupt Vector

Interrupt Priority
Vector Table Priority Corre- within IPR
Vector  Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
NMI 11 H'0000002C- 16 — — High
H'0000002F A
User break 12 H'00000030- 15 — —
H'00000033
IRQO 64 H'00000100- 0-15 (0) IPRA —
H'00000103 (15-12)
IRQ1 65 H'00000104-  0-15 (0) IPRA —
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 DEIl 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) Low
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Table 6.3

Interrupt Exception Processing Vectors and Priorities (cont)

Interrupt Vector

Interrupt Priority
Vector Table Priority Corre- within IPR
Vector  Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
MTUO TGIOA 88 H'00000160- 0-15 (0) IPRD High High
H'00000163 (15-12) A
TGIOB 89 H'00000164—  0-15 (0)
H'00000167
TGIOC 90 H'00000168-  0-15 (0)
H'0000016B
TGIOD 91 H'0000016C- 0-15 (0)
H'0000016F Low
TCIOV 92 H'00000170-  0-15 (0) IPRD —
H'00000173 (11-8)
MTU1 TGI1A 96 H'00000180-  0-15 (0) IPRD High
H'00000183 (7-4)
TGI1B 97 H'00000184—-  0-15 (0)
H'00000187 Low
TCI1lV 100 H'00000190-  0-15 (0) IPRD High
H'00000193 (3-0)
TCI1U 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
TCI2V 108 H'000001B0O-  0-15 (0) IPRE High
H'000001B3 (11-8)
TCIl2Uu 109 H'000001B4—  0-15 (0) \)
H'000001B7 Low Low
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Table 6.3 Interrupt Exception Processing Vectors and Priorities (cont)

Interrupt Vector

Interrupt Priority
Vector Table Priority Corre- within IPR
Vector  Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
MTU3 TGI3A 112 H'000001C0- 0-15 (0) IPRE High High
H'000001C3 (7-4) A
TGI3B 113 H'000001C4- 0-15 (0)
H'000001C7
TGI3C 114 H'000001C8- 0-15 (0)
H'000001CB
TGI3D 115 H'000001CC- 0-15 (0)
H'000001CF Low
TCI3V 116 H'000001D0- 0-15 (0) IPRE —
H'000001D3 (3-0)
MTU4 TGI4A 120 H'000001E0-  0-15 (0) IPRF High
H'000001E3 (15-12)
TGI4B 121 H'000001E4—- 0-15 (0)
H'000001E7
TGl4C 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
SCIo ERIO 128 H'00000200-  0-15 (0) IPRF High
H'00000203 (7-4)
RXI0 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 Low
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Table 6.3

Interrupt Exception Processing Vectors and Priorities (cont)

Interrupt Vector

Interrupt Priority
Vector Table Priority Corre- within IPR
Vector  Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
sci1 ERI1 132 H'00000210- 0-15(0) IPRF High High
H'00000213 (3-0) A
RXI1 133 H'00000214—  0-15 (0)
H'00000217
TXI1 134 H'00000218-  0-15 (0)
H'0000021B
TEI1 135 H'0000021C- 0-15 (0)
H'0000021F Low
AID* 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) t
H'00000267 Low
I/0 OEI 156 H'00000270-  0-15 (0) IPRH — v
H'00000273 (11-8) Low
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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6.3 Description of Registers

6.3.1 Interrupt Priority Registers A—H (IPRA-IPRH)

Interrupt priority registers A—H (IPRA—-IPRH) are 16-bit readable/writable registers that set
priority levels from 0 to 15 for IRQ interrupts and on-chip peripheral module interrupts.
Correspondence between interrupt request sources and each of the IPRA-IPRH bits is shown in
table 6.4.

Bit: 15 14 13 12 11 10 9 8

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

Bit: 7 6 5 4 3 2 1 0

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

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 IRQ3
Interrupt priority register B IRQ4 IRQ5 IRQ6 IRQ7
Interrupt priority register C DMACO DMAC1 DMAC2 DMAC3
Interrupt priority register D MTUO MTUO MTU1 MTU1
Interrupt priority register E MTU2 MTTU2  MTUS MTU3
Interrupt priority register F MTU4 MTU4 SCIO SCI1
Interrupt priority register G A/D(A/DO, DTC CMTO CMT1

A/D1)*
Interrupt priority register H WDT, BSC 1/O Reserved Reserved

Note: * Excluding A mask products are A/D, A mask products are A/DO and A/D1.
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As indicated in table 6.4, fodRQ pins or groups of 4 on-chip peripheral modules are allocated to
each register. Each of the corresponding interrupt priority ranks are established by setting a valt
from H'0 (0000) to H'F (1111) in each of the four-bit groups 15-12, 11-8, 7—4, and 3-0. Interrup
priority rank becomes level O (lowest) by setting H'O, and level 15 (highest) by setting H'F. If
multiple on-chip peripheral modules are assigned to WDT and BSC, those multiple modules are
set to the same priority rank.

IPRA-IPRH are initialized to H'0000 by a power-on reset or a manual reset. They are not
initialized in standby mode.

6.3.2 Interrupt Control Register (ICR)

The ICR is a 16-bit register that sets the input signal detection mode of the external interrupt inp
pin NMI andIRQO —IRQ7 and indicates the input signal level to the NMI pin. A power-on reset
initializes ICR but the standby mode does not.

Bitt 15 14 13 12 11 10 9 8
e e e e e
Initial value: * 0 0 0 0 0 0 0
RW: R R R R R R R RIW
Bitt 7 6 5 4 3 2 1 0
\ IRQOS \ IRQlS‘ IRQ2S \ IRQSS‘ IRQ4S \ IRQ5S \ IRQ6S‘ IRQ7S \
Initial value: 0 0 0 0 0 0 0 0

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

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

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

« Bits 14-9—Reserved: These bits always read as 0. The write value should always be 0.
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e Bit 8—NMI Edge Select (NMIE)

Bit 8: NMIE Description
0 Interrupt request is detected on falling edge of NMI input (initial value)
1 Interrupt request is detected on rising edge of NMI input

» Bits 7-0—IRQ0-IRQ7Sense Select (IRQOS—-IRQ7S): These bits set the IRQO-IRQ7 interrupt
request detection mode.

Bits 7-0: IRQOS-IRQ7S  Description

0 Interrupt request is detected on low level of IRQ input (initial value)

1 Interrupt request is detected on falling edge of IRQ input

6.3.3 IRQ Status Register (ISR)

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

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

Bitt 15 14 13 12 11 10 9 8
-l -1l -] =-1T=-1=-71T=17-
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R R
Bitt 7 6 5 4 3 2 1 0
\ IRQOF \ IRQlF‘ IRQ2F \ IRQSF‘ IRQ4F \ IRQ5F \ IRQ6F‘ IRQ7F \
Initial value: 0 0 0 0 0 0 0 0

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

» Bits 15-8—Reserved: These bits always read as 0. The write value should always be 0.
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Bits 7-0—IRQO0-IRQ7lags (IRQOF-IRQ7F): These bits display the IRQO—-IRQ7 interrupt

request status.

Bits 7-0:
IRQOF-IRQ7F  Detection Setting  Description
0 Level detection No IRQn interrupt request exists.
Clear conditions: When IRQn input is high level
Edge detection No IRQn interrupt request was detected. (initial value)
Clear conditions:
1. When a 0 is written after reading IRQnF = 1 status
2. When IRQn interrupt exception processing has been
executed
3. When a DTC transfer due to IRQn interrupt has been
executed
1 Level detection An IRQn interrupt request exists.
Set conditions: When IRQn input is low level
Edge detection An IRQn interrupt request was detected.
Set conditions: When a falling edge occurs at an IRQn input
ISR.IRQNF
IRQNS
(0: level,
1: edge)
e v ~==-DTC ---~,
. eve I CPU
IRQ pin i '
QP detection . H Judgment H» interrupt
Selection | ' request
Edge s ol ! v ! q
detection ™S Q ! DTC !
! activation |
I request !
RESIRQn R Lo :
(IRQn interrupt acceptance/DTC transfer completion/IRQnF = 0 write after IRQnF = 1 read)

Figure 6.2 External Interrupt Process
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6.4 Interrupt Operation

6.4.1 Interrupt Sequence

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

1.
2.

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

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

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

When the interrupt controller accepts an interrupt, a low level is output frdRQ@@UT pin.

The CPU detects the interrupt request sent from the interrupt controller when it decodes the
next instruction to be executed. Instead of executing the decoded instruction, the CPU starts
interrupt exception processing (figure 6.4).

SR and PC are saved onto the stack.

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

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

The CPU reads the start address of the exception service routine from the exception vector
table for the accepted interrupt, jumps to that address, and starts executing the program there
This jump is not a delay branch.
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+ A

Program
execution state

User break?

<
<

Level 15

/ interrupt?

| TRQOUT = low level*! |

v
| Save SR to stack | Yes
v 1I3to 10 <
level 14?
| Save PC to stack |
v

Copy accept-interrupt
levelto 13to 10
v

|TRQOUT = high level*? |

Reads exception
vector table
v
Branches to exception

Level 14
interrupt?

13to 10 <
level 13?

service routine

I y

13 to 10: Interrupt mask bits of status register

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

than the one in the 13 to 10 bits of the SR.

*2 When the accepted interrupt is sensed by edge, the IRQOUT pin becomes
high level at the point when the CPU starts interrupt exception processing

No

interrupt?

I3to 10 =
level 0?

instead of instruction execution (before SR is saved to the stack).

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

low level.

Figure 6.3 Interrupt Sequence Flowchart
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6.4.2 Stack after Interrupt Exception Processing

Figure 6.4 shows the stack after interrupt exception processing.

Address
4n-8
4n-4

4n

Notes: *1 PC: Start address of the next instruction (return destination instruction)

pC*1

32 bits

<] sp*2

SR

32 bits

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 occurrence of an
interrupt request until the interrupt exception processing starts and fetching of the first instruction
of the interrupt service routine begins. Figure 6.5 shows the pipeline when an IRQ interrupt is

accepted.
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Table 6.5 Interrupt Response Time

Number of States
NMI, Peripheral

Item Module IRQ Notes

DMAC/DTC active Oor1l 1 1 state required for interrupt

judgment signals for which
DMAC/DTC activation is
possible

Compare identified inter- 2 3

rupt priority with SR mask

level

Wait for completion of X (=0) The longest sequence is for

sequence currently being interrupt or address-error

executed by CPU exception processing (X = 4

+ml+m2+m3+md).Ifan
interrupt-masking instruction
follows, however, the time
may be even longer.

Time from start of interrupt 5+ m1 + m2 + m3 Performs the PC and SR
exception processing until saves and vector address
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 s at 28.7 MHz
time

Maximum: 12+2(ml+m2+ 13+2(ml+m2+ 0.67-0.70 ys at 28.7 MHz*

m3) + m4 m3) + m4

Note: * Whenml=m2=m3=m4=1
m1-m4 are the number of states needed for the following memory accesses.
ml: SR save (longword write)
m2: PC save (longword write)
m3: Vector address read (longword read)
m4: Fetch first instruction of interrupt service routine
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Interrupt acceptance

i 5+ml+m2+m3

start instruction

»!
1 3 1 3 mim2 1 m3 1
: AR
N I I
RQ | L oo
. . . : | | | | | | |
Instruction (instruction | F | D| E | E | M | M| E | M | E | E |
replaced by interrupt i B
exception processing) : [ T T B
| |
Overrun fetch i
|
|
Interrupt service routine '
P | [FIDE]
|

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

D: Instruction decoding (fetched instruction is decoded).

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

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

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 masked and not inp
to the INTC. The masking condition is listed below:

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

The INTC masks CPU interrupts when the corresponding DTE bit is a 1. The DTE clear conditior
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 transfer end
Where: DTECLR = DISEL + counter O.
Figure 6.6 shows a control block diagram.
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Interrupt source —p
DMAC
Interrupt source
flag clear

(by DMAC)

Interrupt source
/ (those not designated as DMAC activating sources)

Pl

flag clear (by DTC)

1 _\ 1 .
' . » CPU interrupt request
| Dol ST ChUntem ptrequest
: ) DTC activation | !
. request !
' DTER X
! <{DTECLR :
' DTE clear < Transfer end !
Interrupt source _ | —O<} .

Figure 6.6 Interrupt Control Block Diagram

6.6.1 Handling DTC Activating and CPU Interrupt Sources, but Not DMAC Activating
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 an interrupt
request to the CPU. The activating source does not clear.

5. The CPU clears interrupt sources with its interrupt processing routine. It then confirms the
transfer counter value. When the transfer counter waliat sets the DTE bit to 1 and allows
the next data transfer. If the transfer counter value = 0, it performs the necessary end
processing in the interrupt processing routine.

o DdPR
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6.6.2 Handling DMAC Activating Sources but Not CPU Interrupt or DTC Activating

Sources

Select the DMAC as a source and set the DME bit to 1. CPU interrupt sources and DTC
activating sources are masked regardless of the interrupt priority level register settings or DTC
register settings.

Activating sources are applied to the DMAC when interrupts occur.

The DMAC clears activating sources at the time of data transfer.

6.6.3 Handling DTC Activating Sources but Not CPU Interrupt or DMAC Activating

P owbdpRE

Sources

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

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 interrupt request is
not sent to the CPU, because the DTE bit is maintained as a 1.

However, when the transfer counter value = 0 the DTE bit is cleared to 0 and an interrupt
request is sent to the CPU.

The CPU performs the necessary end processing in the interrupt processing routine.

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

A owbdpR

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 in the interrupt
processing routine.
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Section 7 User Break Controller (UBC)

7.1 Overview

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

7.1.1 Features
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-designed user break
interrupt exception processing routine can be run.

« Select either to break in the CPU instruction fetch cycle before the instruction is executed or
after.

Ooo0ooogodg

7.1.2 Block Diagram

Figure 7.1 shows a block diagram of the UBC.
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Module bus . Bus :

interface

UBBR UBAMRH UBARH
UBAMRL UBARL

VRV,

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
l
Break condition comparator |
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Internal bus

A4
User break
interrupt
generating
circuit

Interrupt request

A 4

Interrupt controller

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

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 established using these
registers.
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Table 7.1  Register Configuration

Initial Access
Name Abbr. R/W  Value  Address Size
User break address register H UBARH R/W  H'0000 H'FFFF8600 8, 16, 32
User break address register L UBARL R/W  H'0000 H'FFFF8602 8,16, 32
User break address mask register H UBAMRH R/W  H0000 H'FFFF8604 8,16, 32
User break address mask register L UBAMRL R/W  H'0000 H'FFFF8606 8, 16, 32
User break bus cycle register UBBR R/W  H0000 H'FFFF8608 8,16, 32
7.2 Register Descriptions
7.2.1 User Break Address Register (UBAR)

The user break address register (UBAR) consists of user break address register H (UBARH) an
user break address register L (UBARL). Both are 16-bit readable/writable registers. UBARH
stores the upper bits (bits 31-16) of the address of the break condition, while UBARL stores the

lower

bits (bits 15-0). Resets and hardware standbys initialize both UBARH and UBARL to

H'0000. They are not initialized in manual reset or software standby mode.

UBARH:
Bitt 15 14 13 12 11 10 9 8
UBARH‘ UBA31 \ UBA30‘ UBA29 \ UBAZS‘ UBA27 \ UBA26 \ UBAZS‘ UBA24 \
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW
Bit: 7 6 5 4 3 2 1 0
UBARH‘ UBA23 \ UBAZZ‘ UBA21 \ UBAZO‘ UBA19 \ UBA18 \ UBAl?‘ UBA16 \
Initial value: 0 0 0 0 0 0 0 0

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

Bitt 15 14 13 12 11 10 9 8
UBARL‘ UBA15 \ UBA14‘ UBA13 \ UBAlZ‘ UBA11 \ UBA10 \ UBA9 \ UBAS \
Initial value: 0 0 0 0 0 0 0 0

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

Bitt 7 6 5 4 3 2 1 0
UBARL‘ UBA7 \ UBAG‘ UBA5 \ UBA4‘ UBA3 \ UBA2 \ UBA1 \ UBAO \
Initial value: 0 0 0 0 0 0 0 0

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

* UBARH Bits 15-0—User Break Address 31-16 (UBA31-UBAL16): These bits store the upper
bit values (bits 31-16) of the address of the break condition.

» UBARL Bits 15-0—User Break Address 15-0 (UBA15-UBAO): These bits store the lower bit
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 mask register H
(UBAMRH) and user break address mask register L (UBAMRL). Both are 16-bit
readable/writable registers. UBAMRH designates whether to mask any of the break address bits
established in the UBARH, and UBAMRL designates whether to mask any of the break address
bits established in the UBARL. Resets and hardware standbys initialize both UBAMRH and
UBAMRL to H'0000. They are not initialized in manual reset or software standby mode.

UBAMRH:
Bitt 15 14 13 12 11 10 9 8
UBAMRH‘ UBM31‘ UBM30‘ UBM?_Q‘ UBM28‘ UBMZ?‘ UBMZG‘ UBMZS‘ UBM24‘
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW
Bit: 7 6 5 4 3 2 1 0
UBAMRH‘ UBM23‘ UBMZZ‘ UBMZl‘ UBMZO‘ UBM19‘ UBM18‘ UBMl?‘ UBM16‘
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW
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UBAMRL:

Bitt 15 14 13 12 11 10 9 8
UBAMRL‘UBMIS‘UBM14‘UBMlS‘UBMlZ‘UBMll‘UBMlO‘ UBMQ‘ UBMS‘
Initial value: 0 0 0 0 0 0 0 0

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

Bitt 7 6 5 4 3 2 1 0
UBAMRL‘ UBM7‘ UBMG‘ UBMS‘ UBM4‘ UBMS‘ UBMZ‘ UBMl‘ UBMO
Initial value: 0 0 0 0 0 0 0 0

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

« UBAMRH Bits 15-0—User Break Address Mask 31-16 (UBM31-UBM16): These bits
designate whether to mask any of the break address 31-16 bits (UBA31-UBAL16) establishe
in the UBARH.

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

Bits 15 —0: UBMn Description
0 Break address UBAnN is included in the break conditions (initial value)
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 selects from
among the following four break conditions:

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

Operand size (byte, word, longword)

o DdPR

Resets and hardware standbys initialize the UBBR to H'0000. It is not initialized in software
standby mode.

123
RENESAS



Bit:

15 14 13 12 11 10 9 8
- - T-T-T-T-T-_
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R
Bitt 7 6 5 4 3 2 1 0
\ cP1 \ CPO \ ID1 \ IDO \ RW1 \ RWO \ sz1 \ SZ0 \
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

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

» Bits 7 and 6—CPU Cycle/Peripheral Cycle Select (CP1, CP0): These bhits designate break
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 select whether to
break on instruction fetch and/or data access cycles.

Bit 5: ID1 Bit 4: IDO Description
0 0 No user break interrupt occurs (initial value)
1 Break on instruction fetch cycles
1 0 Break on data access cycles
1 Break on both instruction fetch and data access cycles
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« Bits 3 and 2—Read/Write Select (RW1, RWO0): These bits select whether to break on read

and/or write cycles.

Bit 3: RW1 Bit 2: RWO0 Description

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

1 0 Break on write cycles
1

Break on both read and write cycles

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

condition.
Bit 1: SZ1 Bit 0: SZ0 Description
0 0 Operand size is not a break condition (initial value)
1 Break on byte access
1 0 Break on word access
1 Break on longword access

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

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

accessed.
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7.3 Operation

7.3.1 Flow of the User Break Operation

The flow from setting of break conditions to user break interrupt exception processing is describe
below:

1.

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

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

The interrupt controller checks the accepted user break interrupt request signal’s priority level
The user break interrupt has priority level 15, so it is accepted only if the interrupt mask level
in bits I13—I10 in the status register (SR) is 14 or lower. When the 13—10 bit level is 15, the user
break interrupt cannot be accepted but it is held pending until user break interrupt exception
processing can be carried out. Consequently, user break interrupts within NMI exception
service routines cannot be accepted, since the 13-10 bit level is 15. However, if the 13—10 bit
level is changed to 14 or lower at the start of the NMI exception service routine, user break
interrupts become acceptable thereafter. Section 6, Interrupt Controller (INTC), describes the
handling of priority levels in greater detail.

The INTC sends the user break interrupt request signal to the CPU, which begins user break
interrupt exception processing upon receipt. See Section 6.4, Interrupt Operation, for details ©
interrupt exception processing.
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7.3.2 Break on On-Chip Memory Instruction Fetch Cycle

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

7.3.3 Program Counter (PC) Values Saved

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

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

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 it is possible for
the instruction at H'00000402 to accept an interrupt, the user break exception processing will be
executed after execution of that instruction. The instruction at H'00000404 is not executed. The
PC value saved is H'00000404.
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2. Register settings: UBARH = H'0015
UBARL = H'389C
UBBR = H'0058
Conditions set: Address: H'0015389C
Bus cycle: CPU, instruction fetch, write
(operand size not included in conditions)

A user break interrupt does not occur because the instruction fetch cycle is not a write cycle.

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

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

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'00123456.

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

Bus cycle: CPU, data access, read, word

A user break interrupt does not occur because the word access was performed on an even addi
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7.4.3 Break on DMA/DTC Cycle

1. Register settings: UBARH = H'0076
UBARL = H'BCDC
UBBR = H'00A7
Conditions set: Address: H'0076BCDC

Bus cycle: DMA/DTC, data access, read, longword

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

2. Register settings: UBARH = H'0023
UBARL = H'45C8
UBBR = H'0094
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 in the DMA/DTC
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 condition is set on
the second of these two instructions but the contents of the UBC break condition registers are
changed so as to alter the break condition immediately after the first of the two instructions is
fetched, a user break interrupt will still occur when the second instruction is fetched.

75.2 Instruction Fetch at Branches

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

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

2. TRAPA instruction, branch taken: TRAPA
Instruction fetch cycles: TRAPA instruction fetch Next-instruction overrun fetch
- Next-instruction overrun fetch. Branch destination instruction fetch
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Instruction execution: TRAPA instruction executionBranch destination instruction
execution

3. Conditional delay branch instruction, branch taken: BT/S, BF/S
Instruction fetch cycles: Conditional delay branch instruction fetdRext-instruction
fetch (delay slot)» Next-instruction overrun fetch. Branch destination instruction
fetch

Instruction execution: Conditional delay branch instruction executiddelay slot
instruction execution- Branch destination instruction execution

When a conditional branch instruction or TRAPA instruction causes a branch, the branch
destination will be fetched after the next instruction or the one after that does an overrun fetc
However, because the instruction that is the object of the break first breaks after a definite
instruction fetch and execution, the kind of overrun fetch instructions noted above do not
become objects of a break. If data access breaks are also included with instruction fetch bre:
as break conditions, a break occurs because the instruction overrun fetch is also regarded a:
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 handling with higher
priority than a user break is in contention and is accepted in the decode stage for that instructior
(or the next instruction), user break exception handling may not be performed after completion ¢
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 destination instruction
following a branch (BRA, BRAF, BT, BF, BT/S, BF/S, BSR, BSRF, JMP, JSR, RTS, RTE,
exception handling), and exception handling for this branch destination instruction with a higher
priority than a user break interrupt is accepted, user break exception handling will not be
performed after completion of that exception handling routine.

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

75.4 Break at Non-Delay Branch Instruction Jump Destination

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

8.1 Overview

The SH7040 Series has an on-chip data transfer controller (DTC), which is activated either by
interrupts or software and can perform data transfers.

8.1.1 Features

e Arbitrary channel number transfer setting possible
O Transfer information can be established for each interrupt source
O Transfer information stored in memory
O Multiple data transfers possible (chain transfers) for one activating source
« Address space: 32-bit addresses can be designated for both transfer source and destination
e 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 address
« 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 data transfer
O Interrupt requests generated to the CPU after completion of all designated data transfers
« Transfers can be activated by software
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8.1.2 Block Diagram

Figure 8.1 shows the DTC block diagram. DTC transfer information is located in memory.

AN

On-chip : .
ROM Register DTMR
On-chip E control DTCR 5
RAM ; i
On-chip O . DTSAR K |
peripheral a gl | Activation [+
module s |5 control |e, DTDAR K ;
5 |5] ¢ DTIAR :
5| |Z| | =
. o ' Y :
CPU interrupt request : Request DTER :
source clear control ! S '
| priority !
Interrupt request ; » control DTCSR |
External . ) : DTBR K i
memory - O !
e . | Bus interface DTC module bus
External o :
device i T
(memory- . |
mapped) | V  (J (J oo DTC ---ommmommmooomeoos :
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 register

Figure 8.1 DTC Block Diagram
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8.1.3 Register Configuration

The DTC has five registers in memory used for storing transfer data: DTMR, DTCR, DTSAR,
DTDAR, and DTIAR. It is controlled by the three registers DTER (DTEA-DTEE), DTCSR, and
DTBR. The register configurations are listed in table 8.1.

Table 8.1 Register Configuratiori*

Name Abbr. R/W Initial Value Address Access Size
DTC mode register DTMR  —*2 Undefined — —*2 —*2
DTC source address register DTSAR —*2  Undefined —*2 —*2
DTC destination address register DTDAR —*2  Undefined = —*2 —*2
DTC initial address register DTIAR —*2  Undefined —*2 —*2
DTC transfer count register A DTCRA —*2  Undefined —*2 —*2
DTC transfer count register B DTCRB —*2  Undefined —*2 —*2
DTC enable register A DTEA R/W H'00 H'FFFF8700 8, 16, 32
DTC enable register B DTEB R/W H'00 H'FFFF8701 8, 16, 32
DTC enable register C DTEC R/W H'00 H'FFFF8702 8, 16, 32
DTC enable register D DTED R/W H'00 H'FFFF8703 8, 16, 32
DTC enable register E DTEE R/W H'00 H'FFFF8704 8, 16, 32
DTC control/status register DTCSR R/(W)** H'0000 H'FFFF8706 8, 16, 32

DTC information base register DTBR R/W Undefined H'FFFF8708 16, 32
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 operation mode. The
contents of this register is located in memory.
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Bitt 15 14 13 12 11 10 9 8
\ SM1 \ SMO \ DMl‘ DMO \ MDl‘ MDO \ sz1 \ SZ0 \

Initial value: * * * * * * * *
R/W: — — — — — — _ _
Bit 7 6 5 4 3 2 1 0
Bitname:| DTS | CHNE | DISEL | NMIM | — | — | — | — |
Initial value: * * * * * * * *
R/W: — — — — — — — —

Note: * Initial value undefined.

» Bits 15-14—Source Address Mode 1, 0 (SM1, SMO0): These bits designate whether to hold,
increment, or decrement the DTSAR after a data transfer.

Bit 15 (SM1) Bit 14 (SMO0) Description
0 — DTSAR remains fixed
1 0 DTSAR is incremented after transfer

(+1 for byte unit transfer, +2 for word, +4 for longword)

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

e Bits 13—-12—Destination Address Mode 1, 0 (DM1, DMO): These bits designate whether to
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 longword)

1 1 DTDAR is decremented after transfer
(-1 for byte unit transfer, —2 for word, —4 for longword)
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e Bits 11-10—DTC Mode 1, 0 (MD1, MDO0): These bits designate the DTC transfer mode.

Bit 11 (MD1) Bit 10 (MDO) Description

0 0 Normal mode

0 1 Repeat mode

1 0 Block transfer mode

1 1 Reserved (setting prohibited)

e Bits 9-8—DTC Data Transfer Size 1, 0 (SZ1, SZ0): These bits designate the data size for de
transfers.

Bit 9 (SZ1) Bit 8 (SZ0) Description

0 0 Byte (8 bits)

0 1 Word (16 bits)

1 0 Longword (32 bits)

1 1 Reserved (setting prohibited)

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

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 continuous DTC
data transfers with the same activating source. Continued transfer information is read after tt
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 information, execute
transfer)
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e Bit 5—DTC Interrupt Select (DISEL): This bit designates whether to prohibit or allow
interrupt requests to the CPU after one-time DTC transfers.

Bit 5 (DISEL) Description

0 Prohibit interrupts to the CPU after DTC data transfer completion if the
transfer counter is not O (DTC clears the interrupt source flag of the
activating source to 0)

1 Allow interrupts to the CPU after DTC data transfer completion (DTC
clears the DTER bit for the interrupt of the activating source to 0)

e Bit 4—DTC NMI Mode (NMIM): This bit designates whether to terminate transfers when an
NMI is input during DTC transfers.

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 DTC transfer
source address. An even address indicates that the transfer size is word; a multiple-of-four addre
means it is longword. The contents of this register is located in memory.

Bit: 31 30 29 28 27 ... 4 3 2 1 0
I I N S I I e
Initial value: * * * * * * * * * *
R/W:  — — — — —_ .. = — — — —

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 the DTC transfe
destination address. An even address indicates that the transfer size is word; a multiple-of-four
address means it is longword. The contents of this register are located in memory.
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Bit: 31 30 29 28 27 .. 4 3 2 1 0

Initial value: ~ * * * * * * * * * *
RW: — R — P — — — S —
Note: * Initial value is undefined.

8.2.4 DTC Initial Address Register (DTIAR)

The DTC initial address register (DTIAR) specifies the initial transfer source/transfer destination
address in repeat mode. In repeat mode, when the DTS bit is set to 1, specify the initial transfer
source address in the repeat area, and when the DTS bit is cleared to 0, specify the initial trans
destination address in the repeat area.

The contents of this register are located in memory.

Bit: 31 30 29 28 27 ... 4 3 2 1 0
N N O N v O I N
Initial value: * * * * * * * * * *
R/W: — — — — —_ ... = — — — -

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 contents of this
register are located in memory.

In normal mode it functions as a 16-bit transfer counter. The number of transfers is 1 when the ¢
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 as an 8-bit
transfer counter. The number of transfers is 1 when the set value is DTCRAH = DTCRAL = H'01
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 transfers is 1 whe
the set value is H'0001, 65535 when it is H'FFFF, and 65536 when it is H'0000.
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Bit: 15 14 8

DTCRAH
Initial value: * * * * * * * *
R/W: — — — — — — — —
Bit: 7 6 0
| | | DTCRAL |
Initial value: * * * * * * * *
R/W: — — — — — — — —

Note: * Initial value is undefined.

8.2.6 DTC Transfer Count Register B (DTCRB)

The DTCRB is a 16-hit register that designates the block length in block transfer mode. The
contents of this register is located in memory. The block length is 1 when the set value is H'0001,
65535 when it is H'FFFF, and 65536 when it is H'0000.

Bit: 15 14 13 12 11 10 9 8
| | | | | | | | |
Initial value: * * * * * * * *
R/W: — — — — — — — _
Bit: 7 6 5 4 3 2 1 0
| L L | L |
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 allocated to each
interrupt source that activates the DTC. They set disable/enable for DTC activation for each
interrupt source. When a bitis 1, DTC activation by the corresponding interrupt source is enablec
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. Manual reset does not
initialize DTER.
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For the A mask, overwrite this register as follows:

When clearing bit to 0: read the 1 bit to clear and write 0.
When setting bit to 1: read the 0 bit to set and write 1.

Bit 7 6 5 4 3 2 1 0
\ DTE7 \ DTE6 \ DTES \ DTE4 \ DTE3 \ DTE2 \ DTE1 \ DTEO \
Initial value: 0 0 0 0 0 0 0 0

RW: RW* RW' RW‘' RW RW' RW  RW' RW
Note: * DTER bits can only be modified by writing 1 after reading 0, or writing O after reading 1.

8.2.8 DTC Control/Status Register (DTCSR)

The DTCSR is a 16-bit readable/writable register that sets disable/enable for DTC activation by
software, as well as the DTC vector addresses for software activation. It also indicates the DTC
transfer status.

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

Bitt 15 14 13 12 11 10 9 8
— | — | — | — | — | NMF| AE |SwDTE|
Initial value: 0 0 0 0 0 0 0 0
RIW: R R R R R RW™  R/W**  R/MW*
Bitt 7 6 5 4 3 2 1 0
Bit name: | DTVEC7| DTVEC6 DTVEC5| DTVEC4 DTVEC3| DTVEC2| DTVECI| DTVECO)
Initial value: 0 0 0 0 0 0 0 0

RW: RMW* RW* RW™ RW™ RW? RW? RW? RW?*
Notes: *1 For the NMIF and AE bits, only a O write after a 1 read is possible.
*2 For the SWDTE bit, a 1 write is always possible, but a O write is possible only after a 1
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 always be 0.
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e Bit 10—NMI Flag Bit (NMIF): Indicates that an NMlI interrupt has occurred. When the NMIF
bit is set, DTC transfers are not allowed even if the DTER bit is set to 1. If, however, a transfel
has already started with the NMIM bit of the DTMR set to 1, execution will continue until that
transfer ends. To clear the NMIF bit, read the 1 from it, then write a 0.

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

Bit 10 (NMIF) Description
0 No NMI interrupts (initial value)
(Clear condition) Write a O after reading the NMIF bit

1 NMI interrupt has been generated

» Bit 9—Address Error Flag (AE): Indicates that an address error by the DTC has occurred.
When the AE bit is set, DTC transfers are not allowed even if the DTER bit is setto 1. To clea
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/disables DTC
activation by software.

The AE bit is initialized to 0 by resets and standby mode. For details, see section 8.3.2,
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-DTVECQO): These bits set the DTC
vector addresses for DTC activation by software. A vector address is calculated as H'0400 +
DTVEC[7:0]. Always specify 0 for DTVECO. 8 bits are available, so you can specify values
H'00 (0)-H'FE (254).
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8.2.9 DTC Information Base Register (DTBR)

The DTBR is a 16-bit readable/writable register that specifies the upper 16 bits of the memory
address containing DTC transfer information. Always access the DTBR in word or longword
units. If it is accessed in byte units the register contents will become undefined at the time of a
write, and undefined values will be read out upon reads.

The DTBR is not initialized either by resets or in standby mode.

Bit: 15 14 13 12 11 10 9 8

Initial value: * * * * * * * *
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

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

8.3 Operation

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

There are three DTC transfer modes: normal mode, repeat mode, and block transfer mode. Afte
DTC transfer, the transfer source address and transfer destination address are incremented,
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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Figure 8.2 DTC Operation Flowchart
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8.3.2 Activating Sources

The DTC performs write operations to the DTCSR with either interrupt sources or software as it:
activating sources. Each interrupt source is designated by specific DTER bits to determine whet

it becomes an interrupt request to the CPU or a DTC activating source.

When the DISEL bit is 1, an interrupt, established as the DTC activating source, is requested of
the CPU after each data transfer in DRC. When the DISEL bit is a 0, a request is made only afte
the completion of a designated number of data transfers. When the activating source interrupt is

requested of the CPU, the corresponding DTER bit is automatically cleared.

In the case of software activation also, when the DISEL bit is a 1, a software DTC activation
interrupt (SWDTCE) is requested of the CPU after each data transfer. When the DISEL bit is a (
a request is made only after the completion of a designated number of data transfers. When no
SWDTCE interrupt is requested of the CPU, the SWDTE bit of the DTCSR is automatically

cleared. When a request is made of the CPU, the SWDTE bit is maintained as a 1.

When multiple DTC activating sources occur simultaneously, they are accepted and the DTC is

activated in accordance with the default priority rankings shown in table 8.2.

Figure 8.3 shows a block diagram of activating source control.

IRQ
On-chip
peripheral

Interrupt
requests

»
P>

Interrupt requests
(those not designated as
DMAC activating sources)

Source
flag clear

CPU Interrupt requests
(those not designated as
DTC activating sources)

DMAC

Clear

Source flag clear

DTC
DTER »> INTC
A
DTC activation request
DTC
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 register information
placement. For each DTC activating source there are 2 bytes in the DTC vector table, which
contain the register information start address.

Table 8.2 shows the correspondence between activating sources and vector addresses. When

activating with software, the vector address is calculated as H'0400 + DTVEC[7:0].
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Through DTC activation, a register information start address is read from the vector table, then
register information placed in memory space is read from that register information start address.
Always designate register information start addresses in multiples of four.

DTBR Memory space

Register information ~
start address >

(upper 16 bits) B ]
DTC vector table ~ T
— ~  Register ]
Register | information B
DTC vector address —»  information ~ | - -
| startaddress | - ]
(lower 16 bits) - _

Figure 8.4 Correspondence between DTC Vector Address and Register Information
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Table 8.2

Interrupt Sources and DTC Vector Addresses

Source Activating DTE Transfer Transfer

Generator Source DTC Vector Address Bit Source  Destination Priority

MTU TGI4A H'00000400-H'00000401  DTEA7 Arbitrary**Arbitrary**  High

(CH4) TGMB  H'00000402-H'00000403 DTEA6 Arbitrary**Arbitrary** A
TGl4C H'00000404-H'00000405  DTEA5 Arbitrary”* Arbitrary™*
TGI4D H'00000406—-H'00000407  DTEA4 Arbitrary** Arbitrary™*
TCl4V H'00000408—H'00000409  DTEA3 Arbitrary™* Arbitrary™*

MTU TGI3A H'0000040A—H'0000040B  DTEA2 Arbitrary™* Arbitrary™*

(CH3) TGI3B  H0000040C—H'0000040D DTEAL Arbitrary* * Arbitrary**
TGI3C H'0000040E—H'0000040F DTEAQ Arbitrary™* Arbitrary™*
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) TGIIB  HO00000418-H00000419 DTEB3 Arbitrary* ! Arbitrary**

MTU TGIOA H'0000041A-H'0000041B  DTEB2 Arbitrary™* Arbitrary™*

(CHO) TGIOB  H'0000041C-H'0000041D DTEB1 Arbitrary**Arbitrary**
TGIOC H'0000041E-H'0000041F DTEBO Arbitrary**Arbitrary™*
TGIOD H'00000420-H'00000421  DTEC7 Arbitrary™* Arbitrary™*

AID ADI(ADIO)*2H'00000422—H'00000423 DTEC6 ADDR  Arbitrary”*

IRQO pin  IRQO H'00000424-H'00000425  DTEC5 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™* v

CMT (CH1) CMI1 H'00000436-H'00000437  DTED4 Arbitrary** Arbitrary**  Low

RENESAS
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Table 8.2 Interrupt Sources and DTC Vector Addresses (cont)

Source Activating DTE Transfer Transfer
Generator Source DTC Vector Address Bit Source  Destination Priority
SCIO RXI0 H'00000438-H'00000439 DTED3 RDRO Arbitrary*1 High
TXIO0 H'0000043A-H'0000043B  DTED2 Arbitrary*lTDRO
SCI1 RXI1 H'0000043C-H'0000043D DTED1 RDR1 Arbitrary*1
TXI1 H'0000043E-H'0000043F DTEDO Arbitrary*lTDRl
BSC CMI H'00000440-H'00000441  DTEE7 Arbitrary™* Arbitrary™*
Software Writeto ~ H'00000400 + DTVEC[7:0] to— Arbitrary** Arbitrary™*
DTCSR H'00000401 + DTVEC]7:0] Low

Notes: *1 External memory, memory-mapped external devices, on-chip memory, on-chip
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 register informatio
start addresses are designated by DTBR for the upper 16 bits, and the DTC vector table for the
lower 16 bits.

The placement in order from the register information start address in normal mode is DTMR,
DTCRA, 4 bytes empty (no effect on DTC operation), DTSAR, then DTDAR. In repeat mode it is
DTMR, DTCRA, DTIAR, DTSAR, and DTDAR. In block transfer mode, it is DTMR, DTCRA, 2
bytes empty (no effect on DTC operation), DTCRB, DTSAR, then DTDAR.

Fundamentally, certain RAM areas are designated for addresses storing register information.
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Memory space Memory space Memory space
Register \/\ \/\ \/\
information ——p A
start address DTMR - DTMR - - DTMR -
- DTCRA - DTCRA - DTCRA -
- - - DTIAR - -
C . o . - DTCRB Register
- DTSAR 1 - DTSAR 1 - DTSAR - ( information
- DTDAR - - DTDAR - - DTDAR -
\/\ \/\ \/\ %
Normal mode Repeat mode  Block transfer mode

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 activation. The total
transfer count is 1 to 65536. An interrupt request is generated to the CPU when the transfer witt
DTCRA =1 ends. Transfers of a number of bytes specified by the SCI are possible.

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 DTCRA is 1
DTMR Operation mode DTMR DTMR
control
DTCRA Transfer count DTCRA-1 DTCRA -1 (= H'0000)
DTSAR Transfer source Increment/decrement/  Increment/decrement/
address fixed fixed
DTDAR Transfer destination Increment/decrement/  Increment/decrement/
address fixed fixed

8.3.6 Repeat Mode

Performs the transfer of one byte, one word, or one longword for each activation. Either the
transfer source or transfer destination is designated as the repeat area.
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The total transfer count is specified between 1 and 256. When the specified number of transfers

ends, the address register of the designated repeat area is returned to its initial state and the trar
is repeated. Other address registers are consecutively incremented, decremented, or remain fixe
While DISEL = 0, no interrupt request is made to the CPU, even if the transfer with DTCRAL = 1

ends.

Pulses for driving the stepping motor can be output. Table 8.4 shows the register functions for
repeat mode.

Table 8.4 Repeat Mode Register Functions

Values Written Back upon a
Transfer Information Write

When DTCRA is

Register Function other than 1 When DTCRAis 1

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 back)

DTSAR Transfer source Increment/decrement/ (DTS = 0) Increment/
address fixed decrement/ fixed

(DTS =1) DTIAR

DTDAR Transfer destination Increment/decrement/ (DTS =0) DTIAR

address fixed (DTS = 1) Increment/

decrement/ fixed

8.3.7 Block Transfer Mode

Performs the transfer of one block for each one activation. Either the transfer source or transfer
destination is designated as the block area.

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

A/D converter group mode transfers and phase compensation PWM data transfers are possible.
Table 8.5 shows the register functions for block transfer mode.
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Table 8.5 Block Transfer Mode Register Functions

Values Written Back upon a

Register Function Transfer Information Write

DTMR Operation mode DTMR
control

DTCRA Transfer count DTCRA-1

DTCRB Block length (Not written back)

DTSAR Transfer source (DTS = 0) Increment/ decrement/ fixed
address (DTS = 1) DTSAR initial value

DTDAR Transfer destination (DTS = 0) DTDAR initial value
address

(DTS = 1) Increment/ decrement/ fixed

8.3.8 Operation Timing

Figure 8.6 shows a DTC operation timing example.

AN AN AWANAWANAWAWAWAWAWAWAWAWAWAN
Activating
source — \
DTC ] \
request
Address CO COHXOXCHKXRX WX X X D
Vector Transfer Data Transfer
read information transfer  information
read write

Figure 8.6 DTC Operation Timing Example (Normal Mode)

When register information is located in on-chip RAM, each mode requires 4 cycles for transfer
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, table 8.7 shows th
state counts needed for execution state.
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Table 8.6 Execution State of DTC

Register

Information Internal
Mode Vector Read | Read/Write J Data Read K Data Write L Operation M
Normal 1 7 1 1 1
Repeat 1 7 1 1 1
Block transfer 1 7 N N 1

Note: N: block size (default set values of DTCRB)

Table 8.7 State Counts Needed for Execution State

On- On-
chip chip Internal I/O
Access Objective RAM ROM Register External Device
Bus width 32 32 32 8 16 32
Access 1 1 2"t 32 2 2 2
state
Execution  Vector read S, — 1 —
state Register information S, 1 1 — 8 4 2
read/write
Byte data read S 1 1 2 3 2 2 2
Word data read Sy 1 1 2 3 4 2 2
Long word data read Sk 1 1 4 6 8 4 2
Byte data write S, 1 1 2 3 2 2 2
Word data write S, 1 1 2 3 4 2 2
Long word write S, 1 1 4 6 8 4 2
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 number of
transfers by one activating source (count + 1 when CHNE bit is 1).

Execution state count=1;8Y J-S+K-S+L-S)+M-§,
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8.3.10 DTC Usage Procedure

The procedure for DTC interrupt activation is as follows:

1.

ok wn

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

Establish the register information start address with DTBR and the DTC vector table.

Set the corresponding DTER bit to 1.

The DTC is activated when an interrupt source occurs.

When interrupt requests are not made to the CPU, the interrupt source is cleared, but the DT
is not. When interrupts are requested, the interrupt source is not cleared, but the DTER is.
Interrupt sources are cleared within the CPU interrupt routine. When doing continuous DTC
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 located in

memory space.

Establish the register information start address with DTBR and the DTC vector table.
Confirm that the SWDTE bit of the DTCSR is 0. When the SWDTE bit is 1, the DTC is
already being driven by software.

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

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

The SWDTE bit is cleared to 0 within the CPU interrupt routine. For continuous DTC data
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 address incremented
(DM1 =1, DMO = 0), normal mode (MD1 = MDO = 0), byte size (SZ1 = SZ0 = 0), one
transfer per activating source (CHNE = 0), and a CPU interrupt request after the designated
number of data transfers (DISEL = 0). 128 (H'0080) is set in DTCRA, the RDR address of th
SCl is setin DTSAR, and the start address of the RAM storing the receive data is set in
DTDAR.

Establish the register information start address with DTBR and the DTC vector table.

Set the corresponding DTER bit to 1.

Set the SCI to a specific receive mode and enable RxI interrupts.
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5. The RDRF flag of the SSR is set to 1 by each completion of a 1-byte data reception by the SC

an Rxl interrupt is generated, and the DTC is activated. The received data is transferred from
RDR to RAM by the DTC, and the RDRF flag is O cleared.

After completion of 128 data transfers (DTCRA = 0), the DTER is cleared while the RDRF is
maintained as 1, and an Rxl interrupt request is made to the CPU. The interrupt processing
routine clears the RDRF, and performs the other completion processing.

8.4 Cautions on Use

DMAC and DTC register access by the DTC is prohibited.

DTC register access by the DMAC is prohibited.

When setting a bit in DTER, first ensure that all transfers on the DTC channel corresponding t
that DTER have ended, or disable the transfer source for each channel so that DTC transfer
corresponding to that DTER will not occdihe above restrictions do not apply for A mask

due to change in the access method of DTER. However, take caution when changing LSI to A

mask, since madification of the program is required.
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Section 9 Cache Memory (CAC)

9.1 Overview

The LSI has an on-chip cache memory (CAC) with 1 kbyte of cache data and a 256-entry cache
tag. The cache data and cache tag space can be used as on-chip RAM space when the cache i
being used.

9.1.1 Features

The CAC has the following features. The cache tag and cache data configuration is shown in
figure 9.1.

e 1-kbyte capacity

< External memory (CS space and DRAM space) instruction code and PC relative data cachin
e 256 entry cache tag (tag address 15 bits)

e 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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9.1.2 Block Diagram

Figure 9.2 shows a block diagram of the cache.

Cache tag

A

Cache
controller

] i
Cache data C::\

—:> Bus state
| controller

SNQ ssalppe [eulaiy|
SNq eyep [eulalu|

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 disabling of each cache
space. The register configuration is shown in table 9.1.
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Table 9.1 Register Configuration

Initial Access Size
Name Abbreviation R/W Value Address (Bits)
Cache control register CCR R/W H'0000* H'FFFF8740 8, 16, 32

Note: * Bits 15-5 are undefined.

9.2 Register Explanation

9.2.1 Cache Control Register (CCR)
The cache control register (CCR) selects the cache enable/disable of each space.

The CCR is a 16-bit readable/writable register. It is initialized to H'0000 by power on resets, but
not initialized by manual resets or standby mode.

Bit: 15 14 13 12 11 10 9 8
Initial value: * * * * * * * *
R/W: R R R R R R R R
Bit: 7 6 5 4 3 2 1 0
— — — CE CE CE CE CE
DRAM CS3 CS2 Cs1 CSO0
Initial value: * * * 0 0 0 0 0
R/W: R R R R/W 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 value should
always be 0.

* Bit 4—DRAM Space Cache Enable (CEDRAM): Selects whether to use DRAM space as a
cache object (enable) or to exclude it (disable). A 0 disables, and a 1 enables such use.

Bit 4 (CEDRAM) Description
0 DRAM space cache disabled (initial value)
1 DRAM space cache enabled
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e Bit 3—CS3 Space Cache Enable (CECS3): Selects whether to use CS3 space as a cache ob
(enable) or to exclude it (disable). A O disables, and a 1 enables such use.

Bit 3 (CECS3) Description
0 CS3 space cache disabled (initial value)
1 CS3 space cache enabled

» Bit 2—CS2 Space Cache Enable (CECS?2): Selects whether to use CS2 space as a cache ob
(enable) or to exclude it (disable). A O disables, and a 1 enables such use.

Bit 2 (CECS2) Description
0 CS2 space cache disabled (initial value)
1 CS2 space cache enabled

e Bit 1—CS1 Space Cache Enable (CECS1): Selects whether to use CS1 space as a cache ob
(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 space as a cache ob
(enable) or to exclude it (disable). A 0 disables, and a 1 enables such use.

Bit 0 (CECSO0) Description
0 CSO0 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 into an address ar
and a data array, where addresses (tag address, including valid bit) and data (4-byte line length)
cache control are recorded. The special cache space is shown in table 9.2. It can be used as on-
RAM space when the cache is not being used.
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Table 9.2  Special Cache Space

Space Classification Address Size Bus Width
Address array H'FFFFFO00-H'FFFFF3FF 1 kbyte 32 bit
Data array H'FFFFF400-H'FFFFF7FF 1 kbyte 32 bit

9.3.1 Cache Address Array Read/Write Space

The cache address array has a compulsory read/write (figure 9.3).

31 10 9 21 0
Upper 22 bits of the address array space address Entry address -
Address (22 bits) (8 bits) (2 bits)
31 26 25 24 10 9 0
- Tag address -
Data| (g pits) (15 bits) (10 bits)
t Valid bit (1 bit)

Figure 9.3 Cache Address Array

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

Address Array Write: Designates entry address and writes the designated tag address value/va
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 0
Upper 22 bits of the data array space address Entry address -
Address (22 bits) (8 bits) (2 bits)
31 0
Data
Data (32 bits)

Figure 9.4 Cache Data Array
Data Array Read: Designates entry address and reads out the corresponding line of data.

Data Array Write: Designates entry address and writes designated data to the corresponding lir
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94 Cautions on Use

9.4.1 Cache Initialization

Always initialize the cache before enabling it. Specifically, use an address array write to write O tc
all valid bits for all entries (256 times), that is,those in the address range H'FFFFFO00—
H'FFFFF3FF.

Writes to the address array or data array by the CPU, DMAC, or DTC are not possible while the
cache is enabled. For reads, undefined values will be read out.

9.4.2 Forced Access to Address Array and Data Array

While the cache is enabled, it is not possible to write to the address array or data array via the
CPU, DMAC, or DTC, and a read will return an undefined value. The cache must be disabled
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 immediately before the
cache fill (access from external memory in the event of a cache miss), as shown in figure 9.5.
However, in the case of consecutive cache misses, idle cycles are not generated for the second
subsequent cache misses, as shown in figure 9.6.

As the timing for a cache fill from normal space, the CS assert period immediately before the end
of the bus cycle (or the last bus cycle when two or four bus cycles are generated, such as in a wc
access to 8-bit space) is extended by an additional cycle, as shown in figures 9.5 and 9.6.

Similarly, as the timing for a cache fill from DRAM space, the RAS assert period immediately
before the end of the bus cycle is extended by an additional cycle. In RAS down mode, the next
bus cycle is delayed by one cycle as shown in figure 9.8.
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« [N SN
Address Idlel cycle:X ; : : X : ;
csn L e cycle . ics a§ser't'éxiénsmn /am

Figure 9.5 Cache Fill Timing in Case of Non-Consecutive Cache Miss from Normal Space
(No Wait, No CS Assert Extension)

CK/\/\/\/\/\/\/\
as e |

Address ' X ' X

Haant

Data L/

Figure 9.6 Cache Fill Timing in Case of Consecutive Cache Misses from Normal Space
(No Wait, CS Assert Extension)
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Internal 1 ; M
address | } X M'ss'h't} X
Address | | ”MX L X ' ROW! X COLUM‘N 3 X L
RAS | TTTTihedbmametn §
1 ! | ‘I(_J!(-f‘_cycle}‘ ! : ‘ RAS assert extensmn/ :
hex L L 4 e L |
)
[ )
Data \ '/

Figure 9.7 Cache Fill Timing in Case of Non-Consecutive Cache Miss from DRAM Space
(Normal Mode, TPC =0, RCD = 0, No Wait)

CS space
DRAM access access DRAM access

CK } / / / / / / / / /
el HE ‘
address ! iss-hit ! ! ‘ iss-hit
Address | x XROW X COLUMN X Walt CS space X COLUMN X x
RAS : : ; ; ; ; 1 1 RAS assert ex-té-n-s:lbn
| 1 | \ ‘ ‘ ‘ ‘ ‘ ‘ o/
CASXxx : : : A v : : A L/ :

Figure 9.8 Cache Fill Timing in Case of Consecutive Cache Misses from DRAM Space
(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 fill without idle
cycle generation is performed. The next hit operates as a cache hit.
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Section 10 Bus State Controller (BSC)

10.1  Overview

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

10.1.1  Features
The BSC has the following features:

* Address space is divided into five spaces

O A maximum linear 2 Mbytes for on-chip ROM effective mode, and a maximum linear
4-Mbyte for on-chip ROM ineffective mode for address space CS0O

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 accesses.
Outputs control signals for each space according to the type of memory connected
¢ 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
0 Multiplexes row/column addresses according to DRAM capacity
0 Supports high-speed page mode and RAS down mode
* Access control for each type of memory, peripheral LSI
0 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 signal)

O Ooooogod
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10.1.2 Block Diagram

Figure 10.1 shows the BSC block diagram.

(2]
e 2
} Bus =
| . c
| interface | ™| 5
| reT T e | | c
| I | =
L | — |
<
! Wait | WCR1 |
WAIT ————% control | }
o unit | werz |
| -
. | |
| o |
CS0to CS3 «—+——{ Area |+ BCR1 |
| |
} } control } i
. |
AH <—l—%— unit | } BCR2 w 1
o | Ei
_ Lo ! I
RD «———— P 1
} } <! DCR L B }
RDWR <——— < = |
|
WRHH, WRAL - rrcsrK M |
WRH, WRL Lo } |
e — | | | |
CASHH, CASHL || Memory ! > — ‘
CASH, CASL 1| control 1 P RTCNT |
| .
RAS «+——— unit 1 U i
|
CMI interrupt request | | ! !
Pren : 3 <! Comparator C> |
| | |
|
2] * N |
Ko} | |
i | —y |
\ 4 E | } RTCOR }
= I | I
Interrupt = L }
5]
controller o 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 register

Figure 10.1 BSC Block Diagram
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10.1.3

Pin Configuration

Table 10.1 shows the bus state controller pin configuration.

Table 10.1 Pin Configuration

Signal I/O  Description

A21-A0 O Address output (A21-A18 will become input ports with power-on reset)

D31-DO /O  32-bit data bus. D15-DO0 are address output and data I/O during address/data
multiplex 1/0.

CS0- (0] Chip select

CS3

RD O  Strobe that indicates the read cycle for ordinary space/multiplex 1/0. Also
output during DRAM access.

WRHH (0] Strobe that indicates a write cycle to the most significant byte (D31-D24) for
ordinary space/multiplex 1/0. Also output during DRAM access.

WRHL (0] Strobe that indicates a write cycle to the 2nd byte (D23-D16) for ordinary
space/multiplex 1/0. Also output during DRAM access.

RH (0] Strobe that indicates a write cycle to the 3rd byte (D15-D8) for ordinary
space/multiplex 1/0. Also output during DRAM access.
RL (0] Strobe that indicates a write cycle to the least significant byte (D7-DO) for

ordinary space/multiplex 1/0. Also output during DRAM access.

RDWR (0] Strobe indicating a write cycle to DRAM (used for DRAM space)

RAS (0] RAS signal for DRAM (used for DRAM space)

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

CASHL (0] CAS signal when accessing the 2nd byte (D23-D16) of DRAM (used for DRAM
space)

CASH (0] CAS signal when accessing the 3rd byte (D15-D8) of DRAM (used for DRAM
space)

CASL (0] CAS signal when accessing the least significant byte (D7-D0) of DRAM (used
for DRAM space)

AH O  Signal to hold the address during address/data multiplex

WAIT I Wait state request signal

BREQ I Bus release request input

BACK (0] Bus use enable output
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10.1.4 Register Configuration

The BSC has eight registers. These registers are used to control wait states, bus width, and
interfaces with memories like DRAM, ROM, and SRAM, as well as refresh control. The register
configurations are listed in table 10.2.

All registers are 16 bits. Do not access DRAM space before completing the memory interface
settings. All BSC registers are all initialized by a power-on reset, but are not by a manual reset.
Values are maintained in standby mode.

Table 10.2 Register Configuration

Name Abbr. R/W Initial Value Address Access Size
Bus control register 1 BCR1 R/W H'200F H'FFFF8620 8, 16, 32
Bus control register 2 BCR2 R/W H'FFFF H'FFFF8622 8, 16, 32
Wait state control register 1 WCR1 R/W H'FFFF H'FFFF8624 8, 16, 32
Wait state control register 2 WCR2 R/W H'000F H'FFFF8626 8, 16, 32
DRAM area control register DCR R/W H'0000 H'FFFF862A 8, 16, 32
Refresh timer control/status register RTCSR R/W H'0000 H'FFFF862C 8, 16, 32
Refresh timer counter RTCNT R/W H'0000 H'FFFF862E 8, 16, 32
Refresh time constant register RTCOR R/W H'0000 H'FFFF8630 8, 16, 32
166

RENESAS



10.1.5 Address Map

Figure 10.2 shows the address format used by the SH7040 Series.

A31-A24 A23, A22 A21 AO

A
Y
A

L Output address:
Output from the address pins

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

L Space selection:

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 (H'FF)

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 sigisls@S3) for the
corresponding areas when bits A31-A24 are 00000000.

e A21-A0 are output externally.

Table 10.3 shows an address map for on-chip ROM effective mode. Table 10.4 shows an addre
map for on-chip ROM ineffective mode.
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Table 10.3 Address Map for On-Chip ROM Effective Mode

Address Space Memory Size Bus Width

H'00000000—H'0003FFFF**  On-chip ROM On-chip ROM memory 256 kbytes 32 bits

H'00040000-H'001FFFFF Reserved Reserved

H'00200000—H'003FFFFF CSO space  Ordinary space 2 Mbytes  8/16/32 bits*?
H'00400000—H'007FFFFF CS1lspace Ordinary space 4 Mbytes  8/16/32 bits™?
H'00800000-H'00BFFFFF CS2 space  Ordinary space 4 Mbytes  8/16/32 bits*?
H'00C00000-H'00FFFFFF CS3 space  Ordinary space or 4 Mbytes  8/16/32 bits™?
multiplex /O space
H'01000000-H'01FFFFFF DRAM space DRAM 16 Mbytes 8/16/32 bits™?
H'02000000-H'FFFF7FFF Reserved Reserved
H'FFFF8000—H'FFFF87FF On-chip On-chip peripheral 2 kbytes  8/16 bits
peripheral module
module
H'FFFF8800—-H'FFFFEFFF Reserved Reserved
H'FFFFFO00-H'FFFFFFFF On-chip RAM On-chip RAM 4 kbytes 32 bits

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

*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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Table 10.4 Address Map for On-Chip ROM Ineffective Mode

Address Space Memory Size Bus Width
H'00000000-H'003FFFFF  CSO space  Ordinary space 4 Mbytes 8/16/32 bist**
H'00400000-H'007FFFFF  CS1space  Ordinary space 4 Mbytes 8/16/32 bits*?
H'00800000-H'00BFFFFF  CS2 space  Ordinary space 4 Mbytes 8/16/32 bits*?
H'00C00000-H'00FFFFFF  CS3space  Ordinary space or multiplex 4 Mbytes 8/16/32 bits™®
1/0O space
H'01000000-H'01FFFFFF  DRAM space DRAM 16 Mbytes 8/16/32 bits™*?
H'02000000-H'FFFF7FFF  Reserved Reserved
H'FFFF8000—H'FFFF87FF  On-chip On-chip peripheral module 2 kbytes 8/16 bits
peripheral
module
H'FFFF8800-H'FFFFEFFF  Reserved Reserved
H'FFFFFOO00—H'FFFFFFFF  On-chip RAM On-chip RAM 4 kbytes 32 bits

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

2. In the single-chip mode, spaces other than on-chip ROM, on-chip RAM and on-chip
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 1/0O space: 8/16 bit selected by the A14 bit.

10.2  Description of Registers

10.2.1  Bus Control Register 1 (BCR1)

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

Write bits 8—-0 of BCR1 during the initialization stage after a power-on reset, and do not change
the values thereafter. In on-chip ROM effective mode, do not access any of the CS spaces until
after completion of register initialization. In on-chip ROM ineffective mode, do not access any C:
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 manual resets or
software standbys.
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Bit: 15 14 13 12 11 10 9 8

— — MTU | — — — — IOE
RWE
Initial value: 0 0 1 0 0 0 0 0
RW: R R RIW R R R R RIW
Bitt 7 6 5 4 3 2 1 0
\ A3LG \ A2LG \ ALLG \ AOLG \ A3SZ \ A2S5Z \ A1SZ \ A0SZ \
Initial value: 0 0 0 0 1 1 1 1

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

» Bits 15, 14, 12-9—Reserved: These bits always read as 0. The write value should always be

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

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

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

» Bit 7—CS3 Space Long Size Specification (A3LG): Specifies the CS3 space bus size. This is
effective only when CS3 space is ordinary space. When CS3 space is an address/data multip
I/O space, bus size is decided by the Al14 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 6—CS2 Space Long Size Specification (A2LG): Specifies the CS2 space bus size.

Bit 6 (A2LG) Description
0 According to the A2SZ bit value (initial value)
1 Longword (32 bit) size

* Bit 5—CS1 Space Long Size Specification (A1LG): Specifies the CS1 space bus size.

Bit 5 (A1LG) Description
0 According to the A1SZ bit value (initial value)
1 Longword (32 bit) size

e Bit 4—CSO0 Space Long Size Specification (AOLG): Specifies the CS0 space bus size.

Bit 4 (AOLG) Description
0 According to the AOSZ 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 ineffective
mode, the CSO space bus size is specified by the mode pin.

* Bit 3—CS3 Space Size Specification (A3SZ): Specifies the CS3 space bus size when A3LG
0. This is effective only when CS3 space is ordinary space. When CS3 space is an address/
multiplex 1/0O space, bus size is decided by the A14 bit.

Bit 3 (A3SZ2) 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 bit) (for
ordinary space).

e Bit 2—CS2 Space Size Specification (A2SZ): Specifies the CS2 space bus size when A2LG
0.

Bit 2 (A2SZz) 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 bit).
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e Bit 1—CS1 Space Size Specification (A1SZ): Specifies the CS1 space bus size when A1LG =
0.

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

Note: This bit is ignored when A1LG = 1; CS1 space bus size becomes longword (32 bit).

» Bit 0—CSO0 Space Size Specification (A0SZ): Specifies the CS0 space bus size when AOLG =
0.

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

Note: AO0SZ is effective only in on-chip ROM effective mode. In on-chip ROM ineffective mode,
the CSO space bus size is specified by the mode pin. However, even in on-chip ROM
effective mode, this bit is ignored when AOLG = 1; CSO space bus size becomes longword
(32 bit).

10.2.2  Bus Control Register 2 (BCR2)

BCR2 is a 16-bit read/write register that specifies the number of idle cycles and CS signal assert
extension of each CS space.

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

Bitt 15 14 13 12 11 10 9 8
\ W31 \ IW30 \ w21 \ IW20 \ W11 \ IW10 \ IWO01 \ IWO00 \
Initial value: 1 1 1 1 1 1 1 1

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

Bitt 7 6 5 4 3 2 1 0
\ cw3 \ cwW2 \ cwi \ CWO \ sw3 \ SW2 \ swi \ SWO \
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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« Bits 15-8—Idles between Cycles (IW31, IW30, IW21, IW20, IW11, IW10, IW01, IW00):
These bits specify idle cycles inserted between consecutive accesses when the second one
a different CS area after a read. Idles are used to prevent data conflict between ROM (and
other memories, which are slow to turn the read data buffer off), fast memories, and 1/0
interfaces. Even when access is to the same area, idle cycles must be inserted when a read
access is followed immediately by a write access. The idle cycles to be inserted comply with
the area specification of the previous accBsfer to section 10.6, Waits between Access
Cycles, for details.

IW31, IW30 specify the idle between cycles for CS3 space; IW21, IW20 specify the idle

between cycles for CS2 space; IW11, IW10 specify the idle between cycles for CS1 space a
IW01, IW0O specify the idle between cycles for CS0 space.

Bit 15 (IW31) Bit 14 (IW30) Description
0 0 No idle cycle after accessing CS3 space
1 Inserts one idle cycle after accessing CS3
space
1 0 Inserts two idle cycles after accessing CS3
space
1 Inserts three idle cycles after accessing CS3

space (initial value)

Bit 13 (IW21) Bit 12 (IW20) Description

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

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

Bit 11 (IW11) Bit 10 (IW10) Description

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

1 0 Inserts two idle cycles
1 Inserts three idle cycles (initial value)
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Bit 9 (IW01) Bit 8 (IW00) Description

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

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

» Bits 7-4—Idle Specification for Continuous Access (CW3, CW2, CW1, CWO0): The
continuous access idle specification makes insertions to clearly delineate the bus intervals by
once negating th€Sn signal when doing consecutive accesses of the same CS space. When a
write immediately follows a read, the number of idle cycles inserted is the larger of the two
values specified by IW and CW. Refer to section 10.6, Waits between Access Cycles, for

details.

CWa3 specifies the continuous access idles for CS3 space; CW2 specifies the continuous acce
idles for CS2 space; CW1 specifies the continuous access idles for CS1 space and CWO0
specifies the continuous access idles for CSO space.

Bit 7 (CW3) Description

0 No CS3 space continuous access idle cycles

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

0 No CS2 space continuous access idle cycles

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

0 No CS1 space continuous access idle cycles

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

0 No CSO0 space continuous access idle cycles

1 One CSO space continuous access idle cycle (initial value)
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 Bits 3-0—CS Assert Extension Specification (SW3, SW2, SW1, SWO0):dhassert cycle
extension specification is for making insertions to prevent extension Riifsignal orWRx
signal assert period beyond the length of@Be signal assert period. Extended cycles insert
one cycle before and after each bus cycle, which simplifies interfaces with external devices &
also has the effect of extending write data hold time. Refer to section 163A3sert Period
Extension, for details.
SW3 specifies th€S assert extension for CS3 space access; SW2 specifiéS tssert
extension for CS2 space access; SW1 specifiesStassert extension for CS1 space access
and SWO specifies theS assert extension for CS0 space access.

Bit 3 (SW3) Description

0 No CS3 space CS assert extension

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

0 No CS2 space CS assert extension

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

0 No CS1 space CS assert extension

1 CS1 space CS assert extension (initial value)
Bit 0 (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 (0-15) for each CS
space.

WCR1 is initialized by power-on resets to H'FFFF, but is not initialized by manual resets or
software standbys.
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Bitt 15 14 13 12 11 10 9 8

| was | wa2 | wsl | w30 | w23 | w22 | w21 | w20 |
Initial value: 1 1 1 1 1 1 1 1
RW: RW RW RW RW RW RW RW RW

Bitt 7 6 5 4 3 2 1 0
\ W13 \ W12 \ w11 \ W10 \ W03 \ W02 \ Wwo1 \ W00 \
Initial value: 1 1 1 1 1 1 1 1

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

Bits 15-12—CS3 Space Wait Specification (W33, W32, W31, W30): Specifies the number of
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 the number of
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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e Bits 7-4—CS1 Space Wait Specification (W13, W12, W11, W10): Specifies the number of
waits for CS1 space access.

Bit 7 Bit 6 Bit 5 Bit 4
(W13) (wW12) (w11) (w10) 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 3-0—CS0 Space Wait Specification (W03, W02, W01, W00): Specifies the number of
waits for CS0 space access.

Bit 3 Bit 2 Bit 1 Bit 0
(W03) (Wo02) (wo1) (W00) Description

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

10.2.4  Wait Control Register 2 (WCR2)

WCR?2 is a 16-bit read/write register that specifies the number of access cycles for DRAM space
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 manual resets or
software standbys.

Bitt 15 14 13 12 11 10 9 8
-l -1-1T-71T-7T-=-1-=-7=1

Initial value: 0 0 0 0 0 0 0 0

R/W:

Bitt 7 6 5 4 3 2 1 0
\ — \ — \ DDWl‘ DDWO‘ DSW3‘ DSWZ‘ DSWl‘ DSWO‘

Initial value: 0 0 0 0 1 1 1 1
RW: R R RW RW RW RW RW RW
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e Bits 15-6—Reserved: These bits always read as 0. The write value should always be 0.

» Bits 5-4—DRAM Space DMA Single Address Mode Access Wait Specification (DDW1,
DDWO): Specifies the number of waits for DRAM space access during DMA single address
mode accesses. These bits are independent of the DWW and DWR bits of the DCR.

Bit 5 (DDW1) Bit 4 (DDWO) 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

5-cycle (3 wait) external wait enabled

* Bits 3-0—CS Space DMA Single Address Mode Access Wait Specification (DSW3, DSW2,
DSW1, DSWO0): Specifies the number of waits for CS space access (0-15) during DMA single
address mode accesses. These bits are independent of the W bits of the WCRL.

Bit 3 Bit 2 Bit 1 Bit 0
(DSw3) (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 value)

10.2.5 DRAM Area Control Register (DCR)

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

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

DCR is initialized by power-on resets to H'0000, but is not initialized by manual resets or software
standbys.
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Bitt 15 14 13 12 11 10 9 8
| TPC | RCD | TRAS1 | TRASO | DWW1 | DWWO | DWR1| DWRO |
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

Bitt 7 6 5 4 3 2 1 0
| DW | — | BE | RASD | SZ1 | SZ0 | AMXL | AMXO |

Initial value: 0 0 0 0 0 0 0 0

RW:  RIW R RW RW RW RW RW RW

* Bit 15—RAS Precharge Cycle Count (TPC): Specifies the minimum number of cycles after
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 address output
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-TRASO): Specify
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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e Bits 11-10—DRAM Write Cycle Wait Count (DWW1-DWWO0): Specifies the number of
DRAM write cycle column address output cycles.

Bit 11 (DWW1) Bit 10 (DWWO0) 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

» Bits 9-8—DRAM Read Cycle Wait Count (DWR1-DWRO): Specifies the number of DRAM
read cycle column address output cycles.

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, either when
accessing a different external space (CS space) or when doing a DRAM write, after DRAM
reads.

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

» Bit 6—Reserved: This bit always reads as 0. The write value should always be 0.
* 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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« Bits 3-2—DRAM Bus Width Specification (SZ1, SZ0): Specifies the DRAM space bus width.

Bit 3 (SZ1) Bit 2 (SZ0) Description

0 0 Byte (8 bits) (initial value)
1 Word (16 bits)

1 Don't care Longword (32 bits)

e Bits 1-0—DRAM Address Multiplex (AMX1-AMXO0): Specifies the DRAM address
multiplex count.

Bit 1 (AMX1) Bit 0 (AMXO0) Description

0 0 9 bit (initial value)
1 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 clock input to the
refresh timer counter (RTCNT), and controls compare match interrupts (CMI).

RTCSR is initialized by power-on resets and hardware standbys to H'0000, but is not initialized |
manual resets or software standbys.

Bitt 15 14 13 12 11 10 9 8
-l -1 -1-7T=-7T=-7T=17-=1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit 7 6 5 4 3 2 1 0
\ — \ CMF \ CMIE \ CKSZ‘ CKS1 \ CKS0 \ RFSH‘ RMD \
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

e Bits 15-7—Reserved: These bits always read as 0. The write value should always be 0.
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e Bit 6—Compare Match Flag (CMF): This status flag, which indicates that the values of
RTCNT and RTCOR match, is set/cleared under the following conditions:

Bit 6 (CMF) Description

0 Clear condition: After RTCSR is read when CMF is 1, 0 is written in
CMF. In some cases it will clear when DTC is activated by a compare
match interrupt; refer to section 8, Data Transfer Controller (DTC), for
details. (initial value)

1 Set condition: RTCNT = RTCOR. When both RTCNT and RTCOR are
in an initialized state (when values have not been rewritten since
initialization, and RTCNT has not had its value changed due to a count-
up), RTCNT and RTCOR match, as both are H'0000, but in this case
CMF is not set.

» Bit 5—Compare Match Interrupt Enable (CMIE): Enables or disables an interrupt request
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 from among the
seven types of internal clock obtained from dividing the system cigck (

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 DRAM.

Bit 1 (RFSH) Description

0 Do not refresh DRAM (initial value)
1 Refresh DRAM
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« Bit 0—Refresh Mode (RMD): When the RFSH bit is 1, this bit selects normal refresh or self-
refresh. When the RFSH bit is 1, self-refresh mode is entered immediately after the RMD bit
setto 1. When RMD is cleared to 0, a CAS-before-RAS refresh is performed at the interval s
in the refresh time constant register (RTCNT).

When set for self-refresh, the SH7040 Series enters self-refresh mode immediately unless it
in the middle of a DRAM access. If it is, it enters self-refresh mode when the access ends.
Refresh requests from the interval timer are ignored in self-refresh mode.

Bit 0 (RMD) Description
0 CAS-before-RAS refresh (initial value)
1 Self-refresh

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 refreshes or generat
interrupt requests.

RTCNT counts up with the clock selected by the CKS2—CKSO0 bits of the RTCSR. RTCNT value
can always be read/written by the CPU. When RTCNT matches RTCOR, RTCNT is cleared to
H'0000 and the CMF flag of the RTCSR is set to 1. If the RFSH bit of RTCSR is 1 and the RMD
bit is 0 at this time, a CAS-before-RAS refresh is performed. Additionally, if the CMIE bit of
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 read as 0.

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

Bit: 15 14 13 12 11 10 9 8
T .

R/W:

Bit: 7 6 5 4 3 2 1 0
{770 A

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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10.2.8 Refresh Time Constant Register (RTCOR)

RTCOR is a 16-bit read/write register that establishes the compare match period with RTCNT.
The values of RTCOR and RTCNT are constantly compared. When the values correspond, the
compare match flag of RTCSR is set and RTCNT is cleared to O.

When the refresh bit (RFSH) of the RTCSR is set to 1 and the RMD bit is 0, a refresh request
signal is produced by this match. The refresh request signal is held until a refresh operation is
performed. If the refresh request is not processed before the next match, the previous request
becomes ineffective.

When the CMIE bit of the RTSCR is set to 1, an interrupt request is sent to the interrupt controlle
by this match signal. The interrupt request is output continuously until the CMF bit of the RTSCR
is cleared.

Bits 15-8 are reserved and cannot be used in setting the period. They always read 0.

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

Bit: 15 14 13 12 11 10 9 8
S e L U E s

R/W:

Bit: 7 6 5 4 3 2 1 0
{7777 M N

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

184
RENESAS



10.3  Accessing Ordinary Space

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

10.3.1  Basic Timing

Figure 10.3 shows the basic timing of ordinary space accesses. Ordinary access bus cycles are
performed in 2 states.

-

Address >< ><

=
wf N

-

WRXx \ /
Write | |

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 access space
(address) are fetched by the LSIRID, using the required byte locations.

During a write, the following signals are associated with transfer of these actual byte locations:
WRHH (bits 31-24) WRHL (bits 23—16)WRH (bits 15-8), an@VRL (bits 7-0).
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Wait State Control

10.3.2

The number of wait states inserted into ordinary space access states can be controlled using the

WCR settings (figure 10.4).

N
L% [ N R AR S (A, IS S
= J 0 1
T
- __ - 1 4 -\
T
Xj
X 0w |l O «© X ©
5 § @ B § K& ZF
£ o a = 0
©
< N
© (O]
g £
02 =

Figure 10.4 Wait Timing of Ordinary Space Access (Software Wait Only)
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When the wait is specified by software using WCR, the wait iIWIT signal from outside is

sampled. Figure 10.5 shows ®WAIT signal sampling. Th& AIT signal is sampled at the clock

rise one cycle before the clock rise whepstate shifts to Jstate.

[ A IS N AN NN I N v‘\
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ mW\\\
™~
~
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ mw\
A
) c o) © x © [
3 2 o © o I =
Wm 70 a = ) ‘Awn
heo} (0]
5 =
& 2

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

2 State +WAIT Signal)
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10.3.3 CS Assert Period Extension

Idle cycles can be inserted to prevent extension dRiheignal orWRx signal assert period
beyond the length of th&Sn signal assert period by setting the SW3-SWO bits of BCR2. This
allows for flexible interfaces with external circuitry. The timing is shown in figure 1Q,.6nd@ T;
cycles are added respectively before and after the ordinary cycleCSmnlg asserted in these
cycles;RD andWRx signals are not. Further, data is extended up tosthgcle, which is
effective for gate arrays and the like, which have slower write operations.

Address

|
T
RD | \ B
Read i |

Data — }
| |
| | |

WRx N/

Write } } }
| ‘ ‘

Data — (| | ——
| T T |
| | | |
| | | I

DACK | X | | X |
; ; ; ‘
| | |

Figure 10.6 CS Assert Period Extension Function
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10.4 DRAM Access

10.4.1 DRAM Direct Connection

When address space A31-A24 = H'01 has been accessed, the corresponding space becomes ¢
Mbyte DRAM space, and the DRAM interface function can be used to directly connect the

SH7040 Series to DRAM.

Row address and column address are always multiplexed for DRAM space. The amount of row
address multiplexing can be selected as from 9 to 12 bits by setting the AMX1 and AMXO bits of

the DCR.

Table 10.5 AMX Bits and Address Multiplex Output

Row Address Column Address
Shift Output Pins  Output Output Output

AMX1 AMXO0 Amount Address Address Pins

0 0 9 bit A21-A15 A21-A15 A21-A0 A21-A0
Al14-A0 A23-A9

0 1 10 bit A21-Al4 A21-Al4 A21-A0 A21-A0
A13-A0 A23-A10

1 0 11 bit A21-A13 A21-A13 A21-A0 A21-A0
A12-A0 A23-All

1 1 12 bit A21-Al12 A21-Al12 A21-A0 A21-A0
Al11-A0 A23-A12

In addition to ordinary read and write accesses, burst mode access using high speed page mod

supported.

RENESAS
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10.4.2  Basic Timing

The SH7040 Series supports 2 CAS format DRAM access. The DRAM access basic timing is a
minimum of 3 cycles for normal mode. Figure 10.7 shows the basic DRAM access timing. DRAM
space access is controlled RS, CASx, and RDWR signals. The following signals are

associated with transfer of these actual byte locat@ASHH (bits 31-24)CASHL (bits 23-16),
CASH (bits 15-8), an€ASL (bits 7-0). However, the signals for ordinary sp&&Bx andRD,

are also output during the DMAC single transfer column address cycle pq;iisdh@ precharge
cycle, T, is the RAS assert cycle. Ts the CAS assert cycle ang,Ts the read data fetch cycle.

SN SV e T e W W an W

Address i X i X Row C::olumn i X

( Data ;/ ; ; @_

JmDr—

Ry m e U Y

RN e

=

T

N as niE
B

Figure 10.7 DRAM Bus Cycle (Normal Mode, TPC = 0, RCD = 0, No Waits)
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10.4.3 Wait State Control

Wait state insertion during DRAM space access is controlled by setting the TPC, RCD, DWW1,
DWWO0, DWR1, and DWRO bits of the DCR. TPC and RCD are common to both reads and
writes. The timing with waits inserted is shown in figures 10.8 through 10.11. External waits can
be inserted at the time of software waits 2, 3. The sampling location is the same as that of ordin
space: at one cycle before thg, Tycle clock rise. Wait cycles are extended by external waits.

SO e W e i e W e B o W an
Address X {_Row ___ Column X
P E
e
o
(b 3 3 —()
e T =
gk —
o

Figure 10.8 DRAM Bus Cycle (Normal Mode, TPC = 0, RCD = 0, One Wait)
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Write

Read

1, Two Waits)

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

Write
Read

0, RCD =0, Three Waits)

Figure 10.10 DRAM Bus Cycle (Normal Mode, TPC
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Tch
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Te1
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Ll L] |
. INPRIEE
SN
el Ll 1L
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PRI AN

Read

0, Two Waits + Wait Due

0, RCD=

Figure 10.11 DRAM Bus Cycle (Normal Mode, TPC

to WAIT Signal)
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10.4.4  Burst Operation

High-Speed Page ModeWhen the burst enable bit (BE) of the DCR is set, burst accesses can b
performed using high speed page mode. The timing is shown in figure 10.12. Wait cycles can b
inserted during burst accesses by using the DCR.

| Tp | T | Ta | Te2 | Te1 | Te2 |
e« [
Address } X } X Row1 X jCqumn } X :Column } X:
( Data j i i ( i iH i i J_
mAS _ U : | | e
Write \ \ 1 1 i 1 i
CASX _ | | Y N
ROWR i Y WS e
‘ ) | | | ‘e | ‘.
Data : T
RAS | | \ | | | W
Read 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 selected, continuo
accesses to DRAM will not occur, but another space will be accessed instead part way through
access. In such cases, if RRAS signal is maintained at low level during the time the other space
is accessed, it is possible to continue burst operation at the time the next DRAM same row addr
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 10.13 DRAM Access Normal Operation (RAS Up Mode)
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Figure 10.14 RAS Down Mode
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10.4.5 Refresh Timing

The bus state controller is equipped with a function to control refreshes of DRAM. CAS-before-

RAS (CBR) refresh or self-refresh can be selected by setting the RTCSR’s RMD bit.

CAS-before-RAS Refresh:For CBR refreshes, set the RCR’s RMD bit to 0 and the RFSH bit to
1. Also write the values in RTCNT and RTCOR necessary to fulfill the refresh interval prescribec
for the DRAM being used. When a clock is selected with the CKS2—-CKSO0 bits of the RSTCR,
RTCNT starts counting up from the value at that time. The RTCNT value is constantly comparec
to the RTCOR value and a CBR refresh is performed when the two match. RTCNT is cleared at
that time and the count starts again. Figure 10.15 shows the timing for the CBR refresh operatic

The number of RAS assert cycles in the refresh cycle is set by the TRAS1, TRASO bits of the

DCR.

Figure 10.15 CAS-Before-RAS Refresh Timing (TRAS1, TRASO =0, 0)
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Self-Refresh:When both the RMD and RFSH bits of the RTCSR are set to CAResignal and

RAS signal are output and the DRAM enters self-refresh mode, as shown in figure 10.16. Do not
access DRAM during self-refreshes, in order to preserve DRAM data. When performing DRAM
accesses, first cancel the self-refresh, then access only after doing individual refreshes for all rov
addresses within the time prescribed for the particular DRAM.

For external bus right requests during self-refreshes, to preserve DRAM data at the time of
releasing the bus rights, oriASx, RAS, and RDWR are output and the bus rights are released to
the external device with the self-refresh maintained. Consequently, do not perform DRAM
accesses from external devices at such a time.

Py an

((
))

(
))

Figure 10.16 Self-Refresh Timing
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10.5 Address/Data Multiplex I/O Space Access

When the BCR1 register IOE bit is set to 1, the D15-DO0 pins can be used for multiplexed
address/data I/O for the CS3 space. Consequently, peripheral LSIs requiring address/data
multiplexing can be directly connected to this LSI.

Address/data multiplex 1/0O space bus width is selected by the A14 bit, and is 8 bit when A14 = (
and 16 bit when A14 = 1.

10.5.1 Basic Timing

When the I0OE bit of the BCR1 is set to 1, CS3 space becomes address/data multiplex I/O space
When this space is accessed, addresses and data are multiplexed. When the A14 address bit is
the bus size becomes 8 bit and addresses and data are input and output through the D7-DO pir
When the A14 address bit is 1, the bus size becomes 16 bit and address output and data I/O oc
through the D15-D0 pins. Access for the address/data multiplex I/O space is controlled by the
AH, RD, andWRx signals.

Address/data multiplex 1/0 space accesses are done after a 3-cycle (fixed) address output, as a
ordinary space type access (figure 10.17).

Tal Ta2 Ta3 Ta4 Tl T2

=30 o U o U U U0 A U A U A 0
Address:D< ><

Addréss o:utput
| |

| | | | | |

! ! ! ! ! ! ! ! ! ! ! !

| | | | | | | | | | | |

| | | | | | | | | | | |

o

cS3 1\ 1

| T T T T T T T T T T T T
| | | | | | | | | | | | | |
— | | L | L | | | | | | | | |
AH I I I I I I I I I I | I | I
S e e s
NS N I U N S N S S A N R
reag 2L i
ea o L L bbb T patajinput]

paa ————— (" padessouput | f———+{ )}
T N N O A P R |
W | | | | | | | | | | } | |
Write e ———r
| | | ‘ i |
| | | 1 | |
| | | |

|
! } >—‘—< |Data output >—‘—
| | | | | | |

Figure 10.17 Address/Data Multiplex I/O Space Access Timing (No Waits)
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Wait State Control

10.5.2

Setting the WCR controls waits during address/data multiplex I/O space accesses. Software wait
and external wait insertion timing is the same as during ordinary space accesses. The timing for

one software wait + one external wait inserted is shown in figure 10.18.

\\\\\\\ P A D [N I I
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\\\\\\\\\\\\\\\\\\ 2-1-—+-F——
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\\\\\\\\\\\\\\\\\\\\\\ S
\\\\\\\\\\\\\\\\\\\\\\\\ Q-
—
““““ m \““‘\‘M“‘ | |
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> =}
SN G A S N - 34--1+- L
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= i I [ I T
O ©
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<< {1 L1~ -
[ © x o] —
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e} ()
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Figure 10.18 Address/Data Multiplex 1/0O Space Access Wait State Timing (One Software

Wait + One External Wait)
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10.5.3 CS Assertion Extension

The timing diagram when setting CS assertion extension during address/data multiplex 1/O spac
access is shown in figure 10.19.

Address X

Figure 10.19 Wait Timing in Address/Data Multiplex 1/0 Space when CS Assertion
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 time to prevent dat
conflicts with the next access. If there is a data conflict during memory access, the problem can
solved by inserting a wait in the access cycle.

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

10.6.1 Prevention of Data Bus Conflicts

For the two cases of write cycles after read cycles, and read cycles for a different area after rea
cycles, waits are inserted so that the number of idle cycles specified by the IW31-IWO0O bits of tl
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BCR2 and the DIW of the DCR occur. When idle cycles already exist between access cycles, on
the number of empty cycles remaining beyond the specified number of idle cycles are inserted.

Figure 10.20 shows an example of idles between cycles. In this example, 1 idle between CSn
space cycles has been specified, so when a CSm space write immediately follows a CSn space
read cycle, 1 idle cycle is inserted.

Address

CSn \

|
osm \
|
|
m \ /
WRx Lf
Data ‘

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 read either to read

other external spaces, or for this LSI, to do write accesses. In the same manner, IW21 and IW20
specify the number of idle cycles after a CS2 space read, IW11 and IW10, the number after a CS
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 either to read other
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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10.6.2  Simplification of Bus Cycle Start Detection

For consecutive accesses of the same CS space, waits are inserted so that the number of idle c
designated by the CW3—-CWO bits of the BCR2 occur. However, for write cycles after reads, the
number of idle cycles inserted will be the larger of the two values defined by the IW and CW bits
When idle cycles already exist between access cycles, waits are not inserted. Figure 10.21 shoy
an example. A continuous access idle is specified for CSn space, and CSn space is consecutive
write accessed.

3 U A U A A I U B W A

Address >< >< ><
o ) ! T

Figure 10.21 Same Space Consecutive Access ldle Cycle Insertion Example

10.7 Bus Arbitration

The SH7040 series has a bus arbitration function that, when a bus release request is received fi
an external device, releases the bus to that device. It also has two internal bus masters, the CP
and the DMAC, DTC. The priority ranking for determining bus right transfer between these bus
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, or indirect addre:
transfer mode operation, the DMAC continues operating even if a DTC request is received.

Through port register setting®QOUT is asserted to indicate that a CAS-before-RAS refresh

request for DRAM has been generated during release of bus rights to an external device. Use tt
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to cause the external device to negateBREQ and return the bus rights to the SH7040 Series.
Please note that if the external device does not return the bus rights within the time prescribed fo
the DRAM refresh interval, this LS| will not be able to perform the refresh operation and the
DRAM contents cannot be guaranteed.

Figure 10.22 shows the bus right release procedure.

( SH704X > ( External device )

| BREQ accepted

Strobe pin:
high-level output

Address, data, BACK confirmation
strobe pin:

high impedance

BREQ =L
Q= Low I Bus right request |

A

- | BACK = Low
Bus right release

response

Bus right release status Bus right acquisition

Figure 10.22 Bus Right Release Procedure
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10.8

Memory Connection Examples

Figures 10.23-10.31 show examples of the memory connections.

As A21-A18 become input ports in power-on reset, they should be handled (e.qg.

pulled down) as necessary.

32k x 8 bits
SH704x ROM
CSn CE
RD OE
AO-A14 AO-A14
DO-D7 1/00-1/07

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
DO-D15 1/00-1/015
Figure 10.24 16-Bit Data Bus Width ROM Connection
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256k x 16 bits

SH704x ROM
CSn CE
RD OE
A0 —
Al —
A2-A19 AO0-A17
D16-D31 1/00-1/015
D0-D15
CE
OE
— AO-A17
1/00-1/015

Figure 10.25 32-Bit Data Bus Width ROM Connection

123k x 8 bits
SH704x SRAM
CSn CS
RD OE
AO0-A16 AO0-Al16
WRL WE
DO0-D7 1/00-1/07

Figure 10.26 8-Bit Data Bus Width SRAM Connection
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128k x 8 bits

CSn CS
RD OE
A0 —
Al1-Al17 AO0-A16
WRH WE
D8-D15 1/00-1/07
WRL
DO-D7 __
CS
OE
— AO0-Al6
WE
1/00-1/07

Figure 10.27 16-Bit Data Bus Width SRAM Connection
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SH704x

CSn
RD

A0

Al
A2-A18

WRHH
D24-D31
WRHL
D16-D23
WRH
D8-D15
WRL
DO-D7

128k x 8 bits
SRAM

q &

A0-A16
WE
1/00-1/07

I/00-1/07

A

A0-A16
WE
1/00-1/07
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SH704x

RAS
RDWR

AO0-A9
CASL
ADO-AD7

512k x 8 hits

DRAM

RAS
WE
OE
AO-A9

CAS
1/00-1/07

Figure 10.29 8-Bit Data Bus Width DRAM Connection

SH704x

256k x 16 hits
DRAM

RAS

RDWR

A0

A1-A9

CASH

CASL

ADO-AD15

AS

R 3 2

LCAS
1/00-1/015

RENESAS

Figure 10.30 16-Bit Data Bus Width DRAM Connection
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256k x 16 bits

SH704x DRAM
RAS RAS
RDWR WE
A0 —— OE
Al — ﬁE_
A2-A10 AO-A8
CASHH UCAS
CASHL LCAS
AD16-AD31 I/00-1/015
CASH
CASL |—
ADO-AD15
RAS
WE
ks
AO-A8
UCAS
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 shown in table 10.

Table 10.6 On-Chip Peripheral /0 Register Access

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

DMAC DTC CACHE

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

16bit  16bit  16bit

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

3cyc  3cyc  3cyc

Note: * A/D of A mask products are accessed in 8-bit width, 3 cyc.
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Cycles in which Bus is not Released
(a) One bus cycle:

The bus is never released during a single bus cycle. For example, in the case of a longword re:
(or write) in 8-bit normal space, the four memory accesses to the 8-bit normal space constitute
single bus cycle, and the bus is never released during this period. Assuming that one memory
access requires two states, the bus is not released during an 8-state period.

Xoo) oo (o (oo

‘ Cycles in which ‘
Bus is not Released

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 fetched in a single
instruction fetch. This is also true when the program is located in external memory, irrespective
whether the external memory bus width is 8 or 16 bits.

If the program counter value immediately after the program branches is an odd-word (2n + 1)
address, or if the program counter value immediately before the program branches is an even-w
(2n) address, the CPU will always fetch 32 bits (equivalent to two instructions) that include the
respective word instruction.
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Section 11 Direct Memory Access Controller (DMAC)

11.1  Overview

The SH7040 Series includes an on-chip four-channel direct memory access controller (DMAC).
The DMAC can be used in place of the CPU to perform high-speed data transfers among exterr
devices equipped with DACK (transfer request acknowledge signal), external memories, memor
mapped external devices, and on-chip peripheral modules (except for the DMAC, DTC, BSC, ar
UBC). Using the DMAC reduces the burden on the CPU and increases operating efficiency of tt
LSl as a whole.

11.1.1 Features

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 address transfer.

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

0 Dual address mode: Both the transfer source and transfer destination are accessed by
address. Dual address mode can be direct or indirect address transfer.
< Direct access: Values set in a DMAC internal register indicate the accessed address fi

both the transfer source and transfer destination. Two bus cycles are required for one
data transfer.

« Indirect access: The value stored at the location pointed to by the address set in the
DMAC internal transfer source register is used as the address. Operation is otherwise
the same as direct access. This function can only be set for channel 3. Four bus cycle
are required for one data transfer.

Channel function: Transfer modes that can be set are different for each channel. (Dual addre

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

channels.)

0 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 operates every fourt
transfer.
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O Channel 3: Dual address mode only. Direct address transfer mode and indirect address
transfer mode selectable.

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

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

O External request: From two DREQ pins. DREQ can be detected either by falling edge or by
low level. External requests can only be received on channels 0 or 1.

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

O Auto-request: The transfer request is generated automatically within the DMAC.
» Selectable bus modes: Cycle-steal mode or burst mode
» Two types of DMAC channel priority ranking:

O Fixed priority mode: Always fixed

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

* CPU can be interrupted when the specified number of data transfers are complete.
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11.1.2 Block Diagram

Figure 11.1 is a block diagram of the DMAC.

|
N DMAC module Y !
|
| L [
I Circuit g I
On-chip ROM ! control | SARN <:> !
! :
: Register 7 DARN <:> |
On-chip RAM > | control :
|
i Iy |
ohi -
on-chip 20 | o ! DMATCRn <:> l
peripacra % 3| Activation [* |
module ) A control |
< c I nERREEY !
=3 g | | Ty CHCRn <:> |
[ k= | > I
a , !
: Ly :
: v DMAOR <:> |
DREQO, DREQT — > < l
| <
MTU ™ Request !
SClo, sci1 ™| priority |
A/D converter” L_» control |
DEIn - : l
| |
DACKO, DACK1 <« ; :
DRAKO, DRAK1 « t | :
P . |
External (1) |
|
ROM <:> <:> ™ | Bus interface !
| |
External [ |
RAM D i_ |
External 1/0 <:> SARN: DMAC source address register
glnaemgg DARnN: DMAC destination address register
pp ~ " N~ DMATCRnN: DMAC transfer count register
Bus state CHCRn: DMAC channel control register
External I/O controller DMAOR: DMAC operation register
(with <:> n: 0,1,2 3
acknowledge)

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

Figure 11.1 DMAC Block Diagram
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11.1.3

Pin Configuration

Table 11.1 shows the DMAC pins.

Table 11.1 DMAC Pin Configuration

Channel Name Symbol /O Function
0 DMA transfer request DREQO | DMA transfer request input from
external device to channel O
DMA transfer request DACKO O DMA transfer strobe output from
acknowledge channel 0 to external device
DREQO acceptance DRAKO O Sampling receive acknowledge output
confirmation for DMA transfer request input from
external source
1 DMA transfer request DREQ1 | DMA transfer request input from
external device to channel 1
DMA transfer request DACK1 O DMA transfer strobe output from
acknowledge channel 1 to external device
DREQ?1 acceptance DRAK1 O Sampling receive acknowledge output
confirmation for DMA transfer request input from
external source
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11.1.4 Register Configuration

Table 11.2 summarizes the DMAC registers. DMAC has a total of 17 registers. Each channel he
four control registers. One other control register is shared by all channels

Table 11.2 DMAC Registers

Chan- Abbrevi- Initial Register Access
nel Name ation R/W Value Address Size Size
0 DMA source address SARO R/W  Undefined H'FFFF86CO0O 32 bit 16, 32*2
register O
DMA destination DARO R/W  Undefined H'FFFF86C4 32 bhit 16, 32*?

address register 0
DMA transfer count DMATCRO R/W  Undefined H'FFFF86C8 32 bit 16, 32*3

register O
DMA channel control CHCRO  R/W*! H'00000000 H'FFFF86CC 32 bit 16, 32*2
register 0

1 DMA source address SAR1 R/W  Undefined H'FFFF86D0 32 bit 16, 32*2
register 1
DMA destination DAR1 R/W  Undefined H'FFFF86D4 32 bit 16, 32*?

address register 1
DMA transfer count DMATCR1 R/W  Undefined H'FFFF86D8 32 bit 16, 32*3

register 1
DMA channel control CHCR1 ~ R/W*! H'00000000 H'FFFF86DC 32 bit 16, 32*2
register 1

2 DMA source address SAR2 R/W  Undefined H'FFFF86EO0 32 bit 16, 32*2
register 2
DMA destination DAR2 R/W  Undefined H'FFFF86E4 32 bit 16, 32*?

address register 2
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Table 11.2 DMAC Registers (cont)

Chan- Abbrevi- Initial Register Access
nel Name ation R/W Value Address Size Size
2 DMA transfer count DMATCR2 R/W  Undefined H'FFFF86E8 32 bit 16, 32*3

(cont) register 2
DMA channel control CHCR2 R/W** H'00000000 H'FFFF86EC 32 bit 16, 32*2

register 2

3 DMA source address SAR3 R/W  Undefined H'FFFF86F0 32 bit 16, 32*2
register 3
DMA destination DAR3 R/W  Undefined H'FFFF86F4 32 bit 16, 32%2

address register 3
DMA transfer count DMATCR3 R/W  Undefined H'FFFF86F8 32 bit 16, 32*3

register 3
DMA channel control CHCR3  R/W*! H'00000000 H'FFFF86FC 32 bit 16, 32*2
register 3

Shared DMA operation DMAOR R/W*! H'0000 H'FFFF86B0 16 bit 16, 32**
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 DMAOR to
clear flags. No other writes are allowed.

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

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

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

11.2  Register Descriptions

11.2.1 DMA Source Address Registers 0-3 (SAR0-SAR3)

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

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

The initial value after power-on resets or in software standby mode is undefined. These registers
are not initialized with manual reset.
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Bit: 31 30 29 28 27 26 25 24

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

Bit: 23 22 21 .. . 2 1 0
| ] I ] |
Initial value: — — — — — —
R/W: R/W R/W R/W .. . R/W R/W R/W

11.2.2 DMA Destination Address Registers 0—3 (DAR0O-DAR3)

DMA destination address registers 0—3 (DAR0O-DAR3) are 32-bit read/write registers that specif
the destination address of a DMA transfer. These registers have a count function, and during a
DMA transfer, they indicate the next destination address. In single-address mode, DAR values ¢
ignored when a device with DACK has been specified as the transfer destination.

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

Bit: 31 30 29 28 27 26 25 24

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

Bit: 23 22 21 2 1 0
| | | B | | |
Initial value: — — — — — —
R/W: R/W R/W R/W . . R/W R/W R/W
219

RENESAS



11.2.3 DMA Transfer Count Registers 0-3 (DMATCRO-DMATCR3)

DMA transfer count registers 0—3 (DMATCRO-DMATCR3) are 24-bit read/write registers that
specify the transfer count for the channel (byte count, word count, or longword count). Specifying
a H'000001 gives a transfer count of 1, while H'000000 gives the maximum setting, 16,777,216
transfers. The data for the upper 8 bits of a DMATCR is 0 when read. Always write 0. The initial
value after power-on resets or in software standby mode is undefined. These registers are not
initialized with manual reset.

Always write 0 to the upper 8 bits of a DMATCR.

Bit: 31 30 29 28 27 26 25 24
-l -1 -1 -1-1T-7T-17-

Initial value: — — — — — — — _
R/W: R R R R R R R R
Bit: 23 22 21 20 19 18 17 16
Initial value: — — — — — — _ _

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

Bit: 15 14 13 12 11 10 9 8

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

Bit: 7 6 5 4 3 2 1 0

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

DMA channel control registers 0—3 (CHCRO—CHCR3) is a 32-bit read/write register where the
operation and transmission of each channel is designated. They are initialized by a power-on re
and in software standby mode. There is no initializing with manual reset.

Bit:

Initial value:
R/W:

Bit:

Initial value:

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

31 30 29 28 27 26 25 24
-1 -T-T-T-T-1
R R R R R R R R
23 22 21 20 19 18 17 16
— — — ‘ DI*? ‘ RO*2 ‘ RL*2 ‘ AM*2 | AL*? ‘
_ _ _ 0 0 0 0 0
R R R RW) RW) (RW) (RW) (RW)
15 14 13 12 11 10 9 8

\ DM1 \ DMO \ SM1 \ SMO \ RS3 \ RS2 \ RS1 \ RSO \
0 0 0 0 0 0 0 0

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

7 6 5 4 3 2 1 0
\ — \ DS*? | TM™ \ TS1 \ TS0 \ IE \ TE \ DE \
— 0 0 0 0 0 0 0

R (RIW)  RW RW  RW RIW R/(W)*' RW

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.

e Bits 31-21—Reserved bits: Data are 0 when read. The write value always be 0.

« Bit 20—Direct/Indirect (DI): Specifies either direct address mode operation or indirect addres
mode operation for channel 3 source address. This bit is valid only in CHCR3. It always read
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

221
RENESAS



e Bit 19—Source Address Reload (RO): Selects whether to reload the source address initial
value during channel 2 transfer. This bit is valid only for channel 2. It always reads 0 for
CHCRO, CHCR1, and CHCRS3, and cannot be modified.

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

* Bit 18—Request Check Level (RL): Selects whether to output DRAK notifying external
device ofDREQ received, with active high or active low. This bit is valid only for CHCRO and
CHCRL. It always reads 0 for CHCR2 and CHCR3, and cannot be modified.

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

» Bit 17—Acknowledge Mode (AM): In dual address mode, selects whether to output DACK in
the data write cycle or data read cycle. In single address mode, DACK is always output
irrespective of the setting of this bit. This bit is valid only for CHCRO and CHCRL1. It always
reads as 0 for CHCR2 and CHCR3, and cannot be modified.

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

» Bit 16—Acknowledge Level (AL): Specifies whether to set DACK (acknowledge) signal
output to active high or active low. This bit is valid only with CHCRO and CHCRL. It always
reads as 0 for CHCR2 and CHCR3, and cannot be modified.

Bit 16: AL Description

0 Active high output (initial value)
1 Active low output
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e Bits 15 and 14—Destination Address Mode 1, 0 (DM1 and DMO0): These bits specify
increment/decrement of the DMA transfer destination address. These bit specifications are
ignored when transferring data from an external device to address space in single address
mode.

Bit 15: DM1 Bit 14: DMO Description

0 0 Destination address fixed (initial value)

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

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

1 1 Setting prohibited

Bits 13 and 12—Source Address Mode 1, 0 (SM1 and SMO0): These bits specify
increment/decrement of the DMA transfer source address. These bit specifications are ignor
when transferring data from an external device to address space in single address mode.

Bit 13: SM1 Bit 12: SMO Description

0 0 Source address fixed (initial value)

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

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

1 1 Setting prohibited

When the transfer source is specified at an indirect address, specify in source address register !
(SARB3) the actual storage address of the data you want to transfer as the data storage address
(indirect address).

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

Bit 11: Bit 10: Bit9: Bit 8:
RS3 RS2 RS1 RSO Description

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

space - external device.

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

0 1 0 0 Auto-request
0 1 0 1 Prohibited

0 1 1 0 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 SCIO 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 request
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 0.

» Bit 6—DREQ Select (DS): Sets the sampling method forDIREQ pin in external request
mode to either low-level detection or falling-edge detection. This bit is valid only with CHCRO
and CHCR1. For CHCR2 and CHCRZ3, this bit always reads as 0 and cannot be modified.
Even with channels 0 and 1, when specifying an on-chip peripheral module or auto-request a:
the transfer request source, this bit setting is ignored. The sampling method is fixed at falling-
edge detection in cases other than auto-request.

Bit 6: DS Description

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

Bit5: TM Description
0 Cycle steal mode (initial value)
1 Burst mode

» Bits 4 and 3—Transfer Size 1, 0 (TS1, TSO0): Specifies size of data for transfer.

Bit4: TS1  Bit3: TSO Description

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

1 0 Specifies longword size (32 bits)

1 1 Prohibited

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

Bit 2: IE Description

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

1 Interrupt request enabled on completion of DMATCR specified number

of transfers

e Bit 1—Transfer End Flag (TE): This bit is set to 1 after the number of data transfers specified
by the DMATCR. At this time, if the IE bit is set to 1, an interrupt request is generated.

If data transfer ends before TE is set to 1 (for example, due to an NMI or address error, or

clearing of the DE bit or DME bit of the DMAOR) the TE is not set to 1. With this bit set to 1,
data transfer 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, standby
mode

1 DMATCR specified number of transfers completed
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« Bit 0—DMAC Enable (DE): DE enables operation in the corresponding channel.

Bit 0: DE Description
0 Operation of the corresponding channel disabled (initial value)
1 Operation of the corresponding channel enabled

Transfer mode is entered if this bit is set to 1 when auto-request is specified (RS3—RSO0 settings)
With an external request or on-chip module request, when a transfer request occurs after this bit
set to 1, transfer is enabled. If this bit is cleared during a data transfer, transfer is suspended.

If the DE bit has been set, but TE = 1, then if the DME bit of the DMAOR is 0, and the NMI or
AE bit of the DMAOR is 1, transfer enable mode is not entered.

11.2.5 DMAC Operation Register (DMAOR)
The DMAOR is a 16-bit read/write register that specifies the transfer mode of the DMAC

Register values are initialized to 0 during power-on reset or in software standby mode. Manual
reset does not initialize DMAOR.

Bit: 15 14 13 12 11 10 9 8
_ — _ _ — — | PR1 | PRO |
Initial value: — — — — — — 0 0
R/W: R R R R R R RIW RIW
Bit: 7 6 5 4 3 2 1 0
= =T = [ = = [ s [ e[ oue
Initial value: — — — — — — 0 0
RIW: R R R R R RI(W)*  RI(W)* R

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 0.

226
RENESAS



e Bits 9—-8—Priority Mode 1 and 0 (PR1 and PRO): These bits determine the priority level of
channels for execution when transfer requests are made for several channels simultaneousl

Bit 9: PR1 Bit 8: PRO Description

0 0 CHO > CH1 > CH2 > CH3 (initial value)
0 1 CHO >CH2 >CH3 >CH1

1 0 CH2 >CHO >CH1 >CHS3

1 1 Round robin mode

e Bits 7-3—Reserved bits: Data are 0 when read. The write value always be 0.

« Bit 2—Address Error Flag (AE): Indicates that an address error has occurred during DMA
transfer. If this bit is set during a data transfer, transfers on all channels are suspended. The
CPU cannot write a 1 to the AE bit. Clearing is effected by 0 write after 1 read.

Bit 2: AE Description

0 No address error, DMA transfer enabled (initial value)
Clearing condition: Write AE = 0 after reading AE = 1

1 Address error, DMA transfer disabled

Setting condition: Address error due to DMAC

e Bit 1—NMI Flag (NMIF): Indicates input of an NMI. This bit is set irrespective of whether the
DMAC is operating or suspended. If this bit is set during a data transfer, transfers on all
channels are suspended. The CPU is unable to write a 1 to the NMIF. Clearing is effected by
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
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e Bit 0—DMAC Master Enable (DME): This bit enables activation of the entire DMAC. When
the DME bit and DE bit of the CHCR for the corresponding channel are set to 1, that channel
is transfer-enabled. If this bit is cleared during a data transfer, transfers on all channels are
suspended.

Even when the DME bit is set, when the TE bit of the CHCR is 1, or its DE bit is 0, transfer is
disabled in the case of an NMI of the DMAOR or when AE = 1.

Bit 0: DME Description
0 Disable operation on all channels (initial value)
1 Enable operation on all channels

11.3  Operation

When there is a DMA transfer request, the DMAC starts the transfer according to the
predetermined channel priority order; when the transfer end conditions are satisfied, it ends the
transfer. Transfers can be requested in three modes: auto-request, external request, and on-chip
peripheral module request. Transfer can be in either the single address mode or the dual addres:
mode, and dual address mode can be either direct or indirect address transfer mode. The bus m
can be either burst or cycle steal.

11.3.1 DMA Transfer Flow

After the DMA source address registers (SAR), DMA destination address registers (DAR), DMA
transfer count register (DMATCR), DMA channel control registers (CHCR), and DMA operation
register (DMAOR) are set to the desired transfer conditions, the DMAC transfers data according
to the following procedure:

1. The DMAC checks to see if transfer is enabled (DE = 1, DME =1, TE = 0, NMIF = 0,
AE = 0).

2. When a transfer request comes and transfer has been enabled, the DMAC transfers 1 transfe
unit of data (determined by TS0 and TS1 setting). For an auto-request, the transfer begins
automatically when the DE bit and DME bit are set to 1. The DMATCR value will be
decremented by 1 upon each transfer. The actual transfer flows vary by address mode and bt
mode.

3. When the specified number of transfers have been completed (when DMATCR reaches 0), th
transfer ends normally. If the IE bit of the CHCR is set to 1 at this time, a DEI interrupt is sent
to the CPU.

4. When an address error occurs in the DMAC or an NMI interrupt is generated, the transfer is
aborted. Transfers are also aborted when the DE bit of the CHCR or the DME bit of the
DMAOR are changed to 0.
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Figure 11.2 is a flowchart of this procedure.

C StTrt )

Initial settings
(SAR, DAR, TCR, CHCR, DMAOR)

[

b A A

DE, DME =1 and
NMIF, AE, TE = 0?

Transfer request
*1
occurs?

Bus mode,

*3 transfer request mode,
v DREQ detection selection
Transfer (1 transfer unit); system

DMATCR - 1 - DMATCR, SAR, and DAR
updated

Does
NMIF =1, AE=1,
DE =0, or DME
=07?

DMATCR =0?

Yes
DEI interrupt request (when IE = 1) | ( Transfer aborted )

Does
NMIF =1, AE=1,
DE =0, or DME

No

y
( Transfer ends ) ( Normal end )

Notes: *1 In auto-request mode, transfer begins when NMIF, AE, and TE are all O,
and the DE and DME bits are set to 1.
*2 DREQ = level detection in burst mode (external request), or cycle-steal
mode.
*3 DREQ = edge detection in burst mode (external request), or auto-request
mode in burst mode.

Figure 11.2 DMAC Transfer Flowchart
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11.3.2 DMA Transfer Requests

DMA transfer requests are usually generated in either the data transfer source or destination, bu
they can also be generated by devices and on-chip peripheral modules that are neither the sourc
nor the destination. Transfers can be requested in three modes: auto-request, external request, ¢
on-chip peripheral module request. The request mode is selected in the RS3—-RS0 bits of the DM
channel control registers 0—3 (CHCRO-CHCR?3).

Auto-Request Mode:When there is no transfer request signal from an external source, as in a
memory-to-memory transfer or a transfer between memory and an on-chip peripheral module
unable to request a transfer, the auto-request mode allows the DMAC to automatically generate
transfer request signal internally. When the DE bits of CHCRO-CHCR3 and the DME bit of the
DMAOR are set to 1, the transfer begins (so long as the TE bits of CHCRO—CHCR3 and the
NMIF and AE bits of DMAOR are all 0).

External Request Mode:In this mode a transfer is performed at the request sIDRAQ) of an
external device. Choose one of the modes shown in table 11.3 according to the application syste
When this mode is selected, if the DMA transfer is enabled (DE = 1, DME = 1, TE = 0, NMIF =0,
AE = 0), a transfer is performed upon a request abRIEEQ input. Choose to deteBREQ by

either the falling edge or low level of the signal input with the DS bit of CHCRO-CHCR3 (DS =0
is level detection, DS =1 is edge detection). The source of the transfer request does not have to
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 device with
mode memory-mapped DACK

external device

0 0 1 1 Single address  External device with  External memory or

mode DACK memory-mapped

external device

Note: * External memory, memory-mapped external device, on-chip memory, on-chip peripheral
module (excluding DMAC, DTC, BSC, UBC).

On-Chip Peripheral Module Request Mode:In this mode a transfer is performed at the transfer
request signal (interrupt request signal) of an on-chip peripheral module. As indicated in table
11.4, there are ten transfer request signals: five from the multifunction timer pulse unit (MTU),
which are compare match or input capture interrupts; the receive data full interrupts (RxI) and
transmit data empty interrupts (TxI) of the two serial communication interfaces (SCI); and the A/C
conversion end interrupt (ADI1 for A mask, ADI for others) of the A/D converter. When DMA

230
RENESAS



transfers are enabled (DE = 1, DME = 1, TE = 0, NMIF = 0, AE = 0), a transfer is performed upc
the input of a transfer request signal.

The transfer request source need not be the data transfer source or transfer destination. Howev
when the transfer request is set by RxI (transfer request because SCI's receive data is full), the
transfer source must be the SCI's receive data register (RDR). When the transfer request is set
TxI (transfer request because SCI's transmit data is empty), the transfer destination must be the
SClI's transmit data register (TDR). Also, if the transfer request is set to the A/D converter, the
data transfer destination must be the A/D converter register.

Table 11.4 Selecting On-Chip Peripheral Module Request Modes with the RS Bits

DMAC Transfer DMA Transfer Destin-

RS3 RS2 RS1 RSO Request Source Request Signal Source  ation Bus Mode

0 1 1 0 MTU*? TGIOA Any*! Any*!  Burst/cycle steal
0o 1 1 1 MTU*? TGI1A Any*!  Any*!  Burst/cycle steal
1 0 0 O MTU*? TGI2A Any**  Any*'  Burst/cycle steal
1 0 0 1 MTU*? TGI3A Any*! Any*!  Burst/cycle steal
1 0 1 0 MTU*? TGI4A Any*!  Any*!  Burst/cycle steal
1 0 1 1 A/D ADI*® ADDR** Any**  Burst/cycle steal
1 1 0 O SCI0*® transmit block ~ TxIO Any*! TDRO Burst/cycle steal
1 1 0 1 SCI0*® transmit block ~ RxIO0 RDRO Any*!  Burst/cycle steal
1 1 1 o0 SCI1*? transmit block ~ TxI1 Any** TDR1  Burst/cycle steal
1 1 1 1 SCI1*® transmit block  RxI1 RDR1 Any*! Burst/cycle steal

Notes: *1 External memory, memory-mapped external device, on-chip memory, on-chip
peripheral module (excluding DMAC, DTC, BSC, UBC).

*2 MTU: Multifunction timer pulse unit.

*3 SCIO0, 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 relevant interrup
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 transfer reques
signal, interrupts for the CPU are not generated.

When a DMA transfer is conducted corresponding with one of the transfer request signals in tab
11.4, it is automatically discontinued. In cycle steal mode this occurs in the first transfer, and in
burst mode with the last transfer.
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11.3.3  Channel Priority

When the DMAC receives simultaneous transfer requests on two or more channels, it selects a
channel according to a predetermined priority order, either in a fixed mode or in round robin
mode. These modes are selected by priority bits PR1 and PRO in the DMA operation register
(DMAOR).

Fixed Mode: In these modes, the priority levels among the channels remain fixed.
The following priority orders are available for fixed mode:

» CHO>CH1>CH2>CH3
* CHO>CH2>CH3>CH1
* CH2>CHO>CH1>CH3

These are selected by settings of the PR1 and PRO bits of the DMA operation register (DMAOR).

Round Robin Mode: In round robin mode, each time the transfer of one transfer unit (byte, word
or long word) ends on a given channel, that channel receives the lowest priority level (figure 11.3
The priority level in round robin mode immediately after a reset is €86811> CH2> CHS3.
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Transfer on channel 0

Initial priority setting

Priority after transfer

Transfer on channel 1

Initial priority setting

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

CHO > CH1 >CH2 >CH3

L

CH1 >CH2 >CH3 >CHO0

CHO >CH1 >CH2 > CH3

L
} A

CH2 >CH3 >CHO >CH1

CHO >CH1 >CH2 > CH3

""" v v y

v v v

CH2 >CH3 >CHO0 >CH1

CHO > CH1 >CH2 > CH3

4

CHO > CH1 >CH2 > CH3

Channel 0 is given the lowest
priority.

When channel 1 is given the
lowest priority, the priority

of channel 0, which was

above channel 1, is also shifted
simultaneously.

When channel 2 receives the
lowest priority, the priorities

of channel 0 and 1, which

were above channel 2, are also
shifted simultaneously. Immedi-

ately thereafter, if there is a transfer
request for channel 1 only, channel

1 is given the lowest priority,
and the priorities of channels 3
and 0 are simultaneously
shifted down.

No change in priority.

Figure 11.3 Round Robin Mode
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Figure 11.4 shows the changes in priority levels when transfer requests are issued simultaneousl
for channels 0 and 3, and channel 1 receives a transfer request during a transfer on channel 0. T
DMAC operates in the following manner under these circumstances:

1.
2.

Transfer requests are issued simultaneously for channels 0 and 3.

Since channel 0 has a higher priority level than channel 3, the channel 0 transfer is conductec
first (channel 3 is on transfer standby).

A transfer request is issued for channel 1 during a transfer on channel 0 (channels 1 and 3 ar
on transfer standby).

At the end of the channel 0 transfer, channel O shifts to the lowest priority level.

At this point, channel 1 has a higher priority level than channel 3, so the channel 1 transfer
comes first (channel 3 is on transfer standby).

6. When the channel 1 transfer ends, channel 1 shifts to the lowest priority level.
7. Channel 3 transfer begins.
8. When the channel 3 transfer ends, channel 3 and channel 2 priority levels are lowered, giving
channel 3 the lowest priority.
Transfer request Channel waiting DMAC operation Channel priority
Issued for
channels0and3 —, Channel 0 «  0>1>2>3
Issued for channel 1 —» _i transfer begins
Change of
1.3 Channel 0 priority 1>2>3>0
transfer ends /
S Channel 1
transfer begins
Change of
3 Channel 1 priority 2>3>0>1
transfer ends /
—1 Channel 3
transfer begins
None Change of
priority
- Channel 3 —» 0>1>2>3

transfer ends

Figure 11.4 Example of Changes in Priority in Round Robin Mode
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11.3.4 DMA Transfer Types

The DMAC supports the transfers shown in table 11.5. It can operate in the single address mod
in which either the transfer source or destination is accessed using an acknowledge signal, or d
access mode, in which both the transfer source and destination addresses are output. The dual
access mode consists of a direct address mode, in which the output address value is the object
direct data transfer, and an indirect address mode, in which the output address value is not the

object of the data transfer, but the value stored at the output address becomes the transfer obje
address. The actual transfer operation timing varies with the bus mode. The DMAC has two bus
modes: cycle-steal mode and burst mode.

Table 11.5 Supported DMA Transfers

Destination

Memory-

Mapped On-Chip

External Device External External On-Chip Peripheral

Source with DACK Memory Device Memory Module
External device with DACK Not available Single Single Not available Not available
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 address
mode.

11.3.5 Address Modes

Single Address Mode:ln the single address mode, both the transfer source and destination are
external; one (selectable) is accessed by a DACK signal while the other is accessed by an addr
In this mode, the DMAC performs the DMA transfer in 1 bus cycle by simultaneously outputting
transfer request acknowledge DACK signal to one external device to access it while outputting &
address to the other end of the transfer. Figure 11.5 shows an example of a transfer between at
external memory and an external device with DACK in which the external device outputs data tc
the data bus while that data is written in external memory in the same bus cycle.
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External address bus External data bus

This LSI m
I,.A ...... N External
DMAC — | memory
i
—\ External device
- with DACK
DACK
DREQ

----- » . Data flow

Figure 11.5 Data Flow in Single Address Mode

Two types of transfers are possible in the single address mode: (a) transfers between external
devices with DACK and memory-mapped external devices, and (b) transfers between external
devices with DACK and external memory. The only transfer requests for either of these is the
external requesDREQ). Figure 11.6 shows the DMA transfer timing for the single address mode.
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CK
A21-A0 D(:X: <+— Address output to external memory space

Data that is output from the external
D15-D0 :>_<:>_ device with DACK
WRH \ / <—— WR signal to external memory space
WRL 9 y sp
DACK —  \ /~ «— DACKsignal to external devices with

DACK (active low)

a. External device with DACK to external memory space

CK
A21-A0 D(:X: +— Address output to external memory space
ocsho\n._
D15-DO0 3—:— <—— Data that is output from external memory space
RO\ /  «—— RDsignal to external memory space
DACK —\—/_ <+— DACK signal to external device with DACK

(active low)

b. External memory space to external device with DACK

Figure 11.6 Example of DMA Transfer Timing in the Single Address Mode

11.3.6  Dual Address Mode

Dual address mode is used for access of both the transfer source and destination by address.
Transfer source and destination can be accessed either internally or externally. Dual address m
is subdivided into two other modes: direct address transfer mode and indirect address transfer
mode.

Direct Address Transfer Mode: Data is read from the transfer source during the data read cycle,
and written to the transfer destination during the write cycle, so transfer is conducted in two bus
cycles. At this time, the transfer data is temporarily stored in the DMAC. With the kind of externe
memory transfer shown in figure 11.7, data is read from one of the memories by the DMAC
during a read cycle, then written to the other external memory during the subsequent write cycle
Figure 11.8 shows the timing for this operation.
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1st bus cycle

Transfer destination

Data buffer [« module

T DMAC -
| : TN N
| SAR ae Memory
| | 2 2
o
| DAR Ll e 3 -
| L8 < Transfer source
| B g < module
| | b4
! I
! I
! T
! I
|

The SAR value is taken as the address, and data is read from the transfer source
module and stored temporarily in the DMAC.

2nd bus cycle

T DMAC -~

| : S S

: SAR : Memory

| AE

| DAR Lyl 2 3

\ L8 g Transfer source
(O]

| 2 = module

| : 3 o

I <

! 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.
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CK

! | |
I ] ]
A21-A0 | Transfer source | Transfer destination
| address | address !

|

0
2]
=]

WRH, WRL

DACK —r\
|

Data read cycle Data write cycle

|
|
|
|
|
|
|
g > »
¢ > »

: (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 Mode
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Indirect Address Transfer Mode: In this mode the memory address storing the data you actually
want to transfer is specified in DMAC internal transfer source address register (SAR3). Therefore
in indirect address transfer mode, the DMAC internal transfer source address register value is re:
first. This value is stored once in the DMAC. Next, the read value is output as the address, and tf
value stored at that address is again stored in the DMAC. Finally, the subsequent read value is
written to the address specified by the transfer destination address register, ending one cycle of
DMA transfer.

In indirect address mode (figure 11.9), transfer destination, transfer source, and indirect address
storage destination are all 16-bit external memory locations, and transfer in this example is
conducted in 16-bit or 8-bit units. Timing for this transfer example is shown in figure 11.10.

In indirect address mode, one NOP cycle (figure 11.10) is required until the data read as the
indirect address is output to the address bus. When transfer data is 32-bit, the third and fourth bu
cycles each need to be doubled, giving a required total of six bus cycles and one NOP cycle for t
whole operation.
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1st, 2nd bus cycles

- DMAC -—
I Y N

: SARS | < _ Memory

| | "

| | =]

I DAR3 P2 ”

! g 3 Transfer source

: Temporary :: 5 % module

I buffer 2 a

: Data : Transfer destination
: buffer : module

| | N N

The SARS3 value is taken as the address, memory data is read, and the value is stored in the
temporary buffer. Since the value read at this time is used as the address, it must be 32 bits.
When external connection data bus is 16 bits, two bus cycles are required.

3rd bus cycle
r— DMAC --

: : N N
: SAR3 : Memory
| [
[ DAR3 ba
: | 2 o | Transfer source
I |Temporary | ! | 5 ﬁ D module
: buffer - 5
| ..
: Data o Transfer dg,sltmatlon
| 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

- DMAC --
: : N N
: SARS : Memory
I I
| DAR3 I é
-
: 14 9 Transfer source
I [ Temporary | £ = module
I buffer 2 g
I I | —
| Data | R ; Transfer ddesltlnatlon
: buffer : module
| NG e

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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Notes:
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| | |
| | |
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|

|

|

|
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| C oy

|
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I A *

¥ | \

| ' \\ // ‘

X Indirect address *2 >< :
| (A

T

Transfer
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|

External memory space has 16-hit width.

|

|

|

|

|

I

T

Transfer
data
| ! |

| ! ! Indirect : \
! 1 1 address | !
[ t

| | I
| | . A
! | ! : | Transfer !
1 ! ‘ ! | data |
| ‘ ‘ ‘ ‘ |
| | | | | w
| ! | T
| : | : : |
| | ! | | 1

‘ | ‘ | [
[ | [

| | I
[ | [
! Address read cycle . NOP | Data : Data |
: | : cycle | readcycle | write cycle |
| I |
‘ |

(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 data

bus.

Figure 11.10 Dual Address Mode and Indirect Address Transfer Timing Example 1
(External Memory Space to External Memory Space)
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Figure 11.11 shows an example of timing in indirect address mode when transfer source and
indirect address storage locations are in internal memory, the transfer destination is an on-chip
peripheral module with 2-cycle access space, and transfer data is 8-bit.

Since the indirect address storage destination and the transfer source are in internal memory, tt
can be accessed in one cycle. The transfer destination is 2-cycle access space, so two data wri
cycles are required. One NOP cycle is required until the data read as the indirect address is out
to the address bus.

| | | | | | |
| | | | | | |
ck . L | L] | | | |
| | | | | | |
Internal \ /“Transfer | \/ indirect |/ Transfer | } }
address || source |f NOP | Tj d|rec | destination| } !
bus /| address , [\ 8ddress \  address | | |
| | | | | | |
| 1 | | | | |
Internal | ‘ . | ‘ ‘
Indirect \ Transfer | !
| | | | | |
d;jz X >< address >< ) X data Transfer data i
I J | J
I I \ | | A I |
\ [ [ \ \ ‘ \
DMAC | ‘ ‘ ! w ! \
indirect | | | Indirect | } | }
address | } | address | } | }
buffer ! : ; ; ; | ;

| |
I N
DMAC | | w \ ‘ 1 ‘
data | \ | } | Transfer data }
buffer | i | 1 | } |
A N N R R B
| | |
‘ ! Address | NOP | Data ! ! !

|

i | read cycle i cycle i read cycle i Data write ?ycle (4th) i
| Coasy 1 (2nd) | @rd) | | |
O I 1 e I I e E—
} I I | I I I
\ [ \ I \ ‘ I
\ [ ! ! \ ‘ I
I ! |

Figure 11.11 Dual Address Mode and Indirect Address Transfer Timing Example 2
(On-chip Memory Space to On-chip Memory Space)
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11.3.7 Bus Modes

Select the appropriate bus mode in the TM bits of CHCRO—CHCRS3. There are two bus modes:
cycle steal and burst.

Cycle-Steal Mode:In the cycle steal mode, the bus right is given to another bus master after each
one-transfer-unit (byte, word, or longword) DMAC transfer. When the next transfer request
occurs, the bus rights are obtained from the other bus master and a transfer is performed for one
transfer unit. When that transfer ends, the bus right is passed to the other bus master. This is
repeated until the transfer end conditions are satisfied.

The cycle steal mode can be used with all categories of transfer destination, transfer source and
transfer request. Figure 11.12 shows an example of DMA transfer timing in the cycle steal mode.
Transfer conditions are dual address modeZRHQ level detection.

oREd 1\ /

Bus control returned to CPU

—
Bus cycle X cPU X cPU X cPU XDMACKXDMACK cPU XDMACKDMACK cPU X cPU X

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 continuously until the
transfer end condition is satisfied. In the external request mode with low level detection of the
DREQ pin, however, when thBREQ pin is driven high, the bus passes to the other bus master
after the bus cycle of the DMAC that currently has an acknowledged request ends, even if the
transfer end conditions have not been satisfied.

Figure 11.13 shows an example of DMA transfer timing in the burst mode. Transfer conditions ar
single address mode abREQ level detection.

g\ /

Bus cycle >< CPU >< CPU ><CPU ><DMAC><DMAC><DMAC><DMAC><DMAC><DMAC>< CPU ><

Figure 11.13 DMA Transfer Example in the Burst Mode
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11.3.8 Relationship between Request Modes and Bus Modes by DMA Transfer Category

Table 11.6 shows the relationship between request modes and bus modes by DMA transfer
category.

Table 11.6 Relationship of Request Modes and Bus Modes by DMA Transfer Category

Address Request Bus*® Transfer  Usable
Mode  Transfer Category Mode Mode Size (Bits) Channels
Single  External device with DACK and External B/C 8/16/32 0,1
external memory
External device with DACK and External B/C 8/16/32 0,1
memory-mapped external device
Dual External memory and external memory Any** B/C 8/16/32 0-3*°
External memory and memory-mapped Any*! B/C 8/16/32  0-3*°
external device
Memory-mapped external device and ~ Any** B/C 8/16/32  0-3*°
memory-mapped external device
External memory and on-chip memory ~ Any™** B/C 8/16/32  0-3*°
External memory and on-chip Any*? B/C*® 8/16/32"* 0-3"°
peripheral module
Memory-mapped external device and ~ Any*! B/C 8/16/32  0-3*°
on-chip memory
Memory-mapped external device and ~ Any*? B/C*® 8/16/32"* 0-3"°
on-chip peripheral module
On-chip memory and on-chip memory ~ Any™** B/C 8/16/32  0-3*°
On-chip memory and on-chip Any*? B/C*® 8/16/32"* 0-3"°
peripheral module
On-chip peripheral module and on- Any*? B/C*® 8/16/32"* 0-3"°

chip peripheral module

Notes: *1 External request, auto-request or on-chip peripheral module request enabled. However,
in the case of on-chip peripheral module request, it is not possible to specify the SCI or
A/D converter for the transfer request source.

*2 External request, auto-request or on-chip peripheral module request possible. However,
if transfer request source is also the SCI or A/D converter (A/D1 for A mask), the
transfer source or transfer destination must be the SCI or A/D converter (A/D1 for A
mask). For A mask, setting A/DO as the transfer request source is not permitted.

*3 When the transfer request source is the SCI, only cycle steal mode is possible.

*4 Access size permitted by register of on-chip peripheral module that is the transfer
source or transfer destination.

*5 When the transfer request is an external request, channels 0 and 1 only can be used.

*6 B: Burst, C: Cycle steal
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11.3.9 Bus Mode and Channel Priority Order

When a given channel is transferring in burst mode, and a transfer request is issued to channel C
which has a higher priority ranking, transfer on channel 0 begins immediately. If the priority level
setting is fixed mode (CH8 CH1), channel 1 transfer is continued after transfer on channel O are
completely ended, whether the channel 0 setting is cycle steal mode or burst mode.

When the priority level setting is for round robin mode, transfer on channel 1 begins after transfer
of one transfer unit on channel 0, whether channel 0 is set to cycle steal mode or burst mode.
Thereafter, bus right alternates in the order: chanmratiannel 0> channel > channel 0.

Whether the priority level setting is for fixed mode or round robin mode, since channel 1 is set to
burst mode, the bus right is not given to the CPU. An example of round robin mode is shown in
figure 11.14.

CPU DMAC \ DMAC \V DMAC \/ DMAC \\ DMAC \V DMAC \/ DMAC CPU
chl chl cho chl cho chl chl

cho | chl | chO |
DMAC ch1l DMAC chO and chl DMAC ch1l
CPU burst mode round-robin mode burst mode CPU
> > > >

Priority: Round-robin mode
ch0: Cycle-steal mode
chl: Burst mode

Figure 11.14 Bus Handling when Multiple Channels Are Operating

11.3.10 Number of Bus Cycle States afdREQ Pin Sample Timing

Number of States in Bus CycleThe number of states in the bus cycle when the DMAC is the
bus master is controlled by the bus state controller (BSC) just as it is when the CPU is the bus
master. For details, see section 10, Bus State Controller (BSC).

DREQ Pin Sampling Timing and DRAK Signal: In external request mode, tb&®EQ pin is

sampled by either falling edge or low-level detection. WhBIREQ input is detected, a DMAC

bus cycle is issued and DMA transfer effected, at the earliest, after three states. However, in bur:
mode when single address operation is specified, a dummy cycle is inserted for the first bus cycl
In this case, the actual data transfer starts from the second bus cycle. Data is transferred
continuously from the second bus cycle. The dummy cycle is not counted in the number of
transfer cycles, so there is no need to recognize the dummy cycle when setting the TCR.

DREQ sampling from the second time begins from the start of the transfer one bus cycle prior to
the DMAC transfer generated by the previous sampling.
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DRAK is output once for the firddREQ sampling, irrespective of transfer modeDREQ
detection method. In burst mode, using edge dete@RRQ is sampled for the first cycle only,
so DRAK is also output for the first cycle only. Therefore, IIREQ signal negate timing can be
ascertained, and this facilitates handshake operations of transfer requests with the DMAC.

Cycle Steal Mode Operationsin cycle steal modd&)REQ sampling timing is the same
irrespective of dual or single address mode, or whether edge or lowbIRE€) detection is used.

For example, DMAC transfer begins (figure 11.15), at the earliest, three cycles from the first
sampling timing. The second sampling begins at the start of the transfer one bus cycle prior to tl
start of the DMAC transfer initiated by the first sampling (i.e., from the start of the CPU(3)
transfer). At this point, if DREQ detection has not occurred, sampling is executed every cycle
thereafter.

As in figure 11.16, whatever cycle the CPU transfer cycle is, the next sampling begins from the
start of the transfer one bus cycle before the DMAC transfer begins.

Figure 11.15 shows an example of output during DACK read and figure 11.16 an example of
output during DACK write.
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Figure 11.15 Cycle Steal, Dual Address, and Level Detection (Fastest Operation)
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Figure 11.16 Cycle Steal, Dual Address, and Level Detection (Normal Operation)
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Figures 11.17 and 11.18 show cycle steal mode and single address mode. In this case, transfer
begins at earliest three cycles after the ffREQ sampling. The second sampling begins from the
start of the transfer one bus cycle before the start of the first DMAC transfer. In single address
mode, the DACK signal is output during the DMAC transfer period.
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DACK !

Figure 11.17 Cycle Steal, Single Address, and Level Detection (Fastest Operation)
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Figure 11.18 Cycle Steal, Single Address, and Level Detection (Normal Operation)
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Burst Mode, Dual Address, and Level DetectionDREQ sampling timing in burst mode with
dual address and level detection is virtually the same as that of cycle steal mode.

For example, DMAC transfer begins (figure 11.19), at the earliest, three cycles after the timing ¢
the first sampling. The second sampling also begins from the start of the transfer one bus cycle
before the start of the first DMAC transfer. In burst mode, as long as transfer requests are issue
DMAC transfer continues. Therefore, the “transfer one bus cycle before the start of the DMAC
transfer” may be a DMAC transfer.

In burst mode, the DACK output period is the same as that of cycle steal mode. Figure 11.20
shows the normal operation of this burst mode.
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Figure 11.19 Burst Mode, Dual Address
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Figure 11.20 Burst Mode, Dual Address, and Level Detection (Normal Operation)




Burst Mode, Single Address, and Level DetectiolDREQ sampling timing in burst mode with
single address and level detection is shown in figures 11.21 and 11.22.

In burst mode with single address and level detection, a dummy cycle is inserted as one bus cycl
at the earliest, three cycles after timing of the first sampling. Data during this period is undefined,
and the DACK signal is not output. Nor is the number of DMAC transfers counted. The actual
DMAC transfer begins after one dummy bus cycle output.

The dummy cycle is not counted either at the start of the second sampling (transfer one bus cycls
before the start of the first DMAC transfer). Therefore, the second sampling is not conducted fron
the bus cycle starting the dummy cycle, but from the start of the CPU(3) bus cycle.

Thereafter, as long tHeREQ is continuously sampled, no dummy cycle is insefdREQ
sampling timing during this period begins from the start of the transfer one bus cycle before the
start of DMAC transfer, in the same way as with cycle steal mode.

As with the fourth sampling in figure 11.21, once DMAC transfer is interrupted, a dummy cycle is
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 Operation)
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Figure 11.22 Burst Mode, Single Address, and Level Detection (Normal Operation)
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Burst Mode, Dual Address, and Edge Detectionin burst mode with dual address and edge
detection DREQ sampling is conducted only on the first cycle.

In figure 11.23, DMAC transfer begins, at the earliest, three cycles after the timing of the first
sampling. Thereafter, DMAC transfer continues until the end of the data transfer count set in the
TCR.DREQ sampling is not conducted during this period. Therefore, DRAK is output on the first
cycle only.

When DMAC transfer is resumed after being halted by a NMI or address error, be sure to reinpt
an edge request. The remaining transfer restarts after the first DRAK output.

The DACK output period in burst mode is the same as in cycle steal mode.

259
RENESAS



, | | W ,

|
| |
W>>Vo<_>_n_X@o<_>_QX,A;VU<_\,_QXvao<_\,_n_vAN>>Vo<_\,_n_x,ﬁmvog\,_oxwivo,q_\,_ox@og\,_ox Nndd
|
|
|
|
|
[

[\

[
[ |
[ [
! /
[ [
[ [
T T
[ [

Figure 11.23 Burst Mode, Dual Address, and Edge Detection
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Burst Mode, Single Address, and Edge Detectiorin burst mode with single address and edge
detection DREQ sampling is conducted only on the first cycle. In figure 11.24, a dummy cycle is
inserted, at the earliest, three cycles after the timing for the first sampling. During this period, da
is undefined, and DACK is not output. Nor is the number of DMAC transfers counted. Thereaftel
DMAC transfer continues until the data transfer count set in the DMATCR has &RIeQ.

sampling is not conducted during this period. Therefore, DRAK is output on the first cycle only.

When DMAC transfer is resumed after being halted by a NMI or address error, be sure to reinpt
an edge request. DRAK is output once, and the remaining transfer restarts after output of one
dummy cycle.

The DACK output period in burst mode is the same as in cycle steal mode.
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Figure 11.24 Burst Mode, Single Address and Edge Detection
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11.3.11 Source Address Reload Function

Channel 2 has a source address reload function. This returns to the first value set in the source
address register (SAR2) every four transfers by setting the RO bit of CHCR2 to 1. Figure 11.25
illustrates this operation. Figure 11.26 is a timing chart for reload ON mode, with burst mode,
autorequest, 16-bit transfer data size, SAR2 increment, and DAR2 fixed mode.

——~-~-DMAC------~"~"~"~"~"~“~“~-~“~“——~———————————— - N

| |

: DMAC control block :

I RO bit=1 I

I T m - < CHCR2 :

|

1 : !

! ! Count signal !
Transfer,__h _____ R > g | DMATCR2 I
request | | ! a

| ! | | a

| ! v | @

! : Reload signal 'l o

! : Reload control | - —» 9 »| SAR2 =

I : (initial value)| ! 2

| |

I : 1 Reload O :

| .

| | signal | SAR2 |

I - — — - »| 4th count g :

|

' —

|

| .

|
:. ______________________________________ | \/

Figure 11.25 Source Address Reload Function
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Figure 11.26 Source Address Reload Function Timing Chart
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The reload function can be executed whether the transfer data size is 8, 16, or 32 bits.

DMATCRZ2, which specifies the number of transfers, is decremented by 1 at the end of every
single-transfer-unit transfer, regardless of whether the reload function is on or off. Therefore,
when using the reload function in the on state, a multiple of 4 must be specified in DMATCR2.
Operation will not be guaranteed if any other value is set. Also, the counter which counts the
occurrence of four transfers for address reloading is reset by clearing of the DME bit in DMAOR
or the DE bit in CHCRZ2, setting of the transfer end flag (the TE bit in CHCR2), NMI input, and
setting of the AE flag (address error generation in DMAC transfer), as well as by a reset and in
software standby mode, but SAR2, DAR2, DMATCR2, and other registers are not reset.
Consequently, when one of these sources occurs, there is a mixture of initialized counters and
uninitialized registers in the DMAC, and incorrect operation may result if a restart is executed in
this state. Therefore, when one of the above sources, other than TE setting, occurs during use of
the address reload function, SAR, DAR2, and DMATCR?2 settings must be carried out before re-
execution.

11.3.12 DMA Transfer Ending Conditions

The DMA transfer ending conditions vary for individual channels ending and for all channels
ending together.

Individual Channel Ending Conditions: There are two ending conditions. A transfer ends when
the value of the channel's DMA transfer count register (DMATCR) is 0, or when the DE bit of the
channel's CHCR is cleared to 0.

« When DMATCR is 0: When the DMATCR value becomes 0 and the corresponding channel's
DMA transfer ends, the transfer end flag bit (TE) is set in the CHCR. If the IE (interrupt
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 bit in the
channel’'s CHCR. The TE bit is not set when this happens.

Conditions for Ending All Channels Simultaneously:Transfers on all channels end when the
NMIF (NMI flag) bit or AE (address error flag) bit is set to 1 in the DMAOR, or when the DME
bit in the DMAOR s cleared to 0.

e  When the NMIF or AE bit is set to 1 in DMAOR: When an NMI interrupt or DMAC address
error occurs, the NMIF or AE bit is set to 1 in the DMAOR and all channels stop their
transfers. The DMAC obtains the bus rights, and if these flags are set to 1 during execution of
a transfer, DMAC halts operation when the transfer processing currently being executed ends
and transfers the bus right to the other bus master. Consequently, even if the NMIF or AE bits
are set to 1 during a transfer, the DMA source address register (SAR), designation address
register (DAR), and transfer count register (TCR) are all updated. The TE bit is not set. To
resume the transfers after NMI interrupt or address error processing, clear the appropriate flag
bit to 0. To avoid restarting a transfer on a particular channel, clear its DE bit to 0.
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When the processing of a one unit transfer is complete. In a dual address mode direct addre
transfer, even if an address error occurs or the NMI flag is set during read processing, the
transfer will not be halted until after completion of the following write processing. In such a
case, SAR, DAR, and TCR values are updated. In the same manner, the transfer is not halte
dual address mode indirect address transfers until after the final write processing has ended.

* When DME is cleared to 0 in DMAOR: Clearing the DME bit to 0 in the DMAOR aborts the
transfers on all channels. The TE bit is not set.

11.3.13 DMAC Access from CPU

The space addressed by the DMAC is 3-cycle space. Therefore, when the CPU becomes the bt
master and accesses the DMAC, a minimum of three basic clock (CLK) cycles are required for
one bus cycle. Also, since the DMAC is located in word space, while a word-size access to the
DMAC is completed in one bus cycle, a longword-size access is automatically divided into two
word accesses, requiring two bus cycles (six basic clock cycles). These two bus cycles are
executed consecutively; a different bus cycle is never inserted between the two word accesses.
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 Memory

In this example, on-chip serial communication interface channel 0 (SCI0) received data is
transferred to external memory using the DMAC channel 3.

Table 11.7 indicates the transfer conditions and the setting values of each of the registers.

Table 11.7 Transfer Conditions and Register Set Values for Transfer between On-Chip
SCI and External Memory

Transfer Conditions Register Value

Transfer source: RDRO of on-chip SCIO SAR3 H'FFFF81A5
Transfer destination: external memory DAR3 H'00400000
Transfer count: 64 times DMATCR3 H'00000040
Transfer source address: fixed CHCR3 H'00004D05

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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11.4.2 Example of DMA Transfer between External RAM and External Device with
DACK

In this example, an external request, serial address mode transfer with external memory as the
transfer source and an external device with DACK as the transfer destination is executed using
DMAC channel 1.

Table 11.8 indicates the transfer conditions and the setting values of each of the registers.

Table 11.8 Transfer Conditions and Register Set Values for Transfer between External
RAM and External Device with DACK

Transfer Conditions Register Value

Transfer source: external RAM SAR1 H'00400000
Transfer destination: external device with DACK DAR1 (access by DACK)
Transfer count: 32 times DMATCR1 H'00000020
Transfer source address: decremented CHCR1 H'00002269

Transfer destination address: (setting ineffective)

Transfer request source: external pin (DREQ1) edge
detection

Bus mode: burst

Transfer unit: word

No interrupt request generation at end of transfer
Channel priority ranking: 2 >0>1 >3 DMAOR H'0201

11.4.3 Example of DMA Transfer between A/D Converter and On-Chip Memory
(Address Reload On) (Excluding A Mask)

In this example, the on-chip A/D converter channel 0 is the transfer source and on-chip memory i
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 registers.

266
RENESAS



Table 11.9 Transfer Conditions and Register Set Values for Transfer between A/D
Converter and On-Chip Memory

Transfer Conditions Register Value

Transfer source: on-chip A/D converter chO SAR2 H'FFFF83F0
Transfer destination: on-chip memory DAR2 H'FFFFFO00
Transfer count: 128 times (reload count 32 times) DMATCR2 H'00000080
Transfer source address: incremented CHCR2 H'00085B25

Transfer destination address: incremented

Transfer request source: A/D converter

Bus mode: burst

Transfer unit: byte

Interrupt request generation at end of transfer

Channel priority ranking: 0 >2 >3 >1 DMAOR H'0101

When address reload is on, the SAR value returns to its initially established value every four
transfers. In the above example, when a transfer request is input from the A/D converter, the by
size data is first read in from the H'FFFF83FO register of ADO and that data is written to the on-
chip memory address H'FFFFFO01. Because a byte size transfer was performed, the SAR and
DAR values at this point are H'FFFF83F1 and H'FFFFF001, respectively. Also, because this is
burst transfer, the bus rights remain secured, so continuous data transfer is possible.

When four transfers are completed, if the address reload is off, execution continues with the fiftt
and sixth transfers and the SAR value continues to increment from H'FFFF83F3 to H'FFFF83F4
H'FFFF83F5 and so on. However, when the address reload is on, the DMAC transfer is halted
upon completion of the fourth one and the bus right request signal to the CPU is cleared. At this
time, the value stored in SAR is not H'FFFF83F3-H'FFFF83F4, but H'FFFF83F3—H'FFFF83FO0,
return to the initially established address. The DAR value always continues to be decremented

regardless of whether the address reload is on or off.

The DMAC internal status, due to the above operation after completion of the fourth transfer, is

indicated in table 11.10 for both address reload on and off.
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Table 11.10 DMAC Internal Status

Item Address Reload On Address Reload Off
SAR H'FFFF83F0 H'FFFF83F4

DAR H'FFFFF004 H'FFFFF004
DMATCR H'0000007C H'0000007C

Bus rights Released Maintained

DMAC operation Halted Processing continues
Interrupts Not issued Not issued

Transfer request source flag clear Executed Not executed

Notes: 1. Interrupts are executed until the DMATCR value becomes 0, and if the IE bit of the
CHCR is set to 1, are issued regardless of whether the address reload is on or off.

2. If transfer request source flag clears are executed until the DMATCR value becomes 0,
they are executed regardless of whether the address reload is on or off.

3. Designate burst mode when using the address reload function. There are cases where
abnormal operation will result if it is executed in cycle steal mode.

4. Designate a multiple of four for the TCR value when using the address reload function.
There are cases where abnormal operation will result if anything else is designated.

To execute transfers after the fifth one when the address reload is on, make the transfer request
source issue another transfer request signal.

11.4.4 Example of DMA Transfer between A/D Converter and Internal Memory (Address
Reload On) (A Mask)

In this example the on-chip A/D converter (A/D1) is the transfer source and the internal memory i
the transfer destination, and the address reload on.

Table 11.11 indicates the transfer conditions and the setting values of each of the registers.
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Table 11.11 Transfer Conditions and Register Set Values for Transfer between A/D
Converter (A/D1) and Internal Memory

Transfer Conditions Register Value

Transfer source: on-chip A/D converter (A/D1) SAR2 H'FFFF8408
Transfer destination: internal memory DAR2 H'FFFFFO00
Transfer count: 128 times (reload count 32 times) DMATCR2 H'00000080
Transfer source address: incremented CHCR2 H'00085B25

Transfer target address: incremented

Transfer request source: A/D converter (A/D1)

Bus mode: burst

Transfer unit: byte

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 value every four
transfers. In the above example, when a transfer request is input from the A/D converter (A/D1),
the byte size data is first read in from the H'FFFF8408 register and that data is written to the on-
chip memory address H'FFFFFO01. Because a byte size transfer was performed, the SAR and
DAR values at this point are H'FFFF8409 and H'FFFFF001, respectively. Also, because this is ¢
burst transfer, the bus rights remain secured, so continuous data transfer is possible.

When four transfers are completed, if the address reload is off, execution continues with the fiftt
and sixth transfers and the SAR value continues to increment from H'FFFF840B to H'FFFF840C
to H'FFFF840D and so on. However, when the address reload is on, the DMAC transfer is halte
upon completion of the fourth transfer and the bus right request signal to the CPU is cleared. At
this time, the values stored in SAR are not H'FFFF840B—H'FFFF840C, but H'FFFF840B—
H'FFFF8408, a return to the initially established address. The DAR value always continues to be
decremented regardless of whether the address reload is on or off.

The DMAC internal status, due to the above operation after completion of the fourth transfer, is
indicated in table 11.12 for both address reload on and off.
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Table 11.12 DMAC Internal Status

Item Address Reload On Address Reload Off

SAR H'FFFF8408 H'FFFF840C

DAR H'FFFFF004 H'FFFFF004

DMATCR H'0000007C H'0000007C

Bus rights Released Maintained

DMAC operation Halted Processing continues
Interrupts Not issued Not issued

Transfer request source flag clear Executed Not executed

Notes: 1. Interrupts are executed until the DMATCR value becomes 0, and if the IE bit of the

CHCR is set to 1, are issued regardless of whether the address reload is on or off.

If transfer request source flag clears are executed until the DMATCR value becomes 0,
they are executed regardless of whether the address reload is on or off.

Designate burst mode when using the address reload function. There are cases where
abnormal operation will result if it is executed in cycle steal mode.

Designate a multiple of four for the TCR value when using the address reload function.
There are cases where abnormal operation will result if anything else is designated.

To execute more than four transfers with the address reload on, make the transfer request sourc
issue another transfer request signal.

11.45

Example of DMA Transfer between External Memory and SCI1 Send Side
(Indirect Address On)

In this example, DMAC channel 3 is used, an indirect address designated external memory is the
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 registers.
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Table 11.13 Transfer Conditions and Register Set Values for Transfer between External
Memory and SCI1 Sending Side

Transfer Conditions Register Value

Transfer source: external memory SAR3 H'00400000
Value stored in address H'00400000 — H'00450000
Value stored in address H'00450000 — H'55
Transfer destination: on-chip SCI TDR1 DARS3 H'FFFF81B3
Transfer count: 10 times DMATCR3 H'0000000A
Transfer source address: incremented CHCR3 H'00011E01

Transfer destination address: fixed

Transfer request source: SCI1 (TDR1)

Bus mode: cycle steal

Transfer unit: byte

Interrupt request not generated at end of transfer

Channel priority ranking: 0 >1 >2 >3 DMAOR H'0001

When indirect address mode is on, the data stored in the address established in SAR is not use
the transfer source data. In the case of indirect addressing, the value stored in the SAR address
read, then that value is used as the address and the data read from that address is used as the
transfer source data, then that data is stored in the address designated by the DAR.

In the table 11.13 example, when a transfer request from the TDR1 of SCI1 is generated, a reac
the address located at H'00400000, which is the value set in SAR3, is performed first. The data
H'00450000 is stored at this H'00400000 address, and the DMAC first reads this H'00450000
value. It then uses this read value of H'00450000 as an address and reads the value of H'55 tha
stored in the H'00450000 address. It then writes the value H'55 to the address H'FFFF81B3
designated by DAR3 to complete one indirect address transfer.

With indirect addressing, the first executed data read from the address established in SAR3 alw
results in a longword size transfer regardless of the TS0, TS1 bit designations for transfer data
size. However, the transfer source address fixed and increment or decrement designations are
according to the SMO, SM1 bits. Consequently, despite the fact that the transfer data size
designation is byte in this example, the SAR3 value at the end of one transfer is H'00400004. Tl
write operation is exactly the same as an ordinary dual address transfer write operation.
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11.5 Cautions on Use

1. Other than the DMA operation register (DMAOR) accessing in word (16-bit) units, access all
registers in word (16-bit) or longword (32-bit) units.

2. When rewriting the RS0—RS3 bits of CHCRO-CHCRZ3, first clear the DE bit to O (set the DE
bit to 0 before doing rewrites with a CHCR byte address).

3. When an NMI interrupt is input, the NMIF bit of the DMAOR is set even when the DMAC is
not operating.

4. Set the DME bit of the DMAOR to 0 and make certain that any DMAC received transfer
request processing has been completed before entering standby mode.

5. Do not access the DMAC, DTC, BSC, or UBC on-chip peripheral modules from the DMAC.

6. When activating the DMAC, do the CHCR or DMAOR setting as the final step. There are
instances where abnormal operation will result if any other registers are established last.

7. After the DMATCR count becomes 0 and the DMA transfer ends normally, always write a 0 to
the DMATCR, even when executing the maximum number of transfers on the same channel.
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 function. There ar
instances where abnormal operation will result in cycle steal mode.

9. Designate a multiple of four for the DMATCR value when using the address reload function.
There are instances where abnormal operation will result if anything else is designated.

10. When detecting external requests by falling edge, maintain the external request pin at high
level when performing the DMAC establishment.

11.When operating in single address mode, establish an external address as the address. There
instances where abnormal operation will result if an internal address is established.

12.Do not access DMAC register empty addresses (H'FFFF86B2—H'FFFF86BF). Operation
cannot be guaranteed when empty addresses are accessed.
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12.1

Section 12 Multifunction Timer Pulse Unit (MTU)

Overview

The SuperH microprocessor has an on-chip 16-bit multifunction timer pulse unit (MTU) with five
channels of 16-bit timers.

1211

Features

e Can process a maximum of sixteen different pulse outputs and inputs.

¢ Has sixteen timer general registers (TGR): four each for channels 0, 3, and 4, and two each
channels 1 and 2 that can be set to function independently as output compare or input captu
The channel 0, 3, and 4 TGRC and TGRD registers can be used as buffer registers.

« Can select eight counter input clock sources for all channels
e All channels can be set for the following operating modes:

d
U

O

Compare match waveform output: O output/1 output/toggle output selectable.

Input capture function: Selectable rising edge, falling edge, or both rising and falling edge
detection.

Counter clearing function: Counters can be cleared by a compare-match or input capture.
Synchronizing mode: Two or more timer counters (TCNT) can be written to
simultaneously. Two or more timer counters can be simultaneously cleared by a compare
match or input capture. Counter synchronization functions enable synchronized register
input/output.

PWM mode: PWM output can be provided with any duty cycle. When combined with the
counter synchronizing function, enables up to twelve-phase PWM output. (With channels
0-2 set to PWM mode 2, channels 3—4, and channels 0—4 synchronized with TGR3A of
channel 3 as the sync register (channels 0—4 phase output: 4, 2, 2, 2, 2).)

e Channels 0, 3, and 4 can be set for buffer operation

d
g

Input capture register double buffer configuration possible
Output compare register automatic re-write possible

¢ Channels 1 and 2 can be independently set to the phase counting mode
O 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 for channel 1

overflow/underflow

e Channels 3 and 4 can be set in the following modes:

O

Reset-synchronized PWM mode: By combining channels 3 and 4, a sawtooth wave
comparator type six-phase PWM waveform can be output.
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O Complementary PWM mode: By combining channels 3 and 4, a triangle wave comparator
type six-phase PWM output is possible with non-overlapping times.
» High speed access via internal 16-bit bus
» Twenty-three interrupt sources
0 Channels 0, 3, and 4 have four compare-match/input capture interrupts and one overflow
interrupt which can be requested independently.
O Channels 1 and 2 have two compare-match/input capture interrupts, one overflow interrupi
and one underflow interrupt which can be requested independently.
« Automatic transfer of register data
Block transfer, 1-word data transfers and 1-byte data transfers are possible through DTC or
DMAC activation.
» A/D converter conversion start trigger can be generated
0 Channels 0—4 compare-match/input capture signals can be used as A/D converter
conversion start triggers.
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Table 12.1 summarizes the MTU functions.

Table 12.1 MTU Functions

Item

Channel 0

Channel 1 Channel 2 Channel 3

Channel 4

Counter clocks

Internal: /1, @/4, @/16, @64, ©/256, /1024
External: Eight to each channel from TCLKA, TCLKB, TCLKC, and TCLKD

General registers TGROA TGR1A TGR2A TGR3A TGR4A
TGROB TGR1B TGR2B TGR3B TGR4B

General TGROC No No TGR3C TGR4C

registers/buffer TGROD TGR3D TGR4D

registers

Input/output pins TIOCOA TIOC1A TIOC2A TIOC3A TIOC4A
TIOCOB TIOC1B TIOC2B TIOC3B TIOC4B
TIOCOC TIOC3C TIOC4C
TIOCOD TIOC3D TIOC4D

Counter clear

TGR compare-

TGR compare- TGR compare-

TGR compare-

TGR compare-

function match or input match or input match or input match or input match or input
capture capture capture capture capture
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- TGR4A com-

pare match or pare match or pare match or pare match or pare match or
input capture input capture

input capture

input capture

input capture

RENESAS
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Table 12.1 MTU Functions (cont)

Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4

Hard DTC TGR compare- TGR compare- TGR compare- TGR compare- TGR compare-

activation match or input match or input match or input match or input match or input

capture capture capture capture capture and

TCNT4
overflow/
underflow

A/D conversion start TGROA com- TGR1A com- TGR2A com- TGR3A com- TGR4A com-

trigger

pare match or
input capture

pare match or

input capture input capture input capture

pare match or pare match or

pare match or
input capture

Interrupt sources

Compare Compare Compare Compare Compare
match/input  match/input  match/input  match/input  match/input
capture OA capture 1A capture 2A capture 3A capture 4A
Compare Compare Compare Compare Compare
match/input  match/input  match/input  match/input  match/input
capture 0B capture 1B capture 2B capture 3B capture 4B
Compare Overflow Overflow Compare Compare
match/input match/input  match/input
capture 0C capture 3C capture 4C
Compare Underflow Underflow Compare Compare
match/input match/input  match/input
capture OD capture 3D capture 4D
Overflow — — Overflow Overflow/
underflow

12.1.2

Block Diagram

Figure 12.1 is the block diagram of the MTU.
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Figure 12.1 MTU Block Diagram
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12.1.3  Pin Configuration
Table 12.2 summarizes the MTU pins.
Table 12.2 Pin Configuration

Channel Name

Pin Name /O Function

Shared Clock input A TCLKA | Clock A input pin (A-phase input pin in channel 1
phase counting mode)
Clock input B TCLKB I Clock B input pin (B-phase input pin in channel 1
phase counting mode)
Clock input C TCLKC | Clock C input pin (A-phase input pin in channel 2
phase counting mode)
Clock input D TCLKD I Clock D input pin (B-phase input pin in channel 2
phase counting mode)
0 Input TIOCOA  1/O TGROA input capture input/output compare
capture/output output/PWM output pin
compare-match 0A
Input TIOCOB  1/0 TGROB input capture input/output compare
capture/output output/PWM output pin
compare-match 0B
Input TIOCOC 1/O TGROC input capture input/output compare
capture/output output/PWM output pin
compare-match 0C
Input TIOCOD 1/O TGROD input capture input/output compare
capture/output output/PWM output pin
compare-match 0D
1 Input TIOC1A 1/0 TGRI1A input capture input/output compare
capture/output output/PWM output pin
compare-match 1A
Input TIOC1B 1/O TGRIB 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  1/0 TGR2B input capture input/output compare
capture/output output/PWM output pin
compare-match 2B
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Table 12.2 Pin Configuration (cont)

Channel Name Pin Name 1/O Function
3 Input TIOC3A  1/0 TGR3A input capture input/output compare
capture/output output/PWM output pin
compare-match 3A In complementary PWM/reset synchronous PWM
mode, 1/2 PWM period toggle output pin
Input TIOC3B 1/0 TGRS3B input capture input/output compare output
capture/output pin
compare-match 38 In complementary PWM/reset synchronous PWM
mode, PWM output/U phase output pin
Input TIOC3C 1/0O TGRS3C input capture input/output compare
capture/output output/PWM output pin
compare-match 3C In complementary PWM/reset synchronous PWM
mode
Input TIOC3D 1/O TGR3D input capture input/output compare output
capture/output pin
compare-match 3D In complementary PWM/reset synchronous PWM
mode, PWM output/U phase output pin
4 Input TIOC4A  1/0 TGR4A input capture input/output compare
capture/output output/PWM output pin
compare-match 4A In complementary PWM/reset synchronous PWM
mode, PWM output/V phase output pin
Input TIOC4B  1/0 TGR4B input capture input/output compare output
capture/output pin
compare-match 4B In complementary PWM/reset synchronous PWM
mode, PWM output/W phase output pin
Input TIOC4C  1/O TGRA4C input capture input/output compare
capture/output output/PWM output pin
compare-match 4C In complementary PWM/reset synchronous PWM
mode, PWM output/V phase output pin
Input TIOC4D 1/O TGRA4D input capture input/output compare output
capture/output pin
compare-match 4D In complementary PWM/reset synchronous PWM
mode, PWM output/W phase output pin
Note: The TIOC pins output undefined values when they are set to input capture and timer output

by the pin function controller (PFC).
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12.1.4

Register Configuration

Table 12.3 summarizes the MTU register configuration.

Table 12.3 Register Configuration

Chan- Abbrevi- Initial Access Size
nel Name aton  R/W Value Address (Bits) **
Shared Timer start register TSTR R/W H'00 H'FFFF8240 8, 16, 32
Timer synchro register TSYR R/W H'00 H'FFFF8241
0 Timer control register O TCRO R/W H'00 H'FFFF8260
Timer mode register O TMDRO R/W H'CO H'FFFF8261
Timer 1/O control register OH TIOROH R/W H'00 H'FFFF8262
Timer I/O control register OL TIOROL R/W H'00 H'FFFF8263
Timer interrupt enable TIERO R/W H'40 H'FFFF8264
register O
Timer status register 0 TSRO RI(W)*2 H'CO H'FFFF8265
Timer counter O TCNTO R/W H'0000 H'FFFF8266 16, 32
General register 0A TGROA R/W HFFFF  H'FFFF8268
General register 0B TGROB R/W H'FFFF  H'FFFF826A
General register 0C TGROC R/W H'FFFF  H'FFFF826C
General register 0D TGROD R/W HFFFF  HFFFF826E
1 Timer control register 1 TCR1 R/W H'00 H'FFFF8280 8, 16, 32
Timer mode register 1 TMDR1 R/W H'CO H'FFFF8281
Timer I/O control register 1 TIOR1 R/W H'00 H'FFFF8282
Timer interrupt enable TIER1T R/W H'40 H'FFFF8284
register 1
Timer status register 1 TSR1 RI(W)*2 H'CO H'FFFF8285
Timer counter 1 TCNT1 R/W H'0000 H'FFFF8286 16, 32
General register 1A TGR1A R/W H'FFFF  HFFFF8288
General register 1B TGR1B R/W H'FFFF  H'FFFF828A
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Table 12.3 Register Configuration (cont)

Chan- Abbrevi- Initial Access Size
nel Name ation R/W Value Address (Bits) **
2 Timer control register 2 TCR2 R/W H'00 H'FFFF82A0 8, 16, 32
Timer mode register 2 TMDR2 R/W H'CO H'FFFF82A1
Timer I/O control register 2 TIOR2 R/W H'00 H'FFFF82A2
Timer interrupt enable TIER2 R/W H'40 H'FFFF82A4
register 2
Timer status register 2 TSR2 RI(W)*2 H'CO H'FFFF82A5
Timer counter 2 TCNT2 R/W H'0000 H'FFFF82A6 16, 32
General register 2A TGR2A R/W H'FFFF  H'FFFF82A8
General register 2B TGR2B R/W H'FFFF H'FFFF82AA
3 Timer control register 3 TCR3 R/W*®  H'00 H'FFFF8200 8, 16, 32
Timer mode register 3 TMDR3 R/W*® H'CO H'FFFF8202
Timer I/O control register 3H TIOR3H R/W** H'00 H'FFFF8204
Timer I/O control register 3L TIOR3L R/W** H'00 H'FFFF8205
Timer interrupt enable TIER3 R/W* H40 H'FFFF8208
register 3
Timer status register 3 TSR3 RI(W)*2 H'CO H'FFFF822C 8, 16, 32
Timer counter 3 TCNT3 R/W**  H0000 H'FFFF8210 16, 32
General register 3A TGR3A R/W*® HFFFF  H'FFFF8218
General register 3B TGR3B R/W** HFFFF  HFFFF821A
General register 3C TGR3C R/W H'FFFF  H'FFFF8224 16, 32
General register 3D TGR3D R/W H'FFFF  H'FFFF8226
4 Timer control register 4 TCR4 R/W*®  H00 H'FFFF8201 8, 16, 32
Timer mode register 4 TMDR4 R/W*® H'CO H'FFFF8203
Timer I/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 RI(W)*2 H'CO H'FFFF822D 8, 16, 32
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Table 12.3 Register Configuration (cont)

Chan- Abbrevi- Initial Access Size
nel Name aton  R/W Value Address (Bits) **
4 (cont) Timer counter 4 TCNT4 R/W*®  H'0000 H'FFFF8212 16, 32
General register 4A TGR4A R/MW™® HFFFF HFFFF821C
General register 4B TGR4B R/W*™ HFFFF  HFFFF821E
General register 4C TGR4C R/W HFFFF  H'FFFF8228 16, 32
General register 4D TGR4D R/W H'FFFF  H'FFFF822A
3 and 4 Timer output master enable TOER  R/W*® H'CO H'FFFF820A 8, 16, 32
register
Timer output control register TOCR ~ R/W*®  H'00 H'FFFF820B
Timer gate control register TGCR  R/W*® H'80 H'FFFF820D
Timer cycle data register TCDR R/MW* HFFFF HFFFF8214 16, 32
Timer dead time data TDDR R/MW*® HFFFF  HFFFF8216
register
Timer subcounter TCNTS R H'0000 H'FFFF8220 16, 32
Timer cycle buffer register TCBR R/W H'FFFF  H'FFFF8222

Notes:
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*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 (BSC) is 0
cleared, access becomes impossible (undefined read/write disabled).

RENESAS



12.2  MTU Register Descriptions

12.2.1  Timer Control Register (TCR)

The TCR is an 8-bit read/write register for controlling the TCNT counter for each channel. The
MTU has five TCR registers, one for each of the channels 0 to 4. TCR is initialized to H'00 by a
power-on reset or the standby mode. Manual reset does not initialize TCR.

Channels 0, 3, 4: TCRO, TCR3, TCR4:

Bitt 7 6 5 4 3 2 1 0
\ CCLR2 \ CCLRl‘ CCLRO \ CKEGl‘ CKEGO \ TPSC2 \ TPSCl‘ TPSCO \
Initial value: 0 0 0 0 0 0 0 0

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

Channels 1, 2: TCR1, TCR2:

Bitt 7 6 5 4 3 2 1 0
| — | ccLR1| ccLRo | CKEGI | CKEGO | TPSC2 | TPSCL | TPSCO |
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

e Bits 7-5—Counter Clear 2, 1, 0 (CCLR2, CCLR1, CCLRO0): Select the counter clear source fi
the TCNT counter.
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Channels 0, 3, 4:

Bit 7: Bit 6: Bit 5:

CCLR2 CCLR1 CCLRO Description

0 0 0 TCNT clear disabled (initial value)
1 TCNT is cleared by TGRA compare-match or input capture
1 0 TCNT is cleared by TGRB compare-match or input capture
1 Synchronizing clear: TCNT is cleared in synchronization with clear of

other channel counters operating in sync.*

1

1 0 0 TCNT clear disabled
1 TCNT is cleared by TGRC compare-match or input capture™?
1 0 TCNT is cleared by TGRD compare-match or input capture™?
1 Synchronizing clear: TCNT is cleared in synchronization with clear of

other channel counters operating in sync”

1

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 because
the buffer registers have priority and compare-match/input captures do not occur.

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 capture
1 0 TCNT is cleared by TGRB compare-match or input capture
1 Synchronizing clear: TCNT is cleared in synchronization with

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 modified.
*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 the input clock
edges. When counting is done on both edges of the internal clock the input clock frequency
becomes 1/2 (Example: both edgegbf= rising edge of/2. When phase count mode is
used with channels 1, 2, these settings are ignored, as the phase count mode settings have

priority.
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Bit 4: Bit 3:
CKEG1 CKEGO Description

0 0 Count on rising edges (initial value)
1 Count on falling edges
1 X Count on both rising and falling edges

Notes: 1. X:0or 1, don’t care.

2. Internal clock edge selection is effective when the input clock is @/4 or slower. When g/1
or the overflow/underflow of another channel is selected for the input clock, although
values can be written, counter operation complies with the initial value (count on rising
edges).

e Bits 2-0—Timer Prescaler 2—0 (TPSC2-TPSCO0): TPSC2-TPSCO select the counter clock
source for the TCNT. An independent clock source can be selected for each channel. Table
12.4 shows the possible settings for each channel.

Table 12.4 MTU Clock Sources

Internal Clock Other Channel External Clock
Chan- o o o o Overflow/ TCL TCL TCL TCL
nel @1 @4 16 64 256 1024 Underflow KA KB  KC KD
0 O O O O X X X o O o] o
1 o O O o o X o (0] o X
2 O O O ] X ] X o @] o] X
3 O O O O O O X o O X X
4 o O O o o o X (0] o X 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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Channel 1:

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 Internal clock: count with (/256
1 Count with the TCNT2 overflow/underflow

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 3:

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 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
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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12.2.2  Timer Mode Register (TMDR)

The TMDR is an 8-bit read/write register that sets the operating mode for each channel. The MTL
has five TMDR registers, one for each channel. TMDR is initialized to H'CO by a power-on reset
or the standby mode. Manual reset does not initialize TMDR.

Channels 0, 3, 4: TMDRO, TMDR3, TMDR4:

Bitt 7 6 5 4 3 2 1 0

. — | — | e | BFA | MD3 | MD2 | MD1 | MDO |
Initial value: 1 1 0 0 0 0 0 0
RW: R R RW RW RW RW RW RW

Channels 1, 2: TMDR1, TMDR2:

Bitt 7 6 5 4 3 2 1 0

. — | — | — | — | vmp3 | mp2 | mMD1 | MDO |
Initial value: 1 1 0 0 0 0 0 0
RW: R R R R RW RW RW  RW

» Bits 7, 6—Reserved: These bits are reserved. They always read as 1, and cannot be modifiec
» Bit 5—Buffer Operation B (BFB): Designates whether to use the TGRB register for normal
operation, or buffer operation in combination with the TGRD register. When using TGRD as a
buffer register, no TGRD register input capture/output compares are generated.
This bit is reserved in channels 1 and 2, which have no TGRD registers. It is always read as O
and cannot be modified.

Bit 5: BFB Description

0 TGRB operates normally (initial value)
1 TGRB and TGRD buffer operation
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« Bit 4—Buffer Operation A (BFA): Designates whether to use the TGRA register for normal
operation, or buffer operation in combination with the TGRC register. When using TGRC as
buffer register, no TGRC register input capture/output compares are generated.

This bit is reserved in channels 1 and 2, which have no TGRC registers. It is always read as
and cannot be modified.

Bit 4: BFA Description
0 TGRA operates normally (initial value)
1 TGRA and TGRC buffer operation

¢ Bits 3-0—Modes 3—-0 (MD3-MDO): These bits set the timer operation mode.

Bit 3: Bit 2: Bit 1: Bit 0:
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 and valley) **

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 for
channel 3. When channel 3 is set to reset synchronous PWM mode or complementary
PWM mode, the channel 4 settings become ineffective and automatically conform to the
channel 3 settings. However, do not set channel 4 to reset synchronous PWM mode or
complementary PWM mode. Reset synchronous PWM mode and complementary PWM
mode can not be set for channels 0, 1, 2.
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12.2.3  Timer I/O Control Register (TIOR)

The TIOR is a register that controls the TGR. The MTU has eight TIOR registers, two each for
channels 0, 3, and 4, and one each for channels 1 and 2. TIOR is initialized to H'00 by a power-o
reset or the standby mode. Manual reset does not initialize TIOR.

Channels 0, 3, 4: TIOROH, TIOR3H, TIOR4H

Channels 1, 2: TIOR1, TIOR2:

Bitt 7 6 5 4 3 2 1 0
‘IOB3 ‘IOBZ ‘IOBl ‘IOBO ‘IOAB ‘IOAZ ‘IOAl ‘IOAO
Initial value: 0 0 0 0 0 0 0 0

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

e Bits 7-4—I1/O Control B3—B0 (IOB3-I0B0): These bits set the TGRB register function.
* Bits 3-0—I/O Control A3-B0 (IOA3-I0A0): These bits set the TGRA register function.

Channels 0, 3, 4: TIOROL, TIOR3L, TIOR4L:

Bitt 7 6 5 4 3 2 1 0
‘IODS \|002 ‘IODl ‘IODO ‘IOCS ‘IOCZ \|001 ‘IOCO
Initial value: 0 0 0 0 0 0 0 0

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

Note: When the TGRC or TGRD registers are set for buffer operation, these settings become
ineffective and the operation is as a buffer register.

* Bits 7-4—I/O Control D3-D0 (I0OD3-10D0): These bits set the TGRD register function.
e Bits 3—-0—I1/O Control C3—CO0 (I0C3-10C0): These bits set the TGRC register function.
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Channel 0 (TIOROH Register):
e Bits 7-4—I/O Control B3—B0 (IOB3-10B0): These bits set the TGROB register function.

Bit7: Bit6: Bit5: Bit4:
IOB3 10B2 10B1 |10B0O Description

0 0 0 0 TGROB Output disabled (initial value)
1 is an Initial Output 0 on compare-match
1 0 output output Output 1 on compare-match
1 compare is 0 Toggle output on compare-match
1 0 0 register Output disabled
1 Initial Output 0 on compare-match
1 0 output Output 1 on compare-match
1 is1 Toggle output on compare-match
1 0 0 0 TGROB Capture Input capture on rising edge
1 is an input source Input capture on falling edge
1 0 input is the Input capture on both edges
1 capture TIOCOB 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
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e Bits 3—-0—I1/O Control A3—A0 (I0OA3-IOA0): These bits set the TGROA register function.

Bit3: Bit2: Bitl: BitO:
IOA3 10A2 IOAl IOAO0 Description

0 0 0 0 TGROA Output disabled (initial value)
1 is an Initial Qutput 0 on compare-match
1 0 output output Output 1 on compare-match
1 compare is0 Toggle output on compare-match
1 0 0 register Output disabled
1 Initial Output 0 on compare-match
1 0 output Output 1 on compare-match
1 is1 Toggle output on compare-match
1 0 0 0 TGROA Capture Input capture on rising edge
1 is an input source Input capture on falling edge
1 0 input is the Input capture on both edges
1 capture TIOCOA 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
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Channel 0 (TIOROL Register):
e Bits 7-4—I/O Control D3-DO0 (IOD3-10D0): These bits set the TGROD register function.

Bit7: Bit6: Bit5: Bit4:
IOD3 10D2 10D1 1I0OD0O Description

0 0 0 0 TGROD Output disabled (initial value)
1 is an Initial Output 0 on compare-match
1 0 output output Output 1 on compare-match
1 compare is 0 Toggle output on compare-match
1 0 0 register Output disabled
1 Initial Output 0 on compare-match
1 0 output Output 1 on compare-match
1 is1 Toggle output on compare-match
1 0 0 0 TGROD Capture Input capture on rising edge
1 is an input source Input capture on falling edge
1 0 input is the Input capture on both edges
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 register, these
settings become ineffective and input capture/output compares do not occur.
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e Bits 3-0—I1/O Control C3—CO0 (I0C3-10C0): These bits set the TGROC register function.

Bit3: Bit2: Bitl: BitO:
IOC3 10C2 I0C1 I0CO Description

0 0 0 0 TGROC Output disabled (initial value)
1 is an Initial Qutput 0 on compare-match
1 0 output output Output 1 on compare-match
1 compare is0 Toggle output on compare-match
1 0 0 register Output disabled
1 Initial Output 0 on compare-match
1 0 output Output 1 on compare-match
1 is1 Toggle output on compare-match
1 0 0 0 TGROC Capture Input capture on rising edge
1 is an input source Input capture on falling edge
1 0 input is the Input capture on both edges
1 capture TIOCOC 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 BFA bit of TMDRO is set to 1 and TGROC is being used as a buffer register, these
settings become ineffective and input capture/output compares do not occur.
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Channel 1 (TIOR1 Register):
e Bits 7-4—I/O Control B3—B0 (IOB3-10B0): These bits set the TGR1B register function.

Bit7: Bit6: Bit5: Bit4:
IOB3 10B2 10B1 IOBO Description

0 0 0 0 TGR1B Output disabled (initial value)
1 is an Initial Output 0 on compare-match
1 0 output output Output 1 on compare-match
1 compare is 0 Toggle output on compare-match
1 0 0 register Output disabled
1 Initial Output 0 on compare-match
1 0 output Output 1 on compare-match
1 is1 Toggle output on compare-match
1 0 0 0 TGR1B Capture Input capture on rising edge
1 is an input source Input capture on falling edge
1 0 input is the Input capture on both edges
1 capture TIOC1B pin
1 0 0 register Capture input Input capture
1 source TGROC on channel TGROC
1 0 compare/match compare-match/input
1 input capture capture generation
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e Bits 3—-0—I1/O Control A3—A0 (I0OA3-IOA0): These bits set the TGR1A register function.

Bit3: Bit2: Bitl: BitO:
IOA3 10A2 IOAl IOAO0 Description

0 0 0 0 TGR1A Output disabled (initial value)
1 is an Initial Qutput 0 on compare-match
1 0 output output Output 1 on compare-match
1 compare is0 Toggle output on compare-match
1 0 0 register Output disabled
1 Initial Output 0 on compare-match
1 0 output Output 1 on compare-match
1 is1 Toggle output on compare-match
1 0 0 0 TGR1A Capture Input capture on rising edge
1 is an input source Input capture on falling edge
1 0 input is the Input capture on both edges
1 capture TIOC1A pin
1 0 0 register Capture input Input capture
1 source is TGROA on channel O/TGROA
1 0 compare- compare-match/input capture
match/input generation
1 capture
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Channel 2 (TIOR2 Register):
e Bits 7-4—I/O Control B3—B0 (IOB3-10B0): These bits set the TGR2B register function.

Bit7: Bit6: Bit5: Bit4:
IOB3 10B2 10B1 |10B0O Description

0 0 0 0 TGR2B Output disabled (initial value)
1 is an Initial Output 0 on compare-match
1 0 output output Output 1 on compare-match
1 compare is 0 Toggle output on compare-match
1 0 0 register Output disabled
1 Initial Output 0 on compare-match
1 0 output Output 1 on compare-match
1 is1 Toggle output on compare-match
1 0 0 0 TGR2B Capture Input capture on rising edge
1 is an input source Input capture on falling edge
1 0 input is the Input capture on both edges
1 capture TIOC2B pin
1 0 0 register Input capture on rising edge
1 Input capture on falling edge
1 0 Input capture on both edges
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e Bits 3—-0—I1/O Control A3—A0 (I0OA3-IOA0): These bits set the TGR2A register function.

Bit3: Bit2: Bitl: BitO:
IOA3 10A2 IOAl IOAO0 Description

0 0 0 0 TGR2A Output disabled (initial value)
1 is an Initial Qutput 0 on compare-match
1 0 output output Output 1 on compare-match
1 compare is0 Toggle output on compare-match
1 0 0 register Output disabled
1 Initial Output 0 on compare-match
1 0 output Output 1 on compare-match
1 is1 Toggle output on compare-match
1 0 0 0 TGR2A Capture Input capture on rising edge
1 is an input source Input capture on falling edge
1 0 input is the Input capture on both edges
1 capture TIOC2A pin
1 0 0 register Input capture on rising edge
1 Input capture on falling edge
1 0 Input capture on both edges
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Channel 3 (TIOR3H Register):
e Bits 7-4—I/O Control B3—B0 (IOB3-10B0): These bits set the TGR3B register function.

Bit7: Bit6: Bit5: Bit4:
IOB3 10B2 10B1 |10B0O Description

0 0 0 0 TGR3B Output disabled (initial value)
1 is an Initial Output 0 on compare-match
1 0 output output Output 1 on compare-match
1 compare is 0 Toggle output on compare-match
1 0 0 register Output disabled
1 Initial Output 0 on compare-match
1 0 output Output 1 on compare-match
1 is1 Toggle output on compare-match
1 0 0 0 TGR3B Capture Input capture on rising edge
1 is an input source Input capture on falling edge
1 0 input is the Input capture on both edges
1 capture TIOC3B pin
1 0 0 register Input capture on rising edge
1 Input capture on falling edge
1 0 Input capture on both edges
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e Bits 3—-0—I1/O Control A3—A0 (I0OA3-IOA0): These bits set the TGR3A register function.

Bit3: Bit2: Bitl: BitO:
IOA3 10A2 IOAl IOAO0 Description

0 0 0 0 TGR3A Output disabled (initial value)
1 is an Initial Qutput 0 on compare-match
1 0 output output Output 1 on compare-match
1 compare is0 Toggle output on compare-match
1 0 0 register Output disabled
1 Initial Output 0 on compare-match
1 0 output Output 1 on compare-match
1 is1 Toggle output on compare-match
1 0 0 0 TGR3A Capture Input capture on rising edge
1 is an input source Input capture on falling edge
1 0 input is the Input capture on both edges
1 capture TIOCS3A pin
1 0 0 register Input capture on rising edge
1 Input capture on falling edge
1 0 Input capture on both edges
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Channel 3 (TIOR3L Register):
e Bits 7-4—I/O Control D3-DO0 (IOD3-10D0): These bits set the TGR4D register function.

Bit7: Bit6: Bit5: Bit4:
IOD3 10D2 10D1 1I0OD0O Description

0 0 0 0 TGR3D Output disabled (initial value)
1 is an Initial Output 0 on compare-match
1 0 output output Output 1 on compare-match
1 compare is 0 Toggle output on compare-match
1 0 0 register Output disabled
1 Initial Output 0 on compare-match
1 0 output Output 1 on compare-match
1 is1 Toggle output on compare-match
1 0 0 0 TGR3D Capture Input capture on rising edge
1 is an input source Input capture on falling edge
1 0 input is the Input capture on both edges
1 capture TIOC3D pin
1 0 0 register Input capture on rising edge
1 Input capture on falling edge
1 0 Input capture on both edges
1

Note: When the BFB bit of TMDR3 is set to 1 and TGR3D is being used as a buffer register, these
settings become ineffective and input capture/output compares do not occur.
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e Bits 3-0—I1/O Control C3—CO0 (I0OC3-10C0): These bits set the TGRA4C register function.

Bit3: Bit2: Bitl: BitO:
IOC3 10C2 I0C1 I0CO Description

0 0 0 0 TGR3C Output disabled (initial value)
1 is an Initial Qutput 0 on compare-match
1 0 output output Output 1 on compare-match
1 compare is0 Toggle output on compare-match
1 0 0 register Output disabled
1 Initial Output 0 on compare-match
1 0 output Output 1 on compare-match
1 is1 Toggle output on compare-match
1 0 0 0 TGR3C Capture Input capture on rising edge
1 is an input source Input capture on falling edge
1 0 input is the Input capture on both edges
1 capture TIOC3C pin
1 0 0 register Input capture on rising edge
1 Input capture on falling edge
1 0 Input capture on both edges

1

Note: When the BFA bit of TMDR3 is set to 1 and TGR3C is being used as a buffer register, these
settings become ineffective and input capture/output compares do not occur.
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Channel 4 (TIOR4H Register):
e Bits 7-4—I/O Control B3—B0 (IOB3-10B0): These bits set the TGR4B register function.

Bit7: Bit6: Bit5: Bit4:
IOB3 10B2 10B1 |10B0O Description

0 0 0 0 TGR4B Output disabled (initial value)
1 is an Initial Output 0 on compare-match
1 0 output output Output 1 on compare-match
1 compare is 0 Toggle output on compare-match
1 0 0 register Output disabled
1 Initial Output 0 on compare-match
1 0 output Output 1 on compare-match
1 is1 Toggle output on compare-match
1 0 0 0 TGR4B Capture Input capture on rising edge
1 is an input source Input capture on falling edge
1 0 input is the Input capture on both edges
1 capture TIOC4B pin
1 0 0 register Input capture on rising edge
1 Input capture on falling edge
1 0 Input capture on both edges
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e Bits 3—-0—I1/O Control A3—A0 (I0OA3-IOA0): These bhits set the TGR4A register function.

Bit3: Bit2: Bitl: BitO:
IOA3 10A2 IOAl IOAO0 Description

0 0 0 0 TGR4A Output disabled (initial value)
1 is an Initial Qutput 0 on compare-match
1 0 output output Output 1 on compare-match
1 compare is0 Toggle output on compare-match
1 0 0 register Output disabled
1 Initial Output 0 on compare-match
1 0 output Output 1 on compare-match
1 is1 Toggle output on compare-match
1 0 0 0 TGR4A Capture Input capture on rising edge
1 is an input source Input capture on falling edge
1 0 input is the Input capture on both edges
1 capture TIOCA4A pin
1 0 0 register Input capture on rising edge
1 Input capture on falling edge
1 0 Input capture on both edges
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Channel 4 (TIORAL Register):
e Bits 7-4—I/O Control D3-DO0 (IOD3-10D0): These bits set the TGR4D register function.

Bit7: Bit6: Bit5: Bit4:
IOD3 10D2 10D1 1I0OD0O Description

0 0 0 0 TGR4D Output disabled (initial value)
1 is an Initial Output 0 on compare-match
1 0 output output Output 1 on compare-match
1 compare is 0 Toggle output on compare-match
1 0 0 register Output disabled
1 Initial Output 0 on compare-match
1 0 output Output 1 on compare-match
1 is1 Toggle output on compare-match
1 0 0 0 TGR4D Capture Input capture on rising edge
1 is an input source Input capture on falling edge
1 0 input is the Input capture on both edges
1 capture TIOCA4D pin
1 0 0 register Input capture on rising edge
1 Input capture on falling edge
1 0 Input capture on both edges
1

Note: When the BFB bit of TMDRA4 is set to 1 and TGR4D is being used as a buffer register, these
settings become ineffective and input capture/output compares do not occur.
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e Bits 3-0—I1/O Control C3—CO0 (I0OC3-10C0): These bits set the TGRA4C register function.

Bit3: Bit2: Bitl: BitO:
IOC3 10C2 I0C1 I0CO Description

0 0 0 0 TGR4C Output disabled (initial value)
1 is an Initial Qutput 0 on compare-match
1 0 output output Output 1 on compare-match
1 compare is0 Toggle output on compare-match
1 0 0 register Output disabled
1 Initial Output 0 on compare-match
1 0 output Output 1 on compare-match
1 is1 Toggle output on compare-match
1 0 0 0 TGR4C Capture Input capture on rising edge
1 is an input source Input capture on falling edge
1 0 input is the Input capture on both edges
1 capture TIOCAC pin
1 0 0 register Input capture on rising edge
1 Input capture on falling edge
1 0 Input capture on both edges

1

Note: When the BFA bit of TMDRA4 is set to 1 and TGR4C is being used as a buffer register, these
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 for each chann
The MTU has five TIER registers, one each for channel. TIER is initialized to H'40 by a reset or
by standby mode.

Channel 0: TIERO:

Bitt 7 6 5 4 3 2 1 0

| TTGE| — | — | TCIEV | TGIED | TGIEC | TGIEB | TGIEA |
Initial value: 0 1 0 0 0 0 0 0
RW:  R/W R R RW RW RW RW RW
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Channels 1, 2: TIER1, TIER2:

Bitt 7 6 5 4 3 2 1 0
| TTGE| — |TCEU | TCEV| — | — | TGIEB| TGIEA |

Initial value: 0 1 0 0 0 0 0 0

RW:  RIW R RW  RW R R RW  RW

Channels 3, 4: TIER3, TIERA4:

Bit. 7 6 5 4 3 2 1 0
| TTGE| — | — | TCIEV | TGIED | TGIEC | TGIEB | TGIEA |

Initial value: 0 1 0 0 0 0 0 0

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

Bit 7—A/D Conversion Start Request Enable (TTGE): Enables or disables generation of an
A/D conversion start request by a TGRA register input capture/compare-match.

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 modified.

< Bit 5—Underflow Interrupt Enable (TCIEU): Enables or disables interrupt requests when the
underflow flag (TCFU) of the channel 1, 2 timer status register (TSR) is set to 1.
This bit is reserved for channels 0, 3, and 4. It always reads as 0. The write value should
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 requests when the
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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e Bit 3—TGR Interrupt Enable D (TGIED): Enables or disables interrupt TGFD requests when
the TGFD bit of the channel 0, 3, 4 TSR register is set to 1.

This bit is reserved for channels 1 and 2. It always reads as 1. The write value should always
be 1.

Bit 3: TGIED Description
0 Disable interrupt requests (TGID) due to the TGFD bit (initial value)
1 Enable interrupt requests (TGID) due to the TGFD hit

» Bit 2—TGR Interrupt Enable C (TGIEC): Enables or disables TGFC interrupt requests when
the TGFC bit of the channel 0, 3, 4 TSR register is set to 1.

This bit is reserved for channels 1 and 2. It always reads as 1. The write value should always
be 1.

Bit 2: TGIEC Description
0 Disable interrupt requests (TGIC) due to the TGFC bit (initial value)
1 Enable interrupt requests (TGIC) due to the TGFC bit

» Bit 1—TGR Interrupt Enable B (TGIEB): Enables or disables TGFB interrupt requests when
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 value)
1 Enable interrupt requests (TGIB) due to the TGFB bit

» Bit 0—TGR Interrupt Enable A (TGIEA): Enables or disables TGFA interrupt requests when
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 value)
1 Enable interrupt requests (TGIA) due to the TGFA bit
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12.2.5 Timer Status Register (TSR)

The timer status register (TSR) is an 8-bit register that indicates the status of each channel. The
MTU has five TSR registers, one each for channel. TSR is initialized to H'CO by a power-on res¢
or by standby mode. This register is not initialized by a manual reset.

Channel 0: TSRO:

Bit: 7 6 5 4 3 2 1 0
\ — \ — \ — \ TCFV \ TGFD \ TGFC \ TGFB \ TGFA \

Initial value: 1 1 0 0 0 0 0 0
RIW: R R R RI(W)*  RIW)*  RI(W)*  RI(W* RI(W)*

Note: * Only O writes to clear the flags are possible.

Channels 1, 2: TSR1, TSR2:

Bit: 7 6 5 4 3 2 1 0
| TCFD | — | TCRU | TCRV | — | — | TGFB| TGFA |

Initial value: 1 1 0 0 0 0 0 0
R/W: R R RI(W)*  RI(W)* R R RIW)*  RI(W)*

Note: * Only O writes to clear the flags are possible.

Channels 3, 4: TSR3, TSR4:

Bitt 7 6 5 4 3 2 1 0
| TcFD | — | — | TCFV | TGFD | TGFC | TGFB | TGFA |

Initial value: 1 1 0 0 0 0 0 0
R/W: R R R RIW)*  RI(W)*  RIW)* R/(W)*" R/(W)”

Note: * Only O writes to clear the flags are possible.

e Bit 7—Count Direction Flag (TCFD): This status flag indicates the count direction of the
channel 1, 2, 3, 4 TCNT counters.
This bit is reserved in channel 0. This bit always reads as 1. The write value should always b
1.

Bit 7: TCFD Description
0 TCNT counts down
1 TCNT counts up (initial value)

e Bit 6—Reserved: This bit always reads as 1. The write value should always be 1.
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e Bit 5—Underflow Flag (TCFU): This status flag indicates the occurrence of a channel 1, 2
TCNT counter underflow.

This bit is reserved in channels 0, 3, and 4. This bit always reads as 0. The write value should
always be 0.

Bit 5: TCFU Description

0 Clear condition: With TCFU=1, a 0 write to TCFU after reading it (initial
value)

1 Set condition: When the TCNT value underflows (H'0000 - H'FFFF)

» Bit 4—Overflow Flag (TCFV): This status flag indicates the occurrence of a TCNT counter
overflow.

Bit 4: TCFV Description

0 Clear condition: With TCFV =1, a 0 write to TCFV after reading it**
(initial value)

1 Set condition: When the TCNT value overflows (H'FFFF - H'0000)*2

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 - H'0000)
in complementary PWM mode.

» Bit 3—Input Capture/Output Compare Flag D (TGFD): This status flag indicates the
occurrence of a channel 0, 3, or 4 TGRD register input capture or compare-match.

This bit is reserved in channels 1 and 2. It always reads as 0. The write value should always t
0.

Bit 3: TGFD Description

0 Clear condition: With TGFD = 1, a 0 write to TGFD following a read
(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 value is sent
to TGRD by the input capture signal)
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e Bit 2—Input Capture/Output Compare Flag C (TGFC): This status flag indicates the
occurrence of a channel 0, 3, or 4 TGRC register input capture or compare-match.

This bit is reserved for channels 1 and 2. It always reads as 0. The write value should always
be 0.

Bit 2: TGFC Description

0 Clear condition:

With TGFC = 1, a 0 write to TGFC following a read (Cleared by DTC
transfer due to TGFC) (initial value)

1 Set conditions:

« When TGRC is functioning as an output compare register
(TCNT = TGRC)

*  When TGRC is functioning as input capture (the TCNT value is sent
to TGRC by the input capture signal)

¢ Bit 1—Input Capture/Output Compare Flag B (TGFB): This status flag indicates the
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 a read
(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 value is sent
to TGRB by the input capture signal)

e Bit 0—Input Capture/Output Compare Flag A (TGFA): This status flag indicates the
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 a read
(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 value is sent
to TGRA by the input capture signal)
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12.2.6  Timer Counters (TCNT)

The timer counters (TCNT) are 16-bit counters, with one for each channel, for a total of five.

The TCNT are initialized to H'0000 by a power-on reset and when in standby mode. Manual rese
does not initialize TCNT. Accessing the TCNT counters in 8-bit units is prohibited. Always access
in 16-bit units.

Channel Abbreviation Function

0 TCNTO Increment counter

1 TCNT1 Increment/decrement counter™*
2 TCNT2 Increment/decrement counter™*
3 TCNT3 Increment/decrement counter™?
4 TCNT4 Increment/decrement counter™?

Notes: *1 Can only be used as an increment/decrement counter in phase counting mode, with
other channel overflow/underflow counting. It becomes an increment counter in all other
cases.

*2 Can only be used as an increment counter in complementary PWM mode. It becomes
an increment counter in all other cases.

Bit: 15 14 13 12 11 10 9 8

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

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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12.2.7  Timer General Register (TGR)

Each timer general register (TGR) is a 16-bit register that can function as either an output comp
register or an input capture register. There are a total of sixteen TGR, four each for channels 0,
and 4, and two each for channels 1 and 2. The TGRC and TGRD of channels 0, 3, and 4 can be
to operate as buffer registers. The TGR register and buffer register combinations are TGRA witt
TGRC, and TGRB with TGRD.

The TGRs are initialized to H'FFFF by a power-on reset or in standby mode. Manual reset does
not initialize TGR. Accessing of the TGRs in 8-bit units is disabled; they may only be accessed i
16-bit units.

Bit: 15 14 13 12 11 10 9 8

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

12.2.8  Timer Start Register (TSTR)

The timer start register (TSTR) is an 8-bit read/write register that starts and stops the timer
counters (TCNT) of channels 0—-4. TSTR is initialized to H'00 upon power-on reset or standby
mode. Manual reset does not initialize TSTR.

Bitt 7 6 5 4 3 2 1 0

| csta|cst3a| — | — | — | cst2 | csTi| csTo |
Initial value: 0 0 0 0 0 0 0 0
RW: RW  RW R R R RW  RW  RW

e Bits 7, 6, 2-0—Counter Start 4-0 (CST4-CSTO0): Select the start and stop of the timer count
(TCNT). The counter start to channel and bit to channel correspondence are indicated in the
tables below.
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Counter Start Channel

CST4 Channel 4 (TCNT4)
CST3 Channel 3 (TCNT3)
CST2 Channel 2 (TCNT2)
CST1 Channel 1 (TCNT1)
CSTO Channel 0 (TCNTO)

Bit n: CSTn Description

0 TCNTn count is halted (initial value)

1 TCNTn counts

Note: n=41to 0. However, CST4 is bit 7, CST3 is bit 6.

If O is written to the CST bit during operation with the TIOC pin in output status, the counter
stops, but the TIOC pin output compare output level is maintained. If a write is done to the
TIOR register while the CST bit is a 0, the pin output level is updated to the established
initial output value. In complementary PWM mode or reset sync PWM mode, when a 0 is
written to the CST bit of a TIOC pin in output mode during operation, it returns to the initial
output.

» Bits 5-3—Reserved: These bits always read as 0. The write value should always be 0.

12.2.9 Timer Synchro Register (TSYR)

The timer synchro register (TSYR) is an 8-bit read/write register that selects independent or
synchronous TCNT counter operation for channels 0—4. Channels for which 1 is set in the
corresponding bit will be synchronized. TSYR is initialized to H'00 upon power-on reset or
standby mode. Manual reset does not initialize TSYR.

Bitt 7 6 5 4 3 2 1 0
| SYNCa|syNc3| — | — | — | SYNC2| SYNCI| SYNCO|
Initial value: 0 0 0 0 0 0 0 0
RW: RW  RW R R R RW  RW  RW

» Bits 7, 6, 2-0—Timer Synchronization 4-0 (SYNC4-SYNCO): Selects operation independent
of, or synchronized to, other channels. Synchronous operation allows synchronous clears due
to multiple TCNT synchronous presets and other channel counter clears. A minimum of two
channels must have SYNC bits set to 1 for synchronous operation. For synchronization
clearing, it is necessary to set the TCNT counter clear sources (the CCLR2-CCLRO bits of the
TCR register), in addition to the SYNC bit. The counter start to channel and bit-to-channel
correspondence are indicated in the tables below.
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Counter Start Channel

SYNC4 Channel 4 (TCNT4)
SYNC3 Channel 3 (TCNT3)
SYNC2 Channel 2 (TCNT2)
SYNC1 Channel 1 (TCNT1)
SYNCO Channel 0 (TCNTO)
Bit n: SYNCn Description
0 Timer counter (TCNTn) independent operation (initial value)

(TCNTnN preset/clear unrelated to other channels)

1 Timer counter synchronous operation™*

TCNTn 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 operation.

*2 TCNT counter clear sources (CCLR2—CCLRO bits of the TCR register) must be set in
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 always be 0.

12.2.10 Timer Output Master Enable Register (TOER)

The timer output master enable register (TOER) enables/disables output settings for output pins
TIOC4D, TIOCA4C, TIOC3D, TIOC4B, TIOC4A, and TIOC3B. These pins do not output correctly
if the TOER bits have not been set. Set TOER of CH3 and CHZ2 prior to setting TIOR of CH3 an
CHA4. The TOER is an 8-bit read/write register. The register is initialized to H'CO by a power-on
reset or in standby mode. Manual reset does not initialize TOER.

Bitt 7 6 5 4 3 2 1 0

| — | — | OE4D | OE4C | OE3D | OE4B | OE4A | OE3B |
Initial value: 1 1 0 0 0 0 0 0
RW: R R RW RW RW RW RW RW

e Bits 7-6—Reserved: These bits always read as 1. The write value should always be 1.
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e Bit 5—Master Enable TIOC4D (OE4D): Enables or disables the TIOC4D pin MTU output.

Bit 5: OE4D Description
0 Disable TIOC4D pin MTU output (initial value)
1 Enable TIOC4D pin MTU output

» Bit 4—Master Enable TIOC4C (OE4C): Enables or disables the TIOC4C pin MTU output.

Bit 4: OE4AC Description
0 Disable TIOC4C pin MTU output (initial value)
1 Enable TIOC4C pin MTU output

» Bit 3—Master Enable TIOC3D (OE3D): Enables or disables the TIOC3D pin MTU output.

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 MTU output.

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 MTU output.

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 MTU output.

Bit 0: OE3B Description

0 Disable TIOC3B pin MTU output (initial value)
1 Enable TIOC3B pin MTU output
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12.2.11 Timer Output Control Register (TOCR)

The timer output control register (TOCR) enables/disables PWM synchronized toggle output in
complementary PWM mode and reset sync PWM mode, and controls output level inversion of
PWM output. The TOCR is initialized to H'00 by a power-on reset or in the standby mode.
Manual reset does not initialize TOCR. These register settings are ineffective for anything other
than complementary PWM mode/reset-synchronized PWM mode.

Bit 7 6 5 4 3 2 1 0

. — |Ppsye| — | — | — | — |oLsN| OLsP |
Initial value: 0 0 0 0 0 0 0 0
RW: R RIW R R R R RW  RW

e Bits 7, 5-2—Reserved: These bits always read as 1. The write value should always be 1.

« Bit 6—PWM Synchronous Output Enable (PSYE): Selects the enable/disable of toggle outpt
synchronized with the PWM period.

Bit 6: PSYE Description
0 Toggle output synchronous with PWM period disabled (initial value)
1 Toggle output synchronous with PWM period enabled

e Bit 1—Output Level Select N (OLSN): Selects the reverse phase output level of the
complementary PWM mode or reset-synchronized PWM mode.

Compare Match Output

OLSN Initial Output Active Level Increment Count  Decrement Count

0 High level” Low level High level Low level (initial
value)

1 Low level® High level Low level High level

Note: * The reverse phase waveform initial output value changes to active level after elapse of the
dead time after count start.

¢ Bit 0—Output Level Select P (OLSP): Selects the positive phase output level of the
complementary PWM mode or reset-synchronized PWM mode.

Compare Match Output

OLSP Initial Output Active Level Increment Count Decrement Count
0 High level Low level Low level High level (initial value)
1 Low level High level High level Low level
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Figure 12.2 shows an example of complementary PWM mode output (1 phase) when OLSN =1,
OLSP =1.

TCNT3 and
TCNT4 values
A

TGR3A

TGR4A TCNTS

TDDR N
H'0000 |~ - L e Time
Lo Lo Compare match Lo Lo
Co « + output (up count Co Co
Positive '+ Initial : put (up ) : Compare match o
phase output : output Active level . output (down count) . r
L Initial L Compare match
Reverse || output .+ compare match | _output (down count) . .
phase output +_| A1V | | oufput(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 the waveform
output necessary for brushless DC motor control in complementary PWM mode/reset-
synchronized PWM mode. The TGCR is initialized to H'80 by a power-on reset or in the standby
mode. Manual reset does not initialize TGCR. These register settings are ineffective for anything
other than complementary PWM mode/reset-synchronized PWM mode.

Bitt 7 6 5 4 3 2 1 0
\ — \ BDC \ N \ P \ FB \ WF \ VF \ UF \
Initial value: 1 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

» Bit 7—Reserved: This bit always reads as 1. The write value should always be 1.
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« Bit 6—Brushless DC Motor (BDC): Selects gate signal output/chopping output function for
brushless DC motor control.

Bit 6: BDC Description
0 Ordinary output (initial value)
1 Gate signal/chopping output for brushless DC motor

« Bit 5—Reverse Phase Output (N): Selects whether to output gate signals directly to the revel
phase pin (TIOC3D, TIOC4C, and TIOC4D) output, or to output by chopping the gate signal
and the complementary PWM/reset-synchronized PWM output.

Bit 5: N Description
0 Output gate signals directly to reverse phase pin output (initial value)
1 Output chopped gate signal and complementary PWM /reset-

synchronized PWM output to reverse phase pin output

« Bit 4—Paositive Phase Output (P): Selects whether to output gate signals directly to the positi
phase pin (TIOC3B, TIOC4A, and TIOC4B) output, or to output by chopping the gate signal
and the complementary PWM/reset-synchronized PWM output.

Bit4: P Description
0 Output gate signals directly to positive phase pin output (initial value)
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 input for the
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 capture signals)
1 Feedback input is register input (TGCR'’s UF, VF, WF settings)
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e Bits 2-0—Output Phase Switch 2—0 (WF, VF, UF): These bits set the positive phase/negative
phase output phase on or off state. The setting of these bits is valid only when the FB bit in thi
register is set to 1. In this case, the setting of bits 2—0 is a substitute for external input.

Function
TIOC3B TIOC4A TIOC4B TIOC3D TIOC4C TIOC4D
Bit 2: Bit 1: Bit O: U \% w U \% w
WF VF UF Phase Phase Phase Phase Phase Phase
0 0 0 Off Off Off Off Off Off Initial value
1 On Off Off Off Off On —
1 0 Off On Off On Off Off —
1 Off On Off Off Off On —
1 0 0 Off Off On Off On Off —
1 On Off Off Off On Off —
1 0 Off Off On On Off Off —
1 Off Off Off Off Off Off —

12.2.13 Timer Subcounter (TCNTS)

The timer subcounter (TCNTS) is a 16-bit read-only counter that is used only in complementary
PWM mode. The TCNTS counter is initialized to H'00 by a power-on reset or in standby mode.
Manual reset does not initialize TCNTS. Accessing the TCNTS counter in 8-bit units is
prohibited. Always access in 16-bit units.

Bit: 15 14 13 12 11 10 9 8
| L L | L |
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
| ] ] | ] |
Initial value: 0 0 0 0 0 0 0 0
R/W:
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12.2.14 Timer Dead Time Data Register (TDDR)

The timer dead time data register (TDDR) is a 16-bit register, used only in complementary PWN
mode, that specifies the TCNT3 and TCNT4 counter offset values. In complementary PWM moc
when the TCNT3 and TCNT4 counters are cleared and then restarted, the TDDR register value
loaded into the TCNT3 counter and the count operation starts. The TDDR register is initialized t
H'FFFF by a power-on reset or in standby mode. Manual reset does not initialize TDDR.
Accessing the TDDR in 8-bit units is prohibited. Always access in 16-bit units.

Bit: 15 14 13 12 11 10 9 8

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

12.2.15 Timer Period Data Register (TCDR)

The timer period data register (TCDR) is a 16-bit register used only in complementary PWM
mode. Set the PWM carrier sync value as the TCDR register value. This register is constantly
compared with the TCNTS counter in complementary PWM mode, and when a match occurs th
TCNTS counter switches direction (decrement to increment).

The TCDR register is initialized to H'FFFF by a reset or in standby mode. Manual reset does no
initialize TCDR. Accessing the TCDR in 8-bit units is prohibited. Always access in 16-bit units.

Bit: 15 14 13 12 11 10 9 8

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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12.2.16 Timer Period Buffer Register (TCBR)

The timer period buffer register (TCBR) is a 16-bit register used only in complementary PWM
mode. It functions as a buffer register for the TCDR register. The TCBR register values are
transferred to the TCDR register with the transfer timing established in the TMDR register. The
TCBR register is initialized to H'FFFF by a power-on reset or in standby mode. Manual reset doe
not initialize TCBR. Accessing the TCBR in 8-bit units is prohibited. Always access in 16-bit
units.

Bit: 15 14 13 12 11 10 9 8

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

12.3 Bus Master Interface

12.3.1 16-Bit Registers

The timer counters (TCNT) and general registers (TGR) are 16-bit registers. A 16-bit data bus to
the bus master enables 16-bit read/writes. 8-bit read/write is not possible. Always access in 16-bi
units. Figure 12.3 shows an example of 16-bit register access operation.

Internal data bus
Upper 8 bits Module data bus

Bus master . Bus ﬁ
interface

—) < >
Lower 8 bits § b

| TonTH | TonTL |

Figure 12.3 16-Bit Register Access Operation (Bus Master TCNT (16 Bit))
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12.3.2  8-Bit Registers

All registers other than the TCNT and general registers (TGR) are 8-bit registers. These are
connected to the CPU by a 16-bit data bus, so 16-bit read/writes and as 8-bit read/writes are bo
possible (figures 12.4 ,12.5, and 12.6).

Internal data bus

Upper 8 bits Module data bus

Bus master _ tB‘;S ﬁ
: : interface < >
Lower 8 bits

TCR

Figure 12.4 8-Bit Register Access Operation (Bus Mastes TCR (Upper 8 Bits))

Internal data bus
Upper 8 bits

Module data bus

H

Bus master

H

Bus
interface

< >
<

A4

Lower 8 bits

TMDR

Figure 12.5 8-Bit Register Access Operation (Bus Mastes TMDR (Lower 8 Bits))

Internal data bus

Upper 8 bits Module data bus

Bus master . Bus ﬁ
: : interface < >
Lower 8 bits @

| TCcrR |

TMDR |

Figure 12.6 8-Bit Register Access Operation (Bus Mastes TCR, TMDR (16 Bit))
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12.4  Operation

12.4.1 Overview
The operation modes are described below.

Ordinary Operation: Each channel has a timer counter (TCNT) and general register (TGR). The

TCNT is an upcounter and can also operate as a free-running counter, periodic counter or extern
event counter. General registers (TGR) can be used as output compare registers or input capture
registers.

Synchronized Operation: The TCNT of a channel set for synchronized operation does a
synchronized preset. When any TCNT of a channel operating in the synchronized mode is
rewritten, the TCNTSs of other channels are simultaneously rewritten as well. The timer
synchronization bits of the TSYR registers of multiple channels set for synchronous operation ca
be set to clear the TCNTs simultaneously.

Buffer Operation: When TGR is an output compare register, the buffer register value of the
corresponding channel is transferred to the TGR when a compare-match occurs. When TGR is a
input capture register, the TCNT counter value is transferred to the TGR when an input capture
occur simultaneously the value previously stored in the TGR is transferred to the buffer register.

Cascade Connection OperationThe channel 1 and channel 2 counters (TCNT1 and TCNT2)
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 set by the
TIOR register. Each TGR can be set for PWM waveform output with a duty cycle between 0%
and 100%.

Phase Counting Mode:In phase counting mode, the phase differential between two clocks input
from the channel 1 and channel 2 external clock input pins is detected and the TCNT counter
operates as an up/down counter. In phase counting mode, the corresponding TCLK pins become
clock inputs and TCNT functions as an up/down counter. It can be used as a two-phase encoder
pulse input.

Reset-Synchronized PWM ModeThree-phase positive and negative PWM waveforms can be
obtained using channels 3 and 4 (the three phases of the PWM waveform share a transition poin
on one side). When set for reset-synchronized PWM mode, TGR3A, TGR3B, TGR4A, and
TGRA4B automatically become output compare registers. The TIOC3A, TIOC3B, TIOC4A,
TIOCA4B, TIOC4C, and TIOCA4D pins also become PWM output pins, and TCNT3 and TCNT4
become upcounters. TCNT4, TGR4A, and TGR4B are isolated from TCNT4.
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Complementary PWM Mode: Three-phase complementary positive and negative PWM
waveforms whose positive and negative phases do not overlap can be obtained using channels
and 4. When set for complementary PWM mode, TGR3A, TGR3B, TGR4A, and TGR4B becom:
output compare registers. The TIOC3B, TIOC3D, TIOC4A, TIOC4B, TIOC4C, and TIOC4D pins
also automatically become PWM output pins while TCNT3 and TCNT4 become up/down
counters.

12.4.2 Basic Functions
Always select MTU external pin set function using the pin function controller (PFC).

Counter Operation: When a start bit (CSTO-CST4) in the timer start register (TSTR) is set to 1,
the corresponding timer counter (TCNT) starts counting. There are two counting modes: a free-
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 time, set bits
CKEG1 and CKEGO in the TCR to select the desired edge of the input clock.

2. To operate as a periodic counter, set the CCLR2—CCLRO bits in the TCR to select TGR as &
clearing source for the TCNT.

3. Setthe TGR selected in step 2 as an output compare register using the timer I/O control
register (TIOR).

4. Write the desired cycle value in the TGR selected in step 2.

5. Setthe CST bit in the TSTR to 1 to start counting.
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< Counting mode selection >
I

Select counter clock

@)

C )

Periodic counter

[
Select counter
clear source

Select output
compare register

I
Set period

< Free-running counter >

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 (TCNT) leaves
them all in the free-running mode. When a bit in the TSTR is set to 1, the corresponding timer
counter operates as a free-running counter and begins to increment. When the count overflows
from H'FFFF-H'0000, the TCFV bit in the timer status register (TSR) is set to 1. If the TCIEV bit
in the timer’s corresponding timer interrupt enable register (TIER) is set to 1, the MTU will make
an interrupt request to the interrupt controller. After the TCNT overflows, counting continues from
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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Periodic Counter Operation Example: Periodic counter operation is obtained for a given
channel’'s TCNT by selecting compare-match as a TCNT clear source. Set the TGR register for
period setting to output compare register and select counter clear upon compare-match using tr
CCLR2-CCLRO bits of the timer control register (TCR). After these settings, the TCNT begins
incrementing as a periodic counter when the corresponding bit of TSTR is set to 1. When the
count matches the TGR register value, the TGF bit in the TSR is set to 1 and the counter is clea
to H'0000. If the TGIE bit of the corresponding TIER is set to 1 at this point, the MTU will make
an interrupt request to the interrupt controller. After the compare-match, TCNT continues countil
from H'0000. Figure 12.9 shows an example of periodic counting.

TCNT value Counter cleared by
TGR compare match
TGR ........................................................ A/ ................. p ..................................
H'0000 | _ >
: : : Time
CST bit 5
Flag cleared by software

or DTC/DMAC activation
Ao :

TGF \—

Figure 12.9 Periodic Counter Operation

Compare-Match Waveform Output Function: The MTU can output O level, 1 level, or toggle
output from the corresponding output pins upon compare-matches.

Procedure for selecting the compare-match waveform output operation (figure 12.10):

1. Setthe TIOR to select 0 output or 1 output for the initial value, and 0 output, 1 output, or
toggle output for compare-match output. The TIOC pin will output the set initial value until the
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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( Output selection >

Select waveform @
output mode

|
Select

output timing @

I

Start counting ®

,

Figure 12.10 Procedure for Selecting Compare Match Waveform Output Operation

Waveform Output Operation (0 Output/1 Output): Figure 12.11 shows 0 output/1 output. In
the example, TCNT is a free-running counter, 1 is output upon compare-match A and 0 is output
upon compare-match B. When the pin level matches the set level, the pin level does not change.

TCNT value
A

HIFFFF ........................................................................................................................

TGRA .......................................................................................................................

TGRB ............ « ...................... SRR ...................... S ........................
H'0000 » Time
TIOCA Does not change Does not change 1 output
TIOCB ~ Y 0 output

/ -/
Does not change Does not change

Figure 12.11 Example of O Output/1 Output

Waveform Output Operation (Toggle Output): Figure 12.12 shows the toggle output. In the

example, the TCNT operates as a periodic counter cleared by compare-match B, with toggle
output at both compare-match A and compare-match B.
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TCNT value
Counter cleared by TGRB compare match

A
HEERE T / ...................................................................................
TGRB

TGRA ............ ........................ AR I SN S AR A G
H'0000 » Time
Toggle
TIOCA output
] Toggle
TIOCB output

Figure 12.12 Example of Toggle Output

Input Capture Function: In the input capture mode, the TCNT value is transferred into the TGR
register when the input edge is detected at the input capture/output compare pin (TIOC).

Detection can take place on the rising edge, falling edge, or both edges. Channels 0 and 1 can |
other channel counter input clocks or compare-match signals as input capture sources.

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 input capture
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 @

|
Start counting @

Input capture operation

Figure 12.13 Procedure for Selecting Input Capture Operation
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Input Capture Operation: Figure 12.14 shows input capture. The falling edge of TIOCB and
both edges of TIOCA are selected as input capture input edges. In the example, TCNT is set to
clear at the input capture of the TGRB register.

TCNT value Counter cleared
A by TIOCB input

H'0180 — (falling edge)
H'0160

H'0010
H'0005
H'0000

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 simultaneously
(synchronized preset). Multiple timer counters can also be cleared simultaneously using TCR
settings (synchronized clear).

The synchronizing mode can increase the number of TGR registers for a single time base. All five
channels can be set for synchronous operation.
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Procedure for Selecting the Synchronizing Mode (Figure 12.15):

1.

Set 1 in the SYNC bit of the timer synchro register (TSYR) to use the corresponding channel
in the synchronizing mode.

When a value is written in the TCNT in any of the synchronized channels, the same value is
simultaneously written in the TCNT in the other channels.

Set the counter to clear with output compare/input capture using bits CCLR2—CCLRO in the
TCR.

Set the counter clear source to synchronized clear using the CCLR2—-CCLRO bits of the TCF
Set the CST bits for the corresponding channels in the TSTR to 1 to start counting in the

TCNT.
Select
synchronizing mode
Set synchronizing @
mode
[
| |
CSynchronized preset) C Synchronized cIear)
’ Set TCNT ‘ @ Channel that No
generated clear
source?
Select counter ©) Set counter
clear source synchronous clear
’ Start counting ‘ @ ’ Start counting ‘
' } !
Synchronized preset Counter clear Synchronized clear

Figure 12.15 Procedure for Selecting Synchronizing Operation
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Synchronized Operation: Figure 12.16 shows an example of synchronized operation. Channels
0, 1, and 2 are set to synchronized operation and PWM mode 1. Channel 0 is set for a counter
clear upon compare-match with TGROB. Channels 1 and 2 are set for synchronous counter clear
by synchronous presets and TGROB register compare-matches. Accordingly, a three-phase PWI
waveform with the data set in the TGROB register as its PWM period is output from the TIOCOA,
TIOC1A, and TIOC2A pins.

See section 12.4.6, PWM Mode, for details on the PWM mode.

TCNTO-TCNT2
values Synchronized clear on TGROB compare match

I i i .

TGROB [~~~ -—-
TGRIB [ S -
TGROA [~~~ Ak S -
TGR2B [~ - -
TGRIA [/~ 4:
TGR2A [~ A~ -~ f:——

|

‘

|

|

|

H'0000
TIOCOA i
PR I N N
|

TIOC1A

TIOC2A

Figure 12.16 Synchronized Operation Example
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12.4.4  Buffer Operation

Buffer operation is a function of channels 0, 3, and 4. TGRC and TGRD can be used as buffer
registers. Table 12.5 shows the register combinations for buffer operation.

Table 12.5 Register Combinations

Channel General Register Buffer Register

0 TGROA TGROC
TGROB TGROD

3 TGR3A TGR3C
TGR3B TGR3D

4 TGR4A TGRA4C
TGR4B TGR4D

The buffer operation differs, depending on whether the TGR has been set as an input capture

register or an output compare register.

When TGR Is an Output Compare Register:When a compare-match occurs, the corresponding
channel buffer register value is transferred to the general register. Figure 12.17 shows an exam,

Compare match signal

Buffer General
register register

N

1 Comparator K

TCNT

Figure 12.17 Compare Match Buffer Operation

When TGR Is an Input Capture Register: When an input capture occurs, the timer counter
(TCNT) value is transferred to the general register (TGR), and the value that had been held up t

that time in the TGR is transferred to the buffer register (figure 12.18).

Input capture signal *
Buffer General
register register

TCNT

Figure 12.18 Input Capture Buffer Operation
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Procedure for Setting Buffer Mode (Figure 12.19):

1. Use the timer I/O control register (TIOR) to set the TGR as either an input capture or output
compare register.
2. Use the timer mode register (TMDR) BFA, and BFB bits to set the TGR for buffer mode.

3. Setthe CST bitin the TSTR to 1 to start the count operation.

( Buffer mode >

| Select TGR function | @

| Select buffer mode | @

| Start counting | @
Buffer mode

Figure 12.19 Buffer Operation Setting Procedure

Buffer Operation Examples—when TGR Is an Output Compare RegisterFigure 12.20
shows an example of channel 0 set to PWM mode 1, and the TGRA and TGRC registers set for
buffer operation.

The TCNT counter is cleared by a compare-match B, and the output is a 1 upon compare-match
and 0 output upon compare-match B. Because buffer mode is selected, a compare-match A
changes the output, and the buffer register TGRC value is simultaneously transferred to the
general register TGRA. This operation is repeated with each occurrence of a compare-match A.

See section 12.4.6, PWM Mode, for details on the PWM mode.
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TCNT value
GrROBY -
H0450 | o520
|
H0200 | N
[ .
| | |
TGROA /; o N
[ [ [ | Pl
H'0000 - — ——t>Time
| | | | |
[ [ | \ ! \ L
TGROC H0200 | X | Ho4s0 | | X Hos20 | X|
Transfery |\ | ‘. NN
! P | | ' \YAR
TGROA X | H0200 | X | Ho450 X1 |
? 1 i | B
TIOCOA

Figure 12.20 Buffer Operation Example (Output Compare Register)

Buffer Operation Examples—when TGR Is an Input Capture RegisterFigure 12.21 shows
an example of TGRA set as an input capture register with the TGRA and TGRB registers set for
buffer operation.

The TCNT counter is cleared by a TGRA register input capture, and the TIOCA pin input captur:
input edge is selected as both rising and falling edge. Because buffer mode is selected, an inpu
capture A causes the TCNT counter value to be stored in the TGRA register, and the value that
was stored in the TGRA up until that time is simultaneously transferred to the TGRC register.

TCNT value
H'oFo7 }

H'0O9FB

H'0532

H'0000 »Time

TIOCA

TGRA

TGRC

H'0532

H'OF07

i>< H'09FB

\

X

X

X

H'0532

;>< H'OF07

Figure 12.21 Buffer Operation Example (Input Capture Register)
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12.4.5 Cascade Connection Mode

Cascade connection mode is a function that connects the 16-bit counters of two channels togethe
to act as a 32-bit counter.

This function operates by using the TPSC2-TPSCO bits of the TCR register to set the channel 1
counter clock to count by TCNT2 counter overflow/underflow.

Note: When channel 1 is set to phase counting mode, the counter clock settings become
ineffective.

Table 12.6 shows the cascade connection combinations.
Table 12.6 Cascade Connection Combinations

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 B'111 to select
“count by TCNT2 overflow/underflow.”

2. Setthe CST bits corresponding to the upper and lower 16 bits in the TSTR to 1 to start the
count operation.

<Cascade connection operatio@
I

Select cascade connection @

I
Start counting @

Cascade connection operation

Figure 12.22 Procedure for Selecting Cascade Connection Mode
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Cascade Connection Operation Examples—Phase Counting Modeigure 12.23 shows an
example of operation when the TCNT1 counter is set to count on TCNT2 overflow/underflow an:
channel 2 is set to phase counting mode.

The TCNT1 counter increments with a TCNT2 counter overflow and decrements with a TCNT2
underflow.

TCLkCc [ 1]

TCLKD

TcNT2  XFFFDXFFFE X FFFFX 0000 X 0001 X 0002 X 0001 X 0000 X FFFF X

TCNT1 0000 X 0001 X 0000

Figure 12.23 Cascade Connection Operation Example (Phase Counting Mode)

1246 PWM Mode

PWM mode outputs the various PWM waveforms from output pins. Output levels of O output, 1
output, or toggle output can be selected as the output level for the compare-match of each TGR

A period can be set for a register by using the TGR compare-match as a counter clear source. £
five channels can be independently set to PWM mode. Synchronous operation is also possible.

There are two PWM modes:

¢ PWM mode 1
Generates PWM output using the TGRA and TGRB registers, and TGRC and TGRD registel
as pairs. The initial output values are those established in the TGRA and TGRC registers.
When the values set in TGR registers being used as a pair are equal, output values will not
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 another as a duty ¢
register. The output value of each pin upon a counter clear is the initial value established by
TIOR register. When the values set in the period register and duty register are equal, output
values will not change even if a compare-match occurs. PWM mode 2 can be set only for
channels 0, 1, and 2.
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Table 12.7 lists the combinations of PWM output pins and registers.

Table 12.7 Combinations of PWM Output Pins and Registers

Output Pin
Channel Register PWM Mode 1 PWM Mode 2
0 (AB pair) TGROA TIOCOA TIOC OA
TGROB TIOC 0B
0 (CD pair) TGROC TIOCOC TIOC 0C
TGROD TIOC 0D
1 TGR1A TIOC1A TIOC 1A
TGR1B TIOC 1B
2 TGR2A TIOC2A TIOC 2A
TGR2B TIOC 2B
3 (AB pair) TGR3A TIOC3A Setting not possible
TGR3B
3 (CD pair) TGR3C TIOC3C
TGR3D
4 (AB pair) TGR4A TIOC4A
TGR4B
4 (CD pair) TGR4C TIOC4C
TGR4D

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 same time, set
bits CKEG1 and CKEGO in the TCR to select the desired edge of thecloplat

2. Set bits CCLR2—CCLRO in the TCR to select the TGR to be usedmamter clear source.
3. Set the period in the TGR selected in step 2, and the duty cycle in another TGR.

4. Using the timer 1/O control register (TIOR), set the TGR selected in step 3 to act as an output
compare register, and select the initial value and output value.

5. Set the MD3-MD 0 bits in TMDR to select the PWM mode.
6. Setthe CST bitin the TSTR to 1 to let the TCNT start counting.
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( PWM mode >

Select counter clock

Select counter clear source

Select waveform output level

Set TGR

Select PWM mode

©@ © ® ® © 6

Start counting

i

PWM mode

Figure 12.24 Procedure for Selecting the PWM Mode

PWM Mode Operation Examples—PWM Mode 1 (Figure 12.25)A TGRA register compare-
match is used as a TCNT counter clear source, the TGRA register initial output value and outpu
compare output value are both 0, and the TGRB register output compare output value is a 1. In
example, the value established in the TGRA register becomes the period and the value establis
in the TGRB register becomes the duty cycle.

TCNT value
Counter cleared by TGRA compare match

| | |
| | |

H'0000 | | | > Time
| | |

Figure 12.25 PWM Mode Operation Example (Mode 1)
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PWM Mode Operation Examples—PWM Mode 2 (Figure 12.26)Channels 0 and 1 are set for
synchronous operation, TGR1B register compare-match is used as a TCNT counter clear source
the other TGR register initial output value is 0 and output compare output value is 1, and a 5-pha
PWM waveform is output. In this example, the value established in the TGR1B register becomes
the period and the value established in the other TGR register becomes the duty cycle.

TCNT value
A

TGR1B
TGR1A
TGROD
TGROC
TGROB
TGROA

H'0000

Counter cleared on TGR1B compare match

TIOCOA

TIOCOB

TIOCOC

TIOCOD

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 waveform output in
PWM mode.

TCNT value
4 TGRB rewrite

TGRA } -~ — VY

TGRB rewrite

TGRB TGRB rewrite

1

|

0% duty cycle [

TIOCA Ay ey |

Figure 12.27 PWM Mode Operation Example (0% Duty Cycle)
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100% Duty Cycle: Figure 12.28 shows an example of a 100% duty cycle PWM waveform output
in PWM mode.

In PWM mode, when setting cycle = duty cycle the output waveform does not change, nor is the
a change of waveform for the first pulse immediately after clearing the counter.

TCN-'; value Output does not change if period register and duty
TGRB rewrite / cycle register compare matches occur simultaneously
TGRA | . ___ o o
TGRB rewrite
TGRB | ———= .
| TGRB rewrite
; ! | ; — Time
‘ oo ‘
TIOCA | 100% duty cycle I_I
TCNT value Output does not change if period register and duty
A cycle register compare matches occur simultaneously
TGRB rewrite é
TGRA } - O ¥

[TGRB rewrite

TGRB

| TGRB rewrite

| ! ‘ — Time

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 inputs and counts
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 counter input clock,
regardless of the settings of the TPSC2-TPSCO bits of TCR or the CKEG1 and CKEGO bits.
TCNT also becomes an up/down counter. Since the TCR CCLR1/CCLRO bits, TIOR, TIER, and
TGR functions are all enabled, input capture and compare-match functions and interrupt source
can be used.

When the TCNT counter is incrementing, an overflow sets the TSR register TCFV (overflow
flag). When it is decrementing, an underflow sets the TCFU (underflow flag).
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The TSR register TCFD bit is a count direction flag. Read the TCFD flag to confirm whether the
TCNT is incrementing or decrementing.

Table 12.8 shows the correspondence between channels and external clock pins.

Table 12.8 Phase Counting Mode Clock Input Pins

Channel A Phase Input Pin B Phase Input Pin
1 TCLKA TCLKB
2 TCLKC TCLKD

Procedure for Selecting the Phase Counting Mod@-igure 12.29):

1. Setthe MD3-MDO bits of the timer mode register (TMDR) to select the phase counting mode
2. Setthe CST bit of the timer start register (TSTR) to 1 to start the count.

( Phase counting mode >
|
Select phase counting mode @
|
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 difference
between two external clocks to increment/decrement the TCNT counter. There are 4 modes,
depending on the count conditions.

Phase Counting Mode 1figure 12.30 shows an example of phase counting mode 1 operation.
Table 12.9 lists the up counting and down counting conditions for the TCNT.
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TCLKA (channel 1)
TCLKC (channel 2)

TCLKB (channel 1)
TCLKD (channel 2)

TCNT valu

L

-

e

» Time

Figure 12.30 Phase Counting Mode 1 Operation
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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Phase Count Mode 2Figure 12.31 shows an example of phase counting mode 2 operation. Table
12.10 lists the up counting and down counting conditions for the TCNT.

TCLKA (Channel 1)
TCLKC (Channel 2)

TCLKB (Channel 1)
TCLKD (Channel 2)

TCNT value

|
Incremy

t

\DY@LA

L

> Time

Figure 12.31 Phase Counting Mode 2 Operation

Table 12.10 Phase Count Mode 2 Up/Down Counting Conditions

TCLKA (Channel 1)
TCLKC (Channel 2)

TCLKB (Channel 1)
TCLKD (Channel 2)

Operation

1 (high level) Rising edge Does not count (don't care)
0 (low level) Falling edge Does not count (don'’t care)
Rising edge 0 (low level) Does not count (don't care)
Falling edge 1 (high level) Increment

1 (high level) Falling edge Does not count (don'’t care)
0 (low level) Rising edge Does not count (don't care)
Rising edge 1 (high level) Does not count (don’t care)
Falling edge 0 (low level) Decrement
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Phase Count Mode 3Figure 12.32 shows an example of phase counting mode 3 operation. Tab
12.11 lists the up counting and down counting conditions for the TCNT.

TCLKA (channel 1) I I
TCLKC (channel 2) [ |

TCLKB (channel 1)
TCLKD (channel 2)

TCNT value

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'’t care)
0 (low level) Falling edge Does not count (don't care)
Rising edge 0 (low level) Does not count (don't care)
Falling edge 1 (high level) Increment

1 (high level) Falling edge Decrement

0 (low level) Rising edge Does not count (don't care)
Rising edge 1 (high level) Does not count (don'’t care)
Falling edge 0 (low level) Does not count (don't care)
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Phase Count Mode 4Figure 12.33 shows an example of phase counting mode 4 operation. Table
12.12 lists the up counting and down counting conditions for the TCNT.

TCLKA (Channel 1)
TCLKC (Channel 2)

il Iil Iil Iil Iil
__j ‘ ‘ ‘ ‘

TCLKB (Channel 1)

TCLKD (Channel 2) ‘

|

| |
TCNT value L
| |
| |
|

|

| |

| |

o

| | |
lIncrement m Decrement
T T~

|

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 care)
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 care)
Falling edge 0 (low level)

Phase Counting Mode Application ExampleFigure 12.34 shows an example where channel 1
is set to phase counting mode and is teamed with channel 0 to input a two-phase encoder pulse
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 B phase are inp!
the TCLKA and TCLKB pins.

Channel 0 is set so that the TCNT counter is cleared on a TGROC register compare-match, and t
TGROA and TGROC registers are used with the compare-match function to establish the speed
control and position control periods. The TGROB register is used with the input capture function,
and the TGROB and TGROD registers are employed for buffer operation. The channel 1 counter
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input clock is used as the TGROB register input capture source, and a pulse width of four times
2-phase encoder pulse is detected.

The channel 1 TGR1A and TGR1B registers are set for the input capture function, the channel (
TGROA and TGROC register compare-match is used as an input capture source, and all of the
control period increment and decrement values are stored.

Channel 1
TCLKA Edge
detection g TCNT1
TCLKB circuit
TGR1A (speed =

A

period capture)

TGR1B (position
period capture)

A

TCNTO

TGROA (speed il>_

control period) =
TGROC (position +

control period) . :l>

]
TGROB (pulse = *\/] —
width capture) N

L [jr TGROD (buffer

operation)

N

Channel 0

Figure 12.34 Phase Count Mode Application Example
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12.4.8 Reset-Synchronized PWM Mode

In the reset-synchronized PWM mode, three-phase output of positive and negative PWM
waveforms that share a common wave transition point can be obtained using channels 3 and 4.

When set for reset-synchronized PWM mode, the TIOC3B, TIOC3D, TIOC4A, TIOCA4C,
TIOCA4B, and TIOC4D pins become PWM output pins and TCNT3 becomes an upcounter.

Table 12.13 shows the PWM output pins used. Table 12.14 shows the settings of the registers.

Table 12.13 Output Pins for Reset-Synchronized PWM Mode

Channel Output Pin Description
3 TIOC3B PWM output 1
TIOC3D PWM output 1' (negative-phase waveform of PWM output 1)
4 TIOC4A PWM output 2
TIOC4C PWM output 2' (negative-phase waveform of PWM output 2)
TIOC4B PWM output 3
TIOC4D PWM output 3' (negative-phase waveform of PWM output 3)

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 pins

TGR4A  Sets the turning point for PWM waveform output by the TIOC4A and TIOC4C pins

TGR4B  Sets the turning point for PWM waveform output by the TIOC4B and TIOC4D pins

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 reset-
synchronized PWM mode must be set up while TCNT3 and TCNT4 are halted.

2. Set bits TPSC2-TPSCO0 and CKEG1 and CKEGO in the TCR to select the counter clock and
clock edge for channel 3.

3. Set bits CCLR2—CCLRO in the TCR3 to select TGRA compare-match as a counter clear
source.
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9.

When performing brushless DC motor control, set bit BDC in the timer gate control register
(TGCR) and set the feedback signal input source and output chopping or gate signal direct
output.

Reset TCNT3 and TCNT4 to H'0000.

TGR3A is the period register. Set the waveform