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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.
Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

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

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

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

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

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

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

"Specific": Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

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

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

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

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

owned subsidiaries.

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes

on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
General Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each

other, the description in the body of the manual takes precedence.

1. Handling of Unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in

the manual.

— The input pins of CMOS products are generally in the high-impedance state. In
operation with an unused pin in the open-circuit state, extra electromagnetic noise is
induced in the vicinity of LSI, an associated shoot-through current flows internally, and
malfunctions may occur due to the false recognition of the pin state as an input signal.
Unused pins should be handled as described under Handling of Unused Pins in the
manual.

2. Processing at Power-on
The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.

In a finished product where the reset signal is applied to the external reset pin, the
states of pins are not guaranteed from the moment when power is supplied until the
reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on
reset function are not guaranteed from the moment when power is supplied until the
power reaches the level at which resetting has been specified.

3. Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

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

4. Clock Signals

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

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

5. Differences between Products

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

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

The H8S/2646 Group is a series of high-performance microcontrollers with a 32-bit H8S/2600
CPU core, and a set of on-chip supporting functions required for system configuration.

This LSI is equipped with a 16-bit timer pulse unit (TPU), programmable pulse generator (PPG),
watchdog timer (WDT), serial communication interface (SCI), A/D converter, motor control
PWM timer (PWM), LCD controller/driver (LCDC), and I/O ports as on-chip supporting modules.
In addition, data transfer controller (DTC) is provided, enabling high-speed data transfer without
CPU intervention. This LSI is suitable for use as an embedded processor for high-level control
systems. Its on-chip ROM are flash memory (F-ZTAT™™) that provides flexibility as it can be
reprogrammed in no time to cope with all situations from the early stages of mass production to
full-scale mass production. This is particularly applicable to application devices with
specifications that will most probably change.

Note: * F-ZTAT is a trademark of Renesas Electronics Corp.

Target Users: This manual was written for users who will be using the H8S/2646 Group in the
design of application systems. Members of this audience are expected to understand
the fundamentals of electrical circuits, logical circuits, and microcomputers.

Objective: ~ This manual was written to explain the hardware functions and electrical
characteristics of the H8S/2646 Group to the above audience. Refer to the
H8S/2600 Series, H8S/2000 Series Software Manual for a detailed description of
the instruction set.

Notes on reading this manual:

e In order to understand the overall functions of the chip
Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions and electrical characteristics.

e In order to understand the details of the CPU's functions
Read the H8S/2600 Series, H8S/2000 Series Software Manual.

e In order to understand the details of a register when its name is known

The addresses, bits, and initial values of the registers are summarized in appendix B, Internal
I/O Register.

Example: Bit order: The MSB is on the left and the LSB is on the right.
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Related Manuals: The latest versions of all related manuals are available from our web site.
Please ensure you have the latest versions of all documents you require.
http://www.renesas.com/

H8S/2646 Group Manuals:

Document Title Document No.
H8S/2646 Group Hardware Manual This manual
H8S/2600 Series, H8S/2000 Series Software Manual REJ09B0139

Users Manuals for Development Tools:

Document Title Document No.

H8S, H8/300 Series C/C++ Compiler, Assembler, Optimized Linkage Editor REJ10J2039
User’'s Manual

H8S, H8/300 Series Simulator Debugger User's Manual REJ10B0211
High-performance Embedded Workshop User's Manual REJ10J2037
Application Note:

Document Title Document No.

H8S Series Technical Q & A REJ05B0397
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Main Revisions for This Edition

Item Page Revision (See Manual for Details)
All — Company name and brand names amended
(Before) Renesas Technology Corp.
— (After) Renesas Electronics Corp.
1.1 Overview 4 Table amended
Table 1.1 tem SR O e
Overview Memory e Flash memory or mask ROM
e High-speed static RAM
Product Name ROM RAM
H8S/2646, H8S/2646R 128 kbytes 4 kbytes
H8S/2648, H8S/2648R
1.8.1 Pin 8 Figure amended and note added
Arrangement o ¢ ©3 ;
Figure 1.2 (1) g%g‘%ggm \% :
H8S5/2646, 86888883 5 ;
H8S/2646R, and § § < :
H85/2645 Pin °EE §
Arrangement :
(FP-144J/FP- ios §
1444V, FP- e :
144G/FP_144GV: Note: * The FWE pin is a NC pin in the mask ROM versions.
Top View)
Figure 1.2 (2) 9 Figure amended and note added
H8S/2648, o o es ;
H8S/2648R, and sBofce B
H8S/2647 Pin 85858588 & ;
Arrangement EEESES ; § gy
(FP_144J/FP_ n.&n.n.n.a.n.meq!gé :
1444V, FP- ;; i
144G/FP-144GV: o :
Top View) e =
Note: * The FWE pin is a NC pin in the mask ROM versions.
2.8.1 Overview 64 Figure amended

Figure 2.14

Processing States

Reset state

The CPU and all on-chip supporting modules have been
initialized and are stopped.

A transient state in which the CPU changes the normal
processing flow in response to a reset, trace, interrupt,
or trap instruction.

REJ09B0257-0700 Rev. 7.00
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ltem Page Revision (See Manual for Details)
2.8.3 Exception- 66 Description amended
Handling State The exception-handling state is a transient state that occurs when
the CPU alters the normal processing flow due to a reset, trace,
interrupt, or trap instruction.
3.4 Pin Functions 83 Table amended
in Each Operating Port Mode 4 Mode 5
Mode Port A P/A* P/A*
o e P P
3.5 Address Map 85 Figure amended
in Each Operating :
|V|Ode (advanced ':Ii?\(;lee?chip mode)
Figure 3.1 (2) i
Address Map in ; 1000000
Each Operating
Mode in the On-chip ROM
H8S/2645 and
H8S/2647 :
H'OOFFFF
H'010000
Reserved area
HO1FFFF
H'FFE800
E On-chip RAM
H'FFEFBF
: Internal I/O registers
| HFFFFIF
; HFFFF60 Internal I/O registers
EEEEEE@’ On-chip RAM
4.1.1 Exception 87 Description amended
gﬁggt“yng Types and As table 4.1 indicates, exception handling may be caused by a

reset, trace, direct transition, trap instruction, or interrupt.
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ltem Page Revision (See Manual for Details)

4.7 NotesonUse 97 Figure amended
of the Stack o o o
CCR SP-»- RIL HFFFEFA
SPl H'FFFEFB
| __PC PC HFFFEFC
HFFFEFD
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, HFFFEFE
SPw| ]l HFFFEFF

5.2.2 Interrupt 103 Table amended

Priority Registers A Bits

toH, J, K, M (IPRA Register 6t04 2100

to IPRH, IPRJ, PRK T sCichannel 1T SClchannel2 U
IPRK, IPRM) IPRM PWM channel 1, 2 HCAN

Table 5.3

Correspondence

between Interrupt
Sources and IPR
Settings

5.4.2 Interrupt 117 Figure amended

Control Mode 0 Tl T e Nz

Yes
‘ Save PC and CCR ‘
‘ le1 ‘
‘ Read vector address ‘
E ‘Branch to interrupt handling routine‘
9.8.3 Pin 262 Table amended
Functions Pin Selection Method and Pin Functions
H8S/2646 PA7/A23/ Switches as follows according to the combinations of bits SGS3 to SGS0 of LCD
Table 9 1 3 PA7 to H8S/2646R SEG24 to driver LPCR, bits AE3 to AEO of PFCR, and bits PA7DDR to PA4DDR of PADDR.
PA4 Pin Functions H8S/2645  PA4/A20/ | setting of Pot S EG output
SEG21 | 5GS3 10 SGSO H8s /2646, | H8S/2648,
H8S/2646R, H8S/2648R,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, H85/2645 | HBS/2647 |
REJ09B0257-0700 Rev. 7.00 Page ix of xxxviii
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ltem Page Revision (See Manual for Details)
9.8.3 Pin 263 Table amended
Functions Pin Selection Method and Pin Functions

Table 9.14 PA3to
PAO Pin Functions

PA3/A19/COM4 to Switches as follows according to the combinations of bits SGS3 to SGSO0 of
PA0/A16/COM1 LCD driver LPCR, bits AE3 to AEO of PFCR, and bits PA3DDR to PAODDR of

10.7 Usage Notes 391

Description added

Interrupts and Module Stop Mode: If module stop mode is entered
when an interrupt has been requested, it will not be possible to
clear the CPU interrupt source or the DTC activation source.
Interrupts should therefore be disabled before entering module
stop mode.

Interrupt in Subactive Mode/Watch Mode: If subactive mode/watch
mode is entered when an interrupt has been requested, it will not
be possible to clear the CPU interrupt source. Interrupts should
therefore be disabled before entering subactive mode/watch mode.

12.1.2 Block 420 Figure and note amended
Diagram T
: Overflow o/2¥2
Figure 12.1 (a) WOVIO | Inerrupt e olear2
. . | control k2
Block Diagram of (itomupt roduest o | clo Y eiom
WDTO ! o select [« ¢/2048%2
f——0/8192%2 |
: [ 0/32768"2 |
Internal reset signal™! «—— ;{;?fotl [+——0/131072*2
| Internal clock |
3 sources
S A R N i 0
Notes
1. The type of internal reset signal depends on a register setting.
2. In subactive mode and subsleep mode, ¢ operates as $SUB.
15.1.3 Pin 539 Description amended

Configuration

A bus driver is necessary between the pins and the CAN bus. A
HA13721 compatible model is recommended.

15.2.4 Mailbox 546
Configuration
Register (MBCR)

Bits 15to 9 and 7 to
0

Table amended
Bity

MBCRx Description
0 Corresponding mailbox is set for transmission (Initial value)
1 Corresponding mailbox is set for reception

(x=15to1,y=15t0 9 and 7 to 0)

Page x of xxxuviii
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Item Page

Revision (See Manual for Details)

15.2.5 Transmit 547
Wait Register
(TXPR)

Bits 15to 9 and 7 to
0

Table amended

Bity
TXPRx Description

0 Transmit message idle state in corresponding mailbox (Initial value)
[Clearing condition]
Message transmission completion and cancellation completion

1 Transmit message transmit wait in corresponding mailbox (CAN bus arbitration)

(x=15t01,y=15t0 9 and 7 to 0)

15.2.6 Transmit 548
Wait Cancel
Register (TXCR)

Bits 15to 9 and 7 to
0

Table amended

Bity
TXCRx Description

0 Transmit message cancellation idle state in corresponding mailbox
(Initial value)
[Clearing condition]
Completion of TXPR clearing (when transmit message is canceled normally)

1 TXPR cleared for corresponding mailbox (transmit message cancellation)
(x=15t01,y=15t0 9 and 7 to 0)

15.2.7 Transmit 549
Acknowledge
Register (TXACK)

Bits 15to 9 and 7 to
0

Table amended

Bity
TXACKx Description

0 [Clearing condition] (Initial value)
Writing 1
1 Completion of message transmission for corresponding mailbox

(x=15t01,y=15t09and 7 to 0)

15.2.8 Abort 550
Acknowledge
Register (ABACK)

Bits 15to 9 and 7 to
0

Table amended

Bity
ABACKx Description

0 [Clearing condition] (Initial value)
Writing 1
1 Completion of transmit message cancellation for corresponding mailbox

(x=15t01,y=15t0 9 and 7 to 0)

15.2.17 Local 564
Acceptance Filter
Masks (LAFML,

LAFMH)

LAFMH Bits 7to 0
and 15t0 13

Table amended

Bity
LAFMHx  Description

0 Stored in RX0 (receive-only mailbox) depending on bit match between RX0 message
identifier and receive message identifier (Initial value)
1 Stored in RX0 (receive-only mailbox) regardless of bit match between RX0 message

identifier and receive message identifier

(x=15t05,y=15t0 13 and 7 to 0)

REJ09B0257-0700 Rev. 7.00
Jun 10, 2010

Page xi of xxxviii

RENESAS



Item Page

Revision (See Manual for Details)

15.2.17 Local 564
Acceptance Filter
Masks (LAFML,

LAFMH)

LAFMH Bits 9 and
8, LAFML bits 15 to
0

Description and table amended

LAFMH Bits 9 and 8, LAFML bits 15 to 0—18-Bit Identifier Filter
(LAFMHXx, LAFMLy): Filter mask bits for the 18 bits of the receive
message identifier (extended).

Bity

LAFMHx

LAFMLy Description

0 Stored in RX0 (receive-only mailbox) depending on bit match between RX0 message
identifier and receive message identifier (Initial value)

1 Stored in RX0 (receive-only mailbox) regardless of bit match between RX0 message

identifier and receive message identifier

(x=1and0,y=15t00)

15.2.18 Message 567
Control (MCO to
MC15)

MCx[1] Bits 3 to 0—
Data Length Code
(DLC):

Table amended

Bit 3 Bit 2 Bit 1 Bit 0
DLC3 DLC2 DLC1 DLCO Description
0 0 0 0 Data length = 0 bytes
1 Data length = 1 byte
1 0 Data length = 2 bytes
1 Data length = 3 bytes
1 0 0 Data length = 4 bytes
1 Data length = 5 bytes
1 0 Data length = 6 bytes
1 Data length = 7 bytes
1 (V41 on on Data length = 8 bytes

15.4 CAN Bus 595
Interface

Figure 15.14 High-
Speed Interface
Using HA13721

Description, figure title, and figure amended

A bus transceiver IC is necessary to connect the H8S/2646 Group
chip to a CAN bus. A HA13721 transceiver IC, or compatible
device, is recommended.

Chip 120 Q
Vce
o
HA13721
Port MODE Ve —— CAN bus
HRxD RxD CANH —+
HTxD TxD CANL
NC e——Vref GND[——¢
7
120 Q
LA

Note: NC: No connection

18.4 Usage Notes 669 Newly added
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Page

Revision (See Manual for Details)

20.2.2 Mode
Transitions

Figure 20.2 Flash
Memory State
Transitions

677

Figure note amended
Notes:

2. This LSl transits to programmer mode by using the dedicated

PROM programmer.

20.7.2 Program-
Verify Mode

Figure 20.11
Program/Program-
Verify Flowchart

704

Figure title and figure amended

Note 6. Wite Pulse Width

: Number of Wiites n | Write Time (isp) psec
' 1 30
' 2 30
30

H 30
' 30
H 30
' 200
H 8

9
' 10
' il
' B
' 13
H : :
H 998 200
' 999 200
' 1000 200
'
'
H RAM

Program data storage
' area (128 bytes)

Reprogram data storage|
area (128 bytes)

' data storage area

Wite data =
verity data?

Yesy i
0 No :

Yesy '
‘Additional-programming data computation H

'

Transfer addiional-programming data to !
adtional-programming data area “a H
ta computation 3

¥

Reprogram d:

[ ransior eprogram gaa o repogram daa ares ] *4

128-byte '

verificati 7 '
No~———data verication completed! !
'

s '

Clear PV bit in FLMCR1 H
il '

H
H
Successively write 128-byte data from addional- |
programming data area in RAM to flash memory
+_Sub-Routine-Call
[Write Pulse (Additional programming) || i

] '
No

P
3

<
B

Clear SWE bit in FLMCR1 Clear SWE bit in FLMCRT ]

X
Wait (gswe) 1S

Wait (teswe) HS ]#71

20.7.3 Erase Mode 705

Description amended

Next, the watchdog timer (WDT) is set to prevent overerasing due
to program runaway, etc. Set a value of approximately 19.8 ms as

the WDT overflow period. ...

REJ09B0257-0700 Rev. 7.00
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Item Page

Revision (See Manual for Details)

20.7.4 Erase-
Verify Mode

Figure 20.12
Erase/Erase-Verify
Flowchart

707

Figure title and figure amended

Set ESU bit in FLMCR1

Set E bitin FLMCR1
Wai (tgos0) S

Increment
address

Verify data = all 157

OK

Last address of block?

Wait (tsesu) 1S -

Start of erase

5

Erase halted

5

oK
[ Clear EV bit in FLMCR1 ] s | Clear EV bitin FLMCR1 ]|
¥
‘ Wait (toey) 1S ‘ ‘ Wait (togy) S ‘
N 5
hS, Rl erase block erased? @ NG
OK oK
[ Clear SWE bit in FLMCR1 BN Clear SWE bit in FLMCR1 ] -5
1

[ Wait (toswe) BS |

[ Wait (teswe) 1S ]

End of erasing

20.11 Programmer 714
Mode

Title and description amended

In programmer mode, a PROM programmer can be used to

perform programming/erasing
discrete flash memory. Use a

via a socket adapter, just as for a
PROM programmer that supports the

Renesas Technology’s 128-kbyte flash memory on-chip MCU

device type (FZTAT128V5A).

21.3.1 Connecting 724
a Crystal Resonator

Figure 21.2
Connection of
Crystal Resonator
(Example)

Figure amended

CL1
EXTAL ﬁ }ﬂ
—
4’\NV—T—{ }ﬂ
Rd CL2

XTAL

C1=C»,=10t0 22 pF:if 4 <f<16 MHz
CL1=C»=10to 15 pF: if 16 < f <20 MHz

Page xiv of xxxviii

RENESAS

REJ09B0257-0700 Rev. 7.00
Jun 10, 2010



Item Page

Revision (See Manual for Details)

21.7 Subclock 728
Oscillator

Figure 21.6
Example
Connection of
32.768 kHz Quartz

Figure note amended

Note: * C1 and C2 are reference values that include the parasitic
capacity.

Oscillator
22.1 Overview 732 Table amended

High- Medium- Module Sub- Software Hardware
Table 221 LSI Function Speed Speed Sleep Stop Watch active Subsleep Standby Standby
Internal States in ‘Peripheral WDT1  Function- Function- Function- Function- Subolock Subclock Subclock Halted  Halted
EaCh MOde functions ing ing ing ing operation operation operation (retained) (reset)

WDTO Function-  Function- Function- Function- Halted Subclock Subcloc  Halted Halted
ing ing ing ing (retained) operation operation (retained) (reset)

22.2.5 Module 744
Stop Control

Description deleted
MSTPCRA to MSTPCRC are initialized to H'3FFFFF by a reset

Register (MSTPCR) and in hardware standby mode. MSTPCRD is initialized to
B'11****** by a reset and in hardware standby mode. They are not
initialized in software standby mode.

23.3 DC 761 Table and note amended

Characteristics Symbol Min Typ Max Unit Test Conditions
Input low RES, Y, V. -03 — 05 \

Table 232 DC voltage NMI, FWE,

Characteristics MD2 to MDO

EXTAL -0.3 — 0.8

Ports 110 3, 5, -0.3 — 0.8

AtoF,H,J,K

HRxD -0.3 — V. x02

Ports 4, 9 -0.3 — AV, x02

763 Item Symbol Min Typ Max Unit Test Conditions
Current Standby mode - e 20 10T pA T T<s0cT T
dissipation™ — — &0 50C<T
LCD power  During LPl.. — 10 20 mA
supply port  operation
power supply gyandby mode - 01 10 JA  T.<50C
current a
— — 80 50C <T,

Analog During A/D Al — 1.0 20 mA AV, =50V
power supply conversion
current idle _ — 50 LA
Reference During A/D Al — 25 4.0 mA V_ =50V
current conversion

Idle — — 50 A
RAM standby voltage™ Vi 2.0 - - \%

REJ09B0257-0700 Rev. 7.00 Page xv of xxxviii
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Item Page Revision (See Manual for Details)
23.3 DC 764 Notes:
Characteristics 3. The values are for V,, <V, <3.0V,V, min=V_-0.1V, and
Table 232 DC V,max=0.1V.
Characteristics 4. | depends on V_, and f as follows:
I, max. = 1.0 (mA) + 0.72 (mA/(CMHz x V))x V, x f (at normal
operation)
I, max. = 1.0 (mA) + 0.58 (MA/(CMHz x V))x V, x f (at sleep)
Table 23.3 765 Table amended
Permissible Output Test
Currents Item Symbol Min Typ Max Unit condition
Permissible output  All output pins except |, — — 10 mA
low current (per pin) PWM1A to PWM1H,
PWM2A to PWM2H
PWM1A to PWM1H, I, — — 25m A T,=85C
PWM2A to PWM2H — = 30 mA T=25C
— — 40 mA T,=40C
Permissible output ~ Total of all output pins X I, — — 80 mA
low current (total) except PWM1A to
PWM1H, PWM2A to
PWM2H
Total of PWM1A to Tl — — 150 mA T,=85C
PWM1H, PWM2A to P Tor
PWM2H 180 mA T,=25C
— — 220 mA T,=40C
Permissible output ~ All output pins except -, — — 2.0 mA
high current (per pin) PWM1A to PWM1H,
PWM2A to PWM2H
PWM1A to PWM1H, I, — — 25 mA T,=85C
PWM2A to PWM2H _ — 30 mA  T.-25C
— — 40 mA T,=40C
Permissible output  Total of all output pins =X |, — - 40 mA
high current (total)  except PWM1A to
PWM1H, PWM2A to
PWM2H
Tetal of PWM1A to >, — — 150 mA T,=85C
PWM1H, PWM2A to — — —or-
PWM2H 180 mA T, ,=25C
— — 220 mA T,=40C
23.4.4 Timingof 780 Figure amended

On-Chip Supporting

Modules

Figure 23.18 SCI
Input/Output Timing
(Clock Synchronous

Mode)

M\

trxo

TxDn
(transmit data)

taxs| |tRxH

RxDn
(receive data) >< >< >

H8S/2646, H8S/2646R, H8S/2645: n = 0, 1
H8S/2648, H8S/2648R, H8S/2647: n =0 to 2

Page xvi of xxxviii

REJ09B0257-0700 Rev. 7.00

RRENESAS

Jun 10, 2010



Item Page
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23.4.4 Timingof 781
On-Chip Supporting

Figure amended

Modules oK VoL VoL,
Figure 23.20
HCAN Input/Output tirxo
Timin HTXD |
g (transmit data) d >C
tHRxs|tHRXH
HRxD a 3
(receive data) {7 >
23.6 LCD 783 Table amended
Characteristics Condition f—
Table 23.9 LCD Item Applicable Pins Symbol Min Typ Max Unit Conditions
ot Segment driver SEG1to SEG24 VDS — — 0.6 \Y ID = 2 pA*'
Characteristics step-down voltage ~ (H8S/2646,
H8S/2646R,
H8S/2645)
SEG1 to SEG40
(H8S/2648,
H8S/2648R,
H8S/2647)
Common driver COM1 to COM4 VDC — — 0.3 Vv ID = 2 pA*'
step-down voltage
LCD power supply R LCD 40 300 1000 kQ Between V1
division resistor and Vg
LCD voltage VA VLCD 45 — LPV Vv #
REJ09B0257-0700 Rev. 7.00 Page xvii of xxxviii
Jun 10, 2010 RENESAS



ltem Page Revision (See Manual for Details)
23.7 Flash 784 Table amended
Memo I’y Item Symbol  Min Typ Max Unit
Characteristics Programming time™"**** t, — 10 200 ms/128 bytes
Erase time™' **** te — 100 1200  ms/block
Table 23.10 FlaSh Reprogramming count [\, — — 100 Times
Memory Programming Wait time after SWE bit setting™ t,,, 1 1 — Hs
Characteristics Wait time after PSU bit setting™  t,., 50 50 — us
Wait time after P bit setting™™*  t_, 28 30 32 us
tipa00 198 200 202 Hs
o 8 10 12 ps
Wait time after P bit clear™ t, 5 5 — s
Wait time after PSU bit clear™ 1, 5 5 — s
Wait time after PV bit setting™ 1t 4 4 — us
Wait time after H'FF dummy o 2 2 - Hs
write™
Wait time after PV bit clear™' to 2 2 — s
Wait time after SWE bit clear™ 100 100 — s
Maximum programming count™** N — — 1000  Times
Erase Wait time after SWE bit setting™ ..., 1 1 - us
Wait time after ESU bit setting™  t,,., 100 100 - Hs
Wait time after E bit setting™™*  t 10 10 100 ms
Wait time after E bit clear™ t 10 10 — us
Wait time after ESU bit clear™' tow 10 10 — Hs
Wait time after EV bit setting™’ t 20 20 — Hs
Wait time after H'FF dummy t 2 2 — Hs
write™!
Wait time after EV bit clear™’ [ 4 4 — us
Wait time after SWE bit clear™ . 100 100 — us
Maximum erase count™"** N 12 — 120 Times

C.1 Port1Block 1082
Diagrams

Figure C.1 (a) Port
1 Block Diagram
(Pins P10 and P11)

Figure note amended
Notes: n=0or1

* Priority order: Output compare output/PWM output > pulse

output > DR output

Figure C.3 (g) Port 1096
3 Block Diagram
(Pins P36 and P37)

Figure note amended
Notes: n=6o0r7

1. Output enable signal

2. Open drain control signal

D.1 Port Statesin 1120
Each Mode

Table amended

Mcu Hardware
Port Name Operating Standby Program Execution State

Table D.1 /O Port Pin Name Mode Reset Mode Software Standby Mode Sleep Mode
States in Each PorK 4wz T T et T wpot T
Processing State HTXD 4t07 H T H HTXD output
(H8S/2646, HRxD 4107 input T T HRxD input
H8S/2646R,
H8S/2645)
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D.1 Port Statesin 1123
Each Mode

Table amended

MCcu Hardware

Port Name Operating Standby Program Execution State
Table D.2 1/O Port Pin Name Mode Reset Mode Software Standby Mode Sleep Mode
States in Each PRILWR 4 1 T T Tope S T we T

. T ;

Processing State 5.6 T T oPE - 1) %n bus mode]
(H8S/2648, H [Otherwise]
H8S/2648R, 1/ port
H88/2647) 7 T T kept 1/0 port

Potk  4t7 T T ket wpot

HTxD 4t07 H T H HTxD output

HRxD 4t07 input T T HRxD input
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H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM Section 1 Overview

Section 1 Overview

1.1 Overview

The H8S/2646 Group is a series of microcomputers (MCUs: microcomputer units), built around
the H8S/2600 CPU, employing Renesas Electronics’s proprietary architecture, and equipped with
peripheral functions on-chip.

The H8S/2600 CPU has an internal 32-bit architecture, is provided with sixteen 16-bit general
registers and a concise, optimized instruction set designed for high-speed operation, and can
address a 16-Mbyte linear address space. The instruction set is upward-compatible with H8/300
and H8/300H CPU instructions at the object-code level, facilitating migration from the H8/300,
HS&8/300L, or H8/300H Series.

On-chip peripheral functions required for system configuration include data transfer controller
(DTC) bus masters, ROM and RAM memory, a 16-bit timer pulse unit (TPU), programmable
pulse generator (PPG), watchdog timer (WDT), serial communication interface (SCI), controller
area network (HCAN), A/D converter, motor control PWM timer (PWM), LCD controller/driver
(LCDC), and I/O ports.

On-chip ROM is available as 128-kbyte flash memory (F-ZTAT™ version)™ or 128/64-kbyte
mask ROM. ROM is connected to the CPU via a 16-bit data bus, enabling both byte and word data
to be accessed in one state. Instruction fetching has been speeded up, and processing speed
increased.

Four operating modes, modes 4 to 7, are provided, and there is a choice of single-chip mode or
external expansion mode.

The features of the H8S/2646 Group are shown in table 1.1.

Note: * F-ZTAT is a trademark of Renesas Electronics Corp.
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H8S/2646 Group, H8S/2646R F-ZTATTM,
Section 1 Overview H8S/2648R F-ZTATTM

Table 1.1  Overview

Item Specification

CPU ¢ General-register machine

— Sixteen 16-bit general registers (also usable as sixteen 8-bit registers
or eight 32-bit registers)

e High-speed operation suitable for realtime control
— Maximum clock rate: 20 MHz
— High-speed arithmetic operations
8/16/32-bit register-register add/subtract : 50 ns

16 x 16-bit register-register multiply 1200 ns
16 x 16 + 42-bit multiply and accumulate : 200 ns
32 + 16-bit register-register divide 21000 ns

¢ Instruction set suitable for high-speed operation
— Sixty-nine basic instructions
— 8/16/32-bit move/arithmetic and logic instructions
— Unsigned/signed multiply and divide instructions
— Multiply-and accumulate instruction
— Powerful bit-manipulation instructions
e Two CPU operating modes
— Normal mode: 64-kbyte address space (not used on this device)
— Advanced mode: 16-Mbyte address space

Bus controller e Address space divided into 8 areas, with bus specifications settable
independently for each area

e Choice of 8-bit or 16-bit access space for each area

e 2-state or 3-state access space can be designated for each area
¢ Number of program wait states can be set for each area

e Direct connection to burst ROM supported

PC break controller e Supports debugging functions by means of PC break interrupts
e Two break channels

Data transfer e Can be activated by internal interrupt or software

controlier (DTC) Multiple transfers or multiple types of transfer possible for one activation
source

e Transfer possible in repeat mode, block transfer mode, etc.

e Request can be sent to CPU for interrupt that activated DTC

Page 2 of 1126 REJ09B0257-0700 Rev. 7.00
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H8S/2646 Group, H8S/2646R F-ZTATTM,

H8S/2648R F-ZTATTM

Section 1 Overview

Item

Specification

16-bit timer pulse
unit (TPU)

6-channel 16-bit timer on-chip
Pulse 1/0 processing capability for up to 16 pins'
Automatic 2-phase encoder count capability

Programmable
pulse generator
(PPG)

Maximum 8-bit pulse output possible with TPU as time base
Output trigger selectable in 4-bit groups

Non-overlap margin can be set

Direct output or inverse output setting possible

Watchdog timer
(WDT) 2 channels

Watchdog timer or interval timer selectable
Operation using subclock supported (WDT1 only)

Serial communica-
tion interface (SCI)
2 channels

(SCI0 and SCI1)
H8S/2646,
H8S/2646R,
H8S/2645

Serial communica-
tion interface (SCI)
3 channels

(SClo, SCI1, and
SCI2)

H8S/2648,
H8S/2648R,
H8S/2647

Asynchronous mode or synchronous mode selectable
Multiprocessor communication function
Smart card interface function

Controller area
network (HCAN) 1
channels

CAN: Ver. 2.0B compliant

Buffer size: 15 transmit/receive messages, transmit only one message

Filtering of receive messages

A/D converter

Resolution: 10 bits
Input: 12 channels

High-speed conversion: 13.3 pus minimum conversion time
(at 20-MHz operation)

Single or scan mode selectable
Sample and hold circuit

A/D conversion can be activated by external trigger or timer trigger

REJ09B0257-0700 Rev. 7.00
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H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM

Item Specification
Motor control PWM e Maximum of 16 10-bit PWM outputs
timer (PWM)

e Eight outputs with two channels each built in

e Duty settable between 0% and 100%

e Automatic transfer of buffer register data supported

¢ Block transfer and one-word data transfer supported using DTC

LCD controller/driver ¢ 24 segments and 4COM™"'

(LCDC) e 40 segments and 4COM™
e Display LCD RAM (8 bits x 20 bytes (160 bits)
e Segment output pins may be selected four at a time as ports
¢ On-chip power supply division resistor
Notes: 1. Inthe H8S/2646, H8S/2646R, and H8S/2645.
2. Inthe H8S/2648, H8S/2648R, and H8S/2647.
I/O ports e 92 1/0 pins, 16 input-only pins
Memory ¢ Flash memory or mask ROM

e High-speed static RAM

Product Name ROM RAM
H8S5/2646, H8S/2646R 128 kbytes 4 kbytes
H8S5/2648, H8S/2648R

H85/2645 64 kbytes 2 kbytes
H85/2647

Interrupt controller

e Seven external interrupt pins (NMI, IRQO to IRQ5)
¢ Internal interrupt sources

— 43 (H8S/2646, H8S/2646R, H8S/2645)

— 47 (H8S/2648, H8S/2648R, H8S/2647)
e Eight priority levels settable

Power-down states

¢ Medium-speed mode

e Sleep mode

o Module-stop mode

e Software standby mode
e Hardware standby mode
e Subclock operation

Page 4 of 1126
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H8S/2646 Group, H8S/2646R F-ZTATTM,

H8S/2648R F-ZTATTM

Section 1 Overview

Item

Specification

Operating modes

Four MCU operating modes

External Data Bus

CPU
Operating On-Chip Initial Maximum
Mode Mode Description ROM Value Value

4 Advanced On-chip ROM disabled Disabled 16 bits 16 bits

expansion mode

5 On-chip ROM disabled Disabled 8bits 16 bits
expansion mode
6 On-chip ROM enabled Enabled 8 bits 16 bits
expansion mode
7 Single-chip mode Enabled — —
Clock pulse e On-chip PLL circuit (x1, x2, x4)
generator ¢ Input clock frequency: 4 to 20 MHz
e Subclock frequency: 32.768 kHz
Packages e 144-pin plastic QFP (FP-144)

Product lineup

Model Name

Mask ROM Version F-ZTAT Version ROM/RAM (Bytes) Packages

HD6432646 HD64F2646R 128 k/4 k FP-144J/

HD6432645 — 64 k2 k FP-144JV
FP-144G/
FP-144GV

HD6432648 HD64F2648R 128 k/4 k FP-144J/

HD6432647 — 64 k/2 k FP-144JV
FP-144G/
FP-144GV

The HD64F2646R and HD64F2648R use an FP-144J/FP-144JV package.
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H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM

1.2

Internal Block Diagram

Figures 1.1 (1) and 1.1 (2) show internal block diagrams.
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PF4/HWR/SEG18
PF3/LWR/ADTRG/IRQ3
PF2/WAIT/SEG17
PFO/IRQ2

P52
P51
P50

P20/TIOCA3
P21/TIOCB3
P22/TIOCC3
P23/TIOCD3
P24/TIOCA4
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Notes: 1. Flash memory version only.
2. The FWE pin is for compatibility with the flash memory version.
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P90/AN8

Figure 1.1 (1) H8S/2646, H8S/2646R, and H8S/2645 Internal Block Diagram
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Notes: 1. Flash memory version only.
2. The FWE pin is for compatibility with the flash memory version.

Figure 1.1 (2) H8S/2648, H8S/2648R, and H8S/2647 Internal Block Diagram
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H8S/2646 Group, H8S/2646R F-ZTATTM,

H8S/2648R F-ZTATTM

1.3

1.3.1

Pin Description

Pin Arrangement

Figure 1.2 (1) shows the pin arrangement of the H85/2646, H8S/2646R, and H8S/2645, and figure
1.2 (2) shows that of the H8S/2648, H8S/2648R, and H8S/2647.

OCB2/TCLKD

P42/AN2 1130
P43/AN3 ] 131
P44/AN4 [ 132
P45/AN5 [ 133
P46/AN6 [] 134
P47/AN7 [0 135
P90/AN8 [ 136
P91/AN9 [ 137
P92/AN10 ] 138
P93/AN11 ] 139

OCA2/IRQT
OCB1/TCLKC
OCA1/IRQ0
OCDO/TCLKB
OCCO/TCLKA

02[ P11/PO9/TIOCBO
01 P10/PO8/TIOCAO

PEO/DO [ 4
PE1/D1 O 5
PE2/D2 [ 6
PE3/D3 O 7
PE4/D4 [ 8
PE5/D5 O 9

99 PF3/LWR/ADTRG/IRQ3

98[] PFO/IRQ2
970 FWE*

96[J EXTAL

870 PLLCAP
861 PLLVSS

94[1 XTAL
931 vCL
90[J 0sc2
89[1 OSC1
881 VSS
85[0 STBY
841 NMI

Top View

831 RES
821 P37

(FP-144J/FP-144JV, FP-144G/FP-144GV)

PE6/D6 [] 10

PE7/D7 O] 11

PDO/D8 [] 13

PD1/D9 [] 14
PD2/D10 [} 15
PD4/D12 [ 17
PD5/D13 ] 18
PD7/D15 [] 20

LPvCC O 21

PCO/A0/SEG1 [ 22
PC1/A1/SEG2 ] 23
PC2/A2/SEG3 [] 24
PC3/A3/SEG4 [] 25

Note: * The FWE pin is a NC pin in the mask ROM versions.

PC4/A4/SEG5 [] 26

PC5/A5/SEGS6 [ 27

PC6/A6/SEG7 [] 28

80[1 P35/SCK1/IRQ5

79[ P34/RXD1
78[1 P33/TXD1

PC7/A7/SEGS8 ] 29

PBO/A8/SEGY [] 30
PB1/A9/SEG10 ] 31

PB2/A10/SEG11 ] 32

770 P32/SCKO/IRQ4
7610 P31/RXDO
75[1 P30/TXDO

PB3/A11/SEG12 ] 33

PB4/A12/SEG13 [] 34

PB5/A13/SEG14 [] 35

PB6/A14/SEG15 [] 36

73[0 MD1

0 MD2

O PWMVSS

[0 PJ7/PWM2H

[0 PJ6/PWM2G
PJ5/PWM2F
PJ4/PWM2E
PWMVCC
PJ3/PWM2D
PJ2/PWM2C
PJ1/PWM2B
PJO/PWM2A
PWMVSS
PH7/PWM1H
PH6/PWM1G
PH5/PWM1F
PH4/PWM1E
PWMVCC
PH3/PWM1D
PH2/PWM1C
PH1/PWM1B
PHO/PWM1A
PWMVSS
PA3/A19/COM4
PA2/A18/COM3
PA1/A17/COM2
PAO/A16/COM1
] PA7/A23/SEG24
] PA6/A22/SEG23
[] PA5/A21/SEG22
[1 PA4/A20/SEG21
[ PF6/AS/SEG20
[0 PF5/RD/SEG19
[ vss

[ PF4/HWR/SEG18
[0 PF2/WAIT/SEG17
[ PB7/A15/SEG16

OOo0o0o0000000000o0o0oo0ooooO

Figure 1.2 (1) H8S/2646, H8S/2646R, and H8S/2645 Pin Arrangement
(FP-144J/FP-144)V, FP-144G/FP-144GV: Top View)
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H8S/2646 Group, H8S/2646R F-ZTATTM,

H8S/2648R F-ZTATTM

Section 1 Overview

OCB2/TCLKD
OCA2/IRQ1

P40/ANO ] 128
P41/AN1 129
P42/AN2 [ 130
P43/AN3 ] 131
P44/AN4 ] 132
P45/AN5 [ 133
P46/AN6 [ 134
P47/AN7 135
P90/ANS [ 136
P91/AN9 [ 137
P92/AN10 [ 138
P93/AN11 139

OCB1/TCLKC
OCA1/IRQO

1063 P15/PO13/T
10503 P14/PO12/T
1043 P13/PO11/T
103 P12/PO10/T

PEO/DO/SEG1 ] 4

PE1/D1/SEG2 [] 5

OCDO/TCLKB
IOCCO/TCLKA

PE2/D2/SEG3 [] 6

PE3/D3/SEG4 [] 7

1021 P11/PO9/TIOCBO
101J P10/PO8/TIOCAO

1001 PE7/p

PE4/D4/SEG5 ] 8

PES5/D5/SEG6 [ 9

RQ3

/LWR/ADTRG/I

(FP-144J/FP-144JV, FP-144G/FP-144GV)

PE6/D6/SEG7 [ 10

991 PF3,

981 PFO/IRQ2
970 FWE*

PE7/D7/SEG8 ] 11

96[1 EXTAL

PDO/D8/SEG9 ] 13
PD1/D9/SEG10 ] 14
PD2/D10/SEG11 [ 15

947 XTAL
90[1 OscC2
891 0OSC1
871 PLLCAP
86[1 PLLVSS
85[1 STBY

Top View

LPvCC ] 21

PD3/D11/SEG12 ] 16
PD4/D12/SEG13 ] 17
PD5/D13/SEG14 ] 18
PD6/D14/SEG15 [] 19
PD7/D15/SEG16 [] 20
PCO/A0/SEG17 [ 22
PC1/A1/SEG18 [] 23
PC2/A2/SEG19 [] 24

Note: * The FWE pin is a NC pin in the mask ROM versions.

PC3/A3/SEG20 [] 25

PC4/A4/SEG21 [] 26

PC5/A5/SEG22 [ 27

PC6/A6/SEG23 [] 28

811 P36

80[1 P35/SCK1/IRQ5
79[ P34/RXD1

PC7/A7/SEG24 [] 29

PBO/A8/SEG25 [] 30

PB1/A9/SEG26 [ 31
PB2/A10/SEG27 [] 32

770 P32/SCKO/IRQ4
76[1 P31/RXDO
751 P30/TXDO

PB3/A11/SEG28 ] 33

PB4/A12/SEG29 [] 34

PB5/A13/SEG30 ] 35

PB6/A14/SEG31 [] 36

731 MD1

N N N s
SN %63

1 MD2

0 PWMVSS

0 PJ7/PWM2H

0 PJ6/PWM2G

[ PJ5/PWM2F

[ PJ4/PWM2E

0 PWMVCC

0 PJ3/PWM2D

0 PJ2/PWM2C

[ PJ1/PWM2B

[ PJO/PWM2A

0 PWMVSS

[0 PH7/PWM1H

[0 PHE/PWM1G

[0 PH5/PWM1F

[0 PH4/PWMIE

[0 PWMVCC

[0 PH3/PWM1D

[0 PH2/PWM1C

[0 PH1/PWM1B

[0 PHO/PWM1A

[0 PWMVSS

[ PA3/A19/COM4
[ PA2/A18/COM3
[0 PA1/A17/COM2
[0 PAO/A16/COM1
[ PA7/A23/SEG40
[ PA6/A22/SEG39
[ PA5/A21/SEG38
[ PA4/A20/SEG37
[ PF6/AS/SEG36
[0 PF5/RD/SEG35
[ Vss

[0 PF4/HWR/SEG34
[ PF2/WAIT/SEG33
[ PB7/A15/SEG32

Figure 1.2 (2) H8S/2648, H8S/2648R, and H8S/2647 Pin Arrangement
(FP-144]J/FP-144)V, FP-144G/FP-144GV: Top View)
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Section 1 Overview

H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM

1.3.2 Pin Functions in Each Operating Mode

Tables 1.2 (1) and 1.2 (2) show the pin functions in each of the operating modes.

Table 1.2 (1) Pin Functions in Each Operating Mode (H8S/2646, H8S/2646R, H8S/2645)

Pin Name
PinNo. Mode 4 Mode 5 Mode 6 Mode 7
1 VA Vi1 VA Vi1
2 V2 V2 V2 V2
3 V3 V3 V3 V3
4 PEO/DO PEO/DO PEO/DO PEO
5 PE1/D1 PE1/D1 PE1/D1 PE1
6 PE2/D2 PE2/D2 PE2/D2 PE2
7 PE3/D3 PE3/D3 PE3/D3 PE3
8 PE4/D4 PE4/D4 PE4/D4 PE4
9 PES5/D5 PE5/D5 PES5/D5 PE5
10 PE6/D6 PE6/D6 PE6/D6 PE6
11 PE7/D7 PE7/D7 PE7/D7 PE7
12 Vss Vss Vss Vss
13 D8 D8 D8 PDO
14 D9 D9 D9 PD1
15 D10 D10 D10 PD2
16 D11 D11 D11 PD3
17 D12 D12 D12 PD4
18 D13 D13 D13 PD5
19 D14 D14 D14 PD6
20 D15 D15 D15 PD7
21 LPVcc LPVce LPVcc LPVce
22 AO AO PCO/AO/SEGH1 PCO/SEGH1
23 Al A1l PC1/A1/SEG2 PC1/SEG2
24 A2 A2 PC2/A2/SEG3 PC2/SEG3
25 A3 A3 PC3/A3/SEG4 PC3/SEG4
26 A4 A4 PC4/A4/SEG5 PC4/SEG5
27 A5 A5 PC5/A5/SEG6 PC5/SEG6
Page 10 of 1126 REJ09B0257-0700 Rev. 7.00
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H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM

Section 1 Overview

Pin Name
Pin No. Mode 4 Mode 5 Mode 6 Mode 7
28 A6 A6 PC6/A6/SEG7 PC6/SEG7
29 A7 A7 PC7/A7/SEGS8 PC7/SEG8
30 PB0/A8/SEG9 PBO0/A8/SEG9 PBO0/A8/SEG9 PBO/SEG9
31 PB1/A9/SEG10 PB1/A9/SEG10 PB1/A9/SEG10 PB1/SEG10
32 PB2/A10/SEG11 PB2/A10/SEG11 PB2/A10/SEG11 PB2/SEG11
33 PB3/A11/SEG12 PB3/A11/SEG12 PB3/A11/SEG12 PB3/SEG12
34 PB4/A12/SEG13 PB4/A12/SEG13 PB4/A12/SEG13 PB4/SEG13
35 PB5/A13/SEG14 PB5/A13/SEG14 PB5/A13/SEG14 PB5/SEG14
36 PB6/A14/SEG15 PB6/A14/SEG15 PB6/A14/SEG15 PB6/SEG15
37 PB7/A15/SEG16 PB7/A15/SEG16 PB7/A15/SEG16 PB7/SEG16
38 PF2/WAIT/SEG17 PF2/WAIT/SEG17 PF2/WAIT/SEG17 PF2/SEG17
39 HWR/SEG18 HWR/SEG18 HWR/SEG18 PF4/SEG18
40 Vss Vss Vss Vss
41 RD/SEG19 RD/SEG19 RD/SEG19 PF5/SEG19
42 AS/SEG20 AS/SEG20 AS/SEG20 PF6/SEG20
43 PA4/A20/SEG21 PA4/A20/SEG21 PA4/A20/SEG21 PA4/SEG21
44 PA5/A21/SEG22 PA5/A21/SEG22 PA5/A21/SEG22 PA5/SEG22
45 PA6/A22/SEG23 PA6/A22/SEG23 PAB6/A22/SEG23 PA6/SEG23
46 PA7/A23/SEG24 PA7/A23/SEG24 PA7/A23/SEG24 PA7/SEG24
47 PAO/A16/COM1 PAO/A16/COM1 PAO/A16/COM1 PAO/COM1
48 PA1/A17/COM2 PA1/A17/COM2 PA1/A17/COM2 PA1/COM2
49 PA2/A18/COM3 PA2/A18/COM3 PA2/A18/COM3 PA2/COM3
50 PA3/A19/COM4 PA3/A19/COM4 PA3/A19/COM4 PA3/COM4
51 PWMVss PWMVss PWMVss PWMVss
52 PHO/PWM1A PHO/PWM1A PHO/PWM1A PHO/PWM1A
53 PH1/PWM1B PH1/PWM1B PH1/PWM1B PH1/PWM1B
54 PH2/PWM1C PH2/PWM1C PH2/PWM1C PH2/PWM1C
55 PH3/PWM1D PH3/PWM1D PH3/PWM1D PH3/PWM1D
56 PWMVcc PWMVcc PWMVcc PWMVcc
57 PH4/PWM1E PH4/PWM1E PH4/PWM1E PH4/PWM1E
58 PH5/PWM1F PH5/PWM1F PH5/PWM1F PH5/PWM1F
REJ09B0257-0700 Rev. 7.00 Page 11 of 1126
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Section 1 Overview

H8S/2646 Group, H8S/2646R F-ZTATTM,

H8S/2648R F-ZTATTM

Pin Name
Pin No. Mode 4 Mode 5 Mode 6 Mode 7
59 PH6/PWM1G PH6/PWM1G PH6/PWM1G PH6/PWM1G
60 PH7/PWM1H PH7/PWM1H PH7/PWM1H PH7/PWM1H
61 PWMVss PWMVss PWMVss PWMVss
62 PJO/PWM2A PJO/PWM2A PJO/PWM2A PJO/PWM2A
63 PJ1/PWM2B PJ1/PWM2B PJ1/PWM2B PJ1/PWM2B
64 PJ2/PWM2C PJ2/PWM2C PJ2/PWM2C PJ2/PWM2C
65 PJ3/PWM2D PJ3/PWM2D PJ3/PWM2D PJ3/PWM2D
66 PWMVcc PWMVcce PWMVcce PWMVcce
67 PJ4/PWM2E PJ4/PWM2E PJ4/PWM2E PJ4/PWM2E
68 PJ5/PWM2F PJ5/PWM2F PJ5/PWM2F PJ5/PWM2F
69 PJ6/PWM2G PJ6/PWM2G PJ6/PWM2G PJ6/PWM2G
70 PJ7/PWM2H PJ7/PWM2H PJ7/PWM2H PJ7/PWM2H
71 PWMVss PWMVss PWMVss PWMVss
72 MD2 MD2 MD2 MD2
73 MD1 MD1 MD1 MD1
74 MDO MDO MDO MDO
75 P30/TxD0 P30/TxDO P30/TxD0 P30/TxDO
76 P31/RxD0 P31/RxD0 P31/RxD0 P31/RxD0
77 P32/SCKO/IRQ4 P32/SCKO/IRQ4 P32/SCKO/IRQ4 P32/SCKO/IRQ4
78 P33/TxD1 P33/TxD1 P33/TxD1 P33/TxD1
79 P34/RxD1 P34/RxD1 P34/RxD1 P34/RxD1
80 P35/SCK1/IRQ5 P35/SCK1/IRQ5 P35/SCK1/IRQ5 P35/SCK1/IRQ5
81 P36 P36 P36 P36
82 P37 P37 P37 P37
83 RES RES RES RES
84 NMI NMI NMI NMI
85 STBY STBY STBY STBY
86 PLLVss PLLVss PLLVss PLLVss
87 PLLCAP PLLCAP PLLCAP PLLCAP
88 Vss Vss Vss Vss
89 OSC1 OSC1 0OSC1 OSC1
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H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM

Section 1 Overview

Pin Name

Pin No. Mode 4 Mode 5 Mode 6 Mode 7

90 0SsC2 0sc2 0SC2 0sc2

91 Vcce Vcee Vcce Vce

92 Vcce Vcee Vcce Vce

93 VCL VCL VCL VCL

94 XTAL XTAL XTAL XTAL

95 Vss Vss Vss Vss

96 EXTAL EXTAL EXTAL EXTAL

97 FWE FWE FWE FWE

98 PFO/IRQ2 PFO/IRQ2 PFO/IRQ2 PFO/IRQ2

99 PF3/LWR/ADTRG/IRQ3 PF3/LWR/ADTRG/IRQ3 PF3/LWR/ADTRG/IRQ3 PF3/ADTRG/IRQ3

100 PF7/¢ PF7/$ PF7/¢ PF7/$

101 P10/PO8/TIOCAOQ P10/PO8/TIOCAO P10/PO8/TIOCAO P10/PO8/TIOCAO

102 P11/PO9/TIOCBO P11/PO9/TIOCBO P11/PO9/TIOCBO P11/PO9/TIOCBO

103 P12/PO10/TIOCCO/ P12/PO10/TIOCCO/ P12/PO10/TIOCCO/ P12/PO10/TIOCCO/
TCLKA TCLKA TCLKA TCLKA

104 P13/PO11/TIOCDO/ P13/PO11/TIOCDO/ P13/PO11/TIOCDO/ P13/PO11/TIOCDO/
TCLKB TCLKB TCLKB TCLKB

105 P14/PO12/TIOCA1/ P14/PO12/TIOCA1/ P14/PO12/TIOCA1/ P14/PO12/TIOCA1/
IRQO IRQO IRQO IRQO

106 P15/PO13/TIOCB1/ P15/PO13/TIOCB1/ P15/PO13/TIOCB1/ P15/PO13/TIOCB1/
TCLKC TCLKC TCLKC TCLKC

107 P16/PO14/TIOCA2/ P16/PO14/TIOCA2/ P16/PO14/TIOCA2/ P16/PO14/TIOCA2/
IRQ1 IRQ1 IRQ1 IRQ1

108 P17/PO15/TIOCB2/ P17/PO15/TIOCB2/ P17/PO15/TIOCB2/ P17/PO15/TIOCB2/
TCLKD TCLKD TCLKD TCLKD

109 HTxD HTxD HTxD HTxD

110 HRxD HRxD HRxD HRxD

111 P50 P50 P50 P50

112 P51 P51 P51 P51

113 P52 P52 P52 P52

114 P20/TIOCA3 P20/TIOCA3 P20/TIOCA3 P20/TIOCA3

115 P21/TIOCB3 P21/TIOCB3 P21/TIOCB3 P21/TIOCB3

REJ09B0257-0700 Rev. 7.00 Page 13 of 1126

Jun 10, 2010 :{ENESAS



Section 1 Overview

H8S/2646 Group, H8S/2646R F-ZTATTM,

H8S/2648R F-ZTATTM

Pin Name
Pin No. Mode 4 Mode 5 Mode 6 Mode 7
116 P22/TIOCC3 P22/TIOCC3 P22/TIOCC3 P22/TIOCC3
117 P23/TIOCD3 P23/TIOCD3 P23/TIOCD3 P23/TIOCD3
118 P25/TIOCB4 P25/TIOCB4 P25/TIOCB4 P25/TIOCB4
119 Vce Vee Vce Vee
120 P24/TIOCA4 P24/TIOCA4 P24/TIOCA4 P24/TIOCA4
121 PK6 PK6 PK6 PK6
122 P27/TIOCB5 P27/TIOCB5 P27/TIOCB5 P27/TIOCB5
128 Vss Vss Vss Vss
124 P26/TIOCA5 P26/TIOCA5 P26/TIOCA5 P26/TIOCA5
125 PK7 PK7 PK7 PK7
126 AVcce AVcc AVce AVce
127 Vref Vref Vref Vref
128 P40/ANO P40/ANO P40/ANO P40/ANO
129 P41/AN1 P41/AN1 P41/AN1 P41/AN1
130 P42/AN2 P42/AN2 P42/AN2 P42/AN2
131 P43/AN3 P43/AN3 P43/AN3 P43/AN3
132 P44/AN4 P44/AN4 P44/AN4 P44/AN4
133 P45/AN5 P45/AN5 P45/AN5 P45/AN5
134 P46/AN6 P46/AN6 P46/AN6 P46/AN6
135 P47/AN7 P47/AN7 P47/AN7 P47/AN7
136 P90/AN8 P90/AN8 P90/AN8 P90/AN8
137 P91/AN9 P91/AN9 P91/AN9 P91/AN9
138 P92/AN10 P92/AN10 P92/AN10 P92/AN10
139 P93/AN11 P93/AN11 P93/AN11 P93/AN11
140 P94 P94 P94 P94
141 P95 P95 P95 P95
142 P96 P96 P96 P96
143 P97 P97 P97 P97
144 AVss AVss AVss AVss

Note: In mode 4 and mode 5 the following pins (D8 to D15, A0 to A7, RD, AS, HWR) are used to
interface with external ROM. Therefore, these pins must not be set to the SEG signal.
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H8S/2646 Group, H8S/2646R F-ZTATTM,

H8S/2648R F-ZTATTM Section 1 Overview

Table 1.2 (2) Pin Functions in Each Operating Mode (H8S/2648, H8S/2648R, H8S/2647)

Pin Name
Pin No. Mode 4 Mode 5 Mode 6 Mode 7
1 VA Vi1 VA Vi1
2 V2 V2 V2 V2
3 V3 V3 V3 V3
4 PEO/DO/SEG1 PEO/DO/SEG1 PEO/DO/SEG1 PEO/SEG1
5 PE1/D1/SEG2 PE1/D1/SEG2 PE1/D1/SEG2 PE1/SEG2
6 PE2/D2/SEG3 PE2/D2/SEG3 PE2/D2/SEG3 PE2/SEG3
7 PE3/D3/SEG4 PE3/D3/SEG4 PE3/D3/SEG4 PE3/SEG4
8 PE4/D4/SEG5 PE4/D4/SEG5 PE4/D4/SEG5 PE4/SEG5
9 PE5/D5/SEG6 PE5/D5/SEG6 PE5/D5/SEG6 PE5/SEG6
10 PE6/D6/SEG7 PE6/D6/SEG7 PE6/D6/SEG7 PE6/SEG7
11 PE7/D7/SEG8 PE7/D7/SEG8 PE7/D7/SEG8 PE7/SEG8
12 Vss Vss Vss Vss
13 D8 D8 D8/SEG9 PDO/SEG9
14 D9 D9 D9/SEG10 PD1/SEG10
15 D10 D10 D10/SEG11 PD2/SEG11
16 D11 D11 D11/SEG12 PD3/SEG12
17 D12 D12 D12/SEG13 PD4/SEG13
18 D13 D13 D13/SEG14 PD5/SEG14
19 D14 D14 D14/SEG15 PD6/SEG15
20 D15 D15 D15/SEG16 PD7/SEG16
21 LPVcc LPVce LPVcc LPVce
22 AO AO PCO/AO/SEG17 PCO/SEG17
23 A1 A1l PC1/A1/SEG18 PC1/SEG18
24 A2 A2 PC2/A2/SEG19 PC2/SEG19
25 A3 A3 PC3/A3/SEG20 PC3/SEG20
26 A4 A4 PC4/A4/SEG21 PC4/SEG21
27 A5 A5 PC5/A5/SEG22 PC5/SEG22
28 A6 A6 PC6/A6/SEG23 PC6/SEG23
29 A7 A7 PC7/A7/SEG24 PC7/SEG24
REJ09B0257-0700 Rev. 7.00 Page 15 of 1126
Jun 10, 2010 :{ENESAS



H8S/2646 Group, H8S/2646R F-ZTATTM,

Section 1 Overview H8S/2648R F-ZTATTM

Pin Name
Pin No. Mode 4 Mode 5 Mode 6 Mode 7
30 PB0/A8/SEG25 PBO0/A8/SEG25 PBO/A8/SEG25 PBO/SEG25
31 PB1/A9/SEG26 PB1/A9/SEG26 PB1/A9/SEG26 PB1/SEG26
32 PB2/A10/SEG27 PB2/A10/SEG27 PB2/A10/SEG27 PB2/SEG27
33 PB3/A11/SEG28 PB3/A11/SEG28 PB3/A11/SEG28 PB3/SEG28
34 PB4/A12/SEG29 PB4/A12/SEG29 PB4/A12/SEG29 PB4/SEG29
35 PB5/A13/SEG30 PB5/A13/SEG30 PB5/A13/SEG30 PB5/SEG30
36 PB6/A14/SEG31 PB6/A14/SEG31 PB6/A14/SEG31 PB6/SEG31
37 PB7/A15/SEG32 PB7/A15/SEG32 PB7/A15/SEG32 PB7/SEG32
38 WAIT/SEG33 WAIT/SEG33 WAIT/SEG33 PF2/SEG33
39 HWR/SEG34 HWR/SEG34 HWR/SEG34 PF4/SEG34
40 Vss Vss Vss Vss
4 RD/SEG35 RD/SEG35 RD/SEG35 PF5/SEG35
42 AS/SEG36 AS/SEG36 AS/SEG36 PF6/SEG36
43 PA4/A20/SEG37 PA4/A20/SEG37 PA4/A20/SEG37 PA4/SEG37
44 PA5/A21/SEG38 PA5/A21/SEG38 PA5/A21/SEG38 PA5/SEG38
45 PA6/A22/SEG39 PA6/A22/SEG39 PA6/A22/SEG39 PAG6/SEG39
46 PA7/A23/SEG40 PA7/A23/SEG40 PA7/A23/SEG40 PA7/SEG40
47 PAO/A16/COM1 PAO0/A16/COM1 PAO/A16/COM1 PAO/COM1
48 PA1/A17/COM2 PA1/A17/COM2 PA1/A17/COM2 PA1/COM2
49 PA2/A18/COM3 PA2/A18/COM3 PA2/A18/COM3 PA2/COM3
50 PA3/A19/COM4 PA3/A19/COM4 PA3/A19/COM4 PA3/COM4
51 PWMVss PWMVss PWMVss PWMVss
52 PHO/PWM1A PHO/PWM1A PHO/PWM1A PHO/PWM1A
53 PH1/PWM1B PH1/PWM1B PH1/PWM1B PH1/PWM1B
54 PH2/PWM1C PH2/PWM1C PH2/PWM1C PH2/PWM1C
55 PH3/PWM1D PH3/PWM1D PH3/PWM1D PH3/PWM1D
56 PWMVcc PWMVcc PWMVcc PWMVcc
57 PH4/PWM1E PH4/PWM1E PH4/PWM1E PH4/PWM1E
58 PH5/PWM1F PH5/PWM1F PH5/PWM1F PH5/PWM1F
59 PH6/PWM1G PH6/PWM1G PH6/PWM1G PH6/PWM1G
60 PH7/PWM1H PH7/PWM1H PH7/PWM1H PH7/PWM1H
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H8S/2646 Group, H8S/2646R F-ZTATTM,

H8S/2648R F-ZTATTM Section 1 Overview
Pin Name

Pin No. Mode 4 Mode 5 Mode 6 Mode 7

61 PWMVss PWMVss PWMVss PWMVss

62 PJO/PWM2A PJO/PWM2A PJO/PWM2A PJO/PWM2A

63 PJ1/PWM2B PJ1/PWM2B PJ1/PWM2B PJ1/PWM2B

64 PJ2/PWM2C PJ2/PWM2C PJ2/PWM2C PJ2/PWM2C

65 PJ3/PWM2D PJ3/PWM2D PJ3/PWM2D PJ3/PWM2D

66 PWMVcc PWMVcce PWMVcce PWMVcce

67 PJ4/PWM2E PJ4/PWM2E PJ4/PWM2E PJ4/PWM2E

68 PJ5/PWM2F PJ5/PWM2F PJ5/PWM2F PJ5/PWM2F

69 PJ6/PWM2G PJ6/PWM2G PJ6/PWM2G PJ6/PWM2G

70 PJ7/PWM2H PJ7/PWM2H PJ7/PWM2H PJ7/PWM2H

71 PWMVss PWMVss PWMVss PWMVss

72 MD2 MD2 MD2 MD2

73 MD1 MD1 MD1 MD1

74 MDO MDO MDO MDO

75 P30/TxDO0 P30/TxDO P30/TxD0 P30/TxDO

76 P31/RxD0 P31/RxD0 P31/RxD0 P31/RxD0

77 P32/SCKO/IRQ4 P32/SCKO/IRQ4 P32/SCKO/IRQ4 P32/SCKO/IRQ4

78 P33/TxD1 P33/TxD1 P33/TxD1 P33/TxD1

79 P34/RxD1 P34/RxD1 P34/RxD1 P34/RxD1

80 P35/SCK1/IRQ5 P35/SCK1/IRQ5 P35/SCK1/IRQ5 P35/SCK1/IRQ5

81 P36 P36 P36 P36

82 P37 P37 P37 P37

83 RES RES RES RES

84 NMI NMI NMI NMI

85 STBY STBY STBY STBY

86 PLLVss PLLVss PLLVss PLLVss

87 PLLCAP PLLCAP PLLCAP PLLCAP

88 Vss Vss Vss Vss

89 0OSC1 OScC1 0OSC1 OScC1

90 0sc2 0sc2 0Ssc2 0sc2
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Section 1 Overview

H8S/2646 Group, H8S/2646R F-ZTATTM,

H8S/2648R F-ZTATTM

Pin Name

Pin No. Mode 4 Mode 5 Mode 6 Mode 7

91 Vce Vce Vce Vce

92 Vcce Vce Vce Vce

93 VCL VCL VCL VCL

94 XTAL XTAL XTAL XTAL

95 Vss Vss Vss Vss

96 EXTAL EXTAL EXTAL EXTAL

97 FWE FWE FWE FWE

98 PFO/RQ2 PFO/RQ2 PFO/RQ2 PFO/IRQ2

99 PF3/LWR/ADTRG/IRQ3 PF3/LWR/ADTRG/IRQ3 PF3/LWR/ADTRG/IRQ3 PF3/ADTRG/IRQ3

100 PF7/¢ PF7/¢ PF7/¢ PF7/¢

101 P10/PO8/TIOCAO P10/PO8/TIOCAO P10/PO8/TIOCAO P10/PO8/TIOCAO

102 P11/PO9/TIOCBO P11/PO9/TIOCBO P11/PO9/TIOCBO P11/PO9/TIOCBO

103 P12/PO10/TIOCCO/ P12/PO10/TIOCCO/ P12/PO10/TIOCCO/ P12/PO10/TIOCCO/
TCLKA TCLKA TCLKA TCLKA

104 P13/PO11/TIOCDO/ P13/PO11/TIOCDO/ P13/PO11/TIOCDO/ P13/PO11/TIOCDO/
TCLKB TCLKB TCLKB TCLKB

105 P14/PO12/TIOCA1/ P14/PO12/TIOCA1/ P14/PO12/TIOCA1/ P14/PO12/TIOCA1/
IRQO IRQO IRQO IRQO

106 P15/PO13/TIOCB1/ P15/PO13/TIOCB1/ P15/PO13/TIOCB1/ P15/PO13/TIOCB1/
TCLKC TCLKC TCLKC TCLKC

107 P16/PO14/TIOCA2/ P16/PO14/TIOCA/ P16/PO14/TIOCA2/ P16/PO14/TIOCA/
IRQ1 IRQ1 IRQ1 IRQ1

108 P17/PO15/TIOCB2/ P17/PO15/TIOCB2/ P17/PO15/TIOCB2/ P17/PO15/TIOCB2/
TCLKD TCLKD TCLKD TCLKD

109 HTxD HTxD HTxD HTxD

110 HRxD HRxD HRxD HRxD

111 P50/TxD2 P50/TxD2 P50/TxD2 P50/TxD2

112 P51/RxD2 P51/RxD2 P51/RxD2 P51/RxD2

113 P52/SCK2 P52/SCK2 P52/SCK2 P52/SCK2

114 P20/TIOCA3 P20/TIOCA3 P20/TIOCA3 P20/TIOCA3

115 P21/TIOCB3 P21/TIOCB3 P21/TIOCB3 P21/TIOCB3

116 P22/TIOCC3 P22/TIOCC3 P22/TIOCC3 P22/TIOCC3
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H8S/2646 Group, H8S/2646R F-ZTATTM,

H8S/2648R F-ZTATTM Section 1 Overview
Pin Name

Pin No. Mode 4 Mode 5 Mode 6 Mode 7

117 P23/TIOCD3 P23/TIOCD3 P23/TIOCD3 P23/TIOCD3

118 P25/TIOCB4 P25/TIOCB4 P25/TIOCB4 P25/TIOCB4

119 Vce Vce Vce Vce

120 P24/TIOCA4 P24/TIOCA4 P24/TIOCA4 P24/TIOCA4

121 PK6 PK6 PK6 PK6

122 P27/TIOCB5 P27/TIOCB5 P27/TIOCB5 P27/TIOCB5

123 Vss Vss Vss Vss

124 P26/TIOCA5 P26/TIOCA5 P26/TIOCA5 P26/TIOCA5

125 PK7 PK7 PK7 PK7

126 AVcce AVcc AVcce AVcc

127 Vref Vref Vref Vref

128 P40/ANO P40/ANO P40/ANO P40/ANO

129 P41/AN1 P41/AN1 P41/AN1 P41/AN1

130 P42/AN2 P42/AN2 P42/AN2 P42/AN2

131 P43/AN3 P43/AN3 P43/AN3 P43/AN3

132 P44/AN4 P44/AN4 P44/AN4 P44/AN4

133 P45/AN5 P45/AN5 P45/AN5 P45/AN5

134 P46/AN6 P46/AN6 P46/AN6 P46/AN6

135 P47/AN7 P47/AN7 P47/AN7 P47/AN7

136 P90/AN8 P90/AN8 P90/AN8 P90/AN8

137 P91/AN9 P91/AN9 P91/AN9 P91/AN9

138 P92/AN10 P92/AN10 P92/AN10 P92/AN10

139 P93/AN11 P93/AN11 P93/AN11 P93/AN11

140 P94 P94 P94 P94

141 P95 P95 P95 P95

142 P96 P96 P96 P96

143 P97 P97 P97 P97

144 AVss AVss AVss AVss

Note: In mode 4 and mode 5 the following pins (D8 to D15, A0 to A7, RD, AS, HWR) are used to
interface with external ROM. Therefore, these pins must not be set to the SEG signal.
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1.3.3 Pin Functions
Table 1.3 outlines the pin functions of the H8S/2646.

Table 1.3  Pin Functions

Type Symbol 110 Name and Function
Power Vcce Input Power supply: For connection to the power supply.
All Vcc pins should be connected to the system power
supply.
PWMVcc Input PWM port power supply: Power supply pin for port H,

port J, and the motor control PWM timer output

LPVcc Input Port power supply: Power supply pin for ports A, B, C,
D, E, and part of port F (PF2 and PF4 to PF6)

V1,V2,V3 Input LCD power supply: Power supply pin for LCD
controller/driver. There is an on-chip power supply
division resistor, so this pin is normally left open. Power
supply conditions: LPVcc > V1 > V2 > V3 > Vss

Vss Input Ground: For connection to ground (0 V). All Vss pins
should be connected to the system power supply (0 V).

PWMVss Input Ground: Power supply pin for port H, port J, and the
motor control PWM timer output. Connect all pins to
the system power supply (0 V)

VCL Input On-chip step-down power supply pin: Pin for
connecting the on-chip step-down power supply to a
capacitor for voltage stabilization. Connect to Vss via a
0.1 uF capacitor (which should be located near the
pin). Do not connect this pin to an external power

supply.
Clock PLLVss Input PLL ground: Ground for on-chip PLL oscillator.
PLLCAP Input PLL capacitance: External capacitance pin for on-chip

PLL oscillator.

XTAL Input Connects to a crystal oscillator.
See section 21, Clock Pulse Generator, for typical
connection diagrams for a crystal oscillator.

Use a crystal resonator for the system clock pulse
generator. External clock drive cannot be used.

EXTAL Input Connects to a crystal oscillator.
See section 21, Clock Pulse Generator, for typical
connection diagrams for a crystal oscillator.
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H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM

Section 1 Overview

Type Symbol 1/0 Name and Function
Clock OSCH1 Input Subclock: Connects to a 32 kHz crystal oscillator.
See section 21, Clock Pulse Generator, for typical
connection diagrams for a crystal oscillator.
0SscC2 Input Subclock: Connects to a 32 kHz crystal oscillator.
See section 21, Clock Pulse Generator, for typical
connection diagrams for a crystal oscillator.
[0} Output  System clock: Supplies the system clock to an external

device.

Operating mode MD2 to MDO Input
control

Mode pins: These pins set the operating mode.

The relation between the settings of pins MD2 to MDO
and the operating mode is shown below. These pins
should not be changed while the H8S/2646 Group is
operating.

MD2 MD1 MDO Operating Mode

0 0

Mode 4
Mode 5
Mode 6
Mode 7

= | O|=|O|=|O| 2| O

System control  RE Input

Reset input: When this pin is driven low, the chip is
reset.

STBY Input

Standby: When this pin is driven low, a transition is
made to hardware standby mode.

FWE Input

Flash write enable: Pin for flash memory use (in
planning stage).

Interrupts NMI Input

Nonmaskable interrupt: Requests a nonmaskable
interrupt. When this pin is not used, it should be fixed
high.

IRQ5 to IRQO Input

Interrupt request 5 to 0: These pins request a
maskable interrupt.

Address bus A23 to A0 Output

Address bus: These pins output an address.
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H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM

Type Symbol 1/0 Name and Function

Data bus D15 to DO I/O Data bus: These pins constitute a bidirectional data
bus.

Bus control AS Output  Address strobe: When this pin is low, it indicates that
address output on the address bus is enabled.

RD Output  Read: When this pin is low, it indicates that the external
address space can be read.

HWR Output  High write: A strobe signal that writes to external space
and indicates that the upper half (D15 to D8) of the
data bus is enabled.

LWR Output  Low write: A strobe signal that writes to external space
and indicates that the lower half (D7 to DO) of the data
bus is enabled.

WAIT Input Wait: It is necessary to insert a wait state into the bus
cycle when accessing the external three-state address
space.

16-bit timer TCLKD to Input Clock input D to A: These pins input an external clock.
pulse unit (TPU) TCLKA

TIOCAO, I/O Input capture/ output compare match AO to DO:

TIOCBO, The TGROA to TGROD input capture input or output

TIOCCO, compare output, or PWM output pins.

TIOCDO

TIOCA1, I/0 Input capture/ output compare match A1 and B1:

TIOCBH1 The TGR1A and TGR1B input capture input or output
compare output, or PWM output pins.

TIOCA2, I/0 Input capture/ output compare match A2 and B2:

TIOCB2 The TGR2A and TGR2B input capture input or output
compare output, or PWM output pins.

TIOCAS, I/0 Input capture/ output compare match A3 to D3:

TIOCBS, The TGR3A to TGR3D input capture input or output

TIOCC3, compare output, or PWM output pins.

TIOCD3

TIOCAA4, I/0 Input capture/output compare match A4 and B4:

TIOCB4 The TGR4A and TGR4B input capture input or output
compare output, or PWM output pins.

TIOCAS, I/O Input capture/output compare match A5 and B5:

TIOCB5 The TGR5A and TGR5B input capture input or output

compare output, or PWM output pins.
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Section 1 Overview

Type Symbol 1/0 Name and Function

Programmable ~ PO15to PO8 Output Pulse output 15 to 8: Pulse output pins.

pulse generator

(PPG)

Serial TxD1, TxDO Output  Transmit data: Data output pins.

communication . . - :

interface (SCI)/ RxD1, RxDO Input Receive data: Data input pins.

Smart Card SCK1, SCKO 1I/0 Serial clock: Clock I/O pins. The SCKO output type is

interface NMOS push-pull.

H8S/2646,

H8S/2646R,

H8S/2645

Serial TxD2 to Output  Transmit data: Data output pins.

communication ~ TxDO

interface (SCI)/ RxD2 to Input Receive data: Data input pins.

Smart Card

) RxDO

interface
SCK2 to 1/0 Serial clock: Clock I/O pins. The SCKO output type is

HBS/2648, SCKO NMOS push-pull

H8S/2648R, push-pufl

H8S/2647

HCAN HTxD Output HCAN transmit data: Pin for CAN bus transmission.
HRxD Input HCAN receive data: Pin for CAN bus reception.

A/D converter AN11 to ANO Input Analog 11 to 0: Analog input pins.

ADTRG Input A/D conversion external trigger input: Pin for input of
an external trigger to start A/D conversion.

AVcc Input Analog power supply: A/D converter power supply pin.
If the A/D converter is not used, connect this pin to the
system power supply (+5 V).

AVss Input Analog ground: Analog circuit ground and reference
voltage. Connect this pin to the system power supply
(0V).

Vref Input Analog reference power supply: A/D converter
reference voltage input pin. If the A/D converter is not
used, connect this pin to the system power supply
(+5 V).

Motor control PWM1H to Output  PWM output: Motor control PWM channel 1 output
PWM PWM1A pins.
PWM2Hto  Output PWM output: Motor control PWM channel 2 output
PWM2A pins.
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H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM

Type Symbol 1/0 Name and Function
LCD controller/  SEG24 to Output  LCD segment output: LCD segment output pins.
driver SEG1

(H8S/2646,

H8S/2646R,

H8S/2645)

SEG40 to

SEGH1

(H8S/2648,

H8S/2648R,

H8S/2647)

COM4 to Output  LCD common output: LCD common output pins

COM1

I/O ports P17to P10  1/O Port 1: 8-bit I/O pins. Input or output can be designated
for each bit by means of the port 1 data direction
register (P1DDR).

P27 to P20  1/O Port 2: 8-bit I/0 pins. Input or output can be designated
for each bit by means of the port 2 data direction
register (P2DDR).

P37to P30 1/O Port 3: 8-bit I/O pins. Input or output can be designated
for each bit by means of the port 3 data direction
register (P3DDR).

P47 to P40 Input Port 4: 8-bit input pins.

P52to P50 1/O Port 5: 3-bit I/O pins. Input or output can be designated
for each bit by means of the port 5 data direction
register (P5DDR).

P97 to P90 Input Port 9: 8-bit input pins.

PA7 to PAO 1/O Port A: 8-bit I/0O pins. Input or output can be
designated for each bit by means of the port A data
direction register (PADDR).

PB7 to PBO 1/O Port B: 8-bit I/O pins. Input or output can be
designated for each bit by means of the port B data
direction register (PBDDR).

PC7to PCO 1/O Port C: 8-bit I/O pins. Input or output can be
designated for each bit by means of the port C data
direction register (PCDDR).

PD7 to PDO 1/O Port D: 8-bit I/O pins. Input or output can be
designated for each bit by means of the port D data
direction register (PDDDR).

PE7 to PEO 1/O Port E: 8-bit I/0O pins. Input or output can be

designated for each bit by means of the port E data
direction register (PEDDR).
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H8S/2646 Group, H8S/2646R F-ZTATTM,

H8S/2648R F-ZTATTM

Section 1 Overview

Type Symbol 1/0 Name and Function
1/0 ports PF7 to PF2, 1/0 Port F: 7-bit I/O pins. Input or output can be designated

PFO for each bit by means of the port F data direction
register (PFDDR).

PH7 to PHO 1/O Port H: 8-bit I/O pins. Input or output can be
designated for each bit by means of the port H data
direction register (PHDDR).

PJ7 to PJO I/O Port J: 8-bit I/0 pins. Input or output can be designated
for each bit by means of the port J data direction
register (PJDDR).

PK6 to PK7 1/0 Port K: 2-bit I/0O pins. Input or output can be

designated for each bit by means of the port K data
direction register (PKDDR).
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Section 2 CPU

2.1 Overview

The H8S/2600 CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 and H8/300H CPUs. The H8S/2600 CPU has sixteen 16-bit
general registers, can address a 16-Mbyte (architecturally 4-Gbyte) linear address space, and is
ideal for realtime control.

2.1.1 Features

The H8S/2600 CPU has the following features.

e Upward-compatible with H8/300 and H8/300H CPUs
— Can execute H8/300 and H8/300H object programs
e General-register architecture
— Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit
registers)
e Sixty-nine basic instructions
— 8/16/32-bit arithmetic and logic instructions
— Multiply and divide instructions
— Powerful bit-manipulation instructions
— Multiply-and-accumulate instruction
e Eight addressing modes
— Register direct [Rn]
— Register indirect [@ERn]
— Register indirect with displacement [@(d:16,ERn) or @(d:32,ERn)]
— Register indirect with post-increment or pre-decrement [ @ERn+ or @—ERn]
— Absolute address [@aa:8, @aa:16, @aa:24, or @aa:32]
— Immediate [#xx:8, #xx:16, or #xx:32]
— Program-counter relative [@(d:8,PC) or @(d:16,PC)]
— Memory indirect [@ @aa:8§]
e 16-Mbyte address space
— Program: 16 Mbytes
— Data: 16 Mbytes (4 Gbyte architecturally)
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e High-speed operation

— All frequently-used instructions execute in one or two states

— Maximum clock rate: 20 MHz
— 8/16/32-bit register-register add/subtract: 50 ns
— 8 x 8-bit register-register multiply: 150 ns
— 16 + 8-bit register-register divide: 600 ns

— 16 x 16-bit register-register multiply: 200 ns
— 32 + 16-bit register-register divide: 1000 ns
e Two CPU operating modes
— Normal mode™
— Advanced mode
Note: * Not available in the H85/2646 Group.

e Power-down state
— Transition to power-down state by SLEEP instruction

— CPU clock speed selection

2.1.2 Differences between H8S/2600 CPU and H8S/2000 CPU
The differences between the H8S/2600 CPU and the H8S/2000 CPU are as shown below.

e Register configuration
The MAC register is supported only by the H8S/2600 CPU.
e Basic instructions

The four instructions MAC, CLRMAC, LDMAC, and STMAC are supported only by the
H8S/2600 CPU.

e Number of execution states

The number of execution states of the MULXU and MULXS instructions is different in each
CPU.

Execution States

Instruction Mnemonic H8S/2600 H8S/2000
MULXU MULXU.B Rs, Rd 3 12
MULXU.W Rs, ERd 4 20
MULXS MULXS.B Rs, Rd 4 13
MULXS.W Rs, ERd 5 21
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In addition, there are differences in address space, CCR and EXR register functions, power-down
modes, etc., depending on the model.

2.1.3 Differences from H8/300 CPU
In comparison to the H8/300 CPU, the H8S/2600 CPU has the following enhancements.

e More general registers and control registers
— Fight 16-bit expanded registers, and one 8-bit and two 32-bit control registers, have been
added.
e Expanded address space
— Normal mode™ supports the same 64-kbyte address space as the H8/300 CPU.
— Advanced mode supports a maximum 16-Mbyte address space.
Note: * Not available in the H85/2646 Group.

e Enhanced addressing
— The addressing modes have been enhanced to make effective use of the 16-Mbyte address
space.
e Enhanced instructions
— Addressing modes of bit-manipulation instructions have been enhanced.
— Signed multiply and divide instructions have been added.
— A multiply-and-accumulate instruction has been added.
— Two-bit shift instructions have been added.
— Instructions for saving and restoring multiple registers have been added.
— A test and set instruction has been added.
e Higher speed

— Basic instructions execute twice as fast.

2.14 Differences from H8/300H CPU
In comparison to the H8/300H CPU, the H8S/2600 CPU has the following enhancements.

e Additional control register
— One 8-bit and two 32-bit control registers have been added.
e Enhanced instructions
— Addressing modes of bit-manipulation instructions have been enhanced.

— A multiply-and-accumulate instruction has been added.
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— Two-bit shift instructions have been added.
— Instructions for saving and restoring multiple registers have been added.
— A test and set instruction has been added.
e Higher speed
— Basic instructions execute twice as fast.

2.2 CPU Operating Modes

The H8S/2600 CPU has two operating modes: normal and advanced. Normal mode™ supports a
maximum 64-kbyte address space. Advanced mode supports a maximum 16-Mbyte total address
space (architecturally a maximum 16-Mbyte program area and a maximum of 4 Gbytes for
program and data areas combined). The mode is selected by the mode pins of the microcontroller.

Note: * Not available in the H85/2646 Group.

Normal mode* Maximum 64 kbytes, program
and data areas combined

CPU operating modes }7

Maximum 16 Mbytes for

—' Advanced mode | program and data areas
combined

Note: * Not available in the H8S/2646 Group.

Figure 2.1 CPU Operating Modes
(1) Normal Mode (Not Available in the H8S/2646 Group)
The exception vector table and stack have the same structure as in the H8/300 CPU.
Address Space: A maximum address space of 64 kbytes can be accessed.

Extended Registers (En): The extended registers (EO to E7) can be used as 16-bit registers, or as
the upper 16-bit segments of 32-bit registers. When En is used as a 16-bit register it can contain

any value, even when the corresponding general register (Rn) is used as an address register. If the
general register is referenced in the register indirect addressing mode with pre-decrement (@—Rn)
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or post-increment (@Rn+) and a carry or borrow occurs, however, the value in the corresponding
extended register (En) will be affected.

Instruction Set: All instructions and addressing modes can be used. Only the lower 16 bits of
effective addresses (EA) are valid.

Exception Vector Table and Memory Indirect Branch Addresses: In normal mode the top area
starting at H'0000 is allocated to the exception vector table. One branch address is stored per 16
bits (figure 2.2). The exception vector table differs depending on the microcontroller. For details
of the exception vector table, see section 4, Exception Handling.

H'0000 |
H'0001
H'0002 |
H'0003
H'0004 |
H0005 (Reserved for system use)  --1 ,
H'0006 Exception

H'0007 | | [ vector table
H'0008 |
H'0009
H'000A|
H'000B

Reset exception vector

Exception vector 1

Exception vector 2

N

Figure 2.2 Exception Vector Table (Normal Mode)

The memory indirect addressing mode (@ @aa:8) employed in the JMP and JSR instructions uses
an 8-bit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In normal mode the operand is a 16-bit word operand, providing a 16-
bit branch address. Branch addresses can be stored in the top area from H'0000 to H'OOFF. Note
that this area is also used for the exception vector table.
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Stack Structure: When the program counter (PC) is pushed onto the stack in a subroutine call,
and the PC, condition-code register (CCR), and extended control register (EXR) are pushed onto
the stack in exception handling, they are stored as shown in figure 2.3. When EXR is invalid, it is
not pushed onto the stack. For details, see section 4, Exception Handling.

\/—\ \/—\

SP—| PC SP— EXR*1
(16 bits) 2 Reserved ™3
(SP—) CCR
\—/—\ CCR™
B - PC -
(16 bits)
(a) Subroutine Branch (b) Exception Handling

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

Figure 2.3 Stack Structure in Normal Mode
(2) Advanced Mode

Address Space: Linear access is provided to a 16-Mbyte maximum address space (architecturally
a maximum 16-Mbyte program area and a maximum 4-Gbyte data area, with a maximum of 4
Gbytes for program and data areas combined).

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

Instruction Set: All instructions and addressing modes can be used.
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Exception Vector Table and Memory Indirect Branch Addresses: In advanced mode the top
area starting at H'00000000 is allocated to the exception vector table in units of 32 bits. In each 32
bits, the upper 8 bits are ignored and a branch address is stored in the lower 24 bits (figure 2.4).
For details of the exception vector table, see section 4, Exception Handling.

H'00000000 Reserved
7 Reset exception vector |
H'00000003
H'00000004 | Reserved |
H'00000007 | |
H'00000008
I 1 > Exception vector table
H'00000008 | |
(Reserved for system use)
H'0000000C | |
H'000O000O10 | Reserved |
i Exception vector 1 1

Figure 2.4 Exception Vector Table (Advanced Mode)

The memory indirect addressing mode (@ @aa:8) employed in the JMP and JSR instructions uses
an 8-bit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In advanced mode the operand is a 32-bit longword operand, providing
a 32-bit branch address. The upper 8 bits of these 32 bits are a reserved area that is regarded as
H'00. Branch addresses can be stored in the area from H'00000000 to H'O00000FF. Note that the
first part of this range is also the exception vector table.
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Stack Structure: In advanced mode, when the program counter (PC) is pushed onto the stack in a
subroutine call, and the PC, condition-code register (CCR), and extended control register (EXR)
are pushed onto the stack in exception handling, they are stored as shown in figure 2.5. When
EXR is invalid, it is not pushed onto the stack. For details, see section 4, Exception Handling.

\/\ \/\

SP— EXR*1
SP— Reserved Reserved™ 13
”””””””””””””””””””””” (SP-») CCR
PC -
- (24 bits) - A PC R
(24 bits)
(a) Subroutine Branch (b) Exception Handling

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

Figure 2.5 Stack Structure in Advanced Mode
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23 Address Space

Figure 2.6 shows a memory map of the H8S/2600 CPU. The H8S/2600 CPU provides linear
access to a maximum 64-kbyte address space in normal mode, and a maximum 16-Mbyte
(architecturally 4-Gbyte) address space in advanced mode.

H'0000 H'00000000
HFFFF Program area
H'0OFFFFFF Data area
Cannot be
used by the
H8S/2646 Group
H'FFFFFFFF
(a) Normal Mode* (b) Advanced Mode
Note: * Not available in the H8S/2646 Group.
Figure 2.6 Memory Map
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24 Register Configuration
24.1 Overview

The CPU has the internal registers shown in figure 2.7. There are two types of registers: general
registers and control registers.

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 E1 R1H R1L
ER2 E2 R2H R2oL
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers (CR)
23 0

| PC |

76543210
EXR [T|-|-[-[-]i2]1]io

76543210

coR [IUHUNZIV]

63 41 32
MAG Sign extension ! MACH
MACL

31 0
Legend:
SP: Stack pointer H: Half-carry flag
PC: Program counter u: User bit
EXR:  Extended control register N: Negative flag
T: Trace bit Z: Zero flag
12 to 10: Interrupt mask bits V: Overflow flag
CCR: Condition-code register C: Carry flag
I: Interrupt mask bit MAC:  Multiply-accumulate register

ul: User bit or interrupt mask bit*

Note: * Cannot be used as an interrupt mask bit in the H8S/2646 Group.

Figure 2.7 CPU Registers
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24.2 General Registers

The CPU has eight 32-bit general registers. These general registers are all functionally alike and
can be used as both address registers and data registers. When a general register is used as a data
register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. When the general registers are used
as 32-bit registers or address registers, they are designated by the letters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). These registers are functionally equivalent, providing a maximum sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) and
RL (ROL to R7L). These registers are functionally equivalent, providing a maximum sixteen 8-bit
registers.

Figure 2.8 illustrates the usage of the general registers. The usage of each register can be selected
independently.

e Address registers

e 32-bit registers e 16-bit registers * 8-bit registers
E registers (extended registers)
(EO to E7)

ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers

(RO to R7)
RL registers
(ROL to R7L)

Figure 2.8 Usage of General Registers
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General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.9 shows the

stack.

Free area

SP (ER7) —»]

Stack area

/\_/

Figure 2.9 Stack
243 Control Registers

The control registers are the 24-bit program counter (PC), 8-bit extended control register (EXR),
8-bit condition-code register (CCR), and 64-bit multiply-accumulate register (MAC).

(1) Program Counter (PC)

This 24-bit counter indicates the address of the next instruction the CPU will execute. The length
of all CPU instructions is 2 bytes (one word), so the least significant PC bit is ignored. (When an
instruction is fetched, the least significant PC bit is regarded as 0.)

(2) Extended Control Register (EXR)
This 8-bit register contains the trace bit (T) and three interrupt mask bits (I2 to 10).

Bit 7—Trace Bit (T): Selects trace mode. When this bit is cleared to 0, instructions are executed
in sequence. When this bit is set to 1, a trace exception is generated each time an instruction is
executed.

Bits 6 to 3—Reserved: These bits are reserved. They are always read as 1.
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Bits 2 to 0—Interrupt Mask Bits (I2 to 10): These bits designate the interrupt mask level (0 to
7). For details, refer to section 5, Interrupt Controller.

Operations can be performed on the EXR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. All interrupts, including NMI, are disabled for three states after one of these
instructions is executed, except for STC.

(3) Condition-Code Register (CCR)

This 8-bit register contains internal CPU status information, including an interrupt mask bit (I) and
half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags.

Bit 7—Interrupt Mask Bit (I): Masks interrupts other than NMI when set to 1. (NMI is accepted
regardless of the I bit setting.) The I bit is set to 1 by hardware at the start of an exception-
handling sequence. For details, refer to section 5, Interrupt Controller.

Bit 6—User Bit or Interrupt Mask Bit (UI): Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an interrupt mask
bit. For details, refer to section 5, Interrupt Controller.

Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, this flag is set to 1 if there is a carry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
set to 1 if there is a carry or borrow at bit 11, and cleared to 0 otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if there is a carry or
borrow at bit 27, and cleared to 0 otherwise.

Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC, and
XORC instructions.

Bit 3—Negative Flag (N): Stores the value of the most significant bit (sign bit) of data.
Bit 2—Zero Flag (Z): Set to 1 to indicate zero data, and cleared to 0 to indicate non-zero data.

Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to O at other
times.

Bit 0—Carry Flag (C): Set to 1 when a carry occurs, and cleared to O otherwise. Used by:

e Add instructions, to indicate a carry
e Subtract instructions, to indicate a borrow

e Shift and rotate instructions, to store the value shifted out of the end bit
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The carry flag is also used as a bit accumulator by bit manipulation instructions.

Some instructions leave some or all of the flag bits unchanged. For the action of each instruction
on the flag bits, refer to appendix A.1, Instruction List.

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

(4) Multiply-Accumulate Register (MAC)

This 64-bit register stores the results of multiply-and-accumulate operations. It consists of two 32-
bit registers denoted MACH and MACL. The lower 10 bits of MACH are valid; the upper bits are
a sign extension.

244 Initial Register Values

Reset exception handling loads the CPU's program counter (PC) from the vector table, clears the
trace bit in EXR to 0, and sets the interrupt mask bits in CCR and EXR to 1. The other CCR bits
and the general registers are not initialized. In particular, the stack pointer (ER7) is not initialized.
The stack pointer should therefore be initialized by an MOV.L instruction executed immediately
after a reset.
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2.5 Data Formats

The CPU can process 1-bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit (longword) data.
Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2, ..., 7) of byte
operand data. The DAA and DAS decimal-adjust instructions treat byte data as two digits of 4-bit
BCD data.

2.5.1 General Register Data Formats

Figure 2.10 shows the data formats in general registers.

Data Type Register Number Data Format
1-bit data RnH 0
17|6]5]4|3|2[1]0]  Dontcare !
1-bit data R ... 7
Don'tcare  |7|6]5]4]3]2[1]0]
4-bit BCD data RnH 7 43 0
| Upper | Lower | Don’t care
4-bit BCD data R ... 7 43 0
Don’t care | Upper | Lower |
Byte data RnH 7 0
| Don’t care
MSB tse
Byte data rRoL 7 0
Don’t care | P
MSB LSB
Figure 2.10 General Register Data Formats
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Data Type Register Number Data Format
Word data Rn 1 5 | 0
MSB LSB
Word data En
MSB LSB

Longword data ERn

MSB En Rn LSB
Legend:

ERn: General register ER
En:  General register E
Rn:  General register R
RnH: General register RH
RnL: General register RL
MSB: Most significant bit
LSB: Least significant bit

Figure 2.10 General Register Data Formats (cont)
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2.5.2 Memory Data Formats

Figure 2.11 shows the data formats in memory. The CPU can access word data and longword data
in memory, but word or longword data must begin at an even address. If an attempt is made to
access word or longword data at an odd address, no address error occurs but the least significant
bit of the address is regarded as 0, so the access starts at the preceding address. This also applies to

instruction fetches.

Data Type

1-bit data

Byte data

Word data

Longword data

Data Format

Address /\/

Address 2M |MSB:

Address 2M + 1

Address 2N |MSB!

Address 2N + 1

7 0
AddressL| 7|6 |54 13| 2|1]0
AddressL [MSB: i . SB
L s
L0 sB

Address 2N +2 | |
Address 2N + 3 !

Figure 2.11 Memory Data Formats

When ER7 is used as an address register to access the stack, the operand size should be word size

or longword size.
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2.6 Instruction Set
2.6.1 Overview

The H8S/2600 CPU has 69 types of instructions. The instructions are classified by function in
table 2.1.

Table 2.1 Instruction Classification

Function Instructions Size  Types
Data transfer MOV BWL 5
POP*', PUSH™' WL
LDM, STM L
MOVFPE™*®, MOVTPE™® B
Arithmetic ADD, SUB, CMP, NEG BWL 23
operations ADDX, SUBX, DAA, DAS B
INC, DEC BWL
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS BW
EXTU, EXTS WL
TAS™ B
MAC, LDMAC, STMAC, CLRMAC —
Logic operations AND, OR, XOR, NOT BWL
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR BWL 8
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch Bcc™, JMP, BSR, JSR, RTS — 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP — 9
Block data transfer EEPMOV — 1
Total: 69

Legend: B: Byte size
W: Word size
L: Longword size
Notes: 1. POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W Rn,
@-SP. POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L
ERn, @-SP.
2. Bcc is the general name for conditional branch instructions.
Not available in the H8S/2646 Group.
4. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.

w
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2.6.2

Instructions and Addressing Modes

Table 2.2 indicates the combinations of instructions and addressing modes that the H8§S/2600 CPU

can use.
Table 2.2  Combinations of Instructions and Addressing Modes
Addressing Modes
+
T | 2| & ~
Function Instruction o o 5 [ g
c | ¢ § ] E e | e 3|8 g| %

# 3 ® ® ® ® ® @ ® @ ® @ ® |

Data MOV BWL | BWL | BWL | BWL | BWL | BWL B BWL — BWL — — — —
transfer POP, PUSH [N IR R R R R - T T Tw
LDM, STM N (R [ B R B I B B R R B e

MOVFPE™, MOVTPE"'| — | — | — | — | — | — | — B [ I I N R

Arithmetic ADD, CMP BWL | BWL | — — — — — — — — — — —_ —
operations  'gjg WL | BWL | — — — — — — — — — — — —
ADDX, SUBX B B — — — — — — — — — _ _ —

ADDS, SUBS — L — — — — — — — _ _ _ _ _

INC, DEC — BWL — — - — — — — — — — — —

DAA, DAS — B — — — — — — — — — — — —

MULXU, DIVXU — BW — — — — — — — — — — _ —

MULXS, DIVXS — BW — — — — — — — — — — — —

NEG —J/pw| — | = [ - | =] =] =]=]=1]=1=1=1 =

EXTU, EXTS — WL — — — — — — — — — _ — _

TAS™ - | - B —_ == =1 =1 =1=1T=1=71T=

MAC — | -] =1=1=10 — | -] =1 =]=1]1=1=1 =

CLRMAC — — — — — — — — — — — _ — 0

LDMAC, STMAC — L — — — — — — — — — _ _ —

Logic AND, OR, XOR BWL | BWL — — - — — — — — — — — —
operations NOT — BwL| — — — — — — — — — — — —
Shift — | BWL | — — — — — — — — — — _ _
Bit manipulation — B B — s — B B — B — — — —
Branch Bcc, BSR — — — — — — — — — — O O — —
JMP, JSR — =T =T =1 =1 =1=T=To 1 =1=7T=T01-=

RTS — | =] =1 =]=1=]1=1=1=]1=1=1]1=171=10

System TRAPA — - — — — — — — — _ _ _ [9)
control RTE — — — — — — — — — — — — — 0
SLEEP — — — — — — — — — — — _ — 0

LDC B B w w w w — w — w — — — —

STC — B w w w w — w — w — — — —

ANDC, ORC, XORC B — — — — — — — — — _ _ _ _

NOP - =-!l=-1/1=-1/-/-/=-/=-/=-/=-1-1-1-10
Block data transfer — — — — — — — — — — — — — BW

Legend: B: Byte
W: Word
L: Longword

Notes: 1. Not available in the H8S/2646 Group.

2. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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2.6.3 Table of Instructions Classified by Function

Table 2.3 summarizes the instructions in each functional category. The notation used in table 2.3
is defined below.

Operation Notation

Rd General register (destination)*
Rs General register (source)*

Rn General register”

ERn General register (32-bit register)
MAC Multiply-accumulate register (32-bit register)
(EAd) Destination operand

(EAs) Source operand

EXR Extended control register
CCR Condition-code register

N N (negative) flag in CCR

V4 Z (zero) flag in CCR

Vv V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

A Logical AND

v Logical OR

@ Logical exclusive OR

- Move

- NOT (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO to
R7, EO to E7), and 32-bit registers (ERO to ER7).
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Table 2.3  Instructions Classified by Function

Type Instruction Size™ Function

Data transfer MOV B/W/L  (EAs) » Rd, Rs — (EAd)
Moves data between two general registers or between a
general register and memory, or moves immediate data
to a general register.

MOVFPE B Cannot be used in the H8S/2646 Group.
MOVTPE B Cannot be used in the H8S/2646 Group.
POP WI/L @SP+ — Rn

Pops a register from the stack. POP.W Rn is identical to
MOV.W @SP+, Rn. POP.L ERn is identical to MOV.L
@SP+, ERn.

PUSH W/L Rn -» @-SP
Pushes a register onto the stack. PUSH.W Rn is
identical to MOV.W Rn, @—-SP. PUSH.L ERn is identical
to MOV.L ERn, @-SP.

LDM L @SP+ — Rn (register list)
Pops two or more general registers from the stack.
STM L Rn (register list) > @—-SP

Pushes two or more general registers onto the stack.
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Type Instruction Size™ Function
Arithmetic ADD B/W/L Rd=+Rs—>Rd, Rdz#MM— Rd
operations SUB Performs addition or subtraction on data in two general
registers, or on immediate data and data in a general
register. (Immediate byte data cannot be subtracted from
byte data in a general register. Use the SUBX or ADD
instruction.)
ADDX B Rd + Rs + C —» Rd, Rdz+ #IMM = C — Rd
SUBX Performs addition or subtraction with carry or borrow on
byte data in two general registers, or on immediate data
and data in a general register.
INC BW/L Rd+1—->Rd, Rd+2 - Rd
DEC Increments or decrements a general register by 1 or 2.
(Byte operands can be incremented or decremented by
1 only.)
ADDS L Rd+1—>Rd, Rd+2—> Rd, Rd+4 — Rd
SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a
32-bit register.
DAA B Rd decimal adjust - Rd
DAS Decimal-adjusts an addition or subtraction result in a
general register by referring to the CCR to produce 4-bit
BCD data.
MULXU B/W Rd x Rs — Rd
Performs unsigned multiplication on data in two general
registers: either 8 bits x 8 bits — 16 bits or 16 bits x
16 bits — 32 bits.
MULXS B/W Rd x Rs — Rd
Performs signed multiplication on data in two general
registers: either 8 bits x 8 bits — 16 bits or 16 bits x
16 bits — 32 bits.
DIVXU B/W Rd + Rs - Rd

Performs unsigned division on data in two general
registers: either 16 bits + 8 bits — 8-bit quotient and 8-bit
remainder or 32 bits + 16 bits — 16-bit quotient and 16-
bit remainder.
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Type Instruction Size™  Function
Arithmetic DIVXS B/W Rd + Rs - Rd
operations Performs signed division on data in two general
registers: either 16 bits + 8 bits — 8-bit quotient and 8-bit
remainder or 32 bits + 16 bits — 16-bit quotient and 16-
bit remainder.
CMP B/W/L Rd-Rs, Rd-#IMM
Compares data in a general register with data in another
general register or with immediate data, and sets CCR
bits according to the result.
NEG B/W/L 0-Rd— Rd
Takes the two's complement (arithmetic complement) of
data in a general register.
EXTU W/L Rd (zero extension) — Rd
Extends the lower 8 bits of a 16-bit register to word size,
or the lower 16 bits of a 32-bit register to longword size,
by padding with zeros on the left.
EXTS WI/L Rd (sign extension) — Rd
Extends the lower 8 bits of a 16-bit register to word size,
or the lower 16 bits of a 32-bit register to longword size,
by extending the sign bit.
TAS B @ERd -0, 1 — (<bit 7> of @ERd)™*?
Tests memory contents, and sets the most significant bit
(bit 7) to 1.
MAC — (EAs) x (EAd) + MAC —» MAC
Performs signed multiplication on memory contents and
adds the result to the multiply-accumulate register. The
following operations can be performed:
16 bits x 16 bits + 32 bits — 32 bits, saturating
16 bits x 16 bits + 42 bits — 42 bits, non-saturating
CLRMAC — 0—> MAC
Clears the multiply-accumulate register to zero.
LDMAC L Rs - MAC, MAC — Rd
STMAC Transfers data between a general register and a

multiply-accumulate register.
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Type Instruction Size™  Function
Logic AND B/W/L RdARs—Rd, Rda#IMM — Rd
operations Performs a logical AND operation on a general register
and another general register or immediate data.
OR B/W/L RdvRs—Rd, Rdv#MM— Rd
Performs a logical OR operation on a general register
and another general register or immediate data.
XOR B/W/L Rd®Rs —» Rd, Rd® #IMM — Rd
Performs a logical exclusive OR operation on a general
register and another general register or immediate data.
NOT B/W/L - (Rd) — (Rd)
Takes the one's complement of general register
contents.
Shift SHAL B/W/L  Rd (shift) -» Rd
operations SHAR Performs an arithmetic shift on general register contents.
1-bit or 2-bit shift is possible.
SHLL B/W/L  Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
1-bit or 2-bit shift is possible.
ROTL B/W/L  Rd (rotate) -» Rd
ROTR Rotates general register contents.
1-bit or 2-bit rotation is possible.
ROTXL B/W/L  Rd (rotate) - Rd
ROTXR Rotates general register contents through the carry flag.

1-bit or 2-bit rotation is possible.
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Type Instruction

Size™

Function

Bit- BSET
manipulation
instructions

1 — (<bit-No.> of <EAd>)

Sets a specified bit in a general register or memory
operand to 1. The bit number is specified by 3-bit
immediate data or the lower three bits of a general
register.

BCLR

0 — (<bit-No.> of <EAd>)

Clears a specified bit in a general register or memory
operand to 0. The bit number is specified by 3-bit
immediate data or the lower three bits of a general
register.

BNOT

— (<bit-No.> of <EAd>) — (<bit-No.> of <EAd>)

Inverts a specified bit in a general register or memory
operand. The bit number is specified by 3-bit immediate
data or the lower three bits of a general register.

BTST

— (<bit-No.> of <EAd>) —» Z

Tests a specified bit in a general register or memory
operand and sets or clears the Z flag accordingly. The
bit number is specified by 3-bit immediate data or the
lower three bits of a general register.

BAND

BIAND

C A (<bit-No.> of <EAd>) —» C

ANDs the carry flag with a specified bit in a general
register or memory operand and stores the result in the
carry flag.

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

ANDs the carry flag with the inverse of a specified bit in
a general register or memory operand and stores the
result in the carry flag.

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

BOR

BIOR

C v (<bit-No.> of <EAd>) —» C

ORs the carry flag with a specified bit in a general
register or memory operand and stores the result in the
carry flag.

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

ORs the carry flag with the inverse of a specified bit in a
general register or memory operand and stores the
result in the carry flag.

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

REJ09B0257-0700 Rev. 7.00
Jun 10, 2010

/{ Page 51 of 1126
KENESAS



Section2 CPU

H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM

Type Instruction Size™  Function
Bit- BXOR B C @ (<bit-No.> of <EAd>) — C
manipulation Exclusive-ORs the carry flag with a specified bit in a
instructions general register or memory operand and stores the
result in the carry flag.
BIXOR B C @ [ (<bit-No.> of <EAd>) ] > C
Exclusive-ORs the carry flag with the inverse of a
specified bit in a general register or memory operand
and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.
BLD B (<bit-No.> of <EAd>) —» C
Transfers a specified bit in a general register or memory
operand to the carry flag.
BILD B — (<bit-No.> of <EAd>) —» C
Transfers the inverse of a specified bit in a general
register or memory operand to the carry flag.
The bit number is specified by 3-bit immediate data.
BST B C — (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a
general register or memory operand.
BIST B — C — (<bit-No.> of <EAd>)

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

The bit number is specified by 3-bit immediate data.
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Type Instruction  Size™

Function

Branch Bcc —

instructions

Branches to a specified address if a specified condition
is true. The branching conditions are listed below.

Mnemonic Description Condition

BRA(BT) Always (true) Always

BRN(BF) Never (false) Never

BHI High CvZ=0

BLS Low or same CvzZ=A1

BCC(BHS) Carry clear C=0

(high or same)

BCS(BLO) Carry set (low) C=1

BNE Not equal Z=0

BEQ Equal Z=1

BVC Overflow clear V=0

BVS Overflow set V=1

BPL Plus N=0

BMI Minus N=1

BGE Greater or equal N®eV=0

BLT Less than NeV=1

BGT Greater than ZvIN®e V)=0

BLE Less or equal Zv(N® V) =1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address.
JSR — Branches to a subroutine at a specified address.
RTS — Returns from a subroutine
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Type

Instruction

Size™

Function

System control
instructions

TRAPA

Starts trap-instruction exception handling.

RTE

Returns from an exception-handling routine.

SLEEP

Causes a transition to a power-down state.

LDC

B/W

(EAs) —» CCR, (EAs) » EXR

Moves the source operand contents or immediate data
to CCR or EXR. Although CCR and EXR are 8-bit
registers, word-size transfers are performed between
them and memory. The upper 8 bits are valid.

STC

B/W

CCR — (EAd), EXR — (EAd)

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

ANDC

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

ORC

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

XORC

CCR @ #IMM — CCR, EXR @ #IMM — EXR
Logically exclusive-ORs the CCR or EXR contents with
immediate data.

NOP

PC+2 - PC
Only increments the program counter.
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Type Instruction Size™  Function
Block data EEPMOV.B — if R4L = 0 then
transfer Repeat @ER5+ - @ER6+
instruction R4L-1 —» R4L
Until R4L =0
else next;
EEPMOV.W — if R4 = 0 then
Repeat @ER5+ —» @ER6G+
R4-1 —» R4
UntilR4=0
else next;

Transfers a data block according to parameters set in
general registers R4L or R4, ER5, and ERG6.

R4L or R4: size of block (bytes)

ERS5: starting source address

ER®6: starting destination address

Execution of the next instruction begins as soon as the
transfer is completed.

Notes: 1. Size refers to the operand size.
B: Byte
W: Word
L: Longword
2. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.

2.6.4 Basic Instruction Formats

The CPU instructions consist of 2-byte (1-word) units. An instruction consists of an operation
field (op field), a register field (r field), an effective address extension (EA field), and a condition
field (cc).

(1) Operation Field: Indicates the function of the instruction, the addressing mode, and the
operation to be carried out on the operand. The operation field always includes the first four bits of
the instruction. Some instructions have two operation fields.

(2) Register Field: Specifies a general register. Address registers are specified by 3 bits, data
registers by 3 bits or 4 bits. Some instructions have two register fields. Some have no register
field.

(3) Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absolute
address, or a displacement.

(4) Condition Field: Specifies the branching condition of Bcc instructions.
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Figure 2.12 shows examples of instruction formats.

(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

op rn m ADD.B Rn, Rm, etc.

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

op m rm

MOV.B @(d:16, Rn), Rm, etc.

EA (disp)

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

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

Figure 2.12 Instruction Formats (Examples)
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2.7 Addressing Modes and Effective Address Calculation

2.7.1 Addressing Mode

The CPU supports the eight addressing modes listed in table 2.4. Each instruction uses a subset of
these addressing modes. Arithmetic and logic instructions can use the register direct and
immediate modes. Data transfer instructions can use all addressing modes except program-counter
relative and memory indirect. Bit manipulation instructions use register direct, register indirect, or
absolute addressing mode to specify an operand, and register direct (BSET, BCLR, BNOT, and
BTST instructions) or immediate (3-bit) addressing mode to specify a bit number in the operand.

Table 2.4  Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERnN
3 Register indirect with displacement @(d:16,ERn)/@(d:32,ERn)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERn
5 Absolute address @aa:8/@aa:16/@aa:24/@aa:32
6 Immediate #XX:8/#xx:16/#xx:32
7 Program-counter relative @ (d:8,PC)/@(d:16,PC)
8 Memory indirect @ @aa:8

(1) Register Direct—Rn: The register field of the instruction specifies an 8-, 16-, or 32-bit
general register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit
registers. RO to R7 and EO to E7 can be specified as 16-bit registers. ERO to ER7 can be specified
as 32-bit registers.

(2) Register Indirect— @ERn: The register field of the instruction code specifies an address
register (ERn) which contains the address of the operand on memory. If the address is a program
instruction address, the lower 24 bits are valid and the upper 8 bits are all assumed to be 0 (H'00).

(3) Register Indirect with Displacement—@(d:16, ERn) or @(d:32, ERn): A 16-bit or 32-bit
displacement contained in the instruction is added to an address register (ERn) specified by the
register field of the instruction, and the sum gives the address of a memory operand. A 16-bit
displacement is sign-extended when added.
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(4) Register Indirect with Post-Increment or Pre-Decrement—@ERn+ or @-ERn:

e Register indirect with post-increment—@ERn+
The register field of the instruction code specifies an address register (ERn) which contains the
address of a memory operand. After the operand is accessed, 1, 2, or 4 is added to the address
register contents and the sum is stored in the address register. The value added is 1 for byte
access, 2 for word transfer instruction, or 4 for longword transfer instruction. For word or
longword transfer instruction, the register value should be even.

e Register indirect with pre-decrement— @-ERn

The value 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the result becomes the address of a memory operand. The result is
also stored in the address register. The value subtracted is 1 for byte access, 2 for word transfer
instruction, or 4 for longword transfer instruction. For word or longword transfer instruction,
the register value should be even.

(5) Absolute Address—@aa:8, @aa:16, @aa:24, or @aa:32: The instruction code contains the
absolute address of a memory operand. The absolute address may be 8 bits long (@aa:8), 16 bits
long (@aa:16), 24 bits long (@aa:24), or 32 bits long (@aa:32).

To access data, the absolute address should be 8 bits (@aa:8), 16 bits (@aa:16), or 32 bits
(@aa:32) long. For an 8-bit absolute address, the upper 24 bits are all assumed to be 1 (H'FFFF).
For a 16-bit absolute address the upper 16 bits are a sign extension. A 32-bit absolute address can
access the entire address space.

A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The upper 8
bits are all assumed to be 0 (H'00).

Table 2.5 indicates the accessible absolute address ranges.

Table 2.5  Absolute Address Access Ranges

Absolute Address Normal Mode* Advanced Mode
Data address 8 bits (@aa:8) H'FF0O0 to H'FFFF H'FFFFO0O0 to H'FFFFFF

16 bits (@aa:16)  H'0000 to HFFFF  H'000000 to H'O07FFF,
H'FF8000 to H'FFFFFF

32 bits (@aa:32) H'000000 to H'FFFFFF

Program instruction 24 bits (@aa:24)
address

Note: * Not available in the H85/2646 Group.
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(6) Immediate—#xx:8, #xx:16, or #xx:32: The instruction contains 8-bit (#xx:8), 16-bit
(#xx:16), or 32-bit (#xx:32) immediate data as an operand.

The ADDS, SUBS, INC, and DEC instructions contain immediate data implicitly. Some bit
manipulation instructions contain 3-bit immediate data in the instruction code, specifying a bit
number. The TRAPA instruction contains 2-bit immediate data in its instruction code, specifying a
vector address.

(7) Program-Counter Relative—@(d:8, PC) or @(d:16, PC): This mode is used in the Bcc and
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction is sign-extended and
added to the 24-bit PC contents to generate a branch address. Only the lower 24 bits of this branch
address are valid; the upper 8 bits are all assumed to be 0 (H'00). The PC value to which the
displacement is added is the address of the first byte of the next instruction, so the possible
branching range is —126 to +128 bytes (63 to +64 words) or —32766 to +32768 bytes (—16383 to
+16384 words) from the branch instruction. The resulting value should be an even number.

(8) Memory Indirect—@ @aa:8: This mode can be used by the JMP and JSR instructions. The
instruction code contains an 8-bit absolute address specifying a memory operand. This memory
operand contains a branch address. The upper bits of the absolute address are all assumed to be 0,
so the address range is 0 to 255 (H'0000 to H'OOFF in normal mode™, H'000000 to H'0000FF in
advanced mode). In normal mode™ the memory operand is a word operand and the branch address
is 16 bits long. In advanced mode the memory operand is a longword operand, the first byte of
which is assumed to be all 0 (H'00).

Note that the first part of the address range is also the exception vector area. For further details,
refer to section 4, Exception Handling.

Note: * Not available in the H8S/2646 Group.
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Specified — Specified — Reserved

by @aa:8 | Branch address  ----- by @aa:8

\/\

Branch address

(a) Normal Mode* (b) Advanced Mode

Note: * Not available in the H8S/2646 Group.

Figure 2.13 Branch Address Specification in Memory Indirect Mode

If an odd address is specified in word or longword memory access, or as a branch address, the
least significant bit is regarded as 0, causing data to be accessed or instruction code to be fetched
at the address preceding the specified address. (For further information, see section 2.5.2, Memory
Data Formats.)

2.7.2 Effective Address Calculation

Table 2.6 indicates how effective addresses are calculated in each addressing mode. In normal
mode™ the upper 8 bits of the effective address are ignored in order to generate a 16-bit address.

Note: * Not available in the H8S/2646 Group.
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Effective Address Calculation

Table 2.6
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2.8 Processing States
2.8.1 Overview

The CPU has five main processing states: the reset state, exception handling state, program
execution state, bus-released state, and power-down state. Figure 2.14 shows a diagram of the
processing states. Figure 2.15 indicates the state transitions.

Reset state

The CPU and all on-chip supporting modules have been
initialized and are stopped.

Exception-handling
state
A transient state in which the CPU changes the normal

processing flow in response to a reset, trace, interrupt,
or trap instruction.

Processing Program execution
states state

The CPU executes program instructions in sequence.

Bus-released state

The external bus has been released in response to a bus
request signal from a bus master other than the CPU.

Sleep mode

Software standby

Power-down state

mode

CPU operation is stopped

to conserve power.* Hardware standby
mode

Note: * The power-down state also includes a medium-speed mode, module stop mode,
subactive mode, subsleep mode, and watch mode.

Figure 2.14 Processing States
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End of bus request

Bus request

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs whenever RES
goes low. A transition can also be made to the reset state when the
watchdog timer overflows.
2. From any state, a transition to hardware standby mode occurs when STBY goes low.
3. Apart from these states, there are also the watch mode, subactive mode, and the subsleep mode.
See section 22, Power-Down Modes.

Figure 2.15 State Transitions
2.8.2 Reset State

When the RES goes low, all current processing stops and the CPU enters the reset state. In reset
state all interrupts are disenabled.

Reset exception handling starts when the RES signal changes from low to high.

The reset state can also be entered by a watchdog timer overflow. For details, refer to section 12,
Watchdog Timer.
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2.8.3 Exception-Handling State

The exception-handling state is a transient state that occurs when the CPU alters the normal
processing flow due to a reset, trace, interrupt, or trap instruction. The CPU fetches a start address
(vector) from the exception vector table and branches to that address.

(1) Types of Exception Handling and Their Priority

Exception handling is performed for traces, resets, interrupts, and trap instructions. Table 2.7
indicates the types of exception handling and their priority. Trap instruction exception handling is
always accepted, in the program execution state.

Exception handling and the stack structure depend on the interrupt control mode set in SYSCR.

Table 2.7 Exception Handling Types and Priority

Priority Type of Exception Detection Timing Start of Exception Handling
High Reset Synchronized with clock  Exception handling starts
4 immediately after a low-to-high
transition at the RES pin, or when
the watchdog timer overflows.
Trace End of instruction When the trace (T) bitis setto 1,
execution or end of the trace starts at the end of the
exception-handling current instruction or current
sequence™ exception-handling sequence
Interrupt End of instruction When an interrupt is requested,
execution or end of exception handling starts at the end
exception-handling of the current instruction or current
sequence™ exception-handling sequence
Trap instruction When TRAPA instruction Exception handling starts when a
v is executed trap (TRAPA) instruction is
Low executed™

Notes: 1. Traces are enabled only in interrupt control mode 2. Trace exception-handling is not
executed at the end of the RTE instruction.

2. Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions,
or immediately after reset exception handling.

3. Trap instruction exception handling is always accepted, in the program execution state.
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(2) Reset Exception Handling

After the RES pin has gone low and the reset state has been entered, when RES goes high again,
reset exception handling starts. The CPU enters the reset state when the RES is low. When reset
exception handling starts the CPU fetches a start address (vector) from the exception vector table
and starts program execution from that address. All interrupts, including NMI, are disabled during
reset exception handling and after it ends.

(3) Traces

Traces are enabled only in interrupt control mode 2. Trace mode is entered when the T bit of EXR
is set to 1. When trace mode is established, trace exception handling starts at the end of each
instruction.

At the end of a trace exception-handling sequence, the T bit of EXR is cleared to 0 and trace mode
is cleared. Interrupt masks are not affected.

The T bit saved on the stack retains its value of 1, and when the RTE instruction is executed to
return from the trace exception-handling routine, trace mode is entered again. Trace exception-
handling is not executed at the end of the RTE instruction.

Trace mode is not entered in interrupt control mode 0, regardless of the state of the T bit.
(4) Interrupt Exception Handling and Trap Instruction Exception Handling

When interrupt or trap-instruction exception handling begins, the CPU references the stack pointer
(ER7) and pushes the program counter and other control registers onto the stack. Next, the CPU
alters the settings of the interrupt mask bits in the control registers. Then the CPU fetches a start
address (vector) from the exception vector table and program execution starts from that start
address.

Figure 2.16 shows the stack after exception handling ends.
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Normal mode*?

\/\

SP— EXR
Reserved™!
SP— CCR CCR
CCR" CCR"
) PC PC o
(16 bits) (16 bits)
(a) Interrupt control mode 0 (b) Interrupt control mode 2

Advanced mode

\/\

SP— EXR
Reserved™!
SP— CCR CCR
PC PC
(24 bits) (24 bits)
(c) Interrupt control mode 0 (d) Interrupt control mode 2

Notes: 1. Ignored when returning.
2. Not available in the H8S/2646 Group.

Figure 2.16 Stack Structure after Exception Handling (Examples)
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2.8.4 Program Execution State
In this state the CPU executes program instructions in sequence.
2.8.5 Bus-Released State

This is a state in which the bus has been released in response to a bus request from a bus master
other than the CPU. While the bus is released, the CPU halts operations.

Bus masters other than the CPU is data transfer controller (DTC).

For further details, refer to section 7, Bus Controller.
2.8.6 Power-Down State

The power-down state includes both modes in which the CPU stops operating and modes in which
the CPU does not stop. There are five modes in which the CPU stops operating: sleep mode,
software standby mode, hardware standby mode, subsleep mode, and watch mode. There are also
three other power-down modes: medium-speed mode, module stop mode, and subactive mode. In
medium-speed mode the CPU and other bus masters operate on a medium-speed clock. Module
stop mode permits halting of the operation of individual modules, other than the CPU. Subactive
mode, subsleep mode, and watch mode are power-down states using subclock input. For details,
refer to section 22, Power-Down Modes.

(1) Sleep Mode: A transition to sleep mode is made if the SLEEP instruction is executed while
the software standby bit (SSBY) in the standby control register (SBYCR) is cleared to 0. In sleep
mode, CPU operations stop immediately after execution of the SLEEP instruction. The contents of
CPU registers are retained.

(2) Software Standby Mode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bit in SBYCR is set to 1, the LSON bit in LPWRCR is set
to 0, and the PSS bit in TCSR (WDT1) is set to 0. In software standby mode, the CPU and clock
halt and all MCU operations stop. As long as a specified voltage is supplied, the contents of CPU
registers and on-chip RAM are retained. The I/O ports also remain in their existing states.

(3) Hardware Standby Mode: A transition to hardware standby mode is made when the STBY
pin goes low. In hardware standby mode, the CPU and clock halt and all MCU operations stop.
The on-chip supporting modules are reset, but as long as a specified voltage is supplied, on-chip
RAM contents are retained.
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29 Basic Timing

2.9.1 Overview

The H8S/2600 CPU is driven by a system clock, denoted by the symbol ¢. The period from one
rising edge of ¢ to the next is referred to as a "state." The memory cycle or bus cycle consists of
one, two, or three states. Different methods are used to access on-chip memory, on-chip
supporting modules, and the external address space.

2.9.2 On-Chip Memory (ROM, RAM)

On-chip memory is accessed in one state. The data bus is 16 bits wide, permitting both byte and
word transfer instruction. Figure 2.17 shows the on-chip memory access cycle. Figure 2.18 shows
the pin states.

Bus cycle

Internal address bus X Address X

Internal read signal A\ '/

Read
access 1
Internal data bus < Read data >—
Internal write signal "\ /
Write ! :
access ‘
Internal data bus ( Write data >—
Figure 2.17 On-Chip Memory Access Cycle
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! Bus cycle 3
Address bus Held
AS High
RD High
HWR, LWR High
Data bus 3I-Iigh-impedance state%
Figure 2.18 Pin States during On-Chip Memory Access
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293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in two states. The data bus is either § bits or 16 bits
wide, depending on the particular internal I/O register being accessed. Figure 2.19 shows the
access cycle for the on-chip supporting modules. Figure 2.20 shows the pin states.

Bus cycle

A
Y

:

Internal address bus >< Address ><
Internal read signal \ /
Read
access | |
Internal data bus ; < Read data >—
Internal write signal f \ '/
Write ‘ :
access ! ! :
: [ ; >
Internal data bus \ | Write data |
Figure 2.19 On-Chip Supporting Module Access Cycle
Page 72 of 1126 REJ09B0257-0700 Rev. 7.00

RENESAS Jun 10, 2010




H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM Section2 CPU

Bus cycle

Address bus Hgld
AS Hi:gh
RD Hi:gh
HWR, LWR Hi:gh
Data bus High-impe(:jance state

Figure 2.20 Pin States during On-Chip Supporting Module Access
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294 On-Chip HCAN Module Access Timing

On-chip HCAN module access is performed in four states. The data bus width is 16 bits. Wait
states can be inserted by means of a wait request from the HCAN. On-chip HCAN module access
cycle is shown in figures 2.21 and 2.22, and the pin states in figure 2.23.

Bus cycle !

Internal address bus X ! Address i X
HCAN read signal \
( Read data »—

Read
Internal data bus

HCAN write signal
Write : : | :
Internal data bus j Write data —

Figure 2.21 On-Chip HCAN Module Access Cycle (No Wait State)
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T T2 T3 . Tw . Tw __ T4

HCAN read signal "\

Internal address bus X Address fX

A
Internal data bus ( Read data »—
HCAN write signal \ | | | as
wite A - — i
Internal data bus 4—( Write data >—
Figure 2.22 On-Chip HCAN Module Access Cycle (Wait States Inserted)
Bus cycle |
o T1 . T2 T3 T4
Address bus i Held 3
AS | | High | |
RD i i High 3
HWR, LWR i 3 High 3
Data bus High-impedance state
Figure 2.23 Pin States in On-Chip HCAN Module Access
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2.9.5 External Address Space Access Timing

The external address space is accessed with an 8-bit or 16-bit data bus width in a two-state or
three-state bus cycle. In three-state access, wait states can be inserted. For further details, refer to
section 7, Bus Controller.

2.10  Usage Note

2.10.1 TAS Instruction

Only register ERO, ER1, ER4, or ERS should be used when using the TAS instruction. The TAS
instruction is not generated by the Renesas Electronics H8S and H8/300 series C/C++ compilers.
If the TAS instruction is used as a user-defined intrinsic function, ensure that only register ERO,

ER1, ER4, or ER5 is used.

2.10.2  Caution to Observe when Using Bit Manipulation Instructions

The BSET, BCLR, BNOT, BST and BIST instructions read data in a unit of byte, then, after bit
manipulation, they write data in a unit of byte. Therefore, caution must be exercised when
executing any of these instructions for registers and ports that include write-only bits.

The BCLR instruction can be used to clear the flag of an internal I/O register to 0. In that case, if it
is clearly known that the pertinent flag is set to 1 in an interrupt processing routine or other
processing, there is no need to read the flag in advance.
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Section 3 MCU Operating Modes

3.1 Overview

3.1.1 Operating Mode Selection

The H8S/2646 Group has four operating modes (modes 4 to 7). These modes enable selection of
the CPU operating mode, enabling/disabling of on-chip ROM, and the initial bus width setting, by
setting the mode pins (MD2 to MDO).

Table 3.1 lists the MCU operating modes.

Table 3.1 MCU Operating Mode Selection

External Data Bus

MCU CPU

Operating Operating On-Chip Initial Max.

Mode MD2 MD1 MDO Mode Description ROM Width Width

0* 0o 0 0 — — — — —

1% 1 —

2* 1 0

3* 1

4 1 0 0 Advanced On-chip ROM disabled, Disabled 16 bits 16 bits

5 1 expanded mode 8bits 16 bits

6 1 0 On-chip ROM enabled, Enabled 8 bits 16 bits
expanded mode

7 1 Single-chip mode — —

Note: * Not available in the H8S/2646 Group.

The CPU’s architecture allows for 4 Gbytes of address space, but the H8S/2646 Group actually
accesses a maximum of 16 Mbytes.

Modes 4 to 6 are externally expanded modes that allow access to external memory and peripheral
devices.

The external expansion modes allow switching between 8-bit and 16-bit bus modes. After program
execution starts, an 8-bit or 16-bit address space can be set for each area, depending on the bus
controller setting. If 16-bit access is selected for any one area, 16-bit bus mode is set; if 8-bit
access is selected for all areas, 8-bit bus mode is set.
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Note that the functions of each pin depend on the operating mode.

The H8S/2646 Group can be used only in modes 4 to 7. This means that the mode pins must be set
to select one of these modes. Do not change the inputs at the mode pins during operation.

3.1.2 Register Configuration

The H8S/2646 Group has a mode control register (MDCR) that indicates the inputs at the mode
pins (MD2 to MDO0), and a system control register (SYSCR) that controls the operation of the
H8S/2646 Group. Table 3.2 summarizes these registers.

Table 3.2 MCU Registers

Name Abbreviation R/W Initial Value Address™
Mode control register MDCR R Undetermined H'FDE7
System control register SYSCR R/W H'01 H'FDE5
Pin function control register PFCR R/W H'OD/H'00 H'FDEB

Note: * Lower 16 bits of the address.

3.2 Register Descriptions

3.2.1 Mode Control Register (MDCR)

Bit : 7 6 5 4 3 2 1 0

| — | — | — | — | — | MDS2 | MDSH1 | MDS0 ‘
Initial value : 1 0 0 0 0 —* —* —k
R/W : — —_ — — _ R R R

Note: * Determined by pins MD2 to MDO.

MDCR is an 8-bit read-only register that indicates the current operating mode of the H8S/2646
Group.

Bit 7—Reserved: Cannot be written to.
Bits 6 to 3—Reserved: These bits are always read as 0 and cannot be written to.

Bits 2 to 0—Mode Select 2 to 0 (MDS2 to MDSO0): These bits indicate the input levels at pins
MD2 to MDO (the current operating mode). Bits MDS2 to MDSO correspond to MD2 to MDO.
MDS2 to MDSO are read-only bits, and they cannot be written to. The mode pin (MD2 to MDO)
input levels are latched into these bits when MDCR is read. These latches are cancelled by a reset.
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3.2.2 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1

| MACS | — | INTMA | INTMO | NMIEG| — | — | RAME ‘
Initial value : 0 0 0 0 0 0 0 1
R/W : R/W — R/W R/W R/W R/W — R/W

SYSCR is an 8-bit readable-writable register that selects saturating or non-saturating calculation
for the MAC instruction, selects the interrupt control mode, selects the detected edge for NMI, and
enables or disenables on-chip RAM.

SYSCR is initialized to H'01 by a reset and in hardware standby mode. SYSCR is not initialized in
software standby mode.

Bit 7—MAC Saturation (MACS): Selects either saturating or non-saturating calculation for the
MAC instruction.

Bit 7

MACS Description

0 Non-saturating calculation for MAC instruction (Initial value)
1 Saturating calculation for MAC instruction

Bit 6—Reserved: This bit is always read as 0 and cannot be modified.

Bits 5 and 4—Interrupt Control Mode 1 and 0 (INTM1, INTMO0): These bits select the control
mode of the interrupt controller. For details of the interrupt control modes, see section 5.4.1,
Interrupt Control Modes and Interrupt Operation.

Bit5 Bit 4 Interrupt Control

INTM1 INTMO Mode Description

0 0 0 Control of interrupts by | bit (Initial value)
1 — Setting prohibited

1 0 2 Control of interrupts by 12 to 10 bits and IPR
1 — Setting prohibited
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Bit 3—NMI Edge Select (NMIEG): Selects the valid edge of the NMI interrupt input.

Bit 3

NMIEG Description

0 An interrupt is requested at the falling edge of NMI input (Initial value)
1 An interrupt is requested at the rising edge of NMI input

Bit 2— Reserved: Only 0 should be written to this bit.
Bit 1—Reserved: This bit is always read as 0 and cannot be modified.

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized when the reset status is released. It is not initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)

Note: When the DTC is used, the RAME bit must not be cleared to 0.

3.2.3 Pin Function Control Register (PFCR)

Bit : 7 6 5 4 3 2 1 0

| — | — | — | — | AE3 | AE2 | AEA1 | AEO ‘
Initial value : 0 0 0 0 1/0 1/0 0 1/0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

PFCR is an 8-bit readable-writeable register that performs address output control in extension
modes involving ROM.

PFCR is initialized to H'OD/H'00 by a reset and in the hardware standby mode.
Bits 7 to 4— Reserved: Only 0 should be written to these bits.

Bits 3 to 0—Address Output Enable 3 to 0 (AE3-AEO0): These bits select enabling or disabling
of address outputs A8 to A23 in ROMless expanded mode and modes with ROM. When a pin is
enabled for address output, the address is output regardless of the corresponding DDR setting.
When a pin is disabled for address output, it becomes an output port when the corresponding DDR
bit is set to 1.
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Bit3 Bit2 Bit1
AE3 AE2 AE1

Bit 0
AEO

Description

0 0 0

A8—-A23 address output disabled

(Initial value™)

A8 address output enabled; A9-A23 address output disabled

A8, A9 address output enabled; A10—-A23 address output

disabled

A8-A10 address output enabled;

disabled

A11-A23 address output

A8-A11 address output enabled;

disabled

A12-A23 address output

A8—-A12 address output enabled;

disabled

A13—-A23 address output

A8-A13 address output enabled;

disabled

A14-A23 address output

A8—-A14 address output enabled;

disabled

A15—A23 address output

A8-A15 address output enabled;

disabled

A16—A23 address output

A8-A16 address output enabled;

disabled

A17-A23 address output

A8-A17 address output enabled;

disabled

A18—-A23 address output

A8-A18 address output enabled;

disabled

A19-A23 address output

A8-A19 address output enabled;

disabled

A20-A23 address output

A8—-A20 address output enabled;

disabled

A21-A23 address output
(Initial value™)

A8-A21 address output enabled;

disabled

A22, A23 address output

1

A8-A23 address output enabled

Note: *In expanded mode with ROM, bits AE3 to AEOQ are initialized to B'0000.
In ROMless expanded mode, bits AE3 to AEO are initialized to B'1101.
Address pins A0 to A7 are made address outputs by setting the corresponding DDR bits to

1.
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33 Operating Mode Descriptions
331 Mode 4
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Ports A, B, and C, function as an address bus, ports D and E function as a data bus, and part of
port F carries bus control signals.

The initial bus mode after a reset is 16 bits, with 16-bit access to all areas. However, note that if 8-
bit access is designated by the bus controller for all areas, the bus mode switches to 8 bits.

3.3.2 Mode 5
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Ports A, B, and C, function as an address bus, ports D and E function as a data bus, and part of
port F carries bus control signals.

The initial bus mode after a reset is 8 bits, with 8-bit access to all areas. However, note that if 16-
bit access is designated by the bus controller for any area, the bus mode switches to 16 bits and
port E becomes a data bus.

3.3.3 Mode 6
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.

Ports A, B, and C, function as input port pins immediately after a reset. Address output can be
performed by setting the corresponding DDR (data direction register) bits to 1.

Port D functions as a data bus, and part of port F carries bus control signals.

The initial bus mode after a reset is 8 bits, with 8-bit access to all areas. However, note that if 16-
bit access is designated by the bus controller for any area, the bus mode switches to 16 bits and
port E becomes a data bus.

3.34 Mode 7

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled,
but external addresses cannot be accessed.

All I/O ports are available for use as input-output ports.
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34 Pin Functions in Each Operating Mode

The pin functions of ports A to F vary depending on the operating mode. Table 3.3 shows their
functions in each operating mode.

Table 3.3 Pin Functions in Each Mode

Port Mode 4 Mode 5 Mode 6 Mode 7
Port A P/A* P/A* P*/A
Port B P/A* P/A* P*/A P
Port C A A P*/A P
Port D D D D P
Port E P/D* P*/D P*/D P
Port F PF7 P/C* P/C* P/C* P*/C
PF6 to PF4 C C C P
PF3 P/C* P*/C P*/C
PF2 P*/C P*/C P*/C
Legend:
P: 1/O port
A: Address bus output
D: Data bus I/O
C: Control signals, clock 1/0
*; After reset

3.5 Address Map in Each Operating Mode
A address maps of the H8S/2646 Group are shown in figures 3.1 (1) and 3.1 (2).
The address space is 16 Mbytes in modes 4 to 7 (advanced modes).

The address space is divided into eight areas for modes 4 to 7. For details, see section 7, Bus
Controller.
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(advanced expanded modes
with on-chip ROM disabled)

Modes 4 and 5

Mode 6

(advanced expanded mode
with on-chip ROM enabled)

H'000000 H'000000
External address On-chip ROM
space
H'01FFFF
H'02000052 External address
H'FFAFFF H'FFAFFF space
H'FFB000 H'FFB000
Reserved area Reserved area
H'FFDFFF H'FFDFFF
H'FFE000 H'FFE000
On-chip RAM* On-chip RAM*
H'FFEFCO [ External address H'FFEFCO [ External address
space space
H'FFF800 H'FFF800
Internal I/O registers Internal I/O registers
H'FFFF40 [ External address H'FFFF40 [ External address
space space
H'FFFF60 H'FFFF60
Internal I/O registers Internal I/O registers
H'FFFFCO . B H'FFFFCO e B
HEFEFEE On-chip RAM HEFEFEFE On-chip RAM

(advanced single-chip mode)

Mode 7

H'000000

On-chip ROM
H'O1FFFF
H'FFE000

On-chip RAM
H'FFEFBF
H'FFF800

Internal I/O registers

H'FFFF3F
HFFFFe0 Internal I/O registers
H'FFFFCO .
H'FFFFFF On-chip RAM

Note: * External addresses can be accessed by clearing th RAME bit in SYSCR to 0.

Figure 3.1 (1) Address Map in Each Operating Mode in the H8S/2646, H8S/2646R,
H8S/2648, and H8S/2648R
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Modes 4 and 5 Mode 6 Mode 7
(advanced expanded modes (advanced expanded mode (advanced single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'000000 H'000000 H'000000
On-chip ROM On-chip ROM
H'O0FFFF H'00FFFF
H'010000 H'010000
External address
space
Reserved area Reserved area
H'O1FFFF H'O1FFFF
H'020000 External address
H'FFAFFF H'FFAFFF space
H'FFB000 H'FFB000
Reserved area Reserved area
H'FFE7FF H'FFE7FF
H'FFE800 H'FFE800 H'FFE800
On-chip RAM* On-chip RAM* On-chip RAM
H'FFEFBF
H'FFEFCO [ External address H'FFEFCO | External address
space space
H'FFF800 H'FFF800 H'FFF800
Internal 1/O registers Internal I/O registers Internal I/O registers
. . H'FFFF3F
H'FFFF40 [ External address H'FFFF40 [ External address
space space
H'FFFF60 ] H'FFFF60 ] H'FFFF60 .
Internal 1/O registers Internal 1/O registers Internal I/O registers
H'FFFFCO o B H'FFFFCO o B H'FFFFCO .
H'EFEFEE On-chip RAM HEFEFEE On-chip RAM H'FEEEFE On-chip RAM

Note: * External addresses can be accessed by clearing th RAME bit in SYSCR to 0.

Figure 3.1 (2) Address Map in Each Operating Mode in the H8S/2645 and H8S/2647
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Section 4 Exception Handling

4.1 Overview

4.1.1 Exception Handling Types and Priority

As table 4.1 indicates, exception handling may be caused by a reset, trace, direct transition, trap
instruction, or interrupt. Exception handling is prioritized as shown in table 4.1. If two or more
exceptions occur simultaneously, they are accepted and processed in order of priority. Trap
instruction exceptions are accepted at all times, in the program execution state.

Exception handling sources, the stack structure, and the operation of the CPU vary depending on
the interrupt control mode set by the INTMO and INTM1 bits of SYSCR.

Table 4.1 Exception Types and Priority

Priority Exception Type Start of Exception Handling

High Reset Starts immediately after a low-to-high transition at the RES pin,
4 or when the watchdog overflows. The CPU enters the reset
state when the RES pin is low.

Trace™ Starts when execution of the current instruction or exception
handling ends, if the trace (T) bit is set to 1

Direct transition Starts when a direct transition occurs due to execution of a
SLEEP instruction.

Interrupt Starts when execution of the current instruction or exception
handling ends, if an interrupt request has been issued™

v Trap instruction Started by execution of a trap instruction (TRAPA)
Low (TRAPA)*®

Notes: 1. Traces are enabled only in interrupt control mode 2. Trace exception handling is not
executed after execution of an RTE instruction.
2. Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.
3. Trap instruction exception handling requests are accepted at all times in program
execution state.
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4.1.2 Exception Handling Operation
Exceptions originate from various sources. Trap instructions and interrupts are handled as follows:

1. The program counter (PC), condition code register (CCR), and extended register (EXR) are
pushed onto the stack.

2. The interrupt mask bits are updated. The T bit is cleared to 0.

3. A vector address corresponding to the exception source is generated, and program execution
starts from that address.

For a reset exception, steps 2 and 3 above are carried out.
4.1.3 Exception Vector Table

The exception sources are classified as shown in figure 4.1. Different vector addresses are
assigned to different exception sources.

Table 4.2 lists the exception sources and their vector addresses.

Reset
Trace
Exception External interrupts: NMI, IRQ5 to IRQO
sources
Interrupts ¢ Internal interrupts: Interrupts from on-chip supporting modules
43 sources in the H8S/2646, H8S/2646R,
and H8S/2645
47 sources in the H8S/2648, H8S/2648R,
and H8S/2647
Trap instruction
Figure 4.1 Exception Sources
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Table 4.2  Exception Vector Table

Vector Address™

Exception Source Vector Number Advanced Mode
Reset 0 H'0000 to H'0003
Reserved for system use 1 H'0004 to H'0007

2 H'0008 to H'000B

3 H'000C to H'000F

4 H'0010 to H'0013
Trace 5 H'0014 to H'0017
Direct Transition™® 6 H'0018 to H'001B
External interrupt NMI 7 H'001C to H'001F
Trap instruction (4 sources) 8 H'0020 to H'0023

9 H'0024 to H'0027

10 H'0028 to H'002B

11 H'002C to H'002F

Reserved for system use 12 H'0030 to H'0033
13 H'0034 to H'0037

14 H'0038 to H'003B

15 H'003C to H'003F

External interrupt IRQO 16 H'0040 to H'0043
IRQ1 17 H'0044 to H'0047

IRQ2 18 H'0048 to H'004B

IRQ3 19 H'004C to H'004F

IRQ4 20 H'0050 to H'0053

IRQ5 21 H'0054 to H'0057

Reserved for system use 22 H'0058 to H'005B
23 H'005C to H'005F

Internal interrupt™ 2|4 H'0060 to H'0063
127 H'01FC to H'O1FF

Notes: 1. Lower 16 bits of the address.

2. For details of internal interrupt vectors, see section 5.3.3, Interrupt Exception Handling
Vector Table.

3. See section 22.11, Direct Transitions, for details on direct transition.
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4.2 Reset
4.2.1 Overview

A reset has the highest exception priority.

When the RES pin goes low, all current operations are stopped, and this LSI enters reset state. A
reset initializes the internal state of the CPU and the registers of on-chip supporting modules.
Immediately after a reset, interrupt control mode O is set.

When the RES pin goes from low to high, reset exception handling starts.

The H8S/2646 Group can also be reset by overflow of the watchdog timer. For details see section
12, Watchdog Timer.

4.2.2 Reset Sequence
This LSI enters reset state when the RES pin goes low.

To ensure that this LSI is reset, hold the RES pin low for at least 20 ms at power-up. To reset
during operation, hold the RES pin low for at least 20 states.

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

1. The internal state of the CPU and the registers of the on-chip supporting modules are
initialized, the T bit is cleared to 0 in EXR, and the I bit is set to 1 in EXR and CCR.

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

Figures 4.2 and 4.3 show examples of the reset sequence.
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Vector Internal  Prefetch of first program
fetch processing instruction

3
m
(2]

Internal X (1) >( )

address bus

Internal read
signal

|
|
:
Internal write |
signal |
|
|
|
|
‘
|
‘

Internal data
bus

(1) (8) Reset exception handling vector address (when reset, (1) = H'000000,
(3) = H'000002)

(2) (4) Start address (contents of reset exception handling vector address)

5) Start address ((5) = (2) (4))

(6) First program instruction

Figure 4.2 Reset Sequence (Modes 6 and 7)
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Vector Internal Prefetch of first program
fetch processing instruction

m‘
m
(2]

Address bus 3 (1) >< ®) ; >< ®) ><
N NN ) B ) B
o
D15 to DO @ /W\ (6):

(1) (3) Reset exception handling vector address (when reset, (1) = H'000000,
(3) = H'000002)

(2) (4) Start address (contents of reset exception handling vector address)

(5) Start address ((5) = (2) (4))

(6) First program instruction

Note: * 3 program wait states are inserted.

Figure 4.3 Reset Sequence (Mode 4)
4.2.3 Interrupts after Reset

If an interrupt is accepted after a reset but before the stack pointer (SP) is initialized, the PC and
CCR will not be saved correctly, leading to a program crash. To prevent this, all interrupt requests,
including NMI, are disabled immediately after a reset. Since the first instruction of a program is
always executed immediately after the reset state ends, make sure that this instruction initializes
the stack pointer (example: MOV L #xx: 32, SP).
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4.24 State of On-Chip Supporting Modules after Reset Release

After reset release, MSTPCRA to MSTPCRD are initialized to H'3F, HFF, H'FF, and
B'l1##%#5+" respectively, and all modules except the DTC, enter module stop mode.
Consequently, on-chip supporting module registers cannot be read or written to. Register reading
and writing is enabled when module stop mode is exited.

Note: 1. The value of bits 5 to O is undefined.

4.3 Traces

Traces are enabled in interrupt control mode 2. Trace mode is not activated in interrupt control
mode 0, irrespective of the state of the T bit. For details of interrupt control modes, see section 5,
Interrupt Controller.

If the T bit in EXR is set to 1, trace mode is activated. In trace mode, a trace exception occurs on
completion of each instruction.

Trace mode is canceled by clearing the T bit in EXR to 0. It is not affected by interrupt masking.
Table 4.3 shows the state of CCR and EXR after execution of trace exception handling.
Interrupts are accepted even within the trace exception handling routine.

The T bit saved on the stack retains its value of 1, and when control is returned from the trace
exception handling routine by the RTE instruction, trace mode resumes.

Trace exception handling is not carried out after execution of the RTE instruction.

Table 4.3  Status of CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode | ul 12to 10 T
0 * %k %k %k
2 1 — — 0
Legend:
1: Setto1

0: Clearedto0
—: Retains value prior to execution.
*: Trace exception handling cannot be used.
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4.4 Interrupts

Interrupt exception handling can be requested by seven external sources (NMI, IRQS5 to IRQO0) and
internal sources (43 sources in the H8S/2646, H8S/2646R, and H8S/2645, and 47 sources in the
H8S/2648, H8S/2648R, and H8S/2647) in the on-chip supporting modules. Figure 4.4 classifies
the interrupt sources and the number of interrupts of each type.

The on-chip supporting modules that can request interrupts include the watchdog timer (WDT),
16-bit timer pulse unit (TPU), serial communication interface (SCI), data transfer controller
(DTC), PC break controller (PBC), A/D converter, controller area network (HCAN), and motor
control PWM timer. Each interrupt source has a separate vector address.

NMI is the highest-priority interrupt. Interrupts are controlled by the interrupt controller. The
interrupt controller has two interrupt control modes and can assign interrupts other than NMI to
eight priority/mask levels to enable multiplexed interrupt control.

For details of interrupts, see section 5, Interrupt Controller.

External NMI (1)
interrupts IRQ5 to IRQO (6)

Interrupts WDT* (2)
TPU (26)
SCI (8): H8S/2646, H8S/2646R, H8S/2645
SCI (12): H8S/2648, H8S/2648R, H8S/2647

Internal
interrupts DTC (1)
PBC (1)
A/D converter (1)
PWM (2)
HCAN (2)

Notes: Numbers in parentheses are the numbers of interrupt sources.
* When the watchdog timer is used as an interval timer, it generates an interrupt
request at each counter overflow.

Figure 4.4 Interrupt Sources and Number of Interrupts
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4.5 Trap Instruction

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

The TRAPA instruction fetches a start address from a vector table entry corresponding to a vector
number from 0 to 3, as specified in the instruction code.

Table 4.4 shows the status of CCR and EXR after execution of trap instruction exception handling.

Table 4.4  Status of CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode | Ul 12to 10 T
0 1 — — —
2 1 — — 0
Legend:
1: Setto1
0: Clearedto 0
—: Retains value prior to execution.
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4.6 Stack Status after Exception Handling

Figure 4.5 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

\/\ \/\

SP —» EXR
Reserved*
SP —» CCR CCR
CCR* CCR*
.. PC PC
(16 bits) (16 bits)
\_/_\ \_/_\
(a) Interrupt control mode 0 (b) Interrupt control mode 2

Note: * Ignored on return.

Figure 4.5 (1) Stack Status after Exception Handling (Normal Mode: Not Available in the

H8S/2646 Group)
SP—» EXR
Reserved™
SP—» CCR CCR
ffffffff PC -------- t------=- PC ---------
,,,,,,,, (24 bits)- - L (24bits)

\/\ \/\

(a) Interrupt control mode 0 (b) Interrupt control mode 2

Note: * Ignored on return.

Figure 4.5 (2) Stack Status after Exception Handling (Advanced Mode)
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4.7

Notes on Use of the Stack

When accessing word data or longword data, the H8S/2646 Group assumes that the lowest address
bit is 0. The stack should always be accessed by word transfer instruction or longword transfer
instruction, and the value of the stack pointer (SP, ER7) should always be kept even. Use the
following instructions to save registers:

PUSH.W
PUSH.L

Rn
ERn

(or MOV.L ERn,

(or MOV.W Rn, @-SP)

@-SP)

Use the following instructions to restore registers:

POP.W
POP.L

Rn
ERn

(or MOV.W @SP+,
(or MOV.L @SP+,

Rn)
ERn)

Setting SP to an odd value may lead to a malfunction. Figure 4.6 shows an example of what
happens when the SP value is odd.

SP-—»

SP set to HFFFEFF

Legend:

~

SP

~

CCR

SP >

~

R1L

TRAPA instruction executed MOV.B R1L, @—-ER7

.

CCR: Condition code register
PC: Program counter

R1L: General register R1L
SP: Stack pointer

Data saved above SP

_

HFFFEFA
H'FFFEFB
H'FFFEFC
H'FFFEFD
H'FFFEFE
H'FFFEFF

Contents of CCR lost

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

Figure 4.6 Operation when SP Value is Odd
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Section 5 Interrupt Controller

5.1 Overview

5.1.1 Features

The H8S/2646 Group controls interrupts by means of an interrupt controller. The interrupt
controller has the following features:

Two interrupt control modes

— Any of two interrupt control modes can be set by means of the INTM1 and INTMO bits in
the system control register (SYSCR).

Priorities settable with IPR

— An interrupt priority register (IPR) is provided for setting interrupt priorities. Eight priority
levels can be set for each module for all interrupts except NMI.

— NMI is assigned the highest priority level of 8, and can be accepted at all times.

Independent vector addresses

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

Seven external interrupts

— NMI is the highest-priority interrupt, and is accepted at all times. Rising edge or falling
edge can be selected for NMI.

— Falling edge, rising edge, or both edge detection, or level sensing, can be selected for IRQS
to IRQO.

DTC control

— DTC activation is performed by means of interrupts.

REJ09B0257-0700 Rev. 7.00 Page 99 of 1126
Jun 10, 2010 RENESAS



H8S/2646 Group, H8S/2646R F-ZTATTM,
Section 5 Interrupt Controller H8S/2648R F-ZTATTM

5.1.2 Block Diagram

A block diagram of the interrupt controller is shown in figure 5.1.

| INTM1, INTMO CPU
SYSCR|
NMIEG ¢ L
NMI input = NMI input unit - Interrupt
request
. — 1| IRQinput unit o
IRQ input | spR Vector

number
ISCR ﬁ Priority

determination

Internal interrupt : | CCR

request 12 to 10
SWDTEND to | | EXR
RMO

Interrupt controller

Legend:

ISCR :IRQ sense control register
IER : IRQ enable register

ISR : IRQ status register

IPR . Interrupt priority register

SYSCR : System control register

Figure 5.1 Block Diagram of Interrupt Controller
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513 Pin Configuration
Table 5.1 summarizes the pins of the interrupt controller.

Table 5.1 Interrupt Controller Pins

Name Symbol /0 Function

Nonmaskable interrupt  NMI Input Nonmaskable external interrupt; rising or
falling edge can be selected

External interrupt IRQ5 to IRQO Input Maskable external interrupts; rising, falling, or

requests 5t0 0 both edges, or level sensing, can be selected

5.14 Register Configuration
Table 5.2 summarizes the registers of the interrupt controller.

Table 5.2  Interrupt Controller Registers

Name Abbreviation R/W Initial Value Address™
System control register SYSCR R/W H'01 H'FDE5
IRQ sense control register H ISCRH R/W H'00 H'FE12
IRQ sense control register L ISCRL R/W H'00 H'FE13
IRQ enable register IER R/W H'00 HFE14
IRQ status register ISR R/(W)* H'00 H'FE15
Interrupt priority register A IPRA R/W H'77 H'FECO
Interrupt priority register B IPRB R/W H'77 H'FEC1
Interrupt priority register C IPRC R/W H'77 H'FEC2
Interrupt priority register D IPRD R/W H'77 H'FEC3
Interrupt priority register E IPRE R/W H'77 H'FEC4
Interrupt priority register F IPRF R/W H'77 H'FEC5
Interrupt priority register G IPRG R/W H'77 H'FEC6
Interrupt priority register H IPRH R/W H'77 H'FEC7
Interrupt priority register J IPRJ R/W H'77 H'FEC9
Interrupt priority register K IPRK R/W H'77 H'FECA
Interrupt priority register M IPRM R/W H'77 H'FECC

Notes: 1. Lower 16 bits of the address.
2. Can only be written with 0 for flag clearing.
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5.2 Register Descriptions

5.2.1 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0

| MACS | — | INTMA1 | INTMO | NMIEG| — | — | RAME ‘
Initial value : 0 0 0 0 0 0 0 1
R/W : R/W — R/W R/W R/W R/W — R/W

SYSCR is an 8-bit readable/writable register that selects the interrupt control mode, and the
detected edge for NML.

Only bits 5 to 3 are described here; for details of the other bits, see section 3.2.2, System Control
Register (SYSCR).

SYSCR is initialized to H'01 by a reset and in hardware standby mode. SYSCR is not initialized in
software standby mode.

Bits 5 and 4—Interrupt Control Mode 1 and 0 (INTM1, INTMO0): These bits select one of two
interrupt control modes for the interrupt controller.

Bit5 Bit 4 Interrupt
INTM1 INTMO Control Mode Description

0 0 0 Interrupts are controlled by | bit (Initial value)
1 — Setting prohibited

1 0 2 Interrupts are controlled by bits 12 to 10, and IPR
1 — Setting prohibited

Bit 3—NMI Edge Select (NMIEG): Selects the input edge for the NMI pin.

Bit 3

NMIEG Description

0 Interrupt request generated at falling edge of NMI input (Initial value)
1 Interrupt request generated at rising edge of NMI input
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5.2.2 Interrupt Priority Registers A to H, J, K, M (IPRA to IPRH, IPRJ, IPRK, IPRM)

Bit : 7 6 5 4 3 2 1 0

| — | IPR6 | IPR5 | IPR4 | — | IPR2 | IPR1 | IPRO ‘
Initial value : 0 1 1 1 0 1 1 1
R/W : — R/W R/W R/W — R/W R/W R/W

The IPR registers are eleven 8-bit readable/writable registers that set priorities (level 7 to 0) for
interrupts other than NMI.

The correspondence between IPR settings and interrupt sources is shown in table 5.3.
The IPR registers set a priority (level 7 to 0) for each interrupt source other than NMI.
The IPR registers are initialized to H'77 by a reset and in hardware standby mode.
Bits 7 and 3—Reserved: These bits are always read as 0 and cannot be modified.

Table 5.3  Correspondence between Interrupt Sources and IPR Settings

Bits

Register 6to4 2to 0
IPRA IRQO IRQ1
IPRB IRQ2 IRQ4

IRQ3 IRQ5
IPRC —* DTC
IPRD Watchdog timer 0 —*
IPRE PC break A/D converter, Watchdog timer 1
IPRF TPU channel 0 TPU channel 1
IPRG TPU channel 2 TPU channel 3
IPRH TPU channel 4 TPU channel 5
IPRJ —* SCI channel 0
IPRK SCI channel 1 SCI channel 2
IPRM PWM channel 1, 2 HCAN

Notes: 1. Reserved. These bits are always read as 1 and cannot be modified.
2. In the H8S/2646, H8S/2646R, and H8S/2645 these are reserved bits that are always

read as 1 and should only be written with H'7. In the H8S/2648, H8S/2648R, and
H8S/2647 these are the IPR bits for SCI channel 2.
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As shown in table 5.3, multiple interrupts are assigned to one IPR. Setting a value in the range
from H'0 to H'7 in the 3-bit groups of bits 6 to 4 and 2 to 0O sets the priority of the corresponding
interrupt. The lowest priority level, level 0O, is assigned by setting H'0, and the highest priority
level, level 7, by setting H'7.

When interrupt requests are generated, the highest-priority interrupt according to the priority
levels set in the IPR registers is selected. This interrupt level is then compared with the interrupt
mask level set by the interrupt mask bits (12 to 10) in the extend register (EXR) in the CPU, and if
the priority level of the interrupt is higher than the set mask level, an interrupt request is issued to
the CPU.

5.2.3 IRQ Enable Register (IER)

Bit : 7 6 5 4 3 2 1 0

| — | — | IRQ5E | IRQ4E | IRQ3E | IRQ2E | IRQ1E | IRQOE ‘
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

IER is an 8-bit readable/writable register that controls enabling and disabling of interrupt requests
IRQ5 to IRQO.

IER is initialized to H'0O by a reset and in hardware standby mode.
Bits 7 and 6—Reserved: These bits are always read as 0, and should only be written with 0.

Bits 5 to 0—IRQS5 to IRQO Enable (IRQ5E to IRQOE): These bits select whether IRQS5 to
IRQO are enabled or disabled.

Bit n
IRQNE Description
0 IRQn interrupts disabled (Initial value)
1 IRQn interrupts enabled

(n=5100)
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524 IRQ Sense Control Registers H and L. ISCRH, ISCRL)

ISCRH
Bit . 15 14 13 12 11 10 9
| _ | _ | _ | _ |IROSSCB|IRQSSCA|IRQ4SCB|IRQ4SCA‘
Initial value : 0 0 0 0 0 0 0 0
RW . RW RW RW RW RW RW RW RW
ISCRL
Bit .7 6 5 4 3 2 1 0
|IRQSSCB|IRQ3SCA|IRQZSCB|IRQZSCA|IRQ1SCB|IRQ1SCA|IRQOSCB|IROOSCA‘
Initial value : 0 0 0 0 0 0 0 0
R/W . RW RW RW RW RW RW RW RW

The ISCR registers are 16-bit readable/writable registers that select rising edge, falling edge, or
both edge detection, or level sensing, for the input at pins IRQS5 to IRQO.

The ISCR registers are initialized to H'0000 by a reset and in hardware standby mode.
Bits 15 to 12—Reserved: These bits are always read as 0, and should only be written with 0.

Bits 11 to 0: IRQ5 Sense Control A and B (IRQ5SCA, IRQ5SCB) to IRQO Sense Control A and
B (IRQOSCA, IRQOSCB)

Bits 1110 0
IRQ5SCBto IRQ5SCA to
IRQOSCB IRQOSCA Description
0 0 Interrupt request generated at IRQ5 to IRQO input low level
(initial value)

1 Interrupt request generated at falling edge of IRQ5 to IRQO input
1 0 Interrupt request generated at rising edge of IRQ5 to IRQO input

1 Interrupt request generated at both falling and rising edges of

IRQ5 to IRQO input
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5.2.5 IRQ Status Register (ISR)

Bit .7 6 5 4 3 2 1 0

| — | — | mosF | IRasF | 1RaaF | 1RQ2F | IRQ1F | IRQOF
Initial value : 0 0 0 0 0 0 0 0
RIW RIOW)*  RAW)®  RAW)*  RAW)*  RAW)*  RAW)*  RAW)*  R/IW)*

Note: * Only 0 can be written, to clear the flag.

ISR is an 8-bit readable/writable register that indicates the status of IRQ5 to IRQO interrupt

requests.

ISR is initialized to H'0O by a reset and in hardware standby mode.

They are not initialized in software standby mode.

Bits 7 and 6—Reserved: These bits are always read as 0.

Bits 5 to 0—IRQ5 to IRQO flags (IRQS5F to IRQOF): These bits indicate the status of IRQS5 to
IRQO interrupt requests.

Bitn

IRQnF  Description

0 [Clearing conditions] (Initial value)

Cleared by reading IRQnF flag when IRQnF = 1, then writing 0 to IRQNF flag
When interrupt exception handling is executed when low-level detection is set
(IRQNSCB = IRQNSCA = 0) and IRQn input is high

When IRQn interrupt exception handling is executed when falling, rising, or both-
edge detection is set (IRQNSCB = 1 or IRQNSCA = 1)

When the DTC is activated by an IRQn interrupt, and the DISEL bit in MRB of the
DTC is cleared to O

1 [Setting conditions]

When TRQn input goes low when low-level detection is set (IRQNSCB = IRQnSCA =
0)

When a falling edge occurs in IRQn input when falling edge detection is set
(IRQNSCB = 0, IRQNSCA = 1)

When a rising edge occurs in IRQn input when rising edge detection is set
(IRQNSCB = 1, IRQNSCA = 0)

When a falling or rising edge occurs in IRQn input when both-edge detection is set
(IRQnSCB = IRQnSCA = 1)

(n=5100)
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53 Interrupt Sources
Interrupt sources comprise external interrupts (NMI and IRQS5 to IRQO) and internal interrupts™.

Note: * 47 sources in the H8S/2648, H8S/2648R, and H8S/2647.
43 sources in the H8S/2646, H8S/2646R, and H8S/2645.

5.3.1 External Interrupts

There are seven external interrupts: NMI and IRQS5 to IRQO. Of these, NMI and IRQ5 to IRQ0O
can be used to restore the H8S/2646 Group from software standby mode.

NMI Interrupt: NMI is the highest-priority interrupt, and is always accepted by the CPU
regardless of the interrupt control mode or the status of the CPU interrupt mask bits. The NMIEG
bit in SYSCR can be used to select whether an interrupt is requested at a rising edge or a falling
edge on the NMI pin.

The vector number for NMI interrupt exception handling is 7.

IRQS to IRQO Interrupts: Interrupts IRQS5 to IRQO are requested by an input signal at pins IRQ5
to IRQO. Interrupts IRQ5 to IRQO have the following features:

o Using ISCR, it is possible to select whether an interrupt is generated by a low level, falling
edge, rising edge, or both edges, at pins IRQ5 to IRQO.

¢ Enabling or disabling of interrupt requests IRQ5 to IRQO can be selected with IER.

e The interrupt priority level can be set with IPR.

e The status of interrupt requests IRQ5 to IRQO is indicated in ISR. ISR flags can be cleared to 0
by software.

A block diagram of interrupts IRQ5 to IRQO is shown in figure 5.2.
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IRQnE
IRQNSCA, IRQnSCB

¢ IRQNF
IRQn interrupt
> Edge/level } ) >
detection circuit S Q

request
IRQn input >R

Clear signal

Note: n=5t00

Figure 5.2 Block Diagram of Interrupts IRQ5 to IRQ0

Figure 5.3 shows the timing of setting IRQnF.

IRQnN
input pin

IRQnF

Figure 5.3 Timing of Setting IRQnF
The vector numbers for IRQS5 to IRQO interrupt exception handling are 21 to 16.

Detection of IRQ5 to IRQO interrupts does not depend on whether the relevant pin has been set for
input or output. However, when a pin is used as an external interrupt input pin, do not clear the
corresponding DDR to 0 and use the pin as an I/O pin for another function.
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5.3.2 Internal Interrupts

There are 47 sources in the H8S/2648, H8S/2648R, and H8S/2647 and 43 sources in the
H8S/2646, H8S/2646R, and H8S/2645 for internal interrupts from on-chip supporting modules.

e For each on-chip supporting module there are flags that indicate the interrupt request status,
and enable bits that select enabling or disabling of these interrupts. If both of these are set to 1
for a particular interrupt source, an interrupt request is issued to the interrupt controller.

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

e The DTC can be activated by a TPU, SCI, or other interrupt request. When the DTC is
activated by an interrupt, the interrupt control mode and interrupt mask bits are not affected.

5.3.3 Interrupt Exception Handling Vector Table

Table 5.4 shows interrupt exception handling sources, vector addresses, and interrupt priorities.
For default priorities, the lower the vector number, the higher the priority.

Priorities among modules can be set by means of the IPR. The situation when two or more
modules are set to the same priority, and priorities within a module, are fixed as shown in
table 5.4.
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Table 5.4  Interrupt Sources, Vector Addresses, and Interrupt Priorities
Vector
*1
Origin of Address
Interrupt  Vector Advanced
Interrupt Source Source Number Mode IPR Priority
NMI External 7 H'001C High
IRQO pin 16 H'0040 IPRAG to 4 il
IRQ1 17 H'0044 IPRA21t0 0
IRQ2 18 H'0048 IPRBS6 to 4
IRQ3 19 H'004C
IRQ4 20 H'0050 IPRB2 to 0
IRQ5 21 H'0054
Reserved for system use — 22 H'0058 —
23 H'005C
SWDTEND (software activation DTC 24 H'0060 IPRC2to 0
interrupt end)
WOVIO (interval timer) Watchdog 25 H'0064 IPRD6 to 4
timer O
Reserved for system use — 26 H'0068 —
PC break PC break 27 H'006C IPRES6 to 4
controller
ADI (A/D conversion end) A/D 28 H'0070 IPRE2 to O
WOV (interval timer) Watchdog 29 H'0074
timer 1
Reserved for system use — 30 H'0078
31 H'007C
TGIOA (TGROA input TPU 32 H'0080 IPRF6 to 4
capture/compare match) channel 0
TGIOB (TGROB input 33 H'0084
capture/compare match)
TGIOC (TGROC input 34 H'0088
capture/compare match)
TGIOD (TGROD input 35 H'008C
capture/compare match)
TCIOV (overflow 0) 36 H'0090
Reserved for system use — 37 H'0094
to to v
39 H'009C Low
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Vector
*1
origin of Address
Interrupt  Vector Advanced

Interrupt Source Source Number Mode IPR Priority
TGIHA (TGR1A input TPU 40 H'00A0 IPRF2t0 0 High
capture/compare match) channel 1 4
TGI1B (TGR1B input 41 H'00A4
capture/compare match)
TCI1V (overflow 1) 42 H'00A8
TCI1U (underflow 1) 43 H'00AC
TGI2A (TGR2A input TPU 44 H'00B0O IPRGS6 to 4
capture/compare match) channel 2
TGI2B (TGR2B input 45 H'00B4
capture/compare match)
TCI2V (overflow 2) 46 H'00B8
TCI2U (underflow 2) 47 H'00BC
TGI3A (TGR3A input TPU 48 H'00CO IPRG2t0 0
capture/compare match) channel 3
TGI3B (TGR3B input 49 H'00C4
capture/compare match)
TGI3C (TGR3C input 50 H'00C8
capture/compare match)
TGI3D (TGR3D input 51 H'00CC
capture/compare match)
TCI3V (overflow 3) 52 H'00DO0
Reserved for system use — 53 H'00D4

to to

55 H'00DC
TGI4A (TGR4A input TPU 56 H'00EO IPRH6 to 4
capture/compare match) channel 4
TGI4B (TGR4B input 57 H'00E4
capture/compare match)
TCI4V (overflow 4) 58 H'0O0E8
TCIl4U (underflow 4) 59 H'00EC
TGI5A (TGR5A input TPU 60 H'00FO0 IPRH2 to O
capture/compare match) channel 5
TGI5B (TGR5B input 61 H'00F4
capture/compare match)
TCI5V (overflow 5) 62 H'0O0F8 v
TCI5U (underflow 5) 63 H'0O0FC Low
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Vector
*1
origin of Address
Interrupt  Vector Advanced

Interrupt Source Source Number Mode IPR Priority
Reserved for system use — 64 H'0100 — High

to to 4

79 H'013C
ERIO (receive error 0) SClI 80 H'0140 IPRJ2t0 0
RXIO (reception completed 0) channel 0 g4 H'0144
TXIO (transmit data empty 0) 82 H'0148
TEIO (transmission end 0) 83 H'014C
ERI1 (receive error 1) SCI 84 H'0150 IPRKE® to 4
RXI1 (reception completed 1) channel1 g5 H'0154
TXI1 (transmit data empty 1) 86 H'0158
TEI1 (transmission end 1) 87 H'015C
ERI2 (receive error 2) SClI 88 H'0160 IPRK2 to 0

*2

RXI2 (reception completed 2) channel 2™ gg H'0164
TXI2 (transmit data empty 2) 90 H'0168
TEI2 (transmission end 2) 91 H'016C
Reserved for system use — 92 H'0170 —

to to

103 H'019C
CMI1 (PWCYR1 compare match) PWM 104 H'01A0 IPRM6 to 4
CMI2 (PWCYR2 compare match) 105 H'01A4
Reserved for system use — 106 H'01A8

107 H'01AC
ERSO, OVRO, RM1, SLEO, HCAN 108 H'01B0O IPRM2 to 0
RMO (mailbox 0 reception) 109 H'01B4
Reserved for system use — 110 H'01B8

111 H'01BC
Reserved for system use — 112 H'01CO —

to to v

123 H'01EC Low

Notes: 1. Lower 16 bits of the start address.

2. These vectors are used in the H8S/2648, H8S/2648R, and H8S/2647. They are
reserved in the H8S/2646, H8S/2646R, and H8S/2645.
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54 Interrupt Operation
541 Interrupt Control Modes and Interrupt Operation
Interrupt operations in the H8S/2646 Group differ depending on the interrupt control mode.

NMI interrupts are accepted at all times except in the reset state and the hardware standby state. In
the case of IRQ interrupts and on-chip supporting module interrupts, an enable bit is provided for
each interrupt. Clearing an enable bit to 0 disables the corresponding interrupt request. Interrupt
sources for which the enable bits are set to 1 are controlled by the interrupt controller.

Table 5.5 shows the interrupt control modes.

The interrupt controller performs interrupt control according to the interrupt control mode set by
the INTM1 and INTMO bits in SYSCR, the priorities set in IPR, and the masking state indicated
by the I bit in the CPU’s CCR, and bits 12 to 10 in EXR.

Table 5.5 Interrupt Control Modes

Interrupt SYSCR Priority Setting Interrupt

Control Mode INTM1 INTMO Registers Mask Bits Description

0 0 0 — | Interrupt mask control is
performed by the | bit.

— 1 — — Setting prohibited

2 1 0 IPR 12to 10 8-level interrupt mask control
is performed by bits 12 to 10.
8 priority levels can be set with
IPR.

— 1 — — Setting prohibited
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Figure 5.4 shows a block diagram of the priority decision circuit.

Interrupt
control
mode 0 |

.

Interrupt
acceptance
control

Default priority

Interrupt source S
determination

[ Vector number

8-level
mask control

Pt 1

12to 10
IPR

Interrupt control mode 2

Figure 5.4 Block Diagram of Interrupt Control Operation

Interrupt Acceptance Control: In interrupt control mode 0, interrupt acceptance is controlled by
the I bit in CCR.

Table 5.6 shows the interrupts selected in each interrupt control mode.

Table 5.6  Interrupts Selected in Each Interrupt Control Mode (1)

Interrupt Mask Bits

Interrupt Control Mode | Selected Interrupts
0 0 All interrupts
1 NMI interrupts
2 * All interrupts
Legend:
*: Don't care
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8-Level Control: In interrupt control mode 2, 8-level mask level determination is performed for
the selected interrupts in interrupt acceptance control according to the interrupt priority level
(IPR).

The interrupt source selected is the interrupt with the highest priority level, and whose priority
level set in IPR is higher than the mask level.

Table 5.7 Interrupts Selected in Each Interrupt Control Mode (2)

Interrupt Control Mode Selected Interrupts
0 All interrupts
2 Highest-priority-level (IPR) interrupt whose priority level is greater

than the mask level (IPR > 12 to 10).

Default Priority Determination: When an interrupt is selected by 8-level control, its priority is
determined and a vector number is generated.

If the same value is set for IPR, acceptance of multiple interrupts is enabled, and so only the
interrupt source with the highest priority according to the preset default priorities is selected and
has a vector number generated.

Interrupt sources with a lower priority than the accepted interrupt source are held pending.
Table 5.8 shows operations and control signal functions in each interrupt control mode.

Table 5.8  Operations and Control Signal Functions in Each Interrupt Control Mode

. Interrupt Acceptance
Interrupt Setting Fé ¢ Ip 8-Level Control Default Priority | T
Control ontro L
Determination | (Trace)

Mode | |NTM1 | INTMO | I2tol10 | IPR

0 0 0 e) IM X — —* @) —

2 1 0 X —* 0 IM PR O T

Legend:

O : Interrupt operation control performed

X : No operation. (All interrupts enabled)

IM : Used as interrupt mask bit

PR : Sets priority.

— : Not used.

Notes: 1. Setto 1 when interrupt is accepted.
2. Keep the initial setting.
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54.2 Interrupt Control Mode 0

Enabling and disabling of IRQ interrupts and on-chip supporting module interrupts can be set by
means of the I bit in the CPU’s CCR. Interrupts are enabled when the I bit is cleared to 0, and
disabled when set to 1.

Figure 5.5 shows a flowchart of the interrupt acceptance operation in this case.

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

[2] The I bit is then referenced. If the I bit is cleared to 0, the interrupt request is accepted. If the I
bit is set to 1, only an NMI interrupt is accepted, and other interrupt requests are held pending.

[3] Interrupt requests are sent to the interrupt controller, the highest-ranked interrupt according to
the priority system is accepted, and other interrupt requests are held pending.

[4] When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been completed.

[5] The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved on
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

[6] Next, the I bit in CCR is set to 1. This masks all interrupts except NMI.

[7] A vector address is generated for the accepted interrupt, and execution of the interrupt
handling routine starts at the address indicated by the contents of that vector address.
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Section 5 Interrupt Controller

'

Program execution status
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Interrupt generated?
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Hold pending
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1
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Read vector address

1

|Branch to interrupt handling routine|

Figure 5.5 Flowchart of Procedure Up to Interrupt Acceptance in

Interrupt Control Mode 0
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543 Interrupt Control Mode 2

Eight-level masking is implemented for IRQ interrupts and on-chip supporting module interrupts
by comparing the interrupt mask level set by bits 12 to I0 of EXR in the CPU with IPR.

Figure 5.6 shows a flowchart of the interrupt acceptance operation in this case.

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

[2] When interrupt requests are sent to the interrupt controller, the interrupt with the highest
priority according to the interrupt priority levels set in IPR is selected, and lower-priority
interrupt requests are held pending. If a number of interrupt requests with the same priority are
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 5.4 is selected.

[3] Next, the priority of the selected interrupt request is compared with the interrupt mask level set
in EXR. An interrupt request with a priority no higher than the mask level set at that time is
held pending, and only an interrupt request with a priority higher than the interrupt mask level
is accepted.

[4] When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been completed.

[5] The PC, CCR, and EXR are saved to the stack area by interrupt exception handling. The PC
saved on the stack shows the address of the first instruction to be executed after returning from
the interrupt handling routine.

[6] The T bit in EXR is cleared to 0. The interrupt mask level is rewritten with the priority level of
the accepted interrupt.

If the accepted interrupt is NMI, the interrupt mask level is set to H'7.

[7] A vector address is generated for the accepted interrupt, and execution of the interrupt
handling routine starts at the address indicated by the contents of that vector address.
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Y
Program execution status|

Y

nterrupt QWNO -

Mask level 5
Qr below?

i Y
| Save PC, CCR, and EXR | |Hold pending

* :

| Clear T bitto 0 |

/
| Update mask level |

'

| Read vector address |

¢

|Branch to interrupt handling routine|

Y

Figure 5.6 Flowchart of Procedure Up to Interrupt Acceptance in
Interrupt Control Mode 2
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Interrupt Exception Handling Sequence

where interrupt control mode O is set in advanced mode, and the program area and stack area are

Figure 5.7 shows the interrupt exception handling sequence. The example shown is for the case
in on-chip memory.

Section 5 Interrupt Controller

544
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5.4.5 Interrupt Response Times

The H8S/2646 Group is capable of fast word transfer instruction to on-chip memory, and the
program area is provided in on-chip ROM and the stack area in on-chip RAM, enabling high-
speed processing.

Table 5.9 shows interrupt response times - the interval between generation of an interrupt request
and execution of the first instruction in the interrupt handling routine. The execution status
symbols used in table 5.9 are explained in table 5.10.

Table 5.9  Interrupt Response Times

Normal Mode™ Advanced Mode
No. Execution Status INTM1=0 INTM1=1 INTM1 =0 INTM1=1
Interrupt priority determination™' 3 3 3 3
2 Number of wait states until executing 1 to 1to 1to 1to
instruction ends™? (19+2-S) (19+2-S) (19+2-S) (19+2-S)
3 PC, CCR, EXR stack save 2-S, 3-S, 2.5, 3-S,
4 Vector fetch S S 2.S, 2.S,
5 Instruction fetch™® 2.5, 2.5, 2.5, 2.5,
6 Internal processing™ 2 2 2 2
Total (using on-chip memory) 11 to 31 12 to 32 1210 32 131033

Notes: 1. Two states in case of internal interrupt.
2. Refers to MULXS and DIVXS instructions.
3. Prefetch after interrupt acceptance and interrupt handling routine prefetch.
4. Internal processing after interrupt acceptance and internal processing after vector fetch.
5. Not available in the H8S/2646 Group.
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Table 5.10 Number of States in Interrupt Handling Routine Execution Statuses

Object of Access

External Device

8-Bit Bus 16-Bit Bus

Internal 2-State 3-State 2-State 3-State
Symbol Memory  Access Access Access Access
Instruction fetch S 1 4 6+2m 2 3+m
Branch address read S,
Stack manipulation S,
Legend:
m: Number of wait states in an external device access.
5.5 Usage Notes
5.5.1 Contention between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to O to disable interrupts, the disabling becomes effective
after execution of the instruction.

In other words, when an interrupt enable bit is cleared to O by an instruction such as BCLR or
MOV, if an interrupt is generated during execution of the instruction, the interrupt concerned will
still be enabled on completion of the instruction, and so interrupt exception handling for that
interrupt will be executed on completion of the instruction. However, if there is an interrupt
request of higher priority than that interrupt, interrupt exception handling will be executed for the
higher-priority interrupt, and the lower-priority interrupt will be ignored.

The same also applies when an interrupt source flag is cleared to 0.

Figure 5.8 shows an example in which the TCIEV bit in the TPU’s TIERO register is cleared to O.
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TIERO write cycle by CPU TCIV exception handling

Internal

address bus TIERO address ><

Internal
write signal

TCIEV

TCFV

TCIV
interrupt signal

Figure 5.8 Contention between Interrupt Generation and Disabling

The above contention will not occur if an enable bit or interrupt source flag is cleared to O while
the interrupt is masked.

55.2 Instructions that Disable Interrupts

Instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions is executed, all interrupts including NMI are disabled and the next instruction is
always executed. When the I bit is set by one of these instructions, the new value becomes valid
two states after execution of the instruction ends.

553 Times when Interrupts Are Disabled
There are times when interrupt acceptance is disabled by the interrupt controller.

The interrupt controller disables interrupt acceptance for a 3-state period after the CPU has
updated the mask level with an LDC, ANDC, ORC, or XORC instruction.
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554 Interrupts during Execution of EEPMOYV Instruction
Interrupt operation differs between the EEPMOV B instruction and the EEPMOV. W instruction.

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

With the EEPMOV.W instruction, if an interrupt request is issued during the transfer, interrupt
exception handling starts at a break in the transfer cycle. The PC value saved on the stack in this
case is the address of the next instruction.

Therefore, if an interrupt is generated during execution of an EEPMOV.W instruction, the
following coding should be used.

Ll: EEPMOV.W
MOV.W R4 ,R4
BNE L1

5.5.5 IRQ Interrupts

When operating by clock input, acceptance of input to an IRQ pin is synchronized with the clock.
In software standby mode, the input is accepted asynchronously. For details on the input
conditions, see section 23.4.2, Control Signal Timing.

5.6 DTC Activation by Interrupt

5.6.1 Overview
The DTC can be activated by an interrupt. In this case, the following options are available:

e Interrupt request to CPU
e Activation request to DTC

e Selection of a number of the above

For details of interrupt requests that can be used with to activate the DTC, see section 8, Data
Transfer Controller (DTC).
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5.6.2 Block Diagram

Figure 5.9 shows a block diagram of the DTC interrupt controller.

Interrupt DTC activation
request Selection ——— request vector
. election number
circuit
IRQ
interrupt Select
signal .
Clear signal Control logic DTC
. Interrupt source| DTCER .
On-chip clear signal Clear signal
supporting
module
DTVECR
SWDTE
clear signal CPU interrupt
request vector
Determination of meer— CPU
priority 1,12 t0 10
Interrupt controller

Figure 5.9 Interrupt Control for DTC

5.6.3 Operation
The interrupt controller has three main functions in DTC control.

Selection of Interrupt Source: Interrupt factors are selected as DTC activation request or CPU
interrupt request by the DTCE bit of DTCERA to DTCERG, and DTCERI of DTC.

By specifying the DISEL bit of the DTC’s MRB, it is possible to clear the DTCE bit to O after
DTC data transfer, and request a CPU interrupt.

If DTC carries out the designate number of data transfers and the transfer counter reads 0, after
DTC data transfer, the DTCE bit is also cleared to 0, and a CPU interrupt requested.

Determination of Priority: The DTC activation source is selected in accordance with the default
priority order, and is not affected by mask or priority levels. See section 8.3.3, DTC Vector Table
for the respective priority.
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Operation Order: If the same interrupt is selected as a DTC activation source and a CPU
interrupt source, the DTC data transfer is performed first, followed by CPU interrupt exception
handling.

Table 5.11 shows the interrupt factor clear control and selection of interrupt factors by
specification of the DTCE bit of DTCERA to DTCERG, DTCERI of DTC, and the DISEL bit of
DTC’s MRB.

Table 5.11 Interrupt Source Selection and Clearing Control

Settings
DTC Interrupt Source Selection/Clearing Control
DTCE DISEL DTC CPU
0 * X A
1 0 A X
1 O A

Legend:

A : The relevant interrupt is used. Interrupt source clearing is performed.
(The CPU should clear the source flag in the interrupt handling routine.)

O: The relevant interrupt is used. The interrupt source is not cleared.

X : The relevant bit cannot be used.

* 1 Don’t care

Notes on Use: SCI and A/D converter interrupt sources are cleared when the DTC reads or writes
to the prescribed register.
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Section 6 PC Break Controller (PBC)

6.1 Overview

The PC break controller (PBC) provides functions that simplify program debugging. Using these
functions, it is easy to create a self-monitoring debugger, enabling programs to be debugged with
the chip alone, without using an in-circuit emulator. Four break conditions can be set in the PBC:
instruction fetch, data read, data write, and data read/write.

6.1.1 Features
The PC break controller has the following features:

e Two break channels (A and B)
e The following can be set as break compare conditions:
— 24 address bits
Bit masking possible
— Bus cycle
Instruction fetch
Data access: data read, data write, data read/write
— Bus master
Either CPU or CPU/DTC can be selected
e The timing of PC break exception handling after the occurrence of a break condition is as
follows:
— Immediately before execution of the instruction fetched at the set address (instruction
fetch)
— Immediately after execution of the instruction that accesses data at the set address (data
access)
e Module stop mode can be set
— The initial setting is for PBC operation to be halted. Register access is enabled by clearing
module stop mode.
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6.1.2 Block Diagram

Figure 6.1 shows a block diagram of the PC break controller.

BARA BCRA
°
<
o
[&]
5
i
Mask control [3
Control
Comparator ——m| logic
Match signal
Internal address j;
PC break
Access interrupt
status . Control
Comparator logic
Match signal I
<
o
o
Mask control 5
Q|
=]
@]
BARB BCRB

Figure 6.1 Block Diagram of PC Break Controller
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6.1.3 Register Configuration
Table 6.1 shows the PC break controller registers.

Table 6.1 PC Break Controller Registers

Initial Value
Name Abbreviation R/W Reset Address™
Break address register A BARA R/W H'XX000000 H'FEOO
Break address register B BARB R/W H'XX000000 H'FEO4
Break control register A BCRA R/(W)** H'00 H'FEO8
Break control register B BCRB R/(W)** H'00 H'FE09
Module stop control register C MSTPCRC R/W H'FF H'FDEA
Notes: 1. Lower 16 bits of the address.
2. Only a 0 may be written to this bit to clear the flag.
6.2 Register Descriptions
6.2.1 Break Address Register A (BARA)
Bit 31 . 24 23 22 21 20 19 18 17 16 . 7 6 5 4 3 2 1 0
_ | ...| _ |BAA|BAA|BAA|BAA|BAA|BAAIBAA |BAA|  |BAA|BAA|BAA(BAA|BAA|BAA| BAA BAA
23| 22| 21|20 19| 18|17 | 16 716543210
Initial value Lfliggg- Lflirr:cei(ej- o 0 0o 0O o0 O 0O O ... 0 O O O O O 0 O
Read/Write — +« — R/W RW R/W R/W RW RWRMW RW ... RW R/W RW RW RW RW R/W R/W

BARA is a 32-bit readable/writable register that specifies the channel A break address.
BAA23 to BAAQO are initialized to H'000000 by a reset and in hardware standby mode.
Bits 31 to 24—Reserved: These bits return an undefined value if read, and cannot be modified.

Bits 23 to 0—Break Address A23 to A0 (BAA23 to BAAO): These bits hold the channel A PC
break address.
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6.2.2 Break Address Register B (BARB)
BARB is the channel B break address register. The bit configuration is the same as for BARA.

6.2.3 Break Control Register A (BCRA)

Bit 7 6 5 4 3 2 1 0
| cMFA | cDA [BAMRA2|BAMRA1[BAMRAQ CSELAT|CSELAO| BIEA |

Initial value 0 0 0 0 0 0 0 0
Read/Write ~ R/(W)* R/W R/W R/W R/W R/W R/W R/W

Note: * Only a 0 may be written to this bit to clear the flag.

BCRA is an 8-bit readable/writable register that controls channel A PC breaks. BCRA (1) selects
the break condition bus master, (2) specifies bits subject to address comparison masking, and (3)
specifies whether the break condition is applied to an instruction fetch or a data access. It also
contains a condition match flag.

BCRA is initialized to H'00 by a reset and in hardware standby mode.

Bit 7—Condition Match Flag A (CMFA): Set to 1 when a break condition set for channel A is
satisfied. This flag is not cleared to 0.

Bit 7
CMFA Description
0 [Clearing condition]
When 0 is written to CMFA after reading CMFA = 1 (Initial value)
1 [Setting condition]

When a condition set for channel A is satisfied

Bit 6—CPU Cycle/DTC Cycle Select A (CDA): Selects the channel A break condition bus

master.

Bit 6

CDA Description

0 PC break is performed when CPU is bus master (Initial value)

1 PC break is performed when CPU or DTC is bus master
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Bits 5 to 3—Break Address Mask Register A2 to A) (BAMRA2 to BAMRAQ0): These bits
specify which bits of the break address (BAA23 to BAAO) set in BARA are to be masked.

Bit5 Bit 4 Bit 3
BAMRA2 BAMRA1 BAMRAO Description
0 0 0 All BARA bits are unmasked and included in break conditions
(Initial value)
1 BAAO (lowest bit) is masked, and not included in break
conditions
1 0 BAA1, BAAO (lower 2 bits) are masked, and not included in
break conditions
1 BAA2 to BAAO (lower 3 bits) are masked, and not included in
break conditions
1 0 0 BAAS3 to BAAO (lower 4 bits) are masked, and not included in
break conditions
1 BAA7 to BAAO (lower 8 bits) are masked, and not included in
break conditions
1 0 BAA11 to BAAO (lower 12 bits) are masked, and not included in
break conditions
1 BAA15 to BAAO (lower 16 bits) are masked, and not included in

break conditions

Bits 2 and 1—Break Condition Select A (CSELA1, CSELAO): These bits selection an
instruction fetch, data read, data write, or data read/write cycle as the channel A break condition.

Bit 2 Bit 1
CSELA1 CSELAO Description
0 0 Instruction fetch is used as break condition (Initial value)
1 Data read cycle is used as break condition
1 0 Data write cycle is used as break condition
1 Data read/write cycle is used as break condition
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Bit 0—Break Interrupt Enable A (BIEA): Enables or disables channel A PC break interrupts.

Bit0

BIEA Description

0 PC break interrupts are disabled (Initial value)
1 PC break interrupts are enabled

6.2.4 Break Control Register B (BCRB)

BCRB is the channel B break control register. The bit configuration is the same as for BCRA.

6.2.5 Module Stop Control Register C (MSTPCRC)

Bit 7 6 5 4 3 2 1 0

| MSTPC7 | MSTPC6| MSTPC5 | MSTPC4 | MSTPC3 | MSTPC2| MSTPC1| MSTPCO|
Initial value 1 1 1 1 1 1 1 1
ReadWrte ~ RW  RW RW RW RW  RW  RW  RW

MSTPCRC is an 8-bit readable/writable register that performs module stop mode control.

When the MSTPC4 bit is set to 1, PC break controller operation is stopped at the end of the bus
cycle, and module stop mode is entered. Register read/write accesses are not possible in module
stop mode. For details, see section 22.5, Module Stop Mode.

MSTPCRC is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 4—Module Stop (MSTPC4): Specifies the PC break controller module stop mode.

Bit 4

MSTPC4 Description

0 PC break controller module stop mode is cleared

1 PC break controller module stop mode is set (Initial value)
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6.3 Operation

The operation flow from break condition setting to PC break interrupt exception handling is
shown in sections 6.3.1, PC Break Interrupt Due to Instruction Fetch, and 6.3.2, PC Break
Interrupt Due to Data Access, taking the example of channel A.

6.3.1 PC Break Interrupt Due to Instruction Fetch

1. Initial settings

— Set the break address in BARA. For a PC break caused by an instruction fetch, set the
address of the first instruction byte as the break address.

— Set the break conditions in BCRA.

BCRA bit 6 (CDA): With a PC break caused by an instruction fetch, the bus master must
be the CPU. Set 0 to select the CPU.

BCRA bits 5 to 3 (BAMA2 to BAMAO): Set the address bits to be masked.

BCRA bits 2, 1 (CSELA1, CSELAO): Set 00 to specify an instruction fetch as the break
condition.

BCRA bit 0 (BIEA): Set to 1 to enable break interrupts.

2. Satisfaction of break condition

— When the instruction at the set address is fetched, a PC break request is generated
immediately before execution of the fetched instruction, and the condition match flag
(CMFA) is set.

3. Interrupt handling
— After priority determination by the interrupt controller, PC break interrupt exception
handling is started.
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6.3.2 PC Break Interrupt Due to Data Access

1.

Initial settings

— Set the break address in BARA. For a PC break caused by a data access, set the target
ROM, RAM, /O, or external address space address as the break address. Stack operations
and branch address reads are included in data accesses.

— Set the break conditions in BCRA.
BCRA bit 6 (CDA): Select the bus master.
BCRA bits 5 to 3 (BAMA2 to BAMAUO): Set the address bits to be masked.

BCRA bits 2, 1 (CSELA1, CSELAO): Set 01, 10, or 11 to specify data access as the break
condition.

BCRA bit 0 (BIEA): Set to 1 to enable break interrupts.

Satisfaction of break condition

— After execution of the instruction that performs a data access on the set address, a PC break
request is generated and the condition match flag (CMFA) is set.

Interrupt handling
— After priority determination by the interrupt controller, PC break interrupt exception
handling is started.

6.3.3 Notes on PC Break Interrupt Handling

1.

The PC break interrupt is shared by channels A and B. The channel from which the request
was issued must be determined by the interrupt handler.

The CMFA and CMFB flags are not cleared to 0, so 0 must be written to CMFA or CMFB
after first reading the flag while it is set to 1. If the flag is left set to 1, another interrupt will be
requested after interrupt handling ends.

A PC break interrupt generated when the DTC is the bus master is accepted after the bus has
been transferred to the CPU by the bus controller.
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6.3.4 Operation in Transitions to Power-Down Modes

The operation when a PC break interrupt is set for an instruction fetch at the address after a
SLEEP instruction is shown below.

1. When the SLEEP instruction causes a transition from high-speed (medium-speed) mode to
sleep mode, or from subactive mode to subsleep mode:

After execution of the SLEEP instruction, a transition is not made to sleep mode or subsleep
mode, and PC break interrupt handling is executed. After execution of PC break interrupt
handling, the instruction at the address after the SLEEP instruction is executed (figure 6.2 (A)).

2. When the SLEEP instruction causes a transition from high-speed (medium-speed) mode to
subactive mode:

After execution of the SLEEP instruction, a transition is made to subactive mode via direct
transition exception handling. After the transition, PC break interrupt handling is executed,
then the instruction at the address after the SLEEP instruction is executed (figure 6.2 (B)).

3. When the SLEEP instruction causes a transition from subactive mode to high-speed (medium-
speed) mode:
After execution of the SLEEP instruction, and following the clock oscillation settling time, a
transition is made to high-speed (medium-speed) mode via direct transition exception
handling. After the transition, PC break interrupt handling is executed, then the instruction at
the address after the SLEEP instruction is executed (figure 6.2 (C)).

4. When the SLEEP instruction causes a transition to software standby mode or watch mode:

After execution of the SLEEP instruction, a transition is made to the respective mode, and PC
break interrupt handling is not executed. However, the CMFA or CMFB flag is set (figure 6.2
(D)).
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Figure 6.2 Operation in Power-Down Mode Transitions
6.3.5 PC Break Operation in Continuous Data Transfer

If a PC break interrupt is generated when the following operations are being performed, exception

handling is executed on completion of the specified transfer.

1. When a PC break interrupt is generated at the transfer address of an EEPMOV B instruction:

PC break exception handling is executed after all data transfers have been completed and the

EEPMOV .B instruction has ended.

2. When a PC break interrupt is generated at a DTC transfer address:

PC break exception handling is executed after the DTC has completed the specified number of
data transfers, or after data for which the DISEL bit is set to 1 has been transferred.
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6.3.6 When Instruction Execution Is Delayed by One State
Caution is required in the following cases, as instruction execution is one state later than usual.

1. When the PBC is enabled (i.e. when the break interrupt enable bit is set to 1), execution of a
one-word branch instruction (Bcc d:8, BSR, JSR, JMP, TRAPA, RTE, or RTS) located in on-
chip ROM or RAM is always delayed by one state.

2. When break interruption by instruction fetch is set, the set address indicates on-chip ROM or
RAM space, and that address is used for data access, the instruction that executes the data
access is one state later than in normal operation.

3. When break interruption by instruction fetch is set and a break interrupt is generated, if the
executing instruction immediately preceding the set instruction has one of the addressing
modes shown below, and that address indicates on-chip ROM or RAM, and that address is
used for data access, the instruction will be one state later than in normal operation.

@ERn, @(d:16,ERn), @(d:32,ERn), @-ERn/ERn+, @aa:8, @aa:24, @aa:32, @(d:8,PC),
@(d:16,PC), @ @aa:8

4. When break interruption by instruction fetch is set and a break interrupt is generated, if the
executing instruction immediately preceding the set instruction is NOP or SLEEP, or has
#xx,Rn as its addressing mode, and that instruction is located in on-chip ROM or RAM, the
instruction will be one state later than in normal operation.
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6.3.7 Additional Notes

1.

When a PC break is set for an instruction fetch at the address following a BSR, JSR, JMP,
TRAPA, RTE, or RTS instruction:
Even if the instruction at the address following a BSR, JSR, IMP, TRAPA, RTE, or RTS

instruction is fetched, it is not executed, and so a PC break interrupt is not generated by the
instruction fetch at the next address.

When the I bit is set by an LDC, ANDC, ORC, or XORC instruction, a PC break interrupt
becomes valid two states after the end of the executing instruction. If a PC break interrupt is
set for the instruction following one of these instructions, since interrupts, including NMI, are
disabled for a 3-state period in the case of LDC, ANDC, ORC, and XORC, the next instruction
is always executed. For details, see section 5, Interrupt Controller.

When a PC break is set for an instruction fetch at the address following a Bcc instruction:

A PC break interrupt is generated if the instruction at the next address is executed in
accordance with the branch condition, but is not generated if the instruction at the next address
is not executed.

When a PC break is set for an instruction fetch at the branch destination address of a Bcc
instruction:

A PC break interrupt is generated if the instruction at the branch destination is executed in

accordance with the branch condition, but is not generated if the instruction at the branch
destination is not executed.
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Section 7 Bus Controller

7.1 Overview

The H8S/2646 Group has a built-in bus controller (BSC) that manages the external address space
divided into eight areas. The bus specifications, such as bus width and number of access states,
can be set independently for each area, enabling multiple memories to be connected easily.

The bus controller also has a bus arbitration function, and controls the operation of the internal bus
masters: the CPU, and data transfer controller (DTC).

7.1.1 Features
The features of the bus controller are listed below.

e Manages external address space in area units
— Manages the external space as 8§ areas of 2-Mbytes
— Bus specifications can be set independently for each area
— Burst ROM interface can be set

e Basic bus interface
— 8-bit access or 16-bit access can be selected for each area
— 2-state access or 3-state access can be selected for each area
— Program wait states can be inserted for each area

e Burst ROM interface
— Burst ROM interface can be set for area 0
— Choice of 1- or 2-state burst access

e Idle cycle insertion
— An idle cycle can be inserted in case of an external read cycle between different areas

— An idle cycle can be inserted in case of an external write cycle immediately after an
external read cycle

e Write buffer functions

— External write cycle and internal access can be executed in parallel
e Bus arbitration function

— Includes a bus arbiter that arbitrates bus mastership among the CPU and DTC
e Other

— External bus release function
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7.1.2 Block Diagram

Figure 7.1 shows a block diagram of the bus controller.

—  Internal
Area decoder __ address bus
ABWCR K P
External bus control signals ASTCR ( p
BCRH [ p
BCRL [ p
(2]
Bus 3 Internal control
controller % signals
kel
g
& Bus mode signal
c
Wait
WAIT = controller WCRH K ]
WCRL K P
-«—— CPU bus request signal
+—— DTC bus request signal
Bus arbiter —= CPU bus acknowledge signal
—» DTC bus acknowledge signal

Legend:

ABWCR : Bus width control register
ASTCR : Access state control register
BCRH  : Bus control register H

BCRL : Bus control register L
WCRH : Wait control register H
WCRL  : Wait control register L

Figure 7.1 Block Diagram of Bus Controller
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Section 7 Bus Controller

7.1.3 Pin Configuration

Table 7.1 summarizes the pins of the bus controller.

Table 7.1 Bus Controller Pins

Name Symbol /0 Function

Address strobe AS Output  Strobe signal indicating that address output on address
bus is enabled.

Read RD Output  Strobe signal indicating that external space is being
read.

High write HWR Output  Strobe signal indicating that external space is to be
written, and upper half (D15 to D8) of data bus is
enabled.

Low write LWR Output  Strobe signal indicating that external space is to be
written, and lower half (D7 to DO) of data bus is
enabled.

Wait WAIT Input Wait request signal used when accessing external

3-state access space.

7.1.4 Register Configuration

Table 7.2 summarizes the registers of the bus controller.

Table 7.2  Bus Controller Registers

Name Abbreviation R/W Initial Value Address™
Bus width control register ABWCR R/W H'FF/H'00* H'FEDO
Access state control register ASTCR R/W H'FF H'FED1
Wait control register H WCRH R/W H'FF H'FED2
Wait control register L WCRL R/W H'FF H'FED3
Bus control register H BCRH R/W H'DO H'FED4
Bus control register L BCRL R/W H'08 H'FED5
Pin function control register PFCR R/W H'0D/H'00 H'FDEB

Notes: 1. Lower 16 bits of the address.

2. Determined by the MCU operating mode.
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7.2 Register Descriptions

7.2.1 Bus Width Control Register (ABWCR)

2 1 0

1 1 1
R/W R/W R/W

0 0 0

Bit : 7 6 5 4 3
| ABW7 | ABW6 | ABWS5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO |
Modes 5 to 7
Initial value : 1 1 1 1 1
RW : R/W R/W R/W R/W R/W
Mode 4
Initial value : 0 0 0 0 0
RW : R/W R/W R/W R/W R/W

R/wW R/W R/W

ABWCR is an 8-bit readable/writable register that designates each area for either 8-bit access or

16-bit access.

ABWCR sets the data bus width for the external memory space. The bus width for on-chip
memory and internal I/O registers is fixed regardless of the settings in ABWCR.

After a reset and in hardware standby mode, ABWCR is initialized to H'FF in modes 5, 6, 7, and

to H'00 in mode 4. It is not initialized in software standby mode.

Bits 7 to 0—Area 7 to 0 Bus Width Control (ABW7 to ABWO0): These bits select whether the
corresponding area is to be designated for 8-bit access or 16-bit access.

Bit n

ABWn Description

0 Area n is designated for 16-bit access
1 Area n is designated for 8-bit access

(n=7100)
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7.2.2 Access State Control Register (ASTCR)

Bit : 7 6 5 4 3 2 1 0

| AST7 | AST6 | AST5 | AST4 | AST3 | AST2 | AST1 | ASTO ‘
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

ASTCR is an 8-bit readable/writable register that designates each area as either a 2-state access
space or a 3-state access space.

ASTCR sets the number of access states for the external memory space. The number of access
states for on-chip memory and internal I/O registers is fixed regardless of the settings in ASTCR.

ASTCR is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 0—Area 7 to 0 Access State Control (AST7 to ASTO0): These bits select whether the
corresponding area is to be designated as a 2-state access space or a 3-state access space.

Wait state insertion is enabled or disabled at the same time.

Bit n
ASTn Description
0 Area n is designated for 2-state access
Wait state insertion in area n external space is disabled
1 Area n is designated for 3-state access (Initial value)
Wait state insertion in area n external space is enabled
(n=7100)
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7.2.3 Wait Control Registers H and L (WCRH, WCRL)

WCRH and WCRL are 8-bit readable/writable registers that select the number of program wait
states for each area.

Program waits are not inserted in the case of on-chip memory or internal I/O registers.

WCRH and WCRL are initialized to H'FF by a reset and in hardware standby mode. They are not
initialized in software standby mode.

WCRH
Bit : 7 6 5 4 3 2 1 0
| W71 | W70 | W61 | W60 | W51 | W50 | W41 | W40 ‘
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 7 and 6—Area 7 Wait Control 1 and 0 (W71, W70): These bits select the number of
program wait states when area 7 in external space is accessed while the AST7 bit in ASTCR is set
to 1.

Bit7 Bit 6
w71 w70 Description
0 0 Program wait not inserted when external space area 7 is accessed
1 1 program wait state inserted when external space area 7 is accessed
1 0 2 program wait states inserted when external space area 7 is accessed
1 3 program wait states inserted when external space area 7 is accessed
(Initial value)
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Bits 5 and 4—Area 6 Wait Control 1 and 0 (W61, W60): These bits select the number of
program wait states when area 6 in external space is accessed while the AST6 bit in ASTCR is set
to 1.

Bit 5 Bit 4
wé1 w60 Description
0 0 Program wait not inserted when external space area 6 is accessed
1 1 program wait state inserted when external space area 6 is accessed
1 0 2 program wait states inserted when external space area 6 is accessed
1 3 program wait states inserted when external space area 6 is accessed

(Initial value)

Bits 3 and 2—Area 5 Wait Control 1 and 0 (W51, W50): These bits select the number of
program wait states when area 5 in external space is accessed while the ASTS5 bit in ASTCR is set
to 1.

Bit 3 Bit 2
W51 w50 Description
0 0 Program wait not inserted when external space area 5 is accessed
1 1 program wait state inserted when external space area 5 is accessed
1 0 2 program wait states inserted when external space area 5 is accessed
1 3 program wait states inserted when external space area 5 is accessed

(Initial value)

Bits 1 and 0—Area 4 Wait Control 1 and 0 (W41, W40): These bits select the number of
program wait states when area 4 in external space is accessed while the AST4 bit in ASTCR is set
to 1.

Bit 1 Bit 0
W41 w40 Description
0 0 Program wait not inserted when external space area 4 is accessed
1 1 program wait state inserted when external space area 4 is accessed
1 0 2 program wait states inserted when external space area 4 is accessed
1 3 program wait states inserted when external space area 4 is accessed
(Initial value)
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6 5 4 3 2 1 0

| W30 | w21 | w20 | W11 | W10 | Wo1 | WO00 ‘

WCRL
Bit : 7
| W31
Initial value : 1
R/W : R/W

1 1 1 1 1 1 1
R/wW R/W R/wW R/W R/W R/W R/W

Bits 7 and 6—Area 3 Wait Control 1 and 0 (W31, W30): These bits select the number of
program wait states when area 3 in external space is accessed while the AST3 bit in ASTCR is set

to 1.
Bit 7 Bit 6
w31 w30 Description
0 0 Program wait not inserted when external space area 3 is accessed
1 1 program wait state inserted when external space area 3 is accessed
1 0 2 program wait states inserted when external space area 3 is accessed
1 3 program wait states inserted when external space area 3 is accessed

(Initial value)

Bits 5 and 4—Area 2 Wait Control 1 and 0 (W21, W20): These bits select the number of
program wait states when area 2 in external space is accessed while the AST2 bit in ASTCR is set

to 1.
Bit5 Bit 4
w21 w20 Description
0 0 Program wait not inserted when external space area 2 is accessed
1 1 program wait state inserted when external space area 2 is accessed
1 0 2 program wait states inserted when external space area 2 is accessed
1 3 program wait states inserted when external space area 2 is accessed

(Initial value)
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Bits 3 and 2—Area 1 Wait Control 1 and 0 (W11, W10): These bits select the number of
program wait states when area 1 in external space is accessed while the AST1 bit in ASTCR is set
to 1.

Bit 3 Bit 2
w11 w10 Description
0 0 Program wait not inserted when external space area 1 is accessed
1 1 program wait state inserted when external space area 1 is accessed
1 0 2 program wait states inserted when external space area 1 is accessed
1 3 program wait states inserted when external space area 1 is accessed

(Initial value)

Bits 1 and 0—Area 0 Wait Control 1 and 0 (W01, W00): These bits select the number of
program wait states when area O in external space is accessed while the ASTO bit in ASTCR is set
to 1.

Bit 1 Bit 0
Wwo1 woo Description
0 0 Program wait not inserted when external space area 0 is accessed
1 1 program wait state inserted when external space area 0 is accessed
1 0 2 program wait states inserted when external space area 0 is accessed
1 3 program wait states inserted when external space area 0 is accessed
(Initial value)
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7.2.4 Bus Control Register H (BCRH)

Bit : 7 6 5 4 3 2 1 0

| ICISA | ICISO |BRSTRM|BRSTS1|BRSTSO| — | — | — ‘
Initial value : 1 1 0 1 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

BCRH is an 8-bit readable/writable register that selects enabling or disabling of idle cycle
insertion, and the memory interface for area 0.

BCRH is initialized to H'DO by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—Idle Cycle Insert 1 (ICIS1): Selects whether or not one idle cycle state is to be inserted
between bus cycles when successive external read cycles are performed in different areas.

Bit 7

ICIST Description

0 Idle cycle not inserted in case of successive external read cycles in different areas
1 Idle cycle inserted in case of successive external read cycles in different areas

(Initial value)

Bit 6—Idle Cycle Insert 0 (ICIS0): Selects whether or not one idle cycle state is to be inserted
between bus cycles when successive external read and external write cycles are performed .

Bit 6
ICISO Description
0 Idle cycle not inserted in case of successive external read and external write cycles
1 Idle cycle inserted in case of successive external read and external write cycles
(Initial value)
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Bit 5—Burst ROM Enable (BRSTRM): Selects whether area 0 is used as a burst ROM
interface.

Bit 5

BRSTRM Description

0 Area 0 is basic bus interface (Initial value)
1 Area 0 is burst ROM interface

Bit 4—Burst Cycle Select 1 (BRSTS1): Selects the number of burst cycles for the burst ROM
interface.

Bit 4

BRSTS1 Description

0 Burst cycle comprises 1 state

1 Burst cycle comprises 2 states (Initial value)

Bit 3—Burst Cycle Select 0 (BRSTS0): Selects the number of words that can be accessed in a
burst ROM interface burst access.

Bit 3

BRSTS0 Description

0 Max. 4 words in burst access (Initial value)
1 Max. 8 words in burst access

Bits 2 to 0—Reserved: Only 0 should be written to these bits.
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7.2.5 Bus Control Register L. (BCRL)

Bit : 7 6 5 4 3 2 1 0
- - =] =] = | = [ woee|ware]

Initial value : 0 0 0 0 1 0 0 0

R/W : R/W R/W — R/W R/W R/W R/W R/W

BCRL is an 8-bit readable/writable register that performs selection of the external bus-released
state protocol, enabling or disabling of the write data buffer function, and enabling or disabling of
wait input by WAIT pin.

BCRL is initialized to H'08 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 and 6—Reserved: Only 0 should be written to these bits.
Bit 5—Reserved: It is always read as 0. Cannot be written to.
Bit 4—Reserved: Only 0 should be written to this bit.

Bit 3—Reserved: Only 1 should be written to this bit.

Bit 2—Reserved: Only 0 should be written to this bit.

Bit 1—Write Data Buffer Enable (WDBE): This bit selects whether or not to use the write
buffer function in the external write cycle.

Bit 1

WDBE Description

0 Write data buffer function not used (Initial value)
1 Write data buffer function used

Bit 0—WAIT Pin Enable (WAITE): Selects enabling or disabling of wait input by means of the
WAIT pin.

Bit0

WAITE Description

0 Wait input by WAIT pin disabled. WAIT pin can be used as 1/O port. (Initial value)
1 Wait input by WAIT pin enabled
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7.2.6 Pin Function Control Register (PFCR)

Bit : 7 6 5 4 3 2 1 0
T =T = [ = [aes [ aee | aer | am0 |

Initial value : 0 0 0 0 1/0 1/0 0 1/0

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

PFCR is an 8-bit read/write register that controls the address output in expanded mode with ROM.

PFCR is initialized to H'OD/H'00 by a reset and in hardware standby mode. It retains its previous
state in software standby mode.

Bits 7 to 4—Reserved: Only 0 should be written to these bits.

Bits 3 to 0—Address Output Enable 3 to 0 (AE3 to AE0): These bits select enabling or
disabling of address outputs A8 to A23 in ROMless expanded mode and modes with ROM. When
a pin is enabled for address output, the address is output regardless of the corresponding DDR
setting. When a pin is disabled for address output, it becomes an output port when the
corresponding DDR bit is set to 1.
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Bit3 Bit2
AE3 AE2

Bit 1
AE1

Bit 0
AEO

Description

0 0

0

A8 to A23 address output disabled (Initial value™)

A8 address output enabled; A9 to A23 address output disabled

A8, A9 address output enabled; A10 to A23 address output
disabled

A8 to A10 address output enabled; A11 to A23 address output
disabled

A8 to A11 address output enabled; A12 to A23 address output
disabled

A8 to A12 address output enabled; A13 to A23 address output
disabled

A8 to A13 address output enabled; A14 to A23 address output
disabled

A8 to A14 address output enabled; A15 to A23 address output
disabled

A8 to A15 address output enabled; A16 to A23 address output
disabled

A8 to A16 address output enabled; A17 to A23 address output
disabled

A8 to A17 address output enabled; A18 to A23 address output
disabled

A8 to A18 address output enabled; A19 to A23 address output
disabled

A8 to A19 address output enabled; A20 to A23 address output
disabled

A8 to A20 address output enabled; A21 to A23 address output
disabled (Initial value™)

A8 to A21 address output enabled; A22, A23 address output
disabled

1

A8 to A23 address output enabled

Note: *In expanded mode with ROM, bits AE3 to AEOQ are initialized to B'0000.
In ROMless expanded mode, bits AE3 to AEO are initialized to B'1101.
Address pins A0 to A7 are made address outputs by setting the corresponding DDR bits to

1.
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7.3

7.3.1

Area Partitioning

Overview of Bus Control

In advanced mode, the bus controller partitions the 16 Mbytes address space into eight areas, O to
7, in 2-Mbyte units, and performs bus control for external space in area units. In normal mode™, it
controls a 64-kbyte address space comprising part of area 0. Figure 7.2 shows an outline of the

memory map.

Note: * Not available in the H85/2646 Group.

H'000000

H1FFFFF
H'200000

H'3FFFFF
H'400000

H'5FFFFF
H'600000

H'7FFFFF
H'800000

H'OFFFFF
H'A00000

H'BFFFFF
H'C00000

H'DFFFFF
H'E00000

HFFFFFF

M

Area 0
(2 Mbytes)

Area 1
(2 Mbytes)

Area 2
(2 Mbytes)

Area 3
(2 Mbytes)

Area 4
(2 Mbytes)

Area 5
(2 Mbytes)

Area 6
(2 Mbytes)

Area 7
(2 Mbytes)

Advanced mode

Note: * Not available in the H8S/2646.

@

Normal mode*

Figure 7.2 Overview of Area Partitioning
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7.3.2 Bus Specifications

The external space bus specifications consist of three elements: bus width, number of access
states, and number of program wait states.

The bus width and number of access states for on-chip memory and internal I/O registers are
fixed, and are not affected by the bus controller.

Bus Width: A bus width of 8 or 16 bits can be selected with ABWCR. An area for which an 8-bit
bus is selected functions as an 8-bit access space, and an area for which a 16-bit bus is selected
functions as al6-bit access space.

If all areas are designated for 8-bit access, 8-bit bus mode is set; if any area is designated for 16-bit
access, 16-bit bus mode is set. When the burst ROM interface is designated, 16-bit bus mode is
always set.

Number of Access States: Two or three access states can be selected with ASTCR. An area for
which 2-state access is selected functions as a 2-state access space, and an area for which 3-state
access is selected functions as a 3-state access space.

With the burst ROM interface, the number of access states may be determined without regard to
ASTCR.

When 2-state access space is designated, wait insertion is disabled.

Number of Program Wait States: When 3-state access space is designated by ASTCR, the
number of program wait states to be inserted automatically is selected with WCRH and WCRL.
From O to 3 program wait states can be selected.

Table 7.3 shows the bus specifications for each basic bus interface area.
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Table 7.3  Bus Specifications for Each Area (Basic Bus Interface)

ABWCR ASTCR WCRH, WCRL Bus Specifications (Basic Bus Interface)
Program Wait
ABWn ASTn Wn1 Wno Bus Width Access States States
0 0 — — 16 2 0
1 0 0 3 0
1 1
1 0 2
1 3
1 0 — — 8 2 0
1 0 0 3 0
1 1
1 0 2
1 3

7.3.3 Memory Interfaces

The H8S/2646 Group memory interfaces comprise a basic bus interface that allows direct
connection or ROM, SRAM, and so on, and a burst ROM interface that allows direct connection
of burst ROM. The memory interface can be selected independently for each area.

An area for which the basic bus interface is designated functions as normal space, and an area for
which the burst ROM interface is designated functions as burst ROM space.
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7.3.4 Interface Specifications for Each Area

The initial state of each area is basic bus interface, 3-state access space. The initial bus width is
selected according to the operating mode. The bus specifications described here cover basic items
only, and the sections on each memory interface (sections 7.4, Basic Bus Interface and 7.5, Burst
ROM Interface) should be referred to for further details.

Area 0: Area 0 includes on-chip ROM, and in ROM-disabled expansion mode, all of area O is
external space. In ROM-enabled expansion mode, the space excluding on-chip ROM is external
space.

Either basic bus interface or burst ROM interface can be selected for area O.
Areas 1 to 6: In external expansion mode, all of areas 1 to 6 is external space.
Only the basic bus interface can be used for areas 1 to 6.

Area 7: Area 7 includes the on-chip RAM and internal I/O registers. In external expansion mode,
the space excluding the on-chip RAM and internal I/O registers is external space. The on-chip
RAM is enabled when the RAME bit in the system control register (SYSCR) is set to 1; when the
RAME bit is cleared to 0, the on-chip RAM is disabled and the corresponding space becomes
external space.

Only the basic bus interface can be used for the area 7.
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74 Basic Bus Interface
7.4.1 Overview

The basic bus interface enables direct connection of ROM, SRAM, and so on.

The bus specifications can be selected with ABWCR, ASTCR, WCRH, and WCRL (see
table 7.3).

7.4.2 Data Size and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has a data alignment function, and when accessing external space, controls whether the
upper data bus (D15 to D8) or lower data bus (D7 to DO0) is used according to the bus
specifications for the area being accessed (8-bit access space or 16-bit access space) and the data
size.

8-Bit Access Space: Figure 7.3 illustrates data alignment control for the 8-bit access space. With
the 8-bit access space, the upper data bus (D15 to DS) is always used for accesses. The amount of
data that can be accessed at one time is one byte: a word transfer instruction is performed as two
byte accesses, and a longword transfer instruction, as four byte accesses.

Upper data bus Lower data bus
D15 D8, D7 DO,

Bytesize |‘T“T“|

1 1 1 1 1 1 1

1st bus cycle |

Word size | 2ndbuscycle |

[ 1st bus cycle

Longword size 2nd bus cycle

3rd bus cycle

| T T T T T T
1 1 1 1 1 1

| T T T T T T
1 1 1 1 1 1

| T T T T T T
1 1 1 1 1 1

| T T T T T T
1 1 1 1 1 1

T
1 |
T
1 |
T
1 |
T
1 |

| 4th bus cycle

Figure 7.3 Access Sizes and Data Alignment Control (8-Bit Access Space)
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16-Bit Access Space: Figure 7.4 illustrates data alignment control for the 16-bit access space.
With the 16-bit access space, the upper data bus (D15 to D8) and lower data bus (D7 to D0) are
used for accesses. The amount of data that can be accessed at one time is one byte or one word,
and a longword transfer instruction is executed as two word transfer instructions.

In byte access, whether the upper or lower data bus is used is determined by whether the address is
even or odd. The upper data bus is used for an even address, and the lower data bus for an odd
address.

Upper data bus Lower data bus
D15 D8, D7 Do,

Byte size * Even address ]
Byte size ¢ Odd address B

Word size |““Hw|wwww\“|

Longword 1st bus cycle |
size 2nd bus cycle |

Figure 7.4 Access Sizes and Data Alignment Control (16-Bit Access Space)
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7.4.3 Valid Strobes

Table 7.4 shows the data buses used and valid strobes for the access spaces.

In a read, the RD signal is valid without discrimination between the upper and lower halves of the

data bus.

In a write, the HWR signal is valid for the upper half of the data bus, and the LWR signal for the

lower half.

Table 7.4 Data Buses Used and Valid Strobes

Access Read/

Upper Data Bus Lower data bus

Area Size Write Address Strobe (D15 to D8) (D7 to DO)
8-bit access  Byte Read — RD Valid Invalid
space Write — HWR Hi-Z
16-bit access Byte Read Even RD Valid Invalid
space Odd Invalid Valid
Write  Even HWR Valid Hi-Z
Odd LWR Hi-Z Valid
Word Read — RD Valid Valid
Write — HWR, LWR Valid Valid

Notes: Hi-Z: High impedance.

Invalid: Input state; input value is ignored.
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7.4.4 Basic Timing

8-Bit 2-State Access Space: Figure 7.5 shows the bus timing for an 8-bit 2-state access space.
When an 8-bit access space is accessed, the upper half (D15 to D8) of the data bus is used.

The LWR pin is fixed high. Wait states cannot be inserted.

~—————— Buscycle ———————

! T, | !
v _
Address bus X

.

Read D15 to D8 3 j {  Valid % —

| : |
w1 [

LWR 1 Hiiqh 1

Write i 3 3
D15 to D8 H Valid >—

D7 to DO % %High impedance %

Figure 7.5 Bus Timing for 8-Bit 2-State Access Space
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8-Bit 3-State Access Space: Figure 7.6 shows the bus timing for an 8-bit 3-state access space.
When an 8-bit access space is accessed, the upper half (D15 to D8) of the data bus is used.

The LWR pin is fixed high. Wait states can be inserted.

- Bus cycle -
T Tz Ts
]
Address bus x |
AS
RD

Read D15to D8

| { Valid |}—
3 { Invalid | }—

D7 to DO
I
HWR |
Write
D15 to D8 ~—< | Valid >—
! High impedance
D7 to DO ‘ ‘ o mp ‘
Figure 7.6 Bus Timing for 8-Bit 3-State Access Space
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16-Bit 2-State Access Space: Figures 7.7 to 7.9 show bus timings for a 16-bit 2-state access
space. When a 16-bit access space is accessed, the upper half (D15 to D8) of the data bus is used
for the even address, and the lower half (D7 to DO) for the odd address.

Wait states cannot be inserted.

~—————— Buscycle ———————

v
Address bus X

Ty | T2

N
Read D15 to D8 j % < Valid % >_
D7 to DO j % Invalid %
e
LWR % Hi?gh %
Write i 3 3
D15 to D8 —< Valid >—
D7 to DO % % High impedance %

Figure 7.7 Bus Timing for 16-Bit 2-State Access Space (1) (Even Address Byte Access)
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~~——— Buscycle ————

0
Address bus >< B
AS | |
RD f i
Read 4 D15toD8 3 { Invalid | )—
D7 to DO : { vald | )—
HWR High
LWR | |
Write |
! 'High impedance !
D15 to D8 : ; ‘
D7 to DO —< ' Valid >7

Figure 7.8 Bus Timing for 16-Bit 2-State Access Space (2) (Odd Address Byte Access)
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<————— Buscycle ————————

: T T,

Address bus >< : \

AS ‘ :
RD | |
Read D15 to D8 ] 1 { valid |}—

D7 to DO ‘ : { valid |}—

T
0

Write

D15 to D8 *—< " Valid >7
D7 to DO *—< " Valid >7

Figure 7.9 Bus Timing for 16-Bit 2-State Access Space (3) (Word Access)
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16-Bit 3-State Access Space: Figures 7.10 to 7.12 show bus timings for a 16-bit 3-state access
space. When a 16-bit access space is accessed , the upper half (D15 to DS8) of the data bus is used
for the even address, and the lower half (D7 to DO) for the odd address.

Wait states can be inserted.

Bus cycle

7]

| JJLA

Read ¢ D15to D8

D7 to DO

Write

f { vald '}—

High impedance

Valid

Figure 7.10 Bus Timing for 16-Bit 3-State Access Space (1) (Even Address Byte Access)
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Bus cycle
Ty ! To 3 Ts

5
|
ﬂ

Address bus 3)(

;

;

Read < D15to D8 Invalid

D7 to DO Valid
HWR High
LWR
Write
Highi '
D15 to D8 9 Impedance:

Valid

IRRGISIE

D7 to DO —‘—<

Figure 7.11 Bus Timing for 16-Bit 3-State Access Space (2) (Odd Address Byte Access)
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T3

Bus cycle
T2

T

i) =]

© ©

> >
] [} [a) [se} o
3 2 R 8 8
0 L L
8 o N
M [m)]
<

e)

©

Q

o

Write

for 16-Bit 3-State Access Space (3) (Word Access)

iming

.

Figure 7.12 Bus T
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7.4.5 Wait Control

When accessing external space, the H8S/2646 Group can extend the bus cycle by inserting one or
more wait states (T, ). There are two ways of inserting wait states: program wait insertion.

Program Wait Insertion: From 0 to 3 wait states can be inserted automatically between the T,
state and T, state on an individual area basis in 3-state access space, according to the settings of
WCRH and WCRL.

Pin Wait Insertion: Setting the WAITE bit in BCRH to 1 enables wait input by means of the
WAIT pin. When external space is accessed in this state, a program wait is first inserted in
accordance with the settings in WCRH and WCRL. If the WAIT pin is low at the falling edge of ¢
in the last T, or T state, another T state is inserted. If the WAIT pin is held low, T states are
inserted until it goes high.

This is useful when inserting four or more T states, or when changing the number of T states for
different external devices.

The WAITE bit setting applies to all areas.
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Figure 7.13 shows an example of wait state insertion timing.

By program wait

T T Tw

By WAIT pin

Tw

Tw

Address bus :><

-

Read

Data bus

HWR, LWR

( Read data )—

Write

Data bus —< Write data

Note: Downward arrows show the timing of WAIT pin sampling.

Figure 7.13 Example of Wait State Insertion Timing

The settings after a reset are: 3-state access, 3 program wait state insertion.
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7.5 Burst ROM Interface

7.5.1 Overview

In this LSI, the area 0 external space can be set as burst ROM space and burst ROM interfacing
performed. Burst ROM space interfacing allows 16-bit ROM capable of burst access to be
accessed at high-speed.

The BRSTRM bit of BCRH sets area 0 as burst ROM space. CPU instruction fetches (only) can be
performed using a maximum of 4-word or 8-word continuous burst access. 1 state or 2 states can
be selected in the case of burst access.

7.5.2 Basic Timing

The ASTO bit of ASTCR sets the number of access states in the initial cycle (full access) of the
burst ROM interface. Wait states can be inserted when the ASTO bit is set to 1. The burst cycle
can be set for 1 state or 2 sttes by setting the BRSTS1 bit of BCRH. Wait states cannot be inserted.
When area 0 is set as burst ROM space, area 0 is a 16-bit access space regardless of the ABWO bit
of ABWCR.

When the BRSTSO bit of BCRH is cleared to 0, 4-word max. burst access is performed. When the
BRSTSO bit is set to 1, 8-word max. burst access is performed.

Figures 7.14 (a) and (b) show the basic access timing for the burst ROM space.
Figure 7.14 (a) is an example when both the ASTO and BRSTS1 bits are set to 1.

Figure 7.14 (b) is an example when both the AST0 and BRSTS1 bits are set to 0.
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Full access Burst access
Ty | T, | Ts T, | T, T4 | T,
- = = = = = = >
¢
\/
Address bus >< Low addresslc\mly changes

AS

RD r

Data bus —< Read data >—< Read data >—< Read data >>

Figure 7.14 (a) Example Burst ROM Access Timing (AST0=BRSTS1=1)

Full access Burst access

: ( \/ ) :
Address bus XLow address/c\)nly changes

Data bus 4< Read data ><Read data>< Read data>i

Figure 7.14 (b) Example Burst ROM Access Timing (AST0=BRSTS1=0)
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7.5.3 Wait Control

As with the basic bus interface, either program wait insertion or pin wait insertion using the WAIT
pin can be used in the burst ROM interface initial cycle (full access). See section 7.4.5, Wait
Control.

Wait states cannot be inserted in the burst cycle.
7.6 Idle Cycle
7.6.1 Operation

When the H8S/2646 Group accesses external space, it can insert a 1-state idle cycle (T,) between
bus cycles in the following two cases: (1) when read accesses between different areas occur
consecutively, and (2) when a write cycle occurs immediately after a read cycle. By inserting an
idle cycle it is possible, for example, to avoid data collisions between ROM, with a long output
floating time, and high-speed memory, I/O interfaces, and so on.
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(1) Consecutive Reads between Different Areas

If consecutive reads between different areas occur while the ICIS1 bit in BCRH is set to 1, an idle
cycle is inserted at the start of the second read cycle.

Figure 7.15 shows an example of the operation in this case. In this example, bus cycle A is a read
cycle from ROM with a long output floating time, and bus cycle B is a read cycle from SRAM,
each being located in a different area. In (a), an idle cycle is not inserted, and a collision occurs in
cycle B between the read data from ROM and that from SRAM. In (b), an idle cycle is inserted,
and a data collision is prevented.

T, Ty T,

Address bus J :X EXZ Address bus :}( >( X:

CS* (area A) _l—'73 CS* (area A) !

(@)
(02}

%
B
[0}
QO
o

CS* (area B)

;

' Data
Long output | collision
floating time
(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS1 =0) (Initial value ICIST = 1)

Note: * The CS signal is generated externally rather than inside the LS| device.

Figure 7.15 Example of Idle Cycle Operation (1)
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(2) Write after Read

If an external write occurs after an external read while the ICISO bit in BCRH is set to 1, an idle
cycle is inserted at the start of the write cycle.

Figure 7.16 shows an example of the operation in this case. In this example, bus cycle A is a read
cycle from ROM with a long output floating time, and bus cycle B is a CPU write cycle. In (a), an
idle cycle is not inserted, and a collision occurs in cycle B between the read data from ROM and
the CPU write data. In (b), an idle cycle is inserted, and a data collision is prevented.

Buscycle A Buscycle B Bus cycle A Bus cycle B

|
et T
|
|
I

Address bus J :X

CS* (area A) | CS* (area A) i

Possibility of overlap between
CS (area B) and RD

(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS1 =0) (Initial value ICIS1 = 1)

Note: * The CS signal is generated externally rather than inside the LSI device.

Figure 7.16 Example of Idle Cycle Operation (2)
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(3) Relationship between Chip Select (CS™) Signal and Read (RD) Signal

Depending on the system’s load conditions, the RD signal may lag behind the CS signal®. An
example is shown in figure 7.17.

In this case, with the setting for no idle cycle insertion (a), there may be a period of overlap
between the bus cycle A RD signal and the bus cycle B CS signal.

Setting idle cycle insertion, as in (b), however, will prevent any overlap between the RD and CS
signals.

In the initial state after reset release, idle cycle insertion (b) is set.

Note: * The CS signal is generated externally rather than inside the LSI device.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

T, T, T3, Ty T, T, T, T3 | T T T,

o o

Address bus j X X: Address bus :>< ;X

CS* (area A) i CS* (area A)

CS* (areaB) | CS* (area B)
; gilin

Data bus -.§. Data bus

HWR

HWR

.-

Data
Long output | ;jigion
floating time
(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIs0 =0) (Initial value ICISO = 1)

Note: * The CS signal is generated externally rather than inside the LSI device.

Figure 7.17 Relationship between Chip Select (@)* and Read (RD)
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7.6.2 Pin States During Idle Cycles
Table 7.5 shows the pin states during idle cycles.

Table 7.5  Pin States During Idle Cycles

Pins Pin State

A23 to AO Content identical to immediately following bus cycle

D15 to DO High impedance

AS High level

RD High level

HWR High level

LWR High level
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7.7 Write Data Buffer Function

The H8S/2646 Group has a write data buffer function in the external data bus. Using this function
enables external writes to be executed in parallel with internal accesses. The write data buffer
function is made available by setting the WDBE bit in BCRL to 1.

Figure 7.18 shows an example of the timing when the write data buffer function is used. When this
function is used, if an external write continues for 2 states or longer, and there is an internal access
next, only an external write is executed in the first state, but from the next state onward an internal
access (on-chip memory or internal I/O register read/write) is executed in parallel with the external
write rather than waiting until it ends.

On-chip memory read Internal I/O register read

B T e  —

External write cycle

Internal address bus >< >< >< >< ><

Internal memory  Internal I/O register address

Internal read signal

A23 to AO >< External address ‘
External —%— —%—
space | AWR, LWR 3 3
write ! !
D15 to DO H >7
Figure 7.18 Example of Timing when Write Data Buffer Function is Used
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7.8 Bus Arbitration

7.8.1 Overview
The H8S/2646 Group has a bus arbiter that arbitrates bus master operations.

There are two bus masters, the CPU and DTC which perform read/write operations when they
have possession of the bus. Each bus master requests the bus by means of a bus request signal. The
bus arbiter determines priorities at the prescribed timing, and permits use of the bus by means of a
bus request acknowledge signal. The selected bus master then takes possession of the bus and
begins its operation.

7.8.2 Operation

The bus arbiter detects the bus masters’ bus request signals, and if the bus is requested, sends a bus
request acknowledge signal to the bus master making the request. If there are bus requests from
more than one bus master, the bus request acknowledge signal is sent to the one with the highest
priority. When a bus master receives the bus request acknowledge signal, it takes possession of the
bus until that signal is canceled.

The order of priority of the bus masters is as follows:
(High) DTC > CPU (Low)
7.8.3 Bus Transfer Timing

Even if a bus request is received from a bus master with a higher priority than that of the bus
master that has acquired the bus and is currently operating, the bus is not necessarily transferred
immediately. There are specific times at which each bus master can relinquish the bus.

CPU: The CPU is the lowest-priority bus master, and if a bus request is received from the DTC,
the bus arbiter transfers the bus to the bus master that issued the request. The timing for transfer of
the bus is as follows:

e The bus is transferred at a break between bus cycles. However, if a bus cycle is executed in
discrete operations, as in the case of a longword-size access, the bus is not transferred between
the operations. See appendix A.5, Bus States During Instruction Execution, for timings at
which the bus is not transferred.

e If the CPU is in sleep mode, it transfers the bus immediately.

Page 178 of 1126 REJ09B0257-0700 Rev. 7.00
IzENESAS JUn 10’ 2010



H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM Section 7 Bus Controller

DTC: The DTC sends the bus arbiter a request for the bus when an activation request is generated.

The DTC can release the bus after a vector read, a register information read (3 states), a single data
transfer, or a register information write (3 states). It does not release the bus during a register
information read (3 states), a single data transfer, or a register information write (3 states).

7.9 Resets and the Bus Controller

In a reset, the H8S/2646 Group, including the bus controller, enters the reset state at that point, and
an executing bus cycle is discontinued.
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Section 8 Data Transfer Controller (DTC)

8.1 Overview

The H8S/2646 Group includes a data transfer controller (DTC). The DTC can be activated by an
interrupt or software, to transfer data.

8.1.1 Features

e Transfer possible over any number of channels

— Transfer information is stored in memory

— One activation source can trigger a number of data transfers (chain transfer)
e Wide range of transfer modes

— Normal, repeat, and block transfer modes available

— Incrementing, decrementing, and fixing of source and destination addresses can be selected
e Direct specification of 16-Mbyte address space possible

— 24-bit transfer source and destination addresses can be specified
e Transfer can be set in byte or word units
e A CPU interrupt can be requested for the interrupt that activated the DTC

— An interrupt request can be issued to the CPU after one data transfer ends

— An interrupt request can be issued to the CPU after the specified data transfers have
completely ended

e Activation by software is possible
e Module stop mode can be set

— The initial setting enables DTC registers to be accessed. DTC operation is halted by setting
module stop mode.
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8.1.2 Block Diagram
Figure 8.1 shows a block diagram of the DTC.

The DTC’s register information is stored in the on-chip RAM™. A 32-bit bus connects the DTC to
the on-chip RAM (1 kbyte), enabling 32-bit/1-state reading and writing of the DTC register
information.

Note: * When the DTC is used, the RAME bit in SYSCR must be set to 1.

Internal address bus

‘ ‘ On-chip
Interrupt controller  DTC RAM
c :
o |
o . o T
oz D £ !
<roio e} o |
Interrupt o &l g =2 g
request> soglz ) s || eE: C s
= E e o4 c S|<|mQ|w o
=) Qo o] —C|C [
=3 | O < Ol0 o>
58 = & |
3 ‘
'_ 1
0 -
CPU interrupt Internal data bus
request
Legend:
MRA, MRB : DTC mode registers A and B
CRA, CRB : DTC transfer count registers A and B
SAR : DTC source address register
DAR : DTC destination address register
DTCERA to DTCERG, | : DTC enable registers Ato G, |
DTVECR : DTC vector register
Figure 8.1 Block Diagram of DTC
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8.1.3 Register Configuration
Table 8.1 summarizes the DTC registers.

Table 8.1 DTC Registers

Name Abbreviation R/W Initial Value Address™

DTC mode register A MRA —*  Undefined —*s

DTC mode register B MRB —* Undefined —*

DTC source address register SAR —*  Undefined —*s

DTC destination address register DAR —*  Undefined —*

DTC transfer count register A CRA —*  Undefined —*s

DTC transfer count register B CRB —*  Undefined —*s

DTC enable registers DTCER R/W H'00 H'FE16 to H'FE1E
DTC vector register DTVECR R/W  H'00 H'FE1F

Module stop control register A MSTPCRA R/W  H3F H'FDES8

Notes: 1. Lower 16 bits of the address.
2. Registers within the DTC cannot be read or written to directly.

3. Register information is located in on-chip RAM addresses H'EBCO to H'EFBF. It cannot
be located in external memory space. When the DTC is used, do not clear the RAME
bit in SYSCR to 0.
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8.2 Register Descriptions

8.2.1 DTC Mode Register A (MRA)

Bit

6 5 4 3 2 1 0

|SM1|SMO|DM1|DMO|MD1|MDO|DTS| Sz‘

Initial value :

R/W

*: Undefined

MRA is an 8-bit register that controls the DTC operating mode.

Bits 7 and 6—Source Address Mode 1 and 0 (SM1, SM0): These bits specify whether SAR is
to be incremented, decremented, or left fixed after a data transfer.

Bit 7 Bit 6

SM1 SMO Description

0 — SAR is fixed

1 0 SAR is incremented after a transfer

(by +1 when Sz = 0; by +2 when Sz = 1)

SAR is decremented after a transfer
(by —1 when Sz = 0; by —2 when Sz = 1)

Bits 5 and 4—Destination Address Mode 1 and 0 (DM1, DMO0): These bits specify whether
DAR is to be incremented, decremented, or left fixed after a data transfer.

Bit 5 Bit 4

DM1 DMO Description

0 — DAR is fixed

1 0 DAR is incremented after a transfer

(by +1 when Sz = 0; by +2 when Sz = 1)

DAR is decremented after a transfer
(by —1 when Sz = 0; by -2 when Sz = 1)
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Bits 3 and 2—DTC Mode (MD1, MDO): These bits specify the DTC transfer mode.

Bit 3 Bit 2

MD1 MDO Description

0 0 Normal mode
1 Repeat mode

1 0 Block transfer mode
1 —

Bit 1—DTC Transfer Mode Select (DTS): Specifies whether the source side or the destination
side is set to be a repeat area or block area, in repeat mode or block transfer mode.

Bit 1

DTS Description

0 Destination side is repeat area or block area
1 Source side is repeat area or block area

Bit 0—DTC Data Transfer Size (Sz): Specifies the size of data to be transferred.

Bit 0

Sz Description

0 Byte-size transfer

1 Word-size transfer
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8.2.2 DTC Mode Register B (MRB)

Bit : 7 6 5 4 3 2 1 0
lomne |oiset | — | — | — | — | — [ — |

Initial value: ® * * * % o * *

R/W : — — — — — — — —
*: Undefined

MRB is an 8-bit register that controls the DTC operating mode.

Bit 7—DTC Chain Transfer Enable (CHNE): Specifies chain transfer. With chain transfer, a
number of data transfers can be performed consecutively in response to a single transfer request.

In data transfer with CHNE set to 1, determination of the end of the specified number of transfers,
clearing of the interrupt source flag, and clearing of DTCER is not performed.

Bit7

CHNE Description

0 End of DTC data transfer (activation waiting state is entered)

1 DTC chain transfer (new register information is read, then data is transferred)

Bit 6—DTC Interrupt Select (DISEL): Specifies whether interrupt requests to the CPU are
disabled or enabled after a data transfer.

Bit 6
DISEL Description

0 After a data transfer ends, the CPU interrupt is disabled unless the transfer counter is
0 (the DTC clears the interrupt source flag of the activating interrupt to 0)

1 After a data transfer ends, the CPU interrupt is enabled (the DTC does not clear the
interrupt source flag of the activating interrupt to 0)

Bits 5 to 0—Reserved: These bits have no effect on DTC operation in the H8S/2646 Group, and
should always be written with 0.
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8.2.3 DTC Source Address Register (SAR)

Bit : 23 22 21 20 19 - - 4 3 2 1 0
NN HEEEE

Initial value: - - - - # - - * * * * *

R/W = = = = — --- - = = = —
*: Undefined

SAR is a 24-bit register that designates the source address of data to be transferred by the DTC.
For word-size transfer, specify an even source address.

8.24 DTC Destination Address Register (DAR)

Bit 23 22 21 20 19 - - 4 3 2 1 0
NN L]

Initial value : s s s % # --- % * * * *

R/W = = = = = --- _- = = - -
*; Undefined

DAR is a 24-bit register that designates the destination address of data to be transferred by the
DTC. For word-size transfer, specify an even destination address.
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8.2.5 DTC Transfer Count Register A (CRA)

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HEEEEEEEEEEEEEE.

Initial value : * * * * * * * * * * * * * * * *

R/W T T

<+————— CRAH ——»=<———— CRAL ———»

*: Undefined
CRA is a 16-bit register that designates the number of times data is to be transferred by the DTC.

In normal mode, the entire CRA functions as a 16-bit transfer counter (1 to 65,536). It is
decremented by 1 every time data is transferred, and transfer ends when the count reaches H'0000.

In repeat mode or block transfer mode, the CRA is divided into two parts: the upper 8 bits
(CRAH) and the lower 8 bits (CRAL). CRAH holds the number of transfers while CRAL
functions as an 8-bit transfer counter (1 to 256). CRAL is decremented by 1 every time data is
transferred, and the contents of CRAH are sent when the count reaches H'00. This operation is
repeated.

8.2.6 DTC Transfer Count Register B (CRB)

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HEEEEEEEEENEEEE.
Initial value: - # % # # % % * * * * * * * * *
R/W = = = = = = = = = = = = = = = —
*: Undefined

CRB is a 16-bit register that designates the number of times data is to be transferred by the DTC in
block transfer mode. It functions as a 16-bit transfer counter (1 to 65536) that is decremented by 1
every time data is transferred, and transfer ends when the count reaches H'0000.
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8.2.7 DTC Enable Registers (DTCER)

Bit : 7 6 5 4 3 2 1 0

| DTCE7 | DTCE6| DTCE5 | DTCE4 | DTCE3 | DTCE2 | DTCEA | DTCEO ‘
Initial value: 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

The DTC enable registers comprise eight 8-bit readable/writable registers, DTCERA to DTCERG
and DTCERI, with bits corresponding to the interrupt sources that can control enabling and
disabling of DTC activation. These bits enable or disable DTC service for the corresponding
interrupt sources.

The DTC enable registers are initialized to H'0OO by a reset and in hardware standby mode.

Bit n—DTC Activation Enable (DTCEn)

Bit n

DTCEn Description

0 DTC activation by this interrupt is disabled (Initial value)
[Clearing conditions]
e When the DISEL bit is 1 and the data transfer has ended
¢ When the specified number of transfers have ended

1 DTC activation by this interrupt is enabled

[Holding condition]
When the DISEL bit is 0 and the specified number of transfers have not ended
(n=7100)

A DTCE bit can be set for each interrupt source that can activate the DTC. The correspondence
between interrupt sources and DTCE bits is shown in table 8.4, together with the vector number
generated for each interrupt controller.

For DTCE bit setting, use bit manipulation instructions such as BSET and BCLR for reading and
writing. If all interrupts are masked, multiple activation sources can be set at one time by writing
data after executing a dummy read on the relevant register.
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8.2.8 DTC Vector Register (DTVECR)

Bit : 7 6 5 4 3 2 1 0

| SWDTE | DTVECB| DTVECS| DTVEC4| DTVEC3|DTVEC2 | DTVECH |DTVECO‘
Initial value: 0 0 0 0 0 0 0 0
R/W © O R/(WYTT RAW)2 RAW)2 R/AW)2 RAW)™2 R/A(W)?2  R/(W)*2 R/(W)*2

Notes: 1. Only 1 can be written to the SWDTE bit.
2. Bits DTVEC6 to DTVECO can be written to when SWDTE = 0.

DTVECR is an 8-bit readable/writable register that enables or disables DTC activation by
software, and sets a vector number for the software activation interrupt.

DTVECR is initialized to H'00 by a reset and in hardware standby mode.

Bit 7—DTC Software Activation Enable (SWDTE): Enables or disables DTC activation by
software.

Bit 7

SWDTE Description

0 DTC software activation is disabled (Initial value)
[Clearing conditions]
e When the DISEL bit is 0 and the specified number of transfers have not ended
e When 0 s written to the DISEL bit after a software-activated data transfer end

interrupt (SWDTEND) request has been sent to the CPU
1 DTC software activation is enabled

[Holding conditions]

e When the DISEL bit is 1 and data transfer has ended
e When the specified number of transfers have ended
e During data transfer due to software activation

Bits 6 to 0—DTC Software Activation Vectors 6 to 0 (DTVEC6 to DTVEC0): These bits
specify a vector number for DTC software activation.

The vector address is expressed as H'0400 + ((vector number) << 1). <<1 indicates a one-bit left-
shift. For example, when DTVECG6 to DTVECO = H'10, the vector address is H'0420.
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8.2.9 Module Stop Control Register A (MSTPCRA)

Bit 7 6 5 4 3 2 1 0
| MsTPA7 | MsTPA6 | MsTPAs | MsTPA4 | MSTPAS | MsTPA2 | MSTPAT | MsTPAO |

Initial value 0 0 1 1 1 1 1 1

Read/Write R/W RW  RW RW  RW R/W RW  RW

MSTPCRA is a 8-bit readable/writable register that performs module stop mode control.

When the MSTPAG bit in MSTPCRA is set to 1, the DTC operation stops at the end of the bus
cycle and a transition is made to module stop mode. However, 1 cannot be written in the MSTPA6
bit while the DTC is operating. For details, see section 22.5, Module Stop Mode.

MSTPCRA is initialized to H'3F by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 6—Module Stop (MSTPAG6): Specifies the DTC module stop mode.

Bit 6

MSTPA6 Description

0 DTC module stop mode cleared (Initial value)
1 DTC module stop mode set
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8.3 Operation
8.3.1 Overview

When activated, the DTC reads register information that is already stored in memory and transfers
data on the basis of that register information. After the data transfer, it writes updated register
information back to memory. Pre-storage of register information in memory makes it possible to
transfer data over any required number of channels. Setting the CHNE bit to 1 makes it possible to
perform a number of transfers with a single activation.

Figure 8.2 shows a flowchart of DTC operation.

Read DTC vector

Next transfer

-

y

Read register information

Y

Data transfer

1

Write register information

No

Transfer Counter = 0
or DISEL =1

Yes

Y
Clear an activation flag Clear DTCER

End Interrupt e>.(ception
handling

Figure 8.2 Flowchart of DTC Operation
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The DTC transfer mode can be normal mode, repeat mode, or block transfer mode.

The 24-bit SAR designates the DTC transfer source address and the 24-bit DAR designates the
transfer destination address. After each transfer, SAR and DAR are independently incremented,

decremented, or left fixed.

Table 8.2 outlines the functions of the DTC.

Table 8.2 DTC Functions

Transfer Mode

Activation Source

Address Registers

Transfer Transfer
Source Destination

e Normal mode

— One transfer request transfers one
byte or one word

— Memory addresses are incremented
or decremented by 1 or 2

— Up to 65,536 transfers possible
¢ Repeat mode

— One transfer request transfers one
byte or one word

— Memory addresses are incremented
or decremented by 1 or 2

— After the specified number of
transfers (1 to 256), the initial state
resumes and operation continues

e Block transfer mode

— One transfer request transfers a block

of the specified size

— Block size is from 1 to 256 bytes or
words

— Up to 65,536 transfers possible

— A block area can be designated at
either the source or destination

IRQ 24 bits 24 bits
TPU TGI

SCI TXI or RXI

A/D converter ADI

Motor control PWM
timer CMI

HCAN RMO
(mail box 0)

Software
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8.3.2 Activation Sources

The DTC operates when activated by an interrupt or by a write to DTVECR by software. An
interrupt request can be directed to the CPU or DTC, as designated by the corresponding DTCER
bit. An interrupt becomes a DTC activation source when the corresponding bit is set to 1, and a
CPU interrupt source when the bit is cleared to O.

At the end of a data transfer (or the last consecutive transfer in the case of chain transfer), the
activation source or corresponding DTCER bit is cleared. Table 8.3 shows activation source and
DTCER clearance. The activation source flag, in the case of RXIO, for example, is the RDRF flag
of SCIO.

Table 8.3  Activation Source and DTCER Clearance

When the DISEL Bitls 0 and  When the DISEL Bit Is 1, or when
the Specified Number of the Specified Number of Transfers
Activation Source Transfers Have Not Ended Have Ended

Software activation = The SWDTE bitis clearedto 0 The SWDTE bit remains set to 1
An interrupt is issued to the CPU

Interrupt activation ~ The corresponding DTCER bit ~ The corresponding DTCER bit is cleared

remains set to 1 to0
The activation source flag is The activation source flag remains set to 1
clearedto 0 A request is issued to the CPU for the

activation source interrupt

Figure 8.3 shows a block diagram of activation source control. For details see section 5, Interrupt
Controller.
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Source flag cleared

Clear
controller
Clear
A
DTCER
Clear request
Select
/ /
On-chip
supporting = o DTC
module 3]
©
. o c
IRQ interrupt e
Interrupt ©
D
request °
DTVECR i »| Interrupt controller

CPU

Interrupt mask’

Figure 8.3 Block Diagram of DTC Activation Source Control

When an interrupt has been designated a DTC activation source, existing CPU mask level and
interrupt controller priorities have no effect. If there is more than one activation source at the same

time, the DTC operates in accordance with the default priorities.
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8.3.3 DTC Vector Table
Figure 8.4 shows the correspondence between DTC vector addresses and register information.

Table 8.4 shows the correspondence between activation and vector addresses. When the DTC is
activated by software, the vector address is obtained from: H'0400 + (DTVECR[6:0] << 1) (where
<< 1 indicates a 1-bit left shift). For example, if DTVECR is H'10, the vector address is H'0420.

The DTC reads the start address of the register information from the vector address set for each
activation source, and then reads the register information from that start address. The register
information can be placed at predetermined addresses in the on-chip RAM. The start address of
the register information should be an integral multiple of four.

The configuration of the vector address is the same in both normal™ and advanced modes, a 2-byte
unit being used in both cases. These two bytes specify the lower bits of the address in the on-chip
RAM.

Note: * Not available in the H8S/2646 Group.

u_\ u_\
DTC vector Register information/_>Re ister informationﬁ
address start address 9

N

Chain transfer
~N_ ~N_

Figure 8.4 Correspondence between DTC Vector Address and Register Information
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Table 8.4 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Origin of
Interrupt Vector Vector
Interrupt Source Source Number Address DTCE™ Priority
Write to DTVECR Software DTVECR  H'0400+ — High
(DTVECR 1)
[6:0]
<<1)
IRQO External pin 16 H'0420 DTCEA7
IRQ1 17 H'0422 DTCEA6
IRQ2 18 H'0424 DTCEAS5
IRQ3 19 H'0426 DTCEA4
IRQ4 20 H'0428 DTCEAS
IRQ5 21 H'042A DTCEA2
Reserved — 22to 27 H042Cto —
H'0436
ADI (A/D conversion end) A/D 28 H'0438 DTCEB6
Reserved — 29 to 31 H'043Ato —
H'043E
TGIOA (GROA compare match/ TPU 32 H'0440 DTCEB5
input capture) channel 0
TGIOB (GROB compare match/ 33 H'0442 DTCEB4
input capture)
TGIOC (GROC compare match/ 34 H'0444 DTCEB3
input capture)
TGIOD (GROD compare match/ 35 H'0446 DTCEB2
input capture)
Reserved — 36 to 39 H'0448t0 —
H'044E
TGIHA (GR1A compare match/ TPU 40 H'0450 DTCEBH1
input capture) channel 1
TGI1B (GR1B compare match/ 41 H'0452 DTCEBO
input capture)
TGI2A (GR2A compare match/ TPU 44 H'0458 DTCEC7
input capture) channel 2
TGI2B (GR2B compare match/ 45 H'045A DTCEC6 v
input capture) Low
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Origin of
Interrupt Vector Vector

Interrupt Source Source Number Address DTCE™ Priority
TGI3A (GR3A compare match/ TPU 48 H'0460 DTCEC5 High
input capture) channel 3 4
TGI3B (GR3B compare match/ 49 H'0462 DTCEC4
input capture)
TGI3C (GR3C compare match/ 50 H'0464 DTCEC3
input capture)
TGI3D (GR3D compare match/ 51 H'0466 DTCEC2
input capture)
Reserved — 52 to 55 H'0468t0 —

H'046E
TGI4A (GR4A compare match/ TPU 56 H'0470 DTCECH1
input capture) channel 4
TGI4B (GR4B compare match/ 57 H'0472 DTCECO
input capture)
Reserved — 58, 59 H'0474t0 —

H'0476
TGI5A (GR5A compare match/ TPU 60 H'0478 DTCEDS5
input capture) channel 5
TGI5B (GR5B compare match/ 61 H'047A DTCED4
input capture)
Reserved — 62 to 80 H047Cto —

H'04A0
RXI0 (reception complete 0) SClI 81 H'04A2 DTCEES3
TXIO (transmit data empty 0) channel0 g, HO04A4  DTCEE2
Reserved — 83, 84 H'04A6t0 —

H'04A8
RXI1 (reception complete 1) SCI 85 H'04AA DTCEEA1
TXI1 (transmit data empty 1) channel 1 ‘gg H04AC  DTCEEO
Reserved — 87, 88 H'O4AEto —

H'04B0
RXI2 (reception complete 2)** SClI 89 H'04B2 DTCEF7
TXI2 (transmit data empty 2)*2  channel2 g H04B4  DTCEF6
Reserved — 91t0103 H'04B6t0 — v

H'04CE Low
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Origin of
Interrupt Vector Vector
Interrupt Source Source Number Address DTCE™ Priority
CMI1 (PWCYR1 compare match) PWM 104 H'04D0 DTCEG7 High
CMI2 (PWCYR2 compare match) 105 H'04D2 DTCEG6
Reserved — 106 to 108 H'04D4 —
H'04D8
RMO (Mail box 0) HCANO 109 H'04DA DTCEG2
Reserved — 110to 124 H'04DC —
H'04FC Low

Notes: 1. DTCE bits with no corresponding interrupt are reserved, and should be written with 0.

2. These vectors are used in the H8S/2648, H8S/2648R, and H8S/2647. They are
reserved in the H8S/2646, H8S/2646R, and H8S/2645.

REJ09B0257-0700 Rev. 7.00 Page 199 of 1126
Jun 10, 2010 RENESAS



H8S/2646 Group, H8S/2646R F-ZTATTM,
Section 8 Data Transfer Controller (DTC) H8S/2648R F-ZTATTM

8.34 Location of Register Information in Address Space
Figure 8.5 shows how the register information should be located in the address space.

Locate the MRA, SAR, MRB, DAR, CRA, and CRB registers, in that order, from the start address
of the register information (contents of the vector address). In the case of chain transfer, register
information should be located in consecutive areas.

Locate the register information in the on-chip RAM (addresses: HFFEBCO to HFFEFBF).

Lower address
. 0 1 2 3
Register T T
information — ™| MRA SAR
start address ) ) )
MRB DAR Register information
Chain CRA CRB
transfer > MRA SAR
Register information
MRB DAR for 2nd transfer in
chain transfer
CRA CRB
- 4 bytes o
Figure 8.5 Location of Register Information in Address Space
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8.3.5 Normal Mode
In normal mode, one operation transfers one byte or one word of data.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a
CPU interrupt can be requested.

Table 8.5 lists the register information in normal mode and figure 8.6 shows memory mapping in
normal mode.

Table 8.5 Register Information in Normal Mode

Name Abbreviation Function
DTC source address register SAR Designates source address
DTC destination address register DAR Designates destination address
DTC transfer count register A CRA Designates transfer count
DTC transfer count register B CRB Not used

e N M

SAR —» > <— DAR
Transfer

N S~/

Figure 8.6 Memory Mapping in Normal Mode
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8.3.6 Repeat Mode
In repeat mode, one operation transfers one byte or one word of data.

From 1 to 256 transfers can be specified. Once the specified number of transfers have ended, the
initial state of the transfer counter and the address register specified as the repeat area is restored,
and transfer is repeated. In repeat mode the transfer counter value does not reach H'00, and
therefore CPU interrupts cannot be requested when DISEL = 0.

Table 8.6 lists the register information in repeat mode and figure 8.7 shows memory mapping in
repeat mode.

Table 8.6  Register Information in Repeat Mode

Name Abbreviation Function
DTC source address register SAR Designates source address
DTC destination address register DAR Designates destination address
DTC transfer count register AH CRAH Holds number of transfers
DTC transfer count register AL CRAL Designates transfer count
DTC transfer count register B CRB Not used

N N

SAR or DAR or
DAR ™ Repeat area <:> - gAR
Transfer

N  ~

Figure 8.7 Memory Mapping in Repeat Mode

Page 202 of 1126 REJ09B0257-0700 Rev. 7.00
IzENESAS JUn 10’ 2010




H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM Section 8 Data Transfer Controller (DTC)

8.3.7 Block Transfer Mode

In block transfer mode, one operation transfers one block of data. Either the transfer source or the
transfer destination is designated as a block area.

The block size is 1 to 256. When the transfer of one block ends, the initial state of the block size
counter and the address register specified as the block area is restored. The other address register
is then incremented, decremented, or left fixed.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a
CPU interrupt is requested.

Table 8.7 lists the register information in block transfer mode and figure 8.8 shows memory
mapping in block transfer mode.

Table 8.7  Register Information in Block Transfer Mode

Name Abbreviation Function

DTC source address register SAR Designates source address
DTC destination address register DAR Designates destination address
DTC transfer count register AH CRAH Holds block size

DTC transfer count register AL CRAL Designates block size count
DTC transfer count register B CRB Transfer count
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H First block

B N
SAR B ' N B N DAR
DAR o, . <:> Block area -— sAR or

- : - Transfer -

B 7 ~_ @

Nth block
Y
m

Figure 8.8 Memory Mapping in Block Transfer Mode
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8.3.8 Chain Transfer

Setting the CHNE bit to 1 enables a number of data transfers to be performed consectutively in
response to a single transfer request. SAR, DAR, CRA, CRB, MRA, and MRB, which define data
transfers, can be set independently.

Figure 8.9 shows the memory map for chain transfer.

/\_/
Source
o T~ T~
. . . ) Destination
Register information
CHNE =1
DTC vector Register information
address start address
Register information
CHNE =0
r Source
LN L
) Destination
/—\_/

Figure 8.9 Chain Transfer Memory Map

In the case of transfer with CHNE set to 1, an interrupt request to the CPU is not generated at the
end of the specified number of transfers or by setting of the DISEL bit to 1, and the interrupt
source flag for the activation source is not affected.
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8.3.9 Operation Timing

Figures 8.10 to 8.12 show an example of DTC operation timing.

; JubububuyguuduuudyunuL
DTC activation / \
request

DTC J \—
request

Data transfer

Vector read

-
s O OO ke OO0
- .~

Transfer Transfer
information read information write

Figure 8.10 DTC Operation Timing (Example in Normal Mode or Repeat Mode)

0 S UL
DTC activation

request / \
DTC request / \

Data transfer

Vector read

B T EE— el
e O OO0 OO0

-y -
Transfer Transfer
information read information write

Figure 8.11 DTC Operation Timing (Example of Block Transfer Mode,
with Block Size of 2)

Page 206 of 1126 REJ09B0257-0700 Rev. 7.00

RENESAS Jun 10, 2010




H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM Section 8 Data Transfer Controller (DTC)

¢ Juuytiryriryyiiryyiuyyyt

DTC activation
request J

DTC
request J \_

Data transfer Data transfer
Vector read - -
Address
Transfer Transfer Transfer Transfer
information information information information
read write read write

Figure 8.12 DTC Operation Timing (Example of Chain Transfer)
8.3.10 Number of DTC Execution States

Table 8.8 lists execution statuses for a single DTC data transfer, and table 8.9 shows the number of
states required for each execution status.

Table 8.8 DTC Execution Statuses

Register Information Internal
Vector Read Read/Write Data Read Data Write Operations
Mode | J K L M
Normal 1 6 1 1 3
Repeat 1 6 1 1 3
Block transfer 1 6 N N 3

N: Block size (initial setting of CRAH and CRAL)
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Table 8.9 Number of States Required for Each Execution Status
Object to be Accessed ((:)hr:p ((:)hr:p Ogég?sit': :ISO External Devices
RAM | ROM
Bus width 32 16 16 8 8 16 16
Access states 1 1 2 3 3
Execution | Vector read S, — 1 — — 4 | 6+2m 3+m
status Register S, 1 — — — — — — —
information
read/write
Byte data read S, 1 1 2 2 2 3+m 2 3+m
Word dataread S, 1 1 4 2 4 |6+2m| 2 3+m
Byte data write S, 1 1 2 2 2 3+m 2 3+m
Word data write S| 1 1 4 2 4 |6+2m| 2 3+m
Internal operation S, 1 1 1 1 1 1 1 1

The number of execution states is calculated from the formula below. Note that ¥ means the sum
of all transfers activated by one activation event (the number in which the CHNE bit is set to 1,

plus 1).

Number of execution states =1- (S, +1) +X (J-S,+ K-S, +L-S)+M-S

For example, when the DTC vector address table is located in on-chip ROM, normal mode is set,
and data is transferred from the on-chip ROM to an internal I/O register, the time required for the
DTC operation is 14 states. The time from activation to the end of the data write is 11 states.
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8.3.11 Procedures for Using DTC

Activation by Interrupt: The procedure for using the DTC with interrupt activation is as follows:
[1] Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
[2] Set the start address of the register information in the DTC vector address.

[3] Set the corresponding bit in DTCER to 1.

[4] Set the enable bits for the interrupt sources to be used as the activation sources to 1. The DTC
is activated when an interrupt used as an activation source is generated.

[5] After the end of one data transfer, or after the specified number of data transfers have ended,
the DTCE bit is cleared to 0 and a CPU interrupt is requested. If the DTC is to continue
transferring data, set the DTCE bit to 1.

Activation by Software: The procedure for using the DTC with software activation is as follows:
[1] Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
[2] Set the start address of the register information in the DTC vector address.

[3] Check that the SWDTE bit is 0.

[4] Write 1 to SWDTE bit and the vector number to DTVECR.

[5] Check the vector number written to DTVECR.

[6] After the end of one data transfer, if the DISEL bit is 0 and a CPU interrupt is not requested,
the SWDTE bit is cleared to 0. If the DTC is to continue transferring data, set the SWDTE bit
to 1. When the DISEL bit is 1, or after the specified number of data transfers have ended, the
SWDTE bit is held at 1 and a CPU interrupt is requested.
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8.3.12 Examples of Use of the DTC

Normal Mode: An example is shown in which the DTC is used to receive 128 bytes of data via
the SCI.

[1] Set MRA to fixed source address (SM1 = SMO = 0), incrementing destination address (DM1 =
1, DMO = 0), normal mode (MD1 = MDO = 0), and byte size (Sz = 0). The DTS bit can have
any value. Set MRB for one data transfer by one interrupt (CHNE = 0, DISEL = 0). Set the
SCI RDR address in SAR, the start address of the RAM area where the data will be received in
DAR, and 128 (H'0080) in CRA. CRB can be set to any value.

[2] Set the start address of the register information at the DTC vector address.
[3] Set the corresponding bit in DTCER to 1.

[4] Set the SCI to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable the reception
complete (RXI) interrupt. Since the generation of a receive error during the SCI reception
operation will disable subsequent reception, the CPU should be enabled to accept receive error
interrupts.

[5] Each time reception of one byte of data ends on the SCI, the RDRF flag in SSR is set to 1, an
RXT interrupt is generated, and the DTC is activated. The receive data is transferred from RDR
to RAM by the DTC. DAR is incremented and CRA is decremented. The RDREF flag is
automatically cleared to 0.

[6] When CRA becomes 0 after the 128 data transfers have ended, the RDRF flag is held at 1, the
DTCE bit is cleared to 0, and an RXT interrupt request is sent to the CPU. The interrupt
handling routine should perform wrap-up processing.
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Chain Transfer: An example of DTC chain transfer is shown in which pulse output is performed
using the PPG. Chain transfer can be used to perform pulse output data transfer and PPG output
trigger cycle updating. Repeat mode transfer to the PPG’s NDR is performed in the first half of the
chain transfer, and normal mode transfer to the TPU’s TGR in the second half. This is because
clearing of the activation source and interrupt generation at the end of the specified number of
transfers are restricted to the second half of the chain transfer (transfer when CHNE = 0).

[1] Perform settings for transfer to the PPG’s NDR. Set MRA to source address incrementing
(SM1 =1, SMO = 0), fixed destination address (DM1 = DMO = 0), repeat mode (MD1 = 0,
MDO = 1), and word size (Sz = 1). Set the source side as a repeat area (DTS = 1). Set MRB to
chain mode (CHNE = 1, DISEL = 0). Set the data table start address in SAR, the NDRH
address in DAR, and the data table size in CRAH and CRAL. CRB can be set to any value.

[2] Perform settings for transfer to the TPU’s TGR. Set MRA to source address incrementing
(SM1 =1, SMO = 0), fixed destination address (DM1 = DMO = 0), normal mode (MD1 =
MDO = 0), and word size (Sz = 1). Set the data table start address in SAR, the TGRA address
in DAR, and the data table size in CRA. CRB can be set to any value.

[3] Locate the TPU transfer register information consecutively after the NDR transfer register
information.

[4] Set the start address of the NDR transfer register information to the DTC vector address.
[5] Set the bit corresponding to TGIA in DTCER to 1.

[6] Set TGRA as an output compare register (output disabled) with TIOR, and enable the TGIA
interrupt with TIER.

[7] Set the initial output value in PODR, and the next output value in NDR. Set bits in DDR and
NDER for which output is to be performed to 1. Using PCR, select the TPU compare match
to be used as the output trigger.

[8] Setthe CST bit in TSTR to 1, and start the TCNT count operation.

[9] Each time a TGRA compare match occurs, the next output value is transferred to NDR and
the set value of the next output trigger period is transferred to TGRA. The activation source
TGFA flag is cleared.

[10] When the specified number of transfers are completed (the TPU transfer CRA value is 0), the
TGFA flag is held at 1, the DTCE bit is cleared to 0, and a TGIA interrupt request is sent to
the CPU. Termination processing should be performed in the interrupt handling routine.

REJ09B0257-0700 Rev. 7.00 Page 211 of 1126
Jun 10, 2010 RENESAS



H8S/2646 Group, H8S/2646R F-ZTATTM,
Section 8 Data Transfer Controller (DTC) H8S/2648R F-ZTATTM

Software Activation: An example is shown in which the DTC is used to transfer a block of 128
bytes of data by means of software activation. The transfer source address is H'1000 and the
destination address is H'2000. The vector number is H'60, so the vector address is H'04CO.

[1] Set MRA to incrementing source address (SM1 = 1, SMO = 0), incrementing destination
address (DM1 = 1, DMO = 0), block transfer mode (MD1 = 1, MDO = 0), and byte size (Sz =
0). The DTS bit can have any value. Set MRB for one block transfer by one interrupt (CHNE =
0). Set the transfer source address (H'1000) in SAR, the destination address (H'2000) in DAR,
and 128 (H'8080) in CRA. Set 1 (H'0001) in CRB.

[2] Set the start address of the register information at the DTC vector address (H'04CO0).

[3] Check that the SWDTE bit in DTVECR is 0. Check that there is currently no transfer activated
by software.

[4] Write 1 to the SWDTE bit and the vector number (H'60) to DTVECR. The write data is H'EO.

[5] Read DTVECR again and check that it is set to the vector number (H'60). If it is not, this
indicates that the write failed. This is presumably because an interrupt occurred between steps
3 and 4 and led to a different software activation. To activate this transfer, go back to step 3.

[6] If the write was successful, the DTC is activated and a block of 128 bytes of data is transferred.

[7] After the transfer, an SWDTEND interrupt occurs. The interrupt handling routine should clear
the SWDTE bit to 0 and perform other wrap-up processing.
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84 Interrupts

An interrupt request is issued to the CPU when the DTC finishes the specified number of data
transfers, or a data transfer for which the DISEL bit was set to 1. In the case of interrupt activation,
the interrupt set as the activation source is generated. These interrupts to the CPU are subject to
CPU mask level and interrupt controller priority level control.

In the case of activation by software, a software activated data transfer end interrupt (SWDTEND)
is generated.

When the DISEL bit is 1 and one data transfer has ended, or the specified number of transfers
have ended, after data transfer ends, the SWDTE bit is held at 1 and an SWDTEND interrupt is
generated. The interrupt handling routine should clear the SWDTE bit to 0.

When the DTC is activated by software, an SWDTEND interrupt is not generated during a data
transfer wait or during data transfer even if the SWDTE bit is set to 1.

8.5 Usage Notes

Module Stop: When the MSTPAG bit in MSTPCRA is set to 1, the DTC clock stops, and the
DTC enters the module stop state. However, 1 cannot be written in the MSTPAG6 bit while the
DTC is operating.

On-Chip RAM: The MRA, MRB, SAR, DAR, CRA, and CRB registers are all located in on-chip
RAM. When the DTC is used, the RAME bit in SYSCR must not be cleared to 0.

DTCE Bit Setting: For DTCE bit setting, use bit manipulation instructions such as BSET and
BCLR. If all interrupts are masked, multiple activation sources can be set at one time by writing
data after executing a dummy read on the relevant register.
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Section 9 1/0 Ports

9.1 Overview

The H8S/2646 Group has 13 I/O ports (ports 1 to 3,5, A to F, H, J, and K), and two input-only
port (ports 4 and 9).

Table 9.1 summarizes the port functions. The pins of each port also have other functions.

Each I/O port includes a data direction register (DDR) that controls input/output, a data register
(DR) that stores output data, and a port register (PORT) used to read the pin states. The input-only
ports do not have a DR or DDR register.

Ports A to E have a built-in pull-up MOS function, and in addition to DR and DDR, have a MOS
input pull-up control register (PCR) to control the on/off state of MOS input pull-up.

Ports 3, and A to F include an open-drain control register (ODR) that controls the on/off state of
the output buffer PMOS.

When ports A to F are used as the output pins for expanded bus control signals, they can drive one
TTL load plus a S0pF capacitance load. Ports other than A to F can drive one TTL load and a
30pF capacitance load. All I/O ports can drive Darlington transistors when set to output. Ports 1
and A to C can drive a LED (10 mA sink current), and some of the pins in ports A to E and F can
be used as LCD driver pins.

See appendix C, I/O Port Block Diagrams, for a block diagram of each port.
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Table 9.1 (1) Port Functions (H8S/2646, H8S/2646R, H8S5/2645)

Port | Description

Pins

Moded |

Mode5 | Mode6 | Mode7

Port 1 | 8-bit I/O
port

* Schmitt-
triggered
input
(P16, P14)

P17/PO15/TIOCB2/
TCLKD

P16/PO14/TIOCA2/
IRQ1

P15/PO13/TIOCB1/
TCLKC

P14/PO12/TIOCA1/
IRQO

P13/PO11/TIOCDO/
TCLKB

P12/PO10/TIOCCO/
TCLKA

P11/PO9/TIOCBO
P10/PO8/TIOCAO

TPU 1/0 pins (TCLKA, TCLKB, TCLKC, TCLKD, TIOCAO,
TIOCBO, TIOCCO, TIOCDO, TIOCA1, TIOCB1, TIOCA2,
TIOCB2), PPG output pins (PO15 to PO8), and interrupt input
pins (IRQO, IRQ1), and 8-bit I/O port

* 8-bit I/O
port

Port 2

P27/TIOCB5
P26/TIOCA5
P25/TIOCB4
P24/TIOCA4
P23/TIOCD3
P22/TIOCC3
P21/TIOCB3
P20/TIOCA3

TPU I/O pins (TIOCBS5, TIOCAS5, TIOCB4, TIOCA4, TIOCD3,
TIOCC3, TIOCB3, TIOCARS) and 8-bit I/O port

¢ 8-bit I/O
port

Port 3

P37

P36
P35/SCK1/IRQ5
P34/RxD1
P33/TxD1
P32/SCKO/IRQ4
P31/RxD0
P30/TxDO

SCI (channels 0, 1) I/O pins (TxD0, RxD0, SCKO0, TxD1, RxD1,
SCK1), interrupt input pins (IRQ4, IRQ5), and 8-bit I/O port

Port 4 | 8-bit input

port

P47/AN7
P46/AN6
P45/AN5
R44/AN4
P43/AN3
P42/AN2
P41/AN1
P40/ANO

A/D converter analog input (AN7 to ANO) and 8-bit input port
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Section 9 1/O Ports

Port | Description Pins Mode 4 Mode 5 Mode 6 Mode 7
Port 5 | 3-bit I/O P52 3-bit I/O port
port P51
P50
Port 9 | 8-bit input |P97 A/D converter analog input (AN11 to AN8) and 8-bit input port
port P96
P95
P94
P93/AN11
P92/AN10
P91/AN9
P90/AN8
Port A | 8-bit I/O PA7/A23/SEG24 LCD segment and common output (SEG21 to |LCD segment
port PA6/A22/SEG23 SEG24, COM1 to COM4), address output (A23 |and common
* Built-in PAS/A21/SEG22 to A16), and 8-bit I/O port output (SEG21
. to SEG24
MOS input | pp4/a20/SEG21 gos G4,
pull-up M1 to
« Open-drain PA3/A19/COM4 QOM4) and 8-
output PA2/A18/COM3 bit /O port
PAO/A16/COM1
Port B |* 8-bit I/O PB7/A15/SEG16 LCD segment output (SEG9 to SEG16), LCD segment
port PB6/A14/SEG15 address output (A15 to A8), and 8-bit I/O port  |output (SEG9
* Built-in PB5/A13/SEG14 to SEG16) and
i -bit | rt
'V'CITS Ut | pR4/A12/SEG13 8-bit /O po
pO‘:)e:pdra,n PB3/AT1/SEG12
. -drai
output PB2/A10/SEG11
PBO/A8/SEG9
Port C | 8-bit I/O PC7/A7/SEG8 Address output (A7 to AO) LCD segment |LCD segment
port PC6/A6/SEG7 output (SEG1 |output (SEG1
¢ Built-in PC5/A5/SEG6 to SEGS), to SEGS) and
MOS input  |pa/a4/SEGS address output |8-bit I/O port
pull-up (A7 to AO),
« Open-drain PC3/A3/SEG4 and 8-bit I/O
output PC2/A2/SEG3 port
capability PC1/A1/SEG2
PCO/A0/SEG1
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H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM

Port | Description Pins Mode 4 Mode 5 Mode 6 Mode 7
Port D | 8-bit I/O PD7/D15 Data bus 1/0 8-bit I/O port
port PD6/D14
* Built-in PD5/D13
MOS input |ppg/p12
II-
PUEP 'pp3p11
PD2/D10
PD1/D9
PDO0/D8
Port E |* 8-bit I/O PE7/D7 8-bit I/O port in 8-bit bus mode 8-bit 1/0 port
port PE6/D6 Data bus 1/0O and 8-bit I/O port in 16-bit bus
* Built-in PE5/D5 mode
MOS input PE4/D4
II-
PUP 'pE3/Ds3
PE2/D2
PE1/D1
PEO/DO
Port F |* 7-bit I/O PF7/$ If DDR = 0: input port
port If DDR = 1: ¢ output
PF6/AS/SEG20 LCD segment output (SEG18 to SEG20) and  |LCD segment
PF5/RD/SEG19 bus control signals (AS, RD, HWR) output (SEG18
PF4/HWR/SEG18 to SEG20) and
1/0 port
PF3/LWR/ADTRG/ Bus control signal (LWR) and ADTRG, IRQ3 |Input port and
IRQ3 input ADTRG, IRQ3
input
PF2/WAIT/SEG17 If WAITE = 0 (following reset): LCD segment |LCD segment
output (SEG17) and input port output
If WAITE = 1: LCD segment output (SEG17)  |(SEG17) and
and WAIT input 1/0 port
PFO/IRQ2 IRQ2 input and 1/0 port
Port H |* 8-bit I/O PH7/PWM1H Motor control PWM timer (channel 1) output pins (PWM1A to
port PH6/PWM1G PWM1H) and 8-bit I/O port
PH5/PWM1F
PH4/PWM1E
PH3/PWM1D
PH2/PWM1C
PH1/PWM1B
PHO/PWM1A
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H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM

Section 9 1/O Ports

Port | Description Pins Mode 4 ‘ Mode 5 ’ Mode 6 ‘ Mode 7
Port J | 8-bit I/O PJ7/PWM2H Motor control PWM timer (channel 2) output pins (PWM2A to
port PJ6/PWM2G PWM2H) and 8-bit I/O port
PJ5/PWM2F
PJ4/PWM2E
PJ3/PWM2D
PJ2/PWM2C
PJ1/PWM2B
PJO/PWM2A
Port K |* 2-bit I/O PK7 2-bit I/O port
port PK6

Table 9.1 (2) Port Functions (H8S/2648, H8S/2648R, H85/2647)

Port

Description

Pins

Mode 4 \ Mode 5 ] Mode 6 \ Mode 7

Port 1

* 8-bit IO
port

* Schmitt-
triggered
input
(P16, P14)

P17/PO15/TIOCB2/
TCLKD

P16/PO14/TIOCA2/
IRQ1

P15/PO13/TIOCB1/
TCLKC

P14/PO12/TIOCA1/
IRQO

P13/PO11/TIOCDO/
TCLKB

P12/PO10/TIOCCO/
TCLKA

P11/PO9/TIOCBO
P10/PO8/TIOCAO

TPU 1/O pins (TCLKA, TCLKB, TCLKC, TCLKD, TIOCAO,
TIOCBO, TIOCCO, TIOCDO, TIOCA1, TIOCB1, TIOCA2,
TIOCB2), PPG output pins (PO15 to PO8), and interrupt input
pins (IRQO, IRQ1), and 8-bit I/O port

Port 2

* 8-bit IO
port

P27/TIOCB5
P26/TIOCA5
P25/TIOCB4
P24/TIOCA4
P23/TIOCD3
P22/TIOCC3
P21/TIOCB3
P20/TIOCA3

TPU I/O pins (TIOCBS5, TIOCAS5, TIOCB4, TIOCA4, TIOCD3,
TIOCC3, TIOCBS, TIOCAS) and 8-bit I/O port
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H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM

Port | Description Pins Mode 4 ‘ Mode 5 ’ Mode 6 ‘ Mode 7
Port 3 |» 8-bit I/O P37 SCI (channels 0, 1) I/O pins (TxD0, RxDO, SCKO, TxD1, RxD1,
port P36 SCK1), interrupt input pins (IRQ4, IRQ5), and 8-bit I/O port
* Open-drain |p35/SCK1/RQ5
output | by RyD1
capability
P33/TxD1
P32/SCK0/RQ4
P31/RxD0
P30/TxDO
Port 4 | 8-bit input |P47/AN7 A/D converter analog input (AN7 to ANO) and 8-bit input port
port P46/AN6
P45/AN5
P44/AN4
P43/AN3
P42/AN2
P41/AN1
P40/ANO
Port 5 | 3-bit I/O P52/SCK2 SCI (channel 2) I/0 pins (SCK2, RxD2, TxD2) and 3-bit I/O port
port P51/RxD2
P50/TxD2
Port 9 | 8-bit input |P97 A/D converter analog input (AN11 to AN8) and 8-bit input port
port P96
P95
P94
P93/AN11
P92/AN10
P91/AN9
P90/AN8
Port A | 8-bit I/O PA7/A23/SEG40 LCD segment and common output (SEG37 to |LCD segment
port PA6/A22/SEG39 SEG40, COM1 to COM4), address output (A23 |and common
« Built-in PA5/A21/SEG38 to A16), and 8-bit I/O port output (SEG37
MOS input | b 4/a20/SEG37 o SEG40,
pull-up COM1 to
 Open-drain PA3/A19/COM4 COM4) and 8-
output PA2/A18/COM3 bit 1/0 port
capability ~|PA1/A17/COM2
PAO/A16/COM1
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H8S/2646 Group, H8S/2646R F-ZTATTM,

H8S/2648R F-ZTATTM

Section 9 1/O Ports

Port | Description Pins Mode 4 ‘ Mode 5 ‘ Mode 6 Mode 7
Port B |* 8-bit I/O PB7/A15/SEG32 LCD segment output (SEG25 to SEG32), LCD segment
port PB6/A14/SEG31 address output (A15 to A8), and 8-bit I/O port |output (SEG25
* Built-in PB5/A13/SEG30 to SEG32) and
i 8-bit 1/0 port
Muclfsu nput | pe4/A12/SEG29 tVO po
put-ap . |PB3/A11/SEG28
* Open-drain | A10/SEG27
output 0
PBO/A8/SEG25
Port C |* 8-bit I/O PC7/A7/SEG24 Address output (A7 to AO) LCD segment |LCD segment
port PC6/A6/SEG23 output (SEG17 |output (SEG17
e Built-in PC5/A5/SEG22 to SEG24), to SEG24) and
i dd tput |8-bit I/O port
MOS input |4 p4/SEG21 address output 8-bit /O po
pull-up (A7 to AO),
 Open-drain PC3/A3/SEG20 and 8-bit I/O
output PC2/A2/SEG19 port
capability |PC1/A1/SEG18
PCO/AQ/SEG17
Port D | 8-bit I/O PD7 /D15/SEG16 Data bus I/O LCD segment |LCD segment
port PD6/D14/SEG15 output (SEG9 |output (SEG17
* Built-in PD5/D13/SEG14 to SEG16) and |to SEG24) and
i t | -bit | rt
Mu(ﬁSulnput PD4/D12/SEG13 data bus IO  |8-bit I/O po
PP |pDaD11/SEGT2
PD2/D10/SEG11
PD1/D9/SEG10
PDO0/D8/SEG9
Port E |* 8-bit I/O PE7/D7/SEG8 LCD segment output (SEG1 to SEG8) and I/O |LCD segment
port PE6/D6/SEG7 port in 8-bit bus mode output (SEG1
* Built-in PE5/D5/SEG6 LCD segment output (SEG1 to SEG8), data |0 SEG8) and
MCITS iNPUt | bEA/DA/SEGS bus I/O port, and /O port in 16-bit bus mode ~ |8-bit I/O port
PulttP I pE3/D3/sEGA
PE2/D2/SEG3
PE1/D1/SEG2
PEO/DO/SEG1

REJ09B0257-0700 Rev. 7.00

Jun 10, 2010

RENESAS

Page 221 of 1126
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Section 9 1/0 Ports H8S/2648R F-ZTATTM
Port | Description Pins Mode 4 ‘ Mode 5 ’ Mode 6 ‘ Mode 7
PortF | 7-bit /O |PF7/¢ If DDR = 0: input port
port If DDR = 1: ¢ output
PF6/AS/SEG36 LCD segment output (SEG34 to SEG36) and  |LCD segment
PF5/RD/SEG35 bus control signals (AS, RD, HWR) output (SEG34
PF4/AWR/SEG34 to SEG36) and
1/0 port
PF3/LWR/ADTRG/ Bus control signal (LWR) and ADTRG, IRQ3 /O portand
IRQ3 input ADTRG, IRQ3
input
PF2/WAIT/SEG33 If WAITE = 0, BREQUE = 0 (following reset):  |LCD segment
LCD segment output (SEG33) and I/O port output
If WAITE = 1, BREQUE = 0: LCD segment (SEG33) and
output and WAIT input /0 port
PFO/IRQ2 TRQ2 input and I/O port
Port H | 8-bit I/O PH7/PWM1H PWM (channel 1) output and 8-bit I/0 port
port PH6/PWM1G
PH5/PWM1F
PH4/PWM1E
PH3/PWM1D
PH2/PWM1C
PH1/PWM1B
PHO/PWM1A
Port J | 8-bit I/O PJ7/PWM2H PWM (channel 2) output and 8-bit I/O port
port PJ6/PWM2G
PJ5/PWM2F
PJ4/PWM2E
PJ3/PWM2D
PJ2/PWM2C
PJ1/PWM2B
PJO/PWM2A
Port K |* 2-bit I/O PK7 2-bit I/O port
port PK6
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H8S/2646 Group, H8S/2646R F-ZTATTM,

H8S/2648R F-ZTATTM Section 9 1/0 Ports
9.2 Port 1
9.2.1 Overview

Port 1 is an 8-bit I/O port. Port 1 pins also function as PPG output pins (PO15 to POS), TPU I/O
pins (TCLKA, TCLKB, TCLKC, TCLKD, TIOCAO, TIOCBO0, TIOCCO, TIOCDO, TIOCAI,
TIOCBI1, TIOCA2, and TIOCB2), and external interrupt pins (IRQO and IRQ1). Port 1 pin
functions change according to the operating mode.

Figure 9.1 shows the port 1 pin configuration.

~—» P17 (1/0) / PO15 (output) / TIOCB2 (I/O) / TCLKD (input)
+—= P16 (1/0) / PO14 (output) / TIOCA2 (1/0) / TRQT (input)

~+—» P15 (I/0) / PO13 (output) / TIOCB1 (I/O) / TCLKC (input)
> P14

1/0) / PO12

( ( (

( ( (

( ( (

( (output) / TIOCA1 (
< P13 (I/0) / PO11 (output) / TIOCDO (I/O) / TCLKB (input)

( ( (

( ( (

0( ( (

I/0) / IRQO (input)
Port 1
— P12 (1/0) / PO10 (output) / TIOCCO (I/O) / TCLKA (input)

<= P11 (1/0)/PO9 (output) / TIOCBO (1/O)

1/0) / PO8 (output) / TIOCAO (1/O)

Figure 9.1 Port 1 Pin Functions
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9.2.2 Register Configuration
Table 9.2 shows the port 1 register configuration.

Table 9.2  Port 1 Registers

Name Abbreviation R/W Initial Value Address™
Port 1 data direction register P1DDR W H'00 H'FE30
Port 1 data register P1DR R/W H'00 H'FF00
Port 1 register PORT1 R Undefined H'FFBO

Note: * Lower 16 bits of the address.

Port 1 Data Direction Register (P1DDR)

Bit : 7 6 5 4 3 2 1 0

] P17DDR ] P16DDR‘ P15DDR \ P14DDR \ P13DDR \ P12DDR \ P11DDR \ P10DDR \
Initial value : 0 0 0 0 0 0 0 0
RIW SR W W W W w w w

P1DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 1. PIDDR cannot be read; if it is, an undefined value will be read.

Setting a PIDDR bit to 1 makes the corresponding port 1 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P1DDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

Port 1 Data Register (P1DR)

Bit : 7 6 5 4 3 2 1 0

\ P17DR \ P16DR \ P15DR \ P14DR \ P13DR \ P12DR \ P11DR \ P10DR \
Initial value : 0 0 0 0 0 0 0 0
R/W : RW R/W RW RW RW RW RW RW

P1DR is an 8-bit readable/writable register that stores output data for the port 1 pins (P17 to P10).

P1DR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.
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Port 1 Register (PORT1)

Bit : 7 6 5 4 3 2 1 0
] P17 ] P16 \ P15 \ P14 \ P13 \ P12 \ P11 \ P10 \

Initial value : —* —* ¥ ¥ _* U _* _x

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

Note: * Determined by state of pins P17 to P10.

PORT!1 is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 1 pins (P17 to P10) must always be performed on PIDR.

If a port 1 read is performed while PIDDR bits are set to 1, the PIDR values are read. If a port 1
read is performed while PIDDR bits are cleared to O, the pin states are read.

After a reset and in hardware standby mode, PORT1 contents are determined by the pin states, as
P1DDR and P1DR are initialized. PORT1 retains its prior state in software standby mode.
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9.2.3 Pin Functions

Port 1 pins also function as PPG output pins (PO15 to PO8), TPU I/O pins (TCLKA, TCLKB,
TCLKC, TCLKD, TIOCAO, TIOCBO, TIOCCO0, TIOCDO, TIOCA1, TIOCB1, TIOCA2, and
TIOCB2), and external interrupt input pins (IRQO and IRQ1). Port 1 pin functions are shown in
table 9.3.

Table 9.3 Port 1 Pin Functions

Pin Selection Method and Pin Functions
P17/PO15/ The pin function is switched as shown below according to the combination of
TIOCB2/ the TPU channel 2 setting (by bits MD3 to MDO in TMDR?2, bits IOB3 to I0B0
TCLKD in TIOR2, and bits CCLR1 and CCLRO in TCR2), bits TPSC2 to TPSCO0 in
TCRO and TCR5, bit NDER15 in NDERH, and bit P17DDR.
TPU Channel
2 Setting Table Below (1) Table Below (2)
P17DDR — 0 1 1
NDER15 — — 0 1
Pin function TIOCB2 output P17 P17 PO15
input output output
TIOCB2 input™'
TCLKD input**

Notes: 1. TIOCB2 input when MD3 to MDO = B'0000 or B'01xx, and IOB3 =
1.
2. TCLKD input when the setting for either TCRO or TCR5 is: TPSC2
to TPSCO = B'111.
TCLKD input when channels 2 and 4 are set to phase counting

mode.
TPU Channel
2 Setting ) (1) 2) @) (1) 2)
MD3 to MDO B'0000, B'01xx B'0010 B'0011
IOB3 to IOBO | B'0000 [B'0001 to — B'xx00 | Other than B'xx00

B'0100 |B'0011
B'1xxx |B'0101 to

B'0111
CCLR1, — — — — Other B'10
CCLRO than B'10
Output — Output — — PWM —
function compare mode 2
output output
x: Don’t care
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H8S/2648R F-ZTATTM

Section 9 1/O Ports

Pin

Selection Method and Pin Functions

P16/PO14/
TIOCA?2/
IRQ1

The pin function is switched as shown below according to the combination of
the TPU channel 2 setting (by bits MD3 to MDO in TMDRZ2, bits IOA3 to IOA0
in TIOR2, and bits CCLR1 and CCLRO in TCR2), bit NDER14 in NDERH, and

bit P16DDR.
TPU Channel
2 Setting Table Below (1) Table Below (2)
P16DDR — 0 1 1
NDER14 — — 0 1
Pin function TIOCA2 output P16 P16 PO14 output
input output
TIOCAZ2 input™'
IRQ1 input
TPU Channel
2 Setting 2) (1) 2) (1) 2)
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
IOA3 to IOAO | B'0000 |B'0001to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'ixxx |B'0101 to
B'0111
CCLR1, — — — — Other B'01
CCLRO than B'01
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output™ | output
x: Don’t care

Notes: 1. TIOCAZ2 input when MD3 to MDO = B'0000 or B'01xx, and IOA3 =

1

2. TIOCB2 output is disabled.
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H8S/2646 Group, H8S/2646R F-ZTATTM,

H8S/2648R F-ZTATTM

Pin Selection Method and Pin Functions

P15/PO13/ The pin function is switched as shown below according to the combination of

TIOCB1/TCLKC  the TPU channel 1 setting (by bits MD3 to MDO in TMDR1, bits IOB3 to I0B0
in TIOR1, and bits CCLR1 and CCLRO in TCR1), bits TPSC2 to TPSCO in
TCRO, TCR2, TCR4, and TCR5, bit NDER13 in NDERH, and bit P15DDR.

TPU Channel

1 Setting Table Below (1) Table Below (2)

P15DDR — 0 1 1

NDER13 — — 0 1

Pin function TIOCB1 output P15 P15 PO13
input output output

TIOCB1 input™'

TCLKC input™

Notes: 1. TIOCB1 input when MD3 to MDO = B'0000 or B'01xx, and IOB3
to IOBO = B'10xx.

2. TCLKC input when the setting for either TCRO or TCR2 is: TPSC2

to TPSCO = B'110; or when the setting for either TCR4 or TCR5 is

TPSC2 to TPSCO = B'101.

TCLKC input when channels 2 and 4 are set to phase counting

mode.
TPU Channel
1 Setting (2) (1) (2) (2) (1) (2)
MD3 to MDO B'0000, B'01xx B'0010 B'0011
IOB3 to IOBO | B'0000 [B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'ixxx |B'0101 to
B'0111
CCLR1, — — — — Other B'10
CCLRO than
B'10
Output — Output — — PWM —
function compare mode 2
output output
x: Don’t care
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H8S/2648R F-ZTATTM

Section 9 1/O Ports

Pin

Selection Method and Pin Functions

P14/PO12/
TIOCA1/IRQO

The pin function is switched as shown below according to the combination of
the TPU channel 1 setting (by bits MD3 to MDO in TMDR1, bits IOA3 to IOAO
in TIOR1, and bits CCLR1 and CCLRO in TCR1), bit NDER12 in NDERH, and

bit P14DDR.
TPU Channel
1 Setting Table Below (1) Table Below (2)
P14DDR — 0 1 1
NDER12 — — 0 1
Pin function TIOCA1 output P14 P14 PO12
input output output
TIOCAT1 input™'
IRQO input
TPU Channel
1 Setting (2) (1) (2 (1) (1) (2)
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
IOA3 to IOA0 | B'0000 |B'0001to| B'xx00 Other | Other than B'xx00
B'0100 |B'0011 than
B'1xxx |B'0101 to B'xx00
B'0111
CCLR1, — — — — Other B'01
CCLRO than B'01
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output™ | output
x: Don't care

Notes: 1. TIOCA1 input when MD3 to MDO = B'0000 or B'01xx, and IOA3 to
IOAO = B'10xx.

2. TIOCB1 output is disabled.
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Pin Selection Method and Pin Functions
P13/PO11/ The pin function is switched as shown below according to the combination of
TIOCDO/TCLKB  the operating mode, and the TPU channel 0 setting (by bits MD3 to MDO in

TMDRO, bits IOD3 to I0DO0 in TIOROL, and bits CCLR2 to CCLRO0 in TCRO),
bits TPSC2 to TPSCO0 in TCRO to TCR2, bit NDER11 in NDERH, and bit

P13DDR.
TPU Channel Table Table Below (2)
0 Setting Below (1)
P13DDR — 0 1 1
NDER11 — — 0 1
Pin function  [TIOCDO output| P13 input P13 output | PO11 output
TIOCDO input™'
TCLKB input™

Notes: 1. TIOCDO input when MD3 to MDO = B'0000, and 10D3 to IODO0 =

B'10xx.
2. TCLKB input when the setting for TCRO to TCR2 is: TPSC2 to
TPSCO =B'101.
TCLKB input when channels 1 and 5 are set to phase counting
mode.
TPU Channel
0 Setting (2) (1) ) (2) (1) (2
MD3 to MDO B'0000 B'0010 B'0011
IOD3 to IOD0O | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'ixxx |B'0101 to
B'0111
CCLR2 to — — — — Other B'110
CCLRO than
B'110
Output — Output — — PWM —
function compare mode 2
output output
x: Don’t care
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Pin Selection Method and Pin Functions
P12/PO10/ The pin function is switched as shown below according to the combination of
TIOCCO/TCLKA  the operating mode, and the TPU channel 0 setting (by bits MD3 to MDO in

TMDRO, bits IOC3 to I0CO0 in TIOROL, and bits CCLR2 to CCLRO0 in TCRO),
bits TPSC2 to TPSCO in TCRO to TCR5, bit NDER10 in NDERH, and bit

P12DDR.
TPU Channel Table Table Below (2)
0 Setting Below (1)
P12DDR — 0 1 1
NDER10 — — 0 1
Pin function TIOCCO P12 input P12 output | PO10 output
output
TIOCCO input™
TCLKA input™
TPU Channel
0 Setting (2 (1) ) (1) (1) (2
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOC3to I0CO | B'0000 |B'0001to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'ixxx |B'0101 to
B'0111
CCLR2 to — — — — Other B'101
CCLRO than
B'101
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output™ | output
x: Don’t care

Notes: 1. TIOCCO input when MD3 to MDO = B'0000, and IOC3 to IOCO0 =

B'10xx.

2. TCLKA input when the setting for TCRO to TCR5 is: TPSC2 to

TPSCO = B'100.

TCLKA input when channels 1 and 5 are set to phase counting

mode.

3. TIOCDO output is disabled.
When BFA =1 or BFB =1 in TMDRO, output is disabled and
setting (2) applies.
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Pin

Selection Method and Pin Functions

P11/PO9/TIOCBO

The pin function is switched as shown below according to the combination of
the operating mode, and the TPU channel 0 setting (by bits MD3 to MDO in
TMDRO, and bits IOB3 to IOBO0 in TIOROH), bit NDER9 in NDERH, and bit

P11DDR.

TPU Channel Table Table Below (2)

0 Setting Below (1)

P11DDR — 0 1 1
NDER9 — — 0 1
Pin function TIOCBO P11 P11 PO9

output input output output
TIOCBO input*

Note: * TIOCBO input when MD3 to MDO = B'0000, and IOB3 to IOBO =

B'10xx.
TPU Channel
0 Setting (2) (1) (2) (2 (1) (2)
MD3 to MDO B'0000 B'0010 B'0011
IOB3 to IOBO | B'0000 [B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'ixxx |B'0101 to
B'0111
CCLR2 to — — — — Other B'010
CCLRO than
B'010
Output — Output — — PWM —
function compare mode 2
output output
x: Don’t care
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Pin

Selection Method and Pin Functions

P10/PO8/TIOCAQO The pin function is switched as shown below according to the combination of
the operating mode, and the TPU channel 0 setting (by bits MD3 to MDO in
TMDRO, bits IOA3 to IOAO in TIOROH, and bits CCLR2 to CCLRO0 in TCRO), bit
NDERS8 in NDERH, SAEO bit in DMABCRH, and bit P10DDR.

TPU Channel Table Table Below (2)
0 Setting Below (1)
P10DDR — 0 1 1
NDERS8 — — 0 1
Pin function TIOCAO P10 P10 PO8
output input output output
TIOCAOQ input™'
TPU Channel
0 Setting 2) (1) 2) (1) (1) 2)
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOA3 to IOAO | B'O000 |B'0001 to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'ixxx |B'0101 to
B'0111
CCLR2 to — — — — Other B'001
CCLRO than
B'001
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output™ | output
x: Don’t care

Notes: 1. TIOCAO input when MD3 to MDO = B'0000, and IOA3 to IOAQ =
B'10xx.
2. TIOCBO output is disabled.
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9.3 Port 2

9.3.1 Overview

Port 2 is an 8-bit I/O port. Port 2 also functions as TPU I/O pins (TIOCBS, TIOCAS, TIOCB4,
TIOCAA4, TIOCD3, TIOCC3, TIOCB3, TIOCA3). The pin functions of port 2 change with the

operating mode.

Figure 9.2 shows the pin functions for port 2.

Port 2

Port 2 pins

P27 (1/0)/ TIOCBS (1/O)
P26 (I/O) / TIOCAS5 (I/O)
P25 (I/O)/ TIOCB4 (I/O)
P24 (1/0)/ TIOCA4 (I/O)
P23 (I/O)/ TIOCD3 (I/0)
P22 (1/0)/TIOCC3 (1/O)
P21 (1/0)/ TIOCBS (I/O)

P20 (I/0O)/ TIOCAS (I/O)

Figure 9.2 Port 2 Pin Functions

9.3.2 Register Configuration

Table 9.4 shows the configuration of port 3 registers.

Table 9.4  Port 2 Register Configuration

Name Abbreviation R/W Initial Value Address™
Port 2 data direction register W H'00 H'FE31
Port 2 data register R/W H'00 H'EFO1
Port 2 register R Undefined H'FFB1

Note: * Lower 16 bits of the address.
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Port 2 Data Direction Register (P2DDR)

Bit : 7 6 5 4 3 2 1 0
] P27DDR ] P26DDR‘ P25DDR \ P24DDR \ P23DDR \ P22DDR \ P21DDR \ P20DDR \

Initial value : 0 0 0 0 0 0 0 0

RIW SR W W W W w w w

P2DDR is an 8-bit write-only register that specifies whether individual bits are input or output for
each of the pins in port 2. It is not possible to read it. An undefined value is returned if an attempt
is made to read it.

Setting one of the bits of P2DDR to 1 sets the corresponding pin in port 2 to output, and clearing
the bit to O sets the corresponding pin to input.

P2DDR is initialized to H'0O if a reset occurs and in the hardware standby mode. The previous
values are retained by P2DDR in the software standby mode.

Port 2 Data Register (P2DR)

Bit : 7 6 5 4 3 2 1 0
\ P27DR \ P26DR \ P25DR \ P24DR \ P23DR \ P22DR \ P21DR \ P20DR \

Initial value : 0 0 0 0 0 0 0 0

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

P2DR is an 8-bit readable/writable register that stores output data for the port 2 pins (P27 to P20).

P2DR is initialized to H'0O if a reset occurs and in the hardware standby mode. The previous
values are retained in the software standby mode.

Port 2 Register (PORT2)
Bit : 7 6 5 4 3 2 1 0
\ P27 \ P26 \ P25 \ P24 \ P23 \ p22 \ P21 \ P20 \
Initial value : —* —* _* _* _* _* o _®
R/W : R R R R R R R R

Note: * Determined by state of pins P27 to P20.

PORT?2 is an 8-bit read-only register. It is not possible to write to it. It reflects the states of the
pins. Always write output data from the port 2 pins (P27 to P20) to P2DR.
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If P2DDR is set to 1, the value of P2DR is returned when port 2 is read. If P2DDR is cleared to 0,
the pin states are returned when port 2 is read.

P2DDR and P2DR are initialized if a reset occurs and in the hardware standby mode, so the
content of PORT?2 is determined by the pin states. The previous states are retained in the software
standby mode.

9.3.3 Pin Functions

The port 2 pins also function as TPU I/O pins (TIOCBS5, TIOCAS, TIOCB4, TIOCA4, TIOCD3,
TIOCC3, TIOCB3, TIOCA3). The pin functions of port 2 change with the operating mode.

Table 9.5 lists the pin functions for port 2.

Table 9.5 Port 2 Pin Functions

Pin Selection Method and Pin Functions

P27/TIOCB5 Switches as follows according to the combinations of the TPU channel 5
setting made using bits MD3 to MDO of TMDRS5, bits IOB3 to IOBO of TIORS5,
and bits CCLR1 and CCLRO of TCR5, as well as the P27DDR bit.

TPU Channel
5 Setting Table Below (1) Table Below (2)
P27DDR — 0 1
Pin function TIOCBS5 output P27 input P27 output
TIOCBS input™
Note: * TIOCBS input if MD3 to MDO = 0, B'0000, B'01xx, and IOB = 1.
TPU Channel
5 Setting @) (1) 2) @) (1) 2)
MD3 to MDO B'0000, B'01xx B'0010 B'0011
IOB3 to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'ixxx |B'0101 to
B'0111
CCLRt1, — — — — Other B'10
CCLRO than B'10
Output — Output — — PWM —
function compare mode 2
output output
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P26/TIOCA5

Switches as follows according to the combinations of the TPU channel 5
setting made using bits MD3 to MDO of TMDRS5, bits IOA3 to IOAOQ of TIORS5,
and bits CCLR1 and CCLRO of TCR5, as well as the P26DDR bit.

TPU Channel
5 Setting Table Below (1) Table Below (2)
P26DDR — 0 1
Pin function TIOCAS output P26 input® P26 output
TIOCAS input™
TPU Channel
5 Setting (2 (1) (2) (1) (1) (2)
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
IOA3 to IOAO | B'0000 |B'0001to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'ixxx |B'0101 to
B'0111
CCLR1, — — — — Other B'01
CCLRO than B'01
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output™ | output

Note: * TIOCBS5 output prohibited.
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Pin Selection Method and Pin Functions
P25/TIOCB4 Switches as follows according to the combinations of the TPU channel 4

setting made using bits MD3 to MDO of TMDR4, bits IOB3 to IOBO0 of TIOR4,
and bits CCR1 and CCRO of TCR4, as well as the P25DDR bit.

TPU Channel
4 Setting Table Below (1) Table Below (2)
P25DDR — 0 1
Pin function TIOCB4 output P25 input P25 output
TIOCB4 input
TPU Channel
4 Setting @) (1) 2) 2 (1) 2)
MD3 to MDO B'0000, B'01xx B'0010 B'0011
IOB3 to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'ixxx |B'0101 to
B'0111
CCLR1, — — — — Other B'10
CCLRO than
B'10
Output — Output — — PWM —
function compare mode 2
output output
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P24/TIOCA4

Switches as follows according to the combinations of the TPU channel 4
setting made using bits MD3 to MDO of TMDR4, bits IOA3 to IOAOQ of TIOR4,
and bits CCR1 and CCRO of TCR4, as well as the P24DDR bit.

TPU Channel
4 Setting Table Below (1) Table Below (2)
P24DDR — 1
Pin function TIOCAA4 output P24 input® P24 output
TIOCA4 input™
TPU Channel
4 Setting 2) (1) 2) (1) (1) 2)
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
IOA3 to IOAO | B'0000 |B'0001to| B'xx00 | Other | Otherthan B'xx00
B'0100 |B'0011 than
B'ixxx |B'0101 to B'xx00
B'0111
CCLR1, — — — — Other B'01
CCLRO than B'01
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output®™ | output
Note: * TIOCB4 output prohibited.
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P23/TIOCD3 Switches as follows according to the combinations of the TPU channel 3

setting made using bits MD3 to MDO of TMDRS, bits I0D3 to I0DO0 of TIOR3L,
and bits CCLR2 to CCLRO of TCR3, as well as the P23DDR bit.

TPU Channel
3 Setting Table Below (1) Table Below (2)
P23DDR — 0 1
Pin function TIOCD3 output P23 input P23 output
TIOCD3 input
TPU Channel
3 Setting @) (1) 2) 2 (1) 2)
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOD3 to IOD0O | B'0000 |B'0001 to — Other | Other than B'xx00
B'0100 |B'0011 than
B'1xxx |B'0101 to B'xx00
B'0111
CCLR2 to — — — — Other B'110
CCLRO than
B'110
Output — Output — — PWM —
function compare mode 2
output output
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P22/TIOCC3

Switches as follows according to the combinations of the TPU channel 3
setting made using bits MD3 to MDO of TMDRS, bits IOC3 to I0CO0 of TIOR3L,
and bits CCR2 to CCRO of TCRS3, as well as the P22DDR bit.

TPU Channel
3 Setting Table Below (1) Table Below (2)
P22DDR — 1
Pin function TIOCC3 output P22 input P22 output
TIOCC3 input
TPU Channel
3 Setting @) (1) 2) (1) (1) 2)
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOC3to IOCO | B'0000 |B'0001to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'ixxx |B'0101 to
B'0111
CCLR2 to — — — — Other B'101
CCLRO than
B'101
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output®™ | output

Note: * TIOCDS3 output prohibited.
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P21/TIOCB3 Switches as follows according to the combinations of the TPU channel 3

setting made using bits MD3 to MDO of TMDRS3, bits IOB3 to IOBO0 of TIORSL,
and bits CCR2 to CCRO of TCRS3, as well as the P21DDR bit.

TPU Channel
3 Setting Table Below (1) Table Below (2)
P21DDR — 0 1
Pin function TIOCBS3 output P21 input P21 output
TIOCBS input
TPU Channel
3 Setting @) (1) 2) 2 (1) 2)
MD3 to MDO B'0000 B'0010 B'0011
IOB3 to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'ixxx |B'0101 to
B'0111
CCLR2 to — — — — Other B'010
CCLRO than
B'010
Output — Output — — PWM —
function compare mode 2
output output
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P20/TIOCA3

Switches as follows according to the combinations of the TPU channel 3
setting made using bits MD3 to MDO of TMDRS3, bits IOA3 to IOA0 of TIORSL,
and bits CCR2 to CCRO of TCRS3, as well as the P20DDR bit.

TPU Channel
3 Setting Table Below (1) Table Below (2)
P20DDR — 1
Pin function TIOCAS output P20 input P20 output
TIOCAS input
TPU Channel
0 Setting @) (1) 2) (1) (1) 2)
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOA3 to IOAO | B'0000 |B'0001to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'ixxx |B'0101 to
B'0111
CCLR2 to — — — — Other B'001
CCLRO than
B'001
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output®™ | output

Note: * TIOCB3 output prohibited.
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94 Port 3

9.4.1 Overview

Port 3 is an 8-bit I/O port. Port 3 is a multi-purpose port for SCI I/O pins (TxD0, RxD0, SCKO,
TxD1, RxD1, SCK1), and external interrupt input pins (IRQ4, IRQS). All of the port 3 pin
functions have the same operating mode. The configuration for each of the port 3 pins is shown in

figure 9.3.

Port 3 pins

- P37 (I/O
> P36 (I/O
<> P35 (I/0)/SCK1 (/0) / TRQ5 (input)

~—>» P34 (I/0)/RxD1 (input)

Port 3

~+—» P33 (I/0)/TxD1 (output)
/ SCKO (I/0) / IRQ4 (input)

~—» P31 (1/0)/RxDO (input)

NN N

- P32 (I/O

~—» P30 (I/0)/TxDO (output)

Figure 9.3 Port 3 Pin Functions
9.4.2 Register Configuration
Table 9.6 shows the configuration of port 3 registers.

Table 9.6 Port 3 Register Configuration

Name Abbreviation R/W Initial Value Address™
Port 3 data direction register P3DDR w H'00 H'FE32

Port 3 data register P3DR R/W H'00 H'FF02

Port 3 register PORT3 R Undefined H'FFB2

Port 3 open drain control register P3ODR R/W H'00 H'FE46
Note: * Lower 16 bits of the address.
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Port 3 Data Direction Register (P3DDR)

Bit 7 6 5 4 3 2 1 0
| P37DDR | P36DDR | P35DDR | P34DDR | P33DDR | P32DDR| P31DDR| P30DDR |

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w w w w w w

P3DDR is an 8-bit write-dedicated register, which specifies the 1/O for each port 3 pin by bit.
Read is disenabled. If a read is carried out, undefined values are read out.

By setting P3DDR to 1, the corresponding port 3 pins become output, and be clearing to O they
become input.

P3DDR is initialized to H'00 by a reset and in hardware standby mode. The previous state is
maintained in software standby mode. SCI is initialized, so the pin state is determined by the
specification of P3DDR and P3DR.

Port 3 Data Register (P3DR)

Bit 7 6 5 4 3 2 1 0

| P37DR | P36DR | P35DR | P34DR | P33DR | P32DR | P31DR | P30DR |
Initial value 0 0 0 0 0 0 0 0
ReadWrite =~ RW  RW RW RW RW RW  RW  RW

P3DR is an 8-bit readable/writable register, which stores the output data of port 3 pins (P37 to
P30).

P3DR is initialized to H'0O by a reset and in hardware standby mode. The previous state is
maintained in software standby mode.
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Port 3 Register (PORT3)
Bit 7 6 5 4 3 ) 1 0

| P37 | pPss | Pss | Paa | psz | P32 | P31 | P30 |
Initial value —* —* —* —* —* —k —k —*
Read/Write R R R R R R R R

Note: * Determined by the state of pins P37 to P30.

PORT3 is an 8-bit read-dedicated register, which reflects the state of pins. Write is disenabled.
Always carry out writing off output data of port 3 pins (P37 to P30) to P3DR without fail.

When P3DDR is set to 1, if port 3 is read, the values of P3DR are read. When P3DDR is cleared to
0, if port 3 is read, the states of pins are read out.

P3DDR and P3DR are initialized by a reset and in hardware standby mode, so PORT3 is
determined by the state of the pins. The previous state is maintained in software standby mode.

Port 3 Open Drain Control Register (P30DR)

Bit 7 6 5 4 3 2 1 0

| P370DR | P360DR | P350DR | P340DR | P330DR | P320DR| P310DR| P300DR |
Initial value 0 0 0 0 0 0 0 0
ReadWrte =~ RW  RW RW RW RW RW  RW  RW

P30ODR is an 8-bit readable/writable register, which controls the on/off of port 3 pins (P37 to
P30).

By setting P3ODR to 1, the port 3 pins become an open drain output, and when cleared to O they
become CMOS output.

P30ODR is initialized to H'00 by a reset and in hardware standby mode. The previous state is
maintained in software standby mode.
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94.3

Pin Functions

The port 3 pins also function as SCI I/O input pins (TxDO0, RxD0, SCKO, TxD1, RxD1, and
SCK1) and as external interrupt input pins (IRQ4 and IRQS5). The functions of port 3 pins are
shown in table 9.7.

Table 9.7  Port 3 Pin Functions
Pin Selection Method and Pin Functions
P37 Switches as follows according to the setting of the P37DDR bit.
P37DDR 0 1
Pin function P37 input pin P37 output pin*
Note: * When P370DR = 1, it becomes NMOS open drain output.
P36 Switches as follows according to the setting of the P36DDR bit.
P36DDR 0 1
Pin function P36 input pin P36 output pin*
Note: * When P360DR = 1, it becomes NMOS open drain output.
P35/SCK1/  Switches as follows according to the combinations of the C/A bit of SMR1, the
IRQ5 CKEO and CKE1 bits of SCR, and the P35DDR bit.
CKE1 0 1
C/A 0 1 —
CKEO 0 1 — —
P35DDR 0 1 — — —
Pin function P35 P35 SCK1 SCK1 SCK1
input pin | output pin® | output pin* | output pin® | input pin
IRQ5 input
Note: * When P350DR = 1, it becomes NMOS open drain output.
P34/RxD1 Switches as follows according to combinations of bit RE of SCR1 and bit P34DDR.

RE 0 1
P34DDR 0 1 —
Pin function P34 input pin P34 output pin* RxD1 input pin

Note: * When P340DR = 1, it becomes NMOS open drain tray.
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Pin Selection Method and Pin Functions
P33/TxD1 Switches as follows according to combinations of bit TE of SCR1 and bit P33DDR.
TE 0 1
P33DDR 0 1 —
Pin function P33 input pin P33 output pin* TxD1 output pin*
Note: * When P330DR = 1, it becomes NMOS open drain output.
P32/SCKO/  Switches as follows according to combinations of bit C/A of SMRO, bits CKEO and
IRQ4 CKE1 of SCRO, and bit P32DDR.
CKE1 0 1
C/A 0 1 —
CKEO 0 1 — —
P32DDR 0 1 — — —
Pin function P32 P32 SCKO output | SCKO output SCKO
inputpin | output pin pin® pin® input pin
IRQ4 input
Note: * When P320DR = 1, it becomes NMOS open drain output.
P31/RxD0 Switches as follows according to combinations of bit RE of SCR0 and bit P31DDR.
RE 0 1
P31DDR 0 1 —
Pin function P31 input pin | P31 output pin* RxDO input pin
Note: * When P310DR = 1, it becomes NMOS open drain output.
P30/TxD0 Switches as follows according to combinations of bit TE of SCRO and bit P30DDR.

TE 0 1
P30DDR 0 1 —
Pin function | P30 input pin | P30 output pin* TxDO output pin*

Note: * When P300ODR = 1, it becomes NMOS open drain output.

Page 248 of 1126

RENESAS

REJ09B0257-0700 Rev. 7.00

Jun 10, 2010



H8S/2646 Group, H8S/2646R F-ZTATTM,

H8S/2648R F-ZTATTM

Section 9 1/O Ports

9.5 Port 4

9.5.1 Overview

Port 4 is an 8-bit input-only port. Port 4 pins also function as A/D converter analog input pins
(ANO to AN7). Port 4 pin functions are the same in all operating modes. Figure 9.4 shows the port

4 pin configuration.

Port 4

Port 4 pins

P47 (input) / AN7 (input)
P46 (input) / AN6 (input)

(input) / AN5 (input)
P44 (input) / AN4 (input)
P43 (input) / AN3 (input)
P42 (input) / AN2 (input)
P41 (input) / AN1 (input)
P40 (input) / ANO (input)

Figure 9.4 Port 4 Pin Functions

REJ09B0257-0700 Rev. 7.00

Jun 10, 2010

RENESAS

Page 249 of 1126




H8S/2646 Group, H8S/2646R F-ZTATTM,
Section 9 1/0 Ports H8S/2648R F-ZTATTM

9.5.2 Register Configuration

Table 9.8 shows the port 4 register configuration. Port 4 is an input-only port, and does not have a
data direction register or data register.

Table 9.8 Port 4 Registers

Name Abbreviation R/W Initial Value Address™
Port 4 register PORT4 R Undefined H'FFB3
Note: * Lower 16 bits of the address.

Port 4 Register (PORT4): The pin states are always read when a port 4 read is performed.

Bit : 7 6 5 4 3 2 1 0

\ P47 \ P46 \ P45 \ P44 \ P43 \ P42 \ P41 \ P40 \
Initial value : —* —* _* _* —* ¥ ¥ %
R/W : R R R R R R R R

Note: * Determined by state of pins P47 to P40.

9.5.3 Pin Functions

Port 4 pins also function as A/D converter analog input pins (ANO to AN7).
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9.6 Port 5

9.6.1 Overview

Port 5 is a 3-bit I/O port. The pin functions of port 5 are the same in all operating modes. Figures
9.5 (1) and 9.5 (2) show the pin functions for port 5.

Port 5 pins

Port 5

> P52 (1/O)
> P51 (1/O)
«—» P50 (1/O)

Figure 9.5 (1) Port 5 Pin Functions (H8S/2646, H8S/2646R, H8S/2645)

Port 5 pins

Port 5

«—» P52 (1/0) / SCK2 (1/O)
«—» P51 (I/O) / RxD2 (input)

-« P50 (I/O) / TxD2 (output)

Figure 9.5 (2) Port 5 Pin Functions (H8S/2648, H8S/2648R, H8S/2647)
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9.6.2 Register Configuration
Table 9.9 shows the port 5 register configuration.

Table 9.9  Port 5 Register Configuration

Name Abbreviation R/W Initial Value™  Address™
Port 5 data direction register P5DDR w H'O H'FE34
Port 5 data register P5DR R/W H'0 H'FF04
Port 5 register PORT5 R H'0 H'FFB4

Notes: 1. Lower 16 bits of the address.
2. Value of bits 2 to 0.

Port 5 Data Direction Register (PSDDR)

Bit : 7 6 5 4 3 2 1 0

. — | — | — | — | — |P52DDR|P51DDR P50DDR]
Initial value : Undefined Undefined Undefined Undefined Undefined 0 0 0
R/W : — — — — — w w W

P5SDDR is an 8-bit write-only register that specifies whether individual bits are input or output for
each of each of the pins in port 5. It is not possible to read it. An undefined value is returned if an
attempt is made to read it.

Setting one of the bits of PSDDR to 1 sets the corresponding pin in port 5 to output, and clearing
the bit to 0 sets the corresponding pin to input.

P5SDDR is initialized to H'O (bits 2 to 0) if a reset occurs and in the hardware standby mode. The
previous values are retained by PSDDR in the software standby mode. Since SCI is initialized in
the H8S/2648, H8S/2648R, and H8S/2647, the pin states are determined by the by the PSDDR and
P5DR settings.
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Port 5 Data Register (PSDR)

Bit : 7 6 5 4 3 2 1 0

. — | — | — | — | — | P52DR| P51DR | P50DR |
Initial value : Undefined Undefined Undefined Undefined Undefined 0 0 0
R/W : — — — — — R/W R/W R/W

P5DR is an 8-bit readable/writable register that stores output data for the port 5 pins (P52 to P50).

P5DR is initialized to H'0O if a reset occurs and in the hardware standby mode. The previous
values are retained in the software standby mode.

Port 5 Register (PORTS5)
Bit : 7 6 5 4 3 2 1 0
] — ] — \ — \ — \ — \ P52 \ P51 \ P50 \
Initial value : Undefined Undefined Undefined Undefined Undefined —* —* —*
R/W : — — — — — R R R

Note: * Determined by state of pins P52 to P50.

PORTS is an 8-bit read-only register that reflects the states of the pins. It is not possible to write to
it. Always write output data from the port 5 pins (P52 to P50) to PSDR.

If PSDDR is set to 1, the value of PSDR is returned when port 5 is read. If PSDDR is cleared to 0,
the pin states are returned when port 5 is read.

P5SDDR and P5SDR are initialized if a reset occurs and in the hardware standby mode, so the
content of PORTS is determined by the pin states. The previous states are retained in the software
standby mode.
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9.6.3 Pin Functions

Tables 9.10 (1) and 9.10 (2) list the pin functions for port 5. In the H8S/2648, H8S/2648R, and
H8S/2647, port 5 pins also function as SCI I/O pins (TxD2, RxD2, and SCK2).

Table 9.10 (1) Port 5 Pin Functions (H8S/2646, H8S/2646R, H8S/2645)
Pin Selection Method and Pin Functions
P52 Switches as follows according to the setting of the P52DDR bit.
P52DDR 0 1
Pin function P52 input pin P52 output pin
P51 Switches as follows according to the setting of the P51DDR bit.
P51DDR 0 1
Pin function P51 input pin P51 output pin
P50 Switches as follows according to the setting of the PSODDR bit.
P50DDR 0 1
Pin function P50 input pin P50 output pin
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Table 9.10 (2)

Pin

Port 5 Pin Functions (H8S/2648, H8S/2648R, H8S/2647)

Selection Method and Pin Functions

P52/SCK2

Switches as follows according to a combination of the C/A bit in SMR and bits CKEO
and CKE1 in SCR of SCI2, and the P52DDR bit.

CKE1

0

1

C/A

1

CKo

1

P52DDR

0

0 —_

Pin function

P52 input pin

P52 output

SCK2 output
pin pin

SCK2 output
pin

SCK2 input
pin

P51/RxD2

Switches as follows according to a combination of the RE bit in SCR of SCI2 and
the P51DDR bit.

RE

1

P51DDR

0

1

Pin function

P51 input pin

P51 output pin

RxD2 input pin

P50/TxD2

Switches as follows according to a combination of the TE bit in SCR of SCI2 and
the P50DDR bit.

TE 1

P50DDR 0 1 —

Pin function P50 input pin | P50 output pin P50 output pin
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9.7 Port 9

9.7.1 Overview

Port 9 is an 8-bit input-only port. Port 9 pins also function as A/D converter analog input pins
(AN8 to AN11). Port 9 pin functions are the same in all operating modes. Figure 9.6 shows the

port 9 pin configuration.

Port 9

Port 9 pins

~—— P97 (input)
~—— P96 (input)
~+—— P95 (input)
+—— P94 (input)
+—— P93 (input) / AN11 (input)
~—— P92 (input) / AN10 (input)
—— P91 (input) /AN9 (input)
~—— P90 (input) /AN8 (input)

Figure 9.6 Port 9 Pin Functions
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9.7.2 Register Configuration

Table 9.11 shows the port 9 register configuration. Port 9 is an input-only port, and does not have
a data direction register or data register.

Table 9.11 Port 9 Registers

Name Abbreviation R/W Initial Value Address™
Port 9 register PORT9 R Undefined H'FFB8
Note: * Lower 16 bits of the address.

Port 9 Register (PORTY): The pin states are always read when a port 9 read is performed.

Bit : 7 6 5 4 3 2 1 0
\ P97 \ P96 \ P95 \ P94 \ P93 \ P92 \ P91 \ P90 \

Initial value : —* —* _* _* —* ¥ ¥ _*

RIW : R R R R R R R R

Note: * Determined by state of pins P97 to P90.

9.7.3 Pin Functions

Port 9 pins also function as A/D converter analog input pins (ANS to AN11).
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9.8 Port A
9.8.1 Overview

Port A is an 8-bit I/O port. Port A pins also function as address bus outputs and LCD driver output
pins (H8S/2646, H8S/2646R, H8S/2645: SEG24 to SEG21 and COM4 to COM1, H8S/2648,
H8S/2648R, H8S/2647: SEG40 to Seg37 and COM4 to COM1). The pin functions change
according to the operating mode.

Port A has a built-in MOS input pull-up function that can be controlled by software.

Figure 9.7 shows the port A pin configuration.

Port A pins Pin functions in modes 4 to 6
+— PA7/A23/SEG24"' / SEG40"? PA7 (I/0) / A23 (output) / SEG24™" (output) / SEG40"2 (output)
+— PAG/A22/SEG23" / SEG39" PA6 (I/0) / A22 (output) / SEG23™" (output) / SEG39"? (output)
— PA5/A21/SEG22" / SEG38™ PAS5 (I/0) / A21 (output) / SEG22™" (output) / SEG38™ (output)
PotA [ PA4/A20 / SEG21™" / SEG37" PA4 (I/0) / A20 (output) / SEG21™" (output) / SEG37"? (output)
t— PA3/A19/COM4™ / COM4™ PA3 (I/0) / A19 (output) / COM4™ (output) / COM4™ (output)
l—— PA2/A18/COM3™"/ COM3™ PA2 (1/0) / A18 (output) / COM3™" (output) / COM3™2 (output)
— PA1/A17/COM2™"/ COM2™2 PA1 (1/0) / A17 (output) / COM2"" (output) / COM2"2 (output)
— PAQ/A16/COM1™"/COM1™2 PAO (1/0) / A16 (output) / COM1™" (output) / COM172 (output)
Mode 7 pins

PA7 (I/0) / SEG24™" (output) / SEG40™ (output)
PA6 (I/0) / SEG23"" (output) / SEG39™? (output)
PA5 (1/0) / SEG22"" (output) / SEG38™2 (output)
PA4 (1/0) / SEG21™" (output) / SEG372 (output)
PA3 (1/0) / COM4™" (output) / COM4™2 (output)
PA2 (I/0) / COM3™ (output) / COM3™ (output)
PA1 (I/0) / COM2™ (output) / COM2 (output)
PAO (1/0) / COM1™" (output) / COM1"2 (output)

Notes: 1. Inthe H8S/2646, H8S/2646R, and H8S/2645.
2. Inthe H8S/2648, H8S/2648R, and H8S/2647.

Figure 9.7 Port A Pin Functions
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9.8.2 Register Configuration
Table 9.12 shows the port A register configuration.

Table 9.12 Port A Registers

Name Abbreviation R/W Initial Value  Address™
Port A data direction register PADDR w H'00 H'FE39
Port A data register PADR R/W H'00 H'FF09
Port A register PORTA R Undefined H'FFB9
Port A MOS pull-up control register PAPCR R/W H'00 H'FE40
Port A open-drain control register PAODR R/W H'00 H'FE47

Note: * Lower 16 bits of the address.

Port A Data Direction Register (PADDR)

Bit : 7 6 5 4 3 2 1 0

\ PA7DDR \ PAGDDR \ PA5DDR \ PA4DDR \ PA3DDR \ PA2DDR \ PA1DDR \ PAODDR‘
Initial value : 0 0 0 0 0 0 0 0
RIW W w W W w W W w

PADDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port A. PADDR cannot be read; if it is, an undefined value will be read.

PADDR is initialized to H'0O by a reset, and in hardware standby mode. It retains its prior state in
software standby mode. The OPE bit in SBYCR is used to select whether the address output pins

retain their output state or become high-impedance when a transition is made to software standby
mode.

e Modes4to6

These function as segment pins if the values of bits SGS3 to SGSO of LPCR, the LCD driver,
are other than B'0000. If the value of bits SGS3 to SGSO0 is B'0000, the port A pins function as
address outputs as specified by the setting of bits AE3 to AEO of PFCR, regardless of the
values of bits PA7TDDR to PAODDR. Also, when the pins are not used as address outputs,
setting a PADDR bit to 1 makes the corresponding port A pin an output port, and clearing a bit
to 0 makes the corresponding pin an input port.
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e Mode 7

These function as segment pins if the values of bits SGS3 to SGSO of LPCR, the LCD driver,
are other than B'0000. If the value of bits SGS3 to SGSO0 is B'0000, setting a PADDR bit to 1
makes the corresponding port A pin an output port, and clearing a bit to 0 makes the
corresponding pin an input port.

Port A Data Register (PADR)

Bit : 7 6 5 4 3 2 1 0
‘PA?DR ‘PAGDR ‘PASDR ‘PA4DR ‘PABDR ‘PAZDR ‘PA1DR \PAODR\

Initial value : 0 0 0 0 0 0 0 0

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

PADR is an 8-bit readable/writable register that stores output data for the port A pins (PA7 to
PAO).

PADR is initialized to H'0O by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

Port A Register (PORTA)
Bit : 7 6 5 4 3 2 1 0
] PA7 ] PA6 \ PA5 \ PA4 \ PA3 \ PA2 \ PA1 \ PAO \
Initial value : —* —* _* %k ¥ _* _* _*
R/W : R R R R R R R R

Note: * Determined by state of pins PA7 to PAO.

PORTA is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port A pins (PA7 to PAO) must always be performed on PADR.

Reading a pin being used as an LCD driver returns an undefined value.

If a port A read is performed while PADDR bits are set to 1, the PADR values are read. If a port A
read is performed while PADDR bits are cleared to 0, the pin states are read.

After a reset and in hardware standby mode, PORTA contents are determined by the pin states, as
PADDR and PADR are initialized. PORTA retains its prior state in software standby mode.
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Port A MOS Pull-Up Control Register (PAPCR)

Bit : 7 6 5 4 3 2 1 0
] PA7PCR ] PA6PCR‘ PA5PCR \ PA4PCR \ PA3PCR \ PA2PCR \ PA1PCR \ PAOPCR \

Initial value : 0 0 0 0 0 0 0 0

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

PAPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port A on an individual bit basis.

In modes 4 to 6, if a pin is in the input state in accordance with the settings in PFCR, in LPCR,
and in DDR, setting the corresponding PAPCR bit to 1 turns on the MOS input pull-up for that
pin.

In mode 7, if a pin is in the input state in accordance with the settings in LPCR and DDR, setting
the corresponding PAPCR bit to 1 turns on the MOS input pull-up for that pin.

PAPCR is initialized by a reset or to H'00, and in hardware standby mode. It retains its prior state
in software standby mode.

Port A Open Drain Control Register (PAODR)

Bit : 7 6 5 4 3 2 1 0
\ PA7ODR \ PAGODR \ PA5ODR \ PA4ODR \ PA3ODR \ PA20DR \ PA10ODR \ PAOODR\

Initial value : 0 0 0 0 0 0 0 0

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

PAODR is an 8-bit readable/writable register that controls whether PMOS is on or off for each
port A pin (PA7 to PAO).

When pins are not address and LCD outputs in accordance with the setting of bits AE3 to AEQ in
PFCR, setting a PAODR bit makes the corresponding port A pin an NMOS open-drain output,
while clearing the bit to 0 makes the pin a CMOS output.

PAODR is initialized to H'0O by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.
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9.8.3

Pin Functions

Port A pins also function as address bus outputs and LCD driver output pins (SEG21 to SEG24
and COM1 to COM4). The pin functions differ between modes 4 to 6, and mode 7. Port A pin
functions are shown in tables 9.13 and 9.14.

Table 9.13 PA7 to PA4 Pin Functions

Pin Selection Method and Pin Functions
H8S/2646  PA7/A23/ Switches as follows according to the combinations of bits SGS3 to SGSO0 of LCD
H8S/2646R SEG24 to driver LPCR, bits AE3 to AEO of PFCR, and bits PA7DDR to PA4DDR of PADDR.
H8S/2645 ~ PA4/A20/ | getting of Port SEG output
SEG21 1 5GS3 10 SGSO HBS/2646, | H8S/2648,
H8S/2646R,[H8S/2648R,
H8S/2645 | H8S/2647
H8S/2648  PA7/A23/ | Operating Modes 4 to 6 Mode 7 — —
H8S/2648R SEG40to |mode
H8S/2647  PA4/A20/ Setting of AE3 | Address| Address output — — —
SEG37  |to0 AEO output disabled
enabled
PAnDDR — 0 1 0 1 — —
Pin function A23to | PA7 to | PA7 to | PA7 to |PA7 to| SEG24 to | SEG40 to
A20 PA4 PA4 PA4 | PA4 | SEG21 SEG37
output input | output | input |output| output output
n=7to4
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Table 9.14 PA3 to PA0 Pin Functions

Pin Selection Method and Pin Functions

PA3/A19/COM4 to Switches as follows according to the combinations of bits SGS3 to SGSO0 of
PA0/A16/COMH1 LCD driver LPCR, bits AE3 to AEO of PFCR, and bits PASDDR to PAODDR of

PADDR.
Setting of 0000 Other than
SGS3 to SGSO 0000
Operating Modes 4 to 6 Mode 7 —
mode
Setting of AE3 | Address | Address output — —
to AEO output disabled
enabled
PAnDDR — 0 1 0 1 —
Pin function A19to | PA3to | PA3to | PA3to | PA3to | COM1 to
A16 |PAOinput| PAO |PAOinput| PAO COM4
output output output output
n=3t00
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9.8.4 MOS Input Pull-Up Function

Port A has a built-in MOS input pull-up function that can be controlled by software. MOS input
pull-up can be specified as on or off on an individual bit basis.

In modes 4 to 6, if a pin is in the input state in accordance with the settings in PFCR, in LPCR,
and in DDR, setting the corresponding PAPCR bit to 1 turns on the MOS input pull-up for that
pin.

In mode 7, if a pin is in the input state in accordance with the settings in the LPCR and in DDR,
setting the corresponding PAPCR bit to 1 turns on the MOS input pull-up for that pin.

The MOS input pull-up function is in the off state after a reset, and in hardware standby mode.
The prior state is retained in software standby mode.

Table 9.15 summarizes the MOS input pull-up states.

Table 9.15 MOS Input Pull-Up States (Port A)

Hardware Software In Other
Pin States Reset Standby Mode Standby Mode Operations
Address output or OFF OFF OFF OFF
SCI output
Other than above ON/OFF ON/OFF
Legend:

OFF: MOS input pull-up is always off.
ON/OFF: On when PADDR = 0 and PAPCR = 1; otherwise off.
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9.9

9.9.1

Port B

Overview

Port B is an 8-bit I/O port. Port B also functions as LCD driver output pins (H8S/2646,
H8S/2646R, H8S/2645: SEG16 to SEG9, H8S/2648, H8S/2648R, H8S/2647: SEG32 to SEG9)
and as address bus outputs. The pin functions are determined by the operating mode.

Port B has a built-in MOS input pull-up function that can be controlled by software.

Figure 9.8 shows the port B pin configuration.

Port B pins

Port B

~— PB7 / A15/SEG16"" / SEG32"
= PB6 / A14/SEG15"" / SEG31™2
+— PB5 / A13/SEG14"" / SEG30™
«—» PB4 / A12/SEG13" / SEG29"
—= PB3 / A11/SEG12"" / SEG28™
«— PB2 / A10/SEG11"/SEG27"2
—» PB1/ A9 /SEG10""/SEG26™
—» PBO / A8 /SEG9" /SEG25"

Pin functions in modes 4 to 6

PB7 (1/0) / A15 (output) / SEG16™" (output) / SEG32 (output
' (output) / SEG3172 (output
PB5 (1/0) / A13 (output) / SEG14™" (output) / SEG30"2 (output

®

PB6 (I1/0) / A14 (output) / SEG15

( ( ( )
( ( ( )
( ( ( )
PB4 (1/0) / A12 (output) / SEG13"" (output) / SEG29"2 (output)
PB3 (1/0) / A11 (output) / SEG12"" (output) / SEG28 (output)
( ( ( )
( ( ( )
( ( ( )

PB2 (1/0) / A10 (output) / SEG11™" (output) / SEG27"? (output

PB1 (I/O) / A9 (output) / SEG10°
PBO (I/0)/ A8 (output) / SEG9™

" (output) / SEG262 (output
output) / SEG252 (output

Mode 7 pins

PB7 (1/0)/ SEG16™" (output) / SEG32"2 (output
" (output) / SEG312 (output
PB5 (1/0) / SEG14™ (output) / SEG30"? (output

%

( )
PB6 (I/0)/ SEG15’ ( )
( )

PB4 (I/0) / SEG13™" (output) / SEG29" (output)
PB3 (I/0) / SEG12"" (output) / SEG28™2 (output)
PB2 (I/0) / SEG11™" (output) / SEG272 (output)
PB1 (I/0) / SEG10™" (output) / SEG26™2 (output)
( ( )

PBO (I/0)/ SEG9™ (output) / SEG25™2 (output

Notes: 1. In the H8S/2646, H8S/2646R, and H8S/2645.
2. In the H8S/2648, H8S/2648R, and H8S/2647.

Figure 9.8 Port B Pin Functions
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9.9.2 Register Configuration
Table 9.16 shows the port B register configuration.

Table 9.16 Port B Registers

Name Abbreviation R/W Initial Value Address™
Port B data direction register PBDDR w H'00 H'FE3A
Port B data register PBDR R/W H'00 H'FFOA
Port B register PORTB R Undefined H'FFBA
Port B MOS pull-up control register PBPCR R/W H'00 H'FE41
Port B open-drain control register PBODR R/W H'00 H'FE48

Note: * Lower 16 bits of the address.

Port B Data Direction Register (PBDDR)

Bit : 7 6 5 4 3 2 1 0

\ PB7DDR \ PB6DDR \ PB5DDR \ PB4DDR \ PB3DDR \ PB2DDR \ PB1DDR \ PBODDR‘
Initial value : 0 0 0 0 0 0 0 0
RIW W w W W w W W w

PBDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port B. PBDDR cannot be read; if it is, an undefined value will be read.

PBDDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode. The OPE bit in SBYCR is used to select whether the address output pins
retain their output state or become high-impedance when a transition is made to software standby
mode.

Port B Data Register (PBDR)

Bit : 7 6 5 4 3 2 1 0

] PB7DR ] PB6DR \ PB5DR \ PB4DR \ PB3DR \ PB2DR \ PB1DR \ PBODR \
Initial value : 0 0 0 0 0 0 0 0
R/W : RW RIW RIW RIW RIW RIW R/W R/W

PBDR is an 8-bit readable/writable register that stores output data for the port B pins (PB7 to
PBO). PBDR is initialized to H'0O by a reset, and in hardware standby mode. It retains its prior
state in software standby mode.
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Port B Register (PORTB)
Bit : 7 6 5 4 3 2 1 0
] PB7 ’I%6‘ PB5 \|%4\ PB3 ‘I%Z‘ PB1 ‘I%O‘
Initial value : —* —* —* —* —* ¥ ¥ ¥
R/W : R R R R R R R R

Note: * Determined by state of pins PB7 to PBO.

PORTB is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port B pins (PB7 to PB0) must always be performed on PBDR.

If a port B read is performed while PBDDR bits are set to 1, the PBDR values are read. If a port B
read is performed while PBDDR bits are cleared to 0O, the pin states are read.

Reading a pin being used as an LCD driver returns an undefined value.

After a reset and in hardware standby mode, PORTB contents are determined by the pin states, as
PBDDR and PBDR are initialized. PORTB retains its prior state in software standby mode.

Port B MOS Pull-Up Control Register (PBPCR)

Bit : 7 6 5 4 3 2 1 0
\ PB7PCR \ PB6PCR \ PB5PCR \ PB4PCR \ PB3PCR \ PB2PCR \ PB1PCR \ PBOPCR \

Initial value : 0 0 0 0 0 0 0 0

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

PBPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port B on an individual bit basis.

In modes 4 to 6, if a pin is in the input state in accordance with the settings in the LCD driver’s
LPCR and in DDR, setting the corresponding PBPCR bit to 1 turns on the MOS input pull-up for
that pin.

In mode 7, if a pin is in the input state in accordance with the settings in the DDR, setting the
corresponding PBPCR bit to 1 turns on the MOS input pull-up for that pin.

PBPCR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.
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Port B Open Drain Control Register (PBODR)

Bit : 7 6 5 4 3 2 1 0
] PB7ODR ] PBGODR‘ PB5ODR \ PB40ODR \ PB3ODR \ PB20DR \ PB10ODR \ PBOODR‘

Initial value : 0 0 0 0 0 0 0 0

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

PBODR is an 8-bit readable/writable register that controls the PMOS on/off state for each port B
pin (PB7 to PBO).

When pins are not address outputs in accordance with the setting of bits AE3 to AEO in PFCR,
setting a PBODR bit makes the corresponding port B pin an NMOS open-drain output, while
clearing the bit to 0 makes the pin a CMOS output.

Do not set PBODR to 1 if the pins are being used for LCD driver output.

PBODR is initialized to H'0O by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

9.9.3 Pin Functions

Port B pins also function as LCD driver output pins (H8S/2646, H8S/2646R, H8S/2645: SEG16 to
SEG9, H85/2648, H8S/2648R, H8S/2647: SEG32 to SEG25) and address bus outputs. The pin
functions differ between modes 4 to 6 and mode 7. Port B pin functions are shown in table 9.17.

Table 9.17 Port B Pin Functions

Setting of SGS3 Port SEG output
to SGS0 H8S/2646, | H8S/2648,
H8S/2646R, H8S/2648R,
H8S/2645 | H8S/2647
Operating mode Modes 4 to 6 Mode 7 — —
Setting of AE3 | Address Address output — — —
to AEO output disabled
enabled
PBnDDR — 0 1 0 1 — —
Pin function A15t0 A8| PB7to PB7to | PB7to PB7to | SEG16to | SEG32to
output |PBOinput| PBO |PBOinput| PBO SEG9 SEG25
output output output output
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9.9.4 MOS Input Pull-Up Function

Port B has a built-in MOS input pull-up function that can be controlled by software. MOS input
pull-up can be specified as on or off on an individual bit basis.

In modes 4 to 6, if a pin is in the input state in accordance with the settings of PFCR, the LCD
driver LPCR, and DDR, setting PBPCR to 1 turns on MOS input pull-up.

In mode 7, if a pin is in the input state in accordance with the settings of the LCD driver LPCR
and DDR, setting PBPCR to 1 turns on MOS input pull-up.

The MOS input pull-up function is in the off state after a reset, and in hardware standby mode.
The prior state is retained by a manual reset or in software standby mode.

Table 9.18 summarizes the MOS input pull-up states.

Table 9.18 MOS Input Pull-Up States (Port B)

Hardware Software In Other
Pin States Reset Standby Mode Standby Mode  Operations
Address output or OFF OFF OFF OFF
LCD output
Other than above ON/OFF ON/OFF
Legend:

OFF: MOS input pull-up is always off.
ON/OFF: On when PBDDR = 0 and PBPCR = 1; otherwise off.
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9.10

9.10.1

Port C

Overview

Port C is an 8-bit I/O port. Port C also functions as LCD driver output pins (H8S/2646,
H8S/2646R, H8S/2645: SEGS8 to SEG1, H8S/2648, H8S/2648R, H8S/2647: SEG24 to SEG17)
and as address bus outputs. The pin functions are determined by the operating mode.

Port C has a built-in MOS input pull-up function that can be controlled by software.

Figure 9.9 shows the port C pin configuration.

Port C pins

Port C

PC7 /A7 / SEG8™ / SEG24"?
PC6 /A6 /SEG7" / SEG23"™
PC5/A5/SEG6™" / SEG22™2
PC4/A4/SEG5™ / SEG21™2
PC3/A3/SEG4" / SEG20"
PC2/A2/SEG3™" / SEG19™2
PC1/A1/SEG2" / SEG18™
PCO/A0/SEG1™"/SEG172

Notes: 1.
2.

Pin functions in mode 6

output) / SEG24"2 (output
/ SEG23" (output

PC7 (I/0)/ A7 (output) / SEG8™
PC6 (I/0)/ A6 (output) / SEG7""
PC5 (1/0)/ A5 (output) / SEG6™ / SEG22"2 (output
PC4 (I/0)/ A4 / SEG5™ (output) / SEG21"? (output
PC3 (/0)/ A3 / SEG4™" (output) / SEG20" (output)
PC2 (I/0)/ A2 (output) / SEG3™ (output) / SEG19™2 (output)
PC1 (1/0)/ A1 (output) / SEG2™" (output) / SEG18"2 (output)
PCO (I/0)/ A0 (output) / SEG1™ (output) / SEG17"2 (output)

output

output

) )
) )
) )
output ) )

( )
( )
( )
( )
(output)
( )
( )
( )

In the H8S/2646, H8S/2646R, and H8S/2645.
In the H8S/2648, H8S/2648R, and H8S/2647.

Pin functions in modes 4 and 5

A7 (output)
A6 (output)
A5 (output)
A4 (output)
A3 (output)
A2 (output)
Al ( )
A0 (output)

output

Pin functions in mode 7

PC7 (I/0)/SEG8"
PC6 (I/0)/SEG7"!
PC5 (1/0)/ SEG6™
PC4 (1/0)/ SEG5™
PC3 (I/0) / SEG4™
PC2 (I/0)/SEG3"
PC1 (1/0)/ SEG2™
PCO (I/0)/SEG1"

output) / SEG24"2 (output
output) / SEG23"2 (output
output) / SEG22"2 (output
/ SEG21"2 (output
/ SEG20°2 (output)
output) / SEG19"2 (output)
output) / SEG18™ (output)
output) / SEG17"2 (output)

)
)
)
output )

output

)
)
)
)
)
)
)
)

Figure 9.9 Port C Pin Functions
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9.10.2 Register Configuration
Table 9.19 shows the port C register configuration.

Table 9.19 Port C Registers

Name Abbreviation  R/W Initial Value  Address™
Port C data direction register PCDDR w H'00 H'FE3B
Port C data register PCDR R/W H'00 H'FFOB
Port C register PORTC R Undefined H'FFBB
Port C MOS pull-up control register PCPCR R/W H'00 H'FE42
Port C open-drain control register PCODR R/W H'00 H'FE49

Note: * Lower 16 bits of the address.

Port C Data Direction Register (PCDDR)

Bit : 7 6 5 4 3 2 1 0

\ PC7DDR \ PC6DDR \ PC5DDR \ PC4DDR \ PC3DDR \ PC2DDR \ PC1DDR \ PCODDR‘
Initial value : 0 0 0 0 0 0 0 0
RIW W w W W w W W w

PCDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port C. PCDDR cannot be read; if it is, an undefined value will be read.

PCDDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode. The OPE bit in SBYCR is used to select whether the address output pins
retain their output state or become high-impedance when the mode is changed to software standby
mode.
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Port C Data Register (PCDR)

Bit : 7 6 5 4 3 2 1 0
]PC?DR ’PCGDR‘ PCSDR‘ PC4DR‘ PCSDR‘ PCZDR‘ PC1DR ‘PCODR‘

Initial value : 0 0 0 0 0 0 0 0

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

PCDR is an 8-bit readable/writable register that stores output data for the port C pins (PC7 to
PCO).

PCDR is initialized to H'0O by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

Port C Register (PORTC)
Bit : 7 6 5 4 3 2 1 0
\ PC7 \ PC6 \ PC5 \ PC4 \ PC3 \ PC2 \ PC1 \ PCO \
Initial value : —* —* —* _* —* ¥ ¥ _*
R/W : R R R R R R R R

Note: * Determined by state of pins PC7 to PCO.

PORTC is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port C pins (PC7 to PCO) must always be performed on PCDR.

If a port C read is performed while PCDDR bits are set to 1, the PCDR values are read. If a port C
read is performed while PCDDR bits are cleared to 0, the pin states are read.

Reading a pin being used as an LCD driver returns an undefined value.

After a reset and in hardware standby mode, PORTC contents are determined by the pin states, as
PCDDR and PCDR are initialized. PORTC retains its prior state in software standby mode.
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Port C MOS Pull-Up Control Register (PCPCR)

Bit : 7 6 5 4 3 2 1 0
] PC7PCR ] PCGPCR‘ PC5PCR \ PC4PCR \ PC3PCR \ PC2PCR \ PC1PCR \ PCOPCR‘

Initial value : 0 0 0 0 0 0 0 0

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

PCPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port C on an individual bit basis.

In modes 6 and 7, if PCPCR is set to 1 when the port is in the input state in accordance with the
settings of the LCD driver LPCR and PCDDR, the MOS input pull-up is set to ON.

PCPCR is initialized to H'0O by a reset, and in hardware standby mode. It retains its prior state by
a manual reset or in software standby mode.

Port C Open Drain Control Register (PCODR)

Bit 7 6 5 4 3 2 1 0

| PC70DR| PC60DR| PC50DR | PC40DR| PC30DR | PC20DR| PC10DR] PCOODR|
Initial value 0 0 0 0 0 0 0 0
ReadWrte ~ RW  RW RW RW RW  RW  RW  RW

PCODR is an 8-bit readable/writable register and controls PMOS On/Off of each pin (PC7 to
PCO) of port C.

If PCODR is set to 1 by setting AE3 to AEO in PFCR in mode other than address output mode,
port C pins function as NMOS open drain outputs and when the setting is cleared to 0, the pins
function as CMOS outputs.

Do not set PCODR to 1 if the pins are being used for LCD driver output.

PCODR is initialized to H'00 in reset mode or hardware standby mode. PCODR retains the last
state in software standby mode.

REJ09B0257-0700 Rev. 7.00 Page 273 of 1126
Jun 10, 2010 RENESAS



Section 9 1/0 Ports

H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM

9.10.3

Pin Functions

Port C can function as LCD segment output pins (H8S/2646, H8S/2646R, H8S/2645: SEGS to
SEG1, H85/2648, H8S/2648R, H8S/2647: SEG24 to SEG17) and as address bus outputs. The pin
functions differ in modes 4 and 5, mode 6, and mode 7. The port C pin functions are listed in table

9.20.

Table 9.20 Port C Pin Functions

Setting of Port SEG output
SGS3 to H85/2646, | H8S/2648,
SGS0 H8S/2646R, H8S/2648R,
H8S/2645 | H8S/2647
Operating Modes Mode 6 Mode 7 — —
mode 4 and 5
PCnDDR — 0 1 0 1 — —
Pin function | A7 to A0 PC7to | A7to A0 PC7 to PC7 to SEG8to | SEG24 to
output | PCOinput| output | PCO input |[PCO output| SEG1 SEG17
output output
Note: Modes 4 and 5 are extended modes in which the internal ROM is disabled. Address output

is disabled when port C is set to segment output, so it is not possible to interface with
external ROM. Therefore port C must not be set to segment output in mode 4 or mode 5.
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9.10.4 MOS Input Pull-Up Function

Port C has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 6 and 7, and can be specified as on or off on an
individual bit basis.

In modes 6 and 7, when PCPCR is set to 1 in the input state by setting of the LCD driver LPCR
and PCDDR, the MOS input pull-up is set to ON.

The MOS input pull-up function is in the off state after a reset, and in hardware standby mode.
The prior state is retained by a manual reset or in software standby mode.

Table 9.21 summarizes the MOS input pull-up states.

Table 9.21 MOS Input Pull-Up States (Port C)

Hardware Software In Other
Pin States Reset Standby Mode  Standby Mode  Operations
Address output OFF OFF OFF OFF
Other than above ON/OFF ON/OFF

Legend:
OFF: MQOS input pull-up is always off.
ON/OFF: On when PCDDR = 0 and PCPCR = 1; otherwise off.

REJ09B0257-0700 Rev. 7.00 Page 275 of 1126
Jun 10, 2010 RENESAS



Section 9 1/0 Ports

H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM

9.11 Port D

9.11.1 Overview

Port D is an 8-bit I/O port. Port D has a data bus I/O function, and the pin functions change
according to the operating mode. In the H8S/2648, H8S/2648R, H8S/2647, port D pins also

function as LCD driver output pins (SEG16 to SEG9).

Port D has a built-in MOS input pull-up function that can be controlled by software.

Figure 9.10 shows the port D pin configuration.

Port D pins

~—>» PD7/D15/SEG16™*
~—» PD6/D14/SEG15™*
~—» PD5/D13/SEG14*
Port D ~—>» PD4/D12/SEG13*
~— PD3/D11/SEG12*
~—>» PD2/D10/SEG11*
~—» PD1/D9/SEG10*

~— PDO0/D8/SEG9*

Note: * In the H8S/2648, H8S/2648R, and H8S/2647.

Pin functions in modes 4 to 6

D15 (I/O) / SEG16* (output)
D14 (1/0) / SEG15* (output)
D13 (1/0) / SEG14™* (output)
D12 (I/0) / SEG13* (output)
D11 (I/0) / SEG12* (output)
D10 (/0) / SEG11* (output)
(1/0) / SEG10™* (output)
(/0) / SEG9* (output)

D9
D8

Pin functions in mode 7

PD7 (I/O) / SEG16* (output)
PD6 (1/0) / SEG15* (output)
PD5 (1/0) / SEG14* (output)
PD4 (1/O) / SEG13* (output)
PD3 (I/0) / SEG12* (output)
PD2 (I/O) / SEG11* (output)
PD1 (I/O) / SEG10* (output)
PDO (I/O) / SEG9* (output)

Figure 9.10 Port D Pin Functions
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9.11.2  Register Configuration
Table 9.22 shows the port D register configuration.

Table 9.22 Port D Registers

Name Abbreviation  R/W Initial Value  Address™
Port D data direction register PDDDR w H'00 H'FE3C
Port D data register PDDR R/W H'00 H'FFOC
Port D register PORTD R Undefined HFFBC
Port D MOS pull-up control register PDPCR R/W H'00 H'FE43

Note: * Lower 16 bits of the address.

Port D Data Direction Register (PDDDR)

Bit : 7 6 5 4 3 2 1 0

\ PD7DDR \ PD6DDR \ PD5DDR \ PD4DDR \ PD3DDR \ PD2DDR \ PD1DDR \ PDODDR‘
Initial value : 0 0 0 0 0 0 0 0
R/W SR W W W W W W w

PDDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port D. PDDDR cannot be read; if it is, an undefined value will be read.

PDDDR is initialized to H'0O by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

Port D Data Register (PDDR)

Bit : 7 6 5 4 3 2 1 0

] PD7DR ] PD6DR \ PD5DR \ PD4DR \ PD3DR \ PD2DR \ PD1DR \ PDODR \
Initial value : 0 0 0 0 0 0 0 0
R/W : RW RIW RIW RIW RIW RIW R/W R/W

PDDR is an 8-bit readable/writable register that stores output data for the port D pins (PD7 to
PDO).

PDDR is initialized to H'0O by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.
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Port D Register (PORTD)
Bit : 7 6 5 4 3 2 1 0
] PD7 ] PD6 \ PD5 \ PD4 \ PD3 \ PD2 \ PD1 \ PDO \
Initial value : —* —* —* —* —* ¥ ¥ ¥
R/W : R R R R R R R R

Note: * Determined by state of pins PD7 to PDO.

PORTD is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port D pins (PD7 to PD0) must always be performed on PDDR.

If a port D read is performed while PDDDR bits are set to 1, the PDDR values are read. If a port D
read is performed while PDDDR bits are cleared to 0, the pin states are read.

After a reset and in hardware standby mode, PORTD contents are determined by the pin states, as
PDDDR and PDDR are initialized. PORTD retains its prior state in software standby mode.

Port D MOS Pull-Up Control Register (PDPCR)

Bit : 7 6 5 4 3 2 1 0
‘PD7PCR‘PD6PCR‘PD5PCR‘PD4PCR‘PD3PCR‘PD2PCR‘PD1PCR‘PDOPCR‘

Initial value : 0 0 0 0 0 0 0 0

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

PDPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port D on an individual bit basis.

In mode 7, if a pin is in the input state in accordance with the settings in PDDDR and LPCR,
setting the corresponding PDPCR bit to 1 turns on the MOS input pull-up for that pin.

PDPCR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.
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9.11.3 Pin Functions

In modes 4 to 6, each pin on port D automatically becomes one of the data bus I/O pins (D15 to
DS8). In mode 7, each pin on port D functions as an I/O port and can be specified to function as an
input or output bit by bit.

The function of pins on port D are as listed in tables 9.23 (1) and 9.23 (2).

Table 9.23 (1) Port D Pin Functions (H8S/2646, H8S/2646R, H8S5/2645)

Pins Method of Selection and Pin Function

PD7/D15, PD6/D14, Pin functions are changed by a combination of the operating mode and the
PD5/D13, PD4/D12, PDDDR.
PD3/D11, PD2/D10,

t Modes 4 t Mode 7
PD1/Do, PDODE | OPerating mode odes 4to 6 ode
PDnDDR _ 0 1
Pin function Data bus I/O (D15to D8) | PDninput | PDn output
n=7t0

Table 9.23 (2) Port D Pin Functions (H8S/2648, H8S/2648R, H8S/2647)

Pins Method of Selection and Pin Function

PD7/D15/SEG9 to

PDO/D8/SEG16 Setting of Port SEG output
SGS3 to SGSO
Operating Modes 4 to 6 Mode 7 —
mode
PDDDR — 0 1 —
Pin function D15to D8 1/0| PD7 to PDO | PD7 to PDO SEG9 to

input output SEG16

Note: Modes 4 and 5 are expanded modes with on-chip ROM disabled.

If segment output is selected, data input/output and interfacing to external ROM are no
longer possible. Therefore segment output settings should not be made in these modes.
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9.11.4 MOS Input Pull-Up Function

Port D has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in mode 7, and can be specified as on or off on an individual bit
basis.

In mode 7, if a pin is in the input state in accordance with the settings in PDDDR and LPCR,
setting the corresponding PDPCR bit to 1 turns on the MOS input pull-up for that pin.

The MOS input pull-up function is in the off state after a reset, and in hardware standby mode.
The prior state is retained in software standby mode.

Table 9.24 summarizes the MOS input pull-up states.

Table 9.24 MOS Input Pull-Up States (Port D)

Hardware Software In Other
Modes Reset Standby Mode Standby Mode Operations
4t06 OFF OFF OFF OFF
7 ON/OFF ON/OFF

Legend:
OFF: MQOS input pull-up is always off.

ON/OFF: On when PDDDR = 0, PDPCR = 1, and the pin is not used as a segment driver;
otherwise off.
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9.12 Port E

9.12.1 Overview

Port E is an 8-bit I/O port. Port E has a data bus I/O function, and the pin functions change
according to the operating mode and whether 8-bit or 16-bit bus mode is selected. In the
H8S/2648, H8S/2648R, and H8S/2647, port E pins also function as LCD driver output pins (SEG8
to SEG1).

Port E has a built-in MOS input pull-up function that can be controlled by software.

Figure 9.11 shows the port E pin configuration.

Port E pins Pin functions in modes 4 to 6
> PE7/D7/SEGS* PE7 (1/O) /D7 (1/O) / SEG8* (output)
l«—» PEG/D6/SEGT7* PE6 (I/0) /D6 (I/0) / SEG7* (output)
e PE5/D5/SEG6* PE5 (1/0) /D5 (1/0) / SEG6* (output)
Portg [+ ™ PE4/D4/SEG5* PE4 (1/0) / D4 (/0) / SEG5* (output)
l«—» PE3/D3/SEG4* PES3 (1/0) / D3 (1/0) / SEG4* (output)
- PE2/D2/SEG3* PE2 (1/0) / D2 (/) / SEG3* (output)
—» PE1/D1/SEG2* PE1 (1/0) /D1 (/O) / SEG2* (output)
l«—» PEQ/DO/SEGT* PEO (1/0) /DO (1/0) / SEG1* (output)

Pin functions in mode 7

PE7 (I/0) / SEG8* (output)
PE6 (1/0) / SEG7* (output)
PES5 (I/0) / SEG6* (output)
PE4 (1/O) / SEG5* (output)
PES3 (I/0) / SEG4* (output)
PE2 (1/0) / SEG3* (output)
PE1 (I/0) / SEG2* (output)
PEO (1/0) / SEG1* (output)

Note: * In the H8S/2648, H8S/2648R, and H8S/2647.

Figure 9.11 Port E Pin Functions
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9.12.2  Register Configuration
Table 9.25 shows the port E register configuration.

Table 9.25 Port E Registers

Name Abbreviation R/W Initial Value Address™
Port E data direction register PEDDR W H'00 H'FE3D
Port E data register PEDR R/W H'00 H'FFOD
Port E register PORTE R Undefined H'FFBD
Port E MOS pull-up control register PEPCR R/W H'00 H'FE44

Note: * Lower 16 bits of the address.

Port E Data Direction Register (PEDDR)

Bit : 7 6 5 4 3 2 1 0

| PE7DDR | PE6DDR| PESDDR | PE4DDR | PE3DDR | PE2DDR | PE1DDR| PEODDR|
Initial value : 0 0 0 0 0 0 0 0
R/W W w W w w W W W

PEDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port E. PEDDR cannot be read; if it is, an undefined value will be read.

PEDDR is initialized to H'0O by a reset, and in hardware standby mode. It retains its prior state by
a manual reset or in software standby mode.

Port E Data Register (PEDR)

Bit : 7 6 5 4 3 2 1 0
‘PE?DR ‘PEGDR ‘PESDR ‘PE4DR ‘PEBDR ‘PEZDR ‘PE1DR \PEODR\

Initial value : 0 0 0 0 0 0 0 0

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

PEDR is an 8-bit readable/writable register that stores output data for the port E pins (PE7 to
PEO).

PEDR is initialized to H'0O by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.
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Port E Register (PORTE)
Bit : 7 6 5 4 3 2 1 0
] PE7 ] PE6 \ PE5 \ PE4 \ PE3 \ PE2 \ PE1 \ PEO \
Initial value : —* —* —* —* —* ¥ ¥ ¥
R/W : R R R R R R R R

Note: * Determined by state of pins PE7 to PEO.

PORTE is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port E pins (PE7 to PEO) must always be performed on PEDR.

If a port E read is performed while PEDDR bits are set to 1, the PEDR values are read. If a port E
read is performed while PEDDR bits are cleared to O, the pin states are read.

Pins used as LCD driver pins will return an undefined value if read.

After a reset and in hardware standby mode, PORTE contents are determined by the pin states, as
PEDDR and PEDR are initialized. PORTE retains its prior state in software standby mode.

Port E MOS Pull-Up Control Register (PEPCR)

Bit : 7 6 5 4 3 2 1 0
\ PE7PCR \ PE6PCR \ PE5PCR \ PE4PCR \ PE3PCR \ PE2PCR \ PE1PCR \ PEOPCR \

Initial value : 0 0 0 0 0 0 0 0

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

PEPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port E on an individual bit basis.

In modes 4 to 6 with 8-bit-bus mode selected, or in mode 7, if a pin is in the input state in
accordance with the settings in LPCR and PEDDR, setting the corresponding PEPCR bit to 1 turns
on the MOS input pull-up for that pin.

PEPCR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.
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9.12.3

Pin Functions

The port E pin functions are listed in tables 9.26 (1) and 9.26 (2).

Table 9.26 (1) Port E Pin Functions (H8S/2646, H8S/2646R, H8S/2645)

Operating mode Modes 4 to 6 Mode 7
Bus width setting 16-bit mode 8-bit mode —
PEDDR — 0 1 0 1
Pin function D7to DO I/O | PE7to PEO | PE7to PEO | PE7 to PEO | PE7 to PEO
input output input output
Table 9.26 (2) Port E Pin Functions (H8S/2648, H8S/2648R, H8S/2647)
Setting of SEGS to Port SEG
SEGO output
Operating mode Modes 4 to 6 Mode 7 —
Bus width setting | 16-bit mode 8-bit mode — —
PEDDR — 0 1 0 1 —
Pin function D7 to DO I/O|PE7 to PEO|PE7 to PEO| PE7 to PEO | PE7 to PEO | SEG1 to
input output input output SEGS8
output
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9.124 MOS Input Pull-Up Function

Port E has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 4 to 6 when 8-bit bus mode is selected, or in mode 7,
and can be specified as on or off on an individual bit basis.

In modes 4 to 6 with 8-bit-bus mode selected, or in mode 7, if a pin is in the input state in
accordance with the settings in LPCR and PEDDR, setting the corresponding PEPCR bit to 1 turns
on the MOS input pull-up for that pin.

The MOS input pull-up function is in the off state after a reset, and in hardware standby mode.
The prior state is retained in software standby mode.

Table 9.27 summarizes the MOS input pull-up states.

Table 9.27 MOS Input Pull-Up States (Port E)

Hardware Software In Other
Modes Reset Standby Mode Standby Mode Operations
7 OFF OFF ON/OFF ON/OFF
4106 8-bit bus
16-bit bus OFF OFF
Legend:

OFF: MQOS input pull-up is always off.

ON/OFF: On when PEDDR = 0, PEPCR = 1, and the pin is not used as a segment driver;
otherwise off.
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9.13 Port F

9.13.1 Overview

Port F is a 7-bit I/O port. Port F also functions as LCD driver output pins (SEG20 to SEG17),
external 1nterrupt input pins (IRQ2, IRQ3), the A/D trigger input pin (ADTRG), bus control signal
I/0 pins (AS, RD, HWR, LWR, WAIT), and as the system clock output pin (¢).

Figure 9.12 shows the port F pin configuration.

Port F pins Pin functions in modes 4 to 6

-—» PF7/0¢ PF7 (input) / ¢ (output)

~+—» PF6/AS/SEG20/SEG36* PF6 (I/0 utput) / SEG20 (output) / SEG36* (output)

(

(/0) / AS (o

«—= PF5/RD/SEG19/SEG35* PF5 (I/0) / RD (output) / SEG19 (output) / SEG35* (output)

PortF [ PF4/HWR/SEG18/SEG34*  PF4 (1/O)/HWR (output) / SEG18 (output) / SEG34* (output)
oy
(170)

«—» PF3/[WR/ADTRG /IRQ3 PF3 (1/0) / LWR (output) / ADTRG (input) / TRQ3 (input)

- PF2/WAIT/SEG17/SEG33*  PF2 (I/0)/ WAIT (input) / SEG17 (output) / SEG33* (output)

l«—» PFO/TRQ2 PFO (1/0) / TRQZ (input)

Pin functions in mode 7

PF7 (1/0O) / ¢ (output)

(
PF6 (1/0) / SEG20 (output) / SEG36™ (output)
PF5 (1/0) / SEG19 (output)) / SEG35* (output)
(

(

(

PF4 (1/O) / SEG18 (output)) / SEG34* (output)

PF3 (1/0) / ADTRG (input) / TRQ3 (input)

RN NN

PF2 (1/0) / SEG17 (output)) / SEG33* (output)

PFO (1/0) / IRQ2 (input)

Note: * In the H8S/2648, H8S/2648R, and H8S/2647.

Figure 9.12 Port F Pin Functions
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9.13.2 Register Configuration
Table 9.28 shows the port F register configuration.

Table 9.28 Port F Registers

Name Abbreviation R/W Initial Value Address™
Port F data direction register PFDDR w H'80/H'00™* H'FE3E
Port F data register PFDR R/W H'00 H'FFOE
Port F register PORTF R Undefined H'FFBE

Notes: 1. Lower 16 bits of the address.
2. Initial value depends on the mode.

Port F Data Direction Register (PFDDR)

Bit : 7 6 5 4 3 2 1 0
‘PF7DDR‘PF6DDR‘PF5DDR‘PF4DDR‘PF3DDR‘PF2DDR‘ — \PFODDR\
Modes 4 to 6
Initial value : 1 0 0 0 0 0 undefined 0
R/W SR W W W W W —
Mode 7
Initial value : 0 0 0 0 0 0 undefined 0
RIW W w W W W w —

PFDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port F. PFDDR cannot be read; if it is, an undefined value will be read.

PFDDR is initialized by a reset, and in hardware standby mode, to H'80 in modes 4 to 6, and to
H'00 in mode 7. It retains its prior state in software standby mode. The OPE bit in SBYCR is used
to select whether the bus control output pins retain their output state or become high-impedance
when a transition is made to software standby mode.

PFDDR bit 1 is reserved.
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Port F Data Register (PFDR)

Bit : 7 6 5 4 3 2 1 0
] — ] PF6DR \ PF5DR \ PF4DR \ PF3DR \ PF2DR \ — \ PFODR \

Initial value : 0 0 0 0 0 0 undefined 0

R/W : RW RIW RIW RIW RIW RIW — RIW

PFDR is an 8-bit readable/writable register that stores output data for the port F pins (PF6 to PF2,
PFO).

PFDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode.

Bits 7 and 1 in PFDR are reserved, and only O may be written to it.

Port F Register (PORTF)

Bit : 7 6 5 4 3 2 1 0
] PF7 ] PF6 \ PF5 \ PF4 \ PF3 \ PF2 \ — \ PFO \

Initial value : —* —* —* —* —* —* undefined —*

R/W : R R R R R R — R

Note: * Determined by state of pins PF7 to PF2, PFO.

PORTF is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port F pins (PF7 to PF2, PFO) must always be performed on PFDR.

If a port F read is performed while PFDDR bits are set to 1, the PFDR values are read. If a port F
read is performed while PFDDR bits are cleared to 0, the pin states are read.

Pins used as LCD driver pins will return an undefined value if read.

After a reset and in hardware standby mode, PORTF contents are determined by the pin states, as
PFDDR and PFDR are initialized. PORTF retains its prior state in software standby mode.

PORTEF bit 1 is reserved.
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9.13.3  Pin Functions

Port F pins also function as LCD driver output pins (SEG20 to SEG17), external interrupt input
pins (IRQ2, IRQ3), the A/D trigger input pin (ADTRG), bus control signal I/O pins (AS, RD,
HWR, LWR, WAIT), and the system clock output pin (¢). Their functions differ in modes 4 to 6
and in mode 7. Table 9.29 lists the pin functions for port F.

Table 9.29 Port F Pin Functions

Pin Selection Method and Pin Functions

PF7/¢ Switches as follows according to bit PF7DDR.
PF7DDR 0 1
Pin function PF7 input ¢ output

PF6/AS/SEG20 Switches as follows according to the operating mode and the setting of SGS3
(H8S/2646, to SGSO0 and bit PF6DDR.

H8S/2646R, :
HBS/2645) Operating Mode Modes 4 to 6 Mode 7
— Setting of SGS3 to SEG Port SEG Port
PF6/AS/SEG36 | sGSO output output
(H8S/2648,
H8S/2648R, PFGDDR — - - 0 1
H8S/2647) Pin H8S/2646, | SEG20 |AS output| SEG20 |PF6 input|PF6 output
function | H8S/2646R,| output output
H8S/2645
H8S/2648, | SEG36 SEG36
H8S/2648R,| output output
H8S/2647
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Pin Selection Method and Pin Functions
PF5/RD/SEG19  Switches as follows according to the operating mode and the setting of SGS3
(H8S/2646, to SGSO0 and bit PF5DDR.
H8S/2646R :
’ Operating Mode Modes 4 to 6 Mode 7
H8S/2645) perafing
— Setting of SGS3 to SEG Port SEG Port
PFSéI/RD/SEG35 SGS0 output output
(H8S/2648,
H8S/2648R, PFSDDR - | - - 0 !
H8S/2647) Pin H8S/2646, | SEG19 |RD output| SEG19 |PF5 input |PF5 output
function | H8S/2646R,| output output
H8S/2645
H8S/2648, | SEG35 SEG35
H8S/2648R,| output output
H8S/2647
PF4/HWR/SEG18 Switches as follows according to the operating mode and the setting of SGS3
(H8S/2646, to SGSO0 and bit PF4DDR.
H8S/2646R :
’ Operating Mode Modes 4 to 6 Mode 7
H8S/2645) perating
Setting of SGS3 to SEG Port SEG Port
'(°F4é';|WR/SEG34 SGS0 output output
H8S/2648,
H8S/2648R, PF4DDA — — - 0 1
H8S/2647) Pin H8S/2646, SEG18 HWR SEG18 PF4 PF4
function | H8S/2646R, | output output output input output
H8S/2645
H8S/2648, SEG34 SEG34
H8S/2648R, | output output
H8S/2647
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Pin Selection Method and Pin Functions
PF3/LWR/ Switches as follows according to the operating mode and the setting of bits
ADTRG/IRQ3 TRGS1, TRGSO0, and PF3DDR.

Operating Modes 4 to 6 Mode 7
Mode
Bus mode 16-bit bus 8-bit bus mode —
mode
PF3DDR — 0 1 0 1
Pin function LWR output| PF3 input | PF3 output | PF3 input | PF3 output
ADTRG input™'
TRQ3 input™
Notes: 1. ADTRG input when TRGSO = TRGS1 = 1.

2. When used as an external interrupt input pin, do not use it as an I/0
pin for other functions.

PF2/WAIT/SEG17 Switches as follows according to the operating mode, and the setting of bits

(H8S/2646, SGS3 to SGSO0, the WAITE bit, and bit PF2DDR.
H8S/2646R, Operating Mode Modes 4 to 6 Mode 7
H8S/2645) -
Setting of SGS3 to SEG Port SEG Port
PFZQ/NAlT/SEG33 SGS0 output output
(HB8S5/2648, WAITE — 1 1 —
H8S/2648R, 9
H8S/2647) PF2DDR — 0 1 — — 0 1
Pin H8S/2646, | SEG17 | PF2 PF2 | WAIT |SEG17| PF2 PF2
function| H8S/2646R, | output input | output | input | output | input | output
H8S/2645
H8S/2648, | SEG33 SEG33
H8S/2648R, | output output
H8S/2647
PFO/IRQ2 Switches as follows according to the PFODDR bit.
PFODDR 0 1
Pin function PFO input PFO output
IRQ2 input
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9.14 Port H

9.14.1 Overview

Port H is an 8-bit I/O port. Port H pins also function as motor control PWM timer output pins

(PWMIA to PWMIH).

Figure 9.13 shows the port H pin configuration.

Port H

Port H pin
PH7 (1/0) / PWM1H (output)
PH6 (1/0) / PWM1G (output)
PH5 (1/0) / PWM1F (output)
PH4 (1/0) / PWM1E (output)
PH3 (1/0) / PWM1D (output)
PH2 (1/0) / PWM1C (output)
PH1 (1/0) / PWM1B (output)
) ( )

PHO (I/0) / PWMA1A (output

Figure 9.13 Port H Pin Functions

9.14.2  Register Configuration

Table 9.30 shows the port H register configuration.

Table 9.30 Port H Registers

Name Abbreviation R/W Initial Value  Address™

Port H data direction register PHDDR W H'00 H'FC20

Port H data register PHDR R/W H'00 H'FC24

Port H register PORTH R Undefined H'FC28

Note: * Lower 16 bits of the address.
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Port H Data Direction Register (PHDDR)

Bit : 7 6 5 4 3 2 1 0
’PH7DDR’PH6DDR‘PH5DDR‘PH4DDR‘PH3DDR‘PH2DDR‘PH1DDR‘PHODDR‘

Initial value : 0 0 0 0 0 0 0 0

RIW SR W W W W w w w

PHDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port H. PHDDR cannot be read. If it is, an undefined value will be read.

PHDDR is initialized to H'0O by a reset and in hardware standby mode. It retains its prior state in
software standby mode.

Port H Data Register (PHDR)

Bit : 7 6 5 4 3 2 1 0
‘PH?DR‘ PH6DR‘ PH5DR ‘PH4DR ‘PHSDR ‘PHZDR ‘PH1DR ‘PHODR‘

Initial value : 0 0 0 0 0 0 0 0

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

PHDR is an 8-bit readable/writeable register that stores output data for the port H pins (PH7 to
PHO).

PHDR is initialized to H'0O by a reset and in hardware standby mode. It retains its prior state in
software standby mode.

Port H Register (PORTH)

Bit L7 6 5 4 3 2 1 0
| PH7 | PH6 | PH5 | PH4 | PH3 | PH2 | PH1 | PHO |

Initial value : ~ —* —* —* —* ¥ _* ¥ ¥

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

Note: * Determined by the state of PH7 to PHO

PORTH is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port H pins (PH7 to PHO) must always be performed on PHDR.

If a port H read is performed while PHDDR bits are set to 1, the PHDR values are read. If a port H
read is performed while PHDDR bits are cleared to 0, the pin states are read.
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After a reset and in hardware standby mode, PORTH contents are determined by the pin states, as
PHDDR and PHDR are initialized. PORTH retains its prior state in software standby mode.

9.14.3 Pin Functions

As shown in table 9.31, the port H pin functions can be switched, bit by bit, by changing the
values of OE1A to OE1H of motor control PWM timer PWOCR1 and PHDDR.

Table 9.31 Port H Pin Functions

OE1A to OE1H 1 0
PHDDR — 0 1
Pin function Motor control PWM PH7 to PHO input PH7 to PHO output

timer output

9.15 Port]

9.15.1 Overview

Port J is an 8-bit I/O port. Port J pins also function as motor control PWM timer output pins
(PWM2A to PWM2H).

Figure 9.14 shows the port J pin configuration.

Port J pin
~—s PJ7 (I/0) / PWM2H (output

) )
~—» PJ6 (I/0) / PWM2G (output)
~—» PJ5 (I/0) / PWM2F (output)
Port J ~+—> PJ4 (I/O) / PWM2E (output)
~—> PJ3 (I/0) / PWM2D (output)
~—> PJ2 (I/0) / PWM2C (output)
~—s PJ1 (I//0) / PWM2B (output)

~— PJO (I/0) / PWM2A (output)

Figure 9.14 Port J Pin Functions
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9.15.2  Register Configuration
Table 9.32 shows the port J register configuration.

Table 9.32 Port J Registers

Name Abbreviation  R/W Initial Value  Address™
Port J data direction register PJDDR W H'00 H'FC21
Port J data register PJDR R/W H'00 H'FC25
Port J register PORTJ R Undefined H'FC29

Note: * Lower 16 bits of the address

Port J Data Direction Register (PJDDR)

Bit : 7 6 5 4 3 2 1 0

] PJ7DDR ] PJ6DDR \ PJ5DDR \ PJ4DDR \ PJ3DDR \ PJ2DDR \ PJ1DDR \ PJODDR \
Initial value : 0 0 0 0 0 0 0 0
RIW SR W W W W w w w

PJDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port J. PJDDR cannot be read. If it is, an undefined value will be read.

PJDDR is initialized to H'00 by a reset and in hardware standby mode. It retains its prior state in
software standby mode.

Port J Data Register (PJDR)

Bit : 7 6 5 4 3 2 1 0

\ PJ7DR \ PJ6DR \ PJ5DR \ PJ4DR \ PJ3DR \ PJ2DR \ PJ1DR \ PJODR \
Initial value : 0 0 0 0 0 0 0 0
R/W : RW R/W RW RW RW RW RW RW

PJDR is an 8-bit readable/writeable register that stores output data for the port J pins (PJ7 to PJO).

PJDR is initialized to H'0O by a reset and in hardware standby mode. It retains its prior state in
software standby mode.
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Port J Register (PORT)J)
Bit : 7 6 5 4 3 2 1 0
] PJ7 ] PJ6 \ PJ5 \ PJ4 \ PJ3 \ PJ2 \ PJ1 \ PJO \
Initial value : —* —* —* —* —* —* —* —*
R/W : R R R R R R R R

Note: * Determined by the state of PJ7 to PJO.

PORT] is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port J pins (PJ7 to PJO) must always be performed on PJDR.

If a port J read is performed while PJDDR bits are set to 1, the PJDR values are read. If a port J
read is performed while PJDDR bits are cleared to 0, the pin states are read.

After a reset and in hardware standby mode, PORTJ contents are determined by the pin states, as
PJDDR and PJDR are initialized. PORT]J retains its prior state in software standby mode.

9.15.3 Pin Functions

As shown in table 9.33, the port J pin functions can be switched, bit by bit, by changing the values
of OE2A to OE2H of motor control PWM timer PWOCR?2 and PJDDR.

Table 9.33 Port J Pin Functions

OE2A to OE2H 1 0
PJDDR — 0 1
Pin function Motor control PWM PJ7 to PJO input PJ7 to PJO output

timer output
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916 PortK
9.16.1 Overview
Port K is a 2-bit I/O port.

Figure 9.15 shows the pin functions for port K.

Port K pins

— PK7 (I/O)
~—» PKB6 (I/0)

Port K

Figure 9.15 Port K Pin Functions
9.16.2  Register Configuration

Table 9.34 shows the port A register configuration.

Table 9.34 Port K Registers

Name Abbreviation R/W Initial Value Address™
Port K data direction register PKDDR W H'O H'FC22
Port K data register PKDR R/W H'0 H'FC26
Port K register PORTK R Undefined H'FC2A

Note: * Lower 16 bits of the address.
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Port K Data Direction Register (PKDDR)

Bit : 7 6 5 4 3 2 1 0
[PK7TDDR[PK6DDR| — | — | — [ — | — [ — |

Initial value : 0 0 Undefined Undefined Undefined Undefined Undefined Undefined

R/W : w w — — — — — —

PKDDR is an 8-bit write-only register that specifies whether individual bits are input or output for
each of the pins in port K. It is not possible to read it. An undefined value is returned if an attempt
is made to read it.

PKDDR is initialized to H'00 if a reset occurs and in the hardware standby mode. The previous
values are retained by PKDDR in the software standby mode.

Port K Data Register (PKDR)

Bit : 7 6 5 4 3 2 1 0

\ PK7DR \ PK6DR \ — \ — \ — \ — \ — \ — \
Initial value : 0 0 Undefined Undefined Undefined Undefined Undefined Undefined
R/W : R/W R/W — — — — — —

PKDR is an 8-bit readable/writable register that stores output data for the port K pins (PK7, PK6).

PKDR is initialized to H'00 if a reset occurs and in the hardware standby mode. The previous
values are retained in the software standby mode.

Port K Register (PORTK)

Bit : 7 6 5 4 3 2 1 0
(o Pk7 [ PK6 | — | — | — | — | — | —

Initial value : —* —*  Undefined Undefined Undefined Undefined Undefined Undefined

R/W : R R — — — — — —

Note: * Determined by state of pins PF7 to PF6.

PORTK is an 8-bit read-only register that reflects the states of the pins. It is not possible to write
to it. Always write output data from the port K pins (PK7, PK6) to PKDR.

If PKDDR is set to 1, the value of PKDR is returned when port K is read. If PKDDR is cleared to
0, the pin states are returned when port K is read.
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PKDDR and PKDR are initialized if a reset occurs and in the hardware standby mode, so the
content of PORTK is determined by the pin states. The previous states are retained in the software
standby mode.

9.16.3 Pin Functions

The function of the port K pins changes with the operating mode, in accordance with the value of
PKDDR, as shown in table 9.35.

Table 9.35 Port K Pin Functions

PKDDR 0 1
Pin function PK7, PK6 input PK7, PK6 output
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Section 10 16-Bit Timer Pulse Unit (TPU)

10.1 Overview

The H8S/2646 Group has an on-chip 16-bit timer pulse unit (TPU) that comprises six 16-bit timer
channels.

10.1.1  Features

e Maximum 16-pulse input/output

— A total of 16 timer general registers (TGRs) are provided (four each for channels 0 and 3,
and two each for channels 1, 2, 4, and 5), each of which can be set independently as an
output compare/input capture register

— TGRC and TGRD for channels 0 and 3 can also be used as buffer registers
e Selection of 8 counter input clocks for each channel
e The following operations can be set for each channel:
— Waveform output at compare match: Selection of 0, 1, or toggle output
— Input capture function: Selection of rising edge, falling edge, or both edge detection
— Counter clear operation: Counter clearing possible by compare match or input capture
— Synchronous operation:
Multiple timer counters (TCNT) can be written to simultaneously,
Simultaneous clearing by compare match and input capture possible,
Register simultaneous input/output possible by counter synchronous operation
— PWM mode:
Any PWM output duty can be set,
Maximum of 15-phase PWM output possible by combination with synchronous operation
e Buffer operation settable for channels 0 and 3
— Input capture register double-buffering possible
— Automatic rewriting of output compare register possible
e Phase counting mode settable independently for each of channels 1, 2, 4, and 5
— Two-phase encoder pulse up/down-count possible
e (Cascaded operation

— Channel 2 (channel 5) input clock operates as 32-bit counter by setting channel 1 (channel
4) overflow/underflow

e Fast access via internal 16-bit bus

— Fast access is possible via a 16-bit bus interface
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e 26 interrupt sources

— For channels 0 and 3, four compare match/input capture dual-function interrupts and one
overflow interrupt can be requested independently

— For channels 1, 2, 4, and 5, two compare match/input capture dual-function interrupts, one
overflow interrupt, and one underflow interrupt can be requested independently
e Automatic transfer of register data

— Block transfer, 1-word data transfer, and 1-byte data transfer possible by data transfer
controller (DTC)

e Programmable pulse generator (PPG) output trigger can be generated
— Channel 0 to 3 compare match/input capture signals can be used as PPG output trigger
e A/D converter conversion start trigger can be generated

— Channel 0 to 5 compare match A/input capture A signals can be used as A/D converter
conversion start trigger

e Module stop mode can be set

— As the initial setting, TPU operation is halted. Register access is enabled by exiting module
stop mode.

Table 10.1 lists the functions of the TPU.
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Table 10.1 TPU Functions

Item Channel 0 Channel1 Channel 2 Channel 3 Channel 4 Channel 5
Count clock Al Al /1 Al Al /1
o4 o4 o4 o4 o4 o4
®/16 ®/16 o/16 ®/16 ®/16 o/16
/64 /64 /64 ¢/64 /64 /64
TCLKA /256 $/1024 /256 /1024 /256

TCLKB TCLKA TCLKA $/1024 TCLKA TCLKA
TCLKC TCLKB TCLKB $/4096 TCLKC TCLKC
TCLKD TCLKC TCLKA TCLKD

General registers TGROA TGR1A TGR2A TGR3A TGR4A TGR5A
TGROB TGR1B TGR2B TGR3B TGR4B TGR5B

General registers/ TGROC — — TGR3C — —

buffer registers TGROD TGR3D

I/O pins TIOCAO TIOCA1 TIOCA2 TIOCAS TIOCA4 TIOCA5
TIOCBO TIOCB1 TIOCB2 TIOCBS3 TIOCB4 TIOCB5
TIOCCO TIOCC3
TIOCDO TIOCD3

Counter clear TGR TGR TGR TGR TGR TGR

function compare compare compare compare compare compare
matchor matchor matchor matchor matchor matchor
input input input input input input
capture capture capture capture capture capture

Compare 0 output O O O O O O

maeh 4 output O 0 O 0 0 O

output

Toggle O O O O O O
output

Input capture O O O O O O

function

Synchronous O O O O O O

operation

PWM mode O O O O O O

Phase counting — O O — O O

mode

Buffer operation O — — O — —
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ltem Channel0  Channel 1 Channel2 Channel3 Channel4 Channel5
DTC TGR TGR TGR TGR TGR TGR
activation compare compare compare compare compare compare
match or match or match or match or match or match or
input capture input capture input capture input capture input capture input capture
A/D TGROA TGR1A TGR2A TGR3A TGR4A TGR5A
converter compare compare compare compare compare compare
trigger match or match or match or match or match or match or
input capture input capture input capture input capture input capture input capture
PPG TGROA/ TGR1A/ TGR2A/ TGR3A/ — —
trigger TGROB TGR1B TGR2B TGR3B
compare compare compare compare
match or match or match or match or
input capture input capture input capture input capture
Interrupt 5 sources 4 sources 4 sources 5 sources 4 sources 4 sources
SOUrCeS o Compare *Compare e« Compare e« Compare Compare ¢ Compare
match or match or match or match or match or match or
input capture input capture input input input input
0A 1A capture 2A  capture 3A  capture 4A  capture 5A
e Compare *Compare < Compare ¢ Compare <*Compare  Compare
match or match or match or match or match or match or
input input input input input input
capture 0B capture 1B capture 2B capture 3B capture 4B capture 5B
e Compare ¢ Overflow < Overflow e« Compare ¢ Overflow e Overflow
matchor  « ynderflow  Underflow ~ Matchor o ynderflow « Underflow
input input
capture 0C capture 3C
e Compare e Compare
match or match or
input input capture
capture 0D 3D
* Overflow ¢ Overflow
Legend:
O : Possible
—: Not possible
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10.1.2

Block Diagram

Figure 10.1 shows a block diagram of the TPU.

Interrupt request signals

TGI3A
TGI3B
TGI3C
TGI3D
TCI3V
TGI4A
TGl4B
TCl4V
TCl4U
TGI5A
TGI5B
TCI5V
TCI5U

A/D converter conversion

Interrupt request signals

TGIOA
TGIOB
TGIOC
TGIOD
TClov
TGIHA
TGHB
TCI1V
TCI1U
TGI2A
TGI2B
TCl2Vv
TCl2U
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s % Ol v
T |E|F|F El<|alo|a
LN € N Z|lo|x|ac|c
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Sl e FlF|F|F|F .
SR Channel 3:
" O |O|o|WK
Input/output pins =
Channel 3:  TIOCA3
TIOCB3 el ]
o
TIOCC3 o < g Sl
TIOCD3 2 PN Elg2 Channel 4:
. 3 < <
Channel 4: TIOCA4 e N < . 'L_) ('2 '(__')
TIOCB4 5 5| 8| 0|
Channel 5:  TIOCAS S lFF
TIOCBS B — Channel 5:
L g «
L 0 K>
S % Zl |F El<|o
= LN 2 Izl
[ N € O|6|6
£ 8 g g EO FFF
Clock input 8 SA= ==
Internal clock: ¢/1
/4
0/16
vt ] |2 .
0/256 §, S ps é Internal data bus
o2 N els|lH | 2
/4096 é % ™ § £ onver
External clock: TCLKA g 8 '5 OE k> 2 start signal
TCLKB Jg 10 : = > PPG output trigger signal
TCLKC
TCLKD o2
°o|g s
o |E|IEIF E|l<|a|lola
L= € I z|lac|a|a|c
N S T o|o|o|o|le
Sl FF|F|F|F
o '9 o L K
Input/output pins [l A
Channel 0:  TIOCAOQ ——— Channel 0:
TIOCBO o
& o
o - D>
TIgCCO ° PN E’ E = E é E
. T|CDo<:::>3 K| £ KA6| 65| &
Channel 1: TIOCA1 3 2l g EO HlF|F
TIOCB1 = ClRIBIE Channel 1:
Channel2:  TIOCA2 £
TIOCB2 5 =
o NENES
2 5|2 = | <|m Channel 2:
= N -y |zl o
S N § O|6|6
= 5 5 g EO FF|F
8 FE|F
Legend:
TSTR: Timer start register TIOR (H, L): Timer 1/O control registers (H, L)
TSYR: Timer synchronous register TIER: Timer interrupt enable register
TCR:  Timer control register Timer status register
TMDR: Timer mode register TGR (A, B, C, D): Timer general registers (A, B, C, D)

Figure 10.1 Block Diagram of TPU
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10.1.3  Pin Configuration
Table 10.2 summarizes the TPU pins.

Table 10.2 TPU Pins

Channel Name Symbol 1/0 Function
All Clock input A TCLKA Input  External clock A input pin
(Channel 1 and 5 phase counting mode A
phase input)
Clock input B TCLKB  Input  External clock B input pin
(Channel 1 and 5 phase counting mode B
phase input)
Clock input C TCLKC Input  External clock C input pin
(Channel 2 and 4 phase counting mode A
phase input)
Clock input D TCLKD  Input  External clock D input pin
(Channel 2 and 4 phase counting mode B
phase input)
0 Input capture/out TIOCAO 1/O TGROA input capture input/output compare
compare match AO output/PWM output pin
Input capture/out TIOCBO 1/O TGROB input capture input/output compare
compare match BO output/PWM output pin
Input capture/out TIOCCO 1/O TGROC input capture input/output compare
compare match CO output/PWM output pin
Input capture/out TIOCDO 1/O TGROD input capture input/output compare
compare match DO output/PWM output pin
1 Input capture/out TIOCA1 1/O TGR1A input capture input/output compare
compare match A1 output/PWM output pin
Input capture/out TIOCB1 1/O TGR1B input capture input/output compare
compare match B1 output/PWM output pin
2 Input capture/out TIOCA2 1/O TGR2A input capture input/output compare
compare match A2 output/PWM output pin
Input capture/out TIOCB2 1/O TGR2B input capture input/output compare
compare match B2 output/PWM output pin
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Channel Name Symbol /O Function

3 Input capture/out TIOCA3 1/O TGR3A input capture input/output compare
compare match A3 output/PWM output pin
Input capture/out TIOCB3 1/O TGRS3B input capture input/output compare
compare match B3 output/PWM output pin
Input capture/out TIOCC3 1/O TGR3C input capture input/output compare
compare match C3 output/PWM output pin
Input capture/out TIOCD3 1/O TGR3D input capture input/output compare
compare match D3 output/PWM output pin

4 Input capture/out TIOCA4 1/O TGR4A input capture input/output compare
compare match A4 output/PWM output pin
Input capture/out TIOCB4 1/O TGR4B input capture input/output compare
compare match B4 output/PWM output pin

5 Input capture/out TIOCA5 1/O TGR5A input capture input/output compare
compare match A5 output/PWM output pin
Input capture/out TIOCB5 1/O TGR5B input capture input/output compare
compare match B5 output/PWM output pin
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10.14  Register Configuration

Table 10.3 summarizes the TPU registers.

Table 10.3 TPU Registers

Channel Name Abbreviation R/W Initial Value Address™

0 Timer control register 0 TCRO R/W H'00 H'FF10
Timer mode register 0 TMDRO R/W H'CO H'FF11
Timer 1/O control register OH TIOROH R/W H'00 HFF12
Timer 1/O control register OL TIOROL R/W H'00 H'FF13
Timer interrupt enable register 0 TIERO R/W H'40 H'FF14
Timer status register 0 TSRO R/(W)** H'CO H'FF15
Timer counter O TCNTO R/W H'0000 H'FF16
Timer general register OA TGROA R/W H'FFFF H'FF18
Timer general register 0B TGROB R/W H'FFFF HFF1A
Timer general register 0C TGROC R/W H'FFFF H'FF1C
Timer general register 0D TGROD R/W H'FFFF HFF1E

1 Timer control register 1 TCR1 R/W H'00 H'FF20
Timer mode register 1 TMDR1 R/W H'CO H'FF21
Timer 1/O control register 1 TIOR1 R/W H'00 H'FF22
Timer interrupt enable register 1 TIER1 R/W H'40 H'FF24
Timer status register 1 TSR1 R/(W)** H'CO H'FF25
Timer counter 1 TCNTA R/W H'0000 H'FF26
Timer general register 1A TGR1A R/W H'FFFF H'FF28
Timer general register 1B TGR1B R/W H'FFFF H'FF2A

2 Timer control register 2 TCR2 R/W H'00 H'FF30
Timer mode register 2 TMDR2 R/W H'CO H'FF31
Timer 1/O control register 2 TIOR2 R/W H'00 H'FF32
Timer interrupt enable register 2 TIER2 R/W H'40 H'FF34
Timer status register 2 TSR2 R/(W)** H'CO H'FF35
Timer counter 2 TCNT2 R/W H'0000 H'FF36
Timer general register 2A TGR2A R/W H'FFFF H'FF38
Timer general register 2B TGR2B R/W H'FFFF H'FF3A
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Channel Name

Abbreviation R/W

Initial Value Address™

3 Timer control register 3 TCR3 R/W H'00 H'FE80
Timer mode register 3 TMDRS3 R/W H'CO H'FE81
Timer I/O control register 3H TIOR3H R/W H'00 H'FE82
Timer I/O control register 3L TIOR3L R/W H'00 H'FE83
Timer interrupt enable register 3 TIER3 R/W H'40 H'FE84
Timer status register 3 TSR3 R/(W)** H'CO H'FE85
Timer counter 3 TCNT3 R/W H'0000 H'FE86
Timer general register 3A TGR3A R/W H'FFFF H'FE88
Timer general register 3B TGR3B R/W H'FFFF H'FE8SA
Timer general register 3C TGR3C R/W H'FFFF H'FE8C
Timer general register 3D TGR3D R/W H'FFFF H'FESE
4 Timer control register 4 TCR4 R/W H'00 H'FEQ0
Timer mode register 4 TMDR4 R/W H'CO H'FE91
Timer 1/O control register 4 TIOR4 R/W H'00 H'FE92
Timer interrupt enable register 4 TIER4 R/W H'40 H'FE94
Timer status register 4 TSR4 R/(W) ** H'CO H'FE95
Timer counter 4 TCNT4 R/W H'0000 H'FE96
Timer general register 4A TGR4A R/W H'FFFF H'FE98
Timer general register 4B TGR4B R/W H'FFFF H'FE9A
5 Timer control register 5 TCR5 R/W H'00 H'FEAO
Timer mode register 5 TMDR5 R/W H'CO H'FEA1
Timer I/O control register 5 TIOR5 R/W H'00 H'FEA2
Timer interrupt enable register 5 TIER5 R/W H'40 H'FEA4
Timer status register 5 TSR5 R/(W) ** H'CO H'FEA5
Timer counter 5 TCNT5 R/W H'0000 H'FEAG
Timer general register 5A TGR5A R/W H'FFFF H'FEA8
Timer general register 5B TGR5B R/W H'FFFF H'FEAA
All Timer start register TSTR R/W H'00 H'FEBO
Timer synchro register TSYR R/W H'00 H'FEB1
Module stop control register A MSTPCRA R/W H'3F H'FDES8

Notes: 1. Lower 16 bits of the address.

2. Can only be written with 0 for flag clearing.
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10.2  Register Descriptions

10.2.1  Timer Control Register (TCR)

Channel 0: TCRO
Channel 3: TCR3

Bit : 7 6 5 4 3 2 1 0

\ CCLR2 \ CCLR1 \ CCLRO \ CKEG1 \ CKEGO \ TPSC2 \ TPSCH1 \ TPSCO \
Initial value : 0 0 0 0 0 0 0 0
R/W : RW R/W RW RW RW RW RW RW

Channel 1: TCR1
Channel 2: TCR2
Channel 4: TCR4
Channel 5: TCR5

Bit : 7 6 5 4 3 2 1 0

\ — \ CCLR1 \ CCLRO \ CKEGH \ CKEGO \ TPSC2 \ TPSC1 \ TPSCO \
Initial value : 0 0 0 0 0 0 0 0
R/W — R/W R/W RW RW RW RW RW

The TCR registers are 8-bit registers that control the TCNT channels. The TPU has six TCR

registers, one for each of channels O to 5. The TCR registers are initialized to H'0O by a reset, and
in hardware standby mode.

TCR register settings should be made only when TCNT operation is stopped.
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Bits 7 to 5—Counter Clear 2 to 0 (CCLR2 to CCLRO0): These bits select the TCNT counter
clearing source.

Bit7 Bit 6 Bit 5
Channel CCLR2 CCLR1 CCLRO Description
0,3 0 0 0 TCNT clearing disabled (Initial value)
1 TCNT cleared by TGRA compare match/input
capture
1 0 TCNT cleared by TGRB compare match/input
capture
1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation™
1 0 0 TCNT clearing disabled
1 TCNT cleared by TGRC compare match/input
capture™
1 0 TCNT cleared by TGRD compare match/input
capture™
1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation™'
Bit7 Bit 6 Bit 5
Channel Reserved™ CCLR1 CCLRO Description
1,2,4,5 O 0 0 TCNT clearing disabled (Initial value)
1 TCNT cleared by TGRA compare match/input
capture
1 0 TCNT cleared by TGRB compare match/input
capture
1 TCNT cleared by counter clearing for another

channel performing synchronous clearing/
synchronous operation™

Notes: 1. Synchronous operation setting is performed by setting the SYNC bit in TSYR to 1.
2. When TGRC or TGRD is used as a buffer register, TCNT is not cleared because the
buffer register setting has priority, and compare match/input capture does not occur.

3. Bit 7 is reserved in channels 1, 2, 4, and 5. It is always read as 0 and cannot be
modified.
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Bits 4 and 3—Clock Edge 1 and 0 (CKEG1, CKEGO0): These bits select the input clock edge.
When the input clock is counted using both edges, the input clock period is halved (e.g. ¢/4 both
edges = ¢/2 rising edge). If phase counting mode is used on channels 1, 2, 4, and 5, this setting is
ignored and the phase counting mode setting has priority.

Bit 4 Bit 3

CKEG1 CKEGO Description

0 0 Count at rising edge (Initial value)
1 Count at falling edge

1 — Count at both edges

Note: Internal clock edge selection is valid when the input clock is ¢/4 or slower. This setting is
ignored if the input clock is ¢/1, or when overflow/underflow of another channel is selected.

Bits 2 to 0—Time Prescaler 2 to 0 (TPSC2 to TPSCO0): These bits select the TCNT counter
clock. The clock source can be selected independently for each channel. Table 10.4 shows the
clock sources that can be set for each channel.

Table 10.4 TPU Clock Sources

Overflow/
Internal Clock External Clock Underflow

on Another

Channel ¢/1 ¢/4 ¢/16 $/64 ¢$/256 ¢$/1024 ¢/4096 TCLKA TCLKB TCLKC TCLKD Channel

0 O O O O O O O O

1 O O O O O O O O

2 O O O O O O O 0

3 O O O O O O O O

4 O O O O O O O O

5 O O O O O O O O

Legend:

QO: Setting

Blank: No setting
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Section 10  16-Bit Timer Pulse Unit (TPU)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSCH1 TPSCO Description
0 0 0 0 Internal clock: counts on ¢/1 (Initial value)
1 Internal clock: counts on ¢/4
1 0 Internal clock: counts on ¢/16
1 Internal clock: counts on ¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 External clock: counts on TCLKD pin input
Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on ¢/1 (Initial value)
1 Internal clock: counts on ¢/4
1 0 Internal clock: counts on ¢/16
1 Internal clock: counts on ¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 Internal clock: counts on ¢/256

1

Counts on TCNT2 overflow/underflow

Note: This setting is ignored when channel 1 is in phase counting mode.

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
2 0 0 0 Internal clock: counts on ¢/1 (Initial value)
1 Internal clock: counts on ¢/4
1 0 Internal clock: counts on ¢/16
1 Internal clock: counts on ¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input

1

Internal clock: counts on ¢/1024

Note: This setting is ignored when channel 2 is in phase counting mode.
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Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSCH1 TPSCO Description
3 0 0 0 Internal clock: counts on ¢/1 (Initial value)
1 Internal clock: counts on ¢/4
1 0 Internal clock: counts on ¢/16
1 Internal clock: counts on ¢/64
1 0 0 External clock: counts on TCLKA pin input
1 Internal clock: counts on ¢/1024
1 0 Internal clock: counts on ¢/256
1 Internal clock: counts on ¢/4096
Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
4 0 0 0 Internal clock: counts on ¢/1 (Initial value)
1 Internal clock: counts on ¢/4
1 0 Internal clock: counts on ¢/16
1 Internal clock: counts on ¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKC pin input
1 0 Internal clock: counts on ¢/1024

1

Counts on TCNT5 overflow/underflow

Note: This setting is ignored when channel 4 is in phase counting mode.

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
5 0 0 0 Internal clock: counts on ¢/1 (Initial value)
1 Internal clock: counts on ¢/4
1 0 Internal clock: counts on ¢/16
1 Internal clock: counts on ¢/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKC pin input
1 0 Internal clock: counts on ¢/256

1

External clock: counts on TCLKD pin input

Note: This setting is ignored when channel 5 is in phase counting mode.
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10.2.2  Timer Mode Register (TMDR)

Channel 0: TMDRO
Channel 3: TMDR3

Bit : 7 6 5 4 3 2 1 0

] — ] — \ BFB \ BFA \ MD3 \ MD2 \ MD1 \ MDO \
Initial value : 1 1 0 0 0 0 0 0
R/W — — R/W RIW RIW RIW RIW RIW

Channel 1: TMDR1
Channel 2: TMDR2
Channel 4: TMDR4
Channel 5: TMDR5

Bit : 7 6 5 4 3 2 1 0

\ — \ — \ — \ — \ MD3 \ MD2 \ MD1 \ MDO \
Initial value : 1 1 0 0 0 0 0 0
R/W TE— — — — R/W R/W R/W R/W

The TMDR registers are 8-bit readable/writable registers that are used to set the operating mode
for each channel. The TPU has six TMDR registers, one for each channel. The TMDR registers
are initialized to H'CO by a reset, and in hardware standby mode.

TMDR register settings should be made only when TCNT operation is stopped.
Bits 7 and 6—Reserved: It is always read as 1 and cannot be modified.

Bit 5—Buffer Operation B (BFB): Specifies whether TGRB is to operate in the normal way, or
TGRB and TGRD are to be used together for buffer operation. When TGRD is used as a buffer
register, TGRD input capture/output compare is not generated.

In channels 1, 2, 4, and 5, which have no TGRD, bit 5 is reserved. It is always read as 0 and
cannot be modified.

Bit 5

BFB Description

0 TGRB operates normally (Initial value)
1 TGRB and TGRD used together for buffer operation
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Bit 4—Buffer Operation A (BFA): Specifies whether TGRA is to operate in the normal way, or
TGRA and TGRC are to be used together for buffer operation. When TGRC is used as a buffer
register, TGRC input capture/output compare is not generated.

In channels 1, 2, 4, and 5, which have no TGRC, bit 4 is reserved. It is always read as 0 and cannot
be modified.

Bit 4

BFA Description

0 TGRA operates normally (Initial value)
1 TGRA and TGRC used together for buffer operation

Bits 3 to 0—Modes 3 to 0 (MD3 to MDO0): These bits are used to set the timer operating mode.

Bit 3 Bit 2 Bit 1 Bit 0
MD3™ MD2** MD1 MDO Description

0 0 0 0 Normal operation (Initial value)
1 Reserved
1 0 PWM mode 1
1 PWM mode 2
1 0 0 Phase counting mode 1
1 Phase counting mode 2
1 0 Phase counting mode 3
1 Phase counting mode 4

—_
*
*
*

*: Don’t care
Notes: 1. MD3 is a reserved bit. In a write, it should always be written with 0.

2. Phase counting mode cannot be set for channels 0 and 3. In this case, 0 should always
be written to MD2.
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10.2.3 Timer I/O Control Register (TIOR)

Channel 0: TIOROH
Channel 1: TIOR1
Channel 2: TIOR2
Channel 3: TIOR3H
Channel 4: TIOR4
Channel 5: TIOR5

Bit : 7 6 5 4 3 2 1 0
]|053 ]|052 \|051 ‘IOBO ‘IOAS ‘IOAZ ‘IOA1 ‘IOAO

Initial value : 0 0 0 0 0 0 0 0

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

Channel 0: TIOROL
Channel 3: TIOR3L

Bit : 7 6 5 4 3 2 1 0
\|003 \|002 ‘IOD1 ‘IODO \locs \looz \loo1 \looo

Initial value : 0 0 0 0 0 0 0 0

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

Note: When TGRC or TGRD is designated for buffer operation, this setting is invalid and the
register operates as a buffer register.

The TIOR registers are 8-bit registers that control the TGR registers. The TPU has eight TIOR
registers, two each for channels O and 3, and one each for channels 1, 2, 4, and 5. The TIOR
registers are initialized to H'00 by a reset, and in hardware standby mode.

Care is required since TIOR is affected by the TMDR setting. The initial output specified by TIOR
is valid when the counter is stopped (the CST bit in TSTR is cleared to 0). Note also that, in PWM
mode 2, the output at the point at which the counter is cleared to O is specified.
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Bits 7 to 4— I/O Control B3 to B0 (I0B3 to I0B0)
1I/0 Control D3 to DO (I0D3 to IOD0):

Bits IOB3 to IOBO specify the function of TGRB.

Bits IOD3 to IODO specify the function of TGRD.

Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 10B1 I0B0 Description

(Initial value)

0 output at compare match

1 output at compare match

Toggle output at compare
match

0 0 0 0 0 TGROB  Output disabled
1 IS output ) iiig outputis 0

T o compare o it

register
1

1 0 0 Output disabled
1 Initial output is 1

1T o output

0 output at compare match

1 output at compare match

Toggle output at compare
match

1 0 0 0 TGROB  Capture input
7 isinput source is
— capture TIOCBO pin
1 * register

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

1 * * Capture input

Input capture at TCNT1

source is channel count-up/count-down™'

1/count clock

*: Don’t care

Note: 1. When bits TPSC2 to TPSCO in TCR1 are set to B'000 and ¢/1 is used as the TCNT1
count clock, this setting is invalid and input capture is not generated.
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Bit7 Bit6 Bit5 Bit4
Channel 10D3 I0D2 I0OD1 I0DO0 Description

(Initial value)

0 output at compare match

1 output at compare match

Toggle output at compare
match

0 0 0 0 0 TGROD  Output disabled
1 IS output |nitia| output is 0
———compare it
1 0 register™ P
1
1 0 0 Output disabled
1 Initial output is 1
1 0 output

0 output at compare match

1 output at compare match

Toggle output at compare
match

1 0 0 0 TGROD  Capture input

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

1 isinput  source is
] " capture  TIOCDO pin
register™
1 * * Capture input

Input capture at TCNT1

source is channel count-up/count-down™’

1/count clock

*: Don’t care

Notes: 1. When bits TPSC2 to TPSCO in TCR1 are set to B'000 and ¢/1 is used as the TCNT1
count clock, this setting is invalid and input capture is not generated.

2. When the BFB bit in TMDRO is set to 1 and TGROD is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 10B1 I0B0 Description
1 0 0 0 0 TGR1B  Output disabled (Initial value)
1 IS output |njtial outputis 0 O output at compare match
compare 4 tout
1 0 register P 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR1B  Capture input Input capture at rising edge
1 Isinput  source is Input capture at falling edge
] " capture  TIOCB1 pin Inout : t both ed
register nput capture at both edges
1 * * Capture input Input capture at generation of
source is TGROC TGROC compare match/input
compare match/ capture
input capture
*: Don’t care
Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 10B1 I0B0 Description
2 0 0 0 0 TGR2B  Output disabled (Initial value)
1 Is output Initial output is 0 0 output at compare match
compare vt
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 Output disabled
1 Initial output is 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR2B  Capture input Input capture at rising edge
isinput  source is Inout t t falli
capture  TIOCB2 pin nput capture at falling edge
1 * register Input capture at both edges
*: Don’t care
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Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 10B1 I0B0 Description

(Initial value)

0 output at compare match

1 output at compare match

Toggle output at compare
match

3 0 0 0 0 TGR3B  Output disabled
1 Is outout isial output is 0

; 0 compare ot

register
P

1 0 0 Output disabled
1 Initial output is 1

T o0 output

0 output at compare match

1 output at compare match

Toggle output at compare
match

1 0 0 0 TGR3B  Capture input
J isinput  sourceis
capture  TIOCBS3 pin
1 * register

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

1 * * Capture input

Input capture at TCNT4

source is channel count-up/count-down™'

4/count clock

*: Don’t care

Note: 1. When bits TPSC2 to TPSCO in TCR4 are set to B'000 and ¢/1 is used as the TCNT4
count clock, this setting is invalid and input capture is not generated.
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Bit7 Bit6é Bit5

Bit 4

Channel 10D3 I0D2 I0OD1 I0DO0 Description
3 0 0 0 0 TGR3D  Output disabled (Initial value)
1 IS output |njtial outputis 0 O output at compare match
compare 4 ot
1 0 register* P 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR3D  Capture input Input capture at rising edge
1 isinput  source is Input capture at falling edge
capture  TIOCD3 pin P P g edg
1 * register* Input capture at both edges
1 * * Capture input Input capture at TCNT4
source is channel count-up/count-down™'
4/count clock
*: Don’t care
Notes: 1. When bits TPSC2 to TPSCO in TCR4 are set to B'000 and ¢/1 is used as the TCNT4

count clock, this setting is invalid and input capture is not generated.
2. When the BFB bit in TMDRS is set to 1 and TGR3D is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Section 10  16-Bit Timer Pulse Unit (TPU)

Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 10B1 I0B0 Description
4 0 0 0 0 TGR4B  Output disabled (Initial value)
1 IS output |njtial outputis 0 O output at compare match
compare 4 tout
1 0 register P 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR4B  Capture input Input capture at rising edge
isinput  source is Input capture at falling edge
capture  TIOCB4 pin P P 9edg
1 * register Input capture at both edges
1 * * Capture input Input capture at generation of
source is TGR3C TGR3C compare match/
compare match/ input capture
input capture
*: Don’t care
Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 10B1 10B0 Description
5 0 0 0 0 TGR5B  Output disabled (Initial value)
1 Is output Initial output is 0 0 output at compare match
compare output
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR5B  Capture input Input capture at rising edge
is input source is .
capture  TIOCBS pin Input capture at falling edge
1 * register Input capture at both edges
*: Don’t care
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Bits 3 to 0— I/O Control A3 to A0 I0OA3 to IOA0)
1I/0 Control C3 to C0 (I0C3 to I0C0):

I0A3 to IOAO specify the function of TGRA.

10C3 to IOCO specify the function of TGRC.

Bit3 Bit2 Bit1 Bit0
Channel I10A3 I0A2 IOA1 IOAO0 Description

0 0 0 0 0 TGROA  Output disabled (Initial value)
1 Is output Initial output is 0 0 output at compare match
compare output

1 0 register 1 output at compare match

1 Toggle output at compare
match
1 0 0 Output disabled

1 Initial outputis 1 0 output at compare match

1 0 output 1 output at compare match
1 Toggle output at compare

match

1 0 0 0 TGROA  Capture input Input capture at rising edge
is input source is

capture  TIOCAO pin
1 * register Input capture at both edges

Input capture at falling edge

1 * * Capture input Input capture at TCNT1
source is channel count-up/count-down
1/ count clock

*: Don’t care
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Bit3 Bit2 Bit1 Bit0
Channel 10C3 I0C2 I0C1 I0CO0 Description

0 0 0 0 0 TGROC  Output disabled (Initial value)
1 Is output Initial output is 0 0 output at compare match
compare output

1 0 register™' 1 output at compare match

1 Toggle output at compare
match
1 0 0 Output disabled

1 Initial outputis 1 0 output at compare match

1 0 output 1 output at compare match
1 Toggle output at compare

match

1 0 0 0 TGROC  Capture input Input capture at rising edge
is input source is

capture  TIOCCO pin
1 § register™' Input capture at both edges

Input capture at falling edge

1 * * Capture input Input capture at TCNT1
source is channel count-up/count-down
1/count clock

*: Don’t care

Note: 1. When the BFA bitin TMDRO is set to 1 and TGROC is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Bit3 Bit2 Bit1

Bit 0

Channel 10A3 IOA2 IOA1 IOAO0 Description
1 0 0 0 0 TGR1A  Output disabled (Initial value)
1 Is output Initial output is 0 0 output at compare match
compare output
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR1A  Capture input Input capture at rising edge
Isinput  source is Input capture at falling edge
capture  TIOCAT1 pin P P g edg
1 * register Input capture at both edges
1 * * Capture input Input capture at generation of
source is TGROA channel 0/TGROA compare
compare match/ match/input capture
input capture
*: Don’t care
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Section 10  16-Bit Timer Pulse Unit (TPU)

Bit3 Bit2 Bit1 Bit0
Channel 10A3 IOA2 IOA1 IOAO0 Description
2 0 0 0 0 TGR2A  Output disabled (Initial value)
1 Is output Initial output is 0 0 output at compare match
compare output
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR2A  Capture input Input capture at rising edge
is input source is .
capture  TIOCA2 pin Input capture at falling edge
1 * register Input capture at both edges
*: Don’t care
Bit3 Bit2 Bit1 Bit0
Channel I0A3 IOA2 IOA1 IOAO0 Description
3 0 0 0 0 TGR3A  Output disabled (Initial value)
1 Is output Initial output is 0 0 output at compare match
compare output
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR3A  Capture input Input capture at rising edge
1 is input source is Input capture at falling edge
capture  TIOCAS pin P P 9edg
1 * register Input capture at both edges
1 * * Capture input Input capture at TCNT4
source is channel count-up/count-down
4/count clock
*: Don’t care
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Bit3 Bit2 Bit1

Bit 0

Channel 10C3 I0C2 I0C1 I0CO0 Description
3 0 0 0 0 TGR3C  Output disabled (Initial value)
1 Is output Initial output is 0 0 output at compare match
- compare output
1 0 register™' 1 output at compare match
1 Toggle output at compare
match
1 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR3C  Capture input Input capture at rising edge
is input source is Input capture at falling edge
— capture  TIOCCS pin P P 9edg
1 * register™’ Input capture at both edges
1 * * Capture input Input capture at TCNT4
source is channel count-up/count-down
4/count clock
*: Don’t care
Note: 1. When the BFA bitin TMDR3 is set to 1 and TGR3C is used as a buffer register, this

setting is invalid and input capture/output compare is not generated.
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Section 10  16-Bit Timer Pulse Unit (TPU)

Bit3 Bit2 Bit1 Bit0
Channel 10A3 IOA2 IOA1 IOAO0 Description
4 0 0 0 0 TGR4A  Output disabled (Initial value)
1 IS output |njtial outputis 0 O output at compare match
compare o inut
1 0 register P 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR4A  Capture input Input capture at rising edge
1 isinput  source is Input capture at falling edge
capture  TIOCA4 pin P P 999
1 * register Input capture at both edges
1 * * Capture input Input capture at generation of
source is TGR3A TGR3A compare match/input
compare match/ capture
input capture
*: Don’t care
Bit3 Bit2 Bit1 Bit0
Channel 10A3 IOA2 IOA1 IOAO0 Description
5 0 0 0 0 TGR5A  Output disabled (Initial value)
1 Is output Initial output is 0 0 output at compare match
compare output
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR5A  Capture input Input capture at rising edge
is input source is .
capture  TIOCAS pin Input capture at falling edge
1 * register Input capture at both edges
*: Don’t care
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10.2.4 Timer Interrupt Enable Register (TIER)

Channel 0: TIERO
Channel 3: TIER3

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
R/W : RW — — R/W RW RW RW RW

Channel 1: TIER1
Channel 2: TIER2
Channel 4: TIER4
Channel 5: TIER5

Bit : 7 6 5 4 3 2 1 0

] TTGE ] — \ TCIEU \ TCIEV \ — \ — \ TGIEB \ TGIEA \
Initial value : 0 1 0 0 0 0 0 0
R/W : RW — R/W R/W — — RIW RIW

The TIER registers are 8-bit registers that control enabling or disabling of interrupt requests for
each channel. The TPU has six TIER registers, one for each channel. The TIER registers are
initialized to H'40 by a reset, and in hardware standby mode.
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Bit 7—A/D Conversion Start Request Enable (TTGE): Enables or disables generation of A/D
conversion start requests by TGRA input capture/compare match.

Bit 7

TTGE Description

0 A/D conversion start request generation disabled (Initial value)
1 A/D conversion start request generation enabled

Bit 6—Reserved: It is always read as 1 and cannot be modified.

Bit 5—Underflow Interrupt Enable (TCIEU): Enables or disables interrupt requests (TCIU) by
the TCFU flag when the TCFU flag in TSR is set to 1 in channels 1, 2, 4, and 5.

In channels 0 and 3, bit 5 is reserved. It is always read as 0 and cannot be modified.

Bit 5

TCIEU Description

0 Interrupt requests (TCIU) by TCFU disabled (Initial value)
1 Interrupt requests (TCIU) by TCFU enabled

Bit 4—Overflow Interrupt Enable (TCIEV): Enables or disables interrupt requests (TCIV) by
the TCFV flag when the TCFV flag in TSR is set to 1.

Bit 4

TCIEV Description

0 Interrupt requests (TCIV) by TCFV disabled (Initial value)
1 Interrupt requests (TCIV) by TCFV enabled

Bit 3—TGR Interrupt Enable D (TGIED): Enables or disables interrupt requests (TGID) by the
TGEFD bit when the TGFD bit in TSR is set to 1 in channels 0 and 3.

In channels 1, 2, 4, and 5, bit 3 is reserved. It is always read as 0 and cannot be modified.

Bit 3

TGIED Description

0 Interrupt requests (TGID) by TGFD bit disabled (Initial value)
1 Interrupt requests (TGID) by TGFD bit enabled
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Bit 2—TGR Interrupt Enable C (TGIEC): Enables or disables interrupt requests (TGIC) by the
TGFC bit when the TGFC bit in TSR is set to 1 in channels 0 and 3.

In channels 1, 2, 4, and 5, bit 2 is reserved. It is always read as 0 and cannot be modified.

Bit 2

TGIEC Description

0 Interrupt requests (TGIC) by TGFC bit disabled (Initial value)
1 Interrupt requests (TGIC) by TGFC bit enabled

Bit 1—TGR Interrupt Enable B (TGIEB): Enables or disables interrupt requests (TGIB) by the
TGFB bit when the TGFB bit in TSR is set to 1.

Bit 1

TGIEB Description

0 Interrupt requests (TGIB) by TGFB bit disabled (Initial value)
1 Interrupt requests (TGIB) by TGFB bit enabled

Bit 0—TGR Interrupt Enable A (TGIEA): Enables or disables interrupt requests (TGIA) by the
TGFA bit when the TGFA bit in TSR is set to 1.

Bit 0

TGIEA Description

0 Interrupt requests (TGIA) by TGFA bit disabled (Initial value)
1 Interrupt requests (TGIA) by TGFA bit enabled
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10.2.5 Timer Status Register (TSR)

Channel 0: TSRO
Channel 3: TSR3

Bit : 7 6 5 4 3 2 1 0

\ — \ — \ — \ TCFV \ TGFD \ TGFC \ TGFB \ TGFA \
Initial value : 1 1 0 0 0 0 0 0
R/W : — —

— R/(W)*  R/(W)* R/(W)* R/(W)?* R/(W)*

Note: * Can only be written with 0 for flag clearing.

Channel 1: TSR1
Channel 2: TSR2
Channel 4: TSR4
Channel 5: TSR5

Bit : 7 6 5 4 3 2 1 0

\ TCFD \ — \ TCFU \ TCFV \ — \ — \ TGFB \ TGFA \
Initial value : 1 1 0 0 0 0 0 0
R/W : R — R/(W)*  R/(W)* — — R/(W)*  R/(W)*

Note: * Can only be written with 0 for flag clearing.

The TSR registers are 8-bit registers that indicate the status of each channel. The TPU has six TSR

registers, one for each channel. The TSR registers are initialized to H'CO by a reset, and in
hardware standby mode.
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Bit 7—Count Direction Flag (TCFD): Status flag that shows the direction in which TCNT
counts in channels 1, 2, 4, and 5.

In channels 0 and 3, bit 7 is reserved. It is always read as 1 and cannot be modified.

Bit 7

TCFD Description

0 TCNT counts down

1 TCNT counts up (Initial value)

Bit 6—Reserved: It is always read as 1 and cannot be modified.

Bit 5—Underflow Flag (TCFU): Status flag that indicates that TCNT underflow has occurred
when channels 1, 2, 4, and 5 are set to phase counting mode.

In channels 0 and 3, bit 5 is reserved. It is always read as 0 and cannot be modified.

Bit 5

TCFU Description

0 [Clearing condition] (Initial value)
When 0 is written to TCFU after reading TCFU = 1

1 [Setting condition]

When the TCNT value underflows (changes from H'0000 to H'FFFF)

Bit 4—Overflow Flag (TCFV): Status flag that indicates that TCNT overflow has occurred.

Bit 4

TCFV Description

0 [Clearing condition] (Initial value)
When 0 is written to TCFV after reading TCFV = 1

1 [Setting condition]
When the TCNT value overflows (changes from H'FFFF to H'0000 )

Page 334 of 1126 REJ09B0257-0700 Rev. 7.00

RENESAS Jun 10, 2010



H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM Section 10  16-Bit Timer Pulse Unit (TPU)

Bit 3—Input Capture/Output Compare Flag D (TGFD): Status flag that indicates the
occurrence of TGRD input capture or compare match in channels 0 and 3.

In channels 1, 2, 4, and 5, bit 3 is reserved. It is always read as 0 and cannot be modified.

Bit 3

TGFD Description

0 [Clearing conditions] (Initial value)
e When DTC is activated by TGID interrupt while DISEL bit of MRB in DTC is 0
e When 0 is written to TGFD after reading TGFD = 1

1 [Setting conditions]

e When TCNT = TGRD while TGRD is functioning as output compare register

e When TCNT value is transferred to TGRD by input capture signal while TGRD is
functioning as input capture register

Bit 2—Input Capture/Output Compare Flag C (TGFC): Status flag that indicates the
occurrence of TGRC input capture or compare match in channels 0 and 3.

In channels 1, 2, 4, and 5, bit 2 is reserved. It is always read as 0 and cannot be modified.

Bit 2
TGFC Description
0 [Clearing conditions] (Initial value)
e When DTC is activated by TGIC interrupt while DISEL bit of MRB in DTC is 0
e When 0 is written to TGFC after reading TGFC = 1
1 [Setting conditions]
e When TCNT = TGRC while TGRC is functioning as output compare register
e When TCNT value is transferred to TGRC by input capture signal while TGRC is
functioning as input capture register
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Bit 1—Input Capture/Output Compare Flag B (TGFB): Status flag that indicates the
occurrence of TGRB input capture or compare match.

Bit 1

TGFB Description

0 [Clearing conditions] (Initial value)
e When DTC is activated by TGIB interrupt while DISEL bit of MRB in DTC is 0
e When 0 is written to TGFB after reading TGFB = 1

1 [Setting conditions]

e When TCNT = TGRB while TGRB is functioning as output compare register

e When TCNT value is transferred to TGRB by input capture signal while TGRB is
functioning as input capture register

Bit 0—Input Capture/Output Compare Flag A (TGFA): Status flag that indicates the
occurrence of TGRA input capture or compare match.

Bit 0
TGFA Description
0 [Clearing conditions] (Initial value)
e When DTC is activated by TGIA interrupt while DISEL bit of MRB in DTC is 0
e When 0 is written to TGFA after reading TGFA = 1
1 [Setting conditions]
e When TCNT = TGRA while TGRA is functioning as output compare register
e When TCNT value is transferred to TGRA by input capture signal while TGRA is
functioning as input capture register
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10.2.6  Timer Counter (TCNT)

Channel 0: TCNTO (up-counter)
Channel 1: TCNT1 (up/down-counter™)
Channel 2: TCNT2 (up/down-counter™)
Channel 3: TCNT3 (up-counter)
Channel 4: TCNT4 (up/down-counter™)
Channel 5: TCNT5 (up/down-counter®)

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 A1 0

RN,

Initalvalue: 0 0 0 O0 O0 O O O O O O O O o o0 o
R/W : R\W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: * These counters can be used as up/down-counters only in phase counting mode or when
counting overflow/underflow on another channel. In other cases they function as up-
counters.

The TCNT registers are 16-bit counters. The TPU has six TCNT counters, one for each channel.
The TCNT counters are initialized to H'0000 by a reset, and in hardware standby mode.

The TCNT counters cannot be accessed in 8-bit units; they must always be accessed as a 16-bit
unit.
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10.2.7 Timer General Register (TGR)

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 A1 0

RN,

Initial value : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W : RW R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

The TGR registers are 16-bit registers with a dual function as output compare and input capture
registers. The TPU has 16 TGR registers, four each for channels 0 and 3 and two each for channels
1,2,4, and 5. TGRC and TGRD for channels 0 and 3 can also be designated for operation as
buffer registers™. The TGR registers are initialized to H'FFFF by a reset, and in hardware standby
mode.

The TGR registers cannot be accessed in 8-bit units; they must always be accessed as a 16-bit unit.

Note: * TGR buffer register combinations are TGRA—TGRC and TGRB—TGRD.
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10.2.8 Timer Start Register (TSTR)

Bit .7 6 5 4 3 2 1 0
] — ] — \ CST5 \ CST4 \ CST3 \ CST2 \ CST1 \ CSTO \

Initial value : 0 0 0 0 0 0 0 0

RIW E— — R/W R/W R/W R/W R/W R/W

TSTR is an 8-bit readable/writable register that selects operation/stoppage for channels 0 to 5.
TSTR is initialized to H'0O by a reset, and in hardware standby mode. When setting the operating
mode in TMDR or setting the count clock in TCR, first stop the TCNT counter.

Bits 7 and 6—Reserved: Should always be written with 0.

Bits 5 to 0—Counter Start 5 to 0 (CSTS to CSTO0): These bits select operation or stoppage for
TCNT.

Bit n

CSTn Description

0 TCNTn count operation is stopped (Initial value)
1 TCNTn performs count operation

n=5t00
Note: If O is written to the CST bit during operation with the TIOC pin designated for output, the
counter stops but the TIOC pin output compare output level is retained. If TIOR is written to
when the CST bit is cleared to 0, the pin output level will be changed to the set initial output
value.
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10.2.9 Timer Synchro Register (TSYR)

Bit : 7 6 5 4 3 2 1 0
\ — \ — \ SYNC5 \ SYNC4 \ SYNC3 \ SYNC2 \ SYNC1 \ SYNCO \

Initial value : 0 0 0 0 0 0 0 0

R/W — — R/W RW RW RW RW RW

TSYR is an 8-bit readable/writable register that selects independent operation or synchronous
operation for the channel O to 4 TCNT counters. A channel performs synchronous operation when
the corresponding bit in TSYR is set to 1.

TSYR is initialized to H'0O by a reset, and in hardware standby mode.
Bits 7 and 6—Reserved: Should always be written with 0.

Bits 5 to 0—Timer Synchro 5 to 0 (SYNCS5 to SYNCO): These bits select whether operation is
independent of or synchronized with other channels.

When synchronous operation is selected, synchronous presetting of multiple channels™', and
synchronous clearing through counter clearing on another channel™ are possible.

Bitn
SYNCn Description
0 TCNTn operates independently (TCNT presetting/clearing is unrelated to
other channels) (Initial value)
1 TCNTn performs synchronous operation

TCNT synchronous presetting/synchronous clearing is possible

n=5t00

Notes: 1. To set synchronous operation, the SYNC bits for at least two channels must be set to 1.

2. To set synchronous clearing, in addition to the SYNC bit , the TCNT clearing source
must also be set by means of bits CCLR2 to CCLRO in TCR.
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10.2.10 Module Stop Control Register A (MSTPCRA)

Bit : 7 6 5 4 3 2 1 0

\ MSTPA7 \ MSTPAG \ MSTPA5 \ MSTPA4 \ MSTPA3 \ MSTPA2 \ MSTPA1 \ MSTPAO \
Initial value : 0 0 1 1 1 1 1 1
R/W : RW R/W R/W RW RW RW RW RW

MSTPCRA is an 8-bit readable/writable register that performs module stop mode control.

When the MSTPAS bit in MSTPCRA is set to 1, TPU operation stops at the end of the bus cycle
and a transition is made to module stop mode. Registers cannot be read or written to in module
stop mode. For details, see section 22.5, Module Stop Mode.

MSTPCRA is initialized to H'3F by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 5—Module Stop (MSTPAS): Specifies the TPU module stop mode.

Bit 5

MSTPA5 Description

0 TPU module stop mode cleared

1 TPU module stop mode set (Initial value)
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10.3 Interface to Bus Master

10.3.1  16-Bit Registers

TCNT and TGR are 16-bit registers. As the data bus to the bus master is 16 bits wide, these
registers can be read and written to in 16-bit units.

These registers cannot be read or written to in 8-bit units; 16-bit access must always be used.

An example of 16-bit register access operation is shown in figure 10.2.

Internal data bus

H
master : L :

> Module
> data bus

7S
|

| TCNTH | TCNTL |

Bus interface

VANZAN

Figure 10.2 16-Bit Register Access Operation [Bus Master <> TCNT (16 Bits)]

10.3.2  8-Bit Registers

Registers other than TCNT and TGR are 8-bit. As the data bus to the CPU is 16 bits wide, these
registers can be read and written to in 16-bit units. They can also be read and written to in 8-bit
units.
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Examples of 8-bit register access operation are shown in figures 10.3, 10.4, and 10.5.

Internal data bus

> Module
> data bus

Bus
master

7ay

U

TCR

Bus interface

Il

VANDAN

Figure 10.3 8-Bit Register Access Operation [Bus Master <> TCR (Upper 8 Bits)]

Internal data bus

HI

> Module
> data bus

Bus
master L Bus interface

VANAN

H

TMDR

Figure 10.4 8-Bit Register Access Operation [Bus Master <> TMDR (Lower 8 Bits)]

Internal data bus

> Module
> data bus

Bus

master Bus interface

Il

VANAN

T 3T

TMDR |

Figure 10.5 8-Bit Register Access Operation [Bus Master <> TCR and TMDR (16 Bits)]
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104  Operation
10.4.1  Overview

Operation in each mode is outlined below.

Normal Operation: Each channel has a TCNT and TGR register. TCNT performs up-counting,
and is also capable of free-running operation, synchronous counting, and external event counting.

Each TGR can be used as an input capture register or output compare register.

Synchronous Operation: When synchronous operation is designated for a channel, TCNT for
that channel performs synchronous presetting. That is, when TCNT for a channel designated for
synchronous operation is rewritten, the TCNT counters for the other channels are also rewritten at
the same time. Synchronous clearing of the TCNT counters is also possible by setting the timer
synchronization bits in TSYR for channels designated for synchronous operation.

Buffer Operation

e When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the relevant channel is
transferred to TGR.

e When TGR is an input capture register

When input capture occurs, the value in TCNT is transfer to TGR and the value previously
held in TGR is transferred to the buffer register.

Cascaded Operation: The channel 1 counter (TCNT1), channel 2 counter (TCNT2), channel 4
counter (TCNT4), and channel 5 counter (TCNT5) can be connected together to operate as a 32-
bit counter.

PWM Mode: In this mode, a PWM waveform is output. The output level can be set by means of
TIOR. A PWM waveform with a duty of between 0% and 100% can be output, according to the
setting of each TGR register.

Phase Counting Mode: In this mode, TCNT is incremented or decremented by detecting the
phases of two clocks input from the external clock input pins in channels 1, 2, 4, and 5. When
phase counting mode is set, the corresponding TCLK pin functions as the clock pin, and TCNT
performs up- or down-counting.

This can be used for two-phase encoder pulse input.
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10.4.2 Basic Functions

Counter Operation: When one of bits CSTO to CSTS5 is set to 1 in TSTR, the TCNT counter for
the corresponding channel starts counting. TCNT can operate as a free-running counter, periodic
counter, and so on.

e Example of count operation setting procedure

Figure 10.6 shows an example of the count operation setting procedure.

( Operation selection > [1] Select the counter
clock with bits

TPSC2 to TPSCO in
TCR. At the same
Select counter clock [1] time, select the
input clock edge
with bits CKEG1
and CKEGO in TCR.

Period ‘ E . ; [2] For periodic counter
eriodic counter ree-running counter operation, select the
TGR to be used as

the TCNT clearing
2] source with bits
CCLR2 to CCLRO in
TCR.

[3] Designate the TGR
Select output compare register | [3] selected in [2] as an
output compare
register by means of
TIOR.

Set the periodic
counter cycle in the
TGR selected in [2].

Set the CST bit in
TSTR to 1 to start
the counter
operation.

—

Select counter clearing source

—

Set period [4] [4]

Start count operation [5] Start count operation [5] [5

—_

<Periodic counter> <Free-running counter>

Figure 10.6 Example of Counter Operation Setting Procedure
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e Free-running count operation and periodic count operation

Immediately after a reset, the TPU’s TCNT counters are all designated as free-running
counters. When the relevant bit in TSTR is set to 1 the corresponding TCNT counter starts up-
count operation as a free-running counter. When TCNT overflows (from H'FFFF to H'0000),
the TCFV bit in TSR is set to 1. If the value of the corresponding TCIEV bit in TIER is 1 at
this point, the TPU requests an interrupt. After overflow, TCNT starts counting up again from
H'0000.

Figure 10.7 illustrates free-running counter operation.

TCNT value

H'0000 - ' T Time

CST bit

TCFV

Figure 10.7 Free-Running Counter Operation

When compare match is selected as the TCNT clearing source, the TCNT counter for the
relevant channel performs periodic count operation. The TGR register for setting the period is
designated as an output compare register, and counter clearing by compare match is selected
by means of bits CCLR2 to CCLRO in TCR. After the settings have been made, TCNT starts
up-count operation as periodic counter when the corresponding bit in TSTR is set to 1. When
the count value matches the value in TGR, the TGF bit in TSR is set to 1 and TCNT is cleared
to H'0000.

If the value of the corresponding TGIE bit in TIER is 1 at this point, the TPU requests an
interrupt. After a compare match, TCNT starts counting up again from H'0000.
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Figure 10.8 illustrates periodic counter operation.

TCNT value Counter cleared by TGR
TGR b ‘__/__‘39?‘_9?'_": math .
H'0000 ; } t Time
CST bit 5 5
; Flag cleared by software or
! 4+ DTC activation
TGF

Figure 10.8 Periodic Counter Operation

Waveform Output by Compare Match: The TPU can perform 0, 1, or toggle output from the
corresponding output pin using compare match.

e Example of setting procedure for waveform output by compare match

Figure 10.9 shows an example of the setting procedure for waveform output by compare match

( . > [1] Select initial value 0 output or 1 output, and
Output selection
compare match output value 0 output, 1 output,

or toggle output, by means of TIOR. The set
initial value is output at the TIOC pin until the
first compare match occurs.

Select waveform output mode | [1]

[2] Set the timing for compare match generation in

TGR.
Set output timing 2] [3] Set thg CST bitin TSTR to 1 to start the count
operation.
Start count operation [3]

i

<Waveform output>

Figure 10.9 Example Of Setting Procedure For Waveform Output By Compare Match
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e Examples of waveform output operation
Figure 10.10 shows an example of 0 output/1 output.
In this example TCNT has been designated as a free-running counter, and settings have been
made so that 1 is output by compare match A, and 0 is output by compare match B. When the
set level and the pin level coincide, the pin level does not change.
TCNT value
L o o o e et Rttt
TGRA [----ommmmmmoe—s SR R RaEEE eI SEEREETEEEERS
TGRB |-t LS =i A B b
H'0000 : : : 5 : 5 Time
E , : ~Nochange | ~No change
: : ~ : ~ 1 output
TIOCA - : : P
TIOCB /~No change /~ No change 0 output
& O
Figure 10.10 Example of 0 Output/1 Output Operation
Figure 10.11 shows an example of toggle output.
In this example TCNT has been designated as a periodic counter (with counter clearing
performed by compare match B), and settings have been made so that output is toggled by both
compare match A and compare match B.
TCNT value
Counter cleared by TGRB compare match
R o S
TGRB. |- - == - o ot
TGRA | T T T T
H'0000 : ; : : E : E : Time
TIOCB . . . . Toggle output
TIOCA Toggle output
Figure 10.11 Example of Toggle Output Operation
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Input Capture Function: The TCNT value can be transferred to TGR on detection of the TIOC
pin input edge.

Rising edge, falling edge, or both edges can be selected as the detected edge. For channels 0, 1, 3,
and 4, it is also possible to specify another channel’s counter input clock or compare match signal
as the input capture source.

Note: When another channel’s counter input clock is used as the input capture input for channels
0 and 3, ¢/1 should not be selected as the counter input clock used for input capture input.
Input capture will not be generated if ¢/1 is selected.

e Example of input capture operation setting procedure

Figure 10.12 shows an example of the input capture operation setting procedure.

( nout selection > [1] Designate TGR as an input capture register by
P means of TIOR, and select rising edge, falling

edge, or both edges as the input capture source
and input signal edge.

Select input capture input (11 [2] Setthe CST bitin TSTR to 1 to start the count
operation.

Start count [2]

l

<Input capture operation>

Figure 10.12 Example of Input Capture Operation Setting Procedure
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e Example of input capture operation

Figure 10.13 shows an example of input capture operation.

In this example both rising and falling edges have been selected as the TIOCA pin input
capture input edge, falling edge has been selected as the TIOCB pin input capture input edge,
and counter clearing by TGRB input capture has been designated for TCNT.

Counter cleared by TIOCB
TCNT value ,/ input (falling edge)
H'0180 - === == e mmm e e e e e e e e e e e e e e

= J > <

H'0010 |- == - oo o f T

H'0005 |- - - - - - o e e oo

H'0000

i

TIOCA \'

TGRA

H'0180

Figure 10.13 Example of Input Capture Operation
10.4.3  Synchronous Operation

In synchronous operation, the values in a number of TCNT counters can be rewritten
simultaneously (synchronous presetting). Also, a number of TCNT counters can be cleared
simultaneously by making the appropriate setting in TCR (synchronous clearing).

Synchronous operation enables TGR to be incremented with respect to a single time base.

Channels 0 to 5 can all be designated for synchronous operation.
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Example of Synchronous Operation Setting Procedure: Figure 10.14 shows an example of the
synchronous operation setting procedure.

Synchronous operation>
selection

| Set synchronous | 1]
operation

(Synchronous presettingD

Set TCNT 2]

<Synchronous presetting>

synchronous operation.

etc.

source.

(Synchronous clearing>

Clearing No

sourcegeneration
channel?

Yes

Select counter 3]
clearing source

\
Start count [5]

<Counter clearing>

Set synchronous [4]
counter clearing

Start count [5]

<Synchronous clearing>

[1] Setto 1 the SYNC bits in TSYR corresponding to the channels to be designated for

[2] When the TCNT counter of any of the channels designated for synchronous operation is
written to, the same value is simultaneously written to the other TCNT counters.

[38] Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output compare,

[4] Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing

[5] Setto 1the CST bits in TSTR for the relevant channels, to start the count operation.

Figure 10.14 Example of Synchronous Operation Setting Procedure
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Example of Synchronous Operation: Figure 10.15 shows an example of synchronous operation.

In this example, synchronous operation and PWM mode 1 have been designated for channels 0 to
2, TGROB compare match has been set as the channel O counter clearing source, and synchronous

clearing has been set for the channel 1 and 2 counter clearing source.

Three-phase PWM waveforms are output from pins TIOCOA, TIOCIA, and TIOC2A. At this
time, synchronous presetting, and synchronous clearing by TGROB compare match, is performed
for channel 0 to 2 TCNT counters, and the data set in TGROB is used as the PWM cycle.

For details of PWM modes, see section 10.4.6, PWM Modes.

TCNTO to TCNT2 values

TGROB
TGR1B
TGROA
TGR2B
TGR1A
TGR2A
H'0000

TIOCOA

TIOC1A

TIOC2A

Synchronous clearing by TGROB compare match

Time

I

i T
e

Figure 10.15 Example of Synchronous Operation
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10.44  Buffer Operation

Buffer operation, provided for channels 0 and 3, enables TGRC and TGRD to be used as buffer
registers.

Buffer operation differs depending on whether TGR has been designated as an input capture
register or as a compare match register.

Table 10.5 shows the register combinations used in buffer operation.

Table 10.5 Register Combinations in Buffer Operation

Channel Timer General Register Buffer Register
0 TGROA TGROC

TGROB TGROD
3 TGR3A TGR3C

TGR3B TGR3D

e When TGR is an output compare register
When a compare match occurs, the value in the buffer register for the corresponding channel is
transferred to the timer general register.

This operation is illustrated in figure 10.16.

Compare match signal

; Timer general —\ /]
Buffer register
u gl register 1 Comparator [ TCNT

Figure 10.16 Compare Match Buffer Operation
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e When TGR is an input capture register
When input capture occurs, the value in TCNT is transferred to TGR and the value previously
held in the timer general register is transferred to the buffer register.

This operation is illustrated in figure 10.17.

Input capture
signal

Buffer register Timer general TONT
register

Figure 10.17 Input Capture Buffer Operation

Example of Buffer Operation Setting Procedure: Figure 10.18 shows an example of the buffer
operation setting procedure.

C Bu i > [1] Designate TGR as an input capture register or
utier operation output compare register by means of TIOR.
[2] Designate TGR for buffer operation with bits
Select TGR function [1] BFA and BFB in TMDR.
‘ [3] Setthe CST bitin TSTR to 1 to start the count
Set buffer operation [2] operation.
Start count [3]

'

<Buffer operation>

Figure 10.18 Example of Buffer Operation Setting Procedure
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Examples of Buffer Operation:

e When TGR is an output compare register
Figure 10.19 shows an operation example in which PWM mode 1 has been designated for
channel 0, and buffer operation has been designated for TGRA and TGRC. The settings used
in this example are TCNT clearing by compare match B, 1 output at compare match A, and 0
output at compare match B.
As buffer operation has been set, when compare match A occurs the output changes and the
value in buffer register TGRC is simultaneously transferred to timer general register TGRA.
This operation is repeated each time compare match A occurs.
For details of PWM modes, see section 10.4.6, PWM Modes.

TCNT value
TGROB |- - oo oo oo o T T 0520
H0200 " | e .

TGROA|......... -~ g 5 D
H'0000 - : : o ————=Time
TGROC Ho200, | HO450 | X | Hos2o X

Transferx .\ I .\ \ I :\‘-\ I
TGROA X | Ho200'! X | H0450 ¢
TIOCA

Figure 10.19 Example of Buffer Operation (1)
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e When TGR is an input capture register

Figure 10.20 shows an operation example in which TGRA has been designated as an input
capture register, and buffer operation has been designated for TGRA and TGRC.

Counter clearing by TGRA input capture has been set for TCNT, and both rising and falling
edges have been selected as the TIOCA pin input capture input edge.

As buffer operation has been set, when the TCNT value is stored in TGRA upon occurrence of
input capture A, the value previously stored in TGRA is simultaneously transferred to TGRC.

TCNT value

H'OF07

H'09FB

H'0532

H'0000

TIOCA

TGRA

Time

H'0532 >< H'OF07 >< H'09FB

TGRC !

>< H'0532

Figure 10.20 Example of Buffer Operation (2)
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10.4.5 Cascaded Operation

In cascaded operation, two 16-bit counters for different channels are used together as a 32-bit
counter.

This function works by counting the channel 1 (channel 4) counter clock upon overflow/underflow
of TCNT2 (TCNT)) as set in bits TPSC2 to TPSCO in TCR.

Underflow occurs only when the lower 16-bit TCNT is in phase-counting mode.
Table 10.6 shows the register combinations used in cascaded operation.

Note: When phase counting mode is set for channel 1 or 4, the counter clock setting is invalid
and the counter operates independently in phase counting mode.

Table 10.6 Cascaded Combinations

Combination Upper 16 Bits Lower 16 Bits
Channels 1 and 2 TCNT1 TCNT2
Channels 4 and 5 TCNT4 TCNT5

Example of Cascaded Operation Setting Procedure: Figure 10.21 shows an example of the
setting procedure for cascaded operation.

( Cascaded operation ) [1] Set bits TPSC2 to TPSCO in the channel 1
peratt (channel 4) TCR to B'111 to select TCNT2

‘ (TCNT5) overflow/underflow counting.

Set cascading (1] [2] Setthe CST bitin TSTR for the upper and lower
‘ channel to 1 to start the count operation.

Start count [2]

i

<Cascaded operation>

Figure 10.21 Cascaded Operation Setting Procedure
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Examples of Cascaded Operation: Figure 10.22 illustrates the operation when counting upon
TCNT?2 overflow/underflow has been set for TCNT1, TGR1A and TGR2A have been designated
as input capture registers, and TIOC pin rising edge has been selected.

When a rising edge is input to the TIOCA1 and TIOCA?2 pins simultaneously, the upper 16 bits of
the 32-bit data are transferred to TGR1A, and the lower 16 bits to TGR2A.

TCNTH1 ,_l
clock

TCNT1 H'03A1 X H'03A2

TCNT2 ,_l ,_l
clock

TCNT2  HFFFF_ X H'0000 X H'0001
TIOCAT,

TIOCA2 | L
TGR1A X H'03A2

TGR2A X H'0000

Figure 10.22 Example of Cascaded Operation (1)

Figure 10.23 illustrates the operation when counting upon TCNT2 overflow/underflow has been
set for TCNT1, and phase counting mode has been designated for channel 2.

TCNT]1 is incremented by TCNT2 overflow and decremented by TCNT2 underflow.

TCLKA _,—\—, I—,_

e L S— N ee—

TCNT2 XFFFDX_FFFE XFFFFX 0000 X 0001 X 0002 X 0001 X 0000 X FFFF X

TCNT1 0000 X 0001 X 0000

Figure 10.23 Example of Cascaded Operation (2)
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10.4.6 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. 0, 1, or toggle output can be
selected as the output level in response to compare match of each TGR.

Designating TGR compare match as the counter clearing source enables the period to be set in that
register. All channels can be designated for PWM mode independently. Synchronous operation is
also possible.

There are two PWM modes, as described below.

PWM mode 1

PWM output is generated from the TIOCA and TIOCC pins by pairing TGRA with TGRB and
TGRC with TGRD. The output specified by bits IOA3 to IOA0 and IOC3 to IOCO in TIOR is
output from the TIOCA and TIOCC pins at compare matches A and C, and the output
specified by bits IOB3 to IOB0 and IOD3 to IODO in TIOR is output at compare matches B
and D. The initial output value is the value set in TGRA or TGRC. If the set values of paired
TGRs are identical, the output value does not change when a compare match occurs.

In PWM mode 1, a maximum 8-phase PWM output is possible.

PWM mode 2

PWM output is generated using one TGR as the cycle register and the others as duty registers.
The output specified in TIOR is performed by means of compare matches. Upon counter
clearing by a synchronization register compare match, the output value of each pin is the initial
value set in TIOR. If the set values of the cycle and duty registers are identical, the output
value does not change when a compare match occurs.

In PWM mode 2, a maximum 15-phase PWM output is possible by combined use with
synchronous operation.

The correspondence between PWM output pins and registers is shown in table 10.7.
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Table 10.7 PWM Output Registers and Output Pins

Output Pins
Channel Registers PWM Mode 1 PWM Mode 2
0 TGROA TIOCAO TIOCAO
TGROB TIOCBO
TGROC TIOCCO TIOCCO
TGROD TIOCDO
1 TGR1A TIOCA1 TIOCA1
TGR1B TIOCB1
2 TGR2A TIOCA2 TIOCA2
TGR2B TIOCB2
3 TGR3A TIOCA3 TIOCA3
TGR3B TIOCB3
TGR3C TIOCC3 TIOCC3
TGR3D TIOCD3
4 TGR4A TIOCA4 TIOCA4
TGR4B TIOCB4
5 TGR5A TIOCA5 TIOCAS5
TGR5B TIOCB5

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the period is set.
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Example of PWM Mode Setting Procedure: Figure 10.24 shows an example of the PWM mode
setting procedure.

< PWM mode > [1] Select the counter clock with bits TPSC2 to
TPSCO in TCR. At the same time, select the

‘ input clock edge with bits CKEG1 and CKEGO in

TCR.

Select counter clock [1]

‘ [2] Use bits CCLR2 to CCLRO in TCR to select the
TGR to be used as the TCNT clearing source.

Select counter clearing source | [2]
‘ [38] Use TIOR to designate the TGR as an output

compare register, and select the initial value and
Select waveform output level | [3] output value.

‘ [4] Setthe cycle in the TGR selected in [2], and set
the duty in the other the TGR.

Set TGR [4]
‘ [5] Select the PWM mode with bits MD3 to MDO in
TMDR.
Set PWM mode [5] .
[6] Setthe CST bitin TSTR to 1 to start the count
‘ operation.
Start count [6]
<PWM mode>

Figure 10.24 Example of PWM Mode Setting Procedure

Examples of PWM Mode Operation: Figure 10.25 shows an example of PWM mode 1
operation.

In this example, TGRA compare match is set as the TCNT clearing source, 0 is set for the TGRA
initial output value and output value, and 1 is set as the TGRB output value.

In this case, the value set in TGRA is used as the period, and the values set in TGRB registers as
the duty.
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TCNT value
Counter cleared by

N , TGRAcomparematch

TGRB oo T
H'0000

Figure 10.25 Example of PWM Mode Operation (1)
Figure 10.26 shows an example of PWM mode 2 operation.

In this example, synchronous operation is designated for channels 0 and 1, TGR1B compare match
is set as the TCNT clearing source, and 0 is set for the initial output value and 1 for the output
value of the other TGR registers (TGROA to TGROD, TGR1A), to output a 5-phase PWM
waveform.

In this case, the value set in TGR1B is used as the cycle, and the values set in the other TGRs as
the duty.

Counter cleared by TGR1B
TCNT value / compare match

TGR1B
TGR1A
TGROD
TGROC
TGROB
TGROA
H'0000

TIOCBO
TIOCCO
TIOCDO
TIOCA1
Figure 10.26 Example of PWM Mode Operation (2)
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Figure 10.27 shows examples of PWM waveform output with 0% duty and 100% duty in PWM
mode.

TONT value TGRB rewritten
TGRA |--------oooo- T e e TP T
TGRE O e TGRB
: TGRB rewritten” | &rewntten | .
H0000 : . L j | Time
TIOCA | 0% duty :
Output does not change when cycle register and duty register
compare matches occur simultaneously
TCNT value
TGRB rewritten
TGRA |------------ L A T
TGRB rewritten
TGRB | TGRB rewritten :
: 100% duty I_I
TIOCA i
Output does not change when cycle register and duty
register compare matches occur simultaneously
TCNT value
TGRB rewritten O P PP PP
TGRA |------------ R s e P T
TGRB rewritten
TGRB oo O
1 TGRB rewritten
H'0000 ; | |+ Time
. 100% duty 0% duty .
TIOCA i ;
Figure 10.27 Example of PWM Mode Operation (3)
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10.4.7 Phase Counting Mode

In phase counting mode, the phase difference between two external clock inputs is detected and
TCNT is incremented/decremented accordingly. This mode can be set for channels 1, 2, 4, and 5.

When phase counting mode is set, an external clock is selected as the counter input clock and
TCNT operates as an up/down-counter regardless of the setting of bits TPSC2 to TPSCO and bits
CKEG1 and CKEGO in TCR. However, the functions of bits CCLR1 and CCLRO in TCR, and of
TIOR, TIER, and TGR are valid, and input capture/compare match and interrupt functions can be
used.

When overflow occurs while TCNT is counting up, the TCFV flag in TSR is set; when underflow
occurs while TCNT is counting down, the TCFU flag is set.

The TCFD bit in TSR is the count direction flag. Reading the TCFD flag provides an indication of
whether TCNT is counting up or down.

Table 10.8 shows the correspondence between external clock pins and channels.

Table 10.8 Phase Counting Mode Clock Input Pins

External Clock Pins

Channels A-Phase B-Phase
When channel 1 or 5 is set to phase counting mode TCLKA TCLKB
When channel 2 or 4 is set to phase counting mode TCLKC TCLKD

Example of Phase Counting Mode Setting Procedure: Figure 10.28 shows an example of the
phase counting mode setting procedure.

[1] Select phase counting mode with bits MD3 to
Phase counting mode MDO in TMDR
‘ [2] Setthe CST bitin TSTR to 1 to start the count
Select phase counting mode | [1] operation.
Start count [2]

v

<Phase counting mode>

Figure 10.28 Example of Phase Counting Mode Setting Procedure
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Examples of Phase Counting Mode Operation: In phase counting mode, TCNT counts up or
down according to the phase difference between two external clocks. There are four modes,
according to the count conditions.

e Phase counting mode 1

Figure 10.29 shows an example of phase counting mode 1 operation, and table 10.9
summarizes the TCNT up/down-count conditions.

TCLKA (ch Is1and 5
oA e aras [ [ [ L[ L[]

TCLKB(channeIs1and5)‘| | NN | | | | |
TCLKD (channels 2 and 4) ‘ e e | L L

TCNT value

Time
Figure 10.29 Example of Phase Counting Mode 1 Operation
Table 10.9 Up/Down-Count Conditions in Phase Counting Mode 1
TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)
TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level £ Up-count
Low level R4
£ Low level
R4 High level
High level T Down-count
Low level £
£ High level

T Low level
Legend:

_f :Rising edge

Y :Falling edge
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e Phase counting mode 2

Figure 10.30 shows an example of phase counting mode 2 operation, and table 10.10
summarizes the TCNT up/down-count conditions.

TCLKA (Channels 1 and 5)
TCLKC (Channels 2 and 4) | | | | | l—l l_l L

TCLKB (Channels 1 and 5)
TCLKD (Channels 2 and 4)

TCNT value

: . Time
Figure 10.30 Example of Phase Counting Mode 2 Operation
Table 10.10 Up/Down-Count Conditions in Phase Counting Mode 2
TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)
TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level £ Don'’t care
Low level 1 Don’t care
£ Low level Don'’t care
T High level Up-count
High level 3 Don'’t care
Low level =y Don’t care
£ High level Don'’t care
T Low level Down-count
Legend:
4 ! Rising edge
Y :Falling edge
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e Phase counting mode 3

Figure 10.31 shows an example of phase counting mode 3 operation, and table 10.11
summarizes the TCNT up/down-count conditions.

TCLKA (channels 1 and 5)
TCLKC (channels 2 and 4) ! ! ;
TCLKB (channels 1 and 5)

TCLKD (channels 2 and 4) ; ; ! ‘ L

TCNT value ! ! ! ! ! |

| ] L

Time
Figure 10.31 Example of Phase Counting Mode 3 Operation
Table 10.11 Up/Down-Count Conditions in Phase Counting Mode 3
TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)
TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level £ Don'’t care
Low level 1 Don’t care
£ Low level Don'’t care
T High level Up-count
High level 3 Down-count
Low level =y Don’t care
£ High level Don'’t care
T Low level Don’t care
Legend:
4 ! Rising edge
Y : Falling edge
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e Phase counting mode 4

Figure 10.32 shows an example of phase counting mode 4 operation, and table 10.12
summarizes the TCNT up/down-count conditions.

TCLKA (channels 1 and 5) J
TCLKC (channels 2 and 4)

[ I

TCLKB (channels 1 and 5) |

TCLKD (channels 2 and 4) |
TCNT value

==l

Q\‘Nn-cou‘nt

Time

Figure 10.32 Example of Phase Counting Mode 4 Operation

Table 10.12 Up/Down-Count Conditions in Phase Counting Mode 4

TCLKA (Channels 1 and 5)

TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level £ Up-count
Low level R4
£ Low level Don’t care
R4 High level
High level T Down-count
Low level £
£ High level Don'’t care
R Low level
Legend:
_f :Rising edge
Y :Falling edge
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Phase Counting Mode Application Example: Figure 10.33 shows an example in which phase
counting mode is designated for channel 1, and channel 1 is coupled with channel O to input servo
motor 2-phase encoder pulses in order to detect the position or speed.

Channel 1 is set to phase counting mode 1, and the encoder pulse A-phase and B-phase are input
to TCLKA and TCLKB.

Channel 0 operates with TCNT counter clearing by TGROC compare match; TGROA and TGROC
are used for the compare match function, and are set with the speed control period and position
control period. TGROB is used for input capture, with TGROB and TGROD operating in buffer
mode. The channel 1 counter input clock is designated as the TGROB input capture source, and
detection of the pulse width of 2-phase encoder 4-multiplication pulses is performed.

TGRI1A and TGR1B for channel 1 are designated for input capture, channel 0 TGROA and
TGROC compare matches are selected as the input capture source, and store the up/down-counter
values for the control periods.

This procedure enables accurate position/speed detection to be achieved.
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TCLKA
TCLKB

Edge
detection
circuit

Channel 1

TCNTH1

TGR1A

(speed period capture)

o
5

TGR1B

(position period capture)

o
IS

TCNTO
:
TGROA (speed control period) == ;]>
TGROC +
(position control period) — ;l>
y
TGROB (pulse width capture) <<]>7

<I>

TGROD (buffer operation)

Channel 0

Figure 10.33 Phase Counting Mode Application Example
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10.5 Interrupts

10.5.1 Interrupt Sources and Priorities

There are three kinds of TPU interrupt source: TGR input capture/compare match, TCNT
overflow, and TCNT underflow. Each interrupt source has its own status flag and enable/disabled
bit, allowing generation of interrupt request signals to be enabled or disabled individually.

When an interrupt request is generated, the corresponding status flag in TSR is set to 1. If the
corresponding enable/disable bit in TIER is set to 1 at this time, an interrupt is requested. The
interrupt request is cleared by clearing the status flag to O.

Relative channel priorities can be changed by the interrupt controller, but the priority order within
a channel is fixed. For details, see section 5, Interrupt Controller.

Table 10.13 lists the TPU interrupt sources.
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Table 10.13 TPU Interrupts

Channel Interrupt Source Description DTC Activation Priority
0 TGIOA TGROA input capture/compare match  Possible High
TGIOB TGROB input capture/compare match  Possible i
TGIOC TGROC input capture/compare match  Possible
TGIOD TGROD input capture/compare match  Possible
TCIoV TCNTO overflow Not possible
1 TGHA TGR1A input capture/compare match  Possible
TGI1B TGR1B input capture/compare match  Possible
TCIHV TCNT1 overflow Not possible
TCHU TCNT1 underflow Not possible
2 TGI2A TGR2A input capture/compare match  Possible
TGI2B TGR2B input capture/compare match  Possible
TCIl2V TCNT2 overflow Not possible
TCl2U TCNT2 underflow Not possible
3 TGISA TGRB3A input capture/compare match  Possible
TGI3B TGR3B input capture/compare match  Possible
TGI3C TGR3C input capture/compare match  Possible
TGI3D TGR3D input capture/compare match  Possible
TCI3V TCNT3 overflow Not possible
4 TGI4A TGR4A input capture/compare match  Possible
TGIl4B TGR4B input capture/compare match  Possible
TCl4V TCNT4 overflow Not possible
TCl4U TCNT4 underflow Not possible
5 TGI5A TGR5A input capture/compare match  Possible
TGI5B TGR5B input capture/compare match ~ Possible
TCI5V TCNTS5 overflow Not possible v
TCI5U TCNT5 underflow Not possible Low

Note: This table shows the initial state immediately after a reset. The relative channel priorities
can be changed by the interrupt controller.
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Input Capture/Compare Match Interrupt: An interrupt is requested if the TGIE bit in TIER is
set to 1 when the TGF flag in TSR is set to 1 by the occurrence of a TGR input capture/compare
match on a particular channel. The interrupt request is cleared by clearing the TGF flag to 0. The
TPU has 16 input capture/compare match interrupts, four each for channels 0 and 3, and two each
for channels 1, 2, 4, and 5.

Overflow Interrupt: An interrupt is requested if the TCIEV bit in TIER is set to 1 when the
TCFV flag in TSR is set to 1 by the occurrence of TCNT overflow on a channel. The interrupt
request is cleared by clearing the TCFV flag to 0. The TPU has six overflow interrupts, one for
each channel.

Underflow Interrupt: An interrupt is requested if the TCIEU bit in TIER is set to 1 when the
TCFU flag in TSR is set to 1 by the occurrence of TCNT underflow on a channel. The interrupt
request is cleared by clearing the TCFU flag to 0. The TPU has four underflow interrupts, one
each for channels 1, 2, 4, and 5.

10.5.2 DTC Activation

DTC Activation: The DTC can be activated by the TGR input capture/compare match interrupt
for a channel. For details, see section 8, Data Transfer Controller (DTC).

A total of 16 TPU input capture/compare match interrupts can be used as DTC activation sources,
four each for channels 0 and 3, and two each for channels 1, 2, 4, and 5.

10.5.3  A/D Converter Activation
The A/D converter can be activated by the TGRA input capture/compare match for a channel.

If the TTGE bit in TIER is set to 1 when the TGFA flag in TSR is set to 1 by the occurrence of a
TGRA input capture/compare match on a particular channel, a request to start A/D conversion is
sent to the A/D converter. If the TPU conversion start trigger has been selected on the A/D
converter side at this time, A/D conversion is started.

In the TPU, a total of six TGRA input capture/compare match interrupts can be used as A/D
converter conversion start sources, one for each channel.
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10.6  Operation Timing

10.6.1 Input/Output Timing

TCNT Count Timing: Figure 10.34 shows TCNT count timing in internal clock operation, and
figure 10.35 shows TCNT count timing in external clock operation.

Internal clock

ISR .

Falling edge Rising edge

N\ \

TCNT

input clock

TCNT N-1 >< N >< N+1 >< N+2
Figure 10.34 Count Timing in Internal Clock Operation

J UL LYY L

External CIOCk—(b Falling edge Rising edge Falling edge

TCNT

input clock

TCNT N-1 >< N >< N-+1 >< N+2

Figure 10.35 Count Timing in External Clock Operation

Page 374 of 1126

REJ09B0257-0700 Rev. 7.00

RENESAS Jun 10, 2010



H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM Section 10  16-Bit Timer Pulse Unit (TPU)

Output Compare Output Timing: A compare match signal is generated in the final state in
which TCNT and TGR match (the point at which the count value matched by TCNT is updated).
When a compare match signal is generated, the output value set in TIOR is output at the output
compare output pin. After a match between TCNT and TGR, the compare match signal is not
generated until the TCNT input clock is generated.

Figure 10.36 shows output compare output timing.

J O U A A S S R
TCNT ,—\

input clock

TCNT N >< N+1

TGR

Compare

match signal

TIOC pin ><

Figure 10.36 Output Compare Output Timing

Input Capture Signal Timing: Figure 10.37 shows input capture signal timing.

N T O O O
Input capture

input |
Input capture

signal

TCNT X N E X N+1 X N+2 E X

TGR >< N >< N+2

I

Figure 10.37 Input Capture Input Signal Timing
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Timing for Counter Clearing by Compare Match/Input Capture: Figure 10.38 shows the
timing when counter clearing by compare match occurrence is specified, and figure 10.39 shows
the timing when counter clearing by input capture occurrence is specified.

N U v o A O

Compare

match signal

Counter

clear signal

TCNT N >< H'0000
TGR N

Figure 10.38 Counter Clear Timing (Compare Match)

Input capture
signal

Counter clear

signal
TCNT N >< H'0000
TGR >< N
Figure 10.39 Counter Clear Timing (Input Capture)
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Buffer Operation Timing: Figures 10.40 and 10.41 show the timing in buffer operation.

e
e

TCNT

=}

Compare
match signal

TGRA,
TGRB

>
—
P4

TGRC,
TGRD

b4

N

Figure 10.40 Buffer Operation Timing (Compare Match)

UL

Input capture

signal

TCNT N E >< N+1 E
o I

rans N0 =
~~ ~~

ToRD \ " A N

Figure 10.41 Buffer Operation Timing (Input Capture)
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10.6.2 Interrupt Signal Timing

TGF Flag Setting Timing in Case of Compare Match: Figure 10.42 shows the timing for
setting of the TGF flag in TSR by compare match occurrence, and TGI interrupt request signal

timing.

TCNT input
clock

TCNT

TGR

Compare
match signal

TGF flag

TGl interrupt

Sy e

N >< N+1

Figure 10.42 TGI Interrupt Timing (Compare Match)
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TGF Flag Setting Timing in Case of Input Capture: Figure 10.43 shows the timing for setting
of the TGF flag in TSR by input capture occurrence, and TGI interrupt request signal timing.

o UL

Input capture
signal

TCNT N

TGR

~
A

TGF flag |

TGl interrupt |

Figure 10.43 TGI Interrupt Timing (Input Capture)
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TCFYV Flag/TCFU Flag Setting Timing: Figure 10.44 shows the timing for setting of the TCFV
flag in TSR by overflow occurrence, and TCIV interrupt request signal timing.

Figure 10.45 shows the timing for setting of the TCFU flag in TSR by underflow occurrence, and
TCIU interrupt request signal timing.

: JU UYL L
TCNT input
clock

TONT HFFFF { roooo
(overflow)

Overflow

signal

TCFV flag |

TCIV interrupt |

Figure 10.44 TCIV Interrupt Setting Timing
' 1 O
TCNT
input clock

TCNT ) :
(underflow) H'0000 >< H'FFFF
Underflow signal ,—\
TCFU flag |

TCIU interrupt |

Figure 10.45 TCIU Interrupt Setting Timing
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Status Flag Clearing Timing: After a status flag is read as 1 by the CPU, it is cleared by writing
0 to it. When the DTC is activated, the flag is cleared automatically. Figure 10.46 shows the
timing for status flag clearing by the CPU, and figure 10.47 shows the timing for status flag
clearing by the DTC.

TSR write cycle

T T2

e R
N T O
Address >< TSR address ><
Write signal
Status flag
Interrupt
request
signal

Figure 10.46 Timing for Status Flag Clearing by CPU

DTC DTC
read cycle write cycle

Lo T2 T T2
\ \ \ \ \

e

Destinati
Address ><Source address zgé?:sgn ><

Status flag

Interrupt
request
signal

Figure 10.47 Timing for Status Flag Clearing by DTC Activation
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10.7  Usage Notes

Note that the kinds of operation and contention described below occur during TPU operation.

Input Clock Restrictions: The input clock pulse width must be at least 1.5 states in the case of
single-edge detection, and at least 2.5 states in the case of both-edge detection. The TPU will not
operate properly with a narrower pulse width.

In phase counting mode, the phase difference and overlap between the two input clocks must be at
least 1.5 states, and the pulse width must be at least 2.5 states. Figure 10.48 shows the input clock
conditions in phase counting mode.

Phase Phase
differ- differ-
3 Overlap . ence 30verlap3 ence | Pulse width ' Pulse width

TCLKA
(TCLKC) ;
TCLKB 3 ‘
(TCLKD) !

Pulse width Pulse width

Notes: Phase difference and overlap: 1.5 states or more
Pulse width : 2.5 states or more

Figure 10.48 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode

Caution on Period Setting: When counter clearing by compare match is set, TCNT is cleared in
the final state in which it matches the TGR value (the point at which the count value matched by
TCNT is updated). Consequently, the actual counter frequency is given by the following formula:

b
(N+1)

Where f : Counter frequency
¢ : Operating frequency
N : TGR set value
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Contention between TCNT Write and Clear Operations: If the counter clear signal is
generated in the T2 state of a TCNT write cycle, TCNT clearing takes precedence and the TCNT

write is not performed.

Figure 10.49 shows the timing in this case.

TCNT write cycle

T1 T2
. JU UL
Address >< TCNT address ><

Write signal

Counter clear

signal
TCNT N >< H'0000
Figure 10.49 Contention between TCNT Write and Clear Operations
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Contention between TCNT Write and Increment Operations: If incrementing occurs in the T2
state of a TCNT write cycle, the TCNT write takes precedence and TCNT is not incremented.

Figure 10.50 shows the timing in this case.

Address

Write signal

TCNT input
clock

TCNT

TCNT write cycle

T1 T2 |

B o B O B A

>< TCNT address ><

N >< M
.4

TCNT write data

Figure 10.50 Contention between TCNT Write and Increment Operations
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Contention between TGR Write and Compare Match: If a compare match occurs in the T2
state of a TGR write cycle, the TGR write takes precedence and the compare match signal is
inhibited. A compare match does not occur even if the same value as before is written.

Figure 10.51 shows the timing in this case.

TGR write cycle

PM,‘
Uy UL UL
Address >< TGR address ><
Write signal
Compare : i<—— Prohibited
match signal . !

TCNT N >< N+1
TGR N >< M

TGR write data

Figure 10.51 Contention between TGR Write and Compare Match
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Contention between Buffer Register Write and Compare Match: If a compare match occurs in
the T2 state of a TGR write cycle, the data transferred to TGR by the buffer operation will be the
data prior to the write.

Figure 10.52 shows the timing in this case.

TGR write cycle

T1 T2 |

'S v v O

Address Buffer register |

Write signal

Compare
match signal

Buffer register write data

Buffer -
register

TGR >< N

Figure 10.52 Contention between Buffer Register Write and Compare Match
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Contention between TGR Read and Input Capture: If the input capture signal is generated in
the T1 state of a TGR read cycle, the data that is read will be the data after input capture transfer.

Figure 10.53 shows the timing in this case.

TGR read cycle

T T2 |

'S v v O

Address >< TGR address ><

Read signal
Input capture
signal

TGR X >< M

Internal >< M ><

data bus

Figure 10.53 Contention between TGR Read and Input Capture
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Contention between TGR Write and Input Capture: If the input capture signal is generated in
the T2 state of a TGR write cycle, the input capture operation takes precedence and the write to
TGR is not performed.

Figure 10.54 shows the timing in this case.

TGR write cycle
| T1 T2
: JU L
Address >< TGR address ><
Write signal
Input capture
signal
TCNT : M
TGR >< M
Figure 10.54 Contention between TGR Write and Input Capture
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Contention between Buffer Register Write and Input Capture: If the input capture signal is
generated in the T2 state of a buffer write cycle, the buffer operation takes precedence and the
write to the buffer register is not performed.

Figure 10.55 shows the timing in this case.

Buffer register write cycle
T1 T2

[

'S v O

Buffer register ><
address

Address

Write signal

Input capture
signal

TCNT

s

TGR M

Buffer

. M
register

Figure 10.55 Contention between Buffer Register Write and Input Capture
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Contention between Overflow/Underflow and Counter Clearing: If overflow/underflow and
counter clearing occur simultaneously, the TCFV/TCFU flag in TSR is not set and TCNT clearing

takes precedence.

Figure 10.56 shows the operation timing when a TGR compare match is specified as the clearing
source, and H'FFFF is set in TGR.

TCNT input
clock

TCNT

Counter
clear signal

TGF

TCFV

S

H'FFFF >< H'0000

Prohibited —__ ;-------mmomoommmm oo

Figure 10.56 Contention between Overflow and Counter Clearing

Page 390 of 1126

REJ09B0257-0700 Rev. 7.00

RENESAS Jun 10, 2010



H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM Section 10  16-Bit Timer Pulse Unit (TPU)

Contention between TCNT Write and Overflow/Underflow: If there is an up-count or down-
count in the T2 state of a TCNT write cycle, and overflow/underflow occurs, the TCNT write
takes precedence and the TCFV/TCFU flag in TSR is not set.

Figure 10.57 shows the operation timing when there is contention between TCNT write and
overflow.

TCNT write cycle

| T | T2 |
[ T \
q)
Address >< TCNT address ><
Write signal
/ TCNT write data
TCNT H'FFFF >< M

Prohibited e
TCFV flag i

Figure 10.57 Contention between TCNT Write and Overflow

Multiplexing of I/O Pins: In the H8S/2646 Group, the TCLKA input pin is multiplexed with the
TIOCCO I/O pin, the TCLKB input pin with the I/O pin, the TCLKC input pin with the TIOCB1
I/O pin, and the TCLKD input pin with the TIOCB2 I/O pin. When an external clock is input,
compare match output should not be performed from a multiplexed pin.

Interrupts and Module Stop Mode: If module stop mode is entered when an interrupt has been
requested, it will not be possible to clear the CPU interrupt source or the DTC activation source.
Interrupts should therefore be disabled before entering module stop mode.

Interrupt in Subactive Mode/Watch Mode: If subactive mode/watch mode is entered when an
interrupt has been requested, it will not be possible to clear the CPU interrupt source. Interrupts
should therefore be disabled before entering subactive mode/watch mode.

REJ09B0257-0700 Rev. 7.00 Page 391 of 1126
Jun 10, 2010 RENESAS




H8S/2646 Group, H8S/2646R F-ZTATTM,
Section 10 16-Bit Timer Pulse Unit (TPU) H8S/2648R F-ZTATTM

Page 392 of 1126 REJ09B0257-0700 Rev. 7.00
IzENESAS JUn 10’ 2010



H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM Section 11 Programmable Pulse Generator (PPG)

Section 11 Programmable Pulse Generator (PPG)

11.1 Overview

The H8S/2646 Group has a built-in programmable pulse generator (PPG) that provides pulse
outputs by using the 16-bit timer-pulse unit (TPU) as a time base. The PPG pulse outputs are
divided into 4-bit groups (group 3 and group 2) that can operate both simultaneously and
independently.

11.1.1  Features
PPG features are listed below.

e 8-bit output data
— Maximum 8-bit data can be output, and output can be enabled on a bit-by-bit basis
e Two output groups
— Output trigger signals can be selected in 4-bit groups to provide up to two different 4-bit
outputs

o Selectable output trigger signals

— Output trigger signals can be selected for each group from the compare match signals of
four TPU channels

e Non-overlap mode
— A non-overlap margin can be provided between pulse outputs
e Can operate together with the data transfer controller (DTC)

— The compare match signals selected as output trigger signals can activate the DTC for
sequential output of data without CPU intervention

e Settable inverted output
— Inverted data can be output for each group
e Module stop mode can be set
— As the initial setting, PPG operation is halted. Register access is enabled by exiting module
stop mode
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11.1.2

Figure 11

Block Diagram

.1 shows a block diagram of the PPG.

PO15 <—
PO14 =— Pulse output
PO13 - pins, group 3
PO12 <=—

Compare match signals

Lyl

NDERH

NDERL

Control logic

PMR

PCR

PO1] = PODRH

PO10 --— Pulse output
PO9 -=— pins, group 2
PO8 —=— 9

Legend:

PMR
PCR
NDERH
NDERL
NDRH
NDRL
PODRH
PODRL

Pulse output
pins, group 1
............... PODRL

Pulse output
pins, group 0

Internal
data bus

: PPG output mode register
: PPG output control register
: Next data enable register H
: Next data enable register L
: Next data register H

: Next data register L

: Output data register H

: Output data register L

Figure 11.1 Block Diagram of PPG
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11.1.3  Pin Configuration
Table 11.1 summarizes the PPG pins.

Table 11.1 PPG Pins

Name Symbol 110 Function

Pulse output 8 PO8 Output Group 2 pulse output

Pulse output 9 PO9 Output

Pulse output 10 PO10 Output

Pulse output 11 PO11 Output

Pulse output 12 PO12 Output Group 3 pulse output

Pulse output 13 PO13 Output

Pulse output 14 PO14 Output

Pulse output 15 PO15 Output
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11.1.4  Registers

Table 11.2 summarizes the PPG registers.

Table 11.2 PPG Registers

Name Abbreviation R/W Initial Value Address™
PPG output control register PCR R/W H'FF H'FE26
PPG output mode register PMR R/W H'FO H'FE27
Next data enable register H NDERH R/W H'00 H'FE28
Next data enable register L™ NDERL R/W H'00 H'FE29
Output data register H PODRH R/(W)* H'00 H'FE2A
Output data register L PODRL R/(W)™  H'00 H'FE2B
Next data register H NDRH R/W H'00 HFE2C™
H'FE2E
Next data register L** NDRL R/W H'00 H'FE2D™
H'FE2F
Port 1 data direction register P1DDR w H'00 H'FE30
Module stop control register A MSTPCRA R/W H'3F H'FDES8

Notes: 1. Lower 16 bits of the address.
2. Bits used for pulse output cannot be written to.

3. When the same output trigger is selected for pulse output groups 2 and 3 by the PCR
setting, the NDRH address is H'FE2C. When the output triggers are different, the
NDRH address is H'FE2E for group 2 and H'FE2C for group 3.
Similarly, when the same output trigger is selected for pulse output groups 0 and 1 by
the PCR setting, the NDRL address is H'FE2D. When the output triggers are different,
the NDRL address is H'FE2F for group 0 and H'FE2D for group 1.

4. The H8S/2646 Group has no pins corresponding to pulse output groups 0 and 1.
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11.2  Register Descriptions

11.2.1 Next Data Enable Registers H and L. (NDERH, NDERL)

NDERH
Bit : 7 6 5 4 3 2 1 0
\NDER15\NDER14\NDER13\NDER12\NDER11 \NDERm\ NDER9 \ NDERS \
Initial value : 0 0 0 0 0 0 0 0
R/W : RW R/W R/W R/W R/W R/W R/W R/W
NDERL
Bit : 7 6 5 4 3 2 1 0
] NDER7 ] NDER6 \ NDERS5 \ NDER4 \ NDER3 \ NDER2 \ NDER1 \ NDERO \
Initial value : 0 0 0 0 0 0 0 0
R/W © RW R/W R/W R/W R/W R/W R/W R/W

NDERH and NDERL are 8-bit readable/writable registers that enable or disable pulse output on a
bit-by-bit basis.

If a bit is enabled for pulse output by NDERH or NDERL, the NDR value is automatically
transferred to the corresponding PODR bit when the TPU compare match event specified by PCR
occurs, updating the output value. If pulse output is disabled, the bit value is not transferred from
NDR to PODR and the output value does not change.

NDERH and NDERL are each initialized to H'0O by a reset and in hardware standby mode. They
are not initialized in software standby mode.
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NDERH Bits 7 to 0—Next Data Enable 15 to 8 (NDER15 to NDERS): These bits enable or
disable pulse output on a bit-by-bit basis.

Bits 7to 0

NDER15 to NDERS8 Description

0 Pulse outputs PO15 to PO8 are disabled (NDR15 to NDR8 are not
transferred to POD15 to PODS8) (Initial value)

Pulse outputs PO15 to PO8 are enabled (NDR15 to NDR8 are transferred
to POD15 to PODS8)

NDERL Bits 7 to 0—Next Data Enable 7 to 0 (NDER7 to NDERO): These bits enable or
disable pulse output on a bit-by-bit basis.

Bits 7to 0

NDER?7 to NDERO Description

0 Pulse outputs PO7 to POO are disabled (NDR7 to NDRO are not
transferred to POD7 to PODO) (Initial value)

Pulse outputs PO7 to POO are enabled (NDR7 to NDRO are transferred to
POD7 to PODO)
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11.2.2  Output Data Registers H and L (PODRH, PODRL)

PODRH
Bit : 7 6 5 4 3 2 1 0

\ POD15 \ POD14 \ POD13 \ POD12 \ POD11 \ POD10 \ POD9 \ PODS8
Initial value : 0 0 0 0 0 0 0 0
R/W OR/(MWY R/(W)* RI(W) RI(WYF R/(W)* RI(W)* RI(W)* R/(W)*
PODRL
Bit : 7 6 5 4 3 2 1 0

\ POD7 \ POD6 \ POD5 \ POD4 \ POD3 \ POD2 \ POD1 \ PODO
Initial value : 0 0 0 0 0 0 0 0
R/W OR/(MWY R/(W)* RI(W) RI(WYF R/(W)* RI(W)* RI(W)* R/(W)*

Note: * A bit that has been set for pulse output by NDER is read-only.

PODRH and PODRL are 8-bit readable/writable registers that store output data for use in pulse
output. However, the H8S/2646 Group has no pins corresponding to PODRL.

11.2.3  Next Data Registers H and L. (NDRH, NDRL)

NDRH and NDRL are 8-bit readable/writable registers that store the next data for pulse output.
During pulse output, the contents of NDRH and NDRL are transferred to the corresponding bits in
PODRH and PODRL when the TPU compare match event specified by PCR occurs. The NDRH
and NDRL addresses differ depending on whether pulse output groups have the same output
trigger or different output triggers. For details see section 11.2.4, Notes on NDR Access.

NDRH and NDRL are each initialized to H'00 by a reset and in hardware standby mode. They are
not initialized in software standby mode.

11.2.4 Notes on NDR Access

The NDRH and NDRL addresses differ depending on whether pulse output groups have the same
output trigger or different output triggers.
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Same Trigger for Pulse Output Groups: If pulse output groups 2 and 3 are triggered by the
same compare match event, the NDRH address is HFE2C. The upper 4 bits belong to group 3 and
the lower 4 bits to group 2. Address H'FE2E consists entirely of reserved bits that cannot be
modified and are always read as 1.

Address HFE2C
Bit : 7 6 5 4 3 2 1 0
] NDR15] NDR14‘ NDR13‘ NDR12‘ NDR11‘ NDR10‘ NDR9 \ NDR8
Initial value : 0 0 0 0 0 0 0 0
R/W © RW R/W R/W R/W R/W R/W RIW RIW
Address HFE2E
Bit : 7 6 5 4 3 2 1 0
-l -17-717T-1=-7T=-7T-=-71="1
Initial value : 1 1 1 1 1 1 1 1
R/W : — —_ — — — — _ _

If pulse output groups O and 1 are triggered by the same compare match event, the NDRL address
is HFE2D. The upper 4 bits belong to group 1 and the lower 4 bits to group 0. Address HFE2F
consists entirely of reserved bits that cannot be modified and are always read as 1. However, the
H8S/2646 Group has no output pins corresponding to pulse output groups 0 and 1.

Address HFE2D
Bit : 7 6 5 4 3 2 1 0
\ NDR7 \ NDR6 \ NDR5 \ NDR4 \ NDR3 \ NDR2 \ NDR1 \ NDRO \
Initial value : 0 0 0 0 0 0 0 0
R/W : RW R/W R/W R/W R/W R/W R/W R/W
Address HFE2F
Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
R/W E— — — — — — — —
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Different Triggers for Pulse Output Groups: If pulse output groups 2 and 3 are triggered by
different compare match events, the address of the upper 4 bits in NDRH (group 3) is H'FE2C and
the address of the lower 4 bits (group 2) is H'FE2E. Bits 3 to 0 of address HFE2C and bits 7 to 4
of address H'FE2E are reserved bits that cannot be modified and are always read as 1.

Address HFE2C
Bit : 7 6 5 4 3 2 1 0
] NDR15 ] NDR14 \ NDR13 \ NDR12 \ — \ — \ — \ —
Initial value : 0 0 0 0 1 1 1 1
R/W © RW R/W R/W R/W — — — —
Address HFE2E
Bit : 7 6 5 4 3 2 1 0
\ — \ — \ — \ — \ NDR11 \ NDR10\ NDR9 \ NDRS \
Initial value : 1 1 1 1 0 0 0 0
R/W — — — — R/W R/W R/W R/W

If pulse output groups 0 and 1 are triggered by different compare match event, the address of the
upper 4 bits in NDRL (group 1) is HFE2D and the address of the lower 4 bits (group 0) is
H'FE2F. Bits 3 to 0 of address HFE2D and bits 7 to 4 of address H'FE2F are reserved bits that
cannot be modified and are always read as 1. However, the H8S/2646 Group has no output pins
corresponding to pulse output groups 0 and 1.

Address HFE2D
Bit : 7 6 5 4 3 2 1 0
\ NDR7 \ NDR6 \ NDR5 \ NDR4 \ — \ — \ — \ — \
Initial value : 0 0 0 0 1 1 1 1
R/W © RW R/W R/W R/W — — — —
Address HFE2F
Bit : 7 6 5 4 3 2 1 0
] — ] — \ — \ — \ NDR3 \ NDR2 \ NDRH1 \ NDRO \
Initial value : 1 1 1 1 0 0 0 0
R/W S — — — R/W R/W R/W R/W
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11.2.5  PPG Output Control Register (PCR)

Bit .7 6 5 4 3 2 1 0
’GSCMS1 ]GSCMSO\ G2CMS1 ‘G2CMSO‘G1CMS1 ‘G1CMSO‘GOCMS1 \Gocnvlso\

Initial value : 1 1 1 1 1 1 1 1

RIW © RW RIW R/W R/W R/W R/W R/W R/W

PCR is an 8-bit readable/writable register that selects output trigger signals for PPG outputs on a
group-by-group basis.

PCR is initialized to HFF by a reset and in hardware standby mode. It is not initialized in software
standby mode.

Bits 7 and 6—Group 3 Compare Match Select 1 and 0 (G3CMS1, G3CMSO0): These bits
select the compare match that triggers pulse output group 3 (pins PO15 to PO12).

Bit 7 Bit 6 Description
G3CMSH1 G3CMSO0 Output Trigger for Pulse Output Group 3
0 0 Compare match in TPU channel 0
1 Compare match in TPU channel 1
1 0 Compare match in TPU channel 2
1 Compare match in TPU channel 3 (Initial value)

Bits 5 and 4—Group 2 Compare Match Select 1 and 0 (G2CMS1, G2CMSO0): These bits
select the compare match that triggers pulse output group 2 (pins PO11 to POS8).

Bit5 Bit 4 Description
G2CMSH1 G2CMSO0 Output Trigger for Pulse Output Group 2
0 0 Compare match in TPU channel 0
1 Compare match in TPU channel 1
1 0 Compare match in TPU channel 2
1 Compare match in TPU channel 3 (Initial value)
Page 402 of 1126 REJ09B0257-0700 Rev. 7.00

RENESAS Jun 10, 2010



H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM Section 11 Programmable Pulse Generator (PPG)

Bits 3 and 2—Group 1 Compare Match Select 1 and 0 (G1CMS1, G1CMS0): These bits
select the compare match that triggers pulse output group 1 (pins PO7 to PO4). However, the
H8S/2646 Group has no output pins corresponding to pulse output group 1.

Bit 3 Bit 2 Description
G1CMSH1 G1CMSO0 Output Trigger for Pulse Output Group 1
0 0 Compare match in TPU channel 0
1 Compare match in TPU channel 1
1 0 Compare match in TPU channel 2
1 Compare match in TPU channel 3 (Initial value)

Bits 1 and 0—Group 0 Compare Match Select 1 and 0 (GOCMS1, GOCMSO0): These bits
select the compare match that triggers pulse output group 0 (pins PO3 to PO0O). However, the
H8S/2646 Group has no output pins corresponding to pulse output group 0.

Bit 1 Bit 0 Description
GOCMSH1 GOCMSO0 Output Trigger for Pulse Output Group 0
0 0 Compare match in TPU channel 0
1 Compare match in TPU channel 1
1 0 Compare match in TPU channel 2
1 Compare match in TPU channel 3 (Initial value)
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11.2.6 PPG Output Mode Register (PMR)

Bit : 7 6 5 4 3 2 1 0
\ G3INV \ G2INV \ G1INV \ GOINV \ G3NOV \ G2NOV \ G1NOV \ GONOV‘

Initial value : 1 1 1 1 0 0 0 0

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

PMR is an 8-bit readable/writable register that selects pulse output inversion and non-overlapping
operation for each group.

The output trigger period of a non-overlapping operation PPG output waveform is set in TGRB
and the non-overlap margin is set in TGRA. The output values change at compare match A and B.

For details, see section 11.3.4, Non-Overlapping Pulse Output.

PMR is initialized to H'FO by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—Group 3 Inversion (G3INV): Selects direct output or inverted output for pulse output
group 3 (pins PO15 to PO12).

Bit 7

G3INV Description

0 Inverted output for pulse output group 3 (low-level output at pin for a 1 in PODRH)
1 Direct output for pulse output group 3 (high-level output at pin for a 1 in PODRH)

(Initial value)

Bit 6—Group 2 Inversion (G2INV): Selects direct output or inverted output for pulse output
group 2 (pins PO11 to POS).

Bit 6
G2INV Description
0 Inverted output for pulse output group 2 (low-level output at pin for a 1 in PODRH)
1 Direct output for pulse output group 2 (high-level output at pin for a 1 in PODRH)
(Initial value)
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Bit 5—Group 1 Inversion (G1INV): Selects direct output or inverted output for pulse output
group 1 (pins PO7 to PO4). However, the H8S/2646 Group has no pins corresponding to pulse
output group 1.

Bit 5

G1INV Description

0 Inverted output for pulse output group 1 (low-level output at pin for a 1 in PODRL)
1 Direct output for pulse output group 1 (high-level output at pin for a 1 in PODRL)

(Initial value)

Bit 4—Group 0 Inversion (GOINV): Selects direct output or inverted output for pulse output
group 0 (pins PO3 to POO0). However, the H8S/2646 Group has no pins corresponding to pulse
output group 0.

Bit 4

GOINV Description

0 Inverted output for pulse output group 0 (low-level output at pin for a 1 in PODRL)
1 Direct output for pulse output group 0 (high-level output at pin for a 1 in PODRL)

(Initial value)

Bit 3—Group 3 Non-Overlap (G3NOYV): Selects normal or non-overlapping operation for pulse
output group 3 (pins PO15 to PO12).

Bit 3

G3NOV Description

0 Normal operation in pulse output group 3 (output values updated at compare match A
in the selected TPU channel) (Initial value)

1 Non-overlapping operation in pulse output group 3 (independent 1 and 0 output at

compare match A or B in the selected TPU channel)

Bit 2—Group 2 Non-Overlap (G2NOYV): Selects normal or non-overlapping operation for pulse
output group 2 (pins PO11 to POS).

Bit 2

G2NOoV Description

0 Normal operation in pulse output group 2 (output values updated at compare match A
in the selected TPU channel) (Initial value)

1 Non-overlapping operation in pulse output group 2 (independent 1 and 0 output at
compare match A or B in the selected TPU channel)
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Bit 1—Group 1 Non-Overlap (GINOYV): Selects normal or non-overlapping operation for pulse
output group 1 (pins PO7 to PO4). However, the H8S/2646 Group has no pins corresponding to
pulse output group 1.

Bit 1
G1NOV Description
0 Normal operation in pulse output group 1 (output values updated at compare match A

in the selected TPU channel) (Initial value)

Non-overlapping operation in pulse output group 1 (independent 1 and 0 output at
compare match A or B in the selected TPU channel)

Bit 0—Group 0 Non-Overlap (GONOYV): Selects normal or non-overlapping operation for pulse
output group 0 (pins PO3 to POO). However, the H8S/2646 Group has no pins corresponding to
pulse output group 0.

Bit0

GONOV Description

0 Normal operation in pulse output group O (output values updated at compare match A
in the selected TPU channel) (Initial value)

1 Non-overlapping operation in pulse output group O (independent 1 and 0 output at
compare match A or B in the selected TPU channel)
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11.2.7  Port 1 Data Direction Register (P1IDDR)

Bit : 7 6 5 4 3 2 1 0
\P17DDR\P16DDR\P15DDR\P14DDR\P1soDR\P12DDR\P11DDR\P10DDR\

Initial value : 0 0 0 0 0 0 0 0

RIW W w W W w W W w

P1DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 1.

Port 1 is multiplexed with pins PO15 to POS. Bits corresponding to pins used for PPG output must
be set to 1. For further information about P1DDR, see section 9.2, Port 1.

11.2.8 Module Stop Control Register A (MSTPCRA)

Bit : 7 6 5 4 3 2 1 0
\MSTPA7\MSTPAe\MSTPA5\MSTPA4\MSTPAS\MSTPA2\MSTPA1\MSTPAO\

Initial value : 0 0 1 1 1 1 1 1

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

MSTPCRA is a 16-bit readable/writable register that performs module stop mode control.

When the MSTPA3 bit in MSTPCRA is set to 1, PPG operation stops at the end of the bus cycle
and a transition is made to module stop mode. Registers cannot be read or written to in module
stop mode. For details, see section 22.5, Module Stop Mode.

MSTPCRA is initialized to H'3F by a reset and in hardware standby mode. It is not initialized by a
manual reset and in software standby mode.

Bit 3—Module Stop (MSTPA3): Specifies the PPG module stop mode.

Bit 3

MSTPA3 Description

0 PPG module stop mode cleared

1 PPG module stop mode set (Initial value)
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11.3  Operation
11.3.1  Overview

PPG pulse output is enabled when the corresponding bits in PIDDR and NDER are set to 1. In this
state the corresponding PODR contents are output.

When the compare match event specified by PCR occurs, the corresponding NDR bit contents are
transferred to PODR to update the output values.

Figure 11.2 illustrates the PPG output operation and table 11.3 summarizes the PPG operating
conditions.

DDR NDER
Q

Output trigger signal

C
Q PODR Df= Q NDR D{«— Internal data bus

Pulse output pin

Normal output/inverted output

Figure 11.2 PPG Output Operation

Table 11.3 PPG Operating Conditions

NDER DDR Pin Function
0 0 Generic input port

Generic output port

1 0 Generic input port (but the PODR bit is a read-only bit, and when
compare match occurs, the NDR bit value is transferred to the PODR bit)

1 PPG pulse output

Sequential output of data of up to 16 bits is possible by writing new output data to NDR before the
next compare match. For details of non-overlapping operation, see section 11.3.4, Non-
Overlapping Pulse Output.

Page 408 of 1126 REJ09B0257-0700 Rev. 7.00
IzENESAS JUn 10’ 2010



H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM Section 11 Programmable Pulse Generator (PPG)

11.3.2  Output Timing

If pulse output is enabled, NDR contents are transferred to PODR and output when the specified
compare match event occurs. Figure 11.3 shows the timing of these operations for the case of
normal output in groups 2 and 3, triggered by compare match A.

¢ L L L
TCNT X N X nt X

TGRA N

Compare match

A signal

NDRH n

PODRH m >< o~ n
PO8 to PO15 m >< n

Figure 11.3 Timing of Transfer and Output of NDR Contents (Example)
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11.3.3  Normal Pulse Output

Sample Setup Procedure for Normal Pulse Output: Figure 11.4 shows a sample procedure for

setting up normal pulse output.

( Normal PPG output

)

| Select TGR functions | [1]
\
| Set TGRA value | 21
TPU setup [
| Set counting operation | [3]
\
| Select interrupt request | [4]
\
| Set initial output data | [5]
\
| Enable pulse output | [6]
Port and ‘
PPG setup | Select output trigger | [7]
\
Set next pulse (8]
output data
\
TPU setup | Start counter | [9]

Yes

Compare match? N

Set next pulse
output data

[10]

[1] Set TIOR to make TGRA an output
compare register (with output
disabled)

[2] Setthe PPG output trigger period

[3] Select the counter clock source
with bits TPSC2 to TPSCO in TCR.
Select the counter clear source
with bits CCLR1 and CCLRO.

[4] Enable the TGIA interrupt in TIER.
The DTC can also be set up to
transfer data to NDR.

[5] Set the initial output values in
PODR.

[6] Setthe DDR and NDER bits for the
pins to be used for pulse output to 1.

[7]1 Select the TPU compare match
event to be used as the output
trigger in PCR.

[8] Set the next pulse output values in
NDR.

[9] Setthe CST bitin TSTRto 1 to
start the TCNT counter.

[10] At each TGIA interrupt, set the next
output values in NDR.

Figure 11.4 Setup Procedure for Normal Pulse Output (Example)
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Example of Normal Pulse Output (Example of Five-Phase Pulse Output): Figure 11.5 shows
an example in which pulse output is used for cyclic five-phase pulse output.

TCNT value TCNT Compare match

H'0000 = Time

NDRH 80><CO><40><60><20><30><10><18><08><88><80><CO><40
PODRH ooXszcoXmeononXmX1onaX881 so><co><

PO15 ‘ ‘ ‘ ‘ : : : : : |_

PO14 | o . |

Pots L [T

PO12 ! ! ! ! ! |

PO11

Figure 11.5 Normal Pulse Output Example (Five-Phase Pulse Output)

[1] Set up the TPU channel to be used as the output trigger channel so that TGRA is an output
compare register and the counter will be cleared by compare match A. Set the trigger period in
TGRA and set the TGIEA bit in TIER to 1 to enable the compare match A (TGIA) interrupt.

[2] Write HFS8 in PIDDR and NDERH, and set the G3CMS1, G3CMS0, G2CMS1, and G2CMS0
bits in PCR to select compare match in the TPU channel set up in the previous step to be the
output trigger. Write output data H'80 in NDRH.

[3] The timer counter in the TPU channel starts. When compare match A occurs, the NDRH
contents are transferred to PODRH and output. The TGIA interrupt handling routine writes the
next output data (H'CO) in NDRH.

[4] Five-phase overlapping pulse output (one or two phases active at a time) can be obtained
subsequently by writing H'40, H'60, H'20, H'30. H'10, H'18, H'08, H'8S... at successive TGIA
interrupts. If the DTC is set for activation by this interrupt, pulse output can be obtained
without imposing a load on the CPU.
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11.34 Non-Overlapping Pulse Output

Sample Setup Procedure for Non-Overlapping Pulse Output: Figure 11.6 shows a sample
procedure for setting up non-overlapping pulse output.

Non-overlapping [1] Set TIOR to make TGRA and
< PPG output > TGRB an output compare registers
\ (with output disabled)
| Select TGR functions | [1]
\ [2] Set the pulse output trigger period
| Set TGR values | 2] in TGRB and the non-overlap
TPU setup ‘ margin in TGRA.
| Set counting operation | (3] [3] Select the counter clock source
| with bits TPSC2 to TPSCO in TCR.
| Select interrupt request | [4] Select the counter clear source
\ with bits CCLR1 and CCLRO.
| Set initial output data | [5] . .
| [4] Enable tcr;e TGIA interrupt in TIER.
The DTC can also be set up to
| Enable pu‘lse output | [6] transfer data to NDR.
PPG sotup 4 | Selectoutputtrigger | [7] [5] Set the initial output values in
\ PODR.
| Set non-overlapping groups | [8] .
| [6] Setthe DDR and NDER bits for the
Set next pulse - Elains to be used for pulse output to
output data :

‘ [7] Select the TPU compare match
TPU setup | Start counter | [10] event to be used as the pulse
- output trigger in PCR.

No
?
[8] In PMR, select the groups that will
Yes operate in non-overlap mode.
Sztj?peuﬁtg;:e [11] [9] Set the next pulse output values in
NDR.

[10] Set the CST bitin TSTR to 1 to
start the TCNT counter.

[11] At each TGIA interrupt, set the next
output values in NDR.

Figure 11.6 Setup Procedure for Non-Overlapping Pulse Output (Example)
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Example of Non-Overlapping Pulse Output (Example of Four-Phase Complementary Non-

Overlapping Output): Figure 11.7 shows an example in which pulse output is used for four-

phase complementary non-overlapping pulse output.

TCNT value

NDRH
PODRH
PO15
PO14
PO13
PO12
PO11
PO10
PO9
PO8

utput Example (Four-Phase Complementary)

Figure 11.7 Non-Overlapping Pulse O
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[1] Set up the TPU channel to be used as the output trigger channel so that TGRA and TGRB are
output compare registers. Set the trigger period in TGRB and the non-overlap margin in
TGRA, and set the counter to be cleared by compare match B. Set the TGIEA bit in TIER to 1
to enable the TGIA interrupt.

[2] Write H'FF in PIDDR and NDERH, and set the G3CMS1, G3CMS0, G2CMS1, and G2CMS0
bits in PCR to select compare match in the TPU channel set up in the previous step to be the
output trigger. Set the G3NOV and G2NOV bits in PMR to 1 to select non-overlapping output.
Write output data H'95 in NDRH.

[3] The timer counter in the TPU channel starts. When a compare match with TGRB occurs,
outputs change from 1 to 0. When a compare match with TGRA occurs, outputs change from 0
to 1 (the change from O to 1 is delayed by the value set in TGRA). The TGIA interrupt
handling routine writes the next output data (H'65) in NDRH.

[4] Four-phase complementary non-overlapping pulse output can be obtained subsequently by
writing H'59, H'S6, H'9S5... at successive TGIA interrupts. If the DTC is set for activation by
this interrupt, pulse output can be obtained without imposing a load on the CPU.
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11.3.5 Inverted Pulse Output

If the G3INV, G2INV, G1INV, and GOINV bits in PMR are cleared to 0, values that are the
inverse of the PODR contents can be output.

Figure 11.8 shows the outputs when G3INV and G2INV are cleared to 0, in addition to the
settings of figure 11.7.

TCNT value

L= T
TCNT

o e X e X (e Ne e T
oo o o oo oo o Yo O
S S e o e o e B e
o T
S T U T
o L[ L L
L]
S R s R S S
I S A

Figure 11.8 Inverted Pulse Output (Example)
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11.3.6  Pulse Output Triggered by Input Capture

Pulse output can be triggered by TPU input capture as well as by compare match. If TGRA
functions as an input capture register in the TPU channel selected by PCR, pulse output will be
triggered by the input capture signal.

Figure 11.9 shows the timing of this output.

TIOC pin (D\

Input capture ,—I
signal

NDR N
PODR M X N
PO M X N

Figure 11.9 Pulse Output Triggered by Input Capture (Example)
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11.4  Usage Notes

Operation of Pulse Output Pins: Pins PO8 to PO15 are also used for other peripheral functions
such as the TPU. When output by another peripheral function is enabled, the corresponding pins
cannot be used for pulse output. Note, however, that data transfer from NDR bits to PODR bits
takes place, regardless of the usage of the pins.

Pin functions should be changed only under conditions in which the output trigger event will not
occur.

Note on Non-Overlapping Output: During non-overlapping operation, the transfer of NDR bit
values to PODR bits takes place as follows.

e NDR bits are always transferred to PODR bits at compare match A.

e At compare match B, NDR bits are transferred only if their value is 0. Bits are not transferred
if their value is 1.

Figure 11.10 illustrates the non-overlapping pulse output operation.

DDR NDER

Compare match A
Compare match B

C

Pulse Q PODR Dj= «—Q NDR D{=— Internal data bus
output
pin

Normal output/inverted output

Figure 11.10 Non-Overlapping Pulse Output
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Therefore, 0 data can be transferred ahead of 1 data by making compare match B occur before
compare match A. The NDR contents should not be altered during the interval from compare
match B to compare match A (the non-overlap margin).

This can be accomplished by having the TGIA interrupt handling routine write the next data in
NDR, or by having the TGIA interrupt activate the DTC. Note, however, that the next data must
be written before the next compare match B occurs.

Figure 11.11 shows the timing of this operation.

Compare match A ,_l ,_l
Compare match B ,_l ; ,_l ;

Write to NDR Write to NDR

NDR | X | X
PODR X X

0 output  0/1 output 0 output 0/1 output
Write to NDR —+—+—Write to NDR
Do not write Nere Do not write  Nere
to NDR here to NDR here

Figure 11.11 Non-Overlapping Operation and NDR Write Timing
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Section 12 Watchdog Timer

12.1 Overview

The H8S/2646 Group has an on-chip watchdog timer with two channels (WDTO0, WDT1). The
WDT can also generate an internal reset signal for the H8S/2646 Group if a system crash prevents
the CPU from writing to the timer counter, allowing it to overflow.

When this watchdog function is not needed, the WDT can be used as an interval timer. In interval
timer operation, an interval timer interrupt is generated each time the counter overflows.

12.1.1  Features
WDT features are listed below.

e Switchable between watchdog timer mode and interval timer mode
e An internal reset can be issued if the timer counter overflows.
In the watchdog timer mode, the WDT can generate an internal reset.
e Interrupt generation when in interval timer mode
If the counter overflows, the WDT generates an interval timer interrupt.

e WDTO0 and WDT]1 respectively allow eight and sixteen types of counter input clock to be
selected

The maximum interval of the WDT is given as a system clock cycle x 131072 x 256.
A subclock may be selected for the input counter of WDT1.
Where a subclock is selected, the maximum interval is given as a subclock cycle x 256 x 256.

REJ09B0257-0700 Rev. 7.00 Page 419 of 1126
Jun 10, 2010 RENESAS



H8S/2646 Group, H8S/2646R F-ZTATTM,
Section 12 Watchdog Timer H8S/2648R F-ZTATTM

12.1.2  Block Diagram

Figures 12.1 (a) and 12.1 (b) show a block diagram of the WDT.

3 Overflow . o/2%2 !
WOVIO : Interrupt B <7¢/64*i :
(interrupt request control -———0/128"2 |
signal) | Clock |[=——0¢/512%2 :
Clock select |« ¢/2048%2 |
! ~——0/8192%2
| -~ /32768%2 |
Internal reset signal*! <«——| Reset ~—— /13107272 |
w control |
| Internal clock |
| sources ‘
= s
| L |2
| | RSTCSR |«— | TONT |« TSCR | 3
| m |5
I i c
| \/ N Bus LT
f Module bus interface "
e WDT - ;
Legend:
TCSR : Timer control/status register
TCNT  : Timer counter
RSTCSR: Reset control/status register
Notes: 1. The type of internal reset signal depends on a register setting.
2. In subactive mode and subsleep mode, ¢ operates as ¢SUB.
Figure 12.1 (a) Block Diagram of WDT0
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| 02 L oSUB/2
WOV - < 0/64 |
| roSUB/4
(Interrupt request signal) Interrupt /128 !
| L 9SUB/8
1 control | oyerfiow Clock Clock  |1z—0/512 r9SUB/16
Internal NMI' <« select |«—/2048 !
Interrupt request signal | /8192 -9SUB/32
| Reset =0 !
! - 0SUB/64
! control -— /32768 !
| T 4/131072 -oSUB/128
Internal reset signal* <—— 0 - hSUB/256
! Internal clock !
| T |
| e
! 2
3 | TONT |+ TCSR | oz
1 Bus LE
Module bus interface ),

Legend:
TCSR: Timer control/status register

TCNT : Timer counter

Note: * An internal reset signal can be generated by setting the register.

Figure 12.1 (b) Block Diagram of WDT1
12.1.3  Pin Configuration
There are no pins related to the WDT.
12.14  Register Configuration

The WDT has five registers, as summarized in table 12.1. These registers control clock selection,
WDT mode switching, and the reset signal.
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Table 12.1 WDT Registers

Address™

Channel Name Abbreviation R/W Initial Value Write™ Read
0 Timer control/status register 0 TCSRO R/(W)* H'18 H'FF74 HFF74
Timer counter 0 TCNTO R/W H'00 H'FF74 HFF75
Reset control/status register RSTCSRO R/(W)* H1F HFF76 HFF77
1 Timer control/status register 1 TCSR1 R/(W)™ H00 H'FFA2 HFFA2
Timer counter 1 TCNT1 R/W H'00 H'FFA2 H'FFA3

Notes: 1. Lower 16 bits of the address.

2. For details of write operations, see section 12.2.4, Notes on Register Access.

3. Only a write of 0 is permitted to bit 7, to clear the flag.

12.2  Register Descriptions

12.2.1 Timer Counter (TCNT)

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

TCNT is an 8-bit readable/writable™ up-counter.

When the TME bit is set to 1 in TCSR, TCNT starts counting pulses generated from the internal
clock source selected by bits CKS2 to CKSO0 in TCSR. When the count overflows (changes from
H'FF to H'00), an internal reset, a NMI interrupt (only WDT1), or an interval timer interrupt

(WOVI) is generated, depending on the mode selected by the WT/IT bit in TCSR.

TCNT is initialized to H'00 by a reset, in hardware standby mode, or when the TME bit is cleared

to 0. It is not initialized in software standby mode.

Note: * TCNT is write-protected by a password to prevent accidental overwriting. For details see

section 12.2.4, Notes on Register Access.

Page 422 of 1126 REJ09B0257-0700 Rev. 7.00

RENESAS

Jun 10, 2010



H8S/2646 Group, H8S/2646R F-ZTATTM,
H8S/2648R F-ZTATTM Section 12 Watchdog Timer

12.2.2  Timer Control/Status Register (TCSR)

TCSRO
Bit : 7 6 5 4 3 2 1 0
] OVF ] WTAT \ TME \ — \ — \ CKS2 \ CKS1 \ CKSO \
Initial value : 0 0 0 1 1 0 0 0
R/W ©ORIW) RW R/W — — R/W R/W R/W

Note: * Only a 0 may be written to this bit to clear the flag.

TCSRI1
Bit : 7 6 5 4 3 2 1 0

\ OVF \ WT/AT \ TME \ PSS RST/W\ CKS2 \ CKS1 \ CKS0 \
Initial value : 0 0 0 0 0 0 0 0
R/W © RI(W)* RMW R/W R/W R/W R/W R/W R/W

Note: * Only a 0 may be written to this bit to clear the flag.

TCSR is an 8-bit readable/writable™ register. Its functions include selecting the clock source to be
input to TCNT, and the timer mode.

TCSRO (TCSR1) is initialized to H'18 (H'00) by a reset and in hardware standby mode. It is not
initialized in software standby mode.

Note: * TCSR is write-protected by a password to prevent accidental overwriting. For details see
section 12.2.4, Notes on Register Access.
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Bit 7—Overflow Flag (OVF): Indicates that TCNT has overflowed from H'FF to H'00.

Bit 7
OVF Description
0 [Clearing conditions] (Initial value)

e Cleared when 0 is written to the TME bit (Only applies to WDT1)
e Cleared by reading TCSR when OVF = 1, then writing 0 to OVF
1 [Setting condition]

When TCNT overflows (changes from H'FF to H'00)
When internal reset request generation is selected in watchdog timer mode, OVF is
cleared automatically by the internal reset.

In interval timer mode, the OVF flag can be cleared in the interval timer interrupt service routine
by reading TCSR while OVF = 1, then writing 0 to OVF, in accordance with the OVF flag
clearing conditions.

However, if conflict occurs between the OVF flag setting timing and OVF flag read timing when
interval timer interrupts are disabled and the OVF flag is polled, it has been found that in some
cases the read of OVF = 1 is not recognized.

In this case, the OVF flag clearing conditions can be reliably met by reading the OVF = 1 state
two or more times. In the above example, therefore, the OVF = 1 state should be read at least
twice before clearing the OVF flag.

Bit 6—Timer Mode Select (WT/IT): Selects whether the WDT is used as a watchdog timer or
interval timer. When TCNT overflows, WDTO issues an internal reset if bit RSTE of the reset
control/status register (RSTCSR) is set to 1. In the interval timer mode, WDTO sends a WOVI
interrupt request to the CPU. WDT1, on the other hand, requests a reset or an NMI interrupt from
the CPU if the watchdog timer mode is chosen, whereas it requests a WOVI interrupt from the
CPU if the interval timer mode is chosen.

e WDTO Mode Select

TCSRO
WT/T Description
0 Interval timer mode: WDTO requests an interval timer interrupt (WOVI)
from the CPU when the TCNT overflows. (Initial value)
1 Watchdog timer mode: A reset is issued when the TCNT overflows if the RSTE bit of

RSTCSRis set to 1.*
Note: * For details see section 12.2.3, Reset Control/Status Register (RSTCSR).
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e WDT1 Mode Select

TCSR1
WT/T Description
0 Interval timer mode: WDT1 requests an interval timer interrupt (WOVI)
from the CPU when the TCNT overflows. (Initial value)
1 Watchdog timer mode: WDT1 requests a reset or an NMI interrupt from

the CPU when the TCNT overflows.

Bit 5—Timer Enable (TME): Selects whether TCNT runs or is halted.

Bit5

TME Description

0 TCNT is initialized to H'00 and halted (Initial value)
1 TCNT counts

WDTO0 TCSR Bit 4—Reserved Bit: It is always read as 1 and cannot be modified.

WDT1 TCSR Bit 4—Prescaler Select (PSS): This bit is used to select an input clock source for
the TCNT of WDT1.

See the descriptions of Clock Select 2 to O for details.

Bit 4
PSS Description
0 The TCNT counts frequency-division clock pulses of the ¢ based
prescaler (PSM). (Initial value)
1 The TCNT counts frequency-division clock pulses of the ¢ SUB-based prescaler
(PSS).
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WDTO0 TCSR Bit 3—Reserved Bit: It is always read as 1 and cannot be modified.

WDT1 TCSR Bit 3—Reset or NMI (RST/NMI): This bit is used to choose between an internal
reset request and an NMI request when the TCNT overflows during the watchdog timer mode.

Bit 3

RTS/NMI Description

0 NMI request. (Initial value)
1 Internal reset request.

Bits 2 to 0—Clock Select 2 to 0 (CKS2 to CKS0): These bits select one of eight internal clock
sources, obtained by dividing the system clock (¢) or subclock (¢ SUB), for input to TCNT.

e WDTO Input Clock Select

Bit2  Bit1  Bito  Description
CKS2 CKS1 CKSO0 Clock Overflow Period™ (where ¢ = 20 MHz)
0 0 0 ¢/2 (initial value)  25.6 ps
1 /64 819.2 us
1 0 /128 1.6 ms
1 ¢/512 6.6 ms
1 0 0 /2048 26.2 ms
1 $/8192 104.9 ms
1 0 /32768 419.4 ms
1 $/131072 1.68s

Note: * An overflow period is the time interval between the start of counting up from H'00 on the
TCNT and the occurrence of a TCNT overflow.
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e WDTI Input Clock Select

Description
Bit4 Bit2 Bit1 Bit 0 Overflow Period™ (where ¢ = 20 MHz)
PSS CKS2 CKS1 CKSO0 Clock (where ¢ SUB = 32.768 kHz)
0 0 0 0 ¢/2 (initial value)  25.6 ps
1 0/64 819.2 us
1 0 $/128 1.6 ms
1 ¢/512 6.6 ms
1 0 0 $/2048 26.2 ms
1 /8192 104.9 ms
1 0 $/32768 419.4 ms
1 $/131072 1.68s
1 0 0 0 oSUB/2 15.6 ms
1 oSUB/4 31.3ms
1 0 oSUB/8 62.5 ms
1 oSUB/16 125 ms
1 0 0 oSUB/32 250 ms
1 oSUB/64 500 ms
1 0 oSUB/128 1s
1 oSUB/256 2s

Note: * An overflow period is the time interval between the start of counting up from H'00 on the
TCNT and the occurrence of a TCNT overflow.

12.2.3  Reset Control/Status Register (RSTCSR)

Bit : 7 6 5 4 3 2 1 0

\ WOVF \ RSTE \ — \ — \ — \ — \ — \ —
Initial value : 0 0 0 1 1 1 1 1
R/W : RI(W)* R/W R/W — — — — —

Note: * Can only be written with 0 for flag clearing.

RSTCSR is an 8-bit readable/writable™ register that controls the generation of the internal reset
signal when TCNT overflows, and selects the type of internal reset signal.
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RSTCSR is initialized to H'1F by a reset signal from the RES pin, but not by the WDT internal
reset signal caused by overflows.

Note: * RSTCSR is write-protected by a password to prevent accidental overwriting. For details
see section 12.2.4, Notes on Register Access.

Bit 7—Watchdog Overflow Flag (WOVF): Indicates that TCNT has overflowed (changed from
H'FF to H'00) during watchdog timer operation. This bit is not set in interval timer mode.

Bit 7
WOVF Description

0 [Clearing condition] (Initial value)
Cleared by reading TCSR when WOVF = 1, then writing 0 to WOVF

1 [Setting condition]

Set when TCNT overflows (changed from H'FF to H'00) during watchdog timer
operation

Bit 6—Reset Enable (RSTE): Specifies whether or not a reset signal is generated in the
H8S/2646 Group if TCNT overflows during watchdog timer operation.

Bit 6

RSTE Description

0 Reset signal is not generated if TCNT overflows™ (Initial value)
1 Reset signal is generated if TCNT overflows

Note: * The modules within the H8S/2646 Group are not reset, but TCNT and TCSR within the
WDT are reset.

Bit 5—Reserved: Always read as 0. Can only be written with 0.

Bits 4 to 0—Reserved: Always read as 1. Not writable.
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12.24 Notes on Register Access

The watchdog timer’s TCNT, TCSR, and RSTCSR registers differ from other registers in being
more difficult to write to. The procedures for writing to and reading these registers are given
below.

Writing to TCNT and TCSR: These registers must be written to by a word transfer instruction.
They cannot be written to with byte instructions.

Figure 12.2 shows the format of data written to TCNT and TCSR. TCNT and TCSR both have the
same write address. For a write to TCNT, the upper byte of the written word must contain H'SA
and the lower byte must contain the write data. For a write to TCSR, the upper byte of the written
word must contain H'AS and the lower byte must contain the write data. This transfers the write
data from the lower byte to TCNT or TCSR.

TCNT write
15 8 7 0
Address: HFF74 H'SA Write data
TCSR write
15 8 7 0
Address: HFF74 H'A5 Write data

Figure 12.2 Format of Data Written to TCNT and TCSR (WDTO0)

REJ09B0257-0700 Rev. 7.00 Page 429 of 1126
Jun 10, 2010 RENESAS




H8S/2646 Group, H8S/2646R F-ZTATTM,
Section 12 Watchdog Timer H8S/2648R F-ZTATTM

Writing to RSTCSR: RSTCSR must be written to by word transfer instruction to address
H'FF76. It cannot be written to with byte instructions.

Figure 12.3 shows the format of data written to RSTCSR. The method of writing 0 to the WOVF
bit differs from that for writing to the RSTE bits.

To write 0 to the WOVF bit, the write data must have H'AS in the upper byte and H'00 in the
lower byte. This clears the WOVF bit to 0, but has no effect on the RSTE bits. To write to the
RSTE bit, the upper byte must contain H'SA and the lower byte must contain the write data. This
writes the values in bit 6 of the lower byte into the RSTE bit, but has no effect on the WOVF bit.

Writing 0 to WOVF bit

15 8 7 0
Address: HFF76 HAS H'00
Writing to RSTE bit
15 87 0
Address: HFF76 H'SA Write data

Figure 12.3 Format of Data Written to RSTCSR (WDT0)

Reading TCNT, TCSR, and RSTCSR: These registers are read in the same way as other
registers. The read addresses are HFF74 for TCSR, H'FF75 for TCNT, and H'FF77 for RSTCSR.
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12.3  Operation

12.3.1 Watchdog Timer Operation

To use the WDT as a watchdog timer, set the WT/IT bit in TCSR and the TME bit to 1. Software
must prevent TCNT overflows by rewriting the TCNT value (normally by writing H'00) before
overflow occurs. This ensures that TCNT does not overflow while the system is operating
normally. If TCNT overflows without being rewritten because of a system malfunction or other
error, an internal reset is issued, in the case of WDTO, if the RSTE bit in RSTCSR is set to 1. This
is illustrated in figure 12.4 (a).

The internal reset signal is output for 518 states.

If a reset caused by a signal input to the RES pin occurs at the same time as a reset caused by a
WDT overflow, the RES pin reset has priority and the WOVF bit in RSTCSR is cleared to 0.

In the case of WDTT1, the chip is reset, or an NMI interrupt request is generated, for 516 system
clock periods (516¢) (515 or 516 clock periods when the clock source is $SUB (PSS = 1)). This is
illustrated in figure 12.4 (b).

An NMI request from the watchdog timer and an interrupt request from the NMI pin are both
treated as having the same vector. So, avoid handling an NMI request from the watchdog timer
and an interrupt request from the NMI pin at the same time.

TCNT value
Overflow
L e H
H'00 i T Time
N A
WT/T=1 Write H'00' WOVF=1 | WT/IT=1  Write H'00'
TME=1 to TCNT . TME=1 to TCNT
internal reset is
generated !
Internal reset signal™®
<—>\
518 states
Legend:
WT/IT: Timer mode select bit
TME : Timer enable bit
Note: * The internal reset signal is generated only if the RSTE bit is set to 1.
Figure 12.4 (a) WDT0 Watchdog Timer Operation
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TCNT value

H'00

Internal
reset signal

Legend:

Overflow

e — N

! N ! boxt
WT/IT=1  Write H0O' WOVF= 1% | WT/IT=1 Write H'00'
TME=1  to TCNT | TME=1 to TCNT

internal reset
is generated

515/516 states

WT/IT : Timer mode select bit
TME : Timer enable bit

Note: * The WOVF bit is set to 1 and then cleared to 0 by an internal reset.

» Time

Figure 12.4 (b) WDT1 Watchdog Timer Operation

12.3.2  Interval Timer Operation

To use the WDT as an interval timer, clear the WT/IT bit in TCSR to 0 and set the TME bit to 1.
An interval timer interrupt (WOV]) is generated each time TCNT overflows, provided that the
WDT is operating as an interval timer, as shown in figure 12.5. This function can be used to
generate interrupt requests at regular intervals.
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TCNT value
i
HIFF Overflow Overflow Overflow Overflow

= Time

B ' ' ' '

WT/IT=0 WOV wovI wovl WOV
TME=1

Legend:
WOVI: Interval timer interrupt request generation

Figure 12.5 Interval Timer Operation

12.3.3  Timing of Setting Overflow Flag (OVF)

The OVF flag is set to 1 if TCNT overflows during interval timer operation. At the same time, an
interval timer interrupt (WOVI) is requested. This timing is shown in figure 12.6.

With WDT]1, the OVF bit of the TCSR is set to 1 and a simultaneous NMI interrupt is requested
when the TCNT overflows if the NMI request has been chosen in the watchdog timer mode.

o T LT LT LT LT LT

TCNT % H'FF >< H'00

Overflow signal
(internal signal)

-
N

OVF ( |
))

Figure 12.6 Timing of Setting of OVF
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12.3.4 Timing of Setting of Watchdog Timer Overflow Flag (WOVF)

In the WDTO, the WOVF flag is set to 1 if TCNT overflows during watchdog timer operation. If
TCNT overflows while the RSTE bit in RSTCSR is set to 1, an internal reset signal is generated
for the entire H8S/2646 Group chip. Figure 12.7 shows the timing in this case.

, T LS LT LT L LT LI L

TCNT \\ HFF X H00 \
Overflow signal

(internal signal) ﬁ/( ()(J
WOVF | ()()

((

Internal reset |<— I
signal () () 518 states (WDTO)

515/516 states (WDT1)

Figure 12.7 Timing of Setting of WOVF
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12.4  Interrupts

During interval timer mode operation, an overflow generates an interval timer interrupt (WOVI).
The interval timer interrupt is requested whenever the OVF flag is set to 1 in TCSR. OVF must be
cleared to O in the interrupt handling routine.

If an NMI request has been chosen in the watchdog timer mode, an NMI request is generated
when a TCNT overflow occurs.

12.5  Usage Notes

12.5.1 Contention between Timer Counter (TCNT) Write and Increment

If a timer counter clock pulse is generated during the T, state of a TCNT write cycle, the write
takes priority and the timer counter is not incremented. Figure 12.8 shows this operation.

TCNT write cycle

Address ><

Internal write signal

TCNT input clock

TCNT N >< M

Vo

[

Counter write data

Figure 12.8 Contention between TCNT Write and Increment
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12.5.2  Changing Value of PSS and CKS2 to CKS0

If bits PSS and CKS2 to CKSO in TCSR are written to while the WDT is operating, errors could
occur in the incrementation. Software must stop the watchdog timer (by clearing the TME bit to 0)
before changing the value of bits PSS and CKS2 to CKSO.

12.5.3  Switching between Watchdog Timer Mode and Interval Timer Mode

If the mode is switched from watchdog timer to interval timer, or vice versa, while the WDT is
operating, errors could occur in the incrementation. Software must stop the watchdog timer (by
clearing the TME bit to 0) before switching the mode.

12.5.4 Internal Reset in Watchdog Timer Mode

In watchdog timer mode, the H8S/2646 Group will not be reset internally if TCNT overflows
while the RSTE bit is cleared to 0. When this module is used as a watchdog timer, the RSTE bit
must be set to 1 beforehand.

12.5.5 OVF Flag Clearing in Interval Timer Mode

When the OVF flag setting conflicts with the OVF flag reading in interval timer mode, writing O
to the OVF bit may not clear the flag even though the OVF bit has been read while it is 1. If there
is a possibility that the OVF flag setting and reading will conflict, such as when the OVF flag is
polled with the interval timer interrupt disabled, read the OVF bit while it is 1 at least twice before
writing O to the OVF bit to clear the flag.
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Section 13 Serial Communication Interface (SCI)

13.1 Overview

The H8S/2646 Group is equipped with 2 or 3 independent serial communication interface (SCI)
channels™. The SCI can handle both asynchronous and clocked synchronous serial
communication. A function is also provided for serial communication between processors
(multiprocessor communication function).

Note: * Two channels in the H8S/2646, H8S/2646R, and H8S/2645; three channels in the
H8S/2648, H8S/2648R, and H8S/2647.

13.1.1 Features
SCI features are listed below.

e Choice of asynchronous or clocked synchronous serial communication mode

Asynchronous mode

— Serial data communication executed using asynchronous system in which synchronization
is achieved character by character
Serial data communication can be carried out with standard asynchronous communication
chips such as a Universal Asynchronous Receiver/Transmitter (UART) or Asynchronous
Communication Interface Adapter (ACIA)

— A multiprocessor communication function is provided that enables serial data
communication with a number of processors

— Choice of 12 serial data transfer formats

Data length : 7 or 8 bits

Stop bit length : 1 or2bits

Parity . Even, odd, or none
Multiprocessor bit : lor0

— Receive error detection : Parity, overrun, and framing errors

— Break detection . Break can be detected by reading the RxD pin level directly in
case of a framing error

Clocked Synchronous mode
— Serial data communication synchronized with a clock

Serial data communication can be carried out with other chips that have a synchronous
communication function
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— One serial data transfer format

Data length : 8 bits
— Receive error detection : Overrun errors detected
Full-duplex communication capability

— The transmitter and receiver are mutually independent, enabling transmission and reception
to be executed simultaneously

— Double-buffering is used in both the transmitter and the receiver, enabling continuous
transmission and continuous reception of serial data

Choice of LSB-first or MSB-first transfer

— Can be selected regardless of the communication mode™ (except in the case of
asynchronous mode 7-bit data)

Note: * Descriptions in this section refer to LSB-first transfer.

On-chip baud rate generator allows any bit rate to be selected

Choice of serial clock source: internal clock from baud rate generator or external clock from
SCK pin

Four interrupt sources

— Four interrupt sources — transmit-data-empty, transmit-end, receive-data-full, and receive
error — that can issue requests independently

— The transmit-data-empty interrupt and receive data full interrupts can activate the data
transfer controller (DTC) to execute data transfer

Module stop mode can be set

— As the initial setting, SCI operation is halted. Register access is enabled by exiting module
stop mode.
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13.1.2  Block Diagram

Figure 13.1 shows a block diagram of the SCI.

(0]
(8]
©
Module data bus S Internal
= data bus
>
@
ROR | | TDR SCMR [ BRR L
il _ SSR -
RxD *| | RSR | | | TSR SCR Baud rate  |=— /4
A SMR generator «— 0/16
Transmission/
<D reception control -— 0/64
h Parity generation | 4 { Clock 1
Parity check Ext | clock
xternal cloc
SeK= 1
= TXI
= RXI
Legend: = ERI
RSR : Receive shift register
RDR : Receive data register
TSR : Transmit shift register
TDR : Transmit data register
SMR : Serial mode register
SCR : Serial control register
SSR : Serial status register
SCMR : Smart card mode register
BRR : Bit rate register

Figure 13.1 Block Diagram of SCI
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13.1.3  Pin Configuration

Table 13.1 shows the serial pins for each SCI channel.

Table 13.1 SCI Pins

Channel Pin Name Symbol /0 Function

0 Serial clock pin 0 SCKO 110 SCIO clock input/output
Receive data pin 0 RxDO Input SCIO receive data input
Transmit data pin 0 TxDO Output SCIO0 transmit data output

1 Serial clock pin 1 SCK1 I/0 SCI1 clock input/output
Receive data pin 1 RxD1 Input SCI1 receive data input
Transmit data pin 1 TxD1 Output SCI1 transmit data output

2* Serial clock pin 2 SCK2 I/0 SCI2 clock input/output
Receive data pin 2 RxD2 Input SCI2 receive data input
Transmit data pin 2 TxD2 Output SCI2 transmit data output

Notes: Pin names SCK, RxD, and TxD are used in the text for all channels, omitting the channel

designation.

* HB8S/2648, H8S/2648R, and H8S/2647 only.
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13.14

Register Configuration

The SCI has the internal registers shown in table 13.2. These registers are used to specify
asynchronous mode or clocked synchronous mode, the data format , and the bit rate, and to control

transmitter/receiver.

Table 13.2 SCI Registers

Channel Name Abbreviation R/W Initial Value Address™

0 Serial mode register 0 SMRO R/W H'00 H'FF78
Bit rate register O BRRO R/W H'FF H'FF79
Serial control register 0 SCRO R/W H'00 H'FF7A
Transmit data register 0 TDRO R/W H'FF H'FF7B
Serial status register 0 SSRO R/(W)** H'84 H'FF7C
Receive data register 0 RDRO R H'00 H'FF7D
Smart card mode register 0 SCMRO R/W H'F2 H'FF7E

1 Serial mode register 1 SMR1 R/W H'00 H'FF80
Bit rate register 1 BRR1 R/W H'FF H'FF81
Serial control register 1 SCRH1 R/W H'00 H'FF82
Transmit data register 1 TDR1 R/W H'FF H'FF83
Serial status register 1 SSR1 R/(W)* H'84 H'FF84
Receive data register 1 RDR1 R H'00 H'FF85
Smart card mode register 1 SCMR1 R/W H'F2 H'FF86

2 Serial mode register 2 SMR2 R/W H'00 H'FF88

(H8S/2648, gt (ot register 2 BRR2 RW  HFF HFF89

H8S/2648R,

H8S/2647)  Serial control register 2 SCR2 R/W H'00 H'FF8A
Transmit data register 2 TDR2 R/W H'FF H'FF8B
Serial status register 2 SSR2 R/(W)** H'84 H'FF8C
Receive data register 2 RDR2 R H'00 H'FF8D
Smart card mode register 2 SCMR2 R/W H'F2 H'FF8E

All Module stop control register B MSTPCRB R/W H'FF H'FDE9

Notes: 1. Lower 16 bits of the address.

2. Can only be written with O for flag clearing.
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13.2  Register Descriptions

13.2.1  Receive Shift Register (RSR)

Bit : 7 6 5 4 3 2 1 0

RW — — — — — — — —

RSR is a register used to receive serial data.

The SCI sets serial data input from the RxD pin in RSR in the order received, starting with the
LSB (bit 0), and converts it to parallel data. When one byte of data has been received, it is
transferred to RDR automatically.

RSR cannot be directly read or written to by the CPU.

13.2.2  Receive Data Register (RDR)

Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
R/W : R R R R R R R R

RDR is a register that stores received serial data.

When the SCI has received one byte of serial data, it transfers the received serial data from RSR to
RDR where it is stored, and completes the receive operation. After this, RSR is receive-enabled.

Since RSR and RDR function as a double buffer in this way, enables continuous receive
operations to be performed.

RDR is a read-only register, and cannot be written to by the CPU.

RDR is initialized to H'00 by a reset, in standby mode, watch mode, subactive mode, and subsleep
mode, or module stop mode.
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13.2.3  Transmit Shift Register (TSR)

Bit : 7 6 5 4 3 2 1 0

RW - — — — — — — — —

TSR is a register used to transmit serial data.

To perform serial data transmission, the SCI first transfers transmit data from TDR to TSR, then
sends the data to the TxD pin starting with the LSB (bit 0).

When transmission of one byte is completed, the next transmit data is transferred from TDR to
TSR, and transmission started, automatically. However, data transfer from TDR to TSR is not
performed if the TDRE bit in SSR is set to 1.

TSR cannot be directly read or written to by the CPU.

13.2.4 Transmit Data Register (TDR)

Bit : 7 6 5 4 3 2 1 0
. 1 [ |

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

TDR is an 8-bit register that stores data for serial transmission.

When the SCI detects that TSR is empty, it transfers the transmit data written in TDR to TSR and
starts serial transmission. Continuous serial transmission can be carried out by writing the next
transmit data to TDR during serial transmission of the data in TSR.

TDR can be read or written to by the CPU at all times.

TDR is initialized to H'FF by a reset, in standby mode, watch mode, subactive mode, and subsleep
mode, or module stop mode.
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13.2.5 Serial Mode Register (SMR)

Bit : 7 6 5 4 3 2 1 0

| C/A | CHR | PE | O/E | STOP | MP | CKSH1 | CKSO0 ‘
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

SMR is an 8-bit register used to set the SCI’s serial transfer format and select the baud rate
generator clock source.

SMR can be read or written to by the CPU at all times.
SMR is initialized to H'0O by a reset and in hardware standby mode.

Bit 7—Communication Mode (C/A): Selects asynchronous mode or clocked synchronous mode
as the SCI operating mode.

Bit 7

C/A Description

0 Asynchronous mode (Initial value)
1 Clocked synchronous mode

Bit 6—Character Length (CHR): Selects 7 or 8 bits as the data length in asynchronous mode. In
clocked synchronous mode, a fixed data length of 8 bits is used regardless of the CHR setting.

Bit 6

CHR Description

0 8-bit data (Initial value)
1 7-bit data®

Note: * When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted, and it is not possible
to choose between LSB-first or MSB-first transfer.
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Bit 5—Parity Enable (PE): In asynchronous mode, selects whether or not parity bit addition is
performed in transmission, and parity bit checking in reception. In clocked synchronous mode
with a multiprocessor format, parity bit addition and checking is not performed, regardless of the
PE bit setting.

Bit5

PE Description

0 Parity bit addition and checking disabled (Initial value)
1 Parity bit addition and checking enabled™

Note: * When the PE bit is set to 1, the parity (even or odd) specified by the O/E bit is added to
transmit data before transmission. In reception, the parity bit is checked for the parity (even
or odd) specified by the O/E bit.

Bit 4—Parity Mode (O/E): Selects either even or odd parity for use in parity addition and
checking.

The O/E bit setting is only valid when the PE bit is set to 1, enabling parity bit addition and
checking, in asynchronous mode. The O/E bit setting is invalid in clocked synchronous mode,
when parity addition and checking is disabled in asynchronous mode, and when a multiprocessor
format is used.

Bit 4

O/E Description

0 Even parity™ (Initial value)
1 Odd parity™

Notes: 1. When even parity is set, parity bit addition is performed in transmission so that the total
number of 1 bits in the transmit character plus the parity bit is even.
In reception, a check is performed to see if the total number of 1 bits in the receive
character plus the parity bit is even.

2. When odd parity is set, parity bit addition is performed in transmission so that the total

number of 1 bits in the transmit character plus the parity bit is odd.
In reception, a check is performed to see if the total number of 1 bits in the receive
character plus the parity bit is odd.
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Bit 3—Stop Bit Length (STOP): Selects 1 or 2 bits as the stop bit length in asynchronous mode.
The STOP bits setting is only valid in asynchronous mode. If clocked synchronous mode is set the
STOP bit setting is invalid since stop bits are not added.

Bit 3
STOP Description
0 1 stop bit: In transmission, a single 1 bit (stop bit) is added to the end
of a transmit character before it is sent. (Initial value)
1 2 stop bits: In transmission, two 1 bits (stop bits) are added to the end of a transmit

character before it is sent.

In reception, only the first stop bit is checked, regardless of the STOP bit setting. If the second
stop bit is 1, it is treated as a stop bit; if it is 0, it is treated as the start bit of the next transmit
character.

Bit 2—Multiprocessor Mode (MP): Selects multiprocessor format. When multiprocessor format
is selected, the PE bit and O/E bit parity settings are invalid. The MP bit setting is only valid in
asynchronous mode; it is invalid in clocked synchronous mode.

For details of the multiprocessor communication function, see section 13.3.3, Multiprocessor
Communication Function.

Bit 2

MP Description

0 Multiprocessor function disabled (Initial value)

1 Multiprocessor format selected
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Bits 1 and 0—Clock Select 1 and 0 (CKS1, CKS0): These bits select the clock source for the
baud rate generator. The clock source can be selected from ¢, ¢p/4, $/16, and ¢/64, according to the
setting of bits CKS1 and CKSO.

For the relation between the clock source, the bit rate register setting, and the baud rate, see
section 13.2.8, Bit Rate Register (BRR).

Bit 1 Bit 0

CKS1 CKSO0 Description

0 0 ¢ clock (Initial value)
1 /4 clock

1 0 /16 clock
1 /64 clock

13.2.6  Serial Control Register (SCR)

Bit : 7 6 5 4 3 2 1 0

| TIE | RIE | TE | RE | MPIE | TEIE | CKE1 | CKEO ‘
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

SCR is a register that performs enabling or disabling of SCI transfer operations, serial clock output
in asynchronous mode, and interrupt requests, and selection of the serial clock source.

SCR can be read or written to by the CPU at all times.
SCR is initialized to H'0O by a reset and in standby mode.

Bit 7—Transmit Interrupt Enable (TIE): Enables or disables transmit data empty interrupt
(TXI) request generation when serial transmit data is transferred from TDR to TSR and the TDRE
flag in SSRis setto 1.

Bit 7

TIE Description

0 Transmit data empty interrupt (TXI) requests disabled™ (Initial value)
1 Transmit data empty interrupt (TXI) requests enabled

Note: * TXI interrupt request cancellation can be performed by reading 1 from the TDRE flag, then
clearing it to O, or clearing the TIE bit to 0.
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Bit 6—Receive Interrupt Enable (RIE): Enables or disables receive data full interrupt (RXTI)
request and receive error interrupt (ERI) request generation when serial receive data is transferred
from RSR to RDR and the RDRF flag in SSR is set to 1.

Bit 6

RIE Description

0 Receive data full interrupt (RXI) request and receive error interrupt (ERI) request
disabled™ (Initial value)

1 Receive data full interrupt (RXI) request and receive error interrupt (ERI) request
enabled

Note: * RXI and ERI interrupt request cancellation can be performed by reading 1 from the RDRF
flag, or the FER, PER, or ORER flag, then clearing the flag to 0, or clearing the RIE bit to 0.

Bit 5—Transmit Enable (TE): Enables or disables the start of serial transmission by the SCI.

Bit5

TE Description

0 Transmission disabled™ (Initial value)
1 Transmission enabled™

Notes: 1. The TDRE flag in SSR is fixed at 1.

2. In this state, serial transmission is started when transmit data is written to TDR and the
TDRE flag in SSR is cleared to 0.

SMR setting must be performed to decide the transfer format before setting the TE bit
to 1.

Bit 4—Receive Enable (RE): Enables or disables the start of serial reception by the SCI.

Bit 4

RE Description

0 Reception disabled™ (Initial value)
1 Reception enabled™?

Notes: 1. Clearing the RE bit to 0 does not affect the RDRF, FER, PER, and ORER flags, which
retain their states.

2. Serial reception is started in this state when a start bit is detected in asynchronous
mode or serial clock input is detected in clocked synchronous mode.
SMR setting must be performed to decide the transfer format before setting the RE bit
to 1.
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Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts.
The MPIE bit setting is only valid in asynchronous mode when the MP bit in SMR is set to 1.

The MPIE bit setting is invalid in clocked synchronous mode or when the MP bit is cleared to O.

Bit 3
MPIE Description
0 Multiprocessor interrupts disabled (normal reception performed) (Initial value)

[Clearing conditions]
o When the MPIE bit is cleared to 0
o When MPB= 1 data is received

1 Multiprocessor interrupts enabled™

Receive interrupt (RXI) requests, receive error interrupt (ERI) requests, and setting
of the RDRF, FER, and ORER flags in SSR are disabled until data with the
multiprocessor bit set to 1 is received.

Note: * When receive data including MPB = 0 is received, receive data transfer from RSR to RDR,
receive error detection, and setting of the RDRF, FER, and ORER flags in SSR , is not
performed. When receive data including MPB = 1 is received, the MPB bit in SSR is set to
1, the MPIE bit is cleared to 0 automatically, and generation of RXI and ERI interrupts
(when the TIE and RIE bits in SCR are set to 1) and FER and ORER flag setting is enabled.

Bit 2—Transmit End Interrupt Enable (TEIE): Enables or disables transmit end interrupt
(TEI) request generation when there is no valid transmit data in TDR in MSB data transmission.

Bit 2

TEIE Description

0 Transmit end interrupt (TEI) request disabled™ (Initial value)
1 Transmit end interrupt (TEI) request enabled™

Note: * TEI cancellation can be performed by reading 1 from the TDRE flag in SSR, then clearing it
to 0 and clearing the TEND flag to O, or clearing the TEIE bit to 0.
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Bits 1 and 0—Clock Enable 1 and 0 (CKE1, CKE0): These bits are used to select the SCI clock
source and enable or disable clock output from the SCK pin. The combination of the CKE1 and
CKEQO bits determines whether the SCK pin functions as an I/O port, the serial clock output pin, or
the serial clock input pin.

The setting of the CKEO bit, however, is only valid for internal clock operation (CKE1 = 0) in
asynchronous mode. The CKEO bit setting is invalid in clocked synchronous mode, and in the case
of external clock operation (CKE1 = 1). Note that the SCI’s operating mode must be decided using
SMR before setting the CKE1 and CKEDO bits.

For details of clock source selection, see table 13.9.

Bit 1 Bit0
CKE1 CKEO Description
0 0 Asynchronous mode Internal clock/SCK pin functions as 1/0 port™
Clocked synchronous Internal clock/SCK pin functions as serial clock
mode output™
1 Asynchronous mode Internal clock/SCK pin functions as clock output™
Clocked synchronous Internal clock/SCK pin functions as serial clock
mode output
1 0 Asynchronous mode External clock/SCK pin functions as clock input™®
Clocked synchronous External clock/SCK pin functions as serial clock
mode input
1 Asynchronous mode External clock/SCK pin functions as clock input™®
Clocked synchronous External clock/SCK pin functions as serial clock
mode input

Notes: 1. Initial value
2. Outputs a clock of the same frequency as the bit rate.
3. Inputs a clock with a frequency 16 times the bit rate.
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13.2.7  Serial Status Register (SSR)

Bit : 7 6 5 4 3 2 1 0

| TDRE | RDRF | ORER | FER | PER | TEND | MPB | MPBT ‘
Initial value : 1 0 0 0 0 1 0 0
R/W : R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)* R R R/W

Note: * Only O can be written, to clear the flag.

SSR is an 8-bit register containing status flags that indicate the operating status of the SCI, and
multiprocessor bits.

SSR can be read or written to by the CPU at all times. However, 1 cannot be written to flags
TDRE, RDRF, ORER, PER, and FER. Also note that in order to clear these flags they must be
read as 1 beforehand. The TEND flag and MPB flag are read-only flags and cannot be modified.

SSR is initialized to H'84 by a reset, in standby mode, watch mode, subactive mode, subsleep
mode, or module stop mode.

Bit 7—Transmit Data Register Empty (TDRE): Indicates that data has been transferred from
TDR to TSR and the next serial data can be written to TDR.

Bit 7
TDRE Description
0 [Clearing conditions]

e When 0 is written to TDRE after reading TDRE = 1
e When the DTC is activated by a TXI interrupt and writes data to TDR
1 [Setting conditions] (Initial value)
e When the TE bitin SCRis 0
e When data is transferred from TDR to TSR and data can be written to TDR
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Bit 6—Receive Data Register Full (RDRF): Indicates that the received data is stored in RDR.

Bit 6
RDRF Description
0 [Clearing conditions] (Initial value)

e When 0 is written to RDRF after reading RDRF = 1
e When the DTC is activated by an RXI interrupt and reads data from RDR
1 [Setting condition]

When serial reception ends normally and receive data is transferred from RSR to RDR

Note: RDR and the RDRF flag are not affected and retain their previous values when an error is
detected during reception or when the RE bit in SCR is cleared to 0.

If reception of the next data is completed while the RDRF flag is still set to 1, an overrun
error will occur and the receive data will be lost.

Bit 5—Overrun Error (ORER): Indicates that an overrun error occurred during reception,
causing abnormal termination.

Bit 5

ORER Description

0 [Clearing condition] (Initial value)™
When 0 is written to ORER after reading ORER = 1

1 [Setting condition]

When the next serial reception is completed while RDRF = 1**

Notes: 1. The ORER flag is not affected and retains its previous state when the RE bit in SCR is
cleared to 0.

2. The receive data prior to the overrun error is retained in RDR, and the data received
subsequently is lost. Also, subsequent serial reception cannot be continued while the
ORER flag is set to 1. In clocked synchronous mode, serial transmission cannot be
continued, either.
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Bit 4—Framing Error (FER): Indicates that a framing error occurred during reception in
asynchronous mode, causing abnormal termination.

Bit 4

FER Description

0 [Clearing condition] (Initial value)™
When 0 is written to FER after reading FER = 1

1 [Setting condition]

When the SCI checks whether the stop bit at the end of the receive data when
reception ends, and the stop bit is 0 **

Notes: 1. The FER flag is not affected and retains its previous state when the RE bit in SCR is
cleared to 0.
2. In 2-stop-bit mode, only the first stop bit is checked for a value of 0; the second stop bit
is not checked. If a framing error occurs, the receive data is transferred to RDR but the
RDREF flag is not set. Also, subsequent serial reception cannot be continued while the
FER flag is set to 1. In clocked synchronous mode, serial transmission cannot be
continued, either.

Bit 3—Parity Error (PER): Indicates that a parity error occurred during reception using parity
addition in asynchronous mode, causing abnormal termination.

Bit 3

PER Description

0 [Clearing condition] (Initial value)™'
When 0 is written to PER after reading PER = 1

1 [Setting condition]

When, in reception, the number of 1 bits in the receive data plus the parity bit does not
match the parity setting (even or odd) specified by the O/E bit in SMR™

Notes: 1. The PER flag is not affected and retains its previous state when the RE bit in SCR is
cleared to 0.

2. If a parity error occurs, the receive data is transferred to RDR but the RDRF flag is not
set. Also, subsequent serial reception cannot be continued while the PER flag is set to
1. In clocked synchronous mode, serial transmission cannot be continued, either.

Bit 2—Transmit End (TEND): Indicates that there is no valid data in TDR when the last bit of
the transmit character is sent, and transmission has been ended.

The TEND flag is read-only and cannot be modified.
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Bit 2

TEND Description

0 [Clearing conditions]

e When 0 is written to TDRE after reading TDRE = 1
¢ When the DTC is activated by a TXI interrupt and writes data to TDR
1 [Setting conditions] (Initial value)
e When the TE bitin SCRis 0
e When TDRE = 1 at transmission of the last bit of a 1-byte serial transmit character

Bit 1—Multiprocessor Bit (MPB): When reception is performed using multiprocessor format in
asynchronous mode, MPB stores the multiprocessor bit in the receive data.

MPB is a read-only bit, and cannot be modified.

Bit 1

MPB Description

0 [Clearing condition] (Initial value)™
When data with a 0 multiprocessor bit is received

1 [Setting condition]

When data with a 1 multiprocessor bit is received

Note: * Retains its previous state when the RE bit in SCR is cleared to 0 with multiprocessor
format.

Bit 0—Multiprocessor Bit Transfer (MPBT): When transmission is performed using
multiprocessor format in asynchronous mode, MPBT stores the multiprocessor bit to be added to
the transmit data.

The MPBT bit setting is invalid when multiprocessor format is not used, when not transmitting,
and in clocked synchronous mode.

Bit 0

MPBT Description

0 Data with a 0 multiprocessor bit is transmitted (Initial value)

1 Data with a 1 multiprocessor bit is transmitted
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13.2.8 Bit Rate Register (BRR)

Bit : 7 6 5 4 3 2 0
Initial value : 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

BRR is an 8-bit register that sets the serial transmit/receive bit rate in accordance with the baud

rate generator operating clock selected by bits CKS1 and CKSO in SMR.
BRR can be read or written to by the CPU at all times.

BRR is initialized to H'FF by a reset and in standby mode.

As baud rate generator control is performed independently for each channel, different values can

be set for each channel.

Table 13.3 shows sample BRR settings in asynchronous mode, and table 13.4 shows sample BRR

settings in clocked synchronous mode.

Table 13.3 BRR Settings for Various Bit Rates (Asynchronous Mode)

¢ =4 MHz ¢ = 4.9152 MHz ¢ =5 MHz ¢ =6 MHz

Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 70 0.03 2 86 031 2 88 -0.25 2 106 -0.44
150 1 207 0.16 1 255 0.00 2 64 0.16 2 77 0.16
300 1 103 0.16 1 127 0.00 1 129 0.16 1 155 0.16
600 0 207 016 O 255 0.00 1 64 0.16 1 77 0.16
1200 0 103 0.16 O 127 000 O 129 0.16 O 155 0.16
2400 0 51 016 O 63 000 O 64 016 O 77 0.16
4800 0 25 0.16 O 31 000 O 32 -1.36 0 38 0.16
9600 0 12 016 O 15 000 O 15 173 0 19 -2.34
19200 — — — 0 7 000 O 7 1.73 0 9 -2.34
31250 0 3 000 O 4 -1.70 0 4 000 O 5 0.00
38400 — — — 0 3 000 O 3 1.73 0 4 -2.34
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¢ =6.144 MHz ¢ =7.3728 MHz ¢ =8 MHz ¢ =9.8304 MHz
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 108 0.08 2 130 -0.07 2 141 003 2 174 -0.26
150 2 79 0.00 2 95 0.00 2 103 0.16 2 127 0.00
300 1 159 0.00 1 191 0.00 1 207 0.16 1 255  0.00
600 1 79 0.00 1 95 0.00 1 103 0.16 1 127 0.00
1200 0 159 000 O 191 0.00 O 207 016 O 255  0.00
2400 0 79 0.00 O 95 0.00 O 103 0.16 O 127 0.00
4800 0 39 0.00 O 47 0.00 O 51 016 O 63 0.00
9600 0 19 0.00 O 23 0.00 O 25 016 O 31 0.00
19200 0 9 0.00 O 11 0.00 O 12 016 O 15 0.00
31250 0 5 240 — — — 0 7 0.00 O 9 -1.70
38400 0 4 0.00 O 5 0.00 — — — 0 7 0.00
¢ =10 MHz ¢ =12 MHz ¢ = 12.288 MHz ¢ =14 MHz
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 177 -0.25 2 212 003 2 217 0.08 2 248 -0.17
150 2 129 0.16 2 155 0.16 2 159 0.00 2 181 0.16
300 2 64 0.16 2 77 0.16 2 79 0.00 2 90 0.16
600 1 129 0.16 1 155 0.16 1 159 0.00 1 181 0.16
1200 1 64 0.16 1 77 0.16 1 79 0.00 1 90 0.16
2400 0 129 0.16 O 155 0.16 O 159 0.00 O 181 0.16
4800 0 64 0.16 0 77 0.16 0 79 0.00 O 90 0.16
9600 0 32 -1.36 0 38 016 O 39 0.00 O 45 -0.93
19200 0 15 173 0 19 —234 0 19 0.00 O 22 -0.93
31250 0 9 0.00 O 11 0.00 O 11 240 O 13 0.00
38400 0 7 173 0 9 234 0 9 0.00 — — —
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¢ = 14.7456 MHz ¢ =16 MHz ¢ = 17.2032 MHz ¢ =18 MHz
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 3 64 070 3 70 0.03 3 75 048 3 79 -0.12
150 2 191 0.00 2 207 016 2 223 0.00 2 233 0.16
300 2 95 0.00 2 103 0.16 2 111 0.00 2 116  0.16
600 1 191 0.00 1 207 0.16 1 223 0.00 1 233 0.16
1200 1 95 0.00 1 103 0.16 1 111 0.00 1 116  0.16
2400 0 191 0.00 O 207 016 O 223 000 O 233 0.16
4800 0 95 0.00 O 103 0.16 O 111 0.00 O 116 0.16
9600 0 47 0.00 O 51 0.16 0 55 0.00 O 58 —-0.69
19200 0 23 0.00 O 25 016 0 27 0.00 O 28 1.02
31250 0 14 -1.70 0 15 0.00 O 16 120 O 17 0.00
38400 0 11 0.00 O 12 0.16 0 13 0.00 O 14 —2.34
¢ = 19.6608 MHz ¢ =20 MHz
Bit Rate Error Error
(bit/s) n N (%) n N (%)
110 3 86 031 3 88 -0.25
150 2 255 0.00 3 64 0.16
300 2 127 0.00 2 129  0.16
600 1 255 0.00 2 64 0.16
1200 1 127 0.00 1 129 0.16
2400 0 255 0.00 1 64 0.16
4800 0 127 000 O 129  0.16
9600 0 63 0.00 O 64 0.16
19200 0 31 0.00 O 32 -1.36
31250 0 19 -1.70 0 19 0.00
38400 0 15 0.00 O 15 1.73
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Table 13.4 BRR Settings for Various Bit Rates (Clocked Synchronous Mode)

Bit Rate ¢ =4 MHz ¢ = 8 MHz ¢ =10 MHz ¢ =16 MHz ¢ = 20 MHz
(bit/s) n N n N n N n N n N
110 — —

250 2 249 3 124 — — 3 249

500 2 124 2 249 — — 3 124 — —
1k 1 249 2 124 — — 2 249 — —
25k 1 99 1 199 1 249 2 99 2 124
5k 0 199 1 99 1 124 1 199 1 249
10k 0 99 0 199 0 249 1 99 1 124
25k 0 39 0 79 0 99 0 159 0 199
50 k 0 19 0 39 0 49 0 79 0 99
100 k 0 9 0 19 0 24 0 39 0 49
250 k 0 3 0 7 0 9 0 15 0 19
500 k 0 1 0 3 0 4 0 7 0 9
1M 0 0* 0 1 0 3 0 4
25M 0 0* 0 1
5M 0 0*

Note: As far as possible, the setting should be made so that the error is no more than 1%.
Legend:
Blank : Cannot be set.
— : Can be set, but there will be a degree of error.
* 1 Continuous transfer is not possible.
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The BRR setting is found from the following formulas.

Asynchronous mode:

N= + x 10° -1
64 x2" xB
Clocked synchronous mode:
N= + x 10° -1
8x27 xB

Where B: Bit rate (bit/s)

N: BRR setting for baud rate generator (0 < N < 255)

¢: Operating frequency (MHz)

n: Baud rate generator input clock (n =0 to 3)

(See the table below for the relation between n and the clock.)

SMR Setting
n Clock CKS1 CKSo0
0 ¢ 0 0
1 /4 0 1
2 /16 1 0
3 $/64 1 1

The bit rate error in asynchronous mode is found from the following formula:

o x 10°
(N+1)xBx64x2""

Error (%) = {

~ 1} % 100
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Table 13.5 shows the maximum bit rate for each frequency in asynchronous mode. Tables 13.6

and 13.7 show the maximum bit rates with external clock input.

Table 13.5 Maximum Bit Rate for Each Frequency (Asynchronous Mode)

¢ (MHz) Maximum Bit Rate (bit/s) n N
4 125000 0 0
4.9152 153600 0 0
5 156250 0 0
6 187500 0 0
6.144 192000 0 0
7.3728 230400 0 0
8 250000 0 0
9.8304 307200 0 0
10 312500 0 0
12 375000 0 0
12.288 384000 0 0
14 437500 0 0
14.7456 460800 0 0
16 500000 0 0
17.2032 537600 0 0
18 562500 0 0
19.6608 614400 0 0
20 625000 0 0
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Table 13.6 Maximum Bit Rate with External Clock Input (Asynchronous Mode)

¢ (MHz) External Input Clock (MHz) Maximum Bit Rate (bit/s)
4 1.0000 62500
4.9152 1.2288 76800
5 1.2500 78125
6 1.5000 93750
6.144 1.5360 96000
7.3728 1.8432 115200
8 2.0000 125000
9.8304 2.4576 153600
10 2.5000 156250
12 3.0000 187500
12.288 3.0720 192000
14 3.5000 218750
14.7456 3.6864 230400
16 4.0000 250000
17.2032 4.3008 268800
18 4.5000 281250
19.6608 4.9152 307200
20 5.0000 312500

Table 13.7 Maximum Bit Rate with External Clock Input (Clocked Synchronous Mode)

¢ (MHz) External Input Clock (MHz) Maximum Bit Rate (bit/s)
4 0.6667 666666.7

6 1.0000 1000000.0

8 1.3333 1333333.3

10 1.6667 1666666.7

12 2.0000 2000000.0

14 2.3333 2333333.3

16 2.6667 2666666.7

18 3.0000 3000000.0

20 3.3333 3333333.3
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13.2.9 Smart Card Mode Register (SCMR)

Bit : 7 6 5 4 3 2 1 0

| — | — | — | — | SDIR | SINV | — | SMIF |
Initial value : 1 1 1 1 0 0 1 0
R/W : — — — — R/W R/W — R/W

SCMR selects LSB-first or MSB-first by means of bit SDIR. Except in the case of asynchronous
mode 7-bit data, LSB-first or MSB-first can be selected regardless of the serial communication
mode. The descriptions in this chapter refer to LSB-first transfer.

For details of the other bits in SCMR, see section 14.2.1, Smart Card Mode Register (SCMR).
SCMR is initialized to H'F2 by a reset and in standby mode.
Bits 7 to 4—Reserved: It is always read as 1 and cannot be modified.

Bit 3—Smart Card Data Transfer Direction (SDIR): Selects the serial/parallel conversion
format.

This bit is valid when 8-bit data is used as the transmit/receive format.

Bit 3

SDIR Description

0 TDR contents are transmitted LSB-first (Initial value)
Receive data is stored in RDR LSB-first

1 TDR contents are transmitted MSB-first
Receive data is stored in RDR MSB-first
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Bit 2—Smart Card Data Invert (SINV): Specifies inversion of the data logic level. The SINV
bit does not affect the logic level of the parity bit(s): parity bit inversion requires inversion of the
O/E bit in SMR.

Bit 2

SINV Description

0 TDR contents are transmitted without modification (Initial value)
Receive data is stored in RDR without modification

1 TDR contents are inverted before being transmitted

Receive data is stored in RDR in inverted form

Bit 1—Reserved: It is always read as 1 and cannot be modified.

Bit 0—Smart Card Interface Mode Select (SMIF): When the smart card interface operates as a
normal SCI, 0 should be written in this bit.

Bit 0

SMIF Description

0 Operates as normal SCI (smart card interface function disabled) (Initial value)
1 Smart card interface function enabled

13.2.10 Module Stop Control Register B (MSTPCRB)

Bit : 7 6 5 4 3 2 1 0
|MSTPB7| MSTPBG| MSTPBS| MSTPB4| MSTPBS|MSTPBZ | MSTPB1 |MSTPBO‘

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

MSTPCRB is an 8-bit readable/writable register that perform module stop mode control.

Setting any of bits MSTPB7 and MSTPB6 to 1 stops SCIO and SCI1 operating and enter module
stop mode on completion of the bus cycle. For details, see section 22.5, Module Stop Mode.

MSTPCRSB is initialized to H'FF by a reset and in hardware standby mode. They are not initialized
in software standby mode.
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Bit 7—Module Stop (MSTPB7): Specifies the SCI0 module stop mode.

Bit 7

MSTPB7 Description

0 SCI0 module stop mode is cleared

1 SCI0 module stop mode is set (Initial value)

Bit 6—Module Stop (MSTPB6): Specifies the SCI1 module stop mode.

Bit 6

MSTPB6 Description

0 SCI1 module stop mode is cleared

1 SCI1 module stop mode is set (Initial value)

Bit 5—Module Stop (MSTPBS): Specifies the SCI2 module stop mode.

Bit 5

MSTPB5 Description

0 SCI2 module stop mode is cleared

1 SCI2 module stop mode is set (Initial value)

Note: H8S/2648, H8S/2648R, and H8S/2647 only.
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13.3  Operation

13.3.1 Overview

The SCI can carry out serial communication in two modes: asynchronous mode in which
synchronization is achieved character by character, and clocked synchronous mode in which
synchronization is achieved with clock pulses.

Selection of asynchronous or clocked synchronous mode and the transmission format is made
using SMR as shown in table 13.8. The SCI clock is determined by a combination of the C/A bit
in SMR and the CKE1 and CKEO bits in SCR, as shown in table 13.9.

Asynchronous Mode

e Data length: Choice of 7 or 8 bits

e Choice of parity addition, multiprocessor bit addition, and addition of 1 or 2 stop bits (the
combination of these parameters determines the transfer format and character length)

e Detection of framing, parity, and overrun errors, and breaks, during reception
e Choice of internal or external clock as SCI clock source
— When internal clock is selected:

The SCI operates on the baud rate generator clock and a clock with the same frequency as
the bit rate can be output

— When external clock is selected:

A clock with a frequency of 16 times the bit rate must be input (the on-chip baud rate
generator is not used)

Clocked Synchronous Mode

e Transfer format: Fixed 8-bit data
e Detection of overrun errors during reception
e Choice of internal or external clock as SCI clock source
— When internal clock is selected:
The SCI operates on the baud rate generator clock and a serial clock is output off-chip
— When external clock is selected:

The on-chip baud rate generator is not used, and the SCI operates on the input serial clock

REJ09B0257-0700 Rev. 7.00 Page 465 of 1126
Jun 10, 2010 RENESAS



H8S/2646 Group, H8S/2646R F-ZTATTM,
Section 13 Serial Communication Interface (SCI) H8S/2648R F-ZTATTM

Table 13.8 SMR Settings and Serial Transfer Format Selection

SMR Settings SCI Transfer Format
Bit7 Bit6 Bit2 Bit5 Bit3 Multi-
Data Processor Parity Stop Bit
CA CHR MP PE STOP Mode Length  Bit Bit Length
0 0 0 0 0 Asynchronous 8-bit data No No 1 bit
1 mode 2 bits
1 0 Yes 1 bit
1 2 bits
1 0 0 7-bit data No 1 bit
1 2 bits
1 0 Yes 1 bit
1 2 bits
0 1 — 0 Asynchronous 8-bit data Yes No 1 bit
_ 1 mode (multi- 2 bits
processor format) ——
1 — 0 7-bit data 1 bit
— 1 2 bits
1 — — — — Clocked 8-bit data No None

synchronous mode

Table 13.9 SMR and SCR Settings and SCI Clock Source Selection

SMR SCR Setting SCI Transmit/Receive Clock
Bit 7 Bit1 Bit0 Clock
C/A° CKE1 CKEO Mode Source  SCK Pin Function
0 0 0 Asynchronous  Internal SCI does not use SCK pin
1 mode Outputs clock with same frequency as bit
rate
1 0 External Inputs clock with frequency of 16 times
1 the bit rate
1 0 0 Clocked Internal Outputs serial clock
1 synchronous
mode
1 0 External Inputs serial clock
1
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13.3.2  Operation in Asynchronous Mode

In asynchronous mode, characters are sent or received, each preceded by a start bit indicating the
start of communication and stop bits indicating the end of communication. Serial communication
is thus carried out with synchronization established on a character-by-character basis.

Inside the SCI, the transmitter and receiver are independent units, enabling full-duplex
communication. Both the transmitter and the receiver also have a double-buffered structure, so
that data can be read or written during transmission or reception, enabling continuous data
transfer.

Figure 13.2 shows the general format for asynchronous serial communication.

In asynchronous serial communication, the transmission line is usually held in the mark state (high
level). The SCI monitors the transmission line, and when it goes to the space state (low level),
recognizes a start bit and starts serial communication.

One serial communication character consists of a start bit (low level), followed by data (in LSB-
first order), a parity bit (high or low level), and finally stop bits (high level).

In asynchronous mode, the SCI performs synchronization at the falling edge of the start bit in
reception. The SCI samples the data on the 8th pulse of a clock with a frequency of 16 times the
length of one bit, so that the transfer data is latched at the center of each bit.

Idle state
(mark state)
1 LSB MSB 1
Seriall 6 | po | p1 | D2 | D3| D4 | D5 | D6 | D7 |0 | 1 1
data
Start Parity| Stop bit
bit Transmit/receive data bit
1 bit 7 or 8 bits 1 bit, 1or
ornone 2 bits
One unit of transfer data (character or frame)
Figure 13.2 Data Format in Asynchronous Communication
(Example with 8-Bit Data, Parity, Two Stop Bits)
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Data Transfer Format

Table 13.10 shows the data transfer formats that can be used in asynchronous mode. Any of 12
transfer formats can be selected according to the SMR setting.

Table 13.10 Serial Transfer Formats (Asynchronous Mode)

SMR Settings Serial Transfer Format and Frame Length
CHR | PE | MP |STOP| 1 2 3 4 5 6 7 8 9 10 11 12
0 0 0 o ||s| 8-bit data [sTop
0 0 0 1| |s | 8-bit data [sor{stop
0 1 0 o ||s| 8-bit data | P [stop
0 1 0 1| |s| 8-bit data [ P [storstop
1 0 0 o ||s| 7-bit data [stop
1 0 0 1| |s | 7-bit data [s1op[sTop
1 1 0 o ||s| 7-bit data [ P [stop
1 1 0 1| |s | 7-bit data [ P [sroplstop
0 — 1 o ||s| 8-bit data |up [sToP
0 — 1 1 ]s| 8-bit data | e [sTor|sTop
1 — 1 o ||s| 7-bit data |wpa [sToP
1 — 1 1| |s | 7-bit data [ wes[stop|sTop
Legend:
S :Startbit
STOP : Stop bit
P :Parity bit

MPB : Multiprocessor bit
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Clock

Either an internal clock generated by the on-chip baud rate generator or an external clock input at
the SCK pin can be selected as the SCI’s serial clock, according to the setting of the C/A bit in
SMR and the CKE1 and CKEQ bits in SCR. For details of SCI clock source selection, see table
13.9.

When an external clock is input at the SCK pin, the clock frequency should be 16 times the bit rate
used.

When the SCI is operated on an internal clock, the clock can be output from the SCK pin. The
frequency of the clock output in this case is equal to the bit rate, and the phase is such that the
rising edge of the clock is in the middle of the transmit data, as shown in figure 13.3.

gy n e

0 DO | D1 D2 | D3 | D4 | D5 | D6 | D7 | 01 1 | 1

1 frame

— -

Figure 13.3 Relation between Output Clock and Transfer Data Phase
(Asynchronous Mode)

Data Transfer Operations

SCI initialization (asynchronous mode): Before transmitting and receiving data, you should first
clear the TE and RE bits in SCR to 0, then initialize the SCI as described below.

When the operating mode, transfer format, etc., is changed, the TE and RE bits must be cleared to
0 before making the change using the following procedure. When the TE bit is cleared to 0, the
TDRE flag is set to 1 and TSR is initialized. Note that clearing the RE bit to 0 does not change the
contents of the RDRF, PER, FER, and ORER flags, or the contents of RDR.

When an external clock is used the clock should not be stopped during operation, including
initialization, since operation is uncertain.
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Figure 13.4 shows a sample SCI initialization flowchart.

C Start initialization > [1] Set the clock selection in SCR.
Be sure to clear bits RIE, TIE,
‘ TEIE, and MPIE, and bits TE and

| Clear TE and RE bits in SCR to 0 | RE, to 0.
‘ When the clock is selected in
Set CKE1 and CKEO bits in SCR ] asynchronous mode, it is output
(TE, RE bits 0) (1 immediately after SCR settings are
made.

\
Set data transfer format in
SMR and SCMR 2]

| [3] Write a value corresponding to the
Set value in BRR 3] bit rate to BRR. Not necessary if an
external clock is used.

[2] Set the data transfer format in SMR
and SCMR.

Wait

A

[4] Wait at least one bit interval, then
set the TE bit or RE bit in SCR to 1.
Also set the RIE, TIE, TEIE, and
MPIE bits.

No

1-bit interval elapsed?

Setting the TE and RE bits enables
the TxD and RxD pins to be used.

Set TE and RE bits in
SCRto 1, and set RIE, TIE, TEIE, [4]
and MPIE bits

<Transfer completion>

Figure 13.4 Sample SCI Initialization Flowchart

Serial data transmission (asynchronous mode): Figure 13.5 shows a sample flowchart for serial
transmission.

The following procedure should be used for serial data transmission.
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| Initialization | 4] [ SClinitialization:
I The TxD pin is automatically

< o > designated as the transmit data
Start transmission .
output pin.

}4— After the TE bit is set to 1, a frame

| Read TDRE flag in SSR | 2] of 1s is output, and transmission is
enabled.

No [2] SCI status check and transmit data
write:
Read SSR and check that the

Yes TDRE flag is set to 1, then write
transmit data to TDR and clear the

Write transmit data to TDR TDRE flag to 0.
and clear TDRE flag in SSR to 0

[3] Serial transmission continuation
procedure:
To continue serial transmission,
read 1 from the TDRE flag to
confirm that writing is possible,

All data transmitted?

Yes then write data to TDR, and then
- 3] clear the TDRE flag to 0. Checking
and clearing of the TDRE flag is
Read TEND flag in SSR automatic when the DTC is

activated by a transmit data
empty interrupt (TXI) request, and
date is written to TDR.

[4] Break output at the end of serial
transmission:
To output a break in serial
[4] transmission, set DDR for the port
corresponding to the TxD pin to 1,
clear DR to 0, then clear the TE bit
in SCR to 0.

Break output?

Clear DR to 0 and
set DDR to 1

E—

Clear TE bitin SCR to 0 |

<End>

Figure 13.5 Sample Serial Transmission Flowchart
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In serial transmission, the SCI operates as described below.

[1] The SCI monitors the TDRE flag in SSR, and if is 0, recognizes that data has been written to
TDR, and transfers the data from TDR to TSR.

[2] After transferring data from TDR to TSR, the SCI sets the TDRE flag to 1 and starts
transmission.

If the TIE bit is set to 1 at this time, a transmit data empty interrupt (TXI) is generated.
The serial transmit data is sent from the TxD pin in the following order.

[a] Start bit:
One 0-bit is output.

[b] Transmit data:
8-bit or 7-bit data is output in LSB-first order.

[c] Parity bit or multiprocessor bit:
One parity bit (even or odd parity), or one multiprocessor bit is output.

A format in which neither a parity bit nor a multiprocessor bit is output can also be
selected.

[d] Stop bit(s):

One or two 1-bits (stop bits) are output.

[e] Mark state:

1 is output continuously until the start bit that starts the next transmission is sent.

[3] The SCI checks the TDRE flag at the timing for sending the stop bit.
If the TDRE flag is cleared to 0, the data is transferred from TDR to TSR, the stop bit is sent,
and then serial transmission of the next frame is started.
If the TDRE flag is set to 1, the TEND flag in SSR is set to 1, the stop bit is sent, and then the

“mark state” is entered in which 1 is output continuously. If the TEIE bit in SCR is set to 1 at
this time, a TEI interrupt request is generated.
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Section 13  Serial Communication Interface (SCI)

Figure 13.6 shows an example of the operation for transmission in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bit [ bit bit  bit [ bit bit 1
)) ))
0 | po | D1 D7 |o1| 1 | o | DO | Dt D7 | o Idie state
(« ( (mark state)
)) ))
((
))
TDRE (
A i ) i
TEND
(( ((
)) )) “
TXI interrupt Data written to TDR and TXl interrupt
request generated TDRE flag cleared to 0 in request generated TEl interrupt
TXI interrupt service routine request generated
1 frame

Figure 13.6 Example of Operation in Transmission in Asynchronous Mode
(Example with 8-Bit Data, Parity, One Stop Bit)

REJ09B0257-0700 Rev. 7.00
Jun 10, 2010

RENESAS

Page 473 of 1126



H8S/2646 Group, H8S/2646R F-ZTATTM,
Section 13 Serial Communication Interface (SCI) H8S/2648R F-ZTATTM

Serial data reception (asynchronous mode): Figure 13.7 shows a sample flowchart for serial
reception.

The following procedure should be used for serial data reception.

| Initialization | [1] [1] SCl initialization:
‘ The RxD pin is automatically
( Start reception ) Fiesigngted as the receive data
input pin.

oy
|

[2] [3] Receive error processing and
break detection:
Read ORER, PER, and 2] If a receive error occurs, read the
FER flags in SSR ORER, PER, and FER flags in
SSR to identify the error. After
performing the appropriate error
processing, ensure that the
3] ORER, PER, and FER flags are
all cleared to 0. Reception cannot
( Error processing ) be resumed if any of 