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Section 3 MCU Operating Modes

Note that the functions of each pin depend on the operating mode.

The H85/2626 Group and H8S/2623 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.

312 Register Configuration

The H85/2626 Group and H8S/2623 Group have a mode control register (MDCR) that indicates
the inputs at the mode pins (MD2 to MDO), and a system control register (SY SCR) that controls
the operation of the H8S/2626 Group or H8S/2623 Group chip. Table 3.2 summarizes these
registers.

Table3.2 MCU Registers

Name Abbreviation R/W Initial Value Address”
Mode control register MDCR R/W Undetermined H'FDE7
System control register SYSCR R/W H'01 H'FDES
Pin function control register PFCR R/W H'0D/H'00 H'FDEB

Note: * Lower 16 bits of the address.
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Section 9 1/0 Ports

Pin Selection Method and Pin Functions

P13/PO11/
TPU Channel

TIOCDO/TCLKB/ :

A23 (cont) 0 Setting (2) Q) ) 2) Q) 2)
MD3 to MDO B'0000 B'0010 B'0011
IOD3 to IODO | B'0O000 [B'0001 to — B'xx00 | Other than B'xx00

B'0100 |B'0011
B'1xxX 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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Section 9 1/0 Ports

Pin Selection Method and Pin Functions

P12/P0O10/
TPU Channel

TIOCCO/TCLKA/ :

A22 (cont) 0 Setting (2) Q) ) (2) Q) 2)
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOC3to IOCO | B'O0O00 [B'0001to| B'xx00 Other than B'xx00

B'0100 |B'0011
B'1xxX 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 I0C3 to I0CO =
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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Section 9 1/0 Ports

9.6.2 Register Configuration
Table 9.9 shows the port B register configuration.

Table9.9 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 \ PB5SDDR \ 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-hit 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 isinitialized to H'00 by areset, and in hardware standby mode. It retains its prior statein
software standby mode. The OPE bit in SBY CR 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

The corresponding port B pins become address outputs in accordance with the setting of bits
AE3to AEO in PFCR, irrespective of the value of the PBDDR bits. When pins are not used as
address outputs, setting a PBDDR bit to 1 makes the corresponding port B pin an output port,
while clearing the bit to 0 makes the pin an input port.

e Mode7

Setting a PBDDR hit to 1 makes the corresponding port B pin an output port, while clearing
the bit to 0 makes the pin an input port.
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Section 9 1/0 Ports

9.8 Port D

9.8.1 Overview

Port D isan 8-bit 1/0 port. Port D has a data bus 1/0 function, and the pin functions change
according to the operating mode.

Port D has a built-in MOS input pull-up function that can be controlled by software.

Figure 9.7 shows the port D pin configuration.

Port D

Port D pins

PD7/D15
PD6/D14
PD5/D13
PD4/D12
PD3/D11
PD2/D10
PD1/D9

PDO/D8

Pin functions in modes 4 to 6

D15 (1/0)
D14 (1/0)
D13 (1/0)
D12 (1/0)
D11 (1/0)
D10 (1/0)
D9 (1/0)
D8 (I/O)

Pin functions in mode 7

PD7 (1/0)
PD6 (1/O)
PD5 (1/0)
PD4 (1/0)
PD3 (1/0)
PD2 (1/0)
PD1 (I/O)
PDO (1/O)

Figure9.7 Port D Pin Functions
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Section 10 16-Bit Timer Pulse Unit (TPU)

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
\ IOB3 \ I0B2 \ I0B1 \ IOBO \ IOA3 \ IOA2 \ I0A1 \ IOAO \

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RIW RIW RIW RIW RIW RIW RIW

Channel 0: TIOROL
Channel 3: TIOR3L

Bit : 7 6 5 4 3 2 1 0
\ IOD3 \ I0D2 \ IOD1 \ I0DO \ l0C3 \ l0C2 \ lI0C1 \ 10CO \

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RIW RIW RIW RIW RIW RIW RIW

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-hit registersthat control the TGR registers. The TPU haseight TIOR
registers, two each for channels 0 and 3, and one each for channels 1, 2, 4, and 5. The TIOR
registers are initialized to H'00 by areset, and in hardware standby mode.

Careisrequired since TIOR is affected by the TMDR setting. Theinitia output specified by
TIOR isvalid when the counter is stopped (the CST hitin TSTRis cleared to 0). Note also that, in
PWM mode 2, the output at the point at which the counter is cleared to 0 is specified.
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Section 10

16-Bit Timer Pulse Unit (TPU)

Bit3 Bit2 Bitl BitO

Channel I0C3 10C2 IOC1 IOCO Description

0 0 0 0 0 TGROC  Output disabled (Initial value)
1 IS output - igig outputis O 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
isinput  source is -
capture  TIOCCO pin Input capture at falling edge
1 * register™* 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 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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Section 13 Serial Communication Interface (SCI)

Clock

See the section on asynchronous mode.

Transmitting
station
Y Serial transmission line
! 1 1 1
Receiving Receiving Receiving Receiving
station A station B station C station D
(ID=01) (ID=02) (ID=03) (ID=104)
Serial
data | | Ho HAA
(MPB=1) (MPB=0)
ID transmission cycle =  Data transmission cycle =
receiving station Data transmission to
specification receiving station specified by ID
Legend:
MPB: Multiprocessor bit

Figure 13.9 Example of Inter-Processor Communication Using M ultiprocessor For mat
(Transmission of Data H'AA to Recelving Station A)

Data Transfer Operations

Multiprocessor serial datatransmission:; Figure 13.10 shows a sample flowchart for
multiprocessor serial datatransmission.

The following procedure should be used for multiprocessor serial data transmission.
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Section 14 Smart Card Interface

1412

Block Diagram

Figure 14.1 shows a block diagram of the Smart Card interface.

]
Q
8
Module data bus @
E
>
[}
ROR | | TDR SCMR | BRR L
i Uy SSR -9
RDw | RSR | || TSR SCR Baudrate = @4
I SMR generator |, 16
Transmission/
D reception control - @64
Parity generation | 4 M
Parity check
SCK =
= TXI
= RXI
Legend: = ERI
SCMR : Smart Card mode register
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
BRR : Bit rate register

Internal
data bus

Figure14.1 Block Diagram of Smart Card Interface
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Section 15 Controller Area Network (HCAN)

LAFMH Bits7to 0 and 15 to 13—11-Bit Identifier Filter (LAFMH7 to LAFMHS5,
LAFMH15to LAFMHS8): Filter mask bitsfor the first 11 bits of the receive message identifier
(for both standard and extended identifiers).

Bit x
LAFMHx  Description

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

message identifier and receive message identifier

LAFMH Bits 12 to 10—Reserved: These bits always read 0. The write value should always be 0.

LAFMH Bits9 and 8, LAFML Bits 15 to 0—18-Bit Identifier Filter (LAFMH1, LAFMHO,
LAFML7to LAFMLO, LAFML15to LAFML8): Filter mask bits for the 18 bits of the receive
message identifier (extended).

Bit x

LAFMHXx

LAFMLx  Description

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

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

identifier and receive message identifier
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Section 15 Controller Area Network (HCAN)

initial setting for mailboxes is 0, designating transmission use. Refer to Mailbox
transmit/receive settingsin 15.3.2, Initialization after Hardware Reset, for details.

Mailbox (RAM) initialization

As message control/data registers (MCx[x], MDx[x]) are configured in RAM, their initial
values after powering on are undefined, and so bit initialization is necessary. Write Os or 1sto
the mailboxes. See Mailbox (Message Control/Data (MCx[x], MDx[x]) Initial Settingsin
15.3.2, Initiaization after a Hardware Reset, for details.
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Section 15 Controller Area Network (HCAN)

Initialization :: Settings by user

IRRO clearing
BCR setting :l : Processing by hardware

MBCR setting
Mailbox (RAM) initialization

Y

Interrupt settings

y

Receive data setting
Arbitration field setting
Local acceptance filter settings

Message reception
(Match of identifier
in mailbox?)

Same RXPR = 1? Yes ]
< Unread message >
Data frame? No
\4
RXPR RXPR, RFPR =1
IRR1=1 IRR2=1,IRR1=1
¢ = ¢ Yes
No No
| Interrupt to CPU | | Interrupt to CPU |
[ [
y y
Message control read Message control read
Message data read Message data read
Clear all RXPRn bits of mailbox for which Clear all RXPRn bits of mailbox for which
receive interrupt requests are enabled receive interrupt requests are enabled
by MBIMR by MBIMR
Y Y
IRR1=0 | | IRR2=0,IRR1=0

¥

Transmission of data frame corresponding
to remote frame

Y

C End of reception >

Figure15.9 Reception Flowchart
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Section 16 A/D Converter

16.1.3  Pin Configuration
Table 16.1 summarizes the input pins used by the A/D converter.

The AVCC and AVSS pins are the power supply pinsfor the analog block in the A/D converter.
The Vref pinisthe A/D conversion reference voltage pin.

The 16 analog input pins are divided into two channel sets and two groups, with analog input pins
0to 7 (ANO to AN7) comprising channel set 0, analog input pins 8 to 15 (AN8 to AN15)
comprising channel set 1, analog input pins0to 3 and 8to 11 (ANOto AN3, AN8 to AN11)
comprising group O, and analog input pins4 to 7 and 12 to 15 (AN4 to AN7, AN12 to AN15)
comprising group 1.

Table16.1 A/D Converter Pins

Pin Name Symbol 110 Function

Analog power supply pin  AVCC Input Analog block power supply

Analog ground pin AVSS Input Analog block ground and reference voltage
Reference voltage pin Vref Input A/D conversion reference voltage

Analog input pin 0 ANO Input Channel set 0 (CH3 = 0) group 0 analog inputs
Analog input pin 1 AN1 Input

Analog input pin 2 AN2 Input

Analog input pin 3 AN3 Input

Analog input pin 4 AN4 Input Channel set 0 (CH3 = 0) group 1 analog inputs
Analog input pin 5 AN5 Input

Analog input pin 6 AN6 Input

Analog input pin 7 AN7 Input

Analog input pin 8 AN8 Input Channel set 1 (CH3 = 1) group 0 analog inputs
Analog input pin 9 AN9 Input

Analog input pin 10 AN10 Input

Analog input pin 11 AN11 Input

Analog input pin 12 AN12 Input Channel set 1 (CH3 = 1) group 1 analog inputs
Analog input pin 13 AN13 Input

Analog input pin 14 AN14 Input

Analog input pin 15 AN15 Input

A/D external trigger input ADTRG Input External trigger input for starting A/D conversion
pin
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Section 19 ROM (Preliminary)

Before branching to the programming control program (RAM area H'FFC000), the chip
terminates transmit and receive operations by the on-chip SCI (channel 2) (by clearing the RE
and TE bitsin SCR to 0), but the adjusted bit rate value remains set in BRR. The transmit data
output pin, TxD2, goes to the high-level output state (PA1DDR = 1, PA1DR = 1).

The contents of the CPU’sinternal general registers are undefined at thistime, so these
registers must be initialized immediately after branching to the programming control program.
In particular, since the stack pointer (SP) is used implicitly in subroutine calls, etc., astack area
must be specified for use by the programming control program.

Theinitia values of other on-chip registers are not changed.

Boot mode can be entered by making the pin settings shown in table 19.6 and executing a
reset-start.

Boot mode can be cleared by driving the reset pin low, waiting at least 20 states, then setting
the FWE pin and mode pins, and executing reset release”™*. Boot mode can also be cleared by a
WDT overflow reset.

Do not change the mode pin input levelsin boot mode, and do not drive the FWE pin low
while the boot program is being executed or while flash memory is being programmed or
erased*’.

If the mode pin input levels are changed (for example, from low to high) during areset, the
state of ports with multiplexed address functions and bus control output pins (AS, RD, HWR)
will change according to the change in the microcomputer’ s operating mode*®.

Therefore, care must be taken to make pin settings to prevent these pins from becoming output
signal pinsduring areset, or to prevent collision with signals outside the microcomputer.

Notes: 1. Mode pin and FWE pin input must satisfy the mode programming setup time (t,,, = 4

states) with respect to the reset release timing.

2. For further information on FWE application and disconnection, see section 19.13,
Flash Memory Programming and Erasing Precautions.

3. Seeappendix D, Pin States.

19.6.2 User Program Mode

When set to user program mode, the chip can program and erase its flash memory by executing a
user program/erase control program. Therefore, on-board reprogramming of the on-chip flash
memory can be carried out by providing on-board means of FWE control and supply of
programming data, and storing a program/erase control program in part of the program area as
necessary.
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Section 19 ROM (Preliminary)

To select user program mode, select a mode that enables the on-chip flash memory (mode 6 or 7),
and apply a high level to the FWE pin. In this mode, on-chip supporting modules other than flash
memory operate as they normally would in modes 6 and 7.

The flash memory itself cannot be read while the SWEL1 hit is set to 1 to perform programming or
erasing, so the control program that performs programming and erasing should be run in on-chip
RAM or external memory. If the program isto be located in external memory, the instruction for
writing to flash memory, and the following instruction, should be placed in on-chip RAM.

Figure 19.9 shows the procedure for executing the program/erase control program when
transferred to on-chip RAM.

Write the FWE assessment program and
transfer program (and the program/erase
control program if necessary) beforehand

MD2, MD1, MDO = 110, 111
Reset-start

!

Transfer program/erase control
program to RAM

!

Branch to program/erase control
program in RAM area

!

FWE = high*

!

Execute program/erase control
program (flash memory rewriting)

!

Clear FWE*

!

Branch to flash memory application
program

Notes: Do not apply a constant high level to the FWE pin. Apply a high level to the FWE pin
only when the flash memory is programmed or erased. Also, while a high level is
applied to the FWE pin, the watchdog timer should be activated to prevent
overprogramming or overerasing due to program runaway, etc.

* For further information on FWE application and disconnection, see section 19.13,
Flash Memory Programming and Erasing Precautions.

Figure19.9 User Program Mode Execution Procedure
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Section 20 Clock Pulse Generator

Crystal Resonator: Figure 20.3 shows the equivalent circuit of the crystal resonator. Use a crystal
resonator that has the characteristics shown in table 20.3. The crystal resonator frequency should
not exceed 20 MHz.

L R
XTAL EXTAL

o—+
o) —

AT-cut parallel-resonance type

Figure20.3 Crystal Resonator Equivalent Cir cuit

Table20.3 Crystal Resonator Parameters

Frequency (MHz) 4 8 12 16 20
R, max (Q) 120 80 60 50 40
C, max (pF) 7 7 7 7 7

Note on Board Design: When a crystal resonator is connected, the following points should be
noted:

Other signal lines should be routed away from the oscillator circuit to prevent induction from
interfering with correct oscillation. See figure 20.4.

When designing the board, place the crystal resonator and its load capacitors as close as possible
tothe XTAL and EXTAL pins.

Avoid 4>S|g:naIA Slgnal B H8S/2626 Group or
! ! H8S/2623 Group
Ciz 1 1
| : :
1 XTAL
77‘7— —
[ T : EXTAL
C:Ll

Figure20.4 Example of Incorrect Board Design
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Appendix A Instruction Set
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Appendix A Instruction Set

(6) Branch Instructions

e |=|=]=]=]=]= 14 — 9T:p OND

z === === 0=A 2z — 8:p OAd

s | —l===== P — 9T:p O39

z === === 1=7 z — 8:p 039

s = —==== v — 9T:p aNgd

z === =—]= 0=7 2z — 8:p aNgd

P R ) 14 — (9T:p O19)9T:P S04

P e ey 7=0 [4 — (8:p 07g)8:p S04

e |=|=]=]=]—=]= 14 — (9T:p SHE)9T:p D04

P e 0=0 [ - (8:p sHa)g:p 009
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Appendix B Internal I/0O Register

TIER5—Timer Interrupt Enable Register 5 H'FEA4 TPUS

Bit : 7 6 5 4 3 2 1 0
TTGE — TCIEU | TCIEV — — TGIEB | TGIEA

Initial value : 0 1 0 0 0 0 0 0

Read/Write : R/W — R/W R/W — — R/W R/W
1 I

TGl interrupt enable A

0 | Interrupt requests (TGIA)
by TGFA bit disabled

1 | Interrupt requests (TGIA)
by TGFA bit enabled

TGl interrupt enable B

0 | Interrupt requests (TGIB)
by TGFB bit disabled

1 | Interrupt requests (TGIB)
by TGFB bit enabled

Overflow interrupt enable
0 | Interrupt requests (TCIV) by TCFV disabled
1 | Interrupt requests (TCIV) by TCFV enabled

Underflow interrupt enable
0 | Interrupt requests (TCIU) by TCFU disabled

1 | Interrupt requests (TCIU) by TCFU enabled

A/D conversion start request enable
0 | A/D conversion start request generation disabled

1 | A/D conversion start request generation enabled
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Appendix B

Internal I/O Register

TIOROH—Timer 1/O Control Register OH H'FF12 TPUO
Bit 7 6 5 4 3 2 1 0
10B3 10B2 I0B1 10B0O IOA3 I0A2 I0A1 IOAO0
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
TGROA I/O control
0|0|0|0|TGROA Output disabled
[ is output " .
1 compare Initial output is 0 output at compare match
1|0 | register 0 output 1 output at compare match
1 Toggle output at compare match
1/0|0 Output disabled
1 Initial output is 0 output at compare match
1 output
10 P 1 output at compare match
1 Toggle output at compare match
1/0|0|0|TGROA Capture input Input capture at rising edge
[ |isinput source is :
1 capture TIOCAO pin Input capture at falling edge
1| * | register Input capture at both edges
1> = Capture input Input capture at TCNT1count-up/
source is channel | count-down
1/count clock
*: Don't care
TGROB /O control
0/0|0|0|TGROB Output disabled
[ is output . :
1 compare Iongldatl %Ltjtput is 0 output at compare match
1|0 | register P 1 output at compare match
1 Toggle output at compare match
1/0|0 Output disabled
1 Initial output is 0 output at compare match
1 output
1|0 1 output at compare match
1 Toggle output at compare match
1/0|0|0|TGROB Capture input Input capture at rising edge
[ isinput source is all d
1 capture | TIOCBO pin Input capture at falling edge
1 | * | register Input capture at both edges
1*|* Capture input Input capture at TCNT1 count-up/
source is channel | count-down”®
1/count clock

*: Don't care

Note: 1. When bits TPSC2 to TPSCO in TCR1 are set to B'000 and g/1 is used as
the TCNT1 count clock, this setting is invalid and input capture is not
generated.
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