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Section 1 Overview

Item

Specification

Operating modes

Four MCU operating modes (ROMless, mask ROM versions, H8S/2329B

F-ZTAT)
CPU External Data Bus
Operating On-Chip Initial Maximum
Mode Mode Description ROM Value Value
1 — — — —_ —
2*1
C
4*? Advanced On-chip ROM disabled Disabled 16 bits 16 bits
expansion mode
5*2 On-chip ROM disabled Disabled 8 bits 16 bits
expansion mode
6 On-chip ROM enabled Enabled 8 bits 16 bits
expansion mode
7 Single-chip mode Enabled — —

Notes: 1. Boot mode in the H8S/2329B F-ZTAT. See table 19.9, for

information on H8S/2329B F-ZTAT user boot modes. See table
19.9, for information on H8S/2329B F-ZTAT user program modes.

2. The ROMless versions can use only modes 4 and 5.

Clock pulse
generator

Built-in duty correction circuit
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Section 2 CPU

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-#MM
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 BW/L 0-Rd—Rd
Takes the two's complement (arithmetic complement) of
data in a general register.
EXTU Wi/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.
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Section 7 DMA Controller (Not Supported in the H8S/2321)

Bit 2—Data Transfer Interrupt Enable 1A (DTIE1A): Enables or disables the channel 1
transfer end interrupt.

Bit 2

DTIE1A Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled

Bit 0—Data Transfer Interrupt Enable 0A (DTIEOA): Enables or disables the channel 0
transfer end interrupt.

Bit 0

DTIEOA Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled
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Section 7 DMA Controller (Not Supported in the H8S/2321)

Full Address Mode (Burst Mode): Figure 7.21 shows a transfer example in which TEND output
is enabled and word-size full address mode transfer (burst mode) is performed from external 16-
bit, 2-state access space to external 16-bit, 2-state access space.

DMA DMA DMA DMA DMA DMA DMA
read write read write read write 'dead:

Address bus jx ;X jX jX jX jX jx:

A N U ) F B

T e (N s e e o A

o LT L
-t |l
susreiense | | " Lastvanster e pys cleas

Burst transfer

Figure 7.21 Example of Full Address Mode (Burst Mode) Transfer
In burst mode, one-byte or one-word transfers are executed consecutively until transfer ends.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycle is inserted after the DMA write cycle.

If a request from another higher-priority channel is generated after burst transfer starts, that
channel has to wait until the burst transfer ends.

If an NMI is generated while a channel designated for burst transfer is in the transfer enabled state,
the DTME bit is cleared and the channel is placed in the transfer disabled state. If burst transfer
has already been activated inside the DMAC, the bus is released on completion of a one-byte or
one-word transfer within the burst transfer, and burst transfer is suspended. If the last transfer
cycle of the burst transfer has already been activated inside the DMAC, execution continues to the
end of the transfer even if the DTME bit is cleared.
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Section 8 Data Transfer Controller

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)
TGI4A (GR4A compare match/ TPU 56 H'0470 DTCEC1
input capture) channel 4
TGI4B (GR4B compare match/ 57 H'0472 DTCECO
input capture)
DMTENDOA (DMAC transfer DMAC 72 H'0490 DTCEE7
complete 0)
DMTENDOB (DMAC transfer 73 H'0492 DTCEE®6
complete 1
DMTEND1A (DMAC transfer 74 H'0494 DTCEES
complete 2)
DMTEND1B (DMAC transfer 75 H'0496 DTCEE4
complete 3)
TGI5A (GR5A compare match/ TPU 60 H'0478 DTCED5
input capture) channel 5
TGI5B (GR5B compare match/ 61 H'047A DTCEDA4
input capture)
CMIAO 8-bit timer 64 H'0480 DTCED3
CMIBO channel 0 65 H0482  DTCED2
CMIAL 8-bit timer 68 H'0488 DTCED1
CMIB1 channel 1 69 H'048A  DTCEDO
DMTENDOA (DMAC transfer DMAC™? 72 H'0490 DTCEE7
complete 0)
DMTENDOB (DMAC transfer 73 H'0492 DTCEE6
complete 1)
DMTEND1A (DMAC transfer 74 H'0494 DTCEES
complete 2)
DMTEND1B (DMAC transfer 75 H'0496 DTCEE4
complete 3) Low
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Section 9 1/O Ports

Port A Data Register (PADR)

Bit : 7 6 5 4 3 2 1 0
‘PA?DR ‘PAGDR ‘PASDR ‘PA4DR ‘PA3DR ‘PAZDR ‘PAlDR ‘PAODR

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RIW RIW RIW RIW RIW RIW RIW

PADR is an 8-bit readable/writable register that stores output data for the port A pins (PA; to
PA.).

PADR is initialized to H'00 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 \ PAG ‘ PA5 ‘ PA4 ‘ PA3 ‘ PA2 ‘ PAl ‘ PAO \
Initial value : . . _* _* _* _* _* _*
RIW : R R R R R R R R

Note: * Determined by state of pins PA7 to PA.

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 (PA; to PAy) must always be performed on PADR.

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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Section 10 16-Bit Timer Pulse Unit (TPU)

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] L :

> Module
> data bus

Bus interface

7~

T 0

| TCNTH | TCNTL |

VANPAN

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.

Examples of 8-bit register access operation are shown in figures 10.3 to 10.5.
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Section 10 16-Bit Timer Pulse Unit (TPU)

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 0 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, TIOC1A, 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.

Synchronous clearing by TGROB compare match

TCNTO to TCNT2 values / \

TGROB | --- - - om o m oo m L ----
TGRIB f---------=m-mmmm; R R e R
TGROA
TGR2B
TGRI1A
TGR2A
H'0000

TIOCOA

TIOC1A

TIOC2A

Figure 10.15 Example of Synchronous Operation
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Section 10 16-Bit Timer Pulse Unit (TPU)

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 or DMAC™ 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 or DMAC™.

Note: * The DMAC is not supported in the H8S5/2321.

TSR write cycle

o, T
¢ S L L
Address >< TSR address ><
Write signal
Status flag |
Interrupt
request |
signal

Figure 10.46 Timing for Status Flag Clearing by CPU

DTC/DMAC* DTC/DMAC*
read cycle write cycle

Destination
Address >< Source address address ><
Status flag |
Interrupt
request |
signal

Note: * The DMAC is not supported in the H8S/2321.

Figure 10.47 Timing for Status Flag Clearing by DTC/DMAC Activation
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Section 13 Watchdog Timer

13.2  Register Descriptions

13.2.1  Timer Counter (TCNT)

Bit : 7 6 5 4 3 2 1 0

| | | | | | | |
Initial value : 0 0 0 0 0 0 0 0
RW : RW RW R/W R/W R/W R/W R/W R/W

TCNT is an 8-bit readable/writable™ up-counter.

When the TME bitis set to 1 in TCSR, TCNT starts counting pulses generated from the internal
clock source selected by bits CKS2 to CKS0 in TCSR. When the count overflows (changes from
H'FF to H'00), either the watchdog timer overflow signal (WDTOVF)*? 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.

Notes: 1. TCNT is write-protected by a password to prevent accidental overwriting. For details
see section 13.2.4, Notes on Register Access.

2. The WDTOVF pin function cannot be used in the F-ZTAT versions.
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Section 14 Serial Communication Interface (SCI)

[5] < Error handling >

ORER =17

Yes

Overrun error handling

-
|

Yes
Break?

No
A

Framing error handling | | Clear RE bitin SCRto 0

o — ‘
i}

Clear ORER, PER, and
FER flags in SSR to O

<End>

Figure 14.12 Sample Multiprocessor Serial Reception Flowchart (cont)
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Section 19 ROM

19.11.3 PROM Mode Operation

Table 19.14 shows how the different operating modes are set when using PROM mode, and table
19.15 lists the commands used in PROM mode. Details of each mode are given below.

Memory Read Mode: Memory read mode supports byte reads.

Auto-Program Mode: Auto-program mode supports programming of 128 bytes at a time. Status
polling is used to confirm the end of auto-programming.

Auto-Erase Mode: Auto-erase mode supports automatic erasing of the entire flash memory.
Status polling is used to confirm the end of auto-erasing.

Status Read Mode: Status polling is used for auto-programming and auto-erasing, and normal
termination can be confirmed by reading the 1/Og signal. In status read mode, error information is
output if an error occurs.

Table 19.14 Settings for Each Operating Mode in PROM Mode

Pin Names
Mode CE OE WE I/07t0 /00 Asto Ao
Read L L H Data output  Ain
Output disable L H H Hi-Z X
Command write L H L Data input Ain*?
Chip disable™* H X X Hi-Z X
Legend:
H: High level
L: Low level

Hi-Z: High impedance

X: Don't care

Notes: 1. Chip disable is not a standby state; internally, it is an operation state.
2. Ainindicates that there is also address input in auto-program mode.
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Section 19 ROM

19.13.8 Pin Configuration
The flash memory is controlled by means of the pins shown in tables 19.26.

Table 19.26 Flash Memory Pins

Pin Name Abbreviation /0 Function

Reset RES Input Reset

Flash write enable FWE Input Flash program/erase protection by hardware
Mode 2 MD2 Input Sets MCU operating mode

Mode 1 MD1 Input Sets MCU operating mode

Mode 0 MDO Input Sets MCU operating mode

Port 64 P64 Input Sets MCU operating mode in PROM mode
Port 65 P65 Input Sets MCU operating mode in PROM mode
Port 66 P66 Input Sets MCU operating mode in PROM mode
Transmit data TxD1 Output Serial transmit data output

Receive data RxD1 Input Serial receive data input
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Section 19 ROM

Set pins to boot mode
and execute reset-start
\
Host transfers data (H'00)
continuously at prescribed bit rate

| |
Chip measures low period

Host transmits number
of H'00 data transmitted by host of programming control program
I bytes (N), upper byte followed
Chip calculates bit rate and by lower byte
sets value in bit rate register - L -
: Chip transmits received
After bit rate adjustment, chip number of bytes to host as verify
transmits one H'00 data byte to data (echo-back)
host to indicate end of adjustment :
\

n=1
Host confirms normal reception

[
. . =
. d‘?f b'.t ratz%cgustm;nt end . Host transmits programming control
indication ( ). and transmits program sequentially in byte units
one H'55 data byte
I

I
Alter receving HS, rogramming contol program t
chip transmits one HAA phogt as veri?y data (er():h(?—back) Ezl
data byte to host :
Transfer received programming
control program to on-chip RAM

<o >

Yes
| End of transmission |
|

Check flash memory data, and
if data has already been written,

erase all blocks
i

After confirming that all flash
memory data has been erased,
chip transmits one H'AA data
byte to host
I

Execute programming control
program transferred to on-chip RAM

Note: If a memory cell does not operate normally and cannot be erased, one H'FF byte is
transmitted as an erase error, and the erase operation and subsequent operations
are halted.

Figure 19.37 Boot Mode Execution Procedure
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Section 19 ROM

19.20.9 PROM Mode Transition Time

Commands cannot be accepted during the oscillation stabilization period or the PROM mode setup
period. After the PROM mode setup time, a transition is made to memory read mode.

Table 19.45 Command Wait State Transition Time Specifications

Item Symbol Min Max Unit
Standby release (oscillation tosc1 30 — ms
stabilization time)
PROM mode setup time tomv 10 — ms
Vce hold time tdwn 0 — ms
Command

Memory read wait state

mode Normal/

Command Auto-program mode abnormal end

tosc1 tomv wait state Auto-erase mode identification  tawn

<

Q

o)
A
V

Note: Except in auto-program mode and auto-erase mode, drive the FWE input pin low.

Figure 19.55 Oscillation Stabilization Time, PROM Mode Setup Time, and Power Supply
Fall Sequence
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Section 22 Electrical Characteristics

22.2.4  A/D Conversion Characteristics

Table 22.20 A/D Conversion Characteristics

Condition B: Vcc=3.0V103.6V,AVcc=3.0V103.6V, V=30V 1t0oAVcc, Vss=AVss =
0V, ¢ =2 MHzto 25 MHz, T, =-20°C to 75°C (regular specifications),
T, =-40°C to 85°C (wide-range specifications)

Condition B
Iltem Min Typ Max Unit
Resolution 10 10 10 Bits
Conversion time 10.6 — — us
Analog input capacitance — — 20 pF
Permissible signal source impedance — — 5 kQ
Nonlinearity error — — 5.5 LSB
Offset error — — 5.5 LSB
Full-scale error — — 55 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — +6.0 LSB
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Appendix A Instruction Set

dsip 0o {4 8 S | — 9T:p 319
_ dsip 1y | — gp 319
dsip 0 {3 8 S | — 9T:p 199
_ dsip 3 v |— 8:p 199
dsip 0 i a 8 S | — 9T:p 179
_ dsip aiv |— gp 119
dsip 0 {9 8 s |— 9T:p 3949
_ dsip 2 v |— g:p 398
dsip 0 i 9 8 S | — 9T:p ING
_ dsip g v |— gp INg
dsip 0 i Vv 8 S | — 9T:p 1dg
_ dsip v v | — g:p 1dg
dsip 0 i 6 8 s |— 9T:p SAd
_ dsip 6 | v |— 8:p SAD
dsip 0 i 8 8 s |— 9T:p ONE
_ dsip 8 v | — 8:p OAd
dsip 0 i ¢ 8 s |— 9T:p 039
_ dsip Ly | — g:p O3g
dsip 0 i 9 8 S | — 9T:p ING
_ dsip 9 I v |— 8:p aNg
dsip 0 i s 8 s |— (9T:p 0719) 9T:p SO9
_ dsip S v | — (8:p 019) 8:p S04
dsip 0o i v 8 s |— (9T:p SHE) 9T:p D09
_ dsip 4 v | — (8:p SHA) 8:p 009
dsip 0 i ¢ 8 S | — 9T:p S1d
_ dsip e v |— gp s
dsip 0 iz 8 s |— 9T:p IHE
dsip 4 v | — 8:p IHg 20g
81Aq yI0T | 9149 Y16 214q Y18 814q yiz 8140 Y19 a1hq yis a14q Yy a1hq pig 91hq puz | 91AQIST uon
9zIs 21UOWBU .u::.mc_

Jewli04 uononsu|
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Appendix B

Internal I/O Registers

Full address mode (cont)

Bit : 7 6 5 4 3 2 1 0

DMACRB :| — | DAID | DAIDE | — | DTF3 | DTF2 | DTF1 | DTFO |

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
Reserved Reserved

Only 0 should be
written to this bit

Only 0 should be
written to this bit

Data Transfer Factor

DTF
3

DTF|DTF|DTH
21110

Block Transfer Mode

Normal Mode

0

01010

1

Activated by A/D converter conversion
end interrupt

Activated by DREQ pin falling edge input

Activated by DREQ
pin falling edge input

Activated by DREQ pin low-level input

Activated by DREQ
pin low-level input

Activated by SCI channel 0 transmission
data-empty interrupt

Activated by SCI channel O reception
data-full interrupt

Activated by SCI channel 1 transmission
data-empty interrupt

Auto-request (cycle
steal)

Activated by SCI channel 1 reception
data-full interrupt

Auto-request (burst)

Activated by TPU channel 0 compare
match/input capture A interrupt

Activated by TPU channel 1 compare
match/input capture A interrupt

Activated by TPU channel 2 compare
match/input capture A interrupt

Activated by TPU channel 3 compare
match/input capture A interrupt

Activated by TPU channel 4 compare
match/input capture A interrupt

Activated by TPU channel 5 compare
match/input capture A interrupt

Destination Address Increment/Decrement

0

MARSB is fixed

MARSB is incremented after a data transfer

MARSB is fixed

0
1
0
1

MARB is decremented after a data transfer
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Appendix B Internal 1/0 Registers

DACRO01—D/A Control Register 01

Bit

Initial value :
Read/Write :

H'FFAG6 D/A Converter
. 7 6 5 4 3 2 1 0
| DAOE1| DAOEO| DAE | — | — | _ _ | _ ‘
0 0 0 1 1 1 1 1
RW  RW  RW — — — — —

D/A Output Enable 1

D/A Output Enable 0

0

Analog output DA is disabled

1

Channel 0 D/A conversion is enabled
Analog output DAy is enabled

0 | Analog output DA, is disabled

1 | Channel 1 D/A conversion is enabled
Analog output DA, is enabled

D/A Conversion Control

DAOE1 | DAOEO DAE Description
0 0 * Channel 0 and 1 D/A conversion disabled
1 0 Channel 0 D/A conversion enabled
Channel 1 D/A conversion disabled
1 Channel 0 and 1 D/A conversion enabled
1 0 0 Channel 0 D/A conversion disabled
Channel 1 D/A conversion enabled
1 Channel 0 and 1 D/A conversion enabled
1 * Channel 0 and 1 D/A conversion enabled

*: Don’t care
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Appendix D Pin States

MCU Hardware Program
Port Name Operating Standby  Software Bus-Released Execution State
Pin Name Mode Reset Mode Standby Mode State Sleep Mode
PA4/A 4,5 L T [A20E-DDR=1] [A20E-DDR=1] [A20E -DDR =1]
kept kept Output port
[A20E -OPE =1]  [A20E+A20E - [A20E+A20E -
T DDR =1] DDR =1]
[A20E - OPE = 1] T Address output
kept
6 T T [A20E = 0], [A20E = 0] [A20E = 0]
[A20E -DDR=1]  kept I/0 port
kept [A20E-DDR=1] [A20E-DDR =1]
[A20E - DDR - kept Output port
OPE=1] [A20E -DDR=1] [A20E - DDR = 1]
T T Address output
[A20E - DDR -
OPE = 1]
kept
T kept kept 1/0 port
PAs/Ag 4,5 L T [OPE =0] T Address output
PAJA, T
PAL/AL [OPE =1]
kept
PAo/Ass
6 T T [DDR - OPE = Q] T [DDR = 0]
T Input port
[DDR - OPE = 1] [DDR = 1]
kept Address output
T kept kept 1/0O port
Port B 4,5 L T [OPE =0] T Address output
T
[OPE =1]
kept
6 T T [DDR - OPE = 0] T [DDR = 0]
T Input port
[DDR - OPE =1] [DDR = 1]
kept Address output
7 T T kept kept 1/0 port
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