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Section 1 Overview

Section 1l Overview

1.1 Features

e High-speed H8/300H central processing unit with an internal 16-bit architecture
— Upward-compatible with H8/300 CPU on an abject level
— Sixteen 16-bit general registers
— 62 basic instructions
e Various peripheral functions
— Timer B1 (8-bit timer)
— Timer V (8-bit timer)
— Timer Z (16-bit timer)
— Watchdog timer
— SCI3 (asynchronous or clocked synchronous serial communication interface)
— TinyCAN (controller area network for Tiny)
— SSU (synchronous serial communication unit)
— Subsystem timer (subtimer)
— 10-bit A/D converter

Rev. 4.00 Mar. 15,2006 Page 1 of 556
RENESAS REJ09B0026-0400



Section 1 Overview

13 Pin Arrangement
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P15IRQI/TMIBI [] 52 29[] P75/TMCIV
Pi6iRQ2 [] 53 28] P74/TMRIV
P17/IRQ3/TRGV [] 54 271 P57
P93/ssl [] 55 26 P56
P92/sSO [] 56 H8/36057 Group 25 P12
P91/SSCK [] 57 H8/36037 Group 24 P11
P90/SCS [] 58 Top View 231 P10
PB3/AN3 [] 59 22[] P55/WKP5/ADTRG
PB2/AN2 [] 60 21 P54/WKP4
PB1/AN1 [] 61 20[] P53/WKP3
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Notes: 1. Do not connect NC pins (these pins are not connected to the internal circuitry).
2. The SCK3_2, RXD_2, and TXD_2 pins are not multiplexed in the H8/36037.

Figure1.2 Pin Arrangement of F-ZTAT™ and Masked ROM Versions (FP-64K , FP-64A)
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Section2 CPU

e BCLR instruction executed
BCLR #0, @PCR5 The BCLR instruction is executed for PCR5.

o After executing BCLR instruction

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Output  Output Output Output Output Output Output Input
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR5 1 1 1 1 1 1 1 0
PDR5 1 0 0 0 0 0 0 0

e Description on operation

1. When the BCLR instruction is executed, first the CPU reads PCR5. Since PCR5 is awrite-only
register, the CPU reads a value of H'FF, even though the PCR5 value is actually H'3F.

2. Next, the CPU clears bit 0 in the read data to 0, changing the data to H'FE.

3. Findly, H'FE iswritten to PCR5 and BCLR instruction execution ends.

Asaresult of this operation, bit 0 in PCR5 becomes 0, making P50 an input port. However, bits 7
and 6 in PCR5 change to 1, so that P57 and P56 change from input pins to output pins. To prevent
this problem, store a copy of the PDR5 datain awork areain memory and manipulate data of the
bit in the work area, then write this data to PDR5.

e Prior to executing BCLR instruction

MOV.B  #3F, ROL The PCR5 value (H'3F) is written to awork areain

MOV.B  ROL, @RAMO memory (RAMO) aswell asto PCR5.
MOV.B ROL, @PCR5

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output Output Output  Output
Pin state Low High Low Low Low Low Low Low

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 1
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Section 6 Power-Down Modes

Section 6 Power-Down Modes

This LSl has six modes of operation after areset. These include anormal active mode and four
power-down modes, in which power consumption is significantly reduced. Module standby mode
reduces power consumption by selectively halting on-chip module functions.

Active mode

The CPU and all on-chip peripheral modules are operable on the system clock. The system
clock frequency can be selected from ¢osc, ¢posc/8, posc/16, posc/32, and dposc/64.
Subactive mode

The CPU and all on-chip peripheral modules are operable on the subclock. The subclock
frequency can be selected from ow/2, ow/4, and ow/8.

Sleep mode

The CPU halts. On-chip peripheral modules are operable on the system clock.
Subsleep mode

The CPU halts. On-chip peripheral modules are operable on the subclock.
Standby mode

The CPU and all on-chip peripheral modules halt.

Module standby mode

Independent of the above modes, power consumption can be reduced by halting on-chip
peripheral modules that are not used in module units.
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Section 7 ROM

Table7.3 System Clock Frequenciesfor which Automatic Adjustment of L S| Bit Rateis

Possible
Host Bit Rate System Clock Frequency Range of LSI
19,200 bps 16 to 20 MHz
9,600 bps 810 16 MHz
4,800 bps 4 to 16 MHz
2,400 bps 210 16 MHz

732 Programming/Erasing in User Program Mode

On-board programming/erasing of an individual flash memory block can also be performed in user
program mode by branching to a user program/erase control program. The user must set branching
conditions and provide on-board means of supplying programming data. The flash memory must
contain the user program/erase control program or a program that provides the user program/erase
control program from external memory. As the flash memory itself cannot be read during
programming/erasing, transfer the user program/erase control program to on-chip RAM, asin boot
mode. Figure 7.2 shows a sample procedure for programming/erasing in user program mode.
Prepare a user program/erase control program in accordance with the description in section 7.4,
Flash Memory Programming/Erasing.
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Section 7 ROM

Reset-start

No

Program/erase?

Transfer user program/erase control
program to RAM

Branch to flash memory application
program

Branch to user program/erase control
program in RAM

Execute user program/erase control
program (flash memory rewrite)

Branch to flash memory application
program

Figure7.2 Programming/Erasing Flowchart Examplein User Program Mode

Rev. 4.00 Mar. 15,2006 Page 99 of 556

RENESAS

REJ09B0026-0400




Section 7 ROM

7.5 Program/Erase Protection

There are three kinds of flash memory program/erase protection; hardware protection, software
protection, and error protection.

751 Har dwar e Protection

Hardware protection refers to a state in which programming/erasing of flash memory isforcibly
disabled or aborted because of atransition to reset, subactive mode, subsleep mode, or standby
mode. Flash memory control register 1 (FLMCR1), flash memory control register 2 (FLMCR?2),
and erase block register 1 (EBR1) areinitialized. In areset viathe RES pin, the reset state is not
entered unless the RES pin is held low until oscillation stabilizes after powering on. In the case of
areset during operation, hold the RES pin low for the RES pulse width specified in the AC
Characteristics section.

75.2 Softwar e Protection

Software protection can be implemented against programming/erasing of all flash memory blocks
by clearing the SWE bit in FLMCR1. When software protection is in effect, setting the P or E bit
in FLMCR1 does not cause a transition to program mode or erase mode. By setting the erase block
register 1 (EBR1), erase protection can be set for individual blocks. When EBR1 is set to H'00,
erase protection is set for all blocks.

75.3 Error Protection

In error protection, an error is detected when CPU runaway occurs during flash memory
programming/erasing, or operation is not performed in accordance with the program/erase
algorithm, and the program/erase operation is forcibly aborted. Aborting the program/erase
operation prevents damage to the flash memory due to overprogramming or overerasing.

When the following errors are detected during programming/erasing of flash memory, the FLER
bitin FLMCR2 is set to 1, and the error protection state is entered.

e When the flash memory of the relevant address areais read during programming/erasing
(including vector read and instruction fetch)

e Immediately after exception handling excluding areset during programming/erasing
e When a SLEEP instruction is executed during programming/erasing
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Section 11 Timer V

Section11 Timer V

Thetimer V isan 8-bit timer based on an 8-bit counter. The timer V counts external events.
Compare-match signals with two registers can also be used to reset the counter, request an
interrupt, or output a pulse signal with an arbitrary duty cycle. Counting can be initiated by a
trigger input at the TRGV pin, enabling pulse output control to be synchronized to the trigger,
with an arbitrary delay from the trigger input. Figure 11.1 shows a block diagram of thetimer V.

111 Features

e Choice of seven clock signalsis available.
Choice of six internal clock sources (¢/128, ¢/64, ¢/32, ¢/16, ¢/8, ¢/4) or an external clock.

e Counter can be cleared by compare match A or B, or by an external reset signal. If the count
stop function is selected, the counter can be halted when cleared.

e Timer output is controlled by two independent compare match signals, enabling pulse output
with an arbitrary duty cycle, PWM output, and other applications.

e Threeinterrupt sources. compare match A, compare match B, timer overflow
e Counting can be initiated by trigger input at the TRGV pin. The rising edge, falling edge, or
both edges of the TRGV input can be selected.
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Section 12 Timer Z

Initial
Bit Bit Name Value R/W Description
1 CMD1 0 R/W Combination Mode 1 and 0
0 CMDO 0 R/W 00: Channel 0 and channel 1 operate normally

01: Channel 0 and channel 1 are used together to
operate in reset synchronous PWM mode

10: Channel 0 and channel 1 are used together to
operate in complementary PWM mode (transferred at
the trough)

11: Channel 0 and channel 1 are used together to
operate in complementary PWM mode (transferred at
the crest)

Note: When reset synchronous PWM mode or
complementary PWM mode is selected by these
bits, this setting has the priority to the settings for
PWM mode by each bit in TPMR. Stop TCNT_0
and TCNT_1 before making settings for reset
synchronous PWM mode or complementary PWM
mode.

TCNT_1

—0

—Q

Normal phase Normal phase

j
|

\

! .

! Active level
|

T

\

|

Counter phase " Counter phase Initial
Initial output
. output - Active level
'<«—| Active level
Reset synchronous PWM mode Complementary PWM mode

Note: Write H'00 to TOCR to start initial outputs after stopping the counter.

Figure12.4 Example of Outputsin Reset Synchronous PWM Mode
and Complementary PWM Mode
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Section 12 Timer Z

124  Operation

1241 Counter Operation

When one of bits STRO and STR1in TSTRis set to 1, the TCNT counter for the corresponding
channel begins counting. TCNT can operate as a free-running counter, periodic counter, for
example. Figure 12.7 shows an example of the counter operation setting procedure.

COperation seIection) [1] Select the counter
clock with bits
TPSC2 to TPSCO in
TCR. When an external
clock is selected, select
the external clock edge
| with bits CKEG1
and CKEGO in TCR.

( Periodic counter ) (Free-running counter) [2] For periodic counter

operation, select the

TCNT clearing

2] source with bits
CCLR2 to CCLRO in
TCR.

[3] Designate the general
register selected in [2]
as an output compare
register by means of
TIOR.

[4] Set the periodic counter
cycle in the general
register selected
in [2].

Start count operation [5] [5] Setthe STR bitin TSTR

to 1 to start the counter

operation.

Select counter clock [1]

Select counter clearing source

Select output compare register | [3]

Set period [4]

Figure12.7 Example of Counter Operation Setting Procedure
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Section 14 Serial Communication Interface 3 (SCI3)

14.8  Usage Notes

14.8.1 Break Detection and Processing

When framing error detection is performed, a break can be detected by reading the RXD pin value
directly. In abreak, the input from the RXD pin becomes all 0s, setting the FER flag, and possibly
the PER flag. Note that as the SCI3 continues the receive operation after receiving a break, even if
the FER flagiscleared to O, it will be set to 1 again.

1482 Mark Stateand Break Sending

When TE is 0, the TXD pin isused as an I/O port whose direction (input or output) and level are
determined by PCR and PDR. This can be used to set the TXD pin to mark state (high level) or
send a break during serial data transmission. To maintain the communication line at mark state
until TE isset to 1, set both PCR and PDR to 1. As TE is cleared to O at this point, the TXD pin
becomes an /O port, and 1 is output from the TXD pin. To send a break during seria
transmission, first set PCR to 1 and clear PDR to O, and then clear TE to 0. When TE is cleared to
0, the transmitter is initialized regardless of the current transmission state, the TXD pin becomes
an 1/0 port, and 0 is output from the TXD pin.

14.8.3 Receive Error Flagsand Transmit Operations (Clocked Synchronous Mode Only)

Transmission cannot be started when areceive error flag (OER, PER, or FER) isset to 1, even if
the TDRE flag is cleared to 0. Be sure to clear the receive error flags to 0 before starting
transmission. Note also that receive error flags cannot be cleared to 0 even if the RE hit is cleared
to 0.
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Section 15 Controller Area Network for Tiny (TinyCAN)

1552  Bit Timing

The bit rate and bit timing are set by the bit configuration register (BCR). The CAN controllers
connected to the CAN bus should be set so that all of them have the same baud rate and same bit
width. One bit time consists of total settable Time Quantum (TQ).

-l
.

\ 4

1 bit time (8 to 25 time quanta)
Sampling point

y

SYNC_SEG PRSEG PHSEGH1 PHSEG2

Time segment 1 (TSG1) Time segment 2

(TSG2)

< Ll < Ll Ll
1 time quantum 4 to 16 time quanta 2 to 8 time quanta

Figure15.5 CAN Bit Configuration

The SYNC_SEG is a segment for establishing the synchronization of nodes on the CAN bus.
Normal bit edge changes in this segment. The PRSEG is a segment for adjusting the physical
delay between networks. The PHSEG1 is a buffer segment for adjusting positive phase drift. This
segment is extended when re-synchronization is established. The PHSEG2 is a buffer segment for
adjusting negative phase drift. This segment is shortened when re-synchronization is established.

Therange of settable valuesin BCR (TSG1, TSG2, BRP, and SIW) is shown in table 15.2.

Table15.2 SettableValuesin BCR

Name Abbreviation Min. Value Max. Value
Time segment 1 TSG1*' 3*° 15

Time segment 2 TSG2*' 1+ 7

Baud rate prescaler BRP 1 63
Re-Synchronization Jump width ~ SJW*? 0 3

Notes: 1. The time quanta values for the TSEG1 and TSEG2 are as follows: TSG value + 1

2. In the CAN specifications, the Re-Synchronization Jump Width is stipulated as
4 > SJW 2 1. The value of SJW is given by adding 1 to the setting value of the bits
SJWO0 to SUW1 in BCR.

3. The minimum value of TSG1 is stipulated in the CAN specifications:
TSG1 > TSG2

4. The minimum value of TSG2 is stipulated in the CAN specifications:
TSG2 > SIW
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Section 1

6 Synchronous Serial Communication Unit (SSU)

(1) When CPOS = 0 and CPHS = 0:

[i-2)

SCS _I
(output)
sse \MN \MN
(( ((
) )
SSO —<:>< Bit 7 X Bit 6 Xj X Bit 0 Bit7 X Bit 6 ><‘7 X Bit 0
( (
) )
< One frame ] One frame >
((
)
TDRE ((
A A ? A
( (
TEND
) » A

LS| operation | TXI generated

Write data
in SSTDR

User
processing

Write data
in SSTDR

(2) When CPOS =0 and CPHS = 1:

1

SCS

TXI generated

TEI generated

[iz)

(output)

SSCK

AYAYAWAY

AVAWAWAN

SSO

(
N
Bit 7 X Bit6 X X Bit 0
(
)

(
N
Bit7 X Bit 6 >< X Bit 0
(
)

One frame

One frame

(

TDRE ((

)

TEND (

)

(

)

LSI operation TXI generated

User
processing

Write data
in SSTDR

Write data
in SSTDR

TXI generated

)

A

TEI generated

Figure16.11 Example of Operationin

Data Transmission (MSS=1)
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Section 18 A/D Converter

18.3.2 A/D Control/Status Register (ADCSR)

ADCSR consists of the control bits and conversion end status bits of the A/D converter.

Initial

Bit Bit Name Value R/W Description

7 ADF 0 R/W A/D End Flag
[Setting conditions]
e When A/D conversion ends in single mode
e When A/D conversion ends once on all the channels

selected in scan mode

[Clearing condition]
e When 0 is written after reading ADF =1

6 ADIE 0 R/W A/D Interrupt Enable
A/D conversion end interrupt request (ADI) is enabled by
ADF when this bit is set to 1

5 ADST 0 R/W A/D Start
Setting this bit to 1 starts A/D conversion. In single mode,
this bit is cleared to 0 automatically when conversion on
the specified channel is complete. In scan mode,
conversion continues sequentially on the specified
channels until this bit is cleared to 0 by software, a reset,
or a transition to standby mode.

4 SCAN 0 R/W Scan Mode
Selects single mode or scan mode as the A/D conversion
operating mode.
0: Single mode
1: Scan mode

3 CKS 0 R/W Clock Select

Selects the A/D conversions time.
0: Conversion time = 134 states (max.)
1: Conversion time = 70 states (max.)

Clear the ADST bit to 0 before switching the conversion
time.
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Section 21

List of Registers

Register Module
Abbreviation Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
SSCRH MSS BIDE SO0S SOL SOLP SCKS CSSi CSS0 SSuU
SSCRL MSTSSU SSUMS SRES SCKOS CSOS —_ — —
SSMR MLS CPOS CPHS — — CKS2 CKS1 CKS0
SSER TE RE RSSTP —_ TEIE TIE RIE CEIE
SSSR — ORER — — TEND TDRE RDRF CE
SSRDR SSRDR7 SSRDR6 SSRDR5 SSRDR4 SSRDR3 SSRDR2 SSRDR1 SSRDRO
SSTDR SSTDR7 SSTDR6 SSTDR5 SSTDR4 SSTDR3 SSTDR2 SSTDR1  SSTDRO
SBTCTL PCEF — — START OSCEB  SYSCKS SBTIB SBTUF Subtimer
SBTDCNT SBTDCNT7 SBTDCNT6 SBTDCNT5 SBTDCNT4 SBTDCNT3 SBTDCNT2 SBTDCNT1 SBTDCNTO
ROPCR ROPCR7 ROPCR6 ROPCR5 ROPCR4 ROPCR3 ROPCR2 ROPCR1 ROPCRO
TCR_O CCLR2 CCLR1 CCLRO CKEGH1 CKEGO TPSC2 TPSC1 TPSCO Timer Z
TIORA 0 — I0B2 10B1 10BO — I0A2 I0A1 I0A0
TIORC_0 — 10D2 10D1 I0DO — I0C2 10CH1 10CO
TSR_0 — — — OVF IMFD IMFC IMFB IMFA
TIER_O — — — OVIE IMIED IMIEC IMIEB IMIEA
POCR_0 —_ — —_ —_ - POLD POLC POLB
TCNT_0 TCNTOH7 TCNTOH6 TCNTOH5 TCNTOH4 TCNTOH3 TCNTOH2 TCNTOH1 TCNTOHO
TCNTOL7 TCNTOL6 TCNTOL5 TCNTOL4 TCNTOL3 TCNTOL2 TCNTOL1 TCNTOLO
GRA_0 GRAOH7 GRAOH6 GRAOH5 GRAOH4 GRAOH3 GRAOH2 GRAOH1  GRAOHO
GRAOL7 GRAOL6 GRAOL5 GRAOL4 GRAOL3 GRAOL2 GRAOL1  GRAOLO
GRB_0 GRBOH7 GRBOH6 GRBOH5 GRBOH4 GRBOH3 GRBOH2 GRBOH1  GRBOHO
GRBOL7 GRBOL6 GRBOL5 GRBOL4 GRBOL3 GRBOL2 GRBOL1 GRBOLO
GRC_0 GRCOH7 GRCOH6 GRCOH5 GRCOH4 GRCOH3 GRCOH2 GRCOH1 GRCOHO
GRCOL7 GRCOL6 GRCOL5 GRCOL4 GRCOL3 GRCOL2 GRCOL1 GRCOLO
GRD_0 GRDOH7 GRDOH6 GRDOH5 GRDOH4 GRDOH3 GRDOH2 GRDOH1 GRDOHO
GRDOL7 GRDOL6 GRDOL5 GRDOL4 GRDOL3 GRDOL2 GRDOL1  GRDOLO
TCR_1 CCLR2 CCLR1 CCLRO CKEGH CKEGO  TPSC2 TPSCH TPSCO
TIORA_1 —_ 10B2 10B1 10BO - I10A2 I0A1 I0A0
TIORC_1 — 10D2 10D1 I0D0 — loc2 10C1 loco
TSR_1 —_ - UDF OVF IMFD IMFC IMFB IMFA
TIER_1 — — — OVIE IMIED IMIEC IMIEB IMIEA
POCR_1 — — — — — POLD POLC POLB
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Item Page Revision (See Manual for Details)

12.3.7 Timer Counter (TCNT) 177  Added

....The TCNT counters cannot be accessed in 8-bit
units; they must always be accessed as a 16-bit unit.
TCNT is initialized to H'0000.

Figure 12.17 Example of Input 196 Amended
Capture Operation

Counter cleared by FTIOB input (falling edge)

12.4.4 Synchronous Operation 199 Added

Figure 12.20 shows an example of synchronous
operation. In this example, .... set for the channel 1
counter clearing source. In addition, the same input
clock has been set as the counter input clock for
channel 0 and channel 1. Two-phase PWM waveforms
are....

Figure 12.44 Example of Output 229  Amended
Disable Timing of Timer Z by
Writing to TOER

Ti T2

g
S [

Address bus X TOER address X

TOER

Timer Z

. Timer output
output pin

1/0 port

Timer Z output 1/0 port

_.-__x__..><_._.

|

1
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Program-counter relative ...................... 34 I/O POTES e 111
Register direCt...........oooomvvvvvvvneririsisnns 32 INStrUCioN SEt........ovvvveeveeeeeeeceereeereenenn. 21
Register INAITECT..ceeeiiiiiiiiieeeeeeeieeeeee. 33 Arithmetic operations instructions ........ 23
Register indirect with displacement...... 33 Bit manipulation instructions................ 26
Register indirect with post-increment.... 33 Block data transfer instructions............. 30
Register indirect with pre-decrement.... 33 Branch instructions .............c..ccocuevennn.. 28
Data transfer instructions ...................... 22
Logic operations instructions................ 25
C Shift inStructions ................ooo..coovvveeenn... 25
Clock pulse generators.........c.cceceeeeueenennee 73 System control instructions................... 29
Prescaler S.....ccooovvvveeeeeieeeeeeeeee 76 Internal power supply Step-down
System clock generator...........c.ccoceenee. 74 CITCUIL .ottt 413
Condition field......cccvveevivvveiiiiieiiieeeinnns 31 Interrupt
Condition-code register (CCR)................. 16 Internal interrupts.........cocooveveveeevecnnnes 61
Controller area network (TinyCAN)....... 295 Interrupt response time................cc........ 63
MailboX..oooveeeeeeeieiil 340 IRQ3 to IRQO intermpts _______________________ 60
Message reception ...........ccoevveeecennn. 336 NMI NEITUPL ..o 60
Message tranSmission ..............eceeuee... 327 WKPS5 to WKPO interrupts ................... 60
Time Quanta ...........coooovrrieiiininiinnnn. 326 Interrupt mask bit.........cocoooovveverreierenae. 17
TinyCAN standby transition............... 342
CPU .o 9
L
Large current ports.........cceceeeeevveecvercveneenne. 2
E Low-voltage detection circuit ................. 403
Effective address.........coccveverenenceeenennee 36 LVDI (interrupt by low voltage detect)
Effective address extension ...........c.......... 31 CITCUIL 1o, 410
Exception handling............cecceeeviennnnnen. 49
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