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Section2 CPU

2.5 Addressing Modes and Effective Address Calculation

The following describes the H8/300H CPU. In this LSI, the upper eight bits are ignored in the
generated 24-bit address, so the effective addressis 16 hits.

251 Addressing M odes

The H8/300H CPU supports the eight addressing modes listed in table 2.10. Each instruction uses
a subset of these addressing modes. Addressing modes that can be used differ depending on the
instruction. For details, refer to appendix A.4, Combinations of Instructions and 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 the absolute addressing mode
(@aa:8) to specify an operand, and register direct (BSET, BCLR, BNOT, and BTST instructions)
or immediate (3-bit) addressing mode to specify abit number in the operand.

Table2.10 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERN
3 Register indirect with displacement @(d:16,ERn)/@(d:24,ERn)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERn
5 Absolute address @aa:8/@aa:16/@aa:24
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

Theregister 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 EQ to E7
can be specified as 16-bit registers. ERO to ER7 can be specified as 32-bit registers.
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Section 3 Exception Handling

343 Interrupt Handling Sequence

Interrupts are controlled by an interrupt controller.

Interrupt operation is described as follows.

1

If an interrupt occurs while the NMI or interrupt enable bit is set to 1, an interrupt request
signal is sent to the interrupt controller.

When multiple interrupt requests are generated, the interrupt controller requests to the CPU for
the interrupt handling with the highest priority at that time according to table 3.1. Other
interrupt requests are held pending.

The CPU accepts the NMI and address break without depending on the | bit value. Other
interrupt requests are accepted, if the | bit is cleared to 0 in CCR,; if the | bitisset to 1, the
interrupt request is held pending.

If the CPU accepts the interrupt after processing of the current instruction is completed,
interrupt exception handling will begin. First, both PC and CCR are pushed onto the stack. The
state of the stack at thistime is shown in figure 3.2. The PC value pushed onto the stack isthe
address of the first instruction to be executed upon return from interrupt handling.

Then, the | bit of CCR is set to 1, masking further interrupts excluding the NMI and address
break. Upon return from interrupt handling, the values of | bit and other bitsin CCR will be
restored and returned to the values prior to the start of interrupt exception handling.

Next, the CPU generates the vector address corresponding to the accepted interrupt, and
transfers the address to PC as a start address of the interrupt handling-routine. Then a program
starts executing from the address indicated in PC.

Figure 3.3 shows atypical interrupt sequence where the program areaisin the on-chip ROM and
the stack areaisin the on-chip RAM.
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Section 9 /O Ports

Section 9 /O Ports

This LSl hasforty-five general 1/0 ports and eight general input-only ports. Port 6 isalarge
current port, which can drive 20 mA (@V, = 1.5 V) when alow level signa is output. Any of
these ports can become an input port immediately after areset. They can also be used as /0O pins
of the on-chip peripheral modules or external interrupt input pins, and these functions can be
switched depending on the register settings. The registers for selecting these functions can be
divided into two types: those included in 1/O ports and those included in each on-chip periphera
module. General /O ports are comprised of the port control register for controlling inputs/outputs
and the port data register for storing output data and can select inputs/outputs in bit units.

For functions in each port, see appendix B.1, 1/O Port Block Diagrams. For the execution of bit-
mani pulation instructions to the port control register and port data register, see section 2.8.3, Bit
Manipulation Instruction.

9.1 Port 1

Port 1 isageneral 1/0 port also functioning as IRQ interrupt input pins, atimer B1 input pin, and a
timer V input pin. Figure 9.1 shows its pin configuration.

~——— P17/IRQ3/TRGV
~-— P16/IRQ2
~— P15/IRQ1/TMIB1

Potl |« + p14iRQO

-~ P12
~—— P11

-~ P10

Figure9.1 Port 1 Pin Configuration
Port 1 has the following registers.

o Port mode register 1 (PMRL)

e Port control register 1 (PCR1)

o Port dataregister 1 (PDR1)

e Port pull-up control register 1 (PUCR1)
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Section 9 /O Ports

94 Port 6

Port 6 isageneral 1/0 port also functioning as atimer Z 1/O pin. Each pin of the port 6 is shown in
figure 9.4. The register setting of the timer Z has priority for functions of the pins for both uses.

~——— P67/FTIOD1
~—— PB6/FTIOCT
~—— P65/FTIOB1
Portg | = P64/FTIOA1
~——= P63/FTIODO
~—— P62/FTIOCO
~—— P61/FTIOBO
P6O/FTIOAO

Figure9.4 Port 6 Pin Configuration
Port 6 has the following registers.

o Port control register 6 (PCR6)
e Port dataregister 6 (PDR6)

9.4.1 Port Control Register 6 (PCR6)

PCR®6 selects inputs/outputs in bit units for pinsto be used as general 1/0 ports of port 6.

Initial
Bit Bit Name Value R/W Description
7 PCR67 0 W When each of the port 6 pins P67 to P60 functions as a
6 PCR66 0 W general I/O port, setting a PCR®6 bit to 1 makes the
corresponding pin an output port, while clearing the bit to
5 PCRE5 0 W 0 makes the pin an input port.
4 PCR64 0 W
3 PCR63 0 W
2 PCR62 0 W
1 PCR61 0 w
0 PCR60 0 W
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Section 9 I/O Ports

e PB4/FTIOAL pin

Register TOER TFCR TIORA1 PCR6
CMD1, I0A2 to
Bit Name EB1 CMDO I0A0 PCR64 Pin Function
Setting Value 1 XX 000or O P64 input/FTIOA1 input pin
1XX 1 P64 output pin
0 00 001or X FTIOA1 output pin
01X
[Legend]
X: Don't care.
e P63/FTIODO pin
Register TOER TFCR TPMR TIORCO PCR6
CMD1, I0D2 to
Bit Name EDO CMDO PWMDO 10DO0O PCR63 Pin Function
Setting Value 1 00 0 000 or 0 P63 input/FTIODO input pin
1XX 1 P63 output pin
0 00 0 001 or X FTIODO output pin
01X
1 XXX
Other than X XXX
00
[Legend]
X: Don't care.
Rev. 4.00 Mar. 15,2006 Page 129 of 556
RENESAS REJ09B0026-0400



Section 14 Serial Communication Interface 3 (SCI3)

Operating Frequency ¢ (MHz)

3.6864 4 4.9152 5
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 64 0.70 2 70 0.038 2 86 0.31 2 88 -0.25
150 1 191 0.00 1 207 0.14 1 255 0.00 2 64 0.14
300 1 95 0.00 1 103 0.14 1 127 0.00 1 129 0.14
600 0 191 0.00 0 207 0.14 0 255 0.00 1 64 0.14
1200 0 95 0.00 0 103 0.14 0 127 0.00 0 129 0.14
2400 0 47  0.00 0 51 0.14 0 63 0.00 0 64 0.14
4800 0 23 0.00 0 25 0.14 0 31 0.00 0 32 -1.36
9600 0 11 0.00 0 12 0.14 0 15  0.00 0 15 1.73
19200 0 5 0.00 0 —6.99 0 0.00 0 1.73
31250 —_ = - 0 0.00 0 -1.70 0 0.00
38400 0 2 0.00 0 8.51 0 0.00 0 1.73
[Legend]

—: A setting is available but error occurs.
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Section 15 Controller Area Network for Tiny (TinyCAN)

Bit

Bit Name

Initial
Value

R/W

Description

RHIM

1

R/W

Reset/Halt Interrupt Mask

Enables or disables a reset/halt interrupt request.
0: The reset/halt interrupt request is enabled

1: The reset/halt interrupt request is disabled

e TCIMR1

Bit

Bit Name

Initial
Value

R/W

Description

7105

All1

Reserved
These bits are always read as 1.

WUPIM

R/W

Wakeup Interrupt Mask

Enables or disables a wakeup interrupt request.
0: The wakeup interrupt request is enabled

1: The wakeup interrupt request is disabled

3,2

All 1

Reserved
These bits are always read as 1.

OVRIM

R/W

Unread Message Interrupt Mask

Enables or disables an interrupt request for an unread
message.

0: The interrupt request for the unread message is
enabled

1: The interrupt request for the unread message is
disabled

EMPIM

R/W

Mailbox Empty Interrupt Mask

Enables or disables an interrupt request for mailbox
empty.

0: The interrupt request for mailbox empty is enabled
1: The interrupt request for mailbox empty is disabled
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Section 17 Subsystem Timer (Subtimer)

Section 17 Subsystem Timer (Subtimer)

The subtimer isatimer for controlling subsystem which has an on-chip oscillator for supplying
system clocks in subactive and subsleep modes and an on-chip 8-bit down counter. Since the
subtimer has a prescaler that can set the division ratio by software, it can supply a clock with any
frequency. This LSl has an on-chip single-channel subtimer.

17.1 Features

e On-chip oscillator

Oscillation frequency: 64 kHz to 850 kHz

Temperature characteristic: Source clock £ 10% (typ.)
e Counter: two

8-bit readabl e/writable down counter

8-hit counter for measuring oscillation frequency of the on-chip oscillator
e CPU interrupt source

Underflow (interrupt interval: 731 psec to 67.4 msec)
e Subtimer clock supply operating modes:

Subactive mode

Subsleep mode
e On-chip oscillator

The on-chip oscillator supplies three kinds of clocks:

Subactive or subsleep mode (¢,

Subtimer down counter (input clock)

Watchdog timer (input clock)
e Subtimer prescaler (SBTPS)

The subtimer prescaler is a divider which controls input clocks to the counter which measures
oscillation cycle of the on-chip oscillator and the down counter for the subtimer.
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Section 17 Subsystem Timer (Subtimer)

Figure 17.1 shows a block diagram of the subtimer. For details on the signal to the watchdog
timer, refer to section 13, Watchdog Timer.

To system clock

,— To watchdog timer /\
| On-chip PSCIN 12 SBTPS o 17128 [ .| SBTDCNT |«
oscillator >
el
} o
©
©
ROPCR E
2
t £
SBTCTL
_I N
Legend] Interrupt request signal

PSCIN: Output clock of on-chip oscillator
SBTPS: Subtimer prescaler

ROPCR:  Ring oscillator prescaler setting register
SBTDCNT: Subtimer counter

SBTCTL:  Subtimer control register

Figure17.1 Block Diagram of Subtimer
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Section 17 Subsystem Timer (Subtimer)

17.4  Count Operation

The subtimer has an 8-bit readable/writable down counter, SBTDCNT. When any value ranging
from H’00 to H'FF iswritten to SBTDCNT and the START bit in SBTCTL isset to 1, the
subtimer starts counting down from the configured valuein SBTDCNT. When an underflow
occurs at H'00, the subtimer requests an interrupt to the CPU. At the end of the exception
handling, the subtimer starts counting down again from the configured value written in
SBTDCNT. If another value iswritten in SBTDCNT, the subtimer starts counting down from the
rewritten value. Therefore, the underflow cycle can be set in the range from 1 to 256 input clocks
according to the configured value in SBTDCNT. Figure 17.4 shows an example of the subtimer
operation and figure 17.5 shows the flowchart.

Clocks are supplied to the entire chip by setting the SY SCKSbit in SBTCTL to 1. When the
SYSCKShit iscleared to 0, clock supply to the entire chip is disabled and only the subtimer
operates.

(Example) When ¢ is 32 kHz and the underflow cycle is 100 ms:

32x 103

3 _
128 x100x 107 =25

Therefore, set 25 (H’19) in SBTDCNT.

Rev. 4.00 Mar. 15,2006 Page 387 of 556
RENESAS REJ09B0026-0400



Section 22 Electrical Characteristics

22.2  Electrical Characteristics (F-ZTAT™ Version)

2221 Power Supply Voltage and Operating Ranges

Power Supply Voltage and Oscillation Frequency Range:

dosc (MHz) dosc (MHz)
200 --f--------- 850.0 --f---------
10.0 --1-- !
20 --{--1 : ! I . .
3.0 4.0 55 Ve (V) 4.0 55 Ve (V)
AVCC =3.3t05.5V AVCC =3.3t05.5V
¢ Active mode ¢ Active mode

e Sleep mode ¢ Sleep mode
¢ Subactive mode

Subsleep mode

Note: This frequency range is supplied by the on-chip
oscillator for the subtimer and is guaranteed.

Power Supply Voltage and Operating Frequency Range:

o (MHz) o (kHz)
20.0 f----------- 2500 |-----------
10.0 f---- . 1250 f---- ;
1.0 p---- ; i
! : ' 78125 f---- '
3.0 4.0 55 Vg (V) 3.0 4.0 55 Vg (V)
AVCC =33 to55V AVCC =3.3t05.5V
* Active mode * Active mode
e Sleep mode e Sleep mode
(When MA2in SYSCR2=0) (When MA2in SYSCR2=1)
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Section 22 Electrical Characteristics

Item

Symbol

Applicable
Pins

Values

Test Condition Min. Typ. Max.  Unit

Reference
Figure

RES pin low
width

REL

ES

At power-on and in t_ — — ms
modes other than
those below

In active mode and 1500 — — ns
sleep mode
operation

Figure 22.2

Input pin high
width

NMI,
IRQO to
TRQ3,
WKPO to
WKP5,
TMCIV,
TMRIV,
TRGV,
ADTRG,
FTIOAO to
FTIODO,
FTIOA1 to
FTIOD1

cye

t

'subcyc

Input pin low
width

NMI,
TRQO to
TRQ3,
WKPO to
WKP5,
TMCIV,
TMRIV,
TRGV,
ADTRG,
FTIOAO to
FTIODO,
FTIOA1 to
FTIOD1

cyc

t

subcyc

Figure 22.3

Notes: 1. When an external clock is input, the minimum system clock oscillation frequency is 1.0

MHz.

2. Determined by the MA2, MA1, MAO, SA1, and SAO bits in the system control register 2
(SYSCR2).
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Section 22 Electrical Characteristics

Values
Item Symbol Applicable Pins Test Condition Min. Typ. Max. Unit Notes
Qutput Vo P10 to P12, Vi=40t055V — — 0.6 \Y
low P14 to P17, I, =1.6mA
voltage P20 to P24,
P50 to P57,
P70 to P72, lo, = 0.4 mA — — 04
P74 to P76,
P85 to P87,
P90 to P97
P60 to P67 Vi=40t055V — — 1.5 \Y
l,, =20.0 mA
V,.=4.0t05.5V — — 1.0
lo,=10.0mA
Vi=40t055V — — 0.4
lo, = 1.6 mA
lo,=0.4mA — — 0.4
Input/ [ 1,1 OSC1, RES, NMI, V, =05V or — — 1.0 pA
output WKPO to WKP5, higher
leakage IRQO to IRQS, (Ve —0.5V)
current ADTRG, TRGV,
TMRIV, TMCIV,
FTIOAO to
FTIODO, FTIOA1
to FTIOD1, RXD,
SCK3, RXD_2*",
SCK3_2*', SSCK,
SCS, SSI, SSO,
HRXD
P10 to P12, V,=05Vor — — 1.0 A
P14 to P17, higher
P20 to P24, (Ve —0.5V)
P50 to P57,
P60 to P67,
P70 to P72,
P74 to P76,
P85 to P87,
P90 to P97
PBO to PB7 V,=05Vor — — 1.0 HA
higher
(AV,,—0.5V)
Pull-up -1 P10 to P12, Ve =5.0V, 50.0 — 300.0 A
MOS P14 to P17, V=00V
current P50 to P55 V=30V, — 60.0 — Reference
V=00V value
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Appendix

TableA.1

Instruction Set

1. Data Transfer Instructions

Addressing Mode and No. of
Instruction Length (bytes) States”"
+
) 9 é . Condition Code
Mnemonic %) |y Operation
2 £ |9 .| B
g SlUE] 128 g5
o W 2 i|a|2S 7 — 5|3
O|£#||®® ® 6|6 I[HIN|Z|V|Cc|Z | <
MOV |[MOV.B #xx:8, Rd B|2 #xx:8 — Rd8 —|—[{T|T]0|— 2
MOV.B Rs, Rd B 2 Rs8 — Rd8 —|—|T|T]0|— 2
MOV.B @ERs, Rd B 2 @ERs — Rd8 —|—|T|T|o|— 4
MOV.B @(d:16, ERs), Rd | B @(d:16, ERs) — Rd8 —|—[2]2]o|—| &
MOV.B @(d:24, ERs), Rd | B @(d:24, ERs) — Rd8 —|—[(T|T]0|— 10
MOV.B @ERs+, Rd B 2 @ERs — Rd8 —|—[T|T|o|— 6
ERs32+1 — ERs32
MOV.B @aa:8, Rd B 2 @aa:8 — Rd8 —|—[T|T]0|— 4
MOV.B @aa:16, Rd B 4 @aa:16 — Rd8 —|—|T|T|0]|— 6
MOV.B @aa:24, Rd B 6 @aa:24 — Rd8 —|—|T|T]0|— 8
MOV.B Rs, @ERd B 2 Rs8 — @ERd —|—|T|T]0|— 4
MOV.B Rs, @(d:16, ERd) | B Rs8 — @(d:16, ERd) —|—=|2]2]o|— 6
MOV.B Rs, @(d:24, ERd) | B Rs8 — @(d:24, ERd) —|—|T|T]0|— 10
MOV.B Rs, @-ERd B 2 ERd32-1 — ERd32 —|—|T|T]0|— 6
Rs8 — @ERd
MOV.B Rs, @aa:8 B 2 Rs8 —» @aa:8 —|—[T12|0|— 4
MOV.B Rs, @aa:16 B 4 Rs8 — @aa:16 —|—|T|T]0|— 6
MOV.B Rs, @aa:24 B 6 Rs8 — @aa:24 — =122 |0|— 8
MOV.W #xx:16, Rd W\ 4 #xx:16 — Rd16 —|—|T|T]0|— 4
MOV.W Rs, Rd w 2 Rs16 — Rd16 —|—[T|T]0|— 2
MOV.W @ERs, Rd w 2 @ERs — Rd16 —|—[{T|T]0|— 4
MOV.W @(d:16, ERs), Rd | W @(d:16,ERs) > Rd16 |—|—|2 | |0|—| 6
MOV.W @(d:24, ERs), Rd | W @(d:24, ERs) — Rd16 —|—[T|T]0|— 10
MOV.W @ERs+, Rd w 2 @ERs — Rd16 —|—|T|T|0|— 6
ERs32+2 —» @ERd32
MOV.W @aa:16, Rd w 4 @aa:16 — Rd16 —|—|T|T|0]|— 6
MOV.W @aa:24, Rd w 6 @aa:24 — Rd16 —|—|{T|T]0|— 8
MOV.W Rs, @ERd W 2 Rs16 — @ERd —|—|T|T|0|— 4
MOV.W Rs, @(d:16, ERd) | W Rs16 — @(d:16, ERd) |—|— |2 [T |0 |— 6
MOV.W Rs, @(d:24, ERd) | W Rs16 — @(d:24, ERd) |—|—|2 |2 |0|—] 10
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A.4  Combinations of Instructions and Addressing Modes

TableA.5 Combinationsof Instructionsand Addressing M odes

Addressing Mode

o
=l | & ~
Functions | Instructions BRG] c |9
6 | < | F o x| & |6 |
Elo | lglelqlSlel=2]8
gl [T |28 |UW ||| |2 |20
£ || ®® @ ® 1 ® | ® 1 ® | ®|® |
Data MOV BWL BWL |BWL|BWL|BWL BWL| B [BWLBWL| — | — | — | —
transfer POP, PUSH — | == === =]=]=|=|=]—=|W
instructions MOVFPE, I e
MOVTPE
Arithmetic | ADD, CMP BWLBWL| — | — | — | — | — | — | — | — | — | — | —
operations |gyB WL BWLI — | — | — | — | — | — | — | — | — | — | —
ADDX, SUBX B/ B|—|—| === —|—|—=|—|—]—
ADDS, SUBS e L e e et e Bt Bt Bt Bt Rt e s
INC, DEC —BWL| — | — | — | — | — | — | — | — | — | — | —
DAA, DAS — | B |- == === | == | — | —
MULXU, — BV | — | — | — | = == — | == | — | —
MULXS,
DIVXU,
DIVXS
NEG —BWL| — | — | — | — | — | — | — | — | — | — | —
EXTU, EXTS — WL - - - === = | = — | — | —
Logical AND,OR,XOR | — BWL| — | — | — | — | — | — | — | — | — | — | —
operations | NOT — BWL| — | —m | —m | —m | — | — | — | — | — | — | —
Shift operations —BWL| — | — | — | — | — | — | — | — | — | — | —
Bit manipulations — | B B|l—|—|—|B|—|—|—|—|—|—
Branching |BCC, BSR - - = — | | — | — | — | —
instructions | ymp, JSR — -1 OO | === =]=1=1010| ==
RTS — T =T=1T=1=1=T=1=101=1=T1T01=
System TRAPA e el el el e el el e el e e e RO
control RTE — - -] ==|=]=l=|=]=1=10
instructions SLEEP == TS = =S == =T=T=70
LDC B|/B|W| W/ W W|— W W|—|—|—|0O
STC —|B W W/ W|W|—|W | W|—|—|—|—
ANDC, ORC, I e e e B e e B I e B
XORC
NOP e el el el e el el e el e e e RO
Block data transfer instructons | — | — | — | — | — | — | — | — | — | — | — | — |BW
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Internal data bus
at

D

H
0 ¢

——{PCR

ZXTA

SCI3_2*

RxD G_

[Legend]
PDR : Port data register
PCR : Port control register

Note: The H8/36037 Group does not have the SCI3_2.

FigureB.17 Port 7 Block Diagram (P71)
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SBY
.................. Ssu......
SCS output control
SCS input control :Do—cl
SCSNMOS open-
drain output control: |nternal data bus
AN
II PDR II '\l > _:.l:)_l
——|PCR
f}l
\I
_ NV
SCS output
SCS input /_UTP_
[Legend]

PDR : Port data register
PCR : Port control register

FigureB.26 Port 9 Block Diagram (P90)
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