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2.5 Addressing Modes and Effective Address Calculation 

2.5.1 Addressing Modes 

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 a bit number in the operand. 

Table 2.10 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 
Register indirect with pre-decrement 

@ERn+ 
@–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 

 

Register Direct—Rn 

The register field of the instruction specifies an 8-, 16-, or 32-bit general register containing the 
operand. R0H to R7H and R0L to R7L can be specified as 8-bit registers. R0 to R7 and E0 to E7 
can be specified as 16-bit registers. ER0 to ER7 can be specified as 32-bit registers. 

Register Indirect—@ERn 

The register field of the instruction code specifies an address register (ERn), the lower 24 bits of 
which contain the address of the operand on memory. 
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Relative Module 

 
Exception Sources 

Vector 
Number 

 
Vector Address 

 
Priority 

 Reserved for system use 33 H'000084 to 
H'000087 

High 

SCI3_3 Receive data full 
Transmit data empty 
Transmit end 
Receive error 

34 H'000088 to 
H'00008B 

 
 
 
Low 

Note: * A low-voltage detection interrupt is enabled only in the product with an on-chip power-
on reset and low-voltage detection circuit. 

 

3.2 Register Descriptions 

Interrupts are controlled by the following registers. 

• Interrupt edge select register 1 (IEGR1) 

• Interrupt edge select register 2 (IEGR2) 

• Interrupt enable register 1 (IENR1) 

• Interrupt enable register 2 (IENR2) 

• Interrupt flag register 1 (IRR1) 

• Interrupt flag register 2 (IRR2) 

• Wakeup interrupt flag register (IWPR) 
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3.2.4 Interrupt Enable Register 2 (IENR2) 

IENR2 enables, timer B1 overflow interrupts. 

Bit Bit Name 
Initial 
Value R/W Description 

7 

6 

 

 

0 

0 

 

 

Reserved 

These bits are always read as 0. 

5 IENTB1 0 R/W Timer B1 Interrupt Enable 

When this bit is set to 1, timer B1 overflow interrupt 
requests are enabled. 

4 

3 

2 

1 

0 

 

 

 

 

 

1 

1 

1 

1 

1 

 

 

 

 

 

Reserved 

These bits are always read as 1. 

 

When disabling interrupts by clearing bits in an interrupt enable register, or when clearing bits in 
an interrupt flag register, always do so while interrupts are masked (I = 1). If the above clear 
operations are performed while I = 0, and as a result a conflict arises between the clear instruction 
and an interrupt request, exception handling for the interrupt will be executed after the clear 
instruction has been executed. 

 

3.2.5 Interrupt Flag Register 1 (IRR1) 

IRR1 is a status flag register for direct transition interrupts, RTC interrupts, and IRQ3 to IRQ0 
interrupt requests. 

Bit Bit Name 
Initial 
Value R/W Description 

7 IRRDT 0 R/W Direct Transfer Interrupt Request Flag 

[Setting condition] 

When a direct transfer is made by executing a SLEEP 
instruction while DTON in SYSCR2 is set to 1. 

[Clearing condition] 

When IRRDT is cleared by writing 0 
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Figure 3.3 shows a typical interrupt sequence where the program area is in the on-chip ROM and 
the stack area is in the on-chip RAM. 

PC and CCR
saved to stack

SP (ER7)

SP – 1

SP – 2

SP – 3

SP – 4

Stack area
SP + 4

SP + 3

SP + 2

SP + 1

SP (ER7)

Even address

Prior to start of interrupt
exception handling

After completion of interrupt
exception handling

[Legend]
PCE:
PCH:
PCL:
CCR:
SP:

Bits 23 to 16 of program counter (PC)
Bits 15 to 8 of program counter (PC)
Bits 7 to 0 of program counter (PC)
Condition code register
Stack pointer

Notes:

CCR

PCE

PCH

PCL

1.

2.

PC shows the address of the first instruction to be executed upon return from the interrupt 
handling routine.
Register contents must always be saved and restored by word length, starting from  
an even-numbered address.

 

Figure 3.2   Stack Status after Exception Handling 
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3.4.4 Interrupt Response Time 

Table 3.2 shows the number of wait states after an interrupt request flag is set until the first 
instruction of the interrupt handling-routine is executed. 

Table 3.2 Interrupt Wait States 

Item States Total 

Interrupt priority determination 2*1 19 to 41 

Waiting time for completion of executing instruction*2 1 to 23  

Saving of PC and CCR to stack 4  

Vector fetch 4  

Instruction fetch 4  

Internal processing 4  

Notes: 1. In case of internal interrupts, the number of states is 1. 
 2. Not including EEPMOV instruction. 
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Table 6.3 Internal State in Each Operating Mode 

 
Function 

 
Active Mode 

 
Sleep Mode 

Subactive 
Mode 

Subsleep 
Mode 

Standby 
Mode 

System clock oscillator Functioning Functioning Halted Halted Halted 

Subclock oscillator Functioning Functioning Functioning Functioning Functioning 

Instructions Functioning Halted Functioning Halted Halted CPU 
operations Registers Functioning Retained Functioning Retained Retained 

RAM Functioning Retained Functioning Retained Retained 

IO ports Functioning Retained Functioning Retained Register 
contents are 
retained, but 
output is the 
high-
impedance 
state. 

IRQ3 to IRQ0 Functioning Functioning Functioning Functioning Functioning External 
interrupts WKP5 to 

WKP0 
Functioning Functioning Functioning Functioning Functioning 

RTC Functioning Functioning Functioning if the timekeeping time-base 
function is selected, and retained if not selected

Peripheral 
functions 

Timer V Functioning Functioning Reset Reset Reset 

Watchdog 
timer 

Functioning Functioning Retained (functioning if the internal oscillator is 
selected as a count clock*) 

 

SCI3, SCI3_2, 
SCI3_3 

Functioning Functioning Reset Reset Reset 

 IIC2 Functioning Functioning Retained* Retained Retained 

 Timer B1 Functioning Functioning Retained* Retained Retained 

 Timer Z Functioning Functioning Retained* Retained Retained 

 Timer W Functioning Functioning Retained (the counter is 
incremented by a subclock if 
the internal clock φ is selected 
as a count clock*) 

Retained 

 A/D converter Functioning Functioning Reset Reset Reset 

Note: * Registers can be read or written in subactive mode. 
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• P30 pin 

Register PCR3  

Bit Name PCR30 Pin Function 

Setting Value 0 P30 input pin 

 1 P30 output pin 

 

9.4 Port 5 

Port 5 is a general I/O port also functioning as an I2C bus interface I/O pin, an A/D trigger input 
pin, and a wakeup interrupt input pin. Each pin of the port 5 is shown in figure 9.4. The register 
setting of the I2C bus interface has priority for functions of the pins P57/SCL and P56/SDA. Since 
the output buffer for pins P56 and P57 has the NMOS push-pull structure, it differs from an output 
buffer with the CMOS structure in the high-level output characteristics (see section 23, Electrical 
Characteristics). 

P55/WKP5/ADTRG

P56/SDA

P57/SCL

P50/WKP0

P54/WKP4

P53/WKP3

P52/WKP2

P51/WKP1

Port 5

 

Figure 9.4   Port 5 Pin Configuration 

Port 5 has the following registers. 

• Port mode register 5 (PMR5) 

• Port control register 5 (PCR5) 

• Port data register 5 (PDR5) 

• Port pull-up control register 5 (PUCR5) 
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Section 10   Realtime Clock (RTC) 

The realtime clock (RTC) is a timer used to count time ranging from a second to a week. Figure 
10.1 shows the block diagram of the RTC. 

10.1 Features 

• Counts seconds, minutes, hours, and day-of-week 

• Start/stop function 

• Reset function 

• Readable/writable counter of seconds, minutes, hours, and day-of-week with BCD codes 

• Periodic (seconds, minutes, hours, days, and weeks) interrupts 

• 8-bit free running counter 

• Selection of clock source 
 

PSS

32-kHz
oscillator

circuit

RTCCSR

RSECDR

RMINDR

RWKDR
Clock count

control circuit

Interrupt 
control circuit

Interrupt

RTCCR1

RHRDR

RTCCR2

In
te

rn
al

 d
at

a 
bu

s

1/4

TMOW

[Legend]
RTCCSR:
RSECDR:
RMINDR:
RHRDR:
RWKDR:
RTCCR1:
RTCCR2:
PSS:

Clock source select register
Second date register/free running counter data register
Minute date register
Hour date register
Day-of-week date register
RTC control register 1
RTC control register 2
Prescaler S  

Figure 10.1   Block Diagram of RTC 
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TRGV

TMCIV

TMRIV

TMOV

φ

Trigger
control 

Clock select

Clear
control 

Output
control 

PSS

TCRV1

TCORB

Comparator

TCNTV

Comparator

TCORA

TCRV0

Interrupt
request
control  

TCSRV

CMIA
CMIB
OVI

In
te

rn
al

 d
at

a 
bu

s

TCORA:
TCORB:
TCNTV:
TCSRV:
TCRV0:

[Legend]
Time constant register A     
Time constant register B     
Timer counter V     
Timer control/status register V     
Timer control register V0     

TCRV1:
PSS:
CMIA:  
CMIB:
OVI:

Timer control register V1
Prescaler S     
Compare-match interrupt A     
Compare-match interrupt B     
Overflow interupt  

Figure 12.1   Block Diagram of Timer V 
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17.3.3 Transmit Shift Register (TSR) 

TSR is a shift register that transmits serial data. To perform serial data transmission, the SCI3 first 
transfers transmit data from TDR to TSR automatically, then sends the data that starts from the 
LSB to the TXD pin. TSR cannot be directly accessed by the CPU. 

17.3.4 Transmit Data Register (TDR) 

TDR is an 8-bit register that stores data for transmission. When the SCI3 detects that TSR is 
empty, it transfers the transmit data written in TDR to TSR and starts transmission.  The double-
buffered structure of TDR and TSR enables continuous serial transmission. If the next transmit 
data has already been written to TDR during transmission of one-frame data, the SCI3 transfers 
the written data to TSR to continue transmission. To achieve reliable serial transmission, write 
transmit data to TDR only once after confirming that the TDRE bit in SSR is set to 1. TDR is 
initialized to H'FF. 

17.3.5 Serial Mode Register (SMR) 

SMR is used to set the SCI3's serial transfer format and select the baud rate generator clock 
source.  

Bit Bit Name 
Initial 
Value R/W Description 

7 COM 0 R/W Communication Mode 

0: Asynchronous mode 

1: Clocked synchronous mode 

6 CHR 0 R/W Character Length (enabled only in asynchronous mode) 

0: Selects 8 bits as the data length. 

1: Selects 7 bits as the data length.  

5 PE 0 R/W Parity Enable (enabled only in asynchronous mode) 

When this bit is set to 1, the parity bit is added to 
transmit data before transmission, and the parity bit is 
checked in reception.  

4 PM 0 R/W Parity Mode (enabled only when the PE bit is 1 in 
asynchronous mode) 

0: Selects even parity. 

1: Selects odd parity. 
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Bit Bit Name 
Initial 
Value R/W Description 

1 MPBR 0 R Multiprocessor Bit Receive 

MPBR stores the multiprocessor bit in the receive 
character data. When the RE bit in SCR3 is cleared to 
0, its state is retained. 

0 MPBT 0 R/W Multiprocessor Bit Transfer 

MPBT stores the multiprocessor bit to be added to the 
transmit character data. 

 

17.3.8 Bit Rate Register (BRR) 

BRR is an 8-bit register that adjusts the bit rate. The initial value of BRR is H'FF. Table 17.3 
shows the relationship between the N setting in BRR and the n setting in bits CKS1 and CKS0 of 
SMR in asynchronous mode. Table 17.4 shows the maximum bit rate for each frequency in 
asynchronous mode. The values shown in both tables 17.3 and 17.4 are values in active (high-
speed) mode. Table 17.5 shows the relationship between the N setting in BRR and the n setting in 
bits CKS1 and CKS0 of SMR in clocked synchronous mode. The values shown in table 17.5 are 
values in active (high-speed) mode. The N setting in BRR and error for other operating 
frequencies and bit rates can be obtained by the following formulas: 

[Asynchronous Mode] 

N =
φ

64 × 22n–1 × B
× 106 – 1

 

Error (%) =                                          – 1   × 100








φ × 106 
(N + 1) × B × 64 × 22n–1

 

[Clocked Synchronous Mode] 

N =
φ

8 × 22n–1 × B
 × 106 – 1

 
[Legend] 
B: Bit rate (bit/s) 

N: BRR setting for baud rate generator (0 ≤ N ≤ 255) 

φ: Operating frequency (MHz) 
n: CSK1 and CSK0 settings in SMR (0 ≤ n ≤ 3) 
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Table 17.3 Examples of BRR Settings for Various Bit Rates (Asynchronous Mode) (3) 

Operating Frequency φ (MHz) 

12.888  14 14.7456 16 

Bit Rate 
(bit/s) n N 

Error 
(%)  n N 

Error 
(%) n N 

Error 
(%) n N 

Error 
(%) 

110 2 217 0.08  2 248 –0.17 3 64 0.70 3 70 0.03 

150 2 159 0.00  2 181 0.16 2 191 0.00 2 207 0.16 

300 2 79 0.00  2 90 0.16 2 95 0.00 2 103 0.16 

600 1 159 0.00  1 181 0.16 1 191 0.00 1 207 0.16 

1200 1 79 0.00  1 90 0.16 1 95 0.00 1 103 0.16 

2400 0 159 0.00  0 181 0.16 0 191 0.00 0 207 0.16 

4800 0 79 0.00  0 90 0.16 0 95 0.00 0 103 0.16 

9600 0 39 0.00  0 45 –0.93 0 47 0.00 0 51 0.16 

19200 0 19 0.00  0 22 –0.93 0 23 0.00 0 25 0.16 

31250 0 11 2.40  0 13 0.00 0 14 –1.70 0 15 0.00 

38400 0 9 0.00  — — — 0 11 0.00 0 12 0.16 
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17.5.3 Serial Data Transmission 

Figure 17.10 shows an example of SCI3 operation for transmission in clocked synchronous mode. 
In serial transmission, the SCI3 operates as described below. 

1. The SCI3 monitors the TDRE flag in SSR, and if the flag is 0, the SCI3 recognizes that data 
has been written to TDR, and transfers the data from TDR to TSR. 

2. The SCI3 sets the TDRE flag to 1 and starts transmission. If the TIE bit in SCR3 is set to 1 at 
this time, a transmit data empty interrupt (TXI) is generated. 

3. 8-bit data is sent from the TxD pin synchronized with the output clock when output clock 
mode has been specified, and synchronized with the input clock when use of an external clock 
has been specified. Serial data is transmitted sequentially from the LSB (bit 0), from the TxD 
pin. 

4. The SCI3 checks the TDRE flag at the timing for sending the MSB (bit 7). 

5. If the TDRE flag is cleared to 0, data is transferred from TDR to TSR, and serial transmission 
of the next frame is started. 

6. If the TDRE flag is set to 1, the TEND flag in SSR is set to 1, and the TDRE flag maintains 
the output state of the last bit. If the TEIE bit in SCR3 is set to 1 at this time, a TEI interrupt 
request is generated.  

7. The SCK3 pin is fixed high at the end of transmission. 
 
Figure 17.11 shows a sample flow chart for serial data transmission. Even if the TDRE flag is 
cleared to 0, transmission will not start while a receive error flag (OER, FER, or PER) is set to 1. 
Make sure that the receive error flags are cleared to 0 before starting transmission. 

Serial
clock

Serial
data

Bit 1Bit 0 Bit 7 Bit 0

1 frame 1 frame

Bit 1 Bit 6 Bit 7

TDRE

TEND

LSI
operation

User 
processing

TXI interrupt request generated 

Data written 
to TDR

TDRE flag
cleared 
to 0

TXI interrupt
request
generated

TEI interrupt request
generated

 

Figure 17.10   Example of SCI3 Transmission in Clocked Synchronous Mode 
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SCL

ICCR1

Transfer clock
generation

circuit

Address
comparator

Interrupt
generator

Interrupt request

Bus state
decision circuit

Arbitration
decision circuit

Noise canceler

Noise canceler

Output
control

Output
control

Transmission/
reception

control circuit
ICCR2

ICMR

ICSR

ICIER

ICDRR

ICDRS

ICDRT

I2C bus control register 1
I2C bus control register 2
I2C bus mode register 
I2C bus status register 
I2C bus interrupt enable register
I2C bus transmit data register 
I2C bus receive data register
I2C bus shift register
Slave address register 

[Legend]

ICCR1:
ICCR2:
ICMR:
ICSR:
ICIER:
ICDRT:
ICDRR:
ICDRS:
SAR:

SAR
SDA

In
te

rn
al
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at

a 
bu

s

 

Figure 18.1   Block Diagram of I2C Bus Interface 2 
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No

Yes

RDRF=1 ?
No

Yes

RDRF=1 ?

Last receive
- 1?

Mater receive mode

Clear TEND in ICSR

Clear TRS in ICCR1 to 0

Clear TDRE in ICSR

Clear ACKBT in ICIER to 0

Dummy-read ICDRR

Read RDRF in ICSR

Read ICDRR

Set ACKBT in ICIER to 1

Set RCVD in ICCR1 to 1

Read ICDRR

Read RDRF in ICSR

Write 0 to BBSY
and SCP

Read STOP in ICSR

Read ICDRR

Clear RCVD in ICCR1 to 0

Clear MST in ICCR1 to 0

Note: Do not activate an interrupt during the execution of steps [1] to [3].

End

No

Yes

STOP=1 ?
No

Yes

[1] Clear TEND, select master receive mode, and  then clear TDRE.*

[2] Set acknowledge to the transmit device.* 

[3] Dummy-read ICDDR.*

[4] Wait for 1 byte to be received

[5] Check  whether it is the (last receive - 1).

[6] Read the receive data last.

[7] Set acknowledge of the final byte.  Disable continuous reception (RCVD = 1).

[8] Read the (final byte - 1) of receive data.

[9] Wait for the last byte to be receive.

[10] Clear the STOP flag.

[11] Issue the stop condition.

[12] Wait for the creation of stop condition. 

[13] Read the last byte of receive data.

[14] Clear RCVD.

[15] Set slave receive mode. 

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[11]

[12]

[13]

Clear STOP in ICSR. [10]

[14]

[15]

Supplementary explanation: When one byte is received, steps [2] to [6] are skipped after step [1], before jumping to step [7].
The step [8] is dummy-read in ICDRR.  

Figure 18.18   Sample Flowchart for Master Receive Mode 
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If the power supply voltage (Vcc) falls below Vreset1 (typ. = 2.3 V) voltage, the LVDR function 
is performed. 

LVDINT

Vcc Vint (D)
Vint (U)

VSS

LVDDF

LVDUE

LVDUF

IRQ0 interrupt generatedIRQ0 interrupt generated

LVDDE

Vreset1

 

Figure 20.4   Operational Timing of LVDI Circuit 

Procedures for Clearing Settings when Using LVDR and LVDI: 

To operate or release the low-voltage detection circuit normally, follow the procedure described 
below. Figure 20.5 shows the timing for the operation and release of the low-voltage detection 
circuit. 

1. To operate the low-voltage detection circuit, set the LVDE bit in LVDCR to 1. 

2. Wait for 50 µs (tLVDON) until the reference voltage and the low-voltage-detection power supply 
have stabilized by a software timer, etc. Then, clear the LVDDF and LVDUF bits in LVDSR 
to 0 and set the LVDRE, LVDDE, and LVDUE bits in LVDCR to 1, as required. 

3. To release the low-voltage detection circuit, start by clearing all of the LVDRE, LVDDE, and 
LVDUE bits to 0. Then clear the LVDE bit to 0. The LVDE bit must not be cleared to 0 at the 
same timing as the LVDRE, LVDDE, and LVDUE bits because incorrect operation may occur. 
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V
IH

V
IL

t
IL

NMI,
IRQ0 to IRQ3,
WKP0 to WKP5,
ADTRG,
FTIOA to FTIOD,
FTIOA0 to FTIOD0,
FTIOA1 to FTIOD1,
TMCIV, TMRIV,
TRGV, FTCI, TMIB1

t
IH

 

Figure 23.3   Input Timing 

SCL

VIH

VIL

tSTAH

tBUF

P* S*

tSf

tSCL tSDAH

tSCLH

tSCLL

SDA

Sr*

tSTAS

tSP tSTOS

tSDAS

P*

Note:  * S, P, and Sr represent the following:
 S: Start condition
 P: Stop condition
 Sr: Retransmission start condition  

Figure 23.4   I2C Bus Interface Input/Output Timing 

tScyc

tSCKW

SCK3

 

Figure 23.5   SCK3 Input Clock Timing 
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Instruction 

 

 

Mnemonic 

Instruction 

Fetch 

I 

Branch 

Addr. Read

J 

Stack 

Operation 

K 

Byte Data 

Access 

L 

Word Data 

Access 

M 

Internal 

Operation 

N 

BTST BTST #xx:3, Rd 

BTST #xx:3, @ERd 

BTST #xx:3, @aa:8 

BTST Rn, Rd 

BTST Rn, @ERd 

BTST Rn, @aa:8 

1 

2 

2 

1 

2 

2 

   

1 

1 

 

1 

1 

  

BXOR BXOR #xx:3, Rd 

BXOR #xx:3, @ERd 

BXOR #xx:3, @aa:8 

1 

2 

2 

   

1 

1 

  

CMP CMP.B #xx:8, Rd 

CMP.B Rs, Rd 

CMP.W #xx:16, Rd 

CMP.W Rs, Rd 

CMP.L #xx:32, ERd 

CMP.L ERs, ERd 

1 

1 

2 

1 

3 

1 

     

DAA DAA Rd 1      

DAS DAS Rd 1      

DEC DEC.B Rd 

DEC.W #1/2, Rd 

DEC.L #1/2, ERd 

1 

1 

1 

     

DIVXS DIVXS.B Rs, Rd 

DIVXS.W Rs, ERd 

2 

2 

    12 

20 

DIVXU DIVXU.B Rs, Rd 

DIVXU.W Rs, ERd 

1 

1 

    12 

20 

EEPMOV EEPMOV.B 

EEPMOV.W 

2 

2 

  2n+2*1 

2n+2*1 

  

EXTS EXTS.W Rd 

EXTS.L ERd 

1 

1 

     

EXTU EXTU.W Rd 

EXTU.L ERd 

1 

1 
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PDR

PUCR

PMR

PCR

SBYRES
Internal data bus

Pull-up MOS

TMOW

RTC

PUCR:
PMR:
PDR:
PCR:

Port pull-up control register
Port mode register
Port data register
Port control register

[Legend]

 

Figure B.6   Port 1 Block Diagram (P10) 

PDR

PMR

PCR

SBY
Internal data bus

PUCR:
PDR:
PCR:

Port pull-up control register
Port data register
Port control register

[Legend]

 

Figure B.7   Port 2 Block Diagram (P24, P23) 


