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Table 2.3 Arithmetic Operations Instructions (2) 

Instruction Size* Function 

DIVXS B/W Rd ÷ Rs → Rd 
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 – #IMM 
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 B/W/L 0 – Rd → Rd 
Takes the two's complement (arithmetic complement) of data in a 
general register. 

EXTU W/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 W/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. 

Note: * Refers to the operand size.  

  B: Byte 
  W: Word 

  L: Longword 
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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  All 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 to 0  All 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 

6 IRRTA 0 R/W RTC Interrupt Request Flag 

[Setting condition] 

When the RTC counter value overflows 

[Clearing condition] 

When IRRTA is cleared by writing 0 
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9.1.4 Port Pull-Up Control Register 1 (PUCR1) 

PUCR1 controls the pull-up MOS in bit units of the pins set as the input ports. 

Bit Bit Name 
Initial 
Value R/W Description 

7 

6 

5 

4 

3 

2 

1 

0 

PUCR17 

PUCR16 

PUCR15 

PUCR14 

 

PUCR12 

PUCR11 

PUCR10 

0 

0 

0 

0 

1 

0 

0 

0 

R/W 

R/W 

R/W 

R/W 

 

R/W 

R/W 

R/W 

Only bits for which PCR1 is cleared are valid. The pull-up 
MOS of P17 to P14 and P12 to P10 pins enter the on-
state when these bits are set to 1, while they enter the 
off-state when these bits are cleared to 0. 

Bit 3 is a reserved bit. This bit is always read as 1. 

 

9.1.5 Pin Functions 

The correspondence between the register specification and the port functions is shown below. 

P17/IRQ3/TRGV pin 

Register PMR1 PCR1  

Bit Name IRQ3 PCR17 Pin Function 

Setting value 0 0 P17 input pin 

  1 P17 output pin 

 1 X IRQ3 input/TRGV input pin 

Legend: X: Don't care. 
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P66/FTIOC1 pin 

Register TOER TFCR TPMR TIORC1 PCR6  

Bit Name EC1 
CMD1 and 
CMD0 PWMC1

IOC2 to 
IOC0 PCR66 Pin Function 

Setting Value 1 00 0 000 or 
1XX 

0 P66 input/FTIOC1 input pin 

     1 P66 output pin 

 0 00 0 001 or  
01X 

X FTIOC1 output pin 

   1 XXX   

  Other than 
00 

X XXX   

Legend: X: Don't care. 

 

P65/FTIOB1 pin 

Register TOER TFCR TPMR TIORA1 PCR6  

Bit Name EB1 
CMD1 to 
CMD0 PWMB1

IOB2 to 
IOB0 PCR65 Pin Function 

Setting Value 1 00 0 000 or 
1XX 

0 P65 input/FTIOB1 input pin 

     1 P65 output pin 

 0 00 0 001 or  
01X 

X FTIOB1 output pin 

   1 XXX   

  Other than 
00 

X XXX   

Legend: X: Don't care. 
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9.6.2 Port Data Register 7 (PDR7) 

PDR7 is a general I/O port data register of port 7. 

Bit Bit Name 
Initial 
Value R/W Description 

7 

6 

5 

4 

3 

2 

1 

0 

 

P76 

P75 

P74 

 

P72 

P71 

P70 

1 

0 

0 

0 

1 

0 

0 

0 

 

R/W 

R/W 

R/W 

 

R/W 

R/W 

R/W 

Stores output data for port 7 pins. 

If PDR7 is read while PCR7 bits are set to 1, the value 
stored in PDR7 are read. If PDR7 is read while PCR7 bits 
are cleared to 0, the pin states are read regardless of the 
value stored in PDR7. 

Bits 7 and 3 are reserved bits. These bits are always read 
as 1. 

 

9.6.3 Pin Functions 

The correspondence between the register specification and the port functions is shown below. 

P76/TMOV pin 

Register TCSRV PCR7  

Bit Name OS3 to OS0 PCR76 Pin Function 

Setting Value 0000 0 P76 input pin 

  1 P76 output pin 

 Other than  
the above 
values 

X TMOV output pin 

Legend: X: Don't care. 

 

P75/TMCIV pin 

Register PCR7  

Bit Name PCR75 Pin Function 

Setting Value 0 P75 input/TMCIV input pin 

 1 P75 output/TMCIV input pin 
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9.7 Port 8 

Port 8 is a general I/O port. Each pin of the port 8 is shown in figure 9.7. 

P87

P86

P85

Port 8

 

Figure 9.7   Port 8 Pin Configuration 

Port 8 has the following registers. 

• Port control register 8 (PCR8) 

• Port data register 8 (PDR8) 
 

9.7.1 Port Control Register 8 (PCR8) 

PCR8 selects inputs/outputs in bit units for pins to be used as general I/O ports of port 8. 

Bit Bit Name 
Initial 
Value R/W Description 

7 

6 

5 

PCR87 

PCR86 

PCR85 

0 

0 

0 

W 

W 

W 

When each of the port 8 pins P87 to P85 functions as a 
general I/O port, setting a PCR8 bit to 1 makes the 
corresponding pin an output port, while clearing the bit to 
0 makes the pin an input port. 

4 to 0    Reserved 
 

9.7.2 Port Data Register 8 (PDR8) 

PDR8 is a general I/O port data register of port 8. 

Bit Bit Name 
Initial 
Value R/W Description 

7 

6 

5 

P87 

P86 

P85 

0 

0 

0 

R/W 

R/W 

R/W 

PDR8 stores output data for port 8 pins. 

If PDR8 is read while PCR8 bits are set to 1, the value 
stored in PDR8 is read. If PDR8 is read while PCR8 bits 
are cleared to 0, the pin states are read regardless of the 
value stored in PDR8. 

4 to 0  All 1  Reserved 

These bits are always read as 1. 
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12.3.4 Timer Control/Status Register V (TCSRV) 

TCSRV indicates the status flag and controls outputs by using a compare match. 

Bit Bit Name 
Initial 
Value R/W Description 

7 CMFB 0 R/W Compare Match Flag B 

Setting condition: 

When the TCNTV value matches the TCORB value 

Clearing condition: 

After reading CMFB = 1, cleared by writing 0 to CMFB 

6 CMFA 0 R/W Compare Match Flag A 

Setting condition: 

When the TCNTV value matches the TCORA value 

Clearing condition: 

After reading CMFA = 1, cleared by writing 0 to CMFA 

5 OVF 0 R/W Timer Overflow Flag 

Setting condition: 

When TCNTV overflows from H'FF to H'00  

Clearing condition: 

After reading OVF = 1, cleared by writing 0 to OVF 

4  1  Reserved 

This bit is always read as 1. 

3 

2 

OS3 

OS2 

0 

0 

R/W 

R/W 

Output Select 3 and 2 

These bits select an output method for the TMOV pin by 
the compare match of TCORB and TCNTV. 

00: No change 

01: 0 output 

10: 1 output 

11: Output toggles  

1 

0 

OS1 

OS0 

0 

0 

R/W 

R/W 

Output Select 1 and 0 

These bits select an output method for the TMOV pin by 
the compare match of TCORA and TCNTV. 

00: No change 

01: 0 output 

10: 1 output 

11: Output toggles 
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13.3.11 Timer Status Register (TSR) 

TSR indicates generation of an overflow/underflow of TCNT and a compare match/input capture 
of GRA, GRB, GRC, and GRD.  These flags are interrupt sources.  If an interrupt is enabled by a 
corresponding bit in TIER, TSR requests an interrupt for the CPU. Timer Z has two TSR registers, 
one for each channel. 

Bit Bit Name 
Initial 
value R/W Description 

7, 6  All 1  Reserved 

These bits are always read as 1. 

5 UDF* 0 R/W Underflow Flag 

[Setting condition] 

• When TCNT_1 underflows  

[Clearing condition]  

• When 0 is written to UDF after reading UDF = 1 

4 OVF 0 R/W Overflow Flag 

[Setting condition] 

• When the TCNT value underflows  

[Clearing condition]  

• When 0 is written to OVF after reading OVF = 1 

3 IMFD 0 R/W Input Capture/Compare Match Flag D 

[Setting conditions] 

• When TCNT = GRD and GRD is functioning as output 

compare register 

• When TCNT value is transferred to GRD by input 

capture signal and GRD is functioning as input 

capture register  

[Clearing condition] 

• When 0 is written to IMFD after reading IMFD = 1 
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B. External clock operation 

An external clock input pin (TCLK) can be selected by bits TPSC2 to TPSC0 in TCR, and 
a detection edge can be selected by bits CKEG1 and CKEG0.  To detect an external clock, 
the rising edge, falling edge, or both edges can be selected.  The pulse width of the external 
clock needs two or more system clocks.  Note that an external clock does not operate 
correctly with the lower pulse width.  

Figure 13.11 illustrates the detection timing of the rising and falling edges. 
 

TCNT

External clock input pin

TCNT input 

N-1 N N+1

φ

 

Figure 13.11   Count Timing at External Clock Operation (Both Edges Detected) 
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13.4.6 Reset Synchronous PWM Mode 

Three normal- and counter-phase PWM waveforms are output by combining channels 0 and 1 that 
one of changing points of waveforms will be common.   

In reset synchronous PWM mode, the FTIOB0 to FTIOD0 and FTIOA1 to FTIOD1 pins become 
PWM-output pins automatically.  TCNT_0 performs an increment operation.  Tables 13.4 and 
13.5 show the PWM-output pins used and the register settings, respectively. 

Figure 13.26 shows the example of reset synchronous PWM mode setting procedure. 

Table 13.4 Output Pins in Reset Synchronous PWM Mode 

Channel Pin Name Input/Output Pin Function 

0 FTIOC0 Output Toggle output in synchronous with PWM cycle 

0 FTIOB0 Output PWM output 1 

0 FTIOD0 Output PWM output 1 (counter-phase waveform of PWM 
output 1) 

1 FTIOA1 Output PWM output 2 

1 FTIOC1 Output PWM output 2 (counter-phase waveform of PWM 
output 2) 

1 FTIOB1 Output PWM output 3 

1 FTIOD1 Output PWM output 3 (counter-phase waveform of PWM 
output 3) 

 

Table 13.5 Register Settings in Reset Synchronous PWM Mode 

Register Description 

TCNT_0 Initial setting of H'0000 

TCNT_1 Not used (independently operates) 

GRA_0 Sets counter cycle of TCNT_0 

GRB_0 Set a changing point of the PWM waveform output from pins FTIOB0 and 
FTIOD0. 

GRA_1 Set a changing point of the PWM waveform output from pins FTIOA1 and 
FTIOC1. 

GRB_1 Set a changing point of the PWM waveform output from pins FTIOB1 and 
FTIOD1. 
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Receive shift register
Receive data register
Transmit shift register
Transmit data register
Serial mode register
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Bit rate counter

Interrupt request 
(TEI, TXI, RXI, ERI)

Internal clock (φ/64, φ/16, φ/4, φ)External
clock
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Figure 16.1   Block Diagram of SCI3 



Section 17   I2C Bus Interface 2 (IIC2) 

Rev.5.00  Nov. 02, 2005  Page 326 of 500 

REJ09B0027-0500  

3. Read ICDRR every time RDRF is set. If 8th receive clock pulse falls while RDRF is 1, SCL is 
fixed low until ICDRR is read. The change of the acknowledge before reading ICDRR, to be 
returned to the master device, is reflected to the next transmit frame. 

4. The last byte data is read by reading ICDRR. 
 

ICDRS

ICDRR

1 2 13 4 5 6 7 8 99

AA

RDRF

Data 1  Data 2

Data 1 

SCL
(Master output)

SDA
(Master output)

SDA
(Slave output)

SCL
(Slave output)

Bit 7 Bit 7Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

[2] Read ICDRR (dummy read) [2] Read ICDRR

User
processing

 

Figure 17.11   Slave Receive Mode Operation Timing (1) 

ICDRS

ICDRR

1 2 3 4 5 6 7 8 99

AA

RDRF

SCL
(Master output)

SDA
(Master output)

SDA
(Slave output)

SCL
(Slave output)

User
processing

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Data 1  

[3] Set ACKBT  [3] Read ICDRR [4] Read ICDRR 

Data 2

Data 1 

 

Figure 17.12   Slave Receive Mode Operation Timing (2) 
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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. 

Bit Bit Name 
Initial 
Value R/W Description 

7 ADF 0 R/W A/D End Flag 

[Setting conditions] 

• When A/D conversion ends in single mode 

• When A/D conversion ends once on all the channels 

selected in scan mode 

[Clearing condition] 

• 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. 

 



Section 18   A/D Converter 

  Rev.5.00  Nov. 02, 2005  Page 347 of 500 

  REJ09B0027-0500 

111

110

101

100

011

010

001

000
1
8

2
8

6 
8

7 
8

FS

Quantization error

Digital output

Ideal A/D conversion
characteristic

Analog
input voltage

3 
8

4 
8

5 
8

 

Figure 18.4   A/D Conversion Accuracy Definitions (1) 
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Figure 18.5   A/D Conversion Accuracy Definitions (2) 
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 Mode RES Pin Internal State Other Pins Oscillator Pins 

 Active mode 1 VCC Operates VCC Main clock:  
ceramic or crystal resonator

 Active mode 2  Operates  
(φOSC/64) 

 Subclock:  
Pin X1 = VSS 

 Sleep mode 1 VCC Only timers operate VCC  

 Sleep mode 2  Only timers operate 
(φOSC/64) 

  

 Subactive mode VCC Operates VCC Main clock:  
ceramic or crystal resonator

 Subsleep mode VCC Only timers operate VCC Subclock:  
crystal resonator 

 Standby mode VCC CPU and timers  
both stop 

VCC Main clock:  
ceramic or crystal resonator

Subclock:  
Pin X1 = VSS 

 

Table 23.2 DC Characteristics (2) 

VCC = 3.0 V to 5.5 V, VSS = 0.0 V, Ta = –20°C to +75°C, unless otherwise indicated. 

    Values   

Item Symbol Applicable Pins Test Condition Min Typ Max Unit Notes 

IEEW VCC VCC = 5.0 V, tSCL = 2.5 
µs (when writing) 

— — 2.0 mA * 

IEER VCC VCC = 5.0 V, tSCL = 2.5 
µs (when reading) 

— — 0.3 mA  

EEPROM 
current 
consump-
tion 

IEESTBY VCC VCC = 5.0 V, tSCL = 2.5 
µs (at standby) 

— — 3.0 µA  

Note: * The current consumption of the EEPROM chip is shown. 

  For the current consumption of H8/3687N, add the above current values to the current 
consumption of H8/3687F. 
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23.2.3 AC Characteristics 

Table 23.3 AC Characteristics 

VCC = 3.0 to 5.5 V, VSS = 0.0 V, Ta = –20 to +75°C, unless otherwise indicated. 

Values 

Item Symbol 
Applicable 
Pins Test Condition Min Typ Max Unit 

Reference 
Figure 

System clock 
oscillation  

fOSC OSC1, 
OSC2 

VCC = 4.0 to 5.5 V 2.0 — 20.0 MHz *1 

frequency    2.0 — 10.0   

System clock (φ)  tcyc   1 — 64 tOSC *2 
cycle time    — — 12.8 µs  

Subclock 
oscillation 
frequency 

fW X1, X2  — 32.768 — kHz  

Watch clock (φW)  
cycle time 

tW X1, X2  — 30.5 — µs  

Subclock (φSUB)  
cycle time 

tsubcyc   2 — 8 tW *2 

Instruction cycle 
time 

   2 — — tcyc 

tsubcyc 
 

Oscillation 
stabilization time 
(crystal resonator) 

trc OSC1,  
OSC2 

 — — 10.0 ms  

Oscillation 
stabilization time 
(ceramic resonator) 

trc OSC1,  
OSC2 

 — — 5.0 ms  

Oscillation 
stabilization time 

trcx X1, X2  — — 2.0 s  

External clock  tCPH OSC1 VCC = 4.0 to 5.5 V 20.0 — — ns Figure 23.1
high width    40.0 — —   

External clock  tCPL OSC1 VCC = 4.0 to 5.5 V 20.0 — — ns  
low width    40.0 — —   

External clock  tCPr OSC1 VCC = 4.0 to 5.5 V — — 10.0 ns  
rise time    — — 15.0   

External clock  tCPf OSC1 VCC = 4.0 to 5.5 V — — 10.0 ns  
fall time    — — 15.0   
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  REJ09B0027-0500 

Instruction Mnemonic 

Instruction 

Fetch 

I 

Branch 

Addr. Read

J 

Stack 

Operation

K 

Byte Data 

Access 

L 

Word Data 

Access 

M 

Internal 

Operation

N 

BIOR BIOR #xx:8, Rd 

BIOR #xx:8, @ERd 

BIOR #xx:8, @aa:8 

1 

2 

2 

   

1 

1 

  

BIST BIST #xx:3, Rd 

BIST #xx:3, @ERd 

BIST #xx:3, @aa:8 

1 

2 

2 

   

2 

2 

  

BIXOR BIXOR #xx:3, Rd 

BIXOR #xx:3, @ERd 

BIXOR #xx:3, @aa:8 

1 

2 

2 

   

1 

1 

  

BLD BLD #xx:3, Rd 

BLD #xx:3, @ERd 

BLD #xx:3, @aa:8 

1 

2 

2 

   

1 

1 

  

BNOT BNOT #xx:3, Rd 

BNOT #xx:3, @ERd 

BNOT #xx:3, @aa:8 

BNOT Rn, Rd 

BNOT Rn, @ERd 

BNOT Rn, @aa:8 

1 

2 

2 

1 

2 

2 

   

2 

2 

 

2 

2 

  

BOR BOR #xx:3, Rd 

BOR #xx:3, @ERd 

BOR #xx:3, @aa:8 

1 

2 

2 

   

1 

1 

  

BSET BSET #xx:3, Rd 

BSET #xx:3, @ERd 

BSET #xx:3, @aa:8 

BSET Rn, Rd 

BSET Rn, @ERd 

BSET Rn, @aa:8 

1 

2 

2 

1 

2 

2 

   

2 

2 

 

2 

2 

  

BSR BSR d:8 

BSR d:16 

2 

2 

 1 

1 

   

2 

BST BST #xx:3, Rd 

BST #xx:3, @ERd 

BST #xx:3, @aa:8 

1 

2 

2 

   

2 

2 
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REJ09B0027-0500  

PDR

PMR

PCR

SBY

ICE
SDAO/SCLO

SDAI/SCLI

IIC2

PMR:
PDR:
PCR:

Port mode register
Port data register
Port control register

Internal data bus

[Legend]

 

Figure B.12   Port 5 Block Diagram (P57, P56)* 

Note: * This diagram is applied to the SCL and SDA pins in the H8/3687N. 


