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Figure 1.2   Internal Block Diagram of H8/3687N (EEPROM Stacked Version) 
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2.1 Address Space and Memory Map 

The address space of this LSI is 64 kbytes, which includes the program area and the data area. 
Figures 2.1 show the memory map. 
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Figure 2.1   Memory Map (1) 
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3.2.1 Interrupt Edge Select Register 1 (IEGR1) 

IEGR1 selects the direction of an edge that generates interrupt requests of pins NMI and IRQ3 to 
IRQ0. 

Bit Bit Name 
Initial 
Value R/W Description 

7 NMIEG 0 R/W NMI Edge Select 

0: Falling edge of NMI pin input is detected 

1: Rising edge of NMI pin input is detected 

6 to 4  All 1  Reserved 

These bits are always read as 1. 

3 IEG3 0 R/W IRQ3 Edge Select 

0: Falling edge of IRQ3 pin input is detected 

1: Rising edge of IRQ3 pin input is detected 

2 IEG2 0 R/W IRQ2 Edge Select 

0: Falling edge of IRQ2 pin input is detected 

1: Rising edge of IRQ2 pin input is detected 

1 IEG1 0 R/W IRQ1 Edge Select 

0: Falling edge of IRQ1 pin input is detected 

1: Rising edge of IRQ1 pin input is detected 

0 IEG0 0 R/W IRQ0 Edge Select 

0: Falling edge of IRQ0 pin input is detected 

1: Rising edge of IRQ0 pin input is detected 
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8. The maximum number of repetitions of the program/program-verify sequence of the same bit 
is 1,000. 

 

START

End of programming

Notes:  *   The RTS instruction must not be used during the following 1. and 2. periods.
            1.  A period between 128-byte data programming to flash memory and the P bit clearing
            2.  A period between dummy writing of H'FF to a verify address and verify data reading
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Figure 7.3   Program/Program-Verify Flowchart 
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9.2.2 Port Data Register 2 (PDR2) 

PDR2 is a general I/O port data register of port 2. 

Bit Bit Name 
Initial 
Value R/W Description 

7 to 5  All 1  Reserved 

These bits are always read as 1. 

4 

3 

2 

1 

0 

P24 

P23 

P22 

P21 

P20 

0 

0 

0 

0 

0 

R/W 

R/W 

R/W 

R/W 

R/W 

PDR2 stores output data for port 2 pins. 

If PDR2 is read while PCR2 bits are set to 1, the value 
stored in PDR2 is read. If PDR2 is read while PCR2 bits 
are cleared to 0, the pin states are read regardless of the 
value stored in PDR2. 

 

9.2.3 Port Mode Register 3 (PMR3) 

PMR3 selects the CMOS output or NMOS open-drain output for port 2. 

Bit Bit Name 
Initial 
Value R/W Description 

7 to 5  All 0  Reserved 

These bits are always read as 0. 

4 

3 

POF24 

POF23 

0 

0 

R/W 

R/W 

When the bit is set to 1, the corresponding pin is cut off 
by PMOS and it functions as the NMOS open-drain 
output. When cleared to 0, the pin functions as the CMOS 
output. 

2 to 0  All 1  Reserved 

These bits are always read as 1. 
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TCORA and TCNTV are compared at all times. When the TCORA and TCNTV contents match, 
CMFA is set to 1 in TCSRV. If CMIEA is also set to 1 in TCRV0, a CPU interrupt is requested. 
Note that they must not be compared during the T3 state of a TCORA write cycle. 

Timer output from the TMOV pin can be controlled by the identifying signal (compare match A) 
and the settings of bits OS3 to OS0 in TCSRV. 

TCORA and TCORB are initialized to H'FF. 

12.3.3 Timer Control Register V0 (TCRV0) 

TCRV0 selects the input clock signals of TCNTV, specifies the clearing conditions of TCNTV, 
and controls each interrupt request. 

Bit Bit Name 
Initial 
Value R/W Description 

7 CMIEB 0 R/W Compare Match Interrupt Enable B 

When this bit is set to 1, interrupt request from the CMFB 
bit in TCSRV is enabled. 

6 CMIEA 0 R/W Compare Match Interrupt Enable A 

When this bit is set to 1, interrupt request from the CMFA 
bit in TCSRV is enabled. 

5 OVIE 0 R/W Timer Overflow Interrupt Enable 

When this bit is set to 1, interrupt request from the OVF 
bit in TCSRV is enabled. 

4 

3 

CCLR1 

CCLR0 

0 

0 

R/W 

R/W 

Counter Clear 1 and 0 

These bits specify the clearing conditions of TCNTV. 

00: Clearing is disabled 

01: Cleared by compare match A 

10: Cleared by compare match B 

11: Cleared on the rising edge of the TMRIV pin. The 
operation of TCNTV after clearing depends on TRGE 
in TCRV1. 

2 

1 

0 

CKS2 

CKS1 

CKS0 

0 

0 

0 

R/W 

R/W 

R/W 

Clock Select 2 to 0 

These bits select clock signals to input to TCNTV and the 
counting condition in combination with ICKS0 in TCRV1. 

Refer to table 12.2. 
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12.5 Timer V Application Examples 

12.5.1 Pulse Output with Arbitrary Duty Cycle 

Figure 12.9 shows an example of output of pulses with an arbitrary duty cycle. 

1. Set bits CCLR1 and CCLR0 in TCRV0 so that TCNTV will be cleared by compare match with 
TCORA. 

2. Set bits OS3 to OS0 in TCSRV so that the output will go to 1 at compare match with TCORA 
and to 0 at compare match with TCORB. 

3. Set bits CKS2 to CKS0 in TCRV0 and bit ICKS0 in TCRV1 to select the desired clock source. 

4. With these settings, a waveform is output without further software intervention, with a period 
determined by TCORA and a pulse width determined by TCORB. 

 

Counter cleared

Time

TCNTV value

H'FF

TCORA

TCORB

H'00

TMOV
 

Figure 12.9   Pulse Output Example 
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13.3.3 Timer PWM Mode Register (TPMR) 

TPMR sets the pin to enter PWM mode. 

Bit Bit Name 
Initial 
Value R/W Description 

7  1  Reserved 

This bit is always read as 1, and cannot be modified. 

6 PWMD1 0 R/W PWM Mode D1 

0: FTIOD1 operates normally 

1: FTIOD1 operates in PWM mode 

5 PWMC1 0 R/W PWM Mode C1 

0: FTIOC1 operates normally 

1: FTIOC1 operates in PWM mode 

4 PWMB1 0 R/W PWM Mode B1 

0: FTIOB1 operates normally 

1: FTIOB1 operates in PWM mode 

3  1  Reserved 

This bit is always read as 1, and cannot be modified. 

2 PWMD0 0 R/W PWM Mode D0 

0: FTIOD0 operates normally 

1: FTIOD0 operates in PWM mode 

1 PWMC0 0 R/W PWM Mode C0 

0: FTIOC0 operates normally 

1: FTIOC0 operates in PWM mode 

0 PWMB0 0 R/W PWM Mode B0 

0: FTIOB0 operates normally 

1: FTIOB0 operates in PWM mode 
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When the counter is incremented or decremented, the IMFA flag of channel 0 is set to 1, and when 
the register is underflowed, the UDF flag of channel 0 is set to 1. After buffer operation has been 
designated for BR, BR is transferred to GR when the counter is incremented by compare match 
A0 or when TCNT_1 is underflowed. If the φ or φ/2 clock is selected by TPSC2 to TPSC0 bits, 
the OVF flag is not set to 1 at the timing that the counter value changes from H'FFFF to H'0000. If 
the φ/4 or φ/8 clock is selected by TPSC2 to TPSC0 bits, the OVF flag is set to 1. 

3. Setting GR Value in Complementary PWM Mode: To set the general register (GR) or modify 
GR during operation in complementary PWM mode, refer to the following notes.  

A. Initial value 

a. When other than TPSC2 = TPSC1 = TPSC0 = 0, the GRA_0 value must be equal to 
H'FFFC or less. When TPSC2 = TPSC1 = TPSC0 = 0, the GRA_0 value can be set to 
H'FFFF or less. 

b. H'0000 to T – 1 (T: Initial value of TCNT0) must not be set for the initial value. 

c. GRA_0 – (T – 1) or more must not be set for the initial value. 

d. When using buffer operation, the same values must be set in the buffer registers and 
corresponding general registers. 

B. Modifying the setting value 

a. Writing to GR directly must be performed while the TCNT_1 and TCNT_0 values 
should satisfy the following expression: H'0000 ≤ TCNT_1 < previous GR value, and 
previous GR value < TCNT_0 ≤ GRA_0. Otherwise, a waveform is not output 
correctly. For details on outputting a waveform with a duty cycle of 0% and 100%, see 
C., Outputting a waveform with a duty cycle of 0% and 100%. 

b. Do not write the following values to GR directly. When writing the values, a waveform 
is not output correctly. 

H'0000 ≤ GR ≤ T − 1 and GRA_0 − (T − 1) ≤ GR < GRA_0 when TPSC2 = TPSC1 = 
TPSC0 = 0 

H'0000 < GR ≤ T − 1 and GRA_0 − (T − 1) ≤ GR < GRA_0 + 1 when TPSC2 = TPSC1 
= TPSC0 = 0 

c. Do not change settings of GRA_0 during operation. 

C. Outputting a waveform with a duty cycle of 0% and 100% 

a. Buffer operation is not used and TPSC2 = TPSC1 = TPSC0 = 0 

Write H'0000 or a value equal to or more than the GRA_0 value to GR directly at the 
timing shown below. 

• To output a 0%-duty cycle waveform, write a value equal to or more than the GRA_0 
value while H'0000 ≤ TCNT_1 < previous GR value 

• To output a 100%-duty cycle waveform, write H'0000 while previous GR value< 
TCNT_0 ≤ GRA_0 
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Figure 13.41   Input Capture Timing of Buffer Operation 

Figures 13.42 and 13.43 show the operation examples when buffer operation has been designated 
for GRB_0 and GRD_0 in complementary PWM mode. These are examples when a PWM 
waveform of 0% duty is created by using the buffer operation and performing GRD_0 ≥ GRA_0. 
Data is transferred from GRD_0 to GRB_0 according to the settings of CMD_0 and CMD_1 when 
TCNT_0 and GRA_0 are compared and their contents match or when TCNT_1 underflows. 
However, when GRD_0 ≥ GRA_0, data is transferred from GRD_0 to GRB_0 when TCNT_1 
underflows regardless of the setting of CMD_0 and CMD_1. When GRD_0 = H'0000, data is 
transferred from GRD_0 to GRB_0 when TCNT_0 and GRA_0 are compared and their contents 
match regardless of the settings of CMD_0 and CMD_1. 
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GRA_0

H'0000

H'0999
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FTIOD0
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Time 
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Figure 13.43   Buffer Operation (4)  
(Buffer Operation in Complementary PWM Mode CMD1 = CMD0 = 1) 

13.4.9 Timer Z Output Timing 

The outputs of channels 0 and 1 can be disabled or inverted by the settings of TOER and TOCR 
and the external level. 

1. Output Disable/Enable Timing of Timer Z by TOER: Setting the master enable bit in TOER to 
1 disables the output of timer Z. By setting the PCR and PDR of the corresponding I/O port 
beforehand, any value can be output. Figure 13.44 shows the timing to enable or disable the 
output of timer Z by TOER. 
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Figure 16.8   Sample Serial Reception Data Flowchart (Asynchronous Mode) (2) 
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Bit Bit Name 
Initial 
Value R/W Description 

3 

2 

1 

0 

CKS3 

CKS2 

CKS1 

CKS0 

0 

0 

0 

0 

R/W 

R/W 

R/W 

R/W 

Transfer Clock Select 3 to 0 

These bits should be set according to the necessary 
transfer rate (see table 17.2) in master mode. In slave 
mode, these bits are used for reservation of the setup 
time in transmit mode. The time is 10 tcyc when CKS3 = 0 
and 20 tcyc when CKS3 = 1. 

 

Table 17.2 Transfer Rate 

Bit 3 Bit 2 Bit 1 Bit 0 Transfer Rate 

CKS3 CKS2 CKS1 CKS0 Clock φ = 5 MHz φ = 8 MHz φ = 10 MHz φ = 16 MHz φ = 20 MHz 

0 φ/28 179 kHz 286 kHz 357 kHz 571 kHz 714 kHz 0 

1 φ/40 125 kHz 200 kHz 250 kHz 400 kHz 500 kHz 

0 φ/48 104 kHz 167 kHz 208 kHz 333 kHz 417 kHz 

0 

1 

1 φ/64 78.1 kHz 125 kHz 156 kHz 250 kHz 313 kHz 

0 φ/80 62.5 kHz 100 kHz 125 kHz 200 kHz 250 kHz 0 

1 φ/100 50.0 kHz 80.0 kHz 100 kHz 160 kHz 200 kHz 

0 φ/112 44.6 kHz 71.4 kHz 89.3 kHz 143 kHz 179 kHz 

0 

1 

1 

1 φ/128 39.1 kHz 62.5 kHz 78.1 kHz 125 kHz 156 kHz 

0 φ/56 89.3 kHz 143 kHz 179 kHz 286 kHz 357 kHz 0 

1 φ/80 62.5 kHz 100 kHz 125 kHz 200 kHz 250 kHz 

0 φ/96 52.1 kHz 83.3 kHz 104 kHz 167 kHz 208 kHz 

0 

1 

1 φ/128 39.1 kHz 62.5 kHz 78.1 kHz 125 kHz 156 kHz 

0 φ/160 31.3 kHz 50.0 kHz 62.5 kHz 100 kHz 125 kHz 0 

1 φ/200 25.0 kHz 40.0 kHz 50.0 kHz 80.0 kHz 100 kHz 

0 φ/224 22.3 kHz 35.7 kHz 44.6 kHz 71.4 kHz 89.3 kHz 

1 

1 

1 

1 φ/256 19.5 kHz 31.3 kHz 39.1 kHz 62.5 kHz 78.1 kHz 
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SDA A15 A8 A7 A0 D7 D0

R/W ACK

SCL

ACK ACK

1 12 3 4 5 6 7 8 9 18 9 8 9 1 12 3 4 5 6 7 8 9 8 9

R ACK ACK

Start
condition

Start
condition

Upper memory
address

lower memory
address

Stop
conditon

[Legend]

Slave address Slave address Read Data

R/W: R/W code (0 is for a write and 1 is for a read),
ACK: acknowledge  

Figure 19.6   Random Address Read Operation 

3. Sequential Read 

This is a mode to read the data sequentially.  Data is sequential read by either a current address 
read or a random address read.  If the EEPROM receives acknowledgement "0" after 1-byte 
read data is output, the read address is incremented and the next 1-byte read data are coming 
out.  Data is output sequentially by incrementing addresses as long as the EEPROM receives 
acknowledgement "0" after the data is output.  The address will roll over and returns address 
zero if it reaches the last address H'01FF.  The sequential read can be continued after roll over.  
The sequential read is terminated if the EEPROM receives acknowledgement "1" and a 
following stop condition as the same manner as in the random address read. 

The condition of a sequential read when the current address read is used is shown in figure 
19.7. 

 

SCL

SDA

1 12 3 4 5 6 7 8

D7 D0 D7 D0

9 8 9 1 8 9

R/W ACK ACK ACK

Start
condition

Stop
conditon

[Legend]
R/W: R/W code (0 is for a write and 1 is for a read)
ACK: acknowledge

Read DataRead DataSlave address · · · ·

 

Figure 19.7   Sequential Read Operation (when current address read is used) 
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21.2 When Not Using Internal Power Supply Step-Down Circuit 

When the internal power supply step-down circuit is not used, connect the external power supply 
to the VCL pin and VCC pin, as shown in figure 21.2. The external power supply is then input directly 
to the internal power supply. The permissible range for the power supply voltage is 3.0 V to 3.6 V. 
Operation cannot be guaranteed if a voltage outside this range (less than 3.0 V or more than 3.6 V) 
is input. 

VCL

VSS

 Internal
logic

Step-down circuit

Internal
power
supply

VCC VCC = 3.0 to 3.6 V

 

Figure 21.2   Power Supply Connection when Internal Step-Down Circuit is Not Used 
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22.2 Register Bits 

The addresses and bit names of the registers in the on-chip peripheral modules are listed below. 
The 16-bit register is indicated in two rows, 8 bits for each row. 

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

Module 
Name 

— — — — — — — — — — 

TCR_0 CCLR2 CCLR1 CCLR0 CKEG1 CKEG0 TPSC2 TPSC1 TPSC0 Timer Z 

TIORA_0 — IOB2 IOB1 IOB0 — IOA2 IOA1 IOA0  

TIORC_0 — IOD2 IOD1 IOD0 — IOC2 IOC1 IOC0  

TSR_0 — — — OVF IMFD IMFC IMFB IMFA  

TIER_0 — — — OVIE IMIED IMIEC IMIEB IMIEA  

POCR_0 — — — — — POLD POLC POLB  

TCNT_0 TCNT0H7 TCNT0H6 TCNT0H5 TCNT0H4 TCNT0H3 TCNT0H2 TCNT0H1 TCNT0H0  

 TCNT0L7 TCNT0L6 TCNT0L5 TCNT0L4 TCNT0L3 TCNT0L2 TCNT0L1 TCNT0L0  

GRA_0 GRA0H7 GRA0H6 GRA0H5 GRA0H4 GRA0H3 GRA0H2 GRA0H1 GRA0H0  

 GRA0L7 GRA0L6 GRA0L5 GRA0L4 GRA0L3 GRA0L2 GRA0L1 GRA0L0  

GRB_0 GRB0H7 GRB0H6 GRB0H5 GRB0H4 GRB0H3 GRB0H2 GRB0H1 GRB0H0  

 GRB0L7 GRB0L6 GRB0L5 GRB0L4 GRB0L3 GRB0L2 GRB0L1 GRB0L0  

GRC_0 GRC0H7 GRC0H6 GRC0H5 GRC0H4 GRC0H3 GRC0H2 GRC0H1 GRC0H0  

 GRC0L7 GRC0L6 GRC0L5 GRC0L4 GRC0L3 GRC0L2 GRC0L1 GRC0L0  

GRD_0 GRD0H7 GRD0H6 GRD0H5 GRD0H4 GRD0H3 GRD0H2 GRD0H1 GRD0H0  

 GRD0L7 GRD0L6 GRD0L5 GRD0L4 GRD0L3 GRD0L2 GRD0L1 GRD0L0  

TCR_1 CCLR2 CCLR1 CCLR0 CKEG1 CKEG0 TPSC2 TPSC1 TPSC0  

TIORA_1 — IOB2 IOB1 IOB0 — IOA2 IOA1 IOA0  

TIORC_1 — IOD2 IOD1 IOD0 — IOC2 IOC1 IOC0  

TSR_1 — — UDF OVF IMFD IMFC IMFB IMFA  

TIER_1 — — — OVIE IMIED IMIEC IMIEB IMIEA  

POCR_1 — — — — — POLD POLC POLB  

TCNT_1 TCNT1H7 TCNT1H6 TCNT1H5 TCNT1H4 TCNT1H3 TCNT1H2 TCNT1H1 TCNT1H0  

 TCNT1L7 TCNT1L6 TCNT1L5 TCNT1L4 TCNT1L3 TCNT1L2 TCNT1L1 TCNT1L0  

GRA_1 GRA1H7 GRA1H6 GRA1H5 GRA1H4 GRA1H3 GRA1H2 GRA1H1 GRA1H0  

 GRA1L7 GRA1L6 GRA1L5 GRA1L4 GRA1L3 GRA1L2 GRA1L1 GRA1L0  
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23.2.7 EEPROM Characteristics 

Table 23.9 EEPROM Characteristics 

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

  Test Values  Reference 
Item Symbol Condition Min Typ Max Unit Figure 

SCL input cycle time tSCL  2500   ns Figure 23.7 

SCL input high pulse width tSCLH  600   µs  

SCL input low pulse width tSCLL  1200   ns  

SCL, SDA input spike pulse 
removal time 

tSP    50 ns  

SDA input bus-free time tBUF  1200   ns  

Start condition input hold time tSTAH  600   ns  

Retransmit start condition input 
setup time 

tSTAS  600   ns  

Stop condition input setup time tSTOS  600   ns  

Data input setup time tSDAS  160   ns  

Data input hold time tSDAH  0   ns  

SCL, SDA input fall time tSf    300 ns  

SDA input rise time tSr    300 ns  

Data output hold time tDH  50   ns  

SCL, SDA capacitive load Cb  0  400 pF  

Access time tAA  100  900 ns  

Cycle time at writing* tWC    10 ms  

Reset release time tRES    13 ms  

Note: * Cycle time at writing is a time from the stop condition to write completion (internal 
control). 
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Mnemonic

O
p

er
an

d
 S

iz
e

Addressing Mode and
Instruction Length (bytes)

No. of
States*1

 Condition Code

  

I H N Z V C#x
x

R
n

@
E

R
n

@
(d

, E
R

n
)

@
–E

R
n

/@
E

R
n

+

@
aa

@
(d

, P
C

)

@
@

aa

—

DEC.L #1, ERd

DEC.L #2, ERd

DAS.Rd

MULXU. B Rs, Rd

MULXU. W Rs, ERd

MULXS. B Rs, Rd

MULXS. W Rs, ERd

DIVXU. B Rs, Rd

DIVXU. W Rs, ERd

DIVXS. B Rs, Rd

DIVXS. W Rs, ERd

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

Operation

ERd32–1 → ERd32

ERd32–2 → ERd32

Rd8 decimal adjust 
→ Rd8

Rd8 × Rs8 → Rd16 
(unsigned multiplication)

Rd16 × Rs16 → ERd32
(unsigned multiplication)

Rd8 × Rs8 → Rd16
(signed multiplication)

Rd16 × Rs16 → ERd32 
(signed multiplication)

Rd16 ÷ Rs8 → Rd16 
(RdH: remainder, 
RdL: quotient)
(unsigned division)

ERd32 ÷ Rs16 → ERd32
(Ed: remainder,
Rd: quotient)
(unsigned division)

Rd16 ÷ Rs8 → Rd16
(RdH: remainder, 
RdL: quotient) 
(signed division)

ERd32 ÷ Rs16 → ERd32
(Ed: remainder,
Rd: quotient)
(signed division)

Rd8–#xx:8

Rd8–Rs8

Rd16–#xx:16

Rd16–Rs16

ERd32–#xx:32

ERd32–ERs32

L

L

B

B

W

B

W

B

W

B

W

B

B

W

W

L

L

2

4

6

2

2

2

2

2

4

4

2

2

4

4

2

2

2

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

2

2

2

14

22

16

24

14

22

16

24

2

2

4

2

4

2

N
o

rm
al

A
d

va
n

ce
d

↔ ↔ ↔—

—

*

—

—

—

—

—

—

—

—

(1)

(1)

(2)

(2)

↔ ↔

↔ ↔

↔

*

—

—

—

—

—

—

—

—

—

—

(7)

(7)

(7)

(7)

—

—

(6)

(6)

(8)

(8)

↔ ↔

↔ ↔

—

—

—

—

—

—

—

—

—

—

—
↔↔↔↔↔

↔↔↔↔↔

↔↔↔↔

↔↔↔↔

↔↔↔↔

↔↔↔↔

DEC

DAS

MULXU

MULXS

DIVXU

DIVXS

CMP
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A.2 Operation Code Map 

Table A.2 Operation Code Map (1) 

A
H

A
L

0
1

2
3

4
5

6
7

8
9

A
B

C
D

E
F

0 1 2 3 4 5 6 7 8 9 A B C D E F

N
O

P

B
R

A
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T
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R
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H
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