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Preface

The H8/300L Series of single-chip microcomputers has the high-speed H8/300L CPU at its core,
with many necessary peripheral functions on-chip. The H8/300L CPU instruction set is compatible
with the H8/300 CPU.

The H8/3887 Series and H8/3847 Series have an on-chip architecture that includes such peripheral
functions as an LCD controller/driver, six types of timers, a 14-bit PWM, athree-channel seria
communication interface, and an A/D converter. This allows H8/3887 Series and H8/3847 Series
devices to be used as embedded microcomputers in systems requiring LCD display.

The H8/3887 Seriesincorporates an LCD drive power supply and step-up constant power supply (5
V), enabling afixed 5 V voltage to be obtained independently of V.

This manual describes the hardware of H8/3887 and H8/3847 Series. For details on H8/3887 Series
and H8/3847 Seriesinstruction set, refer to the H8/300L Series Programming Manual.

The H8/3887 Series incorporates an LCD drive powe supply and set-up constant power supply (5
V), enabling afixed 5 V voltage to be obtained independently of V.
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Section1 Overview

1.1 Overview

The H8/300L Seriesis aseries of single-chip microcomputers (M CU: microcomputer unit), built
around the high-speed H8/300L CPU and equipped with peripheral system functions on-chip.

Within the H8/300L Series, the H8/3887 and H8/3847 Series comprise single-chip microcomputers
equipped with a controller/driver. Other on-chip peripheral functionsinclude six types of timers, a
14-bit pulse width modulator (PWM), three serial communication interface channels, and an A/D
converter. Together, these functions make the H8/3887 and H8/3847 Seriesideally suited for
embedded applications in systems requiring low power consumption and LCD display. Modelsin
the H8/3887 and H8/3847 Series are the H8/3882 and H8/3842, with on-chip 16-kbyte ROM and 1-
kbyte RAM, the H8/3883 and H8/3843, with on-chip 24-kbyte ROM and 1-kbyte RAM, the
H8/3884 and H8/3844, with on-chip 32-kbyte ROM and 2-kbyte RAM, the H8/3885 and H8/3845,
with 40-kbyte ROM and 2-kbyte RAM, the H8/3886 and H8/3846, with 48-kbyte ROM and 2-kbyte
RAM, and the H8/3887 and H8/3847, with 60-kbyte ROM and 2-kbyte RAM.

The H8/3887 and H8/3847 Series are also availablein aZTAT™* version with on-chip PROM
which can be programmed as required by the user.

Table 1-1 summarizes the features of the H8/3887 and H8/3847 Series.
Note: *ZTAT (Zero Turn Around Time) is atrademark of Hitachi, Ltd.

Table1-1 Features

Item Description
CPU High-speed H8/300L CPU
» General-register architecture

General registers: Sixteen 8-bit registers (can be used as eight 16-bit
registers)

» Operating speed
— Max. operating speed: 3 MHz
— Add/subtract: 0.67 us (operating at 3 MHz)
— Multiply/divide: 4.67 ps (operating at 3 MHz)
— Can run on 32.768 kHz or 38.4 kHz subclock
* Instruction set compatible with H8/300 CPU
— Instruction length of 2 bytes or 4 bytes
— Basic arithmetic operations between registers
— MOV instruction for data transfer between memory and registers




Table1-1 Features(cont)

Item

Description

CPU

» Typical instructions
— Multiply (8 bits x 8 bits)
— Divide (16 bits + 8 bits)
— Bit accumulator
— Register-indirect designation of bit position

Interrupts

37 interrupt sources
13 external interrupt sources (IRQ4 to IRQq, WKP; to WKPg)
24 internal interrupt sources

Clock pulse generators

Two on-chip clock pulse generators
» System clock pulse generator: 0.4 to 6 MHz
e Subclock pulse generator: 32.768 kHz, 38.4 kHz

Power-down modes

Seven power-down modes
 Sleep (high-speed) mode

» Sleep (medium-speed) mode
» Standby mode

» Watch mode

» Subsleep mode

» Subactive mode

» Active (medium-speed) mode

Memory

Large on-chip memory

 H8/3882 and H8/3842: 16-kbyte ROM, 1-kbyte RAM
» H8/3883 and H8/3843: 24-kbyte ROM, 1-kbyte RAM
H8/3884 and H8/3844: 32-kbyte ROM, 2-kbyte RAM
H8/3885 and H8/3845: 40-kbyte ROM, 2-kbyte RAM
H8/3886 and H8/3846: 48-kbyte ROM, 2-kbyte RAM
 H8/3887 and H8/3847: 60-kbyte ROM, 2-kbyte RAM

1/0O ports

84 pins
e 71 1/O pins
e 13 input pins

Timers

Six on-chip timers
e Timer A: 8-bit timer

Count-up timer with selection of eight internal clock signals divided from
the system clock (@)* and four clock signals divided from the watch clock

()"

Note: * See section 4, Clock Pulse Generator, for the definition of g and g,,.



Table1-1 Features(cont)

Iltem

Description

Timers

» Asynchronous event counter: 16-bit timer

— Count-up timer able to count asynchronous external events
independently of the MCU's internal clocks

» Timer C: 8-bit timer

— Count-up/down timer with selection of seven internal clock signals or
event input from external pin

— Auto-reloading
e Timer F: 16-bit timer
— Can be used as two independent 8-bit timers

— Count-up timer with selection of four internal clock signals or event
input from external pin

— Provision for toggle output by means of compare-match function
» Timer G: 8-bit timer

— Count-up timer with selection of four internal clock signals

— Incorporates input capture function (built-in noise canceler)
» Watchdog timer

— Reset signal generated by overflow of 8-bit counter

Serial communication
interface

Three serial communication interface channels on chip

» SCI1: Synchronous serial interface
Choice of 8-bit or 16-bit transfer data

» SCI3-1: 8-hit synchronous/asynchronous serial interface
Incorporates multiprocessor communication function

» SCI3-2: 8-bit synchronous/asynchronous serial interface

Incorporates multiprocessor communication function

14-bit PWM

Pulse-division PWM output for reduced ripple

» Can be used as a 14-bit D/A converter by connecting to an external
low-pass filter.

A/D converter

Successive approximations using a resistance ladder
» 12-channel analog input pins

» Conversion time: 31/g or 62/g per channel

LCD controller/driver

LCD controller/driver equipped with a maximum of 40 segment pins and
four common pins

» Choice of four duty cycles (static, 1/2, 1/3, or 1/4)

» Segment pins can be switched to general-purpose port function in 8-bit
units

LCD drive power
supply

Step-up constant-voltage power supply allows LCD display.
(H8/3887 Series only)




Table1-1 Features(cont)

Item

Specification

Product lineup

Product Code

Mask ROM ZTAT ROM/RAM Size
Version Version Package (Byte)
HD6433882H, — 100-pin QFP (FP-100B) 16 k/1 k
HD6433842H

HD6433882F, — 100-pin QFP (FP-100A)
HD6433842F

HD6433882X, — 100-pin TQFP (TFP-100B)
HD6433842X

HD6433882W, — 100-pin TQFP (TFP-100G)
HD6433842W

HD6433883H, — 100-pin QFP (FP-100B) 24 ki1 k
HD6433843H

HD6433883F, — 100-pin QFP (FP-100A)
HD6433843F

HD6433883X, — 100-pin TQFP (TFP-100B)
HD6433843X

HD6433883W, — 100-pin TQFP (TFP-100G)
HD6433843W

HD6433884H, — 100-pin QFP (FP-100B) 32 k/i2 k
HD6433844H

HD6433884F, — 100-pin QFP (FP-100A)
HD6433844F

HD6433884X, — 100-pin TQFP (TFP-100B)
HD6433844X

HD6433884W, — 100-pin TQFP (TFP-100G)
HD6433844W

HD6433885H, — 100-pin QFP (FP-100B) 40 k/2 k
HD6433845H

HD6433885F, — 100-pin QFP (FP-100A)
HD6433845F

HD6433885X, — 100-pin TQFP (TFP-100B)
HD6433845X

HD6433885W, — 100-pin TQFP (TFP-100G)

HD6433845W




Table1-1 Features(cont)

Iltem

Specification

Product lineup

Product Code

Mask ROM ZTAT ROM/RAM Size
Version Version Package (Byte)
HD6433886H, — 100-pin QFP (FP-100B) 48 k/2 k
HD6433846H

HD6433886F, — 100-pin QFP (FP-100A)
HD6433846F

HD6433886X, — 100-pin TQFP (TFP-100B)
HD6433846X

HD6433886W, — 100-pin TQFP (TFP-100G)
HD6433846W

HD6433887H, HD6473887H, 100-pin QFP (FP-100B) 60 k/2 k
HD6433847H HD6473847H

HD6433887F, HD6473887F, 100-pin QFP (FP-100A)
HD6433847F HD6473847F

HD6433887X, HD6473887X, 100-pin TQFP (TFP-100B)
HD6433847X HD6473847X

HD6433887W, HD6473887W, 100-pin TQFP (TFP-100G)
HD6433847W HD6473847W




1.2 Internal Block Diagram

Figure 1-1 shows a block diagram of the H8/3887 and H8/3847 Series.
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Figure1-1 Block Diagram



1.3 Pin Arrangement and Functions

1.3.1 Pin Arrangement

The H8/3887 and H8/3847 Series pin arrangement is shown in figures 1-2 and 1-3.
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Figure1-3 Pin Arrangement (FP-100A: Top View)



1.3.2 Pin Functions

Table 1-2 outlines the pin functions of the H8/3887 Series.

Table1-2 Pin Functions

Pin No.
FP-100B
TFP-100B
Type Symbol TFP-100G FP-100A 1/O Name and Functions
Power Vee 38 41 Input Power supply: All V¢ pins should be
source pins  CVcc 32 35 connected to the system power supply.
See section 14, Power Supply Circuit.
Vss 11 14 Input Ground: All Vgg pins should be
33 36 connected to the system power supply
OoV).

AVcc 87 90 Input Analog power supply: This is the
power supply pin for the A/D converter.
When the A/D converter is not used,
connect this pin to the system power
supply.

AVgg 100 3 Input Analog ground: This is the A/D
converter ground pin. It should be
connected to the system power supply
(ov).

Vo 37 40 OQutput LCD power supply: These are the

wer ly pins for the LCD controller

v, 36 39 Input power supply pins fo the LCD controller/

Vv 35 a8 driver. They incorporate a power supply

V2 34 37 split-resistance, and are normally used

3 with Vg and V; shorted.
Clock pins  OSC4 13 16 Input These pins connect to a
crystal or ceramic oscillator, or can be
0SC, 12 15 Output used to input an external clock.
See section 4, Clock Pulse
Generators, for a typical connection
diagram.

X1 9 12 Input These pins connect to a 32.768-kHz
or 38.4-kHz crystal oscillator.

X2 10 13 Output See section 4, Clock Pulse
Generators, for a typical connection
diagram.

System RES 15 18 Input Reset: When this pin is driven low,
control the chip is reset

RESO 26 29 Output  Reset output: Outputs the CPU internal

reset signal.




Table1-2 Pin Functions (cont)

Pin No.
FP-100B
TFP-100B
Type Symbol TFP-100G FP-100A 1/O Name and Functions
System TEST 14 17 Output  Test pin: This pin is reserved and
control cannot be used. It should be connected
Interrupt IRQq 86 89 Input IRQ interrupt request 0 to 4: These
pins IRQq 6 9 are input pins for edge-sensitive external
IRQ, 7 10 interrupts, with a selection of rising or
IRQ3 8 11 falling edge
IRQ, 5 8
WKP,to  50to 53to Input Wakeup interrupt request 0to 7:
WKPq 43 46 These are input pins for rising or falling-
edge-sensitive external interrupts.
Timer pins  TMOW 2 4 Output  Clock output: This is an output pin for
waveforms generated by the timer A
output circuit.
AEVL 31 34 Input Asynchronous event counter event
AEVH 30 33 input: This is an event input pin for input
to the asynchronous event counter.
TMIC 6 9 Input Timer C event input: This is an event
input pin for input to the timer C counter.
ub 25 28 Input Timer C up/down select: This pin
selects up- or down-counting for the
timer C counter. The counter operates
as an up-counter when this pin is high,
and as a down-counter when low.
TMIF 8 11 Input Timer F event input: This is an event
input pin for input to the timer F counter.
TMOFL 2 5 Output  Timer FL output: This is an output pin

for waveforms generated by the timer FL
output compare function.

TMOFH 3 6 Output  Timer FH output: This is an output pin
for waveforms generated by the timer
FH output compare function.

TMIG 4 7 Input Timer G capture input: This is an input
pin for timer G input capture.
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Table1-2 Pin Functions (cont)

Pin No.
FP-100B
TFP-100B
Type Symbol TFP-100G FP-100A 1/O Name and Functions
14-bit PWM 24 27 Output  14-bit PWM output: This is an output
PWM pin pin for waveforms generated by the
14-bit PWM
I/O ports PB; to 95t088 98t091 Input Port B: This is an 8-bit input port.
PBg
PCsto 9to9% 2,1, Input Port C: This is a 4-bit input port.
PCy 100, 99
P44 86 89 Input Port 4 (bit 3): This is a 1-bit input port.
P4, to 85t083 88to86 I/O Port 4 (bits 2 to 0): This is a 3-bit /10
P4, port. Input or output can be designated
for each bit by means of port control
register 4 (PCR4).
PA3 to 39t042 42t045 1/O Port A: This is a 4-bit I/O port. Input or
PA, output can be designated for each bit by
means of port control register A (PCRA).
P1; to 8tol 11to 4 1/0 Port 1: This is an 8-bit /O port. Input or
P1, output can be designated for each bit by
means of port control register 1 (PCR1).
P2, to 23t016 26to 19 /0 Port 2: This is an 8-bit I/0O port. Input or
P2, output can be designated for each bit by
means of port control register 2 (PCR2).
P3; to 31to24 34to27 1/0 Port 3: This is an 8-bit I/O port. Input or
P3q output can be designated for each bit by
means of port control register 3 (PCR3).
P5; to 50t043 53to46 1/0 Port 5: This is an 8-bit I/O port. Input or
P5q output can be designated for each bit by
means of port control register 5 (PCR5).
P6- to 58t0 51 61to54 /0 Port 6: This is an 8-bit I/O port. Input or
P6q output can be designated for each bit by
means of port control register 6 (PCR6).
P7,to 66t059 69 to 62 1/0 Port 7: This is an 8-bit /O port. Input or
P7q output can be designated for each bit by
means of port control register 7 (PCRY7).
P8, to 74t067 77t070 1/0 Port 8: This is an 8-bit I/O port. Input or
P8, output can be designated for each bit by
means of port control register 8 (PCRS8).
P9 to 82to75 85t078 /0 Port 9: This is an 8-bit I/0 port. Input or
P9q output can be designated for each bit by

means of port control register 9 (PCR9).
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Table1-2 Pin Functions (cont)

Pin No.
FP-100B
TFP-100B
Type Symbol TFP-100G FP-100A 1/O Name and Functions
Serial Sl 17 20 Input SCI1 receive data input: This is the
communi- SCI1 data input pin.
cation SO, 18 21 Output  SCI1 transmit data output: This is the
interface SCI1 data output pin
(SCl) put pin.
SCK; 16 19 I/0 SCI1 clock I/O: This is the SCI1 clock
1/0O pin.
RXD3; 28 31 Input SCI3-1 receive data input:
This is the SCI31 data input pin.
TXD3; 29 32 Output  SCI3-1 transmit data output:
This is the SCI31 data output pin.
SCK31 27 30 1/0 SCI3-1 clock I/O:
This is the SCI31 clock 1/O pin.
RXD3, 84 87 Input SCI3-2 receive data input:
This is the SCI32 data input pin.
TXD3, 85 88 Output  SCI3-2 transmit data output:
This is the SCI32 data output pin.
SCK3s 83 86 1/0 SCI3-2 clock I/O:
This is the SCI32 clock 1/O pin.
A/D ANy, to 99t088 2tol Input Analog input channels 11 to O:
converter Ang 100to 91 These are analog data input channels
to the A/D converter
ADTRG 5 8 Input A/D converter trigger input:
This is the external trigger input pin to
the A/D converter
LCD COMyto  39to42 42to 45 Output LCD common output: These are the
controller/  COM; LCD common output pins.
driver SEG,to 82to43 85t046 Output LCD segment output: These are the
SEG, LCD segment output pins.
CL, 82 85 Output LCD latch clock: This is the display

data latch clock output pin for external
expansion of the segment.

CL, 81 84 Output  LCD shift clock: This is the display data
shift clock output pin for external
expansion of the segment.

DO 80 83 Output LCD serial data output: This is the
serial display data output pin for external
expansion of the segment.

M 79 82 Output LCD alternating signal: This is the LCD
alternating signal output pin for external
expansion of the segment.
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Section2 CPU

2.1 Overview

The H8/300L CPU has sixteen 8-bit general registers, which can also be paired as eight 16-bit
registers. Its concise instruction set is designed for high-speed operation.

2.1.1 Features
Features of the H8/300L CPU are listed below.

e Genera-register architecture
Sixteen 8-bit general registers, also usable as eight 16-hit general registers

e Instruction set with 55 basic instructions, including:
— Multiply and divide instructions
— Powerful bit-manipulation instructions

e Eight addressing modes
— Register direct
— Register indirect
— Register indirect with displacement
— Register indirect with post-increment or pre-decrement
— Absolute address
— Immediate
— Program-counter relative
— Memory indirect

e 64-kbyte address space

e High-speed operation
— All frequently used instructions are executed in two to four states
— High-speed arithmetic and logic operations
— 8- or 16-bit register-register add or subtract: 0.67 us*
— 8x 8-hit multiply: 4.67 ps*
— 16 + 8-hit divide: 4.67 ps*

e Low-power operation modes
SLEEP instruction for transfer to low-power operation

Note; * Thesevaluesareat o =3 MHz.
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2.1.2 Address Space

The H8/300L CPU supports an address space of up to 64 kbytes for storing program code and data.
See 2.8, Memory Map, for details of the memory map.

2.1.3 Register Configuration

Figure 2-1 shows the register structure of the H8/300L CPU. There are two groups of registers. the
general registers and control registers.

General registers (Rn)

7 07 0
ROH ROL
R1H R1L
R2H R2L
R3H R3L
R4H R4L
R5H R5L
R6H R6L
R7H (SP) R7L SP: Stack pointer

Control registers (CR)
15 0
PC | PC: Program counter

76543210
CCR | I |U|H|U|N|Z|V|C| CCR: Condition code register
L

Carry flag

— Overflow flag

Zero flag

Negative flag

Half-carry flag

Interrupt mask bit
User bit
User bit

Figure2-1 CPU Registers
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2.2 Register Descriptions
2.2.1 General Registers
All the general registers can be used as both data registers and address registers.

When used as data registers, they can be accessed as 16-bit registers (R0 to R7), or the high bytes
(ROH to R7H) and low bytes (ROL to R7L) can be accessed separately as 8-bit registers.

When used as address registers, the general registers are accessed as 16-bit registers (RO to R7).

R7 aso functions as the stack pointer (SP), used implicitly by hardware in exception processing and
subroutine calls. When it functions as the stack pointer, as indicated in figure 2-2, SP (R7) pointsto
the top of the stack.

Lower address side [H'0000]

/—\/

Unused area

SP (R7) —»

Stack area

Upper address side [H'FFFF]

Figure2-2 Stack Pointer
2.2.2 Control Registers

The CPU control registersinclude a 16-hit program counter (PC) and an 8-bit condition code
register (CCR).

Program Counter (PC): This 16-bit register indicates the address of the next instruction the CPU
will execute. All instructions are fetched 16 bits (1 word) at atime, so the least significant bit of the
PC isignored (always regarded as 0).
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Condition Code Register (CCR): This 8-bit register contains internal status information, including
the interrupt mask bit (1) and half-carry (H), negative (N), zero (2), overflow (V), and carry (C)
flags. These hits can be read and written by software (using the LDC, STC, ANDC, ORC, and
XORC instructions). TheN, Z, V, and C flags are used as branching conditions for conditional
branching (Bcc) instructions.

Bit 7—Interrupt Mask Bit (I): When thishit isset to 1, interrupts are masked. Thisbitissetto 1
automatically at the start of exception handling. The interrupt mask bit may be read and written by
software. For further details, see section 3.3, Interrupts.

Bit 6—User Bit (U): Can be used freely by the user.

Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, thisflag is set to 1 if thereisacarry or borrow at bit 3, and is cleared to O
otherwise.

The H flag is used implicitly by the DAA and DAS instructions.

When the ADD.W, SUB.W, or CMP.W instruction is executed, the H flag is set to 1 if thereisa
carry or borrow at bit 11, and is cleared to 0 otherwise.

Bit 4—User Bit (U): Can be used freely by the user.

Bit 3—Negative Flag (N): Indicates the most significant bit (sign hit) of the result of an
instruction.

Bit 2—Zero Flag (Z): Setto 1 to indicate a zero result, and cleared to O to indicate a non-zero
result.

Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to O at other
times.

Bit 0—Carry Flag (C): Set to 1 when acarry occurs, and cleared to 0 otherwise. Used by:

e Addinstructions, to indicate acarry
*  Subtract instructions, to indicate a borrow
*  Shift and rotate instructions, to store the value shifted out of the end bit

The carry flag isalso used as a bit accumulator by bit manipulation instructions.
Some instructions leave some or all of the flag bits unchanged.

Refer to the H8/300L Series Programming Manual for the action of each instruction on the flag bits.
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2.2.3 Initial Register Values

When the CPU is reset, the program counter (PC) isinitialized to the value stored at address H'0000
in the vector table, and the | bit in the CCR is set to 1. The other CCR bits and the general registers
are not initialized. In particular, the stack pointer (R7) is not initialized. The stack pointer should be
initialized by software, by the first instruction executed after a reset.

2.3 Data Formats

The H8/300L CPU can process 1-bit data, 4-bit (BCD) data, 8-hit (byte) data, and 16-bit (word)
data.

e Bit manipulation instructions operate on 1-hit data specified as bit n in a byte operand
n=012.,7).

e All arithmetic and logic instructions except ADDS and SUBS can operate on byte data.

«  TheMOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 bits x 8 hits), and
DIV XU (16 bits + 8 hits) instructions operate on word data.

e The DAA and DAS ingtructions perform decimal arithmetic adjustments on byte data in packed
BCD form. Each nibble of the byte is treated as a decimal digit.

17



2.3.1 Data Formatsin General Registers

Data of all the sizes above can be stored in general registers as

shown in figure 2-3.

Data Type Register No. Data Format
7 o
1-bit data RnH | 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0 | don't care
_______________________________________________ 7 0
1-bit data RnL : don’tcare | 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0 |
7 o
Byte data RnH |msB, ‘LSB| __________________ c_l_o_r_ljt_p_z?\r_e_ __________________
_______________________________________________ 7 0
Byte data RnL __________________ c_j_o_r_lit__c_a_rg __________________ |MSB‘ ‘LSB|
15 0
Word data Rn |MSB‘ ‘LSB|
7 4 3 o
4-bit BCD data RnH | , Upper digit.  Lower digit. | don't care
_______________________________________________ 7 4 3 0
4bitBCDdata  RnL | dontcare | Upperdigit Lower digit

Notation:

RnH: Upper byte of general register
RnL: Lower byte of general register
MSB: Most significant bit

LSB: Least significant bit

Figure2-3 Register Data For mats

18




2.3.2 Memory Data Formats

Figure 2-4 indicates the data formats in memory. The H8/300L CPU can access word data stored in
memory (MOV.W instruction), but the word data must always begin at an even address. If word
data starting at an odd address is accessed, the least significant bit of the addressis regarded as 0,
and the word data starting at the preceding address is accessed. The same appliesto instruction
codes.

Data Type Address Data Format
7 0
1-bit data Address n 7|6|5|4|3|2|1|0
Byte data Address n MSB: :LSB
MSB. Upper 8 bits
Word data ~ Cvenaddress |MSe_ | Uppersbis
Odd address Lower 8 bits LsB
MSB CCR LSB
Byte data (CCR) on stack ~ Cvenaddress Mss_ ~  ceR
Odd address |MsB, , CCR* LsB
s
Word data on stack Even address | B: 1 1 1 —t 1
Odd address LsB

CCR: Condition code register

Note: * Ignored on return

Figure2-4 Memory Data Formats

When the stack is accessed using R7 as an address register, word access should always be
performed. When the CCR is pushed on the stack, two identical copies of the CCR are pushed to
make a complete word. When they are restored, the lower byte isignored.
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2.4 Addressing Modes

2.4.1 Addressing Modes

The H8/300L CPU supports the eight addressing modes listed in table 2-1. Each instruction uses a

subset of these addressing modes.

Table2-1 Addressing Modes

No. Address Modes Symbol
1 Register direct Rn
2 Register indirect @Rn
3 Register indirect with displacement @(d:16, Rn)
4 Register indirect with post-increment @Rn+
Register indirect with pre-decrement @-Rn
5 Absolute address @aa:8 or @aa:16
6 Immediate #xX:8 or #xx:16
7 Program-counter relative @(d:8, PC)
8 Memory indirect @@aa:8

1. Register Direct—Rn: Theregister field of the instruction specifies an 8- or 16-hit general

register containing the operand.

Only the MOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 hits x 8 hits), and
DIVXU (16 bits + 8 hits) instructions have 16-bit operands.

2. Register Indirect—@Rn: Theregister field of the instruction specifies a 16-bit general
register containing the address of the operand in memory.

3. Register Indirect with Displacement—@(d: 16, Rn): The instruction has a second word
(bytes 3 and 4) containing a displacement which is added to the contents of the specified
general register to obtain the operand address in memory.

Thismode is used only in MOV instructions. For the MOV .W instruction, the resulting address

must be even.
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Register Indirect with Post-Increment or Pre-Decrement—@Rn+ or @-Rn:
* Register indirect with post-increment—@Rn+
The @Rn+ mode is used with MOV instructions that load registers from memory.

Theregister field of the instruction specifies a 16-bit general register containing the address
of the operand. After the operand is accessed, the register isincremented by 1 for MOV.B
or 2 for MOV.W. For MOV.W, the original contents of the 16-bit general register must be
even.

* Register indirect with pre-decrement—@-Rn
The @-Rn mode is used with MOV instructions that store register contents to memory.

The register field of the instruction specifies a 16-bit general register which is decremented
by 1 or 2 to obtain the address of the operand in memory. The register retains the
decremented value. The size of the decrement is 1 for MOV.B or 2 for MOV.W. For
MOV.W, the original contents of the register must be even.

Absolute Address—@aa: 8 or @aa: 16: The instruction specifies the absolute address of the
operand in memory.

The absolute address may be 8 bits long (@aa:8) or 16 bitslong (@aa:16). The MOV .B and bit
manipulation instructions can use 8-bit absolute addresses. The MOV.B, MOV.W, JMP, and
JSR instructions can use 16-bit absolute addresses.

For an 8-bit absolute address, the upper 8 bits are assumed to be 1 (H'FF). The addressrange is
H'FF00 to H'FFFF (65280 to 65535).

Immediate—#xx:8 or #xx:16: The instruction contains an 8-bit operand (#xx:8) in its second
byte, or a 16-bit operand (#xx:16) in its third and fourth bytes. Only MOV .W instructions can
contain 16-bit immediate values.

The ADDS and SUBS instructions implicitly contain the value 1 or 2 asimmediate data. Some
bit manipulation instructions contain 3-bit immediate data in the second or fourth byte of the
instruction, specifying a bit number.

Program-Counter Relative—@(d:8, PC): Thismodeis used in the Bcc and BSR instructions.
An 8-bit displacement in byte 2 of the instruction code is sign-extended to 16 bits and added to
the program counter contents to generate a branch destination address. The possible branching
range is—126 to +128 bytes (—63 to +64 words) from the current address. The displacement
should be an even number.
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8. Memory Indirect—@@aa: 8: This mode can be used by the IMP and JSR instructions. The
second byte of the instruction code specifies an 8-hit absolute address. The word located at this
address contains the branch destination address.

The upper 8 bits of the absolute address are assumed to be 0 (H'00), so the addressrange is
from H'0000 to H'00FF (0 to 255). Note that with the H8/300L Series, the lower end of the
address areais also used as a vector area. See 3.3, Interrupts, for details on the vector area.

If an odd address is specified as a branch destination or as the operand address of aMOV.W
instruction, the least significant bit is regarded as 0, causing word access to be performed at the
address preceding the specified address. See 2.3.2, Memory Data Formats, for further information.

2.4.2 Effective Address Calculation
Table 2-2 shows how effective addresses are calculated in each of the addressing modes.

Arithmetic and logic instructions use register direct addressing (1). The ADD.B, ADDX, SUBX,
CMP.B, AND, OR, and XOR instructions can also use immediate addressing (6).

Data transfer instructions can use all addressing modes except program-counter relative (7) and
memory indirect (8).

Bit manipulation instructions can use register direct (1), register indirect (2), or 8-bit absolute
addressing (5) to specify the operand. Register indirect (1) (BSET, BCLR, BNOT, and BTST
instructions) or 3-bit immediate addressing (6) can be used independently to specify abit positionin
the operand.

22



azIs plom JI Z Ag pue
2JI0T | ‘szis alAq si puelsado yi T Aq

P31UBW3I03P IO PAUSWBIOU| _ 7 wu 7 do
< v 0 eEv ]9l ST
0 ST w1 Aq paresipul | .
19181631 JO (SHQ 9T) Suau0D I~ uy-©
0 ST “quawaldap-aid yum 10a.ipul Jaisibay
_ 7 wl 7 do _
2 Y 0 eEv |9l ST
_ als mmELo\Am“u% Homov__om_“_ 2]U0D T +UHO WawauLsod
1811621 Jo (sHq 9T) swaw
5 o1 5 o1 Usm Jo311pul Ja3sibay 4
Y dsip
l dsip | Cw | do
_ _A‘@ 0 €SV | 9. 538
5 3 I w1 Ag paredipul l« (ud '9T:P)®
5 19151691 40 (S 9T) SUSNOD mﬁ_ ‘Juawaae(dsip yum 10alipul 1aisibay €
wi do
! [ [w] |
_ ™ 7 0 €Ev | 9. 533
0 ST _ wi Ag pareaipul |
5 1915163140 (S1q 9T) SIUBWOD mﬁ_ uUd® "108u1pul IsisIbay Z
A Ipul | I
uiju Ag pareoipul siaisifal Jo sjusluod s puesadQ _ w 7 i 7 do _
k k 0 € v .8 33
ul wi
G : G : uy ‘108.1ip Ja1sibay T
(v3) ssalppy 8A108YT  POYIBN UOIIR|Nd[eD SSaIPPY SAI108T Jewiod uondnaisul  ‘ON

pue apo Buissalppy

uolre|nd[ed S IppY aAleld ¢-¢oldel

23



; _ dsip do
1 dsip uoIsuaIxa ubis _ 0 L8 st
L
0 st r SJULIU0I Dd _ (Od ‘8:p)®@
5 o aAle[al Jajunod-welbold /
ANINI
do
0 al
elep aleIpawwi 9lAg-g 1o -T sI pueiadQ 9T XX#
NI do
0 78 Gl
SIXXH
alelpaww| 9
sge
Y do
_ _ 0 Gl
0 3 oTee®
_ sqe do
F 0 78 gl
_ 7 44H _ gee®
0 L8 ST SSsalppe aInjosqy q
(v3) ssaippy 8Anoay3 POyI1sN uolended ssalppy 8Al094g Tewuod uononisu|  "ON

pue apo Buissalppy

(Juod) uoire|NO[eD SSBUPPY BAIIRYT Z-ZdIge L

24



ssalppe ainjosqy  :sqge
elep srelpsww| AN
wawaoe(dsiq :dsip
pial uoneiado :do
play Jaisibay :uJ ‘wu

:UONeION
_A|A (suqg 9T) S1UBUO KIOWBN
5T
| s.e | oo
0 4 L8 ST
IEE do
0 .8 ST

g:ee® ® “108.J1pul AIoWs 8

(v3) ssaippy 8A11084T

POUIBIN UOIIRIND[ED SSBIPPY SAIN0DYT

Jewlio4 uononnsu] ‘oN
pue apoy Buissaippy

(3u00) UoITe|NOeD SSBIPPY 8ABYT Z-Z8|de L

25



2.5 Instruction Set
The H8/300L Series can use atotal of 55 instructions, which are grouped by function in table 2-3.

Table2-3 Instruction Set

Function Instructions Number
Data transfer MOV, PUSH*1, POP*1 1
Arithmetic operations ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, 14
SUBS, DAA, DAS, MULXU, DIVXU, CMP, NEG
Logic operations AND, OR, XOR, NOT 4
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR,
ROTXL, ROTXR
Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, 14
BIOR, BXOR, BIXOR, BLD, BILD, BST, BIST
Branch Bcc*2, JMP, BSR, JSR, RTS 5
System control RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 8
Block data transfer EEPMOV 1
Total: 55

Notes: 1. PUSH Rn is equivalent to MOV.W Rn, @-SP.
POP Rn is equivalent to MOV.W @SP+, Rn. The same applies to the machine language.
2. Bcc is a conditional branch instruction in which cc represents a condition code.

The following sections give a concise summary of the instructions in each category, and indicate the
bit patterns of their object code. The notation used is defined next.
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Notation

Rd General register (destination)
Rs General register (source)
Rn General register

(EAd), <EAd>

Destination operand

(EAS), <EAs>

Source operand

CCR

Condition code register

N (negative) flag of CCR

z Z (zero) flag of CCR

Vv V (overflow) flag of CCR

C C (carry) flag of CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

+ Division

ad AND logical

ad OR logical

ad Exclusive OR logical

- Move

~ Logical negation (logical complement)
3-bit length
8-bit length

:16 16-bit length

(), <> Contents of operand indicated by effective address
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2.5.1 Data Transfer Instructions

Table 2-4 describes the data transfer instructions. Figure 2-5 shows their object code formats.

Table2-4 Data Transfer Instructions

Instruction Size*

Function

MOV B/W (EAs) - Rd, Rs - (EAd)
Moves data between two general registers or between a general
register and memory, or moves immediate data to a general register.
The Rn, @Rn, @(d:16, Rn), @aa:16, #xx:16, @—Rn, and @Rn+
addressing modes are available for word data. The @aa:8 addressing
mode is available for byte data only.
The @-R7 and @R7+ modes require word operands. Do not specify
byte size for these two modes.

POP w @SP+ - Rn
Pops a 16-bit general register from the stack. Equivalent to MOV.W
@SP+, Rn.

PUSH w Rn -~ @-SP

Pushes a 16-bit general register onto the stack. Equivalent to MOV.W
Rn, @-SP.

Notes: * Size: Operand size

B: Byte
W:  Word

Certain precautions are required in data access. See 2.9.1, Notes on Data Access, for details.
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15 8 7 0o MOV

op ‘ rm ‘ m | Rm-Rn
15 8 7 0
op ‘ rm ‘ m | @Rm«< -»Rn
15 8 7 0
op ‘ rm ‘ m
@(d:16, Rm) - -Rn
disp
15 8 7 0
T \0 T T T ‘ \rm T ‘ r\n T @Rm+aRn,0l’
P Rn - @-Rm
15 8 7 0
op m ‘ abs | @aa:8~ -Rn
15 8 7 0
op m
@aa:16 - - Rn
abs
15 8 7 0
op m IMM #xx:8 - Rn
15 8 7 0
op ‘ rn
#xx:16 - Rn
IMM
15 8 7 0
T T T T T T T T T PUSH, POP
op 1 1 1 ‘ m @SP+ - Rn, or
Rn - @-SP

Notation:

op: Operation field
rm, rn: Register field
disp: Displacement
abs:  Absolute address
IMM: Immediate data

Figure2-5 Data Transfer Instruction Codes
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2.5.2 Arithmetic Operations

Table 2-5 describes the arithmetic instructions.

Table2-5 Arithmetic Instructions

Instruction  Size* Function

ADD B/W Rd +Rs - Rd, Rd + #IMM - Rd

SUB Performs addition or subtraction on data in two general registers, or
addition on immediate data and data in a general register. Immediate
data cannot be subtracted from data in a general register. Word
data can be added or subtracted only when both words are in general
registers.

ADDX B Rd+Rs+C - Rd,Rd+#IMM = C - Rd

SUBX Performs addition or subtraction with carry or borrow on byte data in
two general registers, or addition or subtraction on immediate data and
data in a general register.

INC B Rd+1 - Rd

DEC Increments or decrements a general register by 1.

ADDS w Rd+1 - Rd,Rd+2 - Rd

SUBS Adds or subtracts 1 or 2 to or from a general register

DAA B Rd decimal adjust -~ Rd

DAS Decimal-adjusts (adjusts to 4-bit BCD) an addition or subtraction
result in a general register by referring to the CCR

MULXU B Rd xRs - Rd
Performs 8-bit x 8-bit unsigned multiplication on data in two general
registers, providing a 16-bit result

DIVXU B Rd +Rs - Rd
Performs 16-bit + 8-bit unsigned division on data in two general registers,
providing an 8-bit quotient and 8-hit remainder

CMP B/W Rd - Rs, Rd — #iIMM
Compares data in a general register with data in another general register
or with immediate data, and indicates the result in the CCR. Word data
can be compared only between two general registers.

NEG B 0-Rd - Rd

Obtains the two’s complement (arithmetic complement) of data in a
general register

Notes: * Size:
B:
W:

Operand size

Byte
Word
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2.5.3 Logic Operations
Table 2-6 describes the four instructions that perform logic operations.

Table2-6 Logic Operation Instructions

Instruction Size* Function

AND B Rd ORs - Rd, Rd O#IMM - Rd

Performs a logical AND operation on a general register and another
general register or immediate data

OR B Rd ORs - Rd, Rd O#IMM - Rd

Performs a logical OR operation on a general register and another
general register or immediate data

XOR B RdORs - Rd, Rd O #IMM - Rd

Performs a logical exclusive OR operation on a general register and
another general register or immediate data

NOT B ~Rd - Rd

Obtains the one’s complement (logical complement) of general register
contents

Notes: * Size: Operand size
B: Byte

2.5.4 Shift Operations
Table 2-7 describes the eight shift instructions.

Table2-7 Shift Instructions

Instruction  Size* Function
SHAL B Rd shift - Rd
SHAR . S . .
Performs an arithmetic shift operation on general register contents
SHLL B Rd shift - Rd
SHLR Performs a logical shift operation on general register contents
ROTL B Rd rotate - Rd
ROTR Rotates general register contents
ROTXL B Rd rotate through carry — Rd
ROTXR

Rotates general register contents through the C (carry) bit

Notes: * Size: Operand size
B: Byte
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Figure 2-6 shows the instruction code format of arithmetic, logic, and shift instructions.

15

ADD, SUB, CMP,
ADDX, SUBX (Rm)

op

ADDS, SUBS, INC, DEC,
DAA, DAS, NEG, NOT

| MULXU, DIVXU

IMM

ADD, ADDX, SUBX,
CMP (#XX:8)

|AND, OR, XOR (Rm)

IMM

|AND, OR, XOR (#xx:8)

m

SHAL, SHAR, SHLL, SHLR,
ROTL, ROTR, ROTXL, ROTXR

| op
15

15

| op
15

o

15

| op
15

o

15

Notation:

op: Operation field
rm, rn: Register field
IMM:  Immediate data

Figure2-6 Arithmetic, Logic, and Shift Instruction Codes
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2.5.5 Bit Manipulations
Table 2-8 describes the bit-manipulation instructions. Figure 2-7 shows their object code formats.

Table2-8 Bit-Manipulation Instructions

Instruction Size* Function

BSET B 1 - (<bit-No.> of <EAd>)

Sets a specified bit in a general register or memory to 1. The bit number
is specified by 3-bit immediate data or the lower three bits of a general
register.

BCLR B 0 - (<bit-No.> of <EAd>)

Clears a specified bit in a general register or memory to 0. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BNOT B ~ (<bit-No.> of <EAd>) - (<bit-No.> of <EAd>)

Inverts a specified bit in a general register or memory. The bit number is
specified by 3-bit immediate data or the lower three bits of a general
register.

BTST B ~ (<bit-No.> of <EAd>) - Z

Tests a specified bit in a general register or memory and sets or clears
the Z flag accordingly. The bit number is specified by 3-bit immediate
data or the lower three bits of a general register.

BAND B C O(<bit-No.> of <EAd>) - C

ANDs the C flag with a specified bit in a general register or memory, and
stores the result in the C flag.

BIAND B C O[~ (<bit-No.> of <EAd>)] — C

ANDs the C flag with the inverse of a specified bit in a general register or
memory, and stores the result in the C flag.

The bit number is specified by 3-bit immediate data.

BOR B C O(<bit-No.> of <EAd>) - C

ORs the C flag with a specified bit in a general register or memory, and
stores the result in the C flag.

BIOR B C O[~ (<bit-No.> of <EAd>)] — C

ORs the C flag with the inverse of a specified bit in a general register or
memory, and stores the result in the C flag.

The bit number is specified by 3-bitimmediate data.

Notes: * Size: Operand size
B: Byte
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Table2-8 Bit-Manipulation Instructions (cont)

Instruction Size* Function
BXOR B C O (<hit-No.> of <EAd>) - C
XORs the C flag with a specified bit in a general register or memory, and
stores the result in the C flag.
BIXOR B C O [~(<bit-No.> of <EAd>)] - C
XORs the C flag with the inverse of a specified bit in a general register or
memory, and stores the result in the C flag.
The bit number is specified by 3-bit imnmediate data.
BLD B (<bit-No.> of <EAd>) - C
Copies a specified bit in a general register or memory to the C flag.
BILD B ~ (<bit-No.> of <EAd>) - C
Copies the inverse of a specified bit in a general register or memory to
the C flag.
The bit number is specified by 3-bit immediate data.
BST B C - (<bit-No.> of <EAd>)
Copies the C flag to a specified bit in a general register or memory.
BIST B ~ C - (<bit-No.> of <EAd>)

Copies the inverse of the C flag to a specified bit in a general register or
memory.

The bit number is specified by 3-bit immediate data.

Notes: * Size:
B:

Operand size

Byte

Certain precautions are required in bit manipulation. See 2.9.2, Notes on Bit Manipulation, for

details.
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BSET, BCLR, BNOT, BTST

register direct (Rn)
immediate (#xx:3)

register direct (Rn)
register direct (Rm)

register indirect (@Rn)

immediate (#xx:3)

register indirect (@Rn)

register direct (Rm)

absolute (@aa:8)

immediate (#xx:3)

absolute (@aa:8)

register direct (Rm)

BAND, BOR, BXOR, BLD, BST

15 8 7 0
T T T T T T T T T Operand
op ‘ IMM ‘ m Bit No.:

15 8 7 0
' ' ' ' ! ! ' Operand:
op ‘ m ‘ m Bit No.:

15 8 7 0
op ‘ m 0 0O O O |Operand:
op | MM [0 0 0 0lBitNo:

15 8 7 0
op m 0 0 O O |Operand:
op rm 0 0 O O]|BitNo.:

15 8 7 0
op ‘ abs Operand:
op | MM [0 0 0 0lBitNo:

15 8 7 0
op abs Operand:
op rm ‘ 0 0 O O]|BitNo.:

15 8 7 0
T T T T T T T T T operand:
op L um| m Bit No.:

15 8 7 0
op ‘ m 0 O O O |Operand:
op ‘ IMM 0 0 O O]|BitNo.:

15 8 7 0
op ‘ abs Operand:
op | M [0 0 0 ofsitNo:

Notation:

op: Operation field
rm, rn: Register field
abs:  Absolute address
IMM:  Immediate data

register direct (Rn)
immediate (#xx:3)

register indirect (@Rn)

immediate (#xx:3)

absolute (@aa:8)

immediate (#xx:3)

Figure2-7 Bit Manipulation Instruction Codes
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15 7 0
op ‘ IMM n
15 7 0
op m 0O 0 0 O
op \ MM |0 0 0 O
15 7 0
op abs
op \ MM |0 0 0 O
Notation:

op: Operation field
rm, rn: Register field
abs:  Absolute address
IMM:  Immediate data

BIAND, BIOR, BIXOR, BILD, BIST

Operand:
Bit No.:

Operand:
Bit No.:

Operand:
Bit No.:

register direct (Rn)
immediate (#xx:3)

register indirect (@Rn)

immediate (#xx:3)

absolute (@aa:8)

immediate (#xx:3)

Figure2-7

Bit Manipulation Instruction Codes (cont)
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2.5.6 Branching Instructions
Table 2-9 describes the branching instructions. Figure 2-8 shows their object code formats.

Table2-9 Branching Instructions

Instruction Size Function

Bcc — Branches to the designated address if condition cc is true. The branching
conditions are given below.
Mnemonic Description Condition
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High chz=0
BLS Low or same cuz=1
BCC (BHS) Carry clear (high or same) Cc=0
BCS (BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal zZ=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONOV)=0
BLE Less or equal ZzONOV)=1
JMP — Branches unconditionally to a specified address
BSR — Branches to a subroutine at a specified address
JSR — Branches to a subroutine at a specified address
RTS — Returns from a subroutine
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15 8 7 0

op cc ‘ disp | Bcc
15 8 7 0
op ‘ rm 0 0 0 O | JMP (@Rm)
15 8 7 0
op
JMP (@aa:16)
abs
15 8 7 0
op ‘ abs | JMP (@ @aa:8)
15 8 7 0
op ‘ disp | BSR
15 8 7 0
op ‘ rm 0 0 0 O | JSR (@Rm)
15 8 7 0
op
JSR (@aa:16)
abs
15 8 7 0
op abs | JSR (@@aa:8)
15 8 7 0
op | RTS

Notation:

op: Operation field
cc:  Condition field
rm: Register field
disp: Displacement
abs: Absolute address

Figure2-8 Branching Instruction Codes
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2.5.7 System Control Instructions

Table 2-10 describes the system control instructions. Figure 2-9 shows their object code formats.

Table2-10 System Control Instructions

Instruction Size*  Function
RTE — Returns from an exception-handling routine
SLEEP — Causes a transition from active mode to a power-down mode. See
section 5, Power-Down Modes, for details.
LDC B Rs - CCR, #IMM - CCR
Moves immediate data or general register contents to the condition code
register
STC B CCR - Rd
Copies the condition code register to a specified general register
ANDC B CCR O#IMM - CCR
Logically ANDs the condition code register with immediate data
ORC B CCR O#IMM - CCR
Logically ORs the condition code register with immediate data
XORC B CCR O #IMM - CCR
Logically exclusive-ORs the condition code register with immediate data
NOP — PC+2 - PC

Only increments the program counter

Notes: * Size: Operand size

B:

Byte
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15 8 7 0
| op | RTE, SLEEP, NOP
15 8 7 0
| op M |LDC,STC(Rm
15 8 7 0
‘ ‘ ‘ ‘ — ANDC, ORC,
| op MM XORC. LDC (#xx:8)
Notation:

op: Operation field
rn:  Register field
IMM: Immediate data

Figure2-9 System Control Instruction Codes

2.5.8 Block Data Transfer Instruction

Table 2-11 describes the block data transfer instruction. Figure 2-10 shows its object code format.

Table2-11 Block Data Transfer I nstruction

Instruction Size

Function

EEPMOV —

If R4L # 0 then

repeat @R5+ -~ @R6+
R4L -1 - R4L
until R4L=0

else next;

Block transfer instruction. Transfers the number of data bytes specified by
RA4L from locations starting at the address indicated by R5 to locations
starting at the address indicated by R6. After the transfer, the next
instruction is executed.

Certain precautions are required in using the EEPMOV instruction. See 2.9.3, Notes on Use of the
EEPMOV Instruction, for details.
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15 8 7

Notation:
op: Operation field

Figure2-10 Block Data Transfer Instruction Code
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2.6 Basic Operational Timing

CPU operation is synchronized by a system clock () or asubclock (@g,g). For details on these
clock signals see section 4, Clock Pulse Generators. The period from arising edge of @ or gg g t0
the next rising edge is called one state. A bus cycle consists of two states or three states. The cycle
differs depending on whether accessis to on-chip memory or to on-chip peripheral modules.

2.6.1 Accessto On-Chip Memory (RAM, ROM)

Access to on-chip memory takes place in two states. The data bus width is 16 bits, allowing access
in byte or word size. Figure 2-11 shows the on-chip memory access cycle.

Bus cycle

<— T, state — »-a— T, state —»

2 or gsu

Internal address bus Address
Internal read signal
Internal data bus Read data

(read access)

Internal write signal

Write data

Internal data bus
(write access)

Figure2-11 On-Chip Memory Access Cycle
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2.6.2 Accessto On-Chip Peripheral Modules

On-chip peripheral modules are accessed in two states or three states. The data bus width is 8 bits,
so access is by byte size only. This meansthat for accessing word data, two instructions must be
used. Figures 2-12 and 2-13 show the on-chip peripheral module access cycle.

Two-state access to on-chip peripheral modules

Bus cycle

<— T,state — »=— T, state —»

@ or ﬂSUB

Address

Internal address bus
Internal read signal
Internal data bus Read data

(read access)

Internal write signal

Write data

Internal data bus
(write access)

Figure2-12 On-Chip Peripheral Module Access Cycle (2-State Access)
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Three-state access to on-chip peripheral modules

Bus cycle

-
-

2 or gsys

-
-

< Tstate — »=—— T,state — == Tsstate —»

Internal ><
address bus ]

Address

Internal
read signal

Internal
data bus

Read data

(read access)

Internal
write signal

Internal
data bus

Write data

-

(write access)

Figure2-13 On-Chip Peripheral Module Access Cycle (3-State Access)
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2.7 CPU States
2.7.1 Overview

There are four CPU states: the reset state, program execution state, program halt state, and
exception-handling state. The program execution state includes active (high-speed or medium-
speed) mode and subactive mode. In the program halt state there are a sleep (high-speed or
medium-speed) mode, standby mode, watch mode, and sub-sleep mode. These states are shown in

figure 2-14. Figure 2-15 shows the state transitions.

CPU state

Reset state

The CPU is initialized

Program
execution state

Active

Program halt state

(high speed) mode

The CPU executes success|
instructions at high speed,
synchronized by the system

ive program

clock

Active

(medium speed) mode |

The CPU executes success
program instructions at

reduced speed, synchronized

by the system clock

ive

Subactive mode

The CPU executes
successive program
instructions at reduced
speed, synchronized
by the subclock

Sleep (high-speed)

A state in which some
or all of the chip
functions are stopped
to conserve power

Exception-
handling state

mode

|| Sleep (medium-speed)
mode

Standby mode

Watch mode

Subsleep mode

A transient state in which the CPU changes
the processing flow due to a reset or an interrupt

Note: See section 5, Power-Down Modes, for details on the modes and their transitions.

Figure2-14 CPU Operation States
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Reset cleared

\

Reset state ) - Exception-handling state

Reset occurs

'Y
Reset Interrupt
occurs source .
Reset 0CCUrS Interrupt Exception-
occurs source handling
occurs complete

Program halt state Program execution state

SLEEP instruction executed

Figure2-15 State Transitions
2.7.2 Program Execution State
In the program execution state the CPU executes program instructions in sequence.

There are three modes in this state, two active modes (high speed and medium speed) and one
subactive mode. Operation is synchronized with the system clock in active mode (high speed and
medium speed), and with the subclock in subactive mode. See section 5, Power-Down Modes for
details on these modes.

2.7.3 Program Halt State

In the program halt state there are five modes: two sleep modes (high speed and medium speed),
standby mode, watch mode, and subsleep mode. See section 5, Power-Down Modes for details on
these modes.

2.7.4 Exception-Handling State

The exception-handling state is a transient state occurring when exception handling is started by a
reset or interrupt and the CPU changes its normal processing flow. In exception handling caused by
an interrupt, SP (R7) is referenced and the PC and CCR values are saved on the stack.

For details on interrupt handling, see section 3.3, Interrupts.

46



2.8 Memory Map

The memory map of the H8/3882 and H8/3842 is shown in figure 2-16 (1), that of the H8/3883 and
H8/3843 in figure 2-16 (2), that of the H8/3884 and H8/3844 in figure 2-16 (3), that of the H8/3885
and H8/3845 in figure 2-16 (4), that of the H8/3886 and H8/3846 in figure 2-16 (5), and that of the

H8/3887 and H8/3847 in figure 2-16 (6).

H'0000
Interrupt vector area
H'0029
H'002A
16 kbytes
On-chip ROM (16384 bytes)
H'3FFF
Not used
H'F740
LCD RAM
(32 bytes)
H'F75F
Not used
H'F780
On-chip RAM 1024 bytes
HFB7F
Not used
H'FF90
Internal I/O registers
(112 bytes)
H'FFFF

Figure2-16 (1) H8/3882 and H8/3842 Memory Map
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H'0000

H'0029
H'002A

H'5FFF

H'F740

H'F75F

H'F780

HFB7F

H'FF90

H'FFFF

Interrupt
vector area

On-chip ROM

Not used

LCD RAM
(32 bytes)

Not used

On-chip RAM

Not used

Internal I/O registers
(112 bytes)

24 kbytes
(24576 bytes)

1024 bytes

Figure 2-16 (2) H8/3883 and H8/3843 Memory Map
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H'0000
Interrupt vector area
H'0029
H'002A
32 kbytes
On-chip ROM (32768 bytes)
H'7FFF
Not used
HF740 LCD RAM
Not used
H'F780
On-chip RAM 2048 bytes
H'FF7F
Not used
H'FF90
Internal I/O registers
(112 bytes)
H'FFFF

Figure2-16 (3) H8/3884 and H8/3844 Memory Map

49




H'0000
Interrupt vector area
H'0029
H'002A
40 kbytes
On-chip ROM (40960 bytes)
H'OFFF
Not used
HF740 LCD RAM
H'E75E (32 bytes)
Not used
H'F780
On-chip RAM 2048 bytes
H'FF7F
Not used
H'FF90
Internal 1/O registers
(112 bytes)
H'FFFF

Figure2-16 (4) H8/3885 and H8/3845 Memory Map
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H'0000

H'0029
H'002A

H'BFFF

H'F740

H'F75F

H'F780

HFF7F

H'FF90

H'FFFF

Interrupt vector area

On-chip ROM

Not used

LCD RAM
(32 bytes)

Not used

On-chip RAM

Not used

Internal I/O registers
(112 bytes)

48 kbytes
(49152 bytes)

2048 bytes

Figure2-16 (5) H8/3886 and H8/3846 Memory Map
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H'0000
Interrupt vector area
H'0029
H'002A
60 kbytes
On-chip ROM (60928 bytes)
H'EDFF
Not used
HF740 LCD RAM
H'E75E (32 bytes)
Not used
H'F780
On-chip RAM 2048 bytes
H'FF7F
Not used
H'FF90
Internal 1/O registers
(112 bytes)
H'FFFF

Figure2-16 (6) H8/3887 and H8/3847 Memory Map
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2.9 Application Notes

2.9.1 Noteson Data Access

1

Access to Empty Areas:

The address space of the H8/300L CPU includes empty areas in addition to the RAM, registers,
and ROM areas available to the user. If these empty areas are mistakenly accessed by an
application program, the following results will occur.

Data transfer from CPU to empty area:

The transferred datawill be lost. This action may also cause the CPU to misoperate.
Data transfer from empty areato CPU:

Unpredictable dataistransferred.

Accessto Internal 1/0 Registers:

Internal datatransfer to or from on-chip modules other than the ROM and RAM areas makes
use of an 8-bit datawidth. If word accessis attempted to these areas, the following results will
occur.

Word access from CPU to I/0 register area:

Upper byte: Will be written to 1/0 register.
Lower byte: Transferred datawill be lost.

Word access from |/O register to CPU:

Upper byte: Will be written to upper part of CPU register.
Lower byte: Unpredictable datawill be written to lower part of CPU register.

Byte size instructions should therefore be used when transferring data to or from 1/0O registers other
than the on-chip ROM and RAM areas. Figure 2-17 shows the data size and number of statesin
which on-chip peripheral modules can be accessed.
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H'0000

H'0029
H'002A

*1
H7FFF

H'F740

H'F753

H'F780

*2
HFF7F

HFF90

HFFFF

Notes:

Interrupt vector area
(42 bytes)

On-chip ROM

Not used

LCD RAM
(20 bytes)

Not used

On-chip RAM

Not used

Internal 1/O registers
(112 bytes)

32kbytes*1

The H8/3884 and H8/3844 are shown as an example.

1. The address is H'3FFF in the H8/3882 and H8/3842 (16-kbyte on-chip ROM), H'5FFF in
the H8/3883 and H8/3843 (24-kbyte on-chip ROM), H'9FFF in the H8/3885 and H8/3845
(40-kbyte on-chip ROM), H'BFFF in the H8/3886 and H8/3846 (48-kbyte on-chip ROM),
and H'EDFF in the H8/3887 and H8/3847 (60-kbyte on-chip ROM).

2. The address is H'FB7F in the H8/3882, H8/3842, H8/3883 and H8/3843 (1024-byte on-
chip ROM).

Access

States
Word Byte
O O 2
O @) 2
O O 2
x O 2
x O 3
x O 2
x O 3
X O 2

Figure2-17 Data Size and Number of Statesfor Accessto and from

On-Chip Peripheral Modules
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2.9.2 Noteson Bit Manipulation

The BSET, BCLR, BNOT, BST, and BIST instructions read one byte of data, modify the data, then
write the data byte again. Specia careis required when using these instructions in cases where two
registers are assigned to the same address, in the case of registers that include write-only bits, and
when the instruction accesses an /O port.

Order of Operation Operation

1 Read Read byte data at the designated address

2 Modify Modify a designated bit in the read data

3 Write Write the altered byte data to the designated address

1. Bit manipulation in two registers assigned to the same address
Example 1: timer load register and timer counter

Figure 2-18 shows an example in which two timer registers share the same address. When a bit
mani pulation instruction accesses the timer load register and timer counter of areloadable timer,
since these two registers share the same address, the following operations take place.

Order of Operation Operation

1 Read Timer counter data is read (one byte)

2 Modify The CPU modifies (sets or resets) the bit designated in the instruction
3 Write The altered byte data is written to the timer load register

The timer counter is counting, so the value read is not necessarily the same as the value in the timer
load register. Asaresult, bits other than the intended hit in the timer load register may be modified
to the timer counter value.

Read
Count clock — Timer counter %
i
Reload
Write
Timer load register
Internal bus

Figure2-18 Timer Configuration Example
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Example 2: BSET instruction executed designating port 3

P3; and P34 are designated as input pins, with alow-level signal input at P3; and a high-level signal
at P3g. The remaining pins, P35 to P3,, are output pins and output low-level signals. In this
example, the BSET instruction is used to change pin P3; to high-level output.

[A: Prior to executing BSET]

P3, P3¢ P3g P3, P35 P3, P3; P3,
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
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0

[B: BSET instruction executed)]

BSET #0 , @DR3 The BSET instruction is executed designating port 3.

[C: After executing BSET]

P3; P3g P35 P34 P35 P3, P3; P3q
Input/output Input Input Output  Output Output Output Output  Output
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR3 0 0 1 1 1 1 1 1
PDR3 0 1 0 0 0 0 0 1

[D: Explanation of how BSET operates)
When the BSET instruction is executed, first the CPU reads port 3.

Since P3; and P3¢ are input pins, the CPU reads the pin states (low-level and high-level input).
P3s5 to P3; are output pins, so the CPU reads the value in PDR3. In this example PDR3 has a value
of H'80, but the value read by the CPU is H'40.

Next, the CPU sets bit 0 of the read datato 1, changing the PDR3 datato H'41. Finally, the CPU
writes this value (H'41) to PDR3, completing execution of BSET.
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Asaresult of this operation, bit 0 in PDR3 becomes 1, and P3; outputs a high-level signal.
However, bits 7 and 6 of PDR3 end up with different values.

To avoid this problem, store a copy of the PDR3 datain awork areain memory. Perform the bit
mani pulation on the data in the work area, then write this data to PDR3.

[A: Prior to executing BSET]

MOV. B #80, ROL The PDR3 value (H'80) is written to awork areain memory
MOV. B ROL, @RAMD (RAMO) aswell asto PDRS3.
MOV. B ROL, @DR3
P3, P3 P3; P3, P3, P3, P3, P3,
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
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0
RAMO 1 0 0 0 0 0 0 0

[B: BSET instruction executed]

BSET #0 , @GRAMD The BSET instruction is executed designating the PDR3
work area (RAMO).

[C: After executing BSET]

MOV. B  @RAMD, ROL The work area (RAMO) value is written to PDR3.
MOV. B ROL, @DR3
P3, P3g P3g P3, P3, P3, P3, P3,
Input/output Input Input Output  Output Output Output Output Output
Pin state Low High Low Low Low Low Low High
level level level level level level level level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 1
RAMO 1 0 0 0 0 0 0 1
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2. Bit manipulation in aregister containing awrite-only bit
Example 3: BCLR instruction executed designating port 3 control register PCR3

Asin the examples above, P3; and P3g are input pins, with alow-level signal input at P3; and a
high-level signal a P3g. The remaining pins, P35 to P3y, are output pins that output low-level
signals. Inthis example, the BCLR instruction is used to change pin P3; to an input port. Itis
assumed that a high-level signal will be input to thisinput pin.

[A: Prior to executing BCLR]

P3, P3¢ P3g P3, P35 P3, P3; P3,
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
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0

[B: BCLR instruction executed]

BCLR #0 , @CR3 The BCLR instruction is executed designating PCR3.

[C: After executing BCLR]

P3; P3¢ P35 P34 P35 P3, P3; P3q
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
PCR3 1 1 1 1 1 1 1 0
PDR3 1 0 0 0 0 0 0 0

[D: Explanation of how BCLR operates]

When the BCLR instruction is executed, first the CPU reads PCR3. Since PCR3 isawrite-only
register, the CPU reads a value of H'FF, even though the PCR3 value is actually H'3F.

Next, the CPU clears bit 0 in the read data to 0, changing the datato H'FE. Finally, thisvalue
(H'FE) iswritten to PCR3 and BCLR instruction execution ends.

Asaresult of this operation, bit 0 in PCR3 becomes 0, making P3, an input port. However, bits 7
and 6 in PCR3 change to 1, so that P3; and P3¢ change from input pins to output pins.

To avoid this problem, store a copy of the PCR3 datain awork areain memory. Perform the bit
manipulation on the data in the work area, then write this data to PCR3.
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[A: Prior to executing

BCLR]

MOV. B #3F, ROL The PCR3 value (H'3F) is written to awork areain memory
MOV. B ROL, @RAMD (RAMO) aswell asto PCR3.
MOV. B ROL, @CR3
P3, P3 P3; P3, P3, P3, P3, P3,
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
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 1

[B: BCLR instruction executed]

@RAMD

BCLR #0

[C: After executing BCLR]

MOV. B @RAMD, ROL

The BCLR instruction is executed designating the PCR3
work area (RAMO).

The work area (RAMO) value is written to PCR3.

MOV. B ROL, @CR3
P3, P3g P3g P3, P3, P3, P3, P3,
Input/output Input Input Output  Output Output Output Output Output
Pin state Low High Low Low Low Low Low High
level level level level level level level level
PCR3 0 0 1 1 1 1 1 0
PDR3 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 0
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Table 2-12 lists the pairs of registers that share identical addresses. Table 2-13 lists the registers that
contain write-only hits.

Table2-12 Registerswith Shared Addresses

Register Name Abbreviation Address
Timer counter and timer load register C TCCITLC H'FFB5
Port data register 1* PDR1 H'FFD4
Port data register 2* PDR2 H'FFD5
Port data register 3* PDR3 H'FFD6
Port data register 4* PDR4 H'FFD7
Port data register 5* PDR5 H'FFD8
Port data register 6* PDR6 H'FFD9
Port data register 7* PDR7 H'FFDA
Port data register 8* PDR8 H'FFDB
Port data register 9* PDR9 H'FFDC
Port data register A* PDRA H'FFDD

Note: * Port data registers have the same addresses as input pins.

Table 2-13 Registerswith Write-Only Bits

Register Name Abbreviation Address
Port control register 1 PCR1 H'FFE4
Port control register 2 PCR2 H'FFE5
Port control register 3 PCR3 H'FFE6
Port control register 4 PCR4 H'FFE7
Port control register 5 PCR5 H'FFE8
Port control register 6 PCR6 H'FFE9
Port control register 7 PCR7 H'FFEA
Port control register 8 PCR8 H'FFEB
Port control register 9 PCR9 H'FFEC
Port control register A PCRA H'FFED
Timer control register F TCRF H'FFB6
PWM control register PWCR H'FFDO
PWM data register U PWDRU H'FFD1
PWM data register L PWDRL H'FFD2
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2.9.3 Notes on Use of the EEPMOV Instruction

« The EEPMOV instruction isablock data transfer instruction. It moves the number of bytes
specified by R4L from the address specified by R5 to the address specified by R6.

R5 - - R6

R5+ R4L - — R6 + RAL

e When setting R4L and R6, make sure that the final destination address (R6 + R4L) does not
exceed H'FFFF. The value in R6 must not change from H'FFFF to H'0000 during execution of
theinstruction.

R5 - - R6

R5 + R4L - « R6 + RAL

Not allowed
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Section 3 Exception Handling

3.1 Overview

Exception handling is performed in the H8/3887 Series when areset or interrupt occurs. Table 3-1
shows the priorities of these two types of exception handling.

Table3-1 Exception Handling Typesand Priorities

Priority Exception Source Time of Start of Exception Handling

High Reset Exception handling starts as soon as the reset state is cleared
Interrupt When an interrupt is requested, exception handling starts
after execution of the present instruction or the exception
Low handling in progress is completed
3.2 Resat

3.2.1 Overview

A reset isthe highest-priority exception. Theinternal state of the CPU and the registers of the on-
chip peripheral modules are initialized.

3.2.2 Reset Sequence
As soon as the RES pin goes low, al processing is stopped and the chip enters the reset state.
To make sure the chip is reset properly, observe the following precautions.

* At power on: Hold the RES pin low until the clock pulse generator output stabilizes.
* Resetting during operation: Hold the RES pin low for at least 10 system clock cycles.

Reset exception handling takes place as follows.

e TheCPU interna state and the registers of on-chip peripheral modules areinitialized, with the |
bit of the condition code register (CCR) set to 1.

* ThePCisloaded from the reset exception handling vector address (H'0000 to H'0001), after
which the program starts executing from the address indicated in PC.
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When system power isturned on or off, the RES pin should be held low.

Figure 3-1 shows the reset sequence starting from RES input.

— » Reset cleared

Program initial
} Vector fetch Internal ~ instruction prefetch
| |t | Processing ja——m|

RES /

[} _| |_| |_| |_| |_| |_| |_’ |_
Int | :

andg:ggs bus @ >< @ ><

Internal read
signal

(U A W

Internal write
signal

Internal data
bus (16-bit)

(@ )— e

(1) Reset exception handling vector address (H'0000)
(2) Program start address
(3) First instruction of program

Figure3-1 Reset Seguence
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3.2.3 Interrupt Immediately after Reset

After areset, if an interrupt were to be accepted before the stack pointer (SP: R7) was initialized,
PC and CCR would not be pushed onto the stack correctly, resulting in program runaway. To
prevent this, immediately after reset exception handling all interrupts are masked. For this reason,
theinitia program instruction is always executed immediately after areset. Thisinstruction should
initialize the stack pointer (e.g. MOV.W #xx: 16, SP).

3.3 Interrupts
3.3.1 Overview

Theinterrupt sources include 13 external interrupts (IRQ,4 to IRQg, WKP; to WKPy) and 24 internal
interrupts from on-chip peripheral modules. Table 3-2 shows the interrupt sources, their priorities,
and their vector addresses. When more than one interrupt is requested, the interrupt with the highest
priority is processed.

The interrupts have the following features:

e Internal and externa interrupts can be masked by the | bit in CCR. When the | bit is set to 1,
interrupt request flags can be set but the interrupts are not accepted.

*  IRQ4to IRQy and WKP; to WKP, can be set to either rising edge sensing or falling edge
sensing.
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Table3-2 Interrupt Sourcesand Their Priorities

Interrupt Source Interrupt Vector Number Vector Address  Priority
RES Reset 0 H'0000 to H'0001  High
IRQq IRQq 4 H'0008 to H'0009 A
IRQ, IRQ; 5 H'000A to H'000B
IRQ, IRQ, 6 H'000C to H'000D
IRQ, IRQ; 7 H'000E to H'000F
IRQ, IRQ, 8 H'0010 to H'0011
WKP, WKP, 9 H'0012 to H'0013
WKP, WKP,
WKP, WKP,
WKP5 WKP,
WKP,4 WKP,
WKPg WKPg
WKPg WKPg
WKP5 WKP,
SCI1 SCI1 transfer complete 10 H'0014 to H'0015
Timer A Timer A overflow 11 H'0016 to H'0017
Asynchronous Asynchronous counter 12 H'0018 to H'0019
counter overflow
Timer C Timer C overflow or 13 H'001A to H'001B
underflow
Timer FL Timer FL compare match 14 H'001C to H'001D
Timer FL overflow
Timer FH Timer FH compare match 15 H'001E to H'001F
Timer FH overflow
Timer G Timer G input capture 16 H'0020 to H'0021
Timer G overflow
SCI3-1 SCI3-1 transmit end 17 H'0022 to H'0023
SCI3-1 transmit data empty
SCI3-1 receive data full
SCI3-1 overrrun error
SCI3-1 framing error
SCI3-1 parity error
SCI3-2 SCI3-2 transmit end 18 H'0024 to H'0025
SCI3-2 transmit data empty
SCI3-2 receive data full
SCI3-2 overrun error
SCI3-2 framing error
SCI3-2 parity error
A/D A/D conversion end 19 H'0026 to H'0027 Y
(SLEEP instruction  Direct transfer 20 H'0028 to H'0029 Low
executed)

Note: Vector addresses H'0002 to H'0007 and H'0014 to H'0015 are reserved and cannot be used.
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3.3.2 Interrupt Control Registers
Table 3-3 lists the registers that control interrupts.

Table3-3 Interrupt Control Registers

Name Abbreviation R/W Initial Value Address
IRQ edge select register IEGR R/W H'EO H'FFF2
Interrupt enable register 1 IENR1 R/W H'00 H'FFF3
Interrupt enable register 2 IENR2 R/W H'00 H'FFF4
Interrupt request register 1 IRR1 R/W* H'20 H'FFF6
Interrupt request register 2 IRR2 R/W* H'00 H'FFF7
Wakeup interrupt request register IWPR R/W* H'00 H'FFF9
Wakeup edge select register WEGR R/W H'00 H'FF90
Note: * Write is enabled only for writing of O to clear a flag.
1. IRQ edge select register (IEGR)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ IEG4 ‘ IEG3 ‘ IEG2 ‘ IEG1 ‘ IEGO ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

IEGR is an 8-bit read/write register used to designate whether pins IRQ, to IRQ are set to rising

edge sensing or falling edge sensing.

Bits 7 to 5: Reserved bits

Bits 7 to 5 are reserved: they are dwaysread as 1 and cannot be modified.
Bit 4: IRQ, edge select (IEG4)

Bit 4 selects the input sensing of the IRQ, pin and ADTRG pin.

Bit 4

IEG4 Description

0 Falling edge of IRQ, and ADTRG pin input is detected (initial value)
1 Rising edge of IRQ, and ADTRG pin input is detected
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Bit 3: IRQz edge select (IEG3)

Bit 3 selects the input sensing of the IRQz pin and TMIF pin.

Bit 3

IEG3 Description

0 Falling edge of IRQ5 and TMIF pin input is detected (initial value)
1 Rising edge of IRQz; and TMIF pin input is detected

Bit 2: IRQ, edge select (IEG2)

Bit 2 selects the input sensing of pin IRQ..

Bit 2

IEG2 Description

0 Falling edge of IRQ, pin input is detected (initial value)
1 Rising edge of IRQ, pin input is detected

Bit 1: IRQ, edge select (IEG1)

Bit 3 selects the input sensing of the IRQ, pin and TMIC pin.

Bit 1

IEG1 Description

0 Falling edge of IRQ, and TMIC pin input is detected (initial value)
1 Rising edge of IRQ; and TMIC pin input is detected

Bit 0: IRQg edge select (IEGO)

Bit O selects the input sensing of pin IRQ.

Bit O

IEGO Description

0 Falling edge of IRQ pin input is detected (initial value)
1 Rising edge of IRQq pin input is detected
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2. Interrupt enableregister 1 (IENR1)

Bit 7 6 5 4 3 2 1 0

‘ IENTA ‘ IENS1 ‘ IENWP‘ IEN4 ‘ IEN3 ‘ IEN2 ‘ IEN1 ‘ IENO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

IENR1 is an 8-bit read/write register that enables or disables interrupt requests.
Bit 7: Timer A interrupt enable (IENTA)

Bit 7 enables or disablestimer A overflow interrupt requests.

Bit 7

IENTA Description

0 Disables timer A interrupt requests (initial value)
1 Enables timer A interrupt requests

Bit 6: SCI1 interrupt enable (IENSL1)

Bit 6 enables or disables SCI1 transfer complete interrupt requests.

Bit 6

IENS1 Description

0 Disables SCI1 interrupt requests (initial value)
1 Enables SCI1 interrupt requests

Bit 5: Wakeup interrupt enable (IENWP)

Bit 5 enables or disables WKP; to WKP, interrupt requests.

Bit 5

IENWP Description

0 Disables WKP- to WKPy interrupt requests (initial value)
1 Enables WKP- to WKP, interrupt requests

Bits4 to 0: IRQ, to IRQg interrupt enable (IEN4 to |ENO)

Bits 4 to 0 enable or disable IRQ, to IRQg interrupt requests.

Bitn

IENN Description

0 Disables interrupt requests from pin IRQn (initial value)
1 Enables interrupt requests from pin IRQn

(n=41t00)
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3. Interrupt enable register 2 (IENR2)

Bit 7 6 5 4 3 2 1 0

‘ IENDT ‘ IENAD ‘ — ‘ IENTG ‘IENTFH ‘ IENTFL‘ IENTC ‘ IENEC ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

IENR2 is an 8-bit read/write register that enables or disables interrupt requests.
Bit 7: Direct transfer interrupt enable (IENDT)

Bit 7 enables or disables direct transfer interrupt requests.

Bit 7

IENDT Description

0 Disables direct transfer interrupt requests (initial value)
1 Enables direct transfer interrupt requests

Bit 6: A/D converter interrupt enable (IENAD)

Bit 6 enables or disables A/D converter interrupt requests.

Bit 6

IENAD Description

0 Disables A/D converter interrupt requests (initial value)
1 Enables A/D converter interrupt requests

Bit 5: Reserved bit
Bit 5 is areadable/writable reserved bit. It isinitialized to 0 by areset.
Bit 4: Timer G interrupt enable (IENTG)

Bit 4 enables or disablestimer G input capture or overflow interrupt requests.

Bit 4

IENTG Description

0 Disables timer G interrupt requests (initial value)
1 Enables timer G interrupt requests
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Bit 3: Timer FH interrupt enable (IENTFH)

Bit 3 enables or disables timer FH compare match and overflow interrupt requests.

Bit 3

IENTFH Description

0 Disables timer FH interrupt requests (initial value)
1 Enables timer FH interrupt requests

Bit 2: Timer FL interrupt enable (IENTFL)

Bit 2 enables or disables timer FL compare match and overflow interrupt requests.

Bit 2

IENTFL Description

0 Disables timer FL interrupt requests (initial value)
1 Enables timer FL interrupt requests

Bit 1: Timer C interrupt enable (IENTC)

Bit 1 enables or disables timer C overflow and underflow interrupt requests.

Bit 1

IENTC Description

0 Disables timer C interrupt requests (initial value)
1 Enables timer C interrupt requests

Bit 0: Asynchronous event counter interrupt enable (IENEC)

Bit O enables or disables asynchronous event counter interrupt requests.

Bit 0

IENEC Description

0 Disables asynchronous event counter interrupt requests (initial value)
1 Enables asynchronous event counter interrupt requests

For details of SCI3-1 and SCI3-2 interrupt control, see 6. Serial control register 3 (SCR3) in section
10.4.2.
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4. Interrupt request register 1 (IRR1)

Bit 7 6 5 4 3 2 1 0

‘ IRRTA ‘ IRRS1 ‘ — ‘ IRRI4 ‘ IRRI3 ‘ IRRI2 ‘ IRRI1 ‘ IRRIO ‘
Initial value 0 0 1 0 0 0 0 0
Read/Write R/(W)*  R/(W)* — R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)*

Note: * Only a write of O for flag clearing is possible

IRR1 is an 8-hit read/write register, in which a corresponding flag is set to 1 when atimer A, SCI1,
or IRQ,4 to IRQq interrupt is requested. The flags are not cleared automatically when an interrupt is
accepted. It is necessary to write O to clear each flag.

Bit 7: Timer A interrupt request flag (IRRTA)

Bit 7

IRRTA Description

0 Clearing conditions: (initial value)
When IRRTA =1, it is cleared by writing O

1 Setting conditions:

When the timer A counter value overflows from H'FF to H'00

Bit 6: SCI1 interrupt request flag (IRRS1)

Bit 6

IRRS1 Description

0 Clearing conditions: (initial value)
When IRRS1 =1, it is cleared by writing O

1 Setting conditions:

When SCI1 completes transfer

Bit 5: Reserved hit
Bit 5isreserved; it isalways read as 1 and cannot be modified.

Bits4 to 0: IRQ,4 to IRQq interrupt request flags (IRRI4 to IRRIO)

Bit n
IRRIN Description
0 Clearing conditions: (initial value)
When IRRIn =1, it is cleared by writing O
1 Setting conditions:
When pin IRQn is designated for interrupt input and the designated signal edge is input
(n=41t00)
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5. Interrupt request register 2 (IRR2)

Bit 7 6 5 4 3 2 1 0
‘ IRRDT ‘ IRRAD ‘ — ‘ IRRTG ‘IRRTFH ‘ IRRTFL‘ IRRTC ‘ IRREC ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/(W)*  R/(W)* RW  RI(W)* RI(W)* RI(W)* R/(W)* R/I(W)*
Note: * Only a write of O for flag clearing is possible
IRR2 is an 8-bit read/write register, in which a corresponding flag is set to 1 when a direct transfer,

A/D converter, Timer G, Timer FH, Timer FC, or Timer C interrupt is requested. The flags are not
cleared automatically when an interrupt is accepted. It is necessary to write O to clear each flag.

Bit 7: Direct transfer interrupt request flag (IRRDT)

Bit 7

IRRDT Description

0 Clearing conditions: (initial value)
When IRRDT = 1, it is cleared by writing O

1 Setting conditions:
When a direct transfer is made by executing a SLEEP instruction while DTON = 1 in
SYSCR2

Bit 6: A/D converter interrupt request flag (IRRAD)

Bit 6

IRRAD Description

0 Clearing conditions: (initial value)
When IRRAD =1, it is cleared by writing O

1 Setting conditions:

When A/D conversion is completed and ADSF is cleared to 0 in ADSR

Bit 5: Reserved bit

Bit 5 is areadable/writable reserved bit. Itisinitialized to O by areset.
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Bit 4: Timer G interrupt request flag (IRRTG)

Bit 4

IRRTG Description

0 Clearing conditions: (initial value)
When IRRTG =1, it is cleared by writing O

1 Setting conditions:

When the TMIG pin is designated for TMIG input and the designated signal edge is
input, and when TCG overflows while OVIE is setto 1 in TMG

Bit 3: Timer FH interrupt request flag (IRRTFH)

Bit 3
IRRTFH Description

0 Clearing conditions: (initial value)
When IRRTFH =1, it is cleared by writing 0

1 Setting conditions:
When TCFH and OCRFH match in 8-bit timer mode, or when TCF (TCFL, TCFH) and
OCRF (OCRFL, OCRFH) match in 16-bit timer mode

Bit 2: Timer FL interrupt request flag (IRRTFL)

Bit 2
IRRTFL Description

0 Clearing conditions: (initial value)
When IRRTFL= 1, it is cleared by writing O

1 Setting conditions:
When TCFL and OCRFL match in 8-bit timer mode

Bit 1: Timer C interrupt request flag (IRRTC)

Bit 1

IRRTC Description

0 Clearing conditions: (initial value)
When IRRTC= 1, it is cleared by writing 0

1 Setting conditions:

When the timer C counter value overflows (from H'FF to H'00) or underflows
(from H'00 to H'FF)
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Bit 0: Asynchronous event counter interrupt request flag (IRREC)

Bit 0

IRREC Description

0 Clearing conditions: (initial value)
When IRREC =1, it is cleared by writing O

1 Setting conditions:

When ECH overflows in 16-bit counter mode, or ECH or ECL overflows
in 8-bit counter mode

6. Wakeup Interrupt Request Register (IWPR)

Bit 7 6 5 4 3 2 1 0
‘ IWPF7 ‘ IWPFG‘ IWPF5 ‘ IWPF4 ‘ IWPF3 ‘ IWPF2 ‘ IWPF1 ‘ IWPFO ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/I(W)* R/W)* RIW)* R/(W)* RIW)* RI(W)* RIW)* RI(W)*
Note: * All bits can only be written with 0, for flag clearing.
IWPR is an 8-bit read/write register containing wakeup interrupt request flags. When one of pins
WKP, to WKP is designated for wakeup input and arising or falling edge isinput at that pin, the

corresponding flag in IWPR isset to 1. A flag is not cleared automatically when the corresponding
interrupt is accepted. Flags must be cleared by writing O.

Bits 7 to 0: Wakeup interrupt request flags (IWPF7 to |WPFO)

Bitn

IWPFn Description

0 Clearing conditions: (initial value)
When IWPFn=1, it is cleared by writing 0

1 Setting conditions:
When pin WKP,, is designated for wakeup input and a rising or falling edge is input at
that pin

(n=7100)
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7. Wakeup Edge Select Register (WEGR)

Bit 7 6 5 4 3 2 1 0
‘WKEGS?‘ WKEGS#WKEGSS‘WKEGS4‘WKEGS3‘WKEGSZ‘WKEGSl‘WKEGSO‘

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

WEGR is an 8-bit read/write register that specifiesrising or falling edge sensing for pins WKPn.
WEGR isinitialized to H'00 by areset.
Bit n: WKPn edge select (WKEGSN)

Bit n selects WKPn pin input sensing.

Bit n
WKEGSnh Description
0 WKPn pin falling edge detected (initial value)
1 WKPn pin rising edge detected
(n=71t00)

3.3.3 External Interrupts
There are 13 external interrupts: IRQ,4 to IRQy and WKP; to WKP,.
1. Interrupts WKP; to WKP,

Interrupts WKP; to WK P, are requested by either rising or falling edge input to pins WKP- to
WKP,. When these pins are designated as pins WKP; to WKP, in port mode register 5 and arising
or falling edge is input, the corresponding bit in IWPR is set to 1, requesting an interrupt.
Recognition of wakeup interrupt requests can be disabled by clearing the IENWP bit to 0 in IENRL1.
These interrupts can all be masked by setting the | bit to 1in CCR.

When WKP; to WKP, interrupt exception handling isinitiated, the | bit isset to 1in CCR. Vector
number 9 is assigned to interrupts WKP; to WKP,. All eight interrupt sources have the same vector
number, so the interrupt-handling routine must discriminate the interrupt source.
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2. Interrupts IRQy4 to IRQq

Interrupts IRQ, to IRQ, are requested by input signals to pins IRQ, to IRQ,,. These interrupts are
detected by either rising edge sensing or falling edge sensing, depending on the settings of bits IEG4
to IEGO in IEGR.

When these pins are designated as pins IRQ, to IRQg in port mode register 3 and 1 and the
designated edge is input, the corresponding bit in IRR1 is set to 1, requesting an interrupt.
Recognition of these interrupt requests can be disabled individually by clearing bits IEN4 to IENO
to 0in IENR1. These interrupts can al be masked by setting the | bit to 1 in CCR.

When IRQ, to IRQy interrupt exception handling isinitiated, the | bit isset to 1in CCR. Vector
numbers 8 to 4 are assigned to interrupts IRQ,4 to IRQ. The order of priority isfrom IRQ, (high) to
IRQ,4 (low). Table 3-2 gives details.

3.3.4 Internal Interrupts

There are 24 internal interrupts that can be requested by the on-chip peripheral modules. When a
peripheral module requests an interrupt, the corresponding bit in IRR1 or IRR2 is set to 1.
Recognition of individual interrupt requests can be disabled by clearing the corresponding bit in
IENR1 or IENR2. All these interrupts can be masked by setting the | bit to 1 in CCR. When internal
interrupt handling isinitiated, the | bit isset to 1 in CCR. Vector numbers from 20 to 10 are
assigned to these interrupts. Table 3-2 shows the order of priority of interrupts from on-chip
peripheral modules.
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3.3.5 Interrupt Operations

Interrupts are controlled by an interrupt controller. Figure 3-2 shows ablock diagram of the
interrupt controller. Figure 3-3 shows the flow up to interrupt acceptance.

Interrupt controller

External or
internal
interrupts

ﬁ;’ Interrupt
X request

Priority decision logic

External
interrupts or

CH
—

internal Di X
-

interrupt
enable
signals

[ CCR (CPU)

Figure 3-2 Block Diagram of Interrupt Controller

Interrupt operation is described as follows.

When an interrupt condition is met while the interrupt enable register bit is set to 1, an interrupt
regquest signal is sent to the interrupt controller.

When the interrupt controller receives an interrupt request, it sets the interrupt request flag.

From among the interrupts with interrupt request flags set to 1, the interrupt controller selects
the interrupt request with the highest priority and holds the others pending. (Refer to
table 3-2 for alist of interrupt priorities.)

Theinterrupt controller checksthe | bit of CCR. If thel bit is O, the selected interrupt request is
accepted; if the | hitis 1, the interrupt request is held pending.
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« |f theinterrupt is accepted, after processing of the current instruction is completed, both PC and
CCR are pushed onto the stack. The state of the stack at thistimeis shown in figure 3-4. The
PC value pushed onto the stack is the address of the first instruction to be executed upon return
from interrupt handling.

e Thel bit of CCR is set to 1, masking further interrupts.

e The vector address corresponding to the accepted interrupt is generated, and the interrupt
handling routine located at the address indicated by the contents of the vector addressis
executed.

Notes:

1. When disabling interrupts by clearing bitsin an interrupt enable register, or when clearing bits
in an interrupt request register, always do so while interrupts are masked (I = 1).

2. |If the above clear operations are performed while | =0, and as aresult a conflict arises between
the clear instruction and an interrupt request, exception processing for the interrupt will be
executed after the clear instruction has been executed.
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'

| Program execution state |

| PC contents saved |

)

| CCR contents saved
v

| -1 |
)

Branch to interrupt
handling routine

Notation:

PC: Program counter
CCR: Condition code register
I: | bit of CCR

Figure3-3 Flow up to Interrupt Acceptance
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/\_/ /\_/
SP-4 SP (R7) — CCR
SP-3 SP+1 CCR*
SP-2 SP +2 PCH
SP-1 SP + 3 PC_
SP (R7) — SP+4 Even address
Stack area

/\/ /\/

Prior to start of interrupt ———————— After completion of interrupt
exception handling PC and CCR exception handling
saved to stack

Notation:

PCy:  Upper 8 bits of program counter (PC)
PC.: Lower 8 bits of program counter (PC)
CCR: Condition code register

SP: Stack pointer

Notes: 1. PC shows the address of the first instruction to be executed upon
return from the interrupt handling routine.
2. Register contents must always be saved and restored by word access,
starting from an even-numbered address.
* |gnored on return.

Figure3-4 Stack State after Completion of Interrupt Exception Handling

Figure 3-5 shows atypical interrupt sequence.
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3.3.6 Interrupt Response Time

Table 3-4 shows the number of wait states after an interrupt request flag is set until the first
instruction of the interrupt handler is executed.

Table3-4 Interrupt Wait States

Item States Total
Waiting time for completion of executing instruction* 1to 13 15 to 27
Saving of PC and CCR to stack 4

Vector fetch

2
Instruction fetch 4
4

Internal processing

Note: * Not including EEPMOV instruction.
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3.4 Application Notes
3.4.1 Noteson Stack Area Use

When word data is accessed in the H8/3887 Series, the least significant bit of the addressis
regarded as 0. Accessto the stack always takes place in word size, so the stack pointer (SP: R7)
should never indicate an odd address. Use PUSH Rn (MOV.W Rn, @-SP) or POP Rn (MOV.W
@SP+, Rn) to save or restore register values.

Setting an odd addressin SP may cause a program to crash. An exampleis shown in figure 3-6.

| PCx | SP - R1L H'FEFC
SP - PCL PCL H'FEFD
S ] | HFEFF
BSR instruction MOV. B R1L, @-R7
SP set to H'FEFF Stack accessed beyond SP Contents of PCy are lost
Notation:

PCy: Upper byte of program counter
PC,: Lower byte of program counter
R1L: General register R1L

SP: Stack pointer

Figure3-6 Operation when Odd Addressis Set in SP

When CCR contents are saved to the stack during interrupt exception handling or restored when
RTE is executed, this also takes place in word size. Both the upper and lower bytes of word data
are saved to the stack; on return, the even address contents are restored to CCR while the odd
address contents are ignored.
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3.4.2 Noteson Rewriting Port Mode Registers

When a port mode register is rewritten to switch the functions of external interrupt pins, the
following points should be observed.

When an external interrupt pin function is switched by rewriting the port mode register that controls
pinsTRQ,4 to IRQ,, WKP-, to WKP,, the interrupt request flag may be set to 1 at the time the pin
function is switched, even if no valid interrupt isinput at the pin. Be sureto clear the interrupt
request flag to O after switching pin functions. Table 3-5 shows the conditions under which
interrupt request flags are set to 1 in thisway.

Table3-5 Conditionsunder which Interrupt Request Flagis Set to 1

Interrupt Request
Flags Setto 1 Conditions

IRR1 IRRI4 When PMRL1 bit IRQ4 is changed from 0 to 1 while pin IRQ, is low and IEGR
bit IEG4 = 0.

When PMR1 bit IRQ4 is changed from 1 to 0 while pin IRQ, is low and IEGR
bit IEG4 = 1.

IRRI3 When PMR1 bit IRQ3 is changed from 0 to 1 while pin IRQ3 is low and IEGR
bit IEG3 = 0.

When PMR1 bit IRQ3 is changed from 1 to 0 while pin IRQg is low and IEGR
bit IEG3 = 1.

IRRI2 When PMR1 bit IRQ2 is changed from 0 to 1 while pin IRQ, is low and IEGR
bit IEG2 = 0.

When PMR1 bit IRQ2 is changed from 1 to 0 while pin IRQ, is low and IEGR
bit IEG2 = 1.

IRRI1 When PMRL1 bit IRQ1 is changed from 0 to 1 while pin IRQ; is low and IEGR
bit IEG1 = 0.

When PMR1 bit IRQ1 is changed from 1 to 0 while pin IRQ; is low and IEGR
bit IEG1 = 1.

IRRIO When PMR3 bit IRQO is changed from 0 to 1 while pin IRQ is low and IEGR
bit IEGO = 0.

When PMRS3 bit IRQO is changed from 1 to 0 while pin IRQg is low and IEGR
bit IEGO = 1.

IWPR IWPF7 When PMR5 bit WKP7 is changed from 0 to 1 while pin WKP- is low.

IWPF6 When PMR5 bit WKP6 is changed from 0 to 1 while pin WKPg is low.

IWPF5 When PMR5 bit WKP5 is changed from 0 to 1 while pin WKPsg is low.

IWPF4 When PMR5 bit WKP4 is changed from 0 to 1 while pin WKP, is low.

IWPF3 When PMR5 bit WKP3 is changed from 0 to 1 while pin WKP3 is low.

IWPF2 When PMR5 bit WKP2 is changed from 0 to 1 while pin WKP is low.

IWPF1 When PMR5 bit WKP1 is changed from 0 to 1 while pin WKP1 is low.

IWPFO When PMR5 bit WKPO is changed from 0 to 1 while pin WKP is low.
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Figure 3-7 shows the procedure for setting a bit in a port mode register and clearing the interrupt
request flag.

When switching a pin function, mask the interrupt before setting the bit in the port mode register.
After accessing the port mode register, execute at least one instruction (e.g., NOP), then clear the
interrupt request flag from 1 to 0. If the instruction to clear the flag is executed immediately after
the port mode register access without executing an intervening instruction, the flag will not be
cleared.

An alternative method is to avoid the setting of interrupt request flags when pin functions are
switched by keeping the pins at the high level so that the conditionsin table 3-5 do not occur.

Interrupts masked. (Another possibility
| CCR I bit < 1 | —————————— is to disable the relevant interrupt in
‘ interrupt enable register 1.)

| Set port mode register bit |

‘ After setting the port mode register bit,

| 77777777 first execute at least one instruction
(e.g., NOP), then clear the interrupt

‘ request flag to 0

| Execute NOP instruction

| Clear interrupt request flag to 0 |

| CCR I bit -0 | ffffffffff Interrupt mask cleared

Figure3-7 Port Mode Register Setting and Interrupt Request Flag
Clearing Procedure

86



Section 4 Clock Pulse Generators

4.1 Overview

Clock oscillator circuitry (CPG: clock pulse generator) is provided on-chip, including both a system
clock pulse generator and a subclock pulse generator. The system clock pulse generator consists of
asystem clock oscillator and system clock dividers. The subclock pulse generator consists of a
subclock oscillator circuit and a subclock divider.

4.1.1 Block Diagram

Figure 4-1 shows a block diagram of the clock pulse generators.

3 Boscl2 i
0SCp—»f Posc ‘
1— ™| System clock System clock B0sc/128] P
- illat divider (1/2 !
OSC» : oscillator (fosd) ivider (1/2) System Gosc/64 : o
: d(':h')(;:k Posc/32 | Prescaler S | f:)
: VI losc/16,| | (13bits) | p/g100
. System clock pulse generator =~ L———— '} :
1 B2 } > Zw
X1—» Subclock |%w Subclock oy /4 !
X, - oscillator divider aw/8 ! >~ Psus
2= (w) |(1/2, 1/4, 1/8)| =W : o2
| i ~ oy/4
| ! > 2y /8
. Subclock pulse generator Pre(gc;ltzgw 1 g’ 128
L R L _____.! |
W

Figure4-1 Block Diagram of Clock Pulse Generators
4.1.2 System Clock and Subclock

The basic clock signals that drive the CPU and on-chip peripheral modules are g and g ;5. Four of
the clock signals have names: gis the system clock, gg g is the subclock, gogc isthe oscillator
clock, and @ is the watch clock.

The clock signals available for use by peripheral modules are @/2, @/4, @/8, @/16, @/32, 2/64, @/128,
/256, 2/512, /1024, 22048, a/4096, @/8192, @y, B/2, By /4, D/8, B /16, B/32, 3,,/64, and
2,/128. The clock requirements differ from one module to another.
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4.2 System Clock Generator

Clock pulses can be supplied to the system clock divider either by connecting a crystal or ceramic
oscillator, or by providing external clock input.

1. Connecting acrystal oscillator

Figure 4-2 shows a typical method of connecting acrystal oscillator.

R = 1 MQ +20%

Ci
0SC1 }—77|7
R [ Oscillation Recommended value
0SC> )_77|7 frequency Manufacturer for C1 and C,
G,

1.0 MHz Nihon Denpa Kogyo 27 pF £10%
4.19 MHz  Nihon Denpa Kogyo 12 pF +20%

Figure4-2 Typical Connection to Crystal Oscillator

Figure 4-3 shows the equivalent circuit of acrystal oscillator. An oscillator having the
characteristics given in table 4-1 should be used.

C
000 —- |

OSC; = t+—> 0SC;

Figure4-3 Equivalent Circuit of Crystal Oscillator

Table4-1 Crystal Oscillator Parameters

Frequency 1 MHz 4.193 MHz
Rg (max) 40 Q 100 Q
Co (max) 3.5 pF 16 pF
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2. Connecting a ceramic oscillator

Figure 4-4 shows atypical method of connecting a ceramic oscillator.

C1
0SCi }—77|7 R¢ =1 MQ £20%
Ry [ Oscillation Recommended value
0SC» )_77|7 frequency Manufacturer for Cy and Co
C

1.0 MHz Murata Seisakusho 150 pF +10%
4.0 MHz Murata Seisakusho 30 pF +10%

Figure4-4 Typical Connection to Ceramic Oscillator
3. Noteson board design

When generating clock pulses by connecting acrystal or ceramic oscillator, pay careful attention to
the following points.

Avoid running signal lines close to the oscillator circuit, since the oscillator may be adversely
affected by induction currents. (Seefigure 4-5.)

The board should be designed so that the oscillator and load capacitors are located as close as
possible to pins OSC, and OSC.,.

To be avoided| — > Signal A Signal B

0SC;

7)7 1 ! : : 0SCq

Figure4-5 Board Design of Oscillator Circuit
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4. Externa clock input method

Connect an external clock signal to pin OSC,, and leave pin OSC, open. Figure 4-6 shows atypical
connection.

0osCy —m External clock input

0SC2 ——— Open

Figure4-6 External Clock Input (Example)

Frequency Oscillator Clock (gpsc)
Duty cycle 45% to 55%
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4.3 Subclock Generator
1. Connecting a32.768-kHz/38.4 kHz crystal oscillator

Clock pulses can be supplied to the subclock divider by connecting a 32.768-kHz/38.4 kHz crystal
oscillator, as shown in figure 4-7. Follow the same precautions as noted under 3. notes on board
design for the system clock in 4.2.

Cy
X1 T| )—77|7
O
X #
’ L'l ci=c, =15pF @)

Figure4-7 Typical Connection to 32.768-kHz/38.4 kHz Crystal Oscillator (Subclock)

Figure 4-8 shows the equivalent circuit of the 32.768-kHz/38.4 kHz crystal oscillator.

X1 =9 t= X

Co Co = 1.5 pF typ
Rs = 14 kQ typ
fw = 32.768 kHz/38.4kHz

Figure4-8 Equivalent Circuit of 32.768-kHz/38.4 kHz Crystal Oscillator
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2. Pin connection when not using subclock

When the subclock is not used, connect pin X, to GND and leave pin X, open, as shownin

figure 4-9.

X2

7)7' GND

Open

Figure4-9 Pin Connection when not Using Subclock

3. External clock input

Connect the external clock to the X1 pin and leave the X2 pin open, as shown in figure 4-10.

X1

Open

M External clock input

Figure4-10 Pin Connection when Inputting External Clock

Frequency Subclock (gw)

Duty 45% to 55%
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4.4 Prescalers

The H8/3887 Series is equipped with two on-chip prescalers having different input clocks (prescaler
Sand prescaler W). Prescaler Sisa 13-bit counter using the system clock (@) asitsinput clock. Its
prescaled outputs provide internal clock signals for on-chip peripheral modules. Prescaler W isa5-
bit counter using a 32.768-kHz or 38.4 kHz signal divided by 4 (&/4) asitsinput clock. Its
prescaled outputs are used by timer A as atime base for timekeeping.

1. Prescaer S(PSS)

Prescaler Sisa13-bit counter using the system clock (@) asitsinput clock. It isincremented once
per clock period.

Prescaler Sisinitialized to H'0000 by areset, and starts counting on exit from the reset state.

In standby mode, watch mode, subactive mode, and subsleep mode, the system clock pulse
generator stops. Prescaler S also stops and isinitialized to H'0000.

The CPU cannot read or write prescaler S.

The output from prescaler Sis shared by timer A, timer C, timer F, timer G, SCI1, SCI3-1, SC3-2,
the A/D converter, the LCD controller, the watchdog timer, and the 14-bit PWM. The divider ratio
can be set separately for each on-chip peripheral function.

In active (medium-speed) mode the clock input to prescaler Sis gosc/16, gosc/32, gosc/64, or
20sc/128.

2. Prescaler W (PSW)

Prescaler W is a 5-bit counter using a 32.768 kHz/38.4 kHz signal divided by 4 (g,,/4) asits input
clock.

Prescaler W isinitialized to H'00 by areset, and starts counting on exit from the reset state.

Even in standby mode, watch mode, subactive mode, or subsleep mode, prescaler W continues
functioning so long as clock signals are supplied to pins X1 and X2.

Prescaler W can be reset by setting 1sin bits TMA3 and TMAZ2 of timer mode register A (TMA).

Output from prescaler W can be used to drive timer A, in which case timer A functionsasatime
base for timekeeping.

93



4.5 Noteon Oscillators

Oscillator characteristics are closely related to board design and should be carefully evaluated by
the user in mask ROM and ZTAT™ versions, referring to the examples shown in this section.
Oscillator circuit constants will differ depending on the oscillator element, stray capacitancein its
interconnecting circuit, and other factors. Suitable constants should be determined in consultation
with the oscillator element manufacturer. Design the circuit so that the oscillator element never
receives voltages exceeding its maximum rating.
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Section 5 Power-Down Modes

5.1 Overview

The H8/3887 Series has nine modes of operation after areset. These include eight power-down
modes, in which power dissipation is significantly reduced. Table 5-1 gives a summary of the eight

operating modes.

Table5-1 Operating Modes

Operating Mode

Description

Active (high-speed) mode

The CPU and all on-chip peripheral functions are operable on the
system clock in high-speed operation

Active (medium-speed) mode

The CPU and all on-chip peripheral functions are operable on the
system clock in low-speed operation

Subactive mode

The CPU is operable on the subclock in low-speed operation

Sleep (high-speed) mode

The CPU halts. On-chip peripheral functions are operable on the
system clock

Sleep (medium-speed) mode

The CPU halts. On-chip peripheral functions operate at a
frequency of 1/64, 1/32, 1/16, or 1/8 of the system clock
frequency

Subsleep mode

The CPU halts. The time-base function of timer A, timer C, timer
G, timer F, WDT, SCI1, SCI3-1, SCI3-2, AEC and LCD
controller/driver are operable on the subclock.

Watch mode The CPU halts. The time-base function of timer A, timer F, timer
G, AEC and LCD controller/driver are operable on the subclock.
Standby mode The CPU and all on-chip peripheral functions halt

Module standby mode

Individual on-chip peripheral functions specified by software enter
standby mode and halt

Of these nine operating modes, all but the active (high-speed) mode are power-down modes. In this
section the two active modes (high-speed and medium speed) will be referred to collectively as

active mode.
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Figure 5-1 shows the transitions among these operation modes. Table 5-2 indicates the internal
states in each mode.

Program Program
Reset state execution state halt state
: | SLEEP | :
0 . ' Active . instruction™? Sleep H
Program 9\,6?&06 ' (hlgh—sgeed) 3 (high-speed)
halt state W mode ; o K mode :
e | ' i . Q,Q/ 0(‘5 H
; : ; T o\ \ ! > :
: . i 5| |a : & :
; Standby ! ! 2| | : S S :
: mode y - S| |Ws \ %, :
' ! = 0ns (/C‘ A '
H s ' 7] 7] b %, '
: : 1 £ ' £ : % :
: : ! i \ SLEEP _ :
! : : Active | instruction™ ! Sleep !
' ' e i | (medium-speed) | *3 " | (medium-speed) | :
: mode mode i
| T T |
E Z : 5 &8 ;
| : . o5 |ag |
, | ' IR 1
: : ! i :
: g : y :
: v" SLEEP :
Watch ‘ Instruction - , Subactive Subsleep
; mode : *——— i mode mode :
D Power-down modes
Mode Transition Conditions (1) Mode Transition Conditions (2)
LSON MSON SSBY TMA3 DTON Interrupt Sources
a 0 0 0 O 0 1 Timer A, Timer F, Timer G interrupt, IRQ interrupt,
b 0 1 0 0 0 WKP- to WKP, interrupt
¢ 1 0 0 1 0 2 Timer A, Timer C, Timer F, Timer G, SCI1, SCI3-1,
d 0 0 1 0 0 SCI3-2 interrupt, IRQ,4 to IRQ interrupts,
WKP; to WKPy interrupts, AEC
e g O 1 1 0 .
3 All interrupts
f 0 0 0 . ! IRQ; or IRQq interrupt, WKP- to WKP, interrupt:
i upt, i upts
9 0 1 0 0 1 1 o p 7 0 p
h 0 1 1 1 1
i 1 O 1 1 1
J 0 0 1 1 1
[0 Don't care

Notes: 1. A transition between different modes cannot be made to occur simply because an interrupt
request is generated. Make sure that interrupt handling is performed after the interrupt is
accepted.

2. Details on the mode transition conditions are given in the explanations of each mode,
in sections 5-2 through 5-8.

Figure5-1 Mode Transition Diagram
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Table5-2 Internal Statein Each Operating Mode

Active Mode Sleep Mode
High- Medium- High- Medium-  Watch Subactive Subsleep Standby
Function Speed Speed Speed Speed Mode Mode Mode Mode
System clock oscillator Functions  Functions  Functions Functions Halted Halted Halted Halted
Subclock oscillator Functions  Functions  Functions Functions Functions Functions Functions  Functions
CPU Instructions  Functions  Functions  Halted Halted Halted Functions  Halted Halted
operations RAM Retained Retained Retained Retained  Retained
Registers
1/0 ports Retained™!
External IRQg Functions  Functions  Functions Functions Functions Functions  Functions  Functions
interrupts IRQ, Retained*6
IRQ, Retained*6
IRQ3
IRQ,
WKP, Functions  Functions  Functions  Functions Functions Functions  Functions  Functions
WKP;
WKP,,
WKP,
WKP,
WKPg
WKPg
WKP,,
Peripheral Timer A Functions  Functions Functions Functions Functions™> Functions*> Functions*S Retained
functions  Agynchronous Functions*s Functions Functions Functions'8
counter
Timer C Retained  Functions/ Functions/ Retained
Retained 2 Retained+2
WDT Functions/ Retained
Retained+7
Timer G, Functions/ Functions/ Functions/
Timer F Retained™® Retained™® Retained*9
SCi1 Retained  Functions/ Functions/ Retained
Retained*® Retained™?
SCI3-1, Reset Functions/ Functions/ Reset
SCI3-2 Retained*3 Retained"3
PWM Retained Retained Retained Retained
A/D converter Retained Retained Retained Retained
LCD Functions/ Functions/ Functions/ Retained
Retained*4 Retained*4 Retained™

Notes:

. Register contents are retained, but output is high-impedance state.

. Functions if an external clock or the g,,/4 internal clock is selected; otherwise halted and retained.

. Functions if @,,/2 is selected as the internal clock; otherwise halted and retained.

. Functions if @y or /2 or 8,,/4 is selected as the operating clock; otherwise halted and retained.

. External interrupt requests are ignored. Interrupt request register contents are not altered.
. Functions if 8,,/32 is selected as the internal clock; otherwise halted and retained.

. Incrementing is possible, but interrupt generation is not.

1
2
3
4
5. Functions if the timekeeping time-base function is selected.
6
7
8
9

. Functions if @\,/4 is selected as the external or internal clock; otherwise halted and retained.
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5.1.1 System Control Registers
The operation mode is selected using the system control registers described in table 5-3.

Table5-3 System Control Registers

Name Abbreviation R/IW Initial Value Address
System control register 1 SYSCR1 R/W H'07 H'FFFO
System control register 2 SYSCR2 R/W H'FO H'FFF1

1. System control register 1 (SY SCR1)

Bit 7 6 5 4 3 2 1 0

‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ LSON ‘ — ‘ MA1 ‘ MAO ‘
Initial value 0 0 0 0 0 1 1 1
Read/Write R/W R/W R/W R/W R/W — R/W R/W

SY SCRL1 is an 8-hit read/write register for control of the power-down modes.
Upon reset, SY SCR1 isinitialized to H'07.
Bit 7: Software standby (SSBY)

This bit designates transition to standby mode or watch mode.

Bit 7
SSBY Description
0 * When a SLEEP instruction is executed in active mode, a transition (initial value)
is made to sleep mode
* When a SLEEP instruction is executed in subactive mode, a transition is made to
subsleep mode
1 * When a SLEEP instruction is executed in active mode, a transition is made to standby

mode or watch mode

*« When a SLEEP instruction is executed in subactive mode, a transition is made to
watch mode
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Bits 6 to 4: Standby timer select 2to 0 (STS2 to STS0)

These bits designate the time the CPU and peripheral modules wait for stable clock operation after
exiting from standby mode or watch mode to active mode due to an interrupt. The designation
should be made according to the operating frequency so that the waiting timeis at least equal to the
oscillation settling time.

Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description

0

Wait time = 8,192 states (initial value)
Wait time = 16,384 states

Wait time = 32,768 states

Wait time = 65,536 states

Wait time = 131,072 states

Wait time = 2 states (External clock input mode)

RlO|O|FR, | |O
OfFRr|O|FP,|O|FL|O

Wait time = 8 states

Pl O|OC|O|O

1 1 Wait time = 16 states

Note: When inputting the external clock, set the standby timer select to the external clock input
mode. Also, when not using the external clock, do not set the standby timer select to the
external clock input mode.

Bit 3: Low speed on flag (LSON)

This bit chooses the system clock (@) or subclock (2gg) as the CPU operating clock when watch
mode is cleared. The resulting operation mode depends on the combination of other control bits and
interrupt input.

Bit 3

LSON Description

0 The CPU operates on the system clock () (initial value)
1 The CPU operates on the subclock (ggg)

Bits 2: Reserved hits

Bit 2 isreserved: it is alwaysread as 1 and cannot be modified.
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Bits 1 and 0: Active (medium-speed) mode clock select (MA1, MAO)

Bits 1 and O choose 8,4/128, 2,5./64, B,5/32, Or B,5./16 as the operating clock in active (medium-
speed) mode and sleep (medium-speed) mode. MA1 and MAO should be written in active (high-
speed) mode or subactive mode.

Bit 1 Bit 0
MA1 MAO Description
0 0 Bosc/16
0 1 Bosc!32
1 0 Bosc/64
1 1 Bosc/128 (initial value)
2. System control register 2 (SYSCR2)
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘NESEL‘ DTON ‘ MSON‘ SAl ‘ SAO0 ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

SY SCR2 is an 8-hit read/write register for power-down mode control.
Bits 7 to 5: Reserved hits

These bits are reserved; they are always read as 1, and cannot be modified.
Bit 4: Noise elimination sampling frequency select (NESEL)

This bit selects the frequency at which the watch clock signal (a,) generated by the subclock pulse
generator is sampled, in relation to the oscillator clock (8ogc) generated by the system clock pulse
generator. When gogc = 2t0 6 MHz, clear NESEL to 0.

Bit 4

NESEL Description

0 Sampling rate is 8ogc/16

1 Sampling rate is @ggc/4 (initial value)
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Bit 3: Direct transfer on flag (DTON)

This bit designates whether or not to make direct transitions among active (high-speed), active
(medium-speed) and subactive mode when a SLEEP instruction is executed. The mode to which
the transition is made after the SLEEP instruction is executed depends on a combination of this and
other control bits.

Bit 3
DTON Description
0 * When a SLEEP instruction is executed in active mode, a transition (initial value)
is made to standby mode, watch mode, or sleep mode
* When a SLEEP instruction is executed in subactive mode, a transition is made to
watch mode or subsleep mode
1 * When a SLEEP instruction is executed in active (high-speed) mode, a direct transition

is made to active (medium-speed) mode if SSBY =0, MSON =1, and LSON =0, or to
subactive mode if SSBY =1, TMA3 =1, and LSON =1

* When a SLEEP instruction is executed in active (medium-speed) mode, a direct
transition is made to active (high-speed) mode if SSBY = 0, MSON = 0, and LSON =
0, or to subactive mode if SSBY =1, TMA3 =1, and LSON =1

* When a SLEEP instruction is executed in subactive mode, a direct transition is made
to active (high-speed) mode if SSBY =1, TMA3 =1, LSON =0, and MSON =0, orto
active (medium-speed) mode if SSBY =1, TMA3 =1, LSON =0, and MSON =1

Bit 2: Medium speed on flag (M SON)

After standby, watch, or sleep mode is cleared, this bit selects active (high-speed) or active
(medium-speed) mode.

Bit 2

MSON Description

0 Operation in active (high-speed) mode (initial value)
1 Operation in active (medium-speed) mode

Bits 1 and 0: Subactive mode clock select (SA1 and SAQ)

These bits select the CPU clock rate (a,/2, @,/4, or 8,/8) in subactive mode. SA1 and SAO cannot
be modified in subactive mode.

Bit 1 Bit 0

SAl SAO Description

0 0 2\,/8 (initial value)
0 1 B\l4

1 * o\w/2

Note: * Don'’t care
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5.2 Sleep Mode
5.2.1 Transition to Sleep Mode
1. Transition to sleep (high-speed) mode

The system goes from active mode to sleep (high-speed) mode when a SLEEP instruction is
executed while the SSBY and LSON hitsin SY SCR1 are cleared to 0 and the MSON and DTON
bitsin SY SCR2 are also cleared to 0. In sleep mode CPU operation is halted but the on-chip
peripheral functions. CPU register contents are retained.

2. Transition to deep (medium-speed) mode

The system goes from active mode to sleep (medium-speed) mode when a SLEEP instruction is
executed while the SSBY and LSON bitsin SY SCR1 are cleared to 0, the MSON bit in SYSCR2 is
setto 1, and the DTON bit in SYSCR2 is cleared to 0. In sleep (medium-speed) mode, asin sleep
(high-speed) mode, CPU operation is halted but the on-chip peripheral functions are operational.
The clock frequency in sleep (medium-speed) mode is determined by the MA1 and MAO hitsin
SYSCRL1. CPU register contents are retained.

The CPU may operate at a 1/2 state faster timing at transition to sleep (medium-speed) mode.
5.2.2 Clearing Sleep Mode

Sleep modeis cleared by any interrupt (timer A, timer C, timer F, timer G, asynchronous counter,
IRQ,4 to IRQg, WKP; to WKP,, SCI1, SCI3-1, SCI3-2, or A/D converter), or by input at the RES

pin.
e Clearing by interrupt

When an interrupt is requested, sleep mode is cleared and interrupt exception handling starts. A
transition is made from sleep (high-speed) mode to active (high-speed) mode, or from sleep
(medium-speed) mode to active (medium-speed) mode. Sleep modeis not cleared if the | bit of the
condition code register (CCR) is set to 1 or the particular interrupt is disabled in the interrupt enable
register.

To synchronize the interrupt request signal with the system clock, up to 2/@ (s) delay may occur
after the interrupt request signal occurrence, before the interrupt exception handling start.

e Clearing by RES input
When the RES pin goes low, the CPU goes into the reset state and sleep mode is cleared.
5.2.3 Clock Frequency in Sleep (M edium-Speed) M ode

Operation in sleep (medium-speed) mode is clocked at the frequency designated by the MA1 and
MAO hitsin SY SCR1.

102



5.3 Standby Mode
5.3.1 Transition to Standby Mode

The system goes from active mode to standby mode when a SLEEP instruction is executed while
the SSBY hitin SYSCR1isset to 1, the LSON bit in SYSCRL1 iscleared to O, and bit TMA3in
TMA iscleared to 0. In standby mode the clock pulse generator stops, so the CPU and on-chip
peripheral modules stop functioning, but as long as the rated voltage is supplied, the contents of
CPU registers, on-chip RAM, and some on-chip peripheral module registers are retained. On-chip
RAM contents will be further retained down to aminimum RAM data retention voltage. The I/O
ports go to the high-impedance state.

5.3.2 Clearing Standby Mode

Standby mode is cleared by an interrupt (IRQq or IRQg), WKP; to WKP, or by input at the RES
pin.

e Clearing by interrupt

When an interrupt is requested, the system clock pulse generator starts. After the time set in bits
STS2to STS0 in SY SCR1 has elapsed, a stable system clock signal is supplied to the entire chip,
standby mode is cleared, and interrupt exception handling starts. Operation resumesin active (high-
speed) mode if MSON =0 in SY SCR2, or active (medium-speed) modeif MSON = 1. Standby
mode is not cleared if the | bit of CCR isset to 1 or the particular interrupt is disabled in the
interrupt enable register.

*  Clearing by RES input

When the RES pin goes low, the system clock pulse generator starts. After the pulse generator
output has stabilized, if the RES pin is driven high, the CPU starts reset exception handling. Since
system clock signals are supplied to the entire chip as soon as the system clock pulse generator
starts functioning, the RES pin should be kept at the low level until the pulse generator output
stabilizes.
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5.3.3 Oscillator Settling Time after Standby Modeis Cleared
Bits STS2 to STS0 in SY SCR1 should be set as follows.
e When acrystal oscillator is used

The table below gives settings for various operating frequencies. Set bits STS2 to STSO for a
waiting time at least as long as the oscillation settling time.

Table5-4 Clock Fregquency and Settling Time (timesarein ms)

STS2 STS1 STSO Waiting Time 2 MHz 1 MHz 0.5 MHz
0 0 0 8,192 states 4.1 8.2 16.4

0 0 1 16,384 states 8.2 16.4 32.8

0 1 0 32,768 states 16.4 32.8 65.5

0 1 1 65,536 states 32.8 65.5 131.1

1 0 0 131,072 states 65.5 131.1 262.1

1 0 1 2 states 0.001 0.002 0.004

(not available)
1 1 0 8 states 0.004 0.008 0.016
1 1 1 16 states 0.008 0.016 0.032

When an external clock isused

STS2=1, STS1=0and STSO = 1 are recommended. Other values can be set, but with other
settings, operation may start before the standby timeis over.
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5.3.4 Standby Mode Transition and Pin States

When a SLEEP instruction is executed in active (high-speed) mode or active (medium-speed) mode
while bit SSBY issetto 1 and bit LSON iscleared to 0in SYSCR1, and bit TMA3isclearedto Oin
TMA, atransition is made to standby mode. At the same time, pins go to the high-impedance state
(except pins for which the pull-up MOS is designated as on). Figure 5-2 shows the timing in this
case.

Internal data bus ><SLEEP instruction fetch >< Fetch of next instruction ><

SLEEP instruction execution Internal prbcessing
Pins Port output >< High-impedance
Active (high-speed) mode or active (medium-speed) mode 1 Standby mode

Figure5-2 Standby Mode Transition and Pin States
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5.4 Watch Mode
5.4.1 Transition to Watch M ode

The system goes from active or subactive mode to watch mode when a SLEEP instruction is
executed while the SSBY bit in SYSCR1 isset to 1 and bit TMA3in TMA issetto 1.

In watch mode, operation of on-chip peripheral modules is halted except for timer A, timer F, timer
G, AEC and the LCD controller/driver (for which operation or halting can be set) is halted. Aslong
as aminimum required voltage is applied, the contents of CPU registers, the on-chip RAM and
some registers of the on-chip peripheral modules, are retained. 1/0 ports keep the same states as
before the transition.

5.4.2 Clearing Watch Mode

Watch mode is cleared by an interrupt (timer A, timer F, timer G, IRQ, or WKP; to WKP) or by
input at the RES pin.

e Clearing by interrupt

When watch mode is cleared by interrupt, the mode to which a transition is made depends on the
settings of LSON in SYSCR1 and MSON in SY SCR2. If both LSON and MSON are cleared to 0,
transition is to active (high-speed) mode; if LSON =0 and MSON = 1, transition is to active
(medium-speed) mode; if LSON = 1, transition is to subactive mode. When the transition is to
active mode, after thetime set in SY SCRL1 bits STS2 to STS0 has elapsed, a stable clock signal is
supplied to the entire chip, watch mode s cleared, and interrupt exception handling starts. Watch
mode is not cleared if the | bit of CCR is set to 1 or the particular interrupt is disabled in the
interrupt enable register.

e Clearing by RES input

Clearing by RES pin isthe same as for standby mode; see 2. Clearing by RES pinin 5.3.2, Clearing
Standby Mode.

5.4.3 Oscillator Settling Time after Watch Modeis Cleared

The waiting time is the same as for standby mode; see 5.3.3, Oscillator Settling Time after Standby
Mode is Cleared.
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5.5 Subsleep Mode
5.5.1 Transition to Subsleep Mode

The system goes from subactive mode to subsleep mode when a SLEEP instruction is executed
whilethe SSBY bitin SYSCRL1iscleared to O, LSON bit in SYSCR1issetto 1, and TMA3 hitin
TMA issetto 1. In subsleep mode, operation of on-chip peripheral modules other than the A/D
converter, PWM and WDT ishalted. Aslong asaminimum required voltageis applied, the
contents of CPU registers, the on-chip RAM and some registers of the on-chip peripheral modules
areretained. 1/0 ports keep the same states as before the transition.

5.5.2 Clearing Subsleep Mode

Subsleep mode is cleared by an interrupt (timer A, timer C, timer F, timer G, asynchronous counter,
SCI1, SCI3-2, SCI3-1, IRQ,4 to IRQg, WKP; to WKP) or by alow input at the RES pin.

e Clearing by interrupt

When an interrupt is requested, subsleep mode is cleared and interrupt exception handling starts.
Subsleep mode is not cleared if the | bit of CCR is set to 1 or the particular interrupt is disabled in
the interrupt enable register.

To synchronize the interrupt request signal with the subclock, up to 2/@g g (s) delay may occur
after the interrupt request signal occurrence, before the interrupt exception handling start.

e Clearing by RES input

Clearing by RES pin isthe same as for standby mode; see 2. Clearing by RES pinin 5.3.2, Clearing
Standby Mode.
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5.6 Subactive Mode
5.6.1 Transition to Subactive M ode

Subactive mode is entered from watch mode if atimer A, timer F, timer G, IRQ,, or WKP; to
WKPy interrupt is requested while the LSON bit in SYSCR1 isset to 1. From subsleep mode,
subactive modeis entered if atimer A, timer C, timer F, timer G, asynchronous counter, SCI1,
SCI3-1, SCI3-2, IRQ,4 to IRQg, or WKP; to WKP, interrupt is requested. A transition to subactive
mode does not take place if the | bit of CCR is set to 1 or the particular interrupt is disabled in the
interrupt enable register.

5.6.2 Clearing Subactive Mode
Subactive mode is cleared by a SLEEP instruction or by alow input at the RES pin.
e Clearing by SLEEP instruction

If a SLEEP instruction is executed while the SSBY bit in SYSCR1 isset to 1 and TMA3 hitin
TMA isset to 1, subactive modeis cleared and watch mode is entered. If a SLEEP instructionis
executed while SSBY =0and LSON =1in SYSCR1 and TMA3=1in TMA, subsleep mode is
entered. Direct transfer to active mode is also possible; see 5.8, Direct Transfer, below.

+  Clearing by RES pin

Clearing by RES pin is the same as for standby mode; see 2. Clearing by RES pinin 5.3.2, Clearing
Standby Mode.

5.6.3 Operating Frequency in Subactive Mode

The operating frequency in subactive modeis set in bits SA1 and SAQ in SYSCR2. The choices are
an/2, By/4, and g,,/8.
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5.7 Active (Medium-Speed) Mode
5.7.1 Transition to Active (Medium-Speed) M ode

If the RES pin is driven low, active (medium-speed) mode is entered. If the LSON bit in SY SCR2
isset to 1 whilethe LSON hit in SY SCR1 iscleared to 0, a transition to active (medium-speed)
mode results from IRQg, IRQ, or WKP; to WKPy interrupts in standby mode, timer A, timer F,
timer G, IRQg or WKP; to WKP, interrupts in watch mode, or any interrupt in sleep mode. A
transition to active (medium-speed) mode does not take place if the | bit of CCR isset to 1 or the
particular interrupt is disabled in the interrupt enable register.

The CPU may operate at a 1/2 state faster timing at transition to active (medium-speed) mode.
5.7.2 Clearing Active (M edium-Speed) Mode

Active (medium-speed) mode is cleared by a SLEEP instruction.

e Clearing by SLEEP instruction

A transition to standby mode takes place if the SLEEP instruction is executed while the SSBY bit in
SYSCR1lissetto 1, the LSON bit in SY SCR1 is cleared to 0, and the TMA3 bit in TMA is cleared
to 0. The system goes to watch mode if the SSBY bit in SYSCR1 isset to 1 and bit TMA3in TMA
isset to 1 when a SLEEP instruction is executed.

When both SSBY and LSON are cleared to 0 in SY SCR1 and a SLEEP instruction is executed,
sleep mode is entered. Direct transfer to active (high-speed) mode or to subactive mode is aso
possible. See 5.8, Direct Transfer, below for details.

+  Clearing by RES pin

When the RES pinisdriven low, atransition is made to the reset state and active (medium-speed)
mode is cleared.

5.7.3 Operating Frequency in Active (M edium-Speed) Mode

Operation in active (medium-speed) mode is clocked at the frequency designated by the MA1 and
MAQO hitsin SY SCR1.
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5.8 Direct Transfer
5.8.1 Overview of Direct Transfer

The CPU can execute programs in three modes. active (high-speed) mode, active (medium-speed)
mode, and subactive mode. A direct transfer is a transition among these three modes without the
stopping of program execution. A direct transfer can be made by executing a SLEEP instruction
whilethe DTON bit in SYSCR2 isset to 1. After the mode transition, direct transfer interrupt
exception handling starts.

If the direct transfer interrupt is disabled in interrupt enable register 2, atransition is made instead to
sleep mode or watch mode. Notethat if adirect transition is attempted while the | bit in CCR is set
to 1, sleep mode or watch mode will be entered, and it will be impossible to clear the resulting mode
by means of an interrupt.

e Direct transfer from active (high-speed) mode to active (medium-speed) mode

When a SLEEP instruction is executed in active (high-speed) mode while the SSBY and LSON bits
in SYSCRL1 are cleared to 0, the MSON bit in SYSCR2 isset to 1, and the DTON bit in SYSCR2 is
set to 1, atransition is made to active (medium-speed) mode via sleep mode.

e Direct transfer from active (medium-speed) mode to active (high-speed) mode

When a SLEEP instruction is executed in active (medium-speed) mode while the SSBY and LSON
bitsin SYSCR1 are cleared to 0, the MSON hit in SY SCR2 is cleared to 0, and the DTON hit in
SYSCR2 isset to 1, atransition is made to active (high-speed) mode via sleep mode.

e Direct transfer from active (high-speed) mode to subactive mode

When a SLEEP instruction is executed in active (high-speed) mode while the SSBY and LSON bits
in SYSCR1 are set to 1, the DTON bit in SYSCR2 isset to 1, and the TMA3 bitin TMA issetto 1,
atransition is made to subactive mode viawatch mode.

e Direct transfer from subactive mode to active (high-speed) mode

When a SLEEP instruction is executed in subactive mode while the SSBY bit in SYSCR1 is set to
1, the LSON bit in SYSCR1 iscleared to 0, the MSON bit in SY SCR2 iscleared to 0, the DTON bit
in SYSCR2issetto 1, and the TMA3 bitin TMA isset to 1, atransition is made directly to active
(high-speed) mode via watch mode after the waiting time set in SY SCR1 bits STS2 to STSO has
elapsed.
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« Direct transfer from active (medium-speed) mode to subactive mode

When a SLEEP instruction is executed in active (medium-speed) while the SSBY and LSON bitsin
SYSCR1 aresetto 1, the DTON bit in SYSCR2 isset to 1, and the TMA3 bitin TMA issetto 1, a
transition is made to subactive mode via watch mode.

« Direct transfer from subactive mode to active (medium-speed) mode

When a SLEEP instruction is executed in subactive mode while the SSBY bit in SYSCR1 is set to
1, the LSON bit in SYSCR1 is cleared to 0, the MSON bit in SYSCR2 isset to 1, the DTON hit in
SYSCR2issetto 1, and the TMA3 bitin TMA isset to 1, atransition is made directly to active
(medium-speed) mode via watch mode after the waiting time set in SY SCRL1 bits STS2 to STSO has
elapsed.

5.8.2 Direct Transition Times
1. Timefor direct transition from active (high-speed) mode to active (medium-speed) mode

A direct transition from active (high-speed) mode to active (medium-speed) mode is performed by
executing a SLEEP instruction in active (high-speed) mode while bits SSBY and LSON are both
cleared to 0in SY SCR1, and bits MSON and DTON are both set to 1 in SYSCR2. The time from
execution of the SLEEP instruction to the end of interrupt exception handling (the direct transition
time) is given by equation (1) below.

Direct transition time = { (Number of SLEEP instruction execution states) + (number of internal
processing states) } x (tcyc before transition) + (number of interrupt
exception handling execution states) x (tcyc after transition)

Example: Direct transition time = (2 + 1) x 2tosc + 14 x 16tosc = 230tosc (when @/8 is selected as
the CPU operating clock)

Notation:
tosc: OSC clock cycle time
tcyc: System clock (@) cycletime
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2. Timefor direct transition from active (medium-speed) mode to active (high-speed) mode

A direct transition from active (medium-speed) mode to active (high-speed) mode is performed by
executing a SLEEP instruction in active (medium-speed) mode while bits SSBY and LSON are both
cleared to 0in SY SCR1, and bit MSON iscleared to 0 and bit DTON issetto 1in SYSCR2. The
time from execution of the SLEEP instruction to the end of interrupt exception handling (the direct
transition time) is given by equation (2) below.

Direct transition time = { (Number of SLEEP instruction execution states) + (number of internal
processing states) } x (tcyc before transition) + (number of interrupt
exception handling execution states) x (tcyc after transition)

Example: Direct transition time = (2 + 1) x 16tosc + 14 x 2tosc = 76tosc (when @/8 is selected as
the CPU operating clock)

Notation:
tosc: OSC clock cycletime
tcyc:  System clock (@) cycletime

3. Timefor direct transition from subactive mode to active (high-speed) mode

A direct transition from subactive mode to active (high-speed) mode is performed by executing a
SLEEP instruction in subactive mode while bit SSBY is set to 1 and bit LSON isclearedto 0 in
SYSCRL, bit MSON iscleared to 0 and bit DTON isset to 1 in SY SCR2, and bit TMA3issetto 1
in TMA. Thetime from execution of the SLEEP instruction to the end of interrupt exception
handling (the direct transition time) is given by equation (3) below.

Direct transition time = { (Number of SLEEP instruction execution states) + (number of internal
processing states) } x (tsubcyc before transition) + { (wait time set in STS2
to STS0) + (number of interrupt exception handling execution states) } x
(tcyc after transition) 3
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Example: Direct transition time = (2 + 1) x 8tw + (8192 + 14) x 2tosc = 24tw + 16412tosc (when
ow/8 is selected as the CPU operating clock, and wait time = 8192 states)

Notation:
tosc: OSC clock cycle time
tw: Watch clock cycletime

teyc: System clock (@) cycletime
tsubcyc: Subclock (aSUB) cycle time

4. Timefor direct transition from subactive mode to active (medium-speed) mode

A direct transition from subactive mode to active (medium-speed) mode is performed by executing
a SLEEP instruction in subactive mode while bit SSBY isset to 1 and bit LSON isclearedto O in
SYSCR1, bits MSON and DTON are both set to 1 in SY SCR2, and bit TMA3issetto 1in TMA.
The time from execution of the SLEEP instruction to the end of interrupt exception handling (the
direct transition time) is given by equation (4) below.

Direct transition time = { (Number of SLEEP instruction execution states) + (number of internal
processing states) } x (tsubcyc before transition) + { (wait time set in STS2
to STS0) + (number of interrupt exception handling execution states) } x
(teyc after transition) e 4

Example: Direct transition time = (2 + 1) x 8tw + (8192 + 14) x 16tosc = 24tw + 131296tosc (when
ow/8 or 28 is selected as the CPU operating clock, and wait time = 8192 states)

Notation:
tosc: OSC clock cycle time
tw: Watch clock cycletime

teyc: System clock (@) cycletime
tsubcyc: Subclock (2SUB) cycletime
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5.9 Module Standby Mode
59.1  Setting Module Standby Mode

Module standby mode is set for individual peripheral functions. All the on-chip peripheral modules
can be placed in module standby mode. When a modul e enters modul e standby mode, the system
clock supply to the moduleis stopped and operation of the module halts. This stateisidentical to
standby mode.

Module standby mode is set for a particular module by setting the corresponding bit to 0 in clock
stop register 1 (CKSTPRLY) or clock stop register 2 (CKSTPR2). (Seetable 5-5.)

59.2  Clearing Module Standby Mode

Module standby mode is cleared for a particular module by setting the corresponding bit to 1 in
clock stop register 1 (CKSTPRLY) or clock stop register 2 (CKSTPR2). (Seetable 5-5.)

Following areset, clock stop register 1 (CKSTPR1) and clock stop register 2 (CKSTPR2) are both
initialized to H'FF.

Table5-5
Register Name Bit Name Operation
CKSTPR1 TACKSTP 1  Timer A module standby mode is cleared
0  Timer A is set to module standby mode
TCCKSTP 1  Timer C module standby mode is cleared
0  Timer Cis set to module standby mode
TFCKSTP 1  Timer F module standby mode is cleared
0  Timer F is set to module standby mode
TGCKSTP 1  Timer G module standby mode is cleared
0  Timer G is set to module standby mode
ADCKSTP 1  A/D converter module standby mode is cleared
0  A/D converter is set to module standby mode
S1CKSTP 1  SCI1 module standby mode is cleared
0  SCI1is set to module standby mode
S32CKSTP 1  SCI3-2 module standby mode is cleared
0  SCI3-2 is set to module standby mode
S31CKSTP 1  SCI3-1 module standby mode is cleared
0  SCI3-1is set to module standby mode
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Table5-5 (cont)

Register Name Bit Name Operation
CKSTPR2 LDCKSTP 1 LCD module standby mode is cleared
0 LCD is set to module standby mode
PWCKSTP 1 PWM module standby mode is cleared
0 PWM is set to module standby mode
WDCKSTP 1  Watchdog timer module standby mode is cleared
0  Watchdog timer is set to module standby mode
AECKSTP 1  Asynchronous event counter module standby mode is cleared

0  Asynchronous event counter is set to module standby mode

Note: For details of module operation, see the sections on the individual modules.
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Section6 ROM

6.1 Overview

The H8/3882 and H8/3842 have 16 kbytes of mask ROM, the H8/3883 and H8/3843 have 24 kbytes
of mask ROM, the H8/3884 and H8/3844 have 32 kbytes of mask ROM, the H8/3885 and H8/3845
have 40 kbytes of mask ROM, the H8/3886 and H8/3846 have 48 kbytes of mask ROM, and the
H8/3887 and H8/3847 have 60 kbytes of mask ROM on-chip. The ROM is connected to the CPU
by a 16-bit data bus, allowing high-speed two-state access for both byte data and word data. The
H8/3887 and H8/3847 have aZTAT™ version with 60-kbyte PROM.

6.1.1 Block Diagram

Figure 6-1 shows a block diagram of the on-chip ROM.

Internal data bus (upper 8 bhits)

(] (]

Internal data bus (lower 8 bits)

H'0000 H'0000 H'0001
H'0002 H'0002 H'0003
A
w
On-chip ROM
H'7FFE H'7FFE H'7FFF
Even-numbered Odd-numbered
address address

Figure6-1 ROM Block Diagram (H8/3884 and H8/3844)
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6.2 PROM Mode (H8/3887, H8/3847)
6.2.1 Settingto PROM Mode

If the on-chip ROM is PROM, setting the chip to PROM mode stops operation as a microcontrol ler
and allows the PROM to be programmed in the same way as the standard HN27C101 EPROM.
However, page programming is not supported. Table 6-1 shows how to set the chip to PROM
mode.

Table6-1 Setting to PROM Mode

Pin Name Setting
TEST High level
PB4/AN, Low level
PBs/AN5

PBg/ANg High level

6.2.2 Socket Adapter Pin Arrangement and Memory Map

A standard PROM programmer can be used to program the PROM. A socket adapter is required for
conversion to 32 pins, aslisted in table 6-2.

Figure 6-2 shows the pin-to-pin wiring of the socket adapter. Figure 6-3 shows a memory map.

Table6-2 Socket Adapter

Package Socket Adapter Model (Manufacturer)
100-pin (FP-100B) ME3887ESHS1H (MINATO)

H7388BQ100D3201 (DATA-1/O)
100-pin (FP-100A) ME3887ESFS1H (MINATO)

H7388AQ100D3201 (DATA-I/O)

100-pin (TFP-100B)  ME3887ESNS1H (MINATO)
H7388BT100D3201 (DATA-I/O)

100-pin (TFP-100G) Underdevelopement
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H8/3887, H8/3847

EPROM socket

.F,f,;%fggé FP-100A Pin
15 18 RES
51 54 P60
52 55 P61
53 56 P62
54 57 P63
55 58 P64
56 59 P6s
57 60 P66
58 61 P67
74 77 P87
73 76 P8s
72 75 P8s
71 74 P8a
70 73 P83
69 72 P82
68 71 P81
67 70 P8o
59 62 P70
86 89 P43
61 64 P72
62 65 P73
63 66 P74
64 67 P7s
65 68 P76
5 Pla
6 P1s
66 69 P77
60 63 P71
4 7 P13

38,32 41,35 Vee, CVee
87 90 AVcc
14 17 TEST

9 12 X1

94 97 PBs
2 P11
3 P12
7 10 Pls

11, 33 14, 36 Vss
100 3 AVss
92 95 PB4
93 96 PBs

Pin H?‘g_;ﬁg’l
Vep 1
EOo 13
EO:1 14
EO:2 15
EOs 17
EOa 18
EOs 19
EOs 20
EO7 21
EAo 12
EA1 11
EA2 10
EAs 9
EA4 8
EAs 7
EAs 6
EA7 5
EAs 27
EAs 26
EA10 23
EA11 25
EA12 4
EA13 28
EA14 29
EA1s 3
EA1e 2
CE 22
OE 24
PGM 31
Vce 32
Vss 16

Note: Pins not indicated in the figure should be left open.

Figure6-2 Socket Adapter Pin Correspondence (with HN27C101)
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Address in
MCU mode

H'0000

H'EDFF

Address in
PROM mode
H'0000
On-chip PROM
L | HEDFF
Uninstalled area*
besssnssssssensesenoeesd O FFFF

Note: * The output data is not guaranteed if this address area is read in PROM mode. Therefore,
when programming with a PROM programmer, be sure to specify addresses from H'0000
to H'EDFF. If programming is inadvertently performed from H'EEOO onward, it may not be
possible to continue PROM programming and verification.

When programming, H'FF should be set as the data in this address area (H'EEOQO to

H'1FFFF).

Figure6-3 H8/3887,

H8/3847 Memory Map in PROM Mode
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6.3 Programming (H8/3887, H8/3847)

The write, verify, and other modes are selected as shown in table 6-3 in PROM mode. (H8/3887,
H8/3847)

Table6-3 Mode Selection in PROM M ode (H8/3887, H8/3847)

Pins

Mode CE OE PGM Vpp Vee EO, to EOQq EAgto EAq
Write L H L Vpp Vee Data input Address input
Verify L L H Vpp Vee Data output Address input
Programming L L L Vpp Vee High impedance Address input
disabled L H H

H L L

H H H
Notation:
L: Low level
H: High level
Vpp: Vpp level

Vee: Ve level

The specifications for writing and reading are identical to those for the standard HN27C101
EPROM. However, page programming is not supported, and so page programming mode must not
be set. A PROM programmer that only supports page programming mode cannot be used. When
selecting a PROM programmer, ensure that it supports high-speed, high-reliability byte-by-byte
programming. Also, be sure to specify addresses from H'0000 to H'EDFF.

6.3.1 Writing and Verifying

An efficient, high-speed, high-reliability method is available for writing and verifying the PROM
data. This method achieves high speed without voltage stress on the device and without lowering
the reliability of written data. The basic flow of this high-speed, high-reliability programming
method is shown in figure 6-4.
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Set write/verify mode
Vee =6.0V£025V, Vpp =125V 0.3V

| Write time tpy = 0.2 ms £ 5% |

| Address +1 - address

| Write time topy = 3n ms |

No

Last address?

Set read mode
Vee =5.0V£0.25V, Vpp = Ve

Read all
addresses?

Figure6-4 High-Speed, High-Reliability Programming Flow Chart
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Table 6-4 and table 6-5 give the electrical characteristicsin programming mode.

Table6-4 DC Characteristics

(Conditions: Ve =6.0V +0.25V, Vpp =125V 0.3V, Vgg= 0V, T, = 25°C +5°C)

Item

Test
Unit Condition

Input high-
level voltage

EO; to EQy, EAg to EAg
OE, CE, PGM

\%

Input low-
level voltage

EO; to EOy, EAsg to EA,
OE, CE, PGM

\Y,

Output high-
level voltage

EO; to EQy

Output low-
level voltage

EO, to EQy

\Y IOL =0.8mA

Input leakage

current

EO; to EQy, EAg to EAg
OE, CE, PGM

HA  V;,=5.25V/
0.5V

Vcc current

mA

Vpp current

mA




Table6-5 AC Characteristics

(Conditions: Ve =6.0V +0.25V, Vpp =125V 0.3V, T, = 25°C +5°C)

Test
Iltem Symbol Min Typ Max Unit Condition
Address setup time tas 2 — — us Figure 6-5*1
OE setup time toes 2 — — us
Data setup time tbs 2 — — ps
Address hold time tan 0 — — ps
Data hold time toH 2 — — Hs
Data output disable time toe"2 — — 130 ns
Vpp setup time typs 2 — — ps
Programming pulse width thw 0.19 0.20 0.21 ms
PGM pulse width for overwrite topw’3 019 — 5.25 ms
programming
CE setup time tces 2 — — us
Vcc setup time tycs 2 — — Hs
Data output delay time toe 0 — 200 ns

Notes: 1. Input pulse level: 0.45V to 2.2V
Input rise time/fall time < 20 ns
Timing reference levels Input: 0.8V, 2.0V
Output: 0.8V, 2.0V

2. tpe is defined at the point at which the output is floating and the output level cannot be
read.

3. topw is defined by the value given in figure 6-4, High-Speed, High-Reliability
Programming Flow Chart.
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Figure 6-5 shows a PROM write/verify timing diagram.

Write Verify
A
Address Xt
tas tan
Data —<L Input data D ' Output data —
3 P s L p
tbs toH tor
Vpp 2
Vpp /
Vce tvps
Vcett 2
Vce /
Vce tvcs
CE \
tces
PGM \ /
N /
tpw toes toe
OE £
topw* /

Note: * topw is defined by the value shown in figure 6.4, High-Speed, High-Reliability Programming Flowchart.

Figure6-5 PROM Write/Verify Timing
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6.3.2 Programming Precautions

Use the specified programming voltage and timing.

The programming voltage in PROM mode (Vpp) is12.5 V. Use of ahigher voltage can
permanently damage the chip. Be especially careful with respect to PROM programmer
overshoot.

Setting the PROM programmer to Hitachi specifications for the HN27C101 will result in
correct Vpp of 125V,

Make sure the index marks on the PROM programmer socket, socket adapter, and chip are
properly aligned. If they are not, the chip may be destroyed by excessive current flow. Before
programming, be sure that the chip is properly mounted in the PROM programmer.

Avoid touching the socket adapter or chip while programming, since this may cause contact
faults and write errors.

Take care when setting the programming mode, as page programming is not supported.

When programming with a PROM programmer, be sure to specify addresses from H'0000 to
H'EDFF. If programming isinadvertently performed from H'EEOO onward, it may not be
possible to continue PROM programming and verification. When programming, H'FF should
be set as the datain address area H'EEQO to H'1FFFF.
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6.4 Reliability of Programmed Data

A highly effective way to improve data retention characteristics is to bake the programmed chips at
150°C, then screen them for data errors. This procedure quickly eliminates chips with PROM
memory cells prone to early failure.

Figure 6-6 Shows the recommended screening procedure.

Program chip and verify
programmed data

Bake chip for 24 to 48 hours at
125°C to 150°C with power off

Read and check program

( Install )

Figure6-6 Recommended Screening Procedure

If aseries of programming errors occurs while the same PROM programmer isin use, stop
programming and check the PROM programmer and socket adapter for defects. Pleaseinform
Hitachi of any abnormal conditions noted during or after programming or in screening of program
data after high-temperature baking.
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Section7 RAM

7.1 Overview

The H8/3882, H8/3883, H8/3842 and H8/3843 have 1 kbytes of high-speed static RAM, and
H8/3884, H8/3885, H8/3886, H8/3887, H8/3844, H8/3845, H8/3846 and H8/3847 have 2 kbytes of
high-speed static RAM on-chip. The RAM is connected to the CPU by a 16-bit data bus, alowing
high-speed 2-state access for both byte data and word data.

7.1.1 Block Diagram

Figure 7-1 shows a block diagram of the on-chip RAM.

Internal data bus (upper 8 bits)

[ ] [ ]

Internal data bus (lower 8 bits)

H'F780 H'F780 H'F781
H'F782 H'F782 H'F783
A
e ——
On-chip RAM
H'FF7E H'FF7E H'FF7F
Even-numbered Odd-numbered
address address

Figure7-1 RAM Block Diagram (H8/3884, H8/3844)
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8.1 Overview

The H8/3887 Seriesis provided with eight 8-bit 1/0 ports, one 4-bit 1/0O port, one 3-bit 1/0O port, one

Section 8

|/O Ports

8-bit input-only port, one 4-bit input-only port, and one 1-bit input-only port. Table 8-1 indicates

the functions of each port.

Each port has of a port control register (PCR) that controlsinput and output, and a port data register
(PDR) for storing output data. Input or output can be assigned to individual bits.
See 2.9.2, Notes on Bit Manipulation, for information on executing bit-manipulation instructions to

write datain PCR or PDR.

Ports 5, 6, 7, 8,9, and A are also used as liquid crystal display segment and common pins, selectable

in 8-bit units.

Block diagrams of each port are given in Appendix C, 1/0 Port Block Diagrams.

Table8-1 Port Functions

Function
Switching
Port Description Pins Other Functions Registers
Port1 < 8-bit I/O port P1,to P1g/ External interrupts 3 to 1 PMR1
« MOS input pull-up IRQ; to IRQ,/ Timer event interrupts TCREF,
option TMIF, TMIC TMIF, TMIC T™MC
P1,/IRQ/ADTRG External interrupt 4 and A/D  PMR1, AMR
converter external trigger
P1,;/TMIG Timer G input capture input  PMR1
P1,, P1,/ Timer F output compare PMR1
TMOFH, TMOFL  output
P1,/TMOW Timer A clock output PMR1
Port 2 < 8-bit I/O port P2,/SCK, SCI1 data output (SO-), PMR2
« Open-drain output P2,/SI, data input (Sl), clock
option P2,/SO4 input/output (SCKy)
* Large-current port P2, to P2, None
Port 3« 8-bit I/O port P3,/AEVL SCI3-1 data output (TXD3;), PMR3
* MOS input pull-up P3g/AEVH data input (RXD3q), clock SCR31
option P35/TXD3q input/output (SCKz,), SMR31
* Large-current port P34/RXD3q and asynchronous counter
P35/SCKj3; event inputs AEVL, AEVH
P3,/RESO Reset output, timer C count- PMR3
P3,/UD up/down select input, and
P3o/PWM 14-bit PWM output
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Table8-1 Port Functions (cont)

Function
Switching
Port Description Pins Other Functions Registers
Port4 < 1-bit input port P4,/IRQq External interrupt O PMR3
* 3-bit /O port P4,/TXD3, SCI3-2 data output (TXDs,), SCR32
P4,/RXD3, data input (RXDj3,), clock SMR32
P4,/SCKj3, input/output (SCK3,)
Port5 < 8-hit I/O port P5, to P5y/ Wakeup input (WKP- to PMR5
« MOS input pull-up WKP; to WKPy/  WKP), segment output LPCR
option SEGg to SEG; (SEGg to SEG,)
Port6 < 8-hit I/0 port P6- to P6y/ Segment output (SEG4¢ LPCR
* MOS input pull-up SEG;¢ to SEGq to SEGg)
option
Port 7 < 8-bit I/0 port P7,to P7y/ Segment output (SEG,, LPCR
SEG,,t0 SEG;; to SEG;7)
Port 8 < 8-bit I/O port P8, to P8y/ Segment output (SEG3, LPCR
SEGj3,1t0 SEG,s  to SEG,5)
Port9 < 8-bit I/O port P9,/SEG4o/CL, * Segment output (SEG,4q LPCR
P96/SEG3¢/CL, to SEG37)
P95/SEG35/DO « Latch clock (CL,),
P9,/SEG4;/M shift clock (CLy),
P95 to P9,/ display data (DO) and
SEG3¢ to SEG33 alternating signal (M)
for external expansion
of segment
* Segment output (SEG34
to SEG33)
Port A« 4-bit I/O port PA5 to PAy/ Common output (COM, LPCR
COM, to COM4 to COM,)
Port B« 8-bit input port PB to PBy/ A/D converter analog input ~ AMR
AN5 to ANy
Port C  « 4-bit input port PC;to PCy/ A/D converter analog input  AMR
ANy to ANg
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8.2 Port 1

8.2.1 Overview

Port 1 isan 8-bit I/O port. Figure 8-1 showsits pin configuration.

Port 1

P1,/IRQ3/TMIF
P16/IRQ>
P15/IRQ1/TMIC
P1,/IRQ, /ADTRG
P13/TMIG
P1,/TMOFH
P1,/TMOFL
P1o/TMOW

Figure8-1 Port 1 Pin Configuration

8.2.2 Register Configuration and Description

Table 8-2 showsthe port 1 register configuration.

Table8-2 Port 1 Registers

Name Abbrev. R/W Initial Value Address
Port data register 1 PDR1 R/IW H'00 H'FFD4
Port control register 1 PCR1 w H'00 H'FFE4
Port pull-up control register 1 PUCR1 R/W H'00 H'FFEO
Port mode register 1 PMR1 R/W H'00 H'FFC8
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1. Port dataregister 1 (PDR1)

Bit 7 6 5 4 3 2 1 0

‘ P1+ ‘ Plg ‘ Plg ‘ P14 ‘ Plj ‘ P1, ‘ P14 ‘ Plo ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDR1 isan 8-bit register that stores data for port 1 pins P1; to P1,. If port 1 is read while PCR1
bits are set to 1, the values stored in PDR1 are read, regardless of the actua pin states. If port 1is
read while PCR1 bits are cleared to O, the pin states are read.

Upon reset, PDR1 isinitialized to H'00.

2. Port control register 1 (PCR1)

Bit 7 6 5 4 3 2 1 0

‘ PCR1y ‘ PCR1g ‘ PCR1s ‘ PCR14 ‘ PCR13 ‘ PCR1, ‘ PCR1; ‘ PCR1g ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W w W W w W W w

PCR1 is an 8-hit register for controlling whether each of the port 1 pins P1; to P1, functions as an
input pin or output pin. Setting a PCR1 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settingsin PCR1 and in PDR1 are valid only
when the corresponding pin is designated in PMR1 as ageneral 1/0 pin.

Upon reset, PCR1 isinitialized to H'00.

PCR1 isawrite-only register, whichis alwaysread as al 1s.
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3. Port pull-up control register 1 (PUCR1)

Bit 7 6 5 4 3 2 1 0
‘PUCR17 ‘ PUCRle‘ PUCRI1s ‘ PUCR14‘ PUCng‘ PUCRlz‘ PUCRll‘ PUCRlo‘

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PUCRL controls whether the MOS pull-up of each of the port 1 pins P1; to P1g ison or off. When
aPCR1 bitis cleared to 0, setting the corresponding PUCR1 bit to 1 turns on the MOS pull-up for
the corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCR1 isinitialized to H'00.

4. Port moderegister 1 (PMR1)

Bit 7 6 5 4 3 2 1 0

‘ IRQ3 ‘ IRQ2 ‘ IRQ1 ‘ IRQ4 ‘ TMIG ‘TMOFH ‘ TMOFL ‘ TMOW ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PMR1 is an 8-bit read/write register, controlling the selection of pin functions for port 1 pins.
Upon reset, PMR1 isinitialized to H'00.
Bit 7: P1,/IRQ4/TMIF pin function switch (IRQ3)

This bit selects whether pin P1,/IRQ4/TMIF is used as P1; or asIRQ4/TMIF.

Bit 7

IRQ3 Description

0 Functions as P1; I/O pin (initial value)
1 Functions as IRQ3/TMIF input pin

Note: Rising or falling edge sensing can be designated for IRQ3;/TMIF. For details on TMIF settings,
see 3. Timer Control Register F (TCRF) in 9.4.2.
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Bit 6: P14/IRQ, pin function switch (IRQ2)

This bit selects whether pin P1/IRQ, is used as P1g or asIRQ,.

Bit 6

IRQ2 Description

0 Functions as P1g I/O pin (initial value)
1 Functions as IRQ, input pin

Note: Rising or falling edge sensing can be designated for IRQ,.
Bit 5: P15/IRQ4/TMIC pin function switch (IRQ1)

This bit selects whether pin P15/IRQ;/TMIC is used as P15 or asIRQ;/TMIC.

Bit 5

IRQ1 Description

0 Functions as P1g I/O pin (initial value)
1 Functions as IRQ;/TMIC input pin

Note: Rising or falling edge sensing can be designated for IRQ;/TMIC.
For details of TMIC pin setting, see 1. Timer mode register C (TMC) in 9.3.2.

Bit 4: P1,/IRQ,/ADTRG pin function switch (IRQ4)

This bit selects whether pin P1,/TRQ/ADTRG is used as P1, or asIRQ,/ADTRG.

Bit 4

IRQ4 Description

0 Functions as P1, I/O pin (initial value)
1 Functions as IRQ4/ADTRG input pin

Note: For details of ADTRG pin setting, see 12.3.2, Start of A/D Conversion by External Trigger.
Bit 3: P15/TMIG pin function switch (TMIG)

This bit selects whether pin P1/TMIG is used as P13 or as TMIG.

Bit 3

TMIG Description

0 Functions as P15 /O pin (initial value)
1 Functions as TMIG input pin
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Bit 2: P1,/TMOFH pin function switch (TMOFH)

This bit selects whether pin P1,/TMOFH is used as P1, or as TMOFH.

Bit 2

TMOFH Description

0 Functions as P1, I/O pin (initial value)
1 Functions as TMOFH output pin

Bit 1: P1;/TMOFL pin function switch (TMOFL)

This bit selects whether pin P1,/TMOFL is used as P1; or as TMOFL.

Bit 1

TMOFL Description

0 Functions as P1, I/O pin (initial value)
1 Functions as TMOFL output pin

Bit 0: P1y/TMOW pin function switch (TMOW)

This bit selects whether pin P1,/TMOW is used as P1, or as TMOW.

Bit 0

TMOW Description

0 Functions as P1; I/O pin (initial value)
1 Functions as TMOW output pin
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8.2.3 Pin Functions

Table 8-3 shows the port 1 pin functions.

Table8-3 Port 1 Pin Functions

Pin

Pin Functions and Selection Method

P1,/IRQ3/TMIF

The pin function depends on bit IRQ3 in PMR1, bits CKSL2 to CKSLO in TCRF,
and bit PCR1; in PCR1.

IRQ3 0 1
PCR1, 0 1 .
CKSL2 to CKSLO * Not 0** O**
Pin function | P1; input pin |P1; output pin | IRQj input pin IRQ,/TMIF
input pin

Note: When this pin is used as the TMIF input pin, clear bit IEN3 to 0 in IENR1 to
disable the IRQjz interrupt.

P1¢/IRQ, The pin function depends on bits IRQ2 in PMR1 and bit PCR14 in PCR1.
IRQ2 0 1
PCR1q 0 1 *
Pin function Plg input pin |P1g output pin IRQ, input pin
P15/IRQ; The pin function depends on bit IRQ1 in PMR1, bits TMC2 to TMCO in TMC, and
TMIC bit PCR15 in PCRL1.
IRQ1 0 1
PCR1g 0 1 *
TMC2 to TMCO * Not 111 111
Pin function P1g input pin | P15 output pin | IRQ input pin IRQq/TMIC
input pin
Note: When this pin is used as the TMIC input pin, clear bit IEN1 to 0 in IENR1 to
disable the IRQ, interrupt.
P1,/IRQ, The pin function depends on bit IRQ4 in PMR1, bit TRGE in AMR, and bit PCR1,
ADTRG in PCRL1.

IRQ4 0 1
PCR1, 0 1 *
TRGE * 0 1
Pin function | P1, input pin |P1, output pin |IRQ, input pin | TRQ,/ADTRG
input pin

Note: When this pin is used as the ADTRG input pin, clear bit IEN4 to 0 in
IENRL1 to disable the IRQ, interrupt.
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Table8-3 Port 1 Pin Functions (cont)

Pin Pin Functions and Selection Method
P1,/TMIG The pin function depends on bit TMIG in PMRL1 and bit PCR15 in PCRL.
TMIG 0 1
PCR1, 0 1 *
Pin function P15 input pin | P15 output pin TMIG input pin
P1,/ TMOFH The pin function depends on bit TMOFH in PMR1 and bit PCR1, in PCR1.
TMOFH 0 1
PCR1, 0 1 *
Pin function P1, input pin | P1, output pin TMOFH output pin
P1,/TMOFL The pin function depends on bit TMOFL in PMR1 and bit PCR1, in PCR1.
TMOFL 0 1
PCR1, 0 1 *
Pin function P1, input pin |P1, output pin TMOFL output pin
P1,/TMOW The pin function depends on bit TMOW in PMR1 and bit PCR1, in PCR1.

TMOW 0 1
PCR1, 0 1 *
Pin function P1g input pin |P1, output pin TMOW output pin
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8.2.4 Pin States
Table 8-4 shows the port 1 pin states in each operating mode.

Table8-4 Port 1 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active

P1,/IRQ4/TMIF  High- Retains  Retains High- Retains  Functional Functional
P1,1RQ, impedance previous previous impedance* previous

P15/IRQ,/TMIC state state state

P1,/RQ,/ADTRG

P1,/TMIG

P1,/TMOFH

P1,/TMOFL

P1y/TMOW

Note: * A high-level signal is output when the MOS pull-up is in the on state.
8.2.5 MOS Input Pull-Up

Port 1 has a built-in MOS input pull-up function that can be controlled by software. When a PCR1
bit is cleared to 0, setting the corresponding PUCRL bit to 1 turns on the MOS input pull-up for that
pin. The MOS input pull-up function isin the off state after areset.

PCR1, 0 0 1
PUCR1, 0 1 *
MOS input pull-up Off On Off
(n=7100)
*: Don't care
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8.3 Port 2
8.3.1 Overview

Port 2 isan 8-hit 1/O port. Figure 8-2 shows its pin configuration.

- » P2
- » P2
- P25
pot2 |~ = P

- P2,

- P2,/SO,;
- P2y/SI

= P2y/SCK;

Figure8-2 Port 2 Pin Configuration
8.3.2 Register Configuration and Description
Table 8-5 shows the port 2 register configuration.

Table8-5 Port 2 Registers

Name Abbrev. R/IW Initial Value Address
Port data register 2 PDR2 R/W H'00 H'FFD5
Port control register 2 PCR2 w H'00 H'FFE5
Port mode register 2 PMR2 R/W H'D8 H'FFC9
Port mode register 4 PMR4 R/W H'00 H'FFCB
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1. Port dataregister 2 (PDR2)

Bit 7 6 5 4 3 2 1 0
P2 | P2 | P25 | P2, | P2 | P2, | P2y | P2

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDR2 is an 8-bit register that stores data for port 2 pins P2; to P2, If port 2 is read while PCR2 bits
are set to 1, the values stored in PDR2 are read, regardless of the actual pin states. If port 2 isread
while PCR2 hits are cleared to 0, the pin states are read.

Upon reset, PDR2 isinitialized to H'00.

2. Port control register 2 (PCR2)

Bit 7 6 5 4 3 2 1 0

‘ PCR2, ‘ PCR2g ‘ PCR25 ‘ PCR2,4 ‘ PCR2; ‘ PCR2, ‘ PCR2, ‘ PCR2, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W w W W w w w

PCR2 is an 8-bit register for controlling whether each of the port 2 pins P2; to P2, functions as an
input pin or output pin. Setting a PCR2 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settingsin PCR2 and PDR2 are valid only when
the corresponding pin is designated in PMR1 as ageneral 1/0O pin.

Upon reset, PCR2 isinitialized to H'00.
PCR2 isawrite-only register, which is alwaysread as al 1s.

3. Port mode register 2 (PMR2)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ POF1 ‘ — ‘ — ‘ So1 ‘ SI1 ‘ SCK1 ‘
Initial value 1 1 0 1 1 0 0 0
Read/Write — — R/W — — R/W R/W R/W

PMR2 is an 8-bit read/write register that controls the selection of pin functions for port 2 pins P2,
P2,, and P25, and the PMOS on/off state for the P2,/SO4 pin.

Upon reset, PMR2 isinitialized to H'D8.
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Bits 7, 6, 4, and 3: Reserved bits

Bits 7, 6, 4, and 3 are reserved; they are always read as 1 and cannot be modified.

Bit 5: P2,/SO, pin PMOS control (POF1)

This bit controls the on/off state of the P2,/SO, pin output buffer PMOS.

Bit 5

POF1 Description

0 CMOS output (initial value)
1 NMOS open-drain output

Bit 2: P2,/SO, pin function switch (SO1)

This bit selects whether pin P2,/SO is used as P2, or as SO;.

Bit 2

SO1 Description

0 Functions as P2, I/O pin (initial value)
1 Functions as SO; output pin

Bit 1. P2,/SI4 pin function switch (SI1)

This bit selects whether pin P2,/Sl isused as P2, or as Sl ;.

Bit 1

SI1 Description

0 Functions as P2, I/0 pin (initial value)
1 Functions as Sl; input pin

Bit 0: P2¢/SCK 4 pin function switch (SCK1)

This bit selects whether pin P2/SCK 4 is used as P2 or as SCK.

Bit 0

SCK1 Description

0 Functions as P2 I/O pin (initial value)
1 Functions as SCK; 1/O pin
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4. Port mode register 4 (PMR4)

Bit 7 6 5 4 3 2 1 0

‘ NMOD7 ‘ NMODG‘ NMODS‘ NMOD4‘ NMOD3 ‘ NMOD2 ‘ NMOD1 ‘ NMODO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PMR4 is an 8-hit read/write register that controls whether individua port 2 pins are CMOS outputs
or NMOS open-drain outputs when 1 is set in PCR2.

Upon reset, PMR4 isinitialized to H'00.
Bit n: NMOS open-drain output select (NMODn)

These bits select NMOS open-drain output when pin P2, is used as an output pin.

Bit n

NMODn Description

0 CMOS output (initial value)
1 NMOS open-drain output

(n=7100)
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8.3.3 Pin Functions

Table 8-6 shows the port 2 pin functions.

Table8-6 Port 2 Pin Functions

Pin Pin Functions and Selection Method
P2, to P23 The pin function depends on the corresponding bit in PCR2.
(n=7to 3)
PCR2, 0 1
Pin function P2,, input pin P2,, output pin
P2,/SO4 The pin function depends on bit SO1 in PMR2 and bit PCR2, in PCR2.
SO1 0 1
PCR2, 0 1 *
Pin function P2, input pin | P2, output pin SO, output pin
P2,/Sly The pin function depends on bit SI1 in PMR2 and bit PCR2, in PCR2.
Si1 0 1
PCR2, 0 1 *
Pin function P2, input pin | P24 output pin Sly input pin
P2,/SCK, The pin function depends on bit SCK1 in PMR2 and bit PCR2, in PCR2.
SCK1 0 1
PCR2, 0 1 *
Pin function P2, input pin | P2, output pin SCK; I/O pin
*: Don’t care
8.3.4 Pin States

Table 8-7 shows the port 2 pin states in each operating mode.

Table8-7 Port 2 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P2, to P2, High- Retains  Retains High- Retains  Functional  Functional
P2,/SO4 impedance previous previous impedance previous

P2,/Sl, state state state

P24/SCK;
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8.4 Port 3
8.4.1 Overview

Port 3 isan 8-hit I/O port, configured as shown in figure 8-3.

-~ P3,/AEVL
<= P34/AEVH
<= P35/TXDg;
Port3 | = ™ P34/RXDy
~———= P33/SCKy;
<~ P3,/RESO
<= P3;/UD

<~ P3,/PWM

Figure8-3 Port 3 Pin Configuration
8.4.2 Register Configuration and Description
Table 8-8 shows the port 3 register configuration.

Table8-8 Port 3 Registers

Name Abbrev. R/W Initial Value Address
Port data register 3 PDR3 R/W H'00 H'FFD6
Port control register 3 PCR3 w H'00 H'FFE6
Port pull-up control register 3 PUCR3 R/W H'00 H'FFE1
Port mode register 3 PMR3 R/W H'04 H'FFCA
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1. Port dataregister 3 (PDR3)

Bit 7 6 5 4 3 2 1 0

‘ P37 ‘ P3s ‘ P3s ‘ P34 ‘ P33 ‘ P3; ‘ P31 ‘ P30 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDR3 is an 8-bit register that stores data for port 3 pins P3; to P3,. If port 3 is read while PCR3
bits are set to 1, the values stored in PDR3 are read, regardless of the actual pin states. If port 3is
read while PCR3 hits are cleared to 0, the pin states are read.

Upon reset, PDR3 isinitialized to H'00.

2. Port control register 3 (PCR3)

Bit 7 6 5 4 3 2 1 0

‘ PCR37 ‘ PCR3¢ ‘ PCR35 ‘ PCR34 ‘ PCR33 ‘ PCR3> ‘ PCR3; ‘ PCR3g ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W W W W

PCR3is an 8-bit register for controlling whether each of the port 3 pins P3; to P3, functions as an
input pin or output pin. Setting a PCR3 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settingsin PCR3 and in PDR3 are valid only
when the corresponding pinis designated in PMR3 as ageneral 1/0 pin.

Upon reset, PCR3 isinitialized to H'00.

PCR3 isawrite-only register, which isalwaysread as all 1s.
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3. Port pull-up control register 3 (PUCR3)

Bit 7 6 5 4 3 2 1 0

‘ PUCR3; ‘ PUCRSG‘ PUCR35‘ PUCR34 ‘ PUCR33 ‘ PUCR3, ‘ PUCR3; ‘PUCRSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PUCRS controls whether the MOS pull-up of each of the port 3 pins P3; to P3; is on or off. When
aPCR3 bit is cleared to 0, setting the corresponding PUCR3 bit to 1 turns on the MOS pull-up for
the corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCR3 isinitialized to H'00.

4. Port mode register 3 (PMR3)

Bit 7 6 5 4 3 2 1 0

‘ AEVL ‘ AEVH ‘WDCKS‘ NCS ‘ IRQO ‘ RESO ‘ ubD ‘ PWM ‘
Initial value 0 0 0 0 0 1 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PMR3 is an 8-hit read/write register, controlling the selection of pin functions for port 3 pins.
Upon reset, PMR3 isinitialized to H'04.
Bit 7: P3/AEVL pin function switch (AEVL)

This bit selects whether pin P3,/AEVL isused as P3; or asAEVL.

Bit 7

AEVL Description

0 Functions as P35 I/O pin (initial value)
1 Functions as AEVL input pin

Bit 6: P3g/AEVH pin function switch (AEVH)

This bit selects whether pin P3g/AEVH is used as P3g or asAEVH.

Bit 6

AEVH Description

0 Functions as P3¢ I/O pin (initial value)
1 Functions as AEVH input pin
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Bit 5: Watchdog timer source clock select (WDCKYS)

This bit selects the watchdog timer source clock.

Bit 5

WDCKS Description

0 /8192 selected (initial value)
1 ow/32 selected

Bit 4: TMIG noise canceler select (NCS)

This bit controls the noise canceler for the input capture input signal (TMIG).

Bit 4

NCS Description

0 Noise cancellation function not used (initial value)
1 Noise cancellation function used

Bit 3: P44/IRQ pin function switch (IRQO)

This bit selects whether pin P44/TRQg is used as P45 or as IRQ,.

Bit 3

IRQO Description

0 Functions as P45 input pin (initial value)
1 Functions as IRQg input pin

Bit 2: P3,/RESO pin function switch (RESO)

This bit selects whether pin P3,/RESO is used as P3, or asRESO.

Bit 2

RESO Description

0 Functions as P3, 1/0 pin

1 Functions as RESO output pin (initial value)
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Bit 1: P3,/UD pin function switch (UD)

This bit selects whether pin P3,/UD is used as P3, or as UD.

Bit 1

ub Description

0 Functions as P3; I/O pin (initial value)
1 Functions as UD input pin

Bit 0: P3y/PWM pin function switch (PWM)

This bit selects whether pin P3y/PWM is used as P3; or as PWM.

Bit 0

PWM Description

0 Functions as P3, I/O pin (initial value)
1 Functions as PWM output pin

8.4.3 Pin Functions
Table 8-9 shows the port 3 pin functions.

Table8-9 Port 3 Pin Functions

Pin Pin Functions and Selection Method
P3,/AEVL The pin function depends on bit SO1 in PMR3 and bit PCR3, in PCR3.
AEVL 0 1
PCR3, 0 1 *
Pin function P3; input pin P3- output pin AEVL input pin
P3¢/AEVH The pin function depends on bit AEVH in PMR3 and bit PCR36 in PCR3.

AEVH 0 1
PCR36 0 1 *
Pin function P3¢ input pin P3¢ output pin AEVH input pin
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Table8-9 Port 3 Pin Functions

Pin Pin Functions and Selection Method
P35/TXD3q The pin function depends on bit TE in SCR3-1, bit SPC31 in SPCR, and bit
PCR3g in PCR3.
SPC31 1
TE
PCR3g 0 1 *
Pin function P35 input pin P35 output pin TXD3, output pin
P34/RXD3q The pin function depends on bit RE in SCR3-1 and bit PCR3, in PCR3.
RE 0 1
PCR3, 0 1 *
Pin function P3, input pin P3, output pin RXD3; input pin
P33/SCK3, The pin function depends on bits CKE1, CKEO, and SMR31 in SCR3-1 and
bit PCR35 in PCR3.
CKE1 0 1
CKEO 0 *
COM3; 0 1 *
PCR3; 0 1 * *
Pin function P35 input pin | P33 output pin SCKgz, SCKgz3,
output pin input pin
P3,/RESO The pin function depends on bit RESO in PMR3 and bit PCR3, in PCR3.
RESO 0 1
PCR3, 0 1 *
Pin function P3, input pin P3, output pin RESO output pin
P3,/UD The pin function depends on bit UD in PMR3 and bit PCR3; in PCR3.
ub 0 1
PCR3; 0 1 *
Pin function P3, input pin P3, output pin UD input pin
P3¢/PWM The pin function depends on bit PWM in PMR3 and bit PCR3; in PCR3.

PWM 0 1
PCR3, 0 1 *
Pin function P3q input pin P3, output pin PWM output pin
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8.4.4 Pin States
Table 8-10 shows the port 3 pin states in each operating mode.

Table8-10 Port 3 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P3,/AEVL  High- Retains  Retains High- Retains Functional Functional
P3¢/AEVH impedance previous previous impedance* previous

P35/TXD3, state state state

P34/RXD3q

P33/SCKz4

P3,/RESO Reset output

P3,/UD High-
P3,/PWM  impedance

Note: * A high-level signal is output when the MOS pull-up is in the on state.

8.4.5 MOS Input Pull-Up

Port 3 has a built-in MOS input pull-up function that can be controlled by software. When a PCR3
bitis cleared to O, setting the corresponding PUCR3 bit to 1 turns on the MOS pull-up for that pin.
The MOS pull-up function isin the off state after areset.

PCR3, 0 0 1
PUCRS3, 0 1 *
MOS input pull-up Off On Off
(n=71t00)
*: Don't care
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85 Port4

85.1 Overview

Port 4 isa 3-hit 1/0 port and 1-hit input port, configured as shown in figure 8-4.

Port 4

~—— P43/IRQ,
-~ P4, /TXD32
B P41 /RXD32

~— P4,/SCK3,

Figure8-4 Port 4 Pin Configuration

85.2 Register Configuration and Description

Table 8-11 shows the port 4 register configuration.

Table8-11 Port 4 Registers

Name Abbrev. R/W Initial Value Address
Port data register 4 PDR4 R/W H'F8 H'FFD7
Port control register 4 PCR4 w H'F8 H'FFE7
1. Port dataregister 4 (PDR4)

Bit 7 6 5 4 3 2 1 0

= = [ — [ pa [ par | pa | Pao |

Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — R R/W R/W R/W

PDR4 is an 8-bit register that stores datafor port 4 pins P4, to P4q. If port 4 is read while PCR4
bits are set to 1, the values stored in PDR4 are read, regardless of the actua pin states. If port 4is
read while PCR4 bits are cleared to 0, the pin states are read.

Upon reset, PDR4 isinitialized to H'F8.
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2. Port control register 4 (PCR4)

Bit 7 6 5 4 3 2 1 0
— [ — 1 — 1 =] — rcre ] rcra | poreo

Initial value 1 1 1 1 1 0 0 0

Read/Write — — — — — w w w

PCR4 is an 8-hit register for controlling whether each of port 4 pins P4, to P4 functions as an input
pin or output pin. Setting a PCR4 hit to 1 makes the corresponding pin an output pin, while clearing
the hit to 0 makes the pin an input pin. PCR4 and PDR4 settings are valid when the corresponding
pins are designated for general-purpose input/output by SCR3-2.

Upon reset, PCR4 isinitialized to H'F8.

PCR4 is awrite-only register, which always reads all 1s.
853  Pin Functions

Table 8-12 shows the port 4 pin functions.

Table8-12 Port 4 Pin Functions

Pin Pin Functions and Selection Method
P44/IRQq The pin function depends on bit IRQO in PMR3.
IRQO 0 1
Pin function P45 input pin IRQg input pin
P4,/TXD3, The pin function depends on bit TE in SCR3-2, bit SPC32 in SPCR, and bit
PCR4, in PCRA4.
SPC32 0 1
TE 0 1
PCR4, 0 1 *
Pin function P4, input pin P4, output pin TXD3, output pin
P4,/RXD3, The pin function depends on bit RE in SCR3-2 and bit PCR4, in PCRA4.
RE 0 1
PCR4, 0 1 *
Pin function P4, input pin P4, output pin RXD3, input pin
*: Don't care
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Table8-9 Port 4 Pin Functions

Pin Pin Functions and Selection Method
P4,/SCK3, The pin function depends on bits CKE1 and CKEO in SCR3-2, bit COM32 in
SMR32, and bit PCR4 in PCR4.
CKE1l 0 1
CKEO 0 1 *
COM32 0 1 * *
PCR4, 0 1 * *
Pin function P4, input pin | P4, output pin SCKj3, SCKj,
output pin input pin
854  Pin States

Table 8-13 shows the port 4 pin states in each operating mode.

Table8-13 Port 4 Pin States

Pins Reset Sleep Subsleep Standby Watch Subactive Active
P43/IRQ,  High- Retains  Retains High- Retains  Functional Functional
P4,/TXD3, impedance previous previous impedance previous

P4,/RXD3, state state state

P4,/SCK3,
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8.6 Port 5

8.6.1 Overview

Port 5 isan 8-hit I/O port, configured as shown in figure 8-5.

Port 5

P5,/WKP,/SEGg
P56/WKP4/SEG-
P55/WKP5/SEGg
P54/ WKP,4/SEG5
P54/WKP3/SEG,
P5,/WKP,/SEG3
P5,/WKP,/SEG,
P5o/WKPy/SEG,

8.6.2 Register Configuration and Description

Table 8-14 shows the port 5 register configuration.

Table8-14 Port 5 Registers

Figure8-5 Port 5 Pin Configuration

Name Abbrev. R/W Initial Value Address
Port data register 5 PDR5 R/W H'00 H'FFD8
Port control register 5 PCR5 W H'00 H'FFE8
Port pull-up control register 5 PUCR5 R/W H'00 H'FFE2
Port mode register 5 PMR5 R/W H'00 H'FFCC
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1. Port dataregister 5 (PDR5)

Bit 7 6 5 4 3 2 1 0

‘ P57 ‘ P5¢ ‘ P55 ‘ P54 ‘ P53 ‘ P5; ‘ P51 ‘ P50 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDRS is an 8-bit register that stores data for port 5 pins P57 to P5j. If port 5isread while PCR5
bits are set to 1, the values stored in PDR5 are read, regardless of the actua pin states. If port 5is
read while PCR5 bits are cleared to 0, the pin states are read.

Upon reset, PDR5 isinitialized to H'00.

2. Port control register 5 (PCR5)

Bit 7 6 5 4 3 2 1 0

‘ PCR57 ‘ PCR5¢ ‘ PCR55 ‘ PCR54 ‘ PCR53 ‘ PCR5; ‘ PCR5; ‘ PCR5g ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w W W w W w w W

PCR5 is an 8-hit register for controlling whether each of the port 5 pins P5; to P5 functions as an
input pin or output pin. Setting a PCR5 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. PCR5 and PDRS5 settings are valid when the
corresponding pins are designated for general-purpose input/output by PMR5 and bits SGS3 to
SGS0in LPCR.

Upon reset, PCR5 isinitialized to H'00.
PCRS is awrite-only register, which is alwaysread as all 1s.

3. Port pull-up control register 5 (PUCR5)

Bit 7 6 5 4 3 2 1 0
‘PUCR57 ‘ PUCR56‘ PUCR55 ‘ PUCRS54 ‘ PUCR53 ‘PUCRSZ ‘ PUCR5, ‘PUCRSO ‘

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PUCRS controls whether the MOS pull-up of each of port 5 pins P5; to P5; ison or off. When a
PCRS bit is cleared to 0, setting the corresponding PUCRS bit to 1 turns on the MOS pull-up for the
corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCRS5 isinitialized to H'00.
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4. Port mode register 5 (PMR5)

Bit 7 6 5 4 3 2 1 0

‘ WKP-, ‘ WKPg ‘ WKPs ‘ WKP, ‘ WKP3 ‘ WKP, ‘ WKP; ‘ WKP, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RW  R/W RW RW  RW RW  RW

PMRS5 is an 8-hit read/write register, controlling the selection of pin functions for port 5 pins.
Upon reset, PMR5 isinitialized to H'00.
Bit n: P5,/WKP,/SEG;,;1 pin function switch (WK Pn)

When pin P5n/WKPn/SEGn+1 is not used as SEG,,, these bits select whether the pin is used as
P5n or WKP,..

Bit n

WKPnN Description

0 Functions as P5n I/O pin (initial value)
1 Functions as WKP,, input pin

(n=71t00)
Note: For use as SEG,,1, see 13.2.1, LCD Port Control Register (LPCR).
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8.6.3 Pin Functions
Table 8-15 shows the port 5 pin functions.

Table8-15 Port 5 Pin Functions

Pin Pin Functions and Selection Method
P5,/WKP-/ The pin function depends on bit WKP,, in PMRS5, bit PCR5,, in PCR5, and bits
SEGg to SGS3to SGSO in LPCR.
P5,/WKP/ (n=71t00)
SEG, SGS3 to SGSO O 1rx
WKP, 0 1 *
PCR5, 0 1 * *
Pin function P5, input pin | P5,, output pin WKPn SEGn+1
input pin output pin
*: Don't care
8.6.4 Pin States
Table 8-16 shows the port 5 pin states in each operating mode.
Table8-16 Port 5Pin States
Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P5,/WKP;/  High- Retains  Retains High- Retains  Functional Functional
SEGg to P5y/ impedance previous previous impedance* previous

WKPG/SEG, state state state

Note: * A high-level signal is output when the MOS pull-up is in the on state.

8.6.5 MOS Input Pull-Up

Port 5 has a built-in MOS input pull-up function that can be controlled by software. When a PCR5
bit is cleared to 0, setting the corresponding PUCRS hit to 1 turns on the MOS pull-up for that pin.
The MOS pull-up function isin the off state after a reset.

PCR5,, 0 0 1
PUCR5,, 0 1 *
MQOS input pull-up Off On Off
(n=7t00)
*: Don't care
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8.7 Port 6

8.7.1 Overview

Port 6 is an 8-hit I/O port. The port 6 pin configuration is shown in figure 8-6.

Port 6

P6,/SEG1¢
P64/SEG5
P65/SEG,
P64/SEG3
P64/SEG,
P6,/SEG,;
P6,/SEG1
P6/SEGq

Figure8-6 Port 6 Pin Configuration

8.7.2 Register Configuration and Description

Table 8-17 shows the port 6 register configuration.

Table8-17 Port 6 Registers

Name Abbrev. R/W Initial Value Address
Port data register 6 PDR6 R/W H'00 H'FFD9
Port control register 6 PCR6 W H'00 H'FFE9
Port pull-up control register 6 PUCR®6 R/W H'00 H'FFE3
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1. Port dataregister 6 (PDR6)

Bit 7 6 5 4 3 2 1 0

‘ P67 ‘ P6g ‘ P65 ‘ P64 ‘ P63 ‘ P6, ‘ P61 ‘ P69 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDRG6 is an 8-bit register that stores data for port 6 pins P6; to PG,

If port 6 is read while PCR6 bits are set to 1, the values stored in PDR6 are read, regardless of the
actual pin states. If port 6 isread while PCR6 bits are cleared to 0, the pin states are read.

Upon reset, PDR6 isinitialized to H'00.

2. Port control register 6 (PCR6)

Bit 7 6 5 4 3 2 1 0

‘ PCR67 ‘ PCR66‘ PCR65 ‘ PCR6, ‘ PCR63 ‘ PCR6, ‘ PCR6, ‘ PCR6q ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w W W W W W W W

PCR6 is an 8-hit register for controlling whether each of the port 6 pins P6; to PG functions as an
input pin or output pin.

Setting a PCR6 bit to 1 makes the corresponding pin (P6; to P6g) an output pin, while clearing the
bit to 0 makes the pin an input pin. PCR6 and PDR6 settings are valid when the corresponding pins
are designated for general-purpose input/output by bits SGS3 to SGS0 in LPCR.

Upon reset, PCR6 isinitialized to H'00.
PCRG6 is awrite-only register, which awaysreads all 1s.

3. Port pull-up control register 6 (PUCR6)

Bit 7 6 5 4 3 2 1 0
‘PUCR67 ‘ PUCRGG‘ PUCR65‘ PUCR64 ‘ PUCRGg‘PUCRGz ‘ PUCR6;, ‘PUCRGO ‘

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PUCRG6 controls whether the MOS pull-up of each of the port 6 pins P6; to P6g is on or off. When
aPCR®6 bit is cleared to 0, setting the corresponding PUCRG hit to 1 turns on the MOS pull-up for
the corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCR6 isinitialized to H'00.
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8.7.3 Pin Functions
Table 8-18 shows the port 6 pin functions.

Table8-18 Port 6 Pin Functions

Pin Pin Functions and Selection Method
P6,/SEG¢ The pin function depends on bit PCR6n in PCR6 and bits SGS3 to SGS0 in LPCR.
to P6y/SEGq (n=71t00)

SGS3 to SGSO 00**, 010* 011**, 1***

PCR6n 0 1 *
Pin function P6,, input pin P6,, output pin SEG,,,g output pin
*: Don't care

8.7.4 Pin States
Table 8-19 shows the port 6 pin states in each operating mode.
Table 8-19 Port 6 Pin States
Pin Reset Sleep Subsleep Standby Watch Subactive Active
P6,/SEG,5  High- Retains  Retains High- Retains  Functional Functional
to impedance previous previous impedance* previous
P6o/SEGq state state state

Note: * A high-level signal is output when the MOS pull-up is in the on state.

8.7.5 MOSInput Pull-Up

Port 6 has a built-in MOS pull-up function that can be controlled by software. When a PCR6 bit is
cleared to 0, setting the corresponding PUCRG hit to 1 turns on the MOS pull-up for that pin. The
MOS pull-up function isin the off state after areset.

PCR6,, 0 0 1
PUCRG6,, 0 1 *
MOS input pull-up Off On Off
(n=7100)
*: Don't care
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8.8 Port 7

8.8.1 Overview

Port 7 isan 8-hit 1/O port, configured as shown in figure 8-7.

Port 7

P7,/SEG,,
P76/SEGs
P75/SEG,,
P74/SEGy;
P74/SEGy0
P7,/SEG1g
P7,/SEG1g
P70/SEG17

Figure8-7 Port 7 Pin Configuration

8.8.2 Register Configuration and Description
Table 8-20 shows the port 7 register configuration.

Table8-20 Port 7 Registers

Name Abbrev. R/W Initial Value Address
Port data register 7 PDR7 R/IW H'00 H'FFDA
Port control register 7 PCR7 w H'00 H'FFEA
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1. Port dataregister 7 (PDR7)

Bit 7 6 5 4 3 2 1 0

‘ P7, ‘ P7¢ ‘ P75 ‘ P74 ‘ P73 ‘ P7, ‘ P74 ‘ P70 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDRY is an 8-bit register that stores data for port 7 pins P7; to P7,. If port 7 isread while PCR7
bits are set to 1, the values stored in PDRY are read, regardless of the actua pin states. If port 7 is
read while PCR7 bits are cleared to O, the pin states are read.

Upon reset, PDR7 isinitialized to H'00.

2. Port control register 7 (PCR7)

Bit 7 6 5 4 3 2 1 0

‘ PCR7~ ‘ PCR7g ‘ PCR7s ‘ PCR74 ‘ PCR73 ‘ PCR7, ‘ PCR7, ‘ PCR7 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W W W W

PCRY is an 8-hit register for controlling whether each of the port 7 pins P7, to P7 functions as an
input pin or output pin. Setting a PCR7 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. PCR7 and PDR7 settings are valid when the
corresponding pins are designated for general-purpose input/output by bits SGS3 to SGS0 in LPCR.

Upon reset, PCRY7 isinitialized to H'00.

PCR7 isawrite-only register, which always reads as al 1s.
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8.8.3 Pin Functions

Table 8-21 shows the port 7 pin functions.

Table8-21 Port 7 Pin Functions

Pin Pin Functions and Selection Method
P7,/1SEG,, The pin function depends on bit PCR7,, in PCR7 and bits SGS3 to SGS0 in LPCR.
to P7¢/SEG, (n=71t00)
SGS3to SGSO 00** 01**, 1x**
PCR7, 0 1 *
Pin function P7, input pin P7, output pin SEG,,+17 output pin

8.8.4 Pin States

Table 8-22 shows the port 7 pin states in each operating mode.

Table8-22 Port 7 Pin States

*: Don’t care

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P7,/SEG,, High- Retains  Retains High- Retains  Functional Functional
to impedance previous previous impedance previous

P7o/SEG7 state state state
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8.9 Port 8

8.9.1 Overview

Port 8 is an 8-bit I/O port configured as shown in figure 8-8.

Port 8

P8,/SEG3,
P84/SEG3;
P85/SEG3
P8,/SEGyg
P83/SEG,g
P8,/SEG,;
P8,/SEG
P8y/SEG s

Figure8-8 Port 8 Pin Configuration

8.9.2 Register Configuration and Description
Table 8-23 shows the port 8 register configuration.

Table8-23 Port 8 Registers

Name Abbrev. R/W Initial Value Address
Port data register 8 PDR8 R/W H'00 H'FFDB
Port control register 8 PCR8 W H'00 H'FFEB
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1. Port dataregister 8 (PDR8)

Bit 7 6 5 4 3 2 1 0

‘ P8, ‘ P8¢ ‘ P85 ‘ P84 ‘ P83 ‘ P8, ‘ P8, ‘ P8¢ ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDRS8 is an 8-bit register that stores data for port 8 pins P8, to P8. If port 8 is read while PCR8
bits are set to 1, the values stored in PDR8 are read, regardless of the actual pin states. If port 8is
read while PCR8 hits are cleared to 0, the pin states are read.

Upon reset, PDR8 isinitialized to H'00.

2. Port control register 8 (PCR8)

Bit 7 6 5 4 3 2 1 0

‘ PCR8; ‘ PCR8g ‘ PCR8s ‘ PCR84 ‘ PCR83 ‘ PCR8, ‘ PCR8; ‘ PCR8g ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W w W w w w w

PCR8 is an 8-bit register for controlling whether each of the port 8 pins P8; to P8; functions as an
input or output pin. Setting a PCR8 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. PCR8 and PDR8 settings are valid when the
corresponding pins are designated for general-purpose input/output by bits SGS3 to SGS0 in LPCR.

Upon reset, PCR8 isinitialized to H'00.

PCRS8 isawrite-only register, which isalwaysread as all 1s.
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8.9.3 Pin Functions

Table 8-24 shows the port 8 pin functions.

Table8-24 Port 8 Pin Functions

Pin Pin Functions and Selection Method
P8,/SEG3, The pin function depends on bit PCR8,, in PCR8 and bits SGS3 to SGSO0 in LPCR.
to P8y/SEG 5 (n=71t00)
SGS3to SGS0 000* 001*, 01**, 1***
PCRS8, 0 1 *
Pin function P8,, input pin P8,, output pin SEG,,,,5 output pin

8.9.4 Pin States

Table 8-25 shows the port 8 pin states in each operating mode.

Table8-25 Port 8 Pin States

*: Don’t care

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P8,/SEG3, High- Retains  Retains High- Retains  Functional Functional
to impedance previous previous impedance  previous

P8y/SEG,5 state state state
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8.10 Port 9
8.10.1 Overview

Port 9 isan 8-hit I/O port. Figure 8-9 shows its pin configuration.

-~ » P9,/SEG4/CL,
- P96/SEG3¢/CL,
- P95/SEG38/DO
portg | = P94/SEG5/M
- = P93/SEGgg
-~ P9,/SEG35
~——— P9,/SEGg3,

B P90/SE633

Figure8-9 Port 9 Pin Configuration
8.10.2 Register Configuration and Description
Table 8-26 shows the port 9 register configuration.

Table8-26 Port 9 Registers

Name Abbrev. R/IW Initial Value Address
Port data register 9 PDR9 R/W H'00 H'FFDC
Port control register 9 PCR9 R H'00 H'FFEC
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1. Port dataregister 9 (PDR9)

Bit 7 6 5 4 3 2 1 0
Py, | P9 | Pos | P9, | P9, | P9, | P9, | P9 |

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDR9 is an 8-bit register that stores data for port 9 pins P9, to P9, If port 9 is read while PCR9 bits
are set to 1, the values stored in PDR9 are read, regardless of the actual pin states. If port 9 isread
while PCR9 bits are cleared to 0, the pin states are read.

Upon reset, PDR9 isinitialized to H'00.

2. Port control register 9 (PCR9)

Bit 7 6 5 4 3 2 1 0

‘ PCR9, ‘ PCR9g ‘ PCR95 ‘ PCR9, ‘ PCR9; ‘ PCR9, ‘ PCR9, ‘ PCR9q ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W w W W w w w

PCR9 is an 8-bit register for controlling whether each of the port 9 pins P9; to P9, functions as an
input pin or output pin. Setting a PCR9 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settingsin PCR9 and PDR9 are valid only when
the corresponding pin is designated by bits SGS3 to SGS0 in LPCR asagenera 1/0 pin.

Upon reset, PCR9 isinitialized to H'00.

PCR9 isawrite-only register, which isalwaysread asal 1s.
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8.10.3 Pin Functions

Table 8-27 shows the port 9 pin functions.

Table8-27 Port 9 Pin Functions

Pin Pin Functions and Selection Method
P9,/SEG,o/CL; The pin function depends on bit PCR9; in PCR9 and bits SGX and SGS3 to SGS0
in LPCR.

SGS3to SGSO 0000 Not 0000 *

SGX 0 0 1

PCR9, 0 1 * *
Pin function P9, input pin | P97 output pin SEG,o CL, output pin

output pin

P96/SEG3¢/CL, The pin function depends on bit PCR9g in PCR9 and bits SGX and SGS3 to SGS0

in LPCR.
SGS3to SGSO0 0000 Not 0000 *
SGX 0 0 1
PCR9g 0 1 * *
Pin function P9¢ input pin | P9g output pin SEG3g CL, output pin
output pin

P95/SEG3¢/DO  The pin function depends on bit PCR95 in PCR9 and bits SGX and SGS3 to SGSO0

in LPCR.
SGS3to SGSO 0000 Not 0000 *
SGX 0 0 1
PCR95 0 1 * *
Pin function P95 input pin | P95 output pin SEG3g DO output pin
output pin
P9,/SEG3,/M The pin function depends on bit PCR9, in PCR9 and bits SGX and SGS3 to SGS0
in LPCR.
SGS3to SGSO 0000 Not 0000 *
SGX 0 0 1
PCR9, 0 1 * *
Pin function P9, input pin | P9, output pin SEG3; M output pin
output pin
*: Don't care
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Table8-27 Port 9 Pin Functions (cont)

Pin Pin Functions and Selection Method

P93/SEG35to  The pin function depends on bit PCR9,, in PCR9 and bits SGS3 to SGSO0 in LPCR.

P9,/SEG33 (n=3to00)
SGS3 to SGSO 0000 Not 0000
PCR9, 0 1 *
Pin function P9,, input pin P9,, output pin SEG,,+33 output pin
*: Don't care

8.10.4 Pin States

Table 8-28 shows the port 9 pin statesin each operating mode.

Table8-28 Port 9 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P9,/SEG4o/CL,; High- Retains  Retains High- Retains  Functional Functional
P96/SEG39/CL, impedance previous previous impedance  previous

P95/SEG35/DO state state state

P9,/SEG4;/M

P93/SEG34 to

P9y/SEG33
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8.11 Port A
8.11.1 Overview

Port A isa4-bit I/O port, configured as shown in figure 8-10.

~——= PA4/COM,
<= PA,/COM;
Port A

<= PA;/COM,

<= PAy/COM;

Figure8-10 Port A Pin Configuration
8.11.2 Register Configuration and Description
Table 8-29 shows the port A register configuration.

Table8-29 Port A Registers

Name Abbrev. RIW Initial Value Address
Port data register A PDRA R/IW H'FO H'FFDD
Port control register A PCRA w H'FO H'FFED

1. Port dataregister A (PDRA)

Bit 7 6 5 4 3 2 1 0
= = = = [ eas| pap | Par | Pag|

Initial value 1 1 1 1 0 0 0 0

Read/Write — — — — R/W R/W R/W R/W

PDRA is an 8-bit register that stores data for port A pins PA3 to PA,. If port A isread while PCRA
bits are set to 1, the values stored in PDRA are read, regardless of the actual pin states. If port A is
read while PCRA bits are cleared to 0, the pin states are read.

Upon reset, PDRA isinitialized to H'FO.
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2. Port control register A (PCRA)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ PCRA3‘ PCRAQ‘ PCRAl‘ PCRAO‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W

PCRA controls whether each of port A pins PA3 to PAg functions as an input pin or output pin.
Setting a PCRA bit to 1 makes the corresponding pin an output pin, while clearing the bit to 0
makes the pin an input pin. PCRA and PDRA settings are valid when the corresponding pins are
designated for general-purpose input/output by LPCR.

Upon reset, PCRA isinitialized to H'FO.

PCRA isawrite-only register, which alwaysreads all 1s.
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8.11.3 Pin Functions

Table 8-30 shows the port A pin functions.

Table8-30 Port A Pin Functions
Pin Pin Functions and Selection Method
PA3/COM, The pin function depends on bit PCRAz in PCRA and bits SGS3 to SGS0.
SGS3 to SGSO 0000 Not 0000
PCRAZ 0 1 *
Pin function PA; input pin PA; output pin COM, output pin
PA,/COM3 The pin function depends on bit PCRA, in PCRA and bits SGS3 to SGS0.
SGS3 to SGSO 0000 Not 0000
PCRA, 0 1 *
Pin function PA, input pin PA, output pin COM; output pin
PA{/COM, The pin function depends on bit PCRA; in PCRA and bits SGS3 to SGSO0.
SGS3 to SGSO 0000 Not 0000
PCRA; 0 1 *
Pin function PA; input pin PA; output pin COM, output pin
PAG/COM, The pin function depends on bit PCRAj in PCRA and bits SGS3 to SGS0.

SGS3 to SGSO 0000 Not 0000
PCRA, 0 1 *
Pin function PAg input pin PA, output pin COM; output pin

8.11.4 Pin States

Table 8-31 shows the port A pin statesin each operating mode.

Table8-31 Port A Pin States

*: Don't care

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
PA3;/COM, High- Retains  Retains High- Retains  Functional  Functional
PA,/COM4 impedance previous previous impedance  previous

PA,/COM, state state state

PAG/COM;
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8.12 Port B
8.12.1 Overview

Port B is an 8-bit input-only port, configured as shown in figure 8-11.

-— PB,/AN;
<—— PBg/ANg
<—— PB5/AN;g
<—— PB4/AN,
Port B
~—— PB3/AN3
~-— PB,/AN,
~— PB/AN,

< PBy/AN,

Figure8-11 Port B Pin Configuration
8.12.2 Register Configuration and Description
Table 8-32 shows the port B register configuration.

Table8-32 Port B Register

Name Abbrev. R/W Address

Port data register B PDRB R H'FFDE

Port Data Register B (PDRB)

Bit 7 6 5 4 3 2 1 0
‘ PB~7 ‘ PBg ‘ PBs ‘ PB4 ‘ PB3 ‘ PB» ‘ PB1 ‘ PBg ‘
Read/Write R R R R R R R R

Reading PDRB aways gives the pin states. However, if aport B pin is selected as an analog input
channel for the A/D converter by AMR bits CH3 to CHO, that pin reads O regardless of the input
voltage.
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8.13 Port C
8.13.1 Overview

Port C isa4-bit input-only port, configured as shown in figure 8-12.

- PCy/ANy;
Port C PC2/AN10
-« PCy/ANg

< PCy/ANg

Figure8-12 Port C Pin Configuration
8.13.2 Register Configuration and Description
Table 8-33 shows the port C register configuration.

Table8-33 Port C Register

Name Abbrev. R/W Address

Port data register C PDRC R H'FFDF

1. Port dataregister C (PDRC)

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — R R R R

Reading PDRC aways gives the pin states.

Reading the pin for which an analog input channel is selected by the AMR CH3 to CHO of the A/D
converter, “0” isread regardless of the input voltage.
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8.14 Input/Output Data I nversion Function

8.14.1 Overview

With input pins RXD3q, and RXD3,, and output pins TXD3; and TXD3,, the data can be handled in
inverted form.

SCINVO
SCINV2

P3/RXDa; [ )D RXDs:1
P4,/RXD3, %2

SCINV1
SCINV3

P35/TXDg; ] TXD3;
P4,/TXD3, TXDs3y

Figure8.13 Input/Output Data Inversion Function

8.14.2 Register Configuration and Descriptions
Table 8.34 shows the registers used by the input/output data inversion function.

Table8.34 Register Configuration

Name Abbreviation R/W Address
Serial port control register SPCR R/W H'FF91

Serial Port Control Register (SPCR)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘SPCSZ ‘SPCSl ‘SCINVS ‘SCINVZ ‘SCINVl ‘SCINVO ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

SPCR is an 8-hit readable/writable register that performs RXD3q, RXD3,, TXD3q, and TXD3, pin
input/output datainversion switching. SPCR isinitialized to H'CO by areset.
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Bit 0: RXDj3, pin input datainversion switch

Bit O specifies whether or not RXD3; pin input datais to be inverted.

Bit 0

SCINVO Description

0 RXD3, input data is not inverted (initial value)
1 RXD3, input data is inverted

Bit 1: TXD3; pin output data inversion switch

Bit 1 specifies whether or not TXD3; pin output dataisto be inverted.

Bit 1

SCINV1 Description

0 TXDg3, output data is not inverted (initial value)
1 TXDg3, output data is inverted

Bit 2: RXD3, pin input datainversion switch

Bit 2 specifies whether or not RXD5, pin input datais to be inverted.

Bit 2

SCINV2 Description

0 RXD3, input data is not inverted (initial value)
1 RXD3, input data is inverted

Bit 3: TXD3, pin output data inversion switch

Bit 3 specifies whether or not TXD3, pin output datais to be inverted.

Bit 3

SCINV3 Description

0 TXDj3, output data is not inverted (initial value)
1 TXD3, output data is inverted
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Bit 4: P35/TXD3; pin function switch (SPC31)

This bit selects whether pin P35/TXDg; is used as P3g or as TXDg;.

Bit 4

SPC31 Description

0 Functions as P35 I/O pin (initial value)
1 Functions as TXD3; output pin*

Note: * Set the TE bit in SCR3 after setting this bit to 1.
Bit 5: P4,/TXD3, pin function switch (SPC32)

This bit selects whether pin P4,/TXDa, is used as P4, or as TXDg,.

Bit 5

SPC32 Description

0 Functions as P4, I/O pin (initial value)
1 Functions as TXD3, output pin*

Note: * Set the TE bit in SCR3 after setting this bit to 1.

Bits 7 and 6: Reserved hits

Bits 7 and 6 are reserved; they are alwaysread as 1 and cannot be modified.
8.14.3 Note on Modification of Serial Port Control Register

When a serial port control register is modified, the data being input or output up to that point is
inverted immediately after the modification, and an invalid data change is input or output. When
modifying a serial port control register, do so in a state in which data changes are invalidated.
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9.1 Overview

Section9 Timers

The H8/3887 Series provides six timers: timers A, C, F, G, and awatchdog timer, and an
asynchronous event counter. The functions of these timers are outlined in table 9-1.

Table9-1 Timer Functions

Event Waveform
Name Functions Internal Clock Input Pin Output Pin  Remarks
Timer A+ 8-bit interval timer 2/8 to 8/8192 — —
« Interval function (8 choices)
* Time base 2,,/128 (choice of
4 overflow periods)
* Clock output @4 to /32 — TMOW
2, 9,/4 10 2,,/32
(9 choices)
Timer C < 8-bit timer @/4 to 9/8192, @,/4 TMIC — Up-count/
* Interval function (7 choices) down-count
 Event counting controllable by
function software or
» Up-count/down- hardware
count selectable
Timer F * 16-bit timer @4 to v/32, @,,/4 TMIF TMOFL
 Event counting (4 choices) TMOFH
function
* Also usable as
two independent
8-bit timers
» Output compare
output function
Timer G« 8-bit timer 2/2 to v/64, @,,/4 TMIG —  Counter
* Input capture (4 choices) clearing
function option
* Interval function * Built-in
capture input
signal noise
canceler
Watchdog ¢ Reset signal /8192 — —
timer generated when 2,32

8-bit counter
overflows
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Table9-1 Timer Functions (cont)

Event Waveform
Name Functions Internal Clock Input Pin Output Pin  Remarks
Asynchro- « 16-bit counter — AEVL —
nous * Also usable as two AEVH
event independent 8-bit
counter counters

* Counts events
asynchronous to @
and gw
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9.2 Timer A
9.2.1 Overview

Timer A isan 8-bit timer with interval timing and real-time clock time-base functions. The clock
time-base function is available when a 32.768-kHz crystal oscillator is connected. A clock signal
divided from 32.768 kHz, from 38.4 kHz (if a38.4 kHz crystal oscillator is connected), or from the
system clock, can be output at the TMOW pin.

1. Features
Features of timer A are given below.
e Choice of eight internal clock sources (2/8192, /4096, 2/2048, 9/512, &/256, 9/128, &/32, 2/8).

e Choice of four overflow periods (1 s, 0.5 s, 0.25 s, 31.25 ms) when timer A is used as a clock
time base (using a 32.768 kHz crystal oscillator).

e Aninterrupt is requested when the counter overflows.

e Any of nineclock signals can be output at the TMOW pin: 32.768 kHz divided by 32, 16, 8, or
4 (1kHz, 2kHz, 4 kHz, 8 kHz) or 38.4 kHz divided by 32, 16, 8, or 4 (1.2 kHz, 2.4 kHz, 4.8
kHz, 9.6 kHZz), and the system clock divided by 32, 16, 8, or 4.

e Use of module standby mode enables this module to be placed in standby mode independently
when not used.
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2. Block diagram

Figure 9-1 shows a block diagram of timer A.

2 CWORS |‘—>
w >~ 1/4 PSW
oyl | TMA -
2]
>
o]
8
o\,/128 ks
<
=
| 2
TMOW TCA | =
o2 0/8192, 8/4096, /2048, L Bl &
28 2/512, 2/256, /128, 5 o Y K
2/32, 9/8 - [ K I
a/4
Y A Y Y
o — ™ PSS |
-——— IRRTA
Notation:
TMA: Timer mode register A
TCA: Timer counter A
IRRTA:  Timer A overflow interrupt request flag
PSW: Prescaler W
PSS: Prescaler S
CWOSR: Subclock output select register
Note: * Can be selected only when the prescaler W output (gy,/128) is used as the TCA input clock.

Figure9-1 Block

3. Pinconfiguration

Table 9-2 shows the timer A pin configuration.

Table9-2 Pin Configuration

Name

Abbrev. 1/O Function

Diagram of Timer A

Clock output

TMOW  Output  Output of waveform generated by timer A output circuit
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4. Register configuration
Table 9-3 shows the register configuration of timer A.

Table9-3 Timer A Registers

Name Abbrev. R/W Initial Value Address
Timer mode register A TMA R/W H'10 H'FFBO
Timer counter A TCA R H'00 H'FFB1
Clock stop register 1 CKSTPR1 R/W H'FF H'FFFA
Subclock output select register CWOSR R/W H'FE H'FF92

9.2.2 Register Descriptions

1. Timer mode register A (TMA)

Bit 7 6 5 4 3 2 1 0

‘ TMA7 ‘ TMAG ‘ TMAS ‘ — ‘ TMA3 ‘ TMA2 ‘ TMA1 ‘ TMAO ‘
Initial value 0 0 0 1 0 0 0 0
Read/Write R/W R/W R/W — R/W R/W R/W R/W

TMA isan 8-hit read/write register for selecting the prescaler, input clock, and output clock.

Upon reset, TMA isinitialized to H'10.

185



Bits 7 to 5: Clock output select (TMA7 to TMADS)

Bits 7 to 5 choose which of eight clock signalsis output at the TMOW pin. The system clock
divided by 32, 16, 8, or 4 can be output in active mode and sleep mode. A 32.768 kHz or 38.4 kHz
signal divided by 32, 16, 8, or 4 can be output in active mode, sleep mode, and subactive mode. g,
isoutput in all modes except the reset state.

CWOSR TMA

Bit 7 Bit 6 Bit 5
CWQOS TMA7 TMA6 TMA5  Clock Output

0 0 0 0 2/32 (initial value)
1 /16
1 0 o/8
1 /4
1 0 0 ,,/32
1 2,/16
1 0 2,,/8
1 2,,/4
1 * * * 2,
*: Don't care

Bit 4; Reserved bit

Bit 4 isreserved; it isalwaysread as 1, and cannot be modified.
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Bits3to 0: Internal clock select (TMA3to TMAO)

Bits 3to 0 select the clock input to TCA. The selection is made as follows.

Description
Bit3 Bit2 Bitl BitO Prescaler and Divider Ratio
TMA3 TMA2 TMA1 TMAO  or Overflow Period Function
0 0 0 0 PSS, 2/8192 (initial value) Interval timer
1 PSS, 2/4096
1 0 PSS, 2/2048
1 PSS, 9/512
1 0 0 PSS, 2/256
1 PSS, 2/128
1 0 PSS, /32
1 PSS, /8
1 0 0 0 PSW, 1s Clock time
1 PSW, 0.5 s base
(when using
1 0 PSW, 0.25s 32.768 kHz)
1 PSW, 0.03125 s
1 0 0 PSW and TCA are reset
1
1 0
1
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2. Timer counter A (TCA)

Bit 7 6 5 4 3 2 1 0

‘ TCA7 ‘ TCA6 ‘ TCAS5 ‘ TCA4 ‘ TCA3 ‘ TCA2 ‘ TCAl ‘ TCAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

TCA isan 8-hit read-only up-counter, which isincremented by internal clock input. The clock
source for input to this counter is selected by bits TMA3 to TMAO in timer mode register A (TMA).
TCA values can be read by the CPU in active mode, but cannot be read in subactive mode. When
TCA overflows, the IRRTA bit in interrupt request register 1 (IRR1) isset to 1.

TCA iscleared by setting bits TMA3 and TMA2 of TMA to 11.
Upon reset, TCA isinitialized to H'00.

3. Clock stop register 1 (CKSTPR1)

Bit: 7 6 5 4 3 2 1 0
S1CKSTP |S31CKSTP|S32CKSTP| ADCKSTP | TGCKSTP | TFCKSTP | TCCKSTP | TACKSTP

Initial value: 1 1 1 1 1 1 1 1

Read/Write:  RIW RIW RIW RIW RIW RIW RIW RIW

CKSTPR1 is an 8-hit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to timer A is described here. For details of the other bits, see the
sections on the relevant modules.

Bit O0: Timer A module standby mode control (TACKSTP)

Bit O controls setting and clearing of module standby mode for timer A.

TACKSTP  Description

0 Timer A is set to module standby mode

1 Timer A module standby mode is cleared (initial value)

188



4. Subclock Output Select Register (CWOSR)

Bit: 7 6 5 4 3 2 1 0

L - [ - 1 - [ - 1 = [ = ]| — [cwos|
Initial value: 1 1 1 1 1 1 1 0
Read/Write: R R R R R R R R/W

CWOSR is an 8-hit read/write register that selects the clock to be output from the TMOW pin.
CWOSR isinitialized to H'FE by areset.

Bits 7 to 1. Reserved hits

Bits 7 to 1 are reserved; they are always read as 1 and cannot be modified.

Bit 0: TMOW pin clock select (CWOS)

Bit 0 selects the clock to be output from the TMOW pin.

Bit 0

CWOS Description

0 Clock output from timer A is output (see TMA) (initial value)
1 @, is output

9.2.3 Timer Operation
1. Interval timer operation

When bit TMA3 in timer mode register A (TMA) is cleared to 0, timer A functions as an 8-hit
interval timer.

Upon reset, TCA is cleared to H'00 and bit TMA3 is cleared to 0, so up-counting and interval timing
resume immediately. The clock input to timer A is selected by bits TMA2to TMAO in TMA; any
of eight internal clock signals output by prescaler S can be selected.

After the count value in TCA reaches H'FF, the next clock signal input causestimer A to overflow,
setting bit IRRTA to 1ininterrupt request register 1 (IRR1). If IENTA = 1ininterrupt enable
register 1 (IENR1), a CPU interrupt is requested.*

At overflow, TCA returnsto H'00 and starts counting up again. In this modetimer A functions as
an interval timer that generates an overflow output at intervals of 256 input clock pulses.

Note: * For details on interrupts, see 3.3, Interrupts.
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2. Real-time clock time base operation

When bit TMA3in TMA isset to 1, timer A functions as areal-time clock time base by counting
clock signals output by prescaler W. The overflow period of timer A is set by bits TMA1 and
TMAOQOIn TMA. A choice of four periodsisavailable. Intime base operation (TMA3 = 1), setting
bit TMAZ2 to 1 clears both TCA and prescaler W to their initial values of H'00.

3. Clock output

Setting bit TMOW in port mode register 1 (PMRL) to 1 causes a clock signal to be output at pin
TMOW. Nine different clock output signals can be selected by means of bits TMA7 to TMAS in
TMA and bit CWOSin CWOSR. The system clock divided by 32, 16, 8, or 4 can be output in
active mode and sleep mode. A 32.768 kHz or 38.4 kHz signal divided by 32, 16, 8, or 4 can be
output in active mode, sleep mode, watch mode, subactive mode, and subsleep mode. The 32.768
kHz or 38.4 kHz clock is output in all modes except the reset state.

9.2.4 Timer A Operation States
Table 9-4 summarizes the timer A operation states.

Table9-4 Timer A Operation States

Sub- Sub- Module
Operation Mode Reset Active Sleep Watch active sleep Standby Standby
TCA Interval Reset Functions Functions Halted Halted Halted Halted Halted

Clock time base Reset Functions Functions Functions Functions Functions Halted Halted

TMA Reset Functions Retained Retained Functions Retained Retained Retained

Note: When the real-time clock time base function is selected as the internal clock of TCA in active
mode or sleep mode, the internal clock is not synchronous with the system clock, so it is
synchronized by a synchronizing circuit. This may result in a maximum error of 1/@ (s) in the
count cycle.
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9.3 Timer C
9.3.1 Overview

Timer C isan 8-bit timer that increments each time a clock pulseisinput. Thistimer has two
operation modes, interval and auto reload.

1. Features
Features of timer C are given below.

»  Choice of seveninternal clock sources (2/8192, /2048, @/512, 2/64, 2116, 2/4, g,,/4) or an
external clock (can be used to count external events).

e Aninterrupt is requested when the counter overflows.
e Up/down-counter switching is possible by hardware or software.

e Subactive mode and subsleep mode operation is possible when gw/4 is selected as the internal
clock, or when an external clock is selected.

*  Useof module standby mode enables this module to be placed in standby mode independently
when not used.
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2. Block diagram

Figure 9-2 shows a block diagram of timer C.

N
4' TMC |<—>
l
2]
a
©
UD O g
o
_L :
o
o £
| TCC l> L
o PSS L T =
TMIC © |
| TLC |
ow/4
AN
—> IRRTC
Notation:
TMC : Timer mode register C
TCC : Timer counter C
TLC : Timer load register C
IRRTC : Timer C overflow interrupt request flag
PSS : Prescaler S

Figure9-2 Block Diagram of Timer C

192




3. Pinconfiguration

Table 9-5 shows the timer C pin configuration.

Table9-5 Pin Configuration

Name Abbrev. /0 Function
Timer C event input TMIC Input Input pin for event input to TCC
Timer C up/down-count selection ubD Input Timer C up/down select

4. Register configuration

Table 9-6 shows the register configuration of timer C.

Table9-6 Timer C Registers

Name Abbrev. R/W Initial Value Address
Timer mode register C T™MC R/W H'18 H'FFB4
Timer counter C TCC R H'00 H'FFB5
Timer load register C TLC W H'00 H'FFB5
Clock stop register 1 CKSTPR1 R/W H'FF H'FFFA
9.3.2 Register Descriptions
1. Timer moderegister C (TMC)
Bit 7 6 5 4 3 2 1 0
‘ TMC7 ‘ TMC6 ‘ TMC5 ‘ — ‘ — ‘ TMC2 ‘ TMC1 ‘ TMCO
Initial value 0 0 0 1 1 0 0 0
Read/Write R/W R/W R/W — — R/W R/W R/W

TMC isan 8-bit read/write register for selecting the auto-reload function and input clock, and

performing up/down-counter control.

Upon reset, TMC isinitialized to H'18.
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Bit 7: Auto-reload function select (TMC7)

Bit 7 selects whether timer C is used as an interval timer or auto-reload timer.

Bit 7

TMC7 Description

0 Interval timer function selected (initial value)
1 Auto-reload function selected

Bits 6 and 5: Counter up/down control (TMC6, TMC5)

Selects whether TCC up/down control is performed by hardware using UD pin input, or whether
TCC functions as an up-counter or a down-counter.

Bit 6 Bit 5

TMC6 TMC5 Description

0 0 TCC is an up-counter (initial value)
0 1 TCC is a down-counter

1 * Hardware control by UD pin input

UD pin input high: Down-counter
UD pin input low: Up-counter

*: Don't care
Bits4 and 3: Reserved bits
Bits 4 and 3 are reserved; they are alwaysread as 1 and cannot be modified.
Bits2to 0: Clock select (TMC2 to TMCOQ)

Bits 2 to 0 select the clock input to TCC. For external event counting, either the rising or falling
edge can be selected.

Bit 2 Bit 1 Bit 0
TMC2 TMC1 TMCO  Description

0 0 0 Internal clock: /8192 (initial value)

Internal clock: 2/2048

Internal clock: @/512

Internal clock: @/64

Internal clock: @/4

1
0
1
0 Internal clock: g/16
1
0

| OOk |k |O

Internal clock: @y,/4

0
0
0
1
1
1
1

1 1 External event (TMIC): rising or falling edge*

Note: * The edge of the external event signal is selected by bit IEG1 in the IRQ edge select register
(IEGR). See 1. IRQ edge select register (IEGR) in 3.3.2 for details. IRQ2 must be setto 1
in port mode register 1 (PMR1) before setting 111 in bits TMC2 to TMCO.
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2. Timer counter C (TCC)

Bit 7 6 5 4 3 2 1 0

‘ TCC7 ‘ TCC6 ‘ TCC5 ‘ TCC4 ‘ TCC3 ‘ TCC2 ‘ TCC1 ‘ TCCO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

TCC isan 8-hit read-only up-counter, which isincremented by internal clock or external event
input. The clock source for input to this counter is selected by bits TMC2 to TMCO in timer mode
register C (TMC). TCC values can be read by the CPU at any time.

When TCC overflows from H'FF to H'00 or to the value set in TLC, or underflows from H'00 to
H'FF or to the value set in TLC, the IRRTC bit in IRR2 isset to 1.

TCC isallocated to the same addressas TLC.

Upon reset, TCC isinitialized to H'00.
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3. Timer load register C (TLC)

Bit 7 6 5 4 3 2 1 0

‘ TLC7 ‘ TLC6 ‘ TLCS ‘ TLC4 ‘ TLC3 ‘ TLC2 ‘ TLC1 ‘ TLCO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w W W W W W W W

TLC isan 8-bit write-only register for setting the reload value of timer counter C (TCC).

When areload valueis set in TLC, the same value is loaded into timer counter C aswell, and TCC
starts counting up from that value. When TCC overflows or underflows during operation in auto-
reload mode, the TLC value isloaded into TCC. Accordingly, overflow/underflow periods can be
set within the range of 1 to 256 input clocks.

The same addressis allocated to TLC asto TCC.
Upon reset, TLC isinitialized to H'00.

4. Clock stop register 1 (CKSTPR1)

Bit: 7 6 5 4 3 2 1 0

| S1CKSTP |831CKSTP|S32CKSTP| ADCKSTP | TGCKSTP | TFCKSTP | TCCKSTP | TACKSTP |
Initial value: 1 1 1 1 1 1 1 1
Read/Write: R/W R/W R/W R/W R/W R/W R/W R/W

CKSTPR1 is an 8-hit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to timer C is described here. For details of the other bits, see the
sections on the relevant modules.

Bit 1: Timer C module standby mode control (TCCKSTP)

Bit 1 controls setting and clearing of module standby mode for timer C.

TCCKSTP  Description

0 Timer C is set to module standby mode

1 Timer C module standby mode is cleared (initial value)
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9.3.3 Timer Operation
1. Interva timer operation

When bit TMC7 in timer mode register C (TMC) is cleared to 0, timer C functions as an 8-bit
interval timer.

Upon reset, TCC isinitialized to H'00 and TMC to H'18, so TCC continues up-counting as an
interval up-counter without halting immediately after areset. Thetimer C operating clock is
selected from seven internal clock signals output by prescalers S and W, or an external clock input
at pin TMIC. The selection is made by bits TMC2 to TMCO in TMC.

TCC up/down-count control can be performed either by software or hardware. The selectionis
made by bits TMC6 and TMC5in TMC.

After the count value in TCC reaches H'FF (H'00), the next clock input causes timer C to overflow
(underflow), setting bit IRRTC to 1in IRR2. If IENTC =1 ininterrupt enable register 2 (IENR2), a
CPU interrupt is requested.

At overflow (underflow), TCC returnsto H'00 (H'FF) and starts counting up (down) again.

During interval timer operation (TMC7 = 0), when avalueis set in timer load register C (TLC), the
samevalueissetin TCC.

Note: * For details on interrupts, see 3.3, Interrupts.
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2. Auto-reload timer operation

Setting bit TMC7 in TMC to 1 causes timer C to function as an 8-bit auto-reload timer. When a
reload valueis set in TLC, the same value is loaded into TCC, becoming the value from which TCC
starts its count.

After the count value in TCC reaches H'FF (H'00), the next clock signal input causes timer C to
overflow/underflow. The TLC valueisthen loaded into TCC, and the count continues from that
value. The overflow/underflow period can be set within arange from 1 to 256 input clocks,
depending on the TLC value.

The clock sources, up/down control, and interrupts in auto-reload mode are the same asin interval
mode.

In auto-reload mode (TMC7 = 1), when anew valueisset in TLC, the TLC valueisaso set in
TCC.

3. Event counter operation

Timer C can operate as an event counter, counting rising or falling edges of an external event signal
input at pin TMIC. External event counting is selected by setting bits TMC2 to TMCO in timer
mode register C to al 1s (111).

When timer C is used to count external event input, , bit IRQ2 in PMR1 should be set to 1 and bit
IEN2 in IENRL cleared to O to disable interrupt IRQ, requests.

4. TCC up/down control by hardware

With timer C, TCC up/down control can be performed by UD pin input. When bit TMC6issetto 1
in TMC, TCC functions as an up-counter when UD pin input is high, and as a down-counter when
low.

When using UD pininput, set bit UD to 1 in PMR3.
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9.3.4 Timer C Operation States
Table 9-7 summarizes the timer C operation states.

Table9-7 Timer C Operation States

Sub- Sub- Module
Operation Mode Reset Active Sleep Watch active sleep Standby Standby
TCC Interval Reset Functions Functions Halted Functions/ Functions/ Halted Halted

Halted* Halted*

Auto reload Reset Functions Functions Halted Functions/ Functions/ Halted Halted
Halted* Halted*

T™MC Reset Functions Retained Retained Functions Retained Retained Retained

Note: * When gw/4 is selected as the TCC internal clock in active mode or sleep mode, since the
system clock and internal clock are mutually asynchronous, synchronization is maintained by
a synchronization circuit. This results in a maximum count cycle error of 1/g (s). When the
counter is operated in subactive mode or subsleep mode, either select gw/4 as the internal
clock or select an external clock. The counter will not operate on any other internal clock. If
gw/4 is selected as the internal clock for the counter when gw/8 has been selected as
subclock gg g, the lower 2 bits of the counter operate on the same cycle, and the operation
of the least significant bit is unrelated to the operation of the counter.

199



94 Time F
9.4.1 Overview

Timer F isa16-bit timer with a built-in output compare function. Aswell as counting external
events, timer F also provides for counter resetting, interrupt request generation, toggle output, etc.,
using compare match signals. Timer F can also be used as two independent 8-bit timers (timer FH
and timer FL).

1. Features
Features of timer F are given below.

e Choice of four internal clock sources (2/32, 2/16, @/4, aw/4) or an external clock (can be used
as an external event counter)

TMOFH pin toggle output provided using a single compare match signal (toggle output initial
value can be set)

e Counter resetting by a compare match signal
e Two interrupt sources: one compare match, one overflow

e Can operate as two independent 8-bit timers (timer FH and timer FL) (in 8-bit mode).

Timer FL

Timer FH 8-Bit Timer* 8-Bit Timer/Event Counter
Internal clock Choice of 4 (a/32, 2/16, @/4, aw/4)
Event input — TMIF pin
Toggle output One compare match signal, One compare match signal,

output to TMOFH pin output to TMOFL pin

(initial value settable) (initial value settable)
Counter reset Counter can be reset by compare match signal
Interrupt sources One compare match

One overflow

Note: * When timer F operates as a 16-bit timer, it operates on the timer FL overflow signal.

e Operation in watch mode, subactive mode, and subsleep mode
When gw/4 is selected as the internal clock, timer F can operate in watch mode, subactive
mode, and subsleep mode.

e Useof module standby mode enables this module to be placed in standby mode independently
when not used.
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2. Block diagram

Figure 9-3 shows a block diagram of timer F.

g — > PSS —— IRRTFL
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| TCRF
17 | <
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2,/4 TCFL
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Toggle r ~ ]
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g

TCFH
TMOFH O<——— Toggle | Comparator l I Matcﬂ

circuit [

Internal data bus

OCRFH

TCSRF !:;

A
—> IRRTFH

Notation:

TCRF:  Timer control register F
TCSRF: Timer control/status register F
TCFH:  8-bit timer counter FH

TCFL: 8-bit timer counter FL
OCRFH: Output compare register FH
OCRFL: Output compare register FL
IRRTFH: Timer FH interrupt request flag
IRRTFL: Timer FL interrupt request flag
PSS: Prescaler S

Figure9-3 Block Diagram of Timer F
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3. Pinconfiguration

Table 9-8 shows the timer F pin configuration.

Table 9-8 Pin Configuration

Name Abbrev. 110 Function

Timer F event input TMIF Input Event input pin for input to TCFL
Timer FH output TMOFH Output Timer FH toggle output pin
Timer FL output TMOFL Output Timer FL toggle output pin

4. Register configuration

Table 9-9 shows the register configuration of timer F.

Table 9-9 Timer F Registers

Name Abbrev. RIW Initial Value Address
Timer control register F TCRF w H'00 H'FFB6
Timer control/status register F TCSRF R/W H'00 H'FFB7
8-bit timer counter FH TCFH R/W H'00 H'FFB8
8-bit timer counter FL TCFL R/IW H'00 H'FFB9
Output compare register FH OCRFH R/W H'FF H'FFBA
Output compare register FL OCRFL R/W H'FF H'FFBB
Clock stop register 1 CKSTPR1 R/IW H'FF H'FFFA
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9.4.2  Register Descriptions

1. 16-bit timer counter (TCF)
8-hit timer counter (TCFH)
8-hit timer counter (TCFL)

TCF

T
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Read/Write: IRNV R/W R/W R/W R/W R/W R/W R/\/\II IR/W R/W R/W R/W R/W R/W R/W R/WI
TCFH TCFL

TCF is a 16-bit read/write up-counter configured by cascaded connection of 8-bit timer counters
TCFH and TCFL. In addition to the use of TCF as a 16-bit counter with TCFH as the upper 8 bits
and TCFL asthe lower 8 bits, TCFH and TCFL can also be used as independent 8-bit counters.

TCFH and TCFL can be read and written by the CPU, but when they are used in 16-bit mode, data
transfer to and from the CPU is performed via atemporary register (TEMP). For details of TEMP,
see 9.4.3, CPU Interface.

TCFH and TCFL are each initialized to H'00 upon reset.

a. 16-bit mode (TCF)
When CKSH2 is cleared to 0 in TCRF, TCF operates as a 16-bit counter. The TCF input
clock is selected by bits CKSL2 to CKSLO in TCRF.

TCF can be cleared in the event of acompare match by means of CCLRH in TCSRF.

When TCF overflows from H'FFFF to H'0000, OVFH issetto 1 in TCSRF. If OVIEH in
TCSRFis1 at thistime, IRRTFH issetto 1in IRR2, and if IENTFH in IENR2is 1, an
interrupt request is sent to the CPU.

b. 8-bit mode (TCFL/TCFH)
When CKSH2 isset to 1 in TCRF, TCFH and TCFL operate as two independent 8-bit
counters. The TCFH (TCFL) input clock is selected by bits CKSH2 to CKSHO (CKSL2 to
CKSLO0) in TCRF.

TCFH (TCFL) can be cleared in the event of a compare match by means of CCLRH
(CCLRL) in TCSRF.

When TCFH (TCFL) overflows from H'FF to H'00, OVFH (OVFL) issetto 1in TCSRF. If
OVIEH (OVIEL) in TCSRF is 1 at thistime, IRRTFH (IRRTFL) issetto 1in IRR2, and if
I[ENTFH (IENTFL) in IENR2 is 1, an interrupt request is sent to the CPU.

203



2. 16-bit output compare register (OCRF)
8-hit output compare register (OCRFH)
8-hit output compare register (OCRFL)

OCRF

T 1
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Read/Write:  R/W R/W RW RIW RIW RIW RIW R/W R/W RW RW RIW RIW RIW RIW RIW
OCRFH OCRFL

OCRF is a 16-bit read/write register composed of the two registers OCRFH and OCRFL. In
addition to the use of OCRF as a 16-hit register with OCRFH as the upper 8 bits and OCRFL as
the lower 8 bits, OCRFH and OCRFL can also be used as independent 8-bit registers.

OCRFH and OCRFL can be read and written by the CPU, but when they are used in 16-bit mode,
data transfer to and from the CPU is performed via atemporary register (TEMP). For details of
TEMPB, see 9.4.3, CPU Interface.

OCRFH and OCRFL are each initialized to H'FF upon reset.

a. 16-bit mode (OCRF)
When CKSH2 is cleared to 0 in TCRF, OCRF operates as a 16-hit register. OCRF
contents are constantly compared with TCF, and when both values match, CMFH is set to
1in TCSRF. Atthesametime, IRRTFH issetto 1in IRR2. If IENTFH in IENR2is1 at
thistime, an interrupt request is sent to the CPU.

Toggle output can be provided from the TMOFH pin by means of compare matches, and
the output level can be set (high or low) by means of TOLH in TCRF.

b. 8-bit mode (OCRFH/OCRFL)
When CKSH2 is set to 1 in TCRF, OCRFH and OCRFL operate as two independent 8-bit
registers. OCRFH contents are compared with TCFH, and OCRFL contents are with
TCFL. When the OCRFH (OCRFL) and TCFH (TCFL) values match, CMFH (CMFL) is
setto 1in TCSRF. At thesametime, IRRTFH (IRRTFL) issetto 1in IRR2. If IENTFH
(IENTFL) in IENR2 is 1 at thistime, an interrupt request is sent to the CPU.

Toggle output can be provided from the TMOFH pin (TMOFL pin) by means of compare
matches, and the output level can be set (high or low) by means of TOLH (TOLL) in
TCRF.
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3. Timer control register F (TCRF)

Bit:

7 6 5 4 3 2 1 0

| TOLH | CKSH2 | CKSH1 | CKSHO0 | TOLL | CKSL2 | CKSL1 | CKSLO |
Initial value: 0 0 0 0 0 0 0 0
Read/Write: W W W W w w w w

TCRF is an 8-bit write-only register that switches between 16-bit mode and 8-bit mode, selects the
input clock from among four internal clock sources or external event input, and sets the output level
of the TMOFH and TMOFL pins.

TCRF isinitialized to H'00 upon reset.
Bit 7: Toggle output level H (TOLH)

Bit 7 setsthe TMOFH pin output level. The output level is effective immediately after thishit is
written.

Bit 7

TOLH Description

0 Low level (initial value)
1 High level

Bits 6 to 4: Clock select H (CKSH2 to CKSHOQ)

Bits 6 to 4 select the clock input to TCFH from among four internal clock sources or TCFL
overflow.

Bit 6 Bit 5 Bit 4

CKSH2 CKSH1 CKSHO Description

0 0 0 16-bit mode, counting on TCFL overflow signal (initial value)
0 0 1

0 1 0

0 1 1 Not available

1 0 0 Internal clock: counting on /32

1 0 1 Internal clock: counting on @/16

1 1 0 Internal clock: counting on @/4

1 1 1 Internal clock: counting on gw/4

*: Don’t care
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Bit 3: Toggle output level L (TOLL)

Bit 3 setsthe TMOFL pin output level. The output level is effective immediately after thisbit is
written.

Bit 3

TOLL Description

0 Low level (initial value)
1 High level

Bits2to 0: Clock select L (CKSL2to CKSLO)

Bits 2 to 0 select the clock input to TCFL from among four internal clock sources or external event
input.

Bit 2 Bit 1 Bit 0

CKSL2 CKSL1 CKSLO Description

0 0 0 Counting on external event (TMIF) rising/ (initial value)
0 0 1 falling edge*1

0 1 0

0 1 1 Not available

1 0 0 Internal clock: counting on @/32

1 0 1 Internal clock: counting on /16

1 1 0 Internal clock: counting on /4

1 1 1 Internal clock: counting on gw/4

*: Don'’t care

Note: 1. External event edge selection is set by IEG3 in the IRQ edge select register (IEGR). For
details, see 1. IRQ edge select register (IEGR) in section 3.3.2.

Note that the timer F counter may increment if the setting of IRQ3 in port mode register 1
(PMR1) is changed from 0 to 1 while the TMIF pin is low in order to change the TMIF pin
function.
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4. Timer control/status register F (TCSRF)

Bit: 7 6 5 4 3 2 1 0

| OVFH | CMFH | OVIEH | CCLRH | OVFL | CMFL | OVIEL | CCLRL |
Initial value: 0 0 0 0 0 0 0 0
Read/Write:  R/(W)*  R/(W)* R/W RW  RI(W)*  R/(W)* RIW RIW

Note: * Bits 7, 6, 3, and 2 can only be written with O, for flag clearing.

TCSREF is an 8-bit read/write register that performs counter clear selection, overflow flag setting,
and compare match flag setting, and controls enabling of overflow interrupt requests.

TCSRF isinitialized to H'00 upon reset.
Bit 7: Timer overflow flag H (OVFH)

Bit 7 isa status flag indicating that TCFH has overflowed from H'FF to H'00. Thisflagis set by
hardware and cleared by software. It cannot be set by software.

Bit 7

OVFH Description

0 Clearing conditions: (initial value)
After reading OVFH = 1, cleared by writing 0 to OVFH

1 Setting conditions:

Set when TCFH overflows from H'FF to H'00

Bit 6: Compare match flag H (CMFH)

Bit 6 is a status flag indicating that TCFH has matched OCRFH. Thisflag is set by hardware and
cleared by software. It cannot be set by software.

Bit 6

CMFH Description

0 Clearing conditions: (initial value)
After reading CMFH = 1, cleared by writing 0 to CMFH

1 Setting conditions:

Set when the TCFH value matches the OCRFH value
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Bit 5: Timer overflow interrupt enable H (OVIEH)

Bit 5 selects enabling or disabling of interrupt generation when TCFH overflows.

Bit 5

OVIEH Description

0 TCFH overflow interrupt request is disabled (initial value)
1 TCFH overflow interrupt request is enabled

Bit 4: Counter clear H (CCLRH)
In 8-bit mode, bit 4 selects whether TCF is cleared when TCF and OCRF match.

In 8-bit mode, bit 4 selects whether TCFH is cleared when TCFH and OCRFH match.

Bit 4
CCLRH Description
0 16-bit mode: TCF clearing by compare match is disabled
8-bit mode: TCFH clearing by compare match is disabled (initial value)
1 16-bit mode: TCF clearing by compare match is enabled

8-bit mode: TCFH clearing by compare match is enabled

Bit 3: Timer overflow flag L (OVFL)

Bit 3 isastatus flag indicating that TCFL has overflowed from H'FF to H'00. Thisflagis set by
hardware and cleared by software. It cannot be set by software.

Bit 3

OVFL Description

0 Clearing conditions: (initial value)
After reading OVFL = 1, cleared by writing 0 to OVFL

1 Setting conditions:

Set when TCFL overflows from H'FF to H'00
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Bit 2: Compare match flag L (CMFL)

Bit 2 isa status flag indicating that TCFL has matched OCRFL. Thisflagisset by hardware and
cleared by software. It cannot be set by software.

Bit 2

CMFL Description

0 Clearing conditions: (initial value)
After reading CMFL = 1, cleared by writing 0 to CMFL

1 Setting conditions:

Set when the TCFL value matches the OCRFL value

Bit 1: Timer overflow interrupt enable L (OVIEL)

Bit 1 selects enabling or disabling of interrupt generation when TCFL overflows.

Bit 1

OVIEL Description

0 TCFL overflow interrupt request is disabled (initial value)
1 TCFL overflow interrupt request is enabled

Bit 0: Counter clear L (CCLRL)

Bit 0 selects whether TCFL is cleared when TCFL and OCRFL match.

Bit 0

CCLRL Description

0 TCFL clearing by compare match is disabled (initial value)
1 TCFL clearing by compare match is enabled
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5. Clock stop register 1 (CKSTPR1)

Bit: 7 6 5 4 3 2 1 0
|SlCKSTP |S31CKSTP|832CKSTP| ADCKSTP | TGCKSTP | TFCKSTP | TCCKSTP | TACKSTP |

Initial value: 1 1 1 1 1 1 1 1

Read/Write: RW RW R/W RW R/W R/W RW R/W

CKSTPR1 is an 8-hit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to timer F is described here. For details of the other bits, seethe
sections on the relevant modules.

Bit 2: Timer F module standby mode control (TFCKSTP)

Bit 2 controls setting and clearing of module standby mode for timer F.

TFCKSTP  Description

0 Timer F is set to module standby mode

1 Timer F module standby mode is cleared (initial value)
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94.3 CPU Interface

TCF and OCRF are 16-bit read/write registers, but the CPU is connected to the on-chip peripheral
modules by an 8-bit data bus. When the CPU accesses these registers, it therefore uses an 8-bit
temporary register (TEMP).

In 16-bit mode, TCF read/write access and OCRF write access must be performed 16 bits at atime
(using two consecutive byte-size MOV instructions), and the upper byte must be accessed before the
lower byte. Datawill not be transferred correctly if only the upper byte or only the lower byteis
accessed.

In 8-bit mode, there are no restrictions on the order of access.
1. Write access

Write access to the upper byte resultsin transfer of the upper-byte write datato TEMP. Next, write
access to the lower byte results in transfer of the datain TEMP to the upper register byte, and direct
transfer of the lower-byte write data to the lower register byte.
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Figure 9-4 shows an example in which H'/AA55 iswritten to TCF.

Write to upper byte

CPU Bus Module data bus
interface
(H'AA)
TEMP
(H'AA)
TCFH TCFL

¢ ) ¢ )

Write to lower byte

CcPU Bus Module data bus
interface
(H'55)

Figure9-4 Write Accessto TCR (CPU - TCF)
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2. Read access

In access to TCF, when the upper byte is read the upper-byte datais transferred directly to the CPU
and the lower-byte datais transferred to TEMP. Next, when the lower byteis read, the lower-byte
datain TEMP istransferred to the CPU.

In access to OCRF, when the upper byteis read the upper-byte datais transferred directly to the
CPU. When the lower byteis read, the lower-byte datais transferred directly to the CPU.

Figure 9-5 shows an example in which TCF is read when it contains HAAFF.

Read upper byte

CPU
(HAA)

Bus
interface

Read lower byte

CPU
(HFF)

Note: * H'ABOO if counter has been updated once.
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TCFL

¢

Bus
interface

Module data bus

TEMP
(HFF)

~z Ir

TCFH
(AB)*
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Figure 9-5 Read Accessto TCF (TCF - CPU)




9.4.4  Operation

Timer F isa 16-hit counter that increments on each input clock pulse. Thetimer F vaueis
constantly compared with the value set in output compare register F, and the counter can be cleared,
an interrupt requested, or port output toggled, when the two values match. Timer F can also
function as two independent 8-bit timers.

1. Timer F operation

Timer F has two operating modes, 16-bit timer mode and 8-bit timer mode. The operation in each
of these modes is described below.

a. Operation in 16-hit timer mode
When CKSH2 iscleared to 0 in timer control register F (TCRF), timer F operates as a 16-
bit timer.

Following areset, timer counter F (TCF) isinitialized to H'0000, output compare register F
(OCRF) to H'FFFF, and timer control register F (TCRF) and timer control/status register F
(TCSRF) to H'00. The counter starts incrementing on external event (TMIF) input. The
external event edge selection is set by IEG3 in the IRQ edge select register (IEGR).

The timer F operating clock can be selected from four internal clocks output by prescaler S
or an external clock by means of bits CKSL2 to CKSLO in TCRF.

OCRF contents are constantly compared with TCF, and when both values match, CMFH is
setto 1in TCSRF. If IENTFH in IENR2is1 at thistime, an interrupt request is sent to the
CPU, and at the same time, TMOFH pin output istoggled. If CCLRH in TCSRFis 1, TCF
iscleared. TMOFH pin output can also be set by TOLH in TCRF.

When TCF overflows from H'FFFF to H'0000, OVFH issetto 1in TCSRF. If OVIEH in
TCSRF and IENTFH in IENR2 are both 1, an interrupt request is sent to the CPU.

b. Operation in 8-bit timer mode
When CKSH2 is set to 1 in TCRF, TCF operates as two independent 8-bit timers, TCFH
and TCFL. The TCFH/TCFL input clock is selected by CKSH2 to CKSHO/CKSL2 to
CKSLOiIn TCRF.

When the OCRFH/OCRFL and TCFH/TCFL vaues match, CMFH/CMFL issetto 1in
TCSRF. If IENTFH/IENTFL in IENR2is 1, an interrupt request is sent to the CPU, and at
the same time, TMOFH pin/TMOFL pin output istoggled. If CCLRH/CCLRL in TCSRF
is1, TCFH/TCFL iscleared. TMOFH pin/TMOFL pin output can also be set by
TOLH/TOLL in TCRF.
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When TCFH/TCFL overflows from H'FF to H'00, OVFH/OVFL issetto 1in TCSRF. If
OVIEH/OVIEL in TCSRF and IENTFH/IENTFL in IENR2 are both 1, an interrupt request
is sent to the CPU.

2. TCFincrement timing
TCF isincremented by clock input (internal clock or external event input).

a Internal clock operation
Bits CKSH2 to CKSHO or CKSL2 to CKSLO0 in TCRF select one of four internal clock
sources (2/32, @/16, @4, or gw/4) created by dividing the system clock (@ or gw).

b. External event operation
External event input is selected by clearing CKSL2to 0 in TCRF. TCF can increment on
either therising or falling edge of external event input. External event edge selection is set
by IEG3 in the interrupt controller’s |IEGR register. An external event pulse width of at
least 2 system clocks (@) is necessary. Shorter pulses will not be counted correctly.
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3. TMOFH/TMOFL output timing

In TMOFH/TMOFL output, the value set in TOLH/TOLL in TCRF isoutput. The output istoggled
by the occurrence of acompare match. Figure 9-6 shows the output timing.
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Figure9-6 TMOFH/TMOFL Output Timing
4. TCEF clear timing
TCF can be cleared by a compare match with OCRF.
5. Timer overflow flag (OVF) set timing
OVF isset to 1 when TCF overflows from H'FFFF to H'0000.
6. Compare match flag set timing

The compare match flag (CMFH or CMFL) is set to 1 when the TCF and OCRF values match. The
compare match signal is generated in the last state during which the values match (when TCF is
updated from the matching value to a new value). When TCF matches OCRF, the compare match
signal is not generated until the next counter clock.
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7. Timer F operation modes
Timer F operation modes are shown in table 9-10.

Table9-10 Timer F Operation Modes

Operation Mode Reset Active Sleep Watch Subactive Subsleep Standby '\SAtc;crj]L(let?y

TCF Reset Functions Functions Functions/ Functions/ Functions/ Halted Halted
Halted* Halted* Halted*

OCRF Reset Functions Held Held Functions  Held Held Held

TCRF Reset Functions Held Held Functions  Held Held Held

TCSRF Reset Functions Held Held Functions  Held Held Held

Note: * When g,,/4 is selected as the TCF internal clock in active mode or sleep mode, since the
system clock and internal clock are mutually asynchronous, synchronization is maintained
by a synchronization circuit. This results in a maximum count cycle error of 1/ (s). When
the counter is operated in subactive mode, watch mode, or subsleep mode, g,,/4 must be
selected as the internal clock. The counter will not operate if any other internal clock is
selected.
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9.45  Application Notes
The following types of contention and operation can occur when timer F is used.
1. 16-bit timer mode

In toggle output, TMOFH pin output istoggled when all 16 bits match and a compare match signal
isgenerated. If a TCRF write by aMOV instruction and generation of the compare match signal
occur simultaneously, TOLH dataiis output to the TMOFH pin as aresult of the TCRF write.
TMOFL pin output is unstable in 16-bit mode, and should not be used; the TMOFL pin should be
used as aport pin.

If an OCRFL write and compare match signal generation occur simultaneously, the compare match
signal isinvalid. However, if the written data and the counter value match, a compare match signal
will be generated at that point. Asthe compare match signal is output in synchronization with the
TCFL clock, a compare match will not result in compare match signal generation if the clock is
stopped.

Compare match flag CMFH is set when all 16 bits match and a compare match signal is generated.
Compare match flag CMFL is set if the setting conditions for the lower 8 bits are satisfied.

When TCF overflows, OVFH isset. OVFL isset if the setting conditions are satisfied when the
lower 8 bits overflow. If a TCFL write and overflow signal output occur simultaneously, the
overflow signal is not output.

2. 8-bit timer mode

a. TCFH, OCRFH
In toggle output, TMOFH pin output is toggled when a compare match occurs. If a TCRF
write by aMQV instruction and generation of the compare match signal occur
simultaneously, TOLH datais output to the TMOFH pin as aresult of the TCRF write.

If an OCRFH write and compare match signal generation occur simultaneously, the
compare match signal isinvalid. However, if the written data and the counter value match,
acompare match signal will be generated at that point. The compare match signal is output
in synchronization with the TCFH clock.

If a TCFH write and overflow signal output occur simultaneously, the overflow signal is not
output.

b. TCFL, OCRFL
In toggle output, TMOFL pin output is toggled when a compare match occurs. If aTCRF
write by aMOQV instruction and generation of the compare match signal occur
simultaneously, TOLL datais output to the TMOFL pin as aresult of the TCRF write.
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If an OCRFL write and compare match signal generation occur simultaneously, the compare
match signal isinvalid. However, if the written data and the counter value match, a
compare match signal will be generated at that point. Asthe compare match signal is
output in synchronization with the TCFL clock, a compare match will not result in compare
match signal generation if the clock is stopped.

If a TCFL write and overflow signal output occur simultaneously, the overflow signal is not
output.
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95 Time G
95.1 Overview

Timer G isan 8-bit timer with dedicated input capture functions for the rising/falling edges of pulses
input from the input capture input pin (input capture input signal). High-frequency component
noisein the input capture input signal can be eliminated by a noise canceler, enabling accurate
measurement of the input capture input signal duty cycle. If input capture input is not set, timer G
functions as an 8-hit interval timer.

1. Features

Features of timer G are given below.

e Choice of four internal clock sources (2/64, 2/32, @2, ow/2)

«  Dedicated input capture functions for rising and falling edges

*  Level detection at counter overflow
It is possible to detect whether overflow occurred when the input capture input signal was high
or when it was low.

«  Selection of whether or not the counter value is to be cleared at the input capture input signal
rising edge, falling edge, or both edges

«  Two interrupt sources: one input capture, one overflow. The input capture input signal rising or
falling edge can be selected as the interrupt source.

e A built-in noise canceler eliminates high-frequency component noise in the input capture input
signal.

*  Watch mode, subactive mode and subsleep mode operation is possible when ow/2 is selected as
the internal clock.

e Useof module standby mode enables this module to be placed in standby mode independently
when not used.
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2. Block diagram

Figure 9-7 shows a block diagram of timer G.

TMG  : Timer mode register G
TCG : Timer counter G

NCS : Noise canceler select
PSS : Prescaler S

@ —_— PSS
ow/4
T™IG o Noise
canceler
NCS
Notation:

ICRGF : Input capture register GF
ICRGR : Input capture register GR
IRRTG : Timer G interrupt request flag

l—l
TMG
Level
detector

l ICRGF II
B2

Edge +| TCG I

detector >
EN

ICRGR I

Internal data bus

IRRTG

Figure9-7 Block Diagram of Timer G
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3. Pinconfiguration
Table 9-11 shows the timer G pin configuration.

Table9-11  Pin Configuration

Name Abbrev. 110

Function

Input capture input TMIG Input

Input capture input pin

4. Register configuration
Table 9-12 shows the register configuration of timer G.

Table9-12 Timer G Registers

Name Abbrev. R/W Initial Value Address
Timer control register G T™MG R/W H'00 H'FFBC
Timer counter G TCG H'00 —

Input capture register GF ICRGF R H'00 H'FFBD
Input capture register GR ICRGR R H'00 H'FFBE
Clock stop register 1 CKSTPR1 R/W H'FF H'FFFA
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952  Register Descriptions

1. Timer counter (TCG)

Bit: 7 6 5 4 3 2 1 0

| tce7 | tcee | tees | tces | tces | teez | teer | Teco |
Initial value: 0 0 0 0 0 0 0 0
Read/Write: — — — — — — — —

TCG isan 8-bit up-counter which isincremented by clock input. Theinput clock is selected by bits
CKSl and CKS0in TMG.

TMIG in PMRL1isset to 1 to operate TCG as an input capture timer, or cleared to O to operate TCG
asaninterval timer*. Ininput capture timer operation, the TCG value can be cleared by therising
edge, falling edge, or both edges of the input capture input signal, according to the setting made in
TMG.

When TCG overflows from H'FF to H'00, if OVIEin TMGis 1, IRRTGissetto 1in IRR2, and if
IENTG in IENR2is 1, an interrupt request is sent to the CPU.

For details of the interrupt, see 3.3, Interrupts.
TCG cannot be read or written by the CPU. It isinitialized to H'00 upon reset.
Note: * Aninput capture signal may be generated when TMIG is modified.

2. Input capture register GF (ICRGF)

Bit: 7 6 5 4 3 2 1 0

| ICRGF7 | ICRGF6 | ICRGF5 | ICRGF4 | ICRGF3 | ICRGF2 | ICRGF1 | ICRGFO |
Initial value: 0 0 0 0 0 0 0 0
Read/Write: R R R R R R R R

ICRGF is an 8-bit read-only register. When afalling edge of the input capture input signal is
detected, the current TCG value istransferred to ICRGF. If IIEGSin TMGis1 at thistime, IRRTG
issetto 1inIRR2, and if IENTG in IENR2 is 1, an interrupt request is sent to the CPU.

For details of the interrupt, see 3.3, Interrupts.

To ensure dependabl e input capture operation, the pulse width of the input capture input signal must
be at least 2@ or 2@, (When the noise canceler is not used).

ICRGF isinitialized to H'00 upon reset.

223



3. Input capture register GR (ICRGR)

Bit: 7 6 5 4 3 2 1 0

| iIcrer7 | IcRGR6 | ICRGRS | ICRGR4 | ICRGR3 | ICRGR2 | ICRGR1 | ICRGRO
Initial value: 0 0 0 0 0 0 0 0
Read/Write: R R R R R R R R

ICRGR is an 8-hit read-only register. When arising edge of the input capture input signal is
detected, the current TCG vaueistransferred to ICRGR. If IEGSin TMGis1 at thistime, IRRTG
issetto1inIRR2, and if IENTG in IENR2 is 1, an interrupt request is sent to the CPU.

For details of the interrupt, see 3.3, Interrupts.

To ensure dependable input capture operation, the pulse width of the input capture input signal must
be at least 2@ or 2@, (when the noise canceler is not used).

ICRGRisinitialized to H'00 upon reset.

4. Timer moderegister G (TMG)

Bit: 7 6 5 4 3 2 1 0
| OVFH | OVFL | OVIE | IIEGS CCLR1 CCLRO CKS1 CKSO0
Initial value: 0 0 0 0 0 0 0 0

Read/Write: R/(W)*  R/(W)* R/W R/W R/IW R/W R/W R/W

Note: * Bits 7 and 6 can only be written with 0, for flag clearing.

TMG is an 8-hit read/write register that performs TCG clock selection from four internal clock
sources, counter clear selection, and edge selection for the input capture input signal interrupt
reguest, controls enabling of overflow interrupt requests, and also contains the overflow flags.

TMG isinitialized to H'00 upon reset.
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Bit 7: Timer overflow flag H (OVFH)

Bit 7 isa status flag indicating that TCG has overflowed from H'FF to H'00 when the input capture
input signal ishigh. Thisflag isset by hardware and cleared by software. It cannot be set by
software.

Bit 7

OVFH Description

0 Clearing conditions: (initial value)
After reading OVFH = 1, cleared by writing 0 to OVFH

1 Setting conditions:

Set when TCG overflows from H'FF to H'00

Bit 6: Timer overflow flag L (OVFL)

Bit 6 is a status flag indicating that TCG has overflowed from H'FF to H'00 when the input capture
input signal islow, or ininterval operation. Thisflagis set by hardware and cleared by software. It
cannot be set by software.

Bit 6

OVFL Description

0 Clearing conditions: (initial value)
After reading OVFL = 1, cleared by writing O to OVFL

1 Setting conditions:

Set when TCG overflows from H'FF to H'00

Bit 5: Timer overflow interrupt enable (OVIE)

Bit 5 selects enabling or disabling of interrupt generation when TCG overflows.

Bit 5

OVIE Description

0 TCG overflow interrupt request is disabled (initial value)
1 TCG overflow interrupt request is enabled
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Bit 4: Input capture interrupt edge select (IIEGS)

Bit 4 selects the input capture input signal edge that generates an interrupt request.

Bit 4

IIEGS Description

0 Interrupt generated on rising edge of input capture input signal (initial value)
1 Interrupt generated on falling edge of input capture input signal

Bits 3 and 2: Counter clear 1 and 0 (CCLR1, CCLRO)

Bits 3 and 2 specify whether or not TCG is cleared by therising edge, falling edge, or both edges of
the input capture input signal.

Bit 3 Bit 2

CCLR1 CCLRO Description

0 0 TCG clearing is disabled (initial value)
0 1 TCG cleared by falling edge of input capture input signal

1 0 TCG cleared by rising edge of input capture input signal

1 1 TCG cleared by both edges of input capture input signal

Bits 1 and 0: Clock select (CKS1, CKS0)

Bits 1 and O select the clock input to TCG from among four internal clock sources.

Bit 1 Bit 0

CKsS1 CKSO0 Description

0 0 Internal clock: counting on /64 (initial value)
0 1 Internal clock: counting on /32

1 0 Internal clock: counting on @/2

1 1 Internal clock: counting on gw/4
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5. Clock stop register 1 (CKSTPR1)

Bit: 7 6 5 4 3 2 1 0
| S1CKSTP |SSlCKSTP|532CKSTP| ADCKSTP |TGCKSTP | TFCKSTP | TCCKSTP | TACKSTP |
Initial value: 1 1 1 1 1 1 1 1

Read/Write: R/W R/W R/W R/W R/W R/W R/W R/W

CKSTPR1 isan 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to timer G is described here. For details of the other bits, see the
sections on the relevant modules.

Bit 3: Timer G module standby mode control (TGCKSTP)

Bit 3 controls setting and clearing of module standby mode for timer G.

TGCKSTP  Description

0 Timer G is set to module standby mode

1 Timer G module standby mode is cleared (initial value)
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953 Noise Canceler

The noise canceler consists of adigital low-pass filter that eliminates high-frequency component
noise from the pulses input from the input capture input pin. The noise canceler is set by NCS* in
PMRS3.

Figure 9-8 shows a block diagram of the noise canceler.

Sampling
clock

Input capture C C c C C

) . —> D Q D Q D Q D Q D Q

input signal Latch Latch Latch Latch Latch Match Noise
F’ detector | canceler
r output

: At :

Sampling clock |_| |_| |_| |_|

At: Set by CKS1 and CKSO

Figure9-8 Noise Canceler Block Diagram

The noise canceler consists of five latch circuits connected in series and a match detector circuit.
When the noise cancellation function is not used (NCS = 0), the system clock is selected as the
sampling clock When the noise cancellation function is used (NCS = 1), the sampling clock isthe
internal clock selected by CKS1 and CKS0 in TMG, the input capture input is sampled on therising
edge of this clock, and the data is judged to be correct when all the latch outputs match. If all the
outputs do not match, the previous value isretained. After areset, the noise canceler output is
initialized when the falling edge of the input capture input signal has been sampled five times.
Therefore, after making a setting for use of the noise cancellation function, a pulse with at least five
times the width of the sampling clock is a dependable input capture signal. Even if noise
cancellation is not used, an input capture input signal pulse width of at least 2@ or 29 g is
necessary to ensure that input capture operations are performed properly

Note: * An input capture signal may be generated when the NCS bit is modified.

Figure 9-9 shows an example of noise canceler timing.
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In this example, high-level input of less than five times the width of the sampling clock at the input
capture input pin is eliminated as noise.

Input capture
input signal

Sampling clock |||||||||||||||||||||||||||||

Noise canceler

output
Eliminated as noise

Figure9-9 Noise Canceler Timing (Example)

229



9.54

Operation

Timer G isan 8-bit timer with built-in input capture and interval functions.

1. Timer G functions

Timer G is an 8-bit up-counter with two functions, an input capture timer function and an interval
timer function.

The operation of these two functions is described bel ow.

a

Input capture timer operation
When the TMIG bit is set to 1 in port mode register 1 (PMR1), timer G functions as an
input capture timer*.

In areset, timer mode register G (TMG), timer counter G (TCG), input capture register GF
(ICRGF), and input capture register GR (ICRGR) are all initialized to H’ 00.

Following areset, TCG starts incrementing on the @/64 internal clock.

Theinput clock can be selected from four internal clock sources by bits CKS1 and CKS0 in
TMG.

When arising edge/falling edge is detected in the input capture signal input from the TMIG
pin, the TCG value at that time is transferred to ICRGR/ICRGF. When the edge selected by
IIEGSin TMG isinput, IRRTGissetto 1in IRR2, and if the IENTG bitin IENR2is1 at
thistime, an interrupt request is sent to the CPU. For details of the interrupt, see 3.3.,
Interrupts.

TCG can be cleared by arising edge, falling edge, or both edges of the input capture signal,
according to the setting of bits CCLR1 and CCLROin TMG. If TCG overflows when the
input capture signal is high, the OVFH bit isset in TMG; if TCG overflows when the input
capture signal islow, the OVFL bitissetin TMG. If the OVIE bitin TMG is 1 when these
bitsare set, IRRTGissetto 1 in IRR2, and if the IENTG bit in IENR2 is 1, timer G sends
an interrupt request to the CPU. For details of the interrupt, see 3.3, Interrupts.

Timer G has a built-in noise canceler that enables high-frequency component noise to be
eliminated from pulses input from the TMIG pin. For details, see 9.5.3, Noise Canceler.

Note: * Aninput capture signal may be generated when TMIG is modified.

Interval timer operation
When the TMIG hit iscleared to 0 in PMR1, timer G functions as an interval timer.
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Following areset, TCG starts incrementing on the @/64 internal clock. The input clock can
be selected from four internal clock sources by bits CKS1 and CKS0in TMG. TCG
increments on the selected clock, and when it overflows from H’ FF to H’ 00, the OVFL bit
issetto 1in TMG. If the OVIE bitin TMGis 1 at thistime, IRRTG issetto 1in IRR2, and
if the IENTG bitin IENR2 is 1, timer G sends an interrupt request to the CPU. For details
of theinterrupt, see 3.3, Interrupts.

2. Increment timing

TCG isincremented by internal clock input. Bits CKS1 and CKS0 in TMG select one of four
internal clock sources (a/64, 2/32, @/2, or aw/4) created by dividing the system clock (@) or watch
clock (aw).

3. Input capture input timing

a.  Without noise cancellation function
For input capture input, dedicated input capture functions are provided for rising and falling
edges.

Figure 9-10 shows the timing for rising/falling edge input capture input.

Input capture
input signal

Input capture
signal F \

Input capture
signal R

Figure9-10 Input Capture Input Timing (without Noise Cancellation Function)

b. With noise cancellation function
When noise cancellation is performed on the input capture input, the passage of the input
capture signal through the noise canceler resultsin adelay of five sampling clock cycles
from the input capture input signal edge.

Figure 9-11 shows the timing in this case.
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Input capture
input signal

Sampling clock

Noise canceler
output

Input capture
signal R

3

Figure9-11 Input Capturelnput Timing (with Noise Cancellation Function)

4. Timing of input capture by input capture input

Figure 9-12 shows the timing of input capture by input capture input

Input capture
signal

TCG

Input capture
register

>< N+1

Figure9-10 Timing of Input Capture by Input Capture I nput




5. TGC clear timing
TCG can be cleared by the rising edge, falling edge, or both edges of the input capture input signal .

Figure 9-13 shows the timing for clearing by both edges.

Input capture
input signal ((

)
Input capture
signal F ((

Input capture
signal R ((

((
))

TCG N >< H'00 (0 N >< H'00
))

Figure9-13 TCG Clear Timing
6. Timer G operation modes
Timer G operation modes are shown in table 9-13.

Table9-13  Timer G Operation Modes

Operation Module
Mode Reset Active Sleep Watch Subactive Subsleep Standby Standby

TCG Input capture Reset Functions* Functions* Functions/ Functions/ Functions/ Halted Halted
halted* halted* halted*

Interval Reset Functions* Functions* Functions/ Functions/ Functions/ Halted Halted
halted* halted* halted*

ICRGF Reset Functions* Functions* Functions/ Functions/ Functions/ Held Held
halted* halted* halted*

ICRGR Reset Functions* Functions* Functions/ Functions/ Functions/ Held Held
halted* halted* halted*
TMG Reset Functions Held Held Functions Held Held Held

Note: * When gw/4 is selected as the TCG internal clock in active mode or sleep mode, since the
system clock and internal clock are mutually asynchronous, synchronization is maintained
by a synchronization circuit. This results in a maximum count cycle error of 1/g(s). When
gwl/4 is selected as the TCG internal clock in watch mode, TCG and the noise canceler
operate on the gw/4 internal clock without regard to the g subclock (gw/8, ew/4, gw/2).
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Note that when another internal clock is selected, TCG and the noise canceler do not
operate, and input of the input capture input signal does not result in input capture.
To operate the timer G in subactive mode or subsleep mode, select gw/4 as the TCG
internal clock and gw/2 as the subclock ggyg. Note that when other internal clock is
selected, or when gw/8 or gw/4 is selected as the subclock ggg, TCG and the noise
canceler do not operate.

955  Application Notes
1. Interna clock switching and TCG operation

Depending on the timing, TCG may be incremented by a switch between difference internal clock
sources. Table 9-14 shows the relation between internal clock switchover timing (by write to bits
CKS1 and CKS0) and TCG operation.

When TCG isinternally clocked, an increment pulse is generated on detection of the falling edge of
aninternal clock signal, which is divided from the system clock (@) or subclock (aw). For this
reason, in a case like No. 3 in table 9-14 where the switch is from a high clock signal to alow clock
signal, the switchover is seen as afalling edge, causing TCG to increment.
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Table 9-14

Clock Levels Before and
After Modifying Bits CKS1

Internal Clock Switching and TCG Operation

No. and CKSO TCG Operation
1 Goes from low level to low level
Clock before | | | | |
switching J
Clock after 1
switching |
Count
clock |_|
TCG N X N+1 X
Write to CKS1 and CKSO
2 Goes from low level to high level
Clock before | | | | |
switching J K
Clock before
switching )
Count
clock |_| |_|
TCG N X N+1 X N+2 X
Write to CKS1 and CKSO
3 Goes from high level to low level
Clock before | | | | |
switching J

Clock before
switching

Count |_|
clock

TCG N X

Write to CKS1 and CKSO
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Table9-14  Internal Clock Switching and TCG Operation (cont)

Clock Levels Before and
After Modifying Bits CKS1
No. and CKSO TCG Operation

Clock beforeJ | | | | |

switching K

Clock before

switching ) |

Count |_| |_|

clock

TCG N X N+1 X N+2 X

Write to CKS1 and CKS0

4 Goes from high level to high level

Note: * The switchover is seen as a falling edge, and TCG is incremented.
2. Notes on port mode register modification

The following points should be noted when a port mode register is modified to switch the input
capture function or the input capture input noise canceler function.

e Switching input capture input pin function

Note that when the pin function is switched by modifying TMIG in port mode register 1 (PMR1),
which performs input capture input pin control, an edge will be regarded as having been input at the
pin even though no valid edge has actually been input. Input capture input signal input edges, and
the conditions for their occurrence, are summarized in table 9-15.
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Table9-15 Input Capturelnput Signal Input Edges Dueto Input Capture Input Pin
Switching, and Conditionsfor Their Occurrence

Input Capture Input Signal
Input Edge Conditions

Generation of rising edge When TMIG is modified from 0 to 1 while the TMIG pin is high

When NCS is modified from 0 to 1 while the TMIG pin is high,
then TMIG is modified from O to 1 before the signal is sampled
five times by the noise canceler

Generation of falling edge When TMIG is modified from 1 to 0 while the TMIG pin is high

When NCS is modified from 0 to 1 while the TMIG pin is low,
then TMIG is modified from O to 1 before the signal is sampled
five times by the noise canceler

When NCS is modified from 0 to 1 while the TMIG pin is high,
then TMIG is modified from 1 to O after the signal is sampled
five times by the noise canceler

Note: When the P15 pin is not set as an input capture input pin, the timer G input capture input
signal is low.

e Switching input capture input noise canceler function

When performing noise canceler function switching by modifying NCSin port mode register 3
(PMR3), which controls the input capture input noise canceler, TMIG should first be cleared to 0.
Note that if NCS is modified without first clearing TMIG, an edge will be regarded as having been
input at the pin even though no valid edge has actually been input. Input capture input signal input
edges, and the conditions for their occurrence, are summarized in table 9-16.

Table9-16  Input CapturelInput Signal Input Edges Dueto Noise Canceler Function
Switching, and Conditionsfor Their Occurrence

Input Capture Input Signal
Input Edge Conditions

Generation of rising edge When the TMIG pin level is switched from low to high while
TMIG is set to 1, then NCS is modified from 0O to 1 before the
signal is sampled five times by the noise canceler

Generation of falling edge When the TMIG pin level is switched from high to low while
TMIG is set to 1, then NCS is modified from 1 to 0 before the
signal is sampled five times by the noise canceler

When the pin function is switched and an edge is generated in the input capture input signal, if this
edge matches the edge selected by the input capture interrupt select (11EGS) bit, the interrupt
request flag will be set to 1. The interrupt request flag should therefore be cleared to 0 before use.
Figure 9-14 shows the procedure for port mode register manipulation and interrupt request flag
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clearing. When switching the pin function, set the interrupt-disabled state before manipulating the
port mode register, then, after the port mode register operation has been performed, wait for thetime
required to confirm the input capture input signal as an input capture signal (at least two system
clocks when the noise canceler is not used; at least five sampling clocks when the noise canceler is
used), before clearing the interrupt enable flag to 0. There are two ways of preventing interrupt
reguest flag setting when the pin function is switched: by controlling the pin level so that the
conditions shown in tables 9-15 and 9-16 are not satisfied, or by setting the opposite of the
generated edge in the IIEGS bit in TMG.

Disable interrupts. (Interrupts can also be disabled by
| manipulating the interrupt enable bit in interrupt enable

| Set | bitto 1 in CCR
register 2.)

Manipul rtm register . . . .
| anipulate port mode registe After manipulating he port mode register, wait for the

I | TMIG confirmation time (at least two system clocks when

| TMIG confirmation time the noise canceler is not used; at least five sampling
I clocks when the noise canceler is used), then clear the

| Clear interrupt request flag to 0 interrupt enable flag to 0.

| Clear | bitto 0 in CCR | Enable interrupts

Figure9-14 Port Mode Register Manipulation and Interrupt Enable Flag Clearing
Procedure

956 Timer G Application Example

Using timer G, it is possible to measure the high and low widths of the input capture input signal as
absolute values. For this purpose, CCLR1 and CCLRO should both be setto 1in TMG.

Figure 9-15 shows an example of the operation in this case.
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Figure9-15 Timer G Application Example
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9.6 Watchdog Timer
9.6.1 Overview

The watchdog timer has an 8-bit counter that isincremented by an input clock. If a system runaway
allows the counter value to overflow before being rewritten, the watchdog timer can reset the chip
internally.

1. Features
Features of the watchdog timer are given below.
e Incremented by internal clock source (2/8192 or aw/32).

e Areset signd is generated when the counter overflows. The overflow period can be set from
from 1 to 256 times 8192/g or 32/gw (from approximately 4 msto 1000 ms when @ = 2.00
MHz).

e Useof module standby mode enables this module to be placed in standby mode independently
when not used.

2. Block diagram

Figure 9-16 shows a block diagram of the watchdog timer.

N
aw/32 TCSRW - -
L »
>
o}
2/8192 - - ,g
g ——————» PSS 4>|Z’—> TCW S
©
£
Q
5
Notation: N
TCSRW: Timer control/status register W ——= Reset signal

TCW: Timer counter W
PSS: Prescaler S

Figure9-16 Block Diagram of Watchdog Timer
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3. Register configuration
Table 9-17 shows the register configuration of the watchdog timer.

Table9-17 Watchdog Timer Registers

Name Abbrev. R/W Initial Value Address
Timer control/status register W TCSRW R/W H'AA H'FFB2
Timer counter W TCW R/W H'00 H'FFB3
Clock stop register 2 CKSTP2 R/W H'FF H'FFFB
Port mode register 3 PMR3 R/W H'00 H'FFCA

9.6.2 Register Descriptions

1. Timer control/status register W (TCSRW)

Bit 7 6 5 4 3 2 1 0

‘ B6WI ‘ TCWE ‘ B4WI ‘TCSRWE‘ B2WI ‘ WDON ‘ BOWI ‘ WRST ‘
Initial value 1 0 1 0 1 0 1 0
Read/Write R R/W™ R R/W* R R/W* R R/W*

Note: * Write is permitted only under certain conditions, which are given in the descriptions of
the individual bits.

TCSRW is an 8-hit read/write register that controls write accessto TCW and TCSRW itself,
controls watchdog timer operations, and indicates operating status.

Bit 7: Bit 6 write inhibit (B6WI)

Bit 7 controls the writing of datato bit 6 in TCSRW.

Bit 7

B6WI Description

0 Bit 6 is write-enabled

1 Bit 6 is write-protected (initial value)

Thishbit isawaysread as 1. Data written to this bit is not stored.
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Bit 6: Timer counter W write enable (TCWE)

Bit 6 controls the writing of datato TCW.

Bit 6

TCWE Description

0 Data cannot be written to TCW (initial value)
1 Data can be written to TCW

Bit 5: Bit 4 write inhibit (B4WI)

Bit 5 controls the writing of datato bit 4 in TCSRW.

Bit 5

B4WI Description

0 Bit 4 is write-enabled

1 Bit 4 is write-protected (initial value)
Thisbit isalwaysread as 1. Data written to this bit is not stored.

Bit 4: Timer control/status register W write enable (TCSRWE)

Bit 4 controls the writing of datato TCSRW bits 2 and 0.

Bit 4

TCSRWE Description

0 Data cannot be written to bits 2 and 0 (initial value)
1 Data can be written to bits 2 and 0

Bit 3: Bit 2 write inhibit (B2WI)

Bit 3 controls the writing of datato bit 2 in TCSRW.

Bit 3

B2wWI Description

0 Bit 2 is write-enabled

1 Bit 2 is write-protected (initial value)

This bit is always read as 1. Data written to this bit is not stored.
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Bit 2: Watchdog timer on (WDON)

Bit 2 enables watchdog timer operation.

Bit 2

WDON Description

0 Watchdog timer operation is disabled (initial value)
Clearing conditions:
Reset, or when TCSRWE = 1 and 0 is written in both B2WI and WDON

1 Watchdog timer operation is enabled

Setting conditions:
When TCSRWE =1 and 0 is written in B2WI and 1 is written in WDON

Counting starts when this bit is set to 1, and stops when this bit is cleared to O.
Bit 1: Bit O writeinhibit (BOWI)

Bit 1 controls the writing of datato bit 0 in TCSRW.

Bit 1

BOWI Description

0 Bit 0 is write-enabled

1 Bit O is write-protected (initial value)

Thisbit isawaysread as 1. Data written to this bit is not stored.
Bit 0: Watchdog timer reset (WRST)

Bit O indicates that TCW has overflowed, generating an internal reset signal. Theinternal reset
signal generated by the overflow resets the entire chip. WRST is cleared to 0 by areset from the
RES pin, or when software writes 0.

Bit 0
WRST Description
0 Clearing conditions:
Reset by RES pin
When TCSRWE =1, and 0 is written in both BOWI and WRST
1 Setting conditions:

When TCW overflows and an internal reset signal is generated
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2. Timer counter W (TCW)

Bit 7 6 5 4 3 2 1 0

‘ TCW7 ‘ TCW6 ‘ TCW5 ‘ TCW4 ‘ TCW3 ‘ TCW2 ‘ TCW1 ‘ TCWO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

TCW is an 8-bit read/write up-counter, which is incremented by internal clock input. The input
clock is @/8192 or ew/32. The TCW value can always be written or read by the CPU.

When TCW overflows from H'FF to H'00, an internal reset signal is generated and WRST issetto 1
in TCSRW. Upon reset, TCW isinitialized to H'00.

3. Clock stop register 2 (CKSTPR2)

Bit 7 6 5 4 3 2 1 0

| — | — | — | — | AECKSTP |WDCKSTP| PWCKSTP| LDCKSTP |
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — R/W R/W RW RW

CKSTPR2 is an 8-hit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to the watchdog timer is described here. For details of the other bits,
see the sections on the relevant modules.

Bit 2: Watchdog timer module standby mode control (WDCKSTP)

Bit 2 controls setting and clearing of module standby mode for the watchdog timer.

WDCKSTP Description

0 Watchdog timer is set to module standby mode

1 Watchdog timer module standby mode is cleared (initial value)

Note: WDCKSTP is valid when the WDON bit is cleared to 0 in timer control/status register W
(TCSRW). If WDCKSTP is set to 0 while WDON is set to 1 (during watchdog timer
operation), 0 will be set in WDCKSTP but the watchdog timer will continue its watchdog
function and will not enter module standby mode. When the watchdog function ends and
WDON is cleared to 0 by software, the WDCKSTP setting will become valid and the
watchdog timer will enter module standby mode.
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4. Port mode register 3 (PMR3)

PMR3 is an 8-bit read/write register, mainly controlling the selection of pin functions for port 3
pins. Only the bit relating to the watchdog timer is described here. For details of the other bits, see
section 8, 1/0 Ports.

Bit 5: Watchdog timer source clock select (WDCKS)

WDCKS Description

0 2/8192 selected (initial value)

1 ow/32 selected

9.6.3 Timer Operation

The watchdog timer has an 8-bit counter (TCW) that isincremented by clock input (2/8192 or
ow/32). Theinput clock is selected by bit WDCKS in port mode register 3 (PMR3): /8192 is
selected when WDCKSiis cleared to 0, and aw/32 when set to 1. When TCSRWE = 1in TCSRW, if
O iswritten in B2WI and 1 is simultaneously written in WDON, TCW starts counting up. When the
TCW count value reaches H'FF, the next clock input causes the watchdog timer to overflow, and an
internal reset signal is generated one base clock (@ or gg,g) cycle later. The internal reset signal is
output for 512 clock cycles of the g clock. It is possible to write to TCW, causing TCW to count
up from the written value. The overflow period can be set in the range from 1 to 256 input clocks,
depending on the value written in TCW.

Figure 9-17 shows an example of watchdog timer operations.
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Example: g = 2 MHz and the desired overflow period is 30 ms.

2 x 108

—3 -
8192 x 30 x 10 7.3

The value set in TCW should therefore be 256 — 8 = 248 (H'F8).

TCW overflow
TCW count
value
HOO ———------ % fffffffffffffffffffffffffffffffffffffff
Start T T T \
H'F8 written H'F8 written in TCW Reset
in TCW
Internal reset
signal

512 gpgc clock cycles

Figure9-17 Typical Watchdog Timer Operations (Example)
9.6.4 Watchdog Timer Operation States
Table 9-18 summarizes the watchdog timer operation states.

Table 9-18 Watchdog Timer Operation States

Sub- Sub-

Operation Mode Reset Active Sleep Watch active sleep Standby

TCW Reset Functions Functions Halted Functions/ Halted Halted
Halted*

TCSRW Reset Functions Functions Retained Functions/ Retained Retained
Halted*

Note: * Functions when gw/32 is selected as the input clock.
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9.7 Asynchronous Event Counter (AEC)

9.7.1 Overview

The asynchronous event counter is incremented by external event clock input.

1. Features

Features of the asynchronous event counter are given below.

Can count asynchronous events

Can count external events input asynchronously without regard to the operation of base clocks
g and gg .

The counter has a 16-bit configuration, enabling it to count up to 65536 (216) events.
Can also be used as two independent 8-bit event counter channels.

Counter resetting and halting of the count-up function controllable by software
Automatic interrupt generation on detection of event counter overflow

Use of module standby mode enables this module to be placed in standby mode independently
when not used.
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2. Block diagram

Figure 9-18 shows a block diagram of the asynchronous event counter.

»|RREC
AN
ECCSR [« >
] 2
g
@©
OVH ko]
] ECH o« | > =
I g
AEVH © > £
OvL
ECL ok ey g
AEVL © L/
Notation:
ECCSR : Event counter control/status register
ECH : Event counter H
ECL : Event counter L

AEVH : Asynchronous event input H
AEVL : Asynchronous event input L
IRREC : Event counter overflow interrupt request flag

Figure9-18 Block Diagram of Asynchronous Event Counter
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3. Pinconfiguration
Table 9-19 shows the asynchronous event counter pin configuration.

Table9-19  Pin Configuration

Name Abbrev. I/0 Function
Asynchronous event input H AEVH Input Event input pin for input to event counter H
Asynchronous event input L AEVL Input Event input pin for input to event counter L

4. Register configuration
Table 9-20 shows the register configuration of the asynchronous event counter.

Table9-20  Asynchronous Event Counter Registers

Name Abbrev. R/W Initial Value  Address
Event counter control/status register ECCSR R/W H'00 H'FF95
Event counter H ECH R H'00 H'FF96
Event counter L ECL R H'00 H'FF97
Clock stop register 2 CKSTP2 R/W H'FF H'FFFB

9.72  Register Descriptions

1. Event counter control/status register (ECCSR)

Bit 7 6 5 4 3 2 1 0
OVH o | — | cHz | cuen | cueL | cren | creL

Initial Value 0 0 0 0 0 0 0 0

Read/Write RIWY  RIW)* RIW RIW RIW RIW RIW RIW

Note: * Bits 7 and 6 can only be written with 0, for flag clearing.

ECCSR is an 8-bit read/write register that controls counter overflow detection, counter resetting,
and halting of the count-up function.

ECCSR isinitialized to H'00 upon reset.
Bit 7: Counter overflow flag H (OVH)

Bit 7 isa status flag indicating that ECH has overflowed from H'FF to H'00. Thisflagis set when
ECH overflows. It iscleared by software but cannot be set by software. OVH iscleared by reading
it when set to 1, then writing O.
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When ECH and ECL are used as a 16-bit event counter with CH2 cleared to 0, OVH functionsas a
status flag indicating that the 16-bit event counter has overflowed from H'FFFF to H'0000.

Bit 7
OVH Description
0 ECH has not overflowed (initial value)

Clearing conditions:
After reading OVH = 1, cleared by writing 0 to OVH

1 ECH has overflowed
Setting conditions:
Set when ECH overflows from H'FF to H'00

Bit 6: Counter overflow flag L (OVL)

Bit 6 is a status flag indicating that ECL has overflowed from H'FF to H'00. Thisflag isset when
ECL overflows. Itiscleared by software but cannot be set by software. OVL is cleared by reading
it when set to 1, then writing O.

Bit 6

OVL Description

0 ECL has not overflowed (initial value)
Clearing conditions:
After reading OVL = 1, cleared by writing 0 to OVL

1 ECL has overflowed

Setting conditions:
Set when ECL overflows from H'FF to H'00 while CH2 is set to 1

Bit 5: Reserved bit
Bit 5isreserved; it can be read and written, and isinitialized to O upon reset.
Bit 4: Channel select (CH2)

Bit 4 selects whether ECH and ECL are used as a single-channel 16-bit event counter or as two
independent 8-bit event counter channels. When CH2 is cleared to 0, ECH and ECL function asa
16-bit event counter which isincremented each time an event clock is input to the AEVL pin as
asynchronous event input. In this case, the overflow signal from ECL is selected as the ECH input
clock. When CH2 isset to 1, ECH and ECL function as independent 8-bit event counters which are
incremented each time an event clock isinput to the AEVH or AEVL pin, respectively, as
asynchronous event input.
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Bit 4

CH2 Description
0 ECH and ECL are used together as a single-channel 16-bit event counter

(initial value)
1 ECH and ECL are used as two independent 8-bit event counter channels

Bit 3: Count-up enable H (CUEH)

Bit 3 enables event clock input to ECH. When 1 iswritten to this bit, event clock input is enabled
and increments the counter. When 0 is written to this bit, event clock input is disabled and the ECH
valueisheld. The AEVH pin or the ECL overflow signal can be selected as the event clock source
by bit CH2.

Bit 3

CUEH Description

0 ECH event clock input is disabled (initial value)
ECH value is held

1 ECH event clock input is enabled

Bit 2: Count-up enable L (CUEL)

Bit 3 enables event clock input to ECL. When 1 iswritten to this bit, event clock input is enabled
and increments the counter. When 0 iswritten to this bit, event clock input is disabled and the ECL
valueis held.

Bit 2

CUEL Description

0 ECL event clock input is disabled (initial value)
ECL value is held

1 ECL event clock input is enabled

Bit 1: Counter reset control H (CRCH)

Bit 1 controls resetting of ECH. When thisbit is cleared to 0, ECH isreset. When 1iswritten to
this bit, the counter reset is cleared and the ECH count-up function is enabled.

Bit 1

CRCH Description

0 ECH is reset (initial value)
1 ECH reset is cleared and count-up function is enabled
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Bit 0: Counter reset control L (CRCL)

Bit O controls resetting of ECL. When thisbit is cleared to 0, ECL isreset. When 1 iswritten to
this bit, the counter reset is cleared and the ECL count-up function is enabled.

Bit 0

CRCL Description

0 ECL is reset (initial value)
1 ECL reset is cleared and count-up function is enabled

2. Event counter H (ECH)

Bit 7 6 5 4 3 2 1 0

| ECH7 | ECHG6 | ECH5 | ECH4 | ECH3 | ECH2 | ECH1 | ECHO |
Initial Value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

ECH is an 8-hit read-only up-counter that operates either as an independent 8-bit event counter or as
the upper 8-bit up-counter of a 16-bit event counter configured in combination with ECL. Either the
external asynchronous event AEVH pin or the overflow signal from lower 8-bit counter ECL can be
selected as the input clock source by bit CH2. ECH can be cleared to H'00 by software, and is also
initialized to H'00 upon reset.

3. Event counter L (ECL)

ECL isan 8-hit read-only up-counter that operates either as an independent 8-bit event counter or as
the lower 8-bit up-counter of a 16-bit event counter configured in combination with ECH. The
event clock from the external asynchronous event AEVL pinis used as the input clock source. ECL
can be cleared to H'00 by software, and isaso initialized to H'00 upon reset.

Bit 7 6 5 4 3 2 1 0
Ec7 | Ece | Ecis | eca | Ecis ECL2 | ECLL ECLO

Initial Value 0 0 0 0 0 0 0 0

Read/Write R R R R R R R R
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4. Clock stop register 2 (CKSTPR2)

Bit 7 6 5 4 3 2 1 0

| — | — | — | — | AECKSTP |WDCKSTP|PWCKSTP| LDCKSTP |
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — RW RW RW RW

CKSTPR2 is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to the asynchronous event counter is described here. For details of
the other bits, see the sections on the relevant modules.

Bit 3: Asynchronous event counter module standby mode control (AECKSTP)

Bit 3 controls setting and clearing of module standby mode for the asynchronous event counter.

AECKSTP Description

0 Asynchronous event counter is set to module standby mode

1 Asynchronous event counter module standby mode is cleared (initial value)
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9.7.3  Operation
1. 16-bit event counter operation

When bit CH2 is cleared to 0 in ECCSR, ECH and ECL operate as a 16-bit event counter. Figure 9-
19 shows an exampl e of the software processing when ECH and ECL are used as a 16-bit event
counter.

Clear CH2to 0
Clear CUEH, CUEL, CRCH, and CRCLto 0

A 4

Clear OVH and OVL to 0
Set CUEH, CUEL, CRCH, and CRCL to 1

Figure9-19 Example of Software Processing when Using ECH and ECL as 16-Bit Event
Counter

AsCH2iscleared to O by areset, ECH and ECL operate as a 16-bit event counter after a reset.
They can also be used as a 16-bit event counter by carrying out the software processing shown in
the examplein figure 9-19. The operating clock source is asynchronous event input from the AEVL
pin. When the next clock isinput after the count value reaches H'FF in both ECH and ECL, ECH
and ECL overflow from H'FFFF to H'0000, the OVH flag isset to 1 in ECCSR, the ECH and ECL
count values each return to H'00, and counting up isrestarted. When overflow occurs, the IRREC
bitissetto 1in IRR2. If the [IENEC bit in IENR2 is 1 at thistime, an interrupt request is sent to the
CPU.

2. 8-bit event counter operation

When bit CH2 isset to 1 in ECCSR, ECH and ECL operate as independent 8-bit event counters.
Figure 9-20 shows an example of the software processing when ECH and ECL are used as 8-bit
event counters.
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SetCH2to 1

Clear CUEH, CUEL, CRCH, and CRCL to 0

Clear OVHto O
Set CUEH, CUEL, CRCH, and CRCL to 1

Figure9-20 Example of Softwar e Processing when Using ECH and ECL as 8-Bit Event
Counters

ECH and ECL can be used as 8-hit event counters by carrying out the software processing shown in
the example in figure 9-20. The 8-bit event counter operating clock source is asynchronous event
input from the AEVH pin for ECH, and asynchronous event input from the AEVL pin for ECL.
When the next clock isinput after the ECH count value reaches H'FF, ECH overflows, the OVH
flagissetto 1in ECCSR, the ECH count value returns to H'00, and counting up is restarted.
Similarly, when the next clock isinput after the ECL count value reaches H'FF, ECL overflows, the
OVL flagissetto 1in ECCSR, the ECL count value returns to H'00, and counting up is restarted.
When overflow occurs, the IRREC bit isset to 1 in IRR2. If the IENEC bitin IENR2 is 1 at this
time, an interrupt request is sent to the CPU.

9.7.4. Asynchronous Event Counter Operation Modes
Asynchronous event counter operation modes are shown in table 9-21.

Table9-21  Asynchronous Event Counter Operation Modes

Operation Module
Mode Reset Active Sleep Watch Subactive Subsleep Standby Standby
ECCSR Reset Functions Functions Held*1 Functions  Functions Held*1 Held
ECH Reset Functions Functions*! Functions*1 Functions  Functions Functions*! Halted
ECL Reset Functions Functions*1 Functions*1 Functions  Functions Functions*1 Halted

Note: 1. When an asynchronous external event is input, the counter increments but the counter
overflow H/L flags are not affected.
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9.75  Application Notes

1. When reading the valuesin ECH and ECL, first clear bits CUEH and CUEL to 0 in ECCSR to
prevent asynchronous event input to the counter. The correct value will not be returned if the
event counter increments while being read. Note that ECH and ECL counter may be
incremented by 1 when clearing CUEH and CUEL to 0in ECCSR.

2. The maximum clock frequenciesto be input to AEVH and AEVL pinswith the internal power
supply step-down circuir not used are: 6 MHzwhen V- =4.5t055V, 4 MHzwhen V¢ =
3.0t0 5.5V, and 3.2 MHz when V- = 2.6 t0 5.5 V. The maximum clock frequency with the
internal power supply step-down circuit used is2 MHz when V- =2.2t05.5V. Otherwise,
ensure that the maximum frequency is 1 MHz. In addition, ensure that the high and low widths
of theclock are at least 83 ns. The duty cycleisimmaterial.

Maximum AEVH/AEVL Pin
Mode Input Clock Frequency

16-bit mode When not using the internal
step-down circuit

Vee = 4.5 10 5.5 V/6 MHz
Vce = 3.0 t0 5.5 V/4 MHz
Vce = 2.6 10 5.5 V/3.2 MHz
Vee = 2.2 10 5.5 V/2 MHz
Others/1 MHz

8-bit mode  Active (high-speed), sleep (high-speed)

When using the internal
step-down circuit

Vee =2.210 5.5 V/I2 MHz
Others/1 MHz

8-bit mode  Active (medium-speed), sleep (medium-speed) (2/16) 2 -fogc
(2/32)  fosc

fosc = 400 kHz to 4 MHz (0/128) 1/4 -fosc

8-bit mode  Waitch, subactive, subsleep, standby (ow/2) 1000 kHz
(ow/4) 500 kHz
pw = 32.768 kHz or 38.4 kHz (ow/8) 250 kHz

3. When using the clock in the 16-bit mode, set CUEH to 1 first, then set CRCH to 1in ECCSR.
Or, set CUEH and CRCH simultaneously before inputting the clock. After that, do not change
the CUEH value while using in the 16-bit mode. Otherwise, an error counter increment may
occur.
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Section 10 Serial Communication Interface

10.1 Overview

The H8/3887 Seriesis provided with three serial communication interface (SCI) channels. The
functions of the three SCI channels are summarized in table 10-1.

Table10-1 Overview of SCI Functions

SCI Name Functions Features
SCI1 Synchronous serial transfer functions » Choice of 8 internal clocks (2/1024
» Choice of transfer data length to @/4, @,,/4) or external clock
(8 or 16 hits) » Open-drain output option
« Continuous clock output function  Interrupt generated on completion
of transfer
SCI31, Synchronous serial transfer functions * On-chip baud rate generator
SCI32 » 8-bit transfer data length * Receive error detection
e Transmission/reception/simultaneous » Break detection
transmission and reception  Interrupt generated on completion

: . of transfer or in case of error
Asynchronous serial transfer functions

e Multiprocessor communication function

* Choice of transfer data length (7 or 8 bits)
« Choice of stop bit length (1 or 2 bits)

« Parity addition function

10.2 SCI1
10.2.1 Overview

Serial communication interface 1 (SCI1) can carry out 8-bit or 16-bit serial datatransfer in
synchronous mode. It is also provided with a communication function called a Synchronized Serial
Bus (SSB) that enables a number of 1Cs to be controlled.

1. Features
Features of SCI1 are listed below.
e Choice of 8-bit or 16-bit transfer data length

» Choiceof 8internal clocks (2/1024, 21256, 964, @32, 2/16, &/8, @/4, or g,,/4) or external clock
as clock source

e Interrupt request generated on completion of transfer

e Choice of hold mode or latch mode in SSB mode
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2. Block Diagram

Figure 10-1 shows a block diagram of SCI 1.

PSS L

owl4

SCK1 O«
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Transmit/receive
control circuit

SCR1

SCSR1

-

Transfer bit counter

SOl O=

. A

SDRU

SDRL

Transfer bit counter

m e |

SCR1:
SCSR1:
SDRU:
SDRL:
IRRS1:
PSS:

Notation:

Serial control register 1

Serial control status register 1
Serial data register U

Serial data register L

Serial 1 interrupt request flag
Prescaler S

» |RRS1

Figure10-1 SCI1 Block Diagram
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3. Pinconfiguration
Table 10-2 shows the SCI1 pin configuration.

Table10-2 SCI1 Pin Configuration

Name Abbrev. I/0 Function

SCI1 clock SCK; I/0 SCI1 clock input/output
SCI1 data input Sly Input SCI1 receive data input
SCI1 data output SOq Output SCI1 transmit data output

4. Register configuration
Table 10-3 shows the SCI 1 register configuration.

Table10-3 Registers

Name Abbrev. R/W Initial Value Address
Serial control register 1 SCR1 R/W H'00 H'FFAO
Serial control status register 1 SCSR1 R/W H'9C H'FFAl
Serial data register U SDRU R/W Undefined H'FFA2
Serial data register L SDRL R/W Undefined H'FFA3
Clock stop register 1 CKSTPR1 R/W H'FF H'FFFA

10.2.2 Register Descriptions

1. Serial control register 1 (SCR1)

Bit 7 6 5 4 3 2 1 0

‘ SNC1 ‘ SNCO ‘MRKON‘ LTCH ‘ CKS3 ‘ CKS2 ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

SCR1 isan 8-bit read/write register that controls the operating mode, serial clock source, and
prescaler division ratio.

Upon reset, SCR1 isinitialized to H'00. If this register is written to during transfer, transfer will be
halted.
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Bits 7 and 6: Operating mode select 1 and 0 (SNC1, SNCO0)

Bits 7 and 6 select the operating mode.

Bit 7 Bit 6

SNC1 SNCO Description

0 0 8-bit synchronous mode (initial value)
0 1 16-bit synchronous mode

1 0 Continuous clock output mode*

1 1 Reserved*?2

Notes: 1. Use pins SI1 and SO1 as ports.
2. Do not set bits SNC1 and SNCO to 11.

Bit 5: Tail mark control (MRKON)

Bit 5 controls tail mark output after transfer of 8-bit or 16-bit data.

Bit 5

MRKON Description

0 Tail mark is not output (synchronous mode) (initial value)
1 Tail mark is output (SSB mode)

Bit 4: LATCH TAIL select (LTCH)

Bit 4 selects whether LATCH TAIL or HOLD TAIL isoutput as the tail mark when MRKON =1
(i.e. in SSB mode).

Bit 4

LTCH Description

0 HOLD TAIL is output (initial value)
1 LATCH TAIL is output

Bit 3: Clock source select 3 (CKS3)

Bit 3 selects the clock source to be supplied and sets the SCK 4 pin to input or output mode.

Bit 3

CKSs3 Description

0 Clock source is prescaler S, SCK; is output pin (initial value)
1 Clock source is external clock, SCK; is input pin
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Bits2to 0: Clock select 2 to 0 (CKS2 to CKS0)

When CKS3 is cleared to O, bits 2 to 0 selects the prescaler division ratio and the serial clock cycle.

Serial Clock Cycle

Bit 2 Bit 1 Bit 0

CKS2 CKS1 CKSO0 Prescaler Division Ratio g =2.5MHz
0 0 0 2/1024 (initial value) 409.6 ps

0 0 1 /256 102.4 ps

0 1 0 2/64 25.6 us

0 1 1 2/32 12.8 ps

1 0 0 /16 6.4 us

1 0 1 2/8 3.2us

1 1 0 al4 1.6 pus

1 1 1 o\ l4 122 ps

2. Serial control statusregister 1 (SCSR1)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ SOL ‘ ORER ‘ — ‘ — ‘ — ‘ MTRF ‘ STF ‘
Initial value 1 0 0 1 1 1 0 0
Read/Write — R/W R/(W)* — — — R R/W

Note: * Only a write of O for flag clearing is possible.

SCSR1 is an 8-hit register that indicates the operational and error status of SCI1.
Upon reset, SCSR1 isinitialized to H'9C.

Bit 7: Reserved bit

Bits 7 isreserved; it is always read as 1 and cannot be modified.

Bit 6: Extension data bit (SOL)

The SOL bit changes the output level of the SO; pin. When read, SOL returns the output level of the
SO, pin. After transfer is completed, SO; pin output retains the value of the last bit of the transmit
data, and therefore the SO, pin output level can be changed by manipulating this bit before or after
transmission. However, the SOL hit setting becomes invalid when the next transmission starts*.
Therefore, when changing the SO, pin output level after transmission, a write operation must be
performed on the SOL bit each time transmission is completed. Writing to this register during data
transfer will cause incorrect operation, so this register should not be manipulated during
transmission.

Note: * The SOL hit setting isalso invalid in SSB mode.
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Bit 6

SOL Description

0 Read SO, pin output level is low (initial value)
Write Changes SO, pin output to low level

1 Read SO, pin output level is high
Write Changes SO, pin output to high level

Bit 5: Overrun error flag (ORER)

Bit 5 indicates that an overrun error has occurred when using an external clock. If extrapulses are
superimposed on the regular serial clock due to extraneous noise, etc., the transfer data cannot be
guaranteed. If the clock isinput after transfer is completed, thiswill be interpreted as an overrun
state and this bit will be set to 1.

Bit 5

ORER Description

0 Clearing conditions: (initial value)
After reading ORER = 1, cleared by writing 0 to ORER

1 Setting conditions:

When an external clock is used and the clock is input after transfer is completed

Bits 4 to 2: Reserved bits
Bits 4 to 2 are reserved; they are always read as 0 and cannot be modified.
Bit 1: Tail mark transmission flag (MTRF)

When MRKON = 1, hit 1 indicates that atail mark is being transmitted. MTRF is aread-only bit,
and cannot be modified.

Bit 1

MTRF Description

0 Idle state, or 8-bit/16-bit data transfer in progress (initial value)
1 Tail mark transmission in progress
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Bit 0: Start flag (STF)

The STF bit controls the start of transfer operations. SCI 1 transfer operation is started when this bit
issetto 1.

STF remains set to 1 during transfer and while SCI1 is waiting for astart bit, and is cleared to O
when transfer ends. It can therefore be used as a busy flag.

Bit 0

STF Description

0 Read Transfer operation stopped (initial value)
Write Invalid

1 Read Transfer operation in progress
Write Starts transfer operation

3. Seria dataregister U (SDRU)

Bit 7 6 5 4 3 2 1 0

‘ SDRU7 ‘ SDRUG‘ SDRU5 ‘ SDRU4 ‘ SDRU3 ‘ SDRU2 ‘ SDRU1 ‘ SDRUO ‘
Initial value Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

SDRU is an 8-hit read/write register used as the data register for the upper 8 bitsin 16-bit transfer
(while SDRL isused for the lower 8 bits).

The data written into SDRU is output to SDRL in LSB-first order. In the replacement process, data
isinput LSB-first from the Sl pin, and the datais shifted in the MSB — LSB direction.

SDRU read/write operations must only be performed after data transmission/reception has been
completed. Data contents are not guaranteed if read/write operations are executed while data
transmission/reception isin progress.

The value of SDRU is undefined upon reset.
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4. Seria dataregister L (SDRL)

Bit 7 6 5 4 3 2 1 0

‘ SDRL7 ‘ SDRL6 ‘ SDRL5 ‘ SDRL4 ‘ SDRL3 ‘ SDRL2 ‘ SDRL1 ‘ SDRLO ‘
Initial value Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

SDRL isan 8-hit read/write register used as the data register in 8-bit transfer, and as the data
register for the lower 8 bitsin 16-bit transfer (while SDRU is used for the upper 8 bits).

In 8-bit transfer, the data written into SDRL is output from the SO, pin in LSB-first order. In the
replacement process, datais input LSB-first from the Sl pin, and the datais shifted in the MSB -
L SB direction.

The operation in 16-bit transfer is the same as for 8-bit transfer, except that the input datais taken
from SDRU.

SDRL read/write operations must only be performed after data transmission/reception has been
completed. Data contents are not guaranteed if read/write operations are executed while data
transmission/reception isin progress.

The value of SDRL is undefined upon reset.

5. Clock stop register 1 (CKSTPR1)

Bit 7 6 5 4 3 2 1 0

| S1CKSTP |S31CKSTP|S32CKSTP| ADCKSTP | TGCKSTP | TFCKSTP | TCCKSTP | TACKSTP |
Initial value 1 1 1 1 1 1 1 1
Read/Write RW R/W RW RW RW R/W R/W RW

CKSTPR1 is an 8-hit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to SCI1 is described here. For details of the other bits, see the
sections on the relevant modules.

Bit 7: SCI1 module standby mode control (SLCKSTP)

Bit 7 controls setting and clearing of module standby mode for SCI 1.

Bit 7

S1CKSTP Description

0 SCI1 is set to module standby mode*1

1 SCI1 module standby mode is cleared (initial value)

Note: * Setting to module standby mode resets SCR1, SCSR1, SDRU and SDRL.
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10.2.3 Operation

Either 8-bit or 16-bit transfer data can be selected as the transfer format. Aninternal clock or
external clock can be selected as the clock source. When an external clock is used, overrun errors
can be detected.

1. Clock

The serial clock can be selected from 8 internal clocks or an external clock. When an internal clock
is selected, the SCK ; pin functions as the clock output pin. When continuous clock output mode is
set (SNC1, SNCO = 10 in SCR1), the clock selected by bits CKS2 to CK S0 (2/1024 to g,/4) is
output continuously from the SCK 4 pin. When an external clock is selected, the SCK 4 pin functions
asthe clock input pin.

2. Datatransfer format

The SCI1 transfer format is shown in figure 10-2. LSB-first transfer is used (i.e. transmission and
reception are performed starting with the least significant bit of the transfer data). Transfer datais
output from one falling edge of the serial clock until the next falling edge. Receive datais latched at
therising edge of the serial clock.

SCK;

SO,/Sly >< Bit 0 >< Bit 1 >< Bit 2 >< Bit 3 >< Bit 4 >< Bit 5 >< Bit 6 >< Bit 7

Figure10-2 Transfer Format
3. Datatransfer operations
Transmitting: The procedure for transmitting datais as follows.

(1) Set both SO1 and SCK1 to 1 in PMR2 to designate the SO1 and SCK1 pin functions. If
necessary, also designate the SO1 pin as an NMOS open-drain output with bit POF1 in PMR2.

(2) Clear SNC1in SCR11t0 0, clear or set SNCO to 0 or 1, and clear MRKON to 0, to select 8-bit
synchronous mode or 16-bit synchronous mode, and select the seria clock with bits CKS3 to
CKS0. When datais written to SCR1 with MRKON in SCR1 cleared to 0, the internal state of
SCl1isinitiaized.
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(3) Write thetransfer datato SDRL/SDRU.

8-bit transfer mode: SDRL
16-bit transfer mode: Upper byte to SDRU, lower byte to SDRL

(4) When STFissettolin SCSR1, SCI1 starts operating and transmit data is output from the SO1
pin.

(5) After transmissionis completed, IRRSlissetto 1in IRR1.

When aninternal clock is used, the serial clock is output from the SCK 4 pin simultaneously with
transmit data output. When transmission ends, the serial clock is not output until the start flag is
next set to 1. During thisinterval, the SO, pin continuously outputs the last bit of the previous data.

When an external clock is used, datais transmitted in synchronization with the clock input from the
SCK 4 pin. If the serial clock continues to beinput after the end of transmission, thisis regarded as
an overrun state, and the ORER flag is set to 1 in SCSR1 (consequently, transmission is not
performed).

While transmission is halted, the output value of the SO; pin can be changed by means of the SOL
bit in SCSR1.

Receiving: The procedure for receiving datais as follows.
(1) Set both SI1and SCK1to 1in PMR2 to designate the SI1 and SCK1 pin functions.

(2) Clear SNC1in SCR11t0 0, clear or set SNCOto 0 or 1, and clear MRKON to 0, to select 8-bit
synchronous mode or 16-bit synchronous mode, and select the seria clock with bits CKS3 to
CKS0. When datais written to SCR1 with MRKON in SCR1 cleared to O, the internal state of
SCl1isinitialized.

(3) When STFissetto1in SCSR1, SCI1 starts operating and receive datais taken in from the SI1
pin.

(4) After receptionis completed, IRRS1lissetto 1in IRR1.
(5) Read thetransfer datafrom SDRL/SDRU.

8-hit transfer mode: SDRL
16-bit transfer mode: Upper byte from SDRU, lower byte from SDRL

(6) If the serial clock continues to be input after the end of reception, thisis regarded as an overrun
state, and the ORER flag is set to 1 in SCSR1 (consequently, reception is not performed).
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Simultaneous transmitting and receiving: The procedure for simultaneously transmitting and
receiving datais asfollows.

(1) SetSO1, SI1, and SCK1 al to 1in PMR2 to designate the SO1, SI1, and SCK1 pin functions.
If necessary, also designate the SO1 pin as an NMOS open-drain output with bit POF1in
PMR2.

(2) Clear SNC1in SCR1t0 O, clear or set SNCOto 0 or 1, and clear MRKON to 0, to select 8-hit
synchronous mode or 16-bit synchronous mode, and select the serial clock with bits CKS3 to
CKS0. When dataiswritten to SCR1 with MRKON in SCR1 cleared to O, the interna state of
SCllisinitialized.

(3) Write the transfer datato SDRL/SDRU.

8-bit transfer mode: SDRL
16-bit transfer mode: Upper byte to SDRU, lower byteto SDRL

(4) When STFissetto1in SCSR1, SCI1 starts operating and transmit data is output from the SO1
pin, or receive datais input from the SI1 pin.

(5) After transmission/reception is completed, IRRS1 isset to 1in IRRL1.
(6) Read the transfer datafrom SDRL/SDRU.

8-hit transfer mode: SDRL
16-bit transfer mode: Upper byte from SDRU, lower byte from SDRL

When aninternal clock is used, the serial clock is output from the SCK 4 pin simultaneously with
transmit data output. When transmission ends, the serial clock is not output until the start flag is
next set to 1. During thisinterval, the SO, pin continuously outputs the last bit of the previous data.

When an external clock is used, datais transmitted and received in synchronization with the clock
input from the SCK; pin. If the serial clock continues to be input after the end of
transmission/reception, thisis regarded as an overrun state, and the ORER flagisset to 1in SCSR1
(consequently, transmission/reception is not performed).

While transmission is halted, the output value of the SO, pin can be changed by means of the SOL
bitin SCSR1.
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10.2.4 Operation in SSB Mode

SSB communication uses two l