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Notice
When using this document, keep the following in mind:

1. This document may, wholly or partially, be subject to change without notice.

2. All rights are reserved: No one is permitted to reproduce or duplicate, in any form, the whole
or part of this document without Hitachi’'s permission.

3. Hitachi will not be held responsible for any damage to the user that may result from accidents
or any other reasons during operation of the user’s unit according to this document.

4. Circuitry and other examples described herein are meant merely to indicate the characteristics
and performance of Hitachi’'s semiconductor products. Hitachi assumes no responsibility for
any intellectual property claims or other problems that may result from applications based on
the examples described herein.

5. No license is granted by implication or otherwise under any patents or other rights of any third
party or Hitachi, Ltd.

6. MEDICAL APPLICATIONS: Hitachi's products are not authorized for use in MEDICAL
APPLICATIONS without the written consent of the appropriate officer of Hitachi’'s sales
company. Such use includes, but is not limited to, use in life support systems. Buyers of
Hitachi’'s products are requested to notify the relevant Hitachi sales offices when planning to
use the products in MEDICAL APPLICATIONS.
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Preface

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

On-chip peripheral functions of the H8/3877U Series include a high-precision DTMF generator
for tone dialing, a multitone generator, an LCD controller/driver, three types of timers, two
serial communication interface channels, and an A/D converter.

This manual describes the hardware of the H8/3877U Series. For details on the H8/3877U Series
instruction set, refer to the H8/300L Series Programming Manual.
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Section 1 Overview

1.1 Overview

The H8/300L Series is a series of single-chip microcomputers (MCU: microcomputer unit), built
around the high-speed H8/300L CPU and equipped with peripheral system functions on-chip.

Within the H8/300L Series, the H8/3877U Series of single-chip microcomputers features a high-
precision DTMF generator for tone dialing, and a multitone generator. Other on-chip peripheral
functions include an LCD controller/driver, three types of timers, two serial communication interface
channels, and an A/D converter. The H8/3877U Series, in particular, features low-voltage A/D
converter operation (V= AV, = 2.7 Vto 5.5 V), enabling these devices to be used in low-voltage,
single power supply systems. The H8/3877U Series has three members, the H8/3877U, H8/3876U,
and H8/3875U, with different amounts of on-chip memory: the H8/3877U has 60 kbytes of ROM and
2 kbytes of RAM; the H8/3876U has 48 kbytes of ROM and 2 kbytes of RAM; the H8/3875U has 40
kbytes of ROM and 2 kbytes of RAM.

The H8/3877U has a ZTAT version with user-programmable on-chip PROM.
Table 1-1 summarizes the features of the H8/3877U Series.

Note: * ZTAT is a trademark of Hitachi, Ltd.

Table 1-1 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
O Max. operating speed: 5 MHz
O Add/subtract: 0.4 us (operating at 5 MHz)
O Multiply/divide: 2.8 ps (operating at 5 MHz)
O Can run on 32.768 kHz subclock
¢ Instruction set compatible with H8/300 CPU
O Instruction length of 2 bytes or 4 bytes
O Basic arithmetic operations between registers

O MOV instruction for data transfer between memory and registers
CPU
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Table 1-1  Features (cont)

Item Description
CPU Instruction features
¢ Multiply (8 bits x 8 bits)
¢ Divide (16 bits + 8 bits)
* Bitaccumulator
* Register-indirect designation of bit position
Interrupts e 31 interrupt sources
» 14 external interrupt sources: NMI, IRQ, to IRQ,, WKP, to WKP,
e 17 internal interrupt sources
Clock pulse Two on-chip clock pulse generators
generators

System clock pulse generator: 1 MHz to 10 MHz
Subclock pulse generator: 32.768 kHz

Power-down modes

Six power-down modes

Sleep mode
Standby mode
Watch mode
Subsleep mode
Subactive mode

Active (medium-speed) mode

Memory

Large on-chip memory

H8/3877U: 60-kbyte ROM, 2-kbyte RAM
H8/3876U: 48-kbyte ROM, 2-kbyte RAM
H8/3875U: 40-kbyte ROM, 2-kbyte RAM

1/0 ports

80 /O ports
1/0 pins: 72
Input pins: 8
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Table 1-1  Features (cont)

Item

Description

Timers

Three on-chip timers
* Timer A: 8-bit timer

Count-up timer with selection of eight internal clock signals divided from
the system clock (2)* and four clock signals divided from the watch clock

(2.,)*
e Timer F: 16-bit timer
O Can be used as two independent 8-bit timers.

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

0 Compare-match function with toggle output
e Timer G: 8-bit timer
O Count-up timer with selection of four internal clock signals
O Input capture function with built-in noise canceller circuit
Note: * g and g, are defined in section 4, Clock Pulse Generators

Serial communication
interface

Two channels on chip

¢ SCI1: synchronous serial interface

Choice of 8-bit or 16-bit data transf

¢ SCI3: 8-bit synchronous or asynchronous serial interface er
Built-in function for multiprocessor communication

A/D converter

e Successive approximations using a resistance ladder
* Resolution: 8 bits

¢ 8-channel analog input port

¢ Conversion time: 31/ g, 62/ g or 124/ g per channel
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Table 1-1  Features (cont)

Item Description

LCD controller/driver Up to 52 segment pins and 4 common pins
¢ Choice of four duty cycles (static, 1/2, 1/3, 1/4)
¢ Segments can be expanded externally

¢ Segment pins can be switched to general-purpose ports in groups of
four

DTMF generator Built-in tone dialer supporting OSC clock frequencies from 1.2 MHz to 10
MHz in 400-kHz steps

Multitone generator ~ Can output arbitrary frequencies and waveforms in a wide range (40 Hz to
4000 Hz when OSC clock frequency is 10 MHz)

Product lineup Product Code

Mask ROM ZTAT™ Package ROM/RAM Size
Version Version

HD6433877UH HD6473877UH 100 pin QFP ROM: 60 kbytes
(FP-100B) RAM: 2 kbytes

HD6433876UH  -- 100 pin QFP ROM: 48 kbytes
(FP-100B) RAM: 2 kbytes
HD6433875UH  -- 100 pin QFP  ROM: 40 kbytes

(FP-100B) RAM: 2 kbytes
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1.2

Internal Block Diagram

Figure 1-1 shows a block diagram of the H8/3877U Series.
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Pin Arrangement and Functions

1.3

Pin Arrangement

131

The H8/3877U Series pin arrangement is shown in figure 1-2.
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1.3.2 Pin Functions

Table 1-2 outlines the pin functions.

Table 1-2  Pin Functions

Pin No.

Type Symbol

FP-100B /O

Name and Functions

Power source V,_
pins

31,76 Input

Power supply: All V_ pins should be connected to
the system power supply (+5 V)

V

ss

6, 27 Input

Ground: All V_ pins should be connected to the
system power supply (0 V)

AV

cc

89 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 (+5 V).

AV,

ss

2 Input

Analog ground: This is the A/D converter ground
pin. It should be connected to the system power

supply (0 V).

AV,

ref

93 Input

A/D converter reference level:  This is a power
supply pin for the reference level for A/D converter
output. When the A/D converter is not used,
connect this pin to the system power supply (+5 V).

VT

ref

92 Input

DTMF and multitone generator reference level:
This is a power supply pin for the reference level for
DTMF and multitone output.

V.,V V.

17 v2

30, 29, 28 Input

LCD power supply: These are power supply pins
for the LCD controller/driver. A built-in resistor
divider is provided for the power supply, so these
pins are normally left open. Power supply conditions
areV, 2V, z2V,z2V,2V_
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Table 1-2

Pin Functions (cont)

Pin No.
Type Symbol FP-100B 1/O Name and Functions
Clock pins OSC, 7 INput  System clock: These pins connect to a crystal or
0SC 8 Output ceramic oscillator, or can be used to input an external
2 clock. See section 4, Clock Pulse Generators, for a
typical connection diagram.
X, Input  Subclock: These pins connect to a 32.768-kHz
X Output crystal oscillator. See section 4, Clock Pulse
z Generators, for a typical connection diagram.
System RES 9 Input  Reset: When this pin is driven low, the chip is reset
control
TEST 3 Input  Test: This is a test pin, not for use in application
systems. It should be connected to V_..

Interrupt pins  NMI 10 Input  Nonmaskable interrupt:  This is an input pin for the
nonmaskable interrupt. Rising or falling edge sensing
can be selected.

IRQ, 18 Input  External interrupt request 0 to 4:  These are input
IRQ 21 pins for external interrupts for which there is a choice
! between rising and falling edge sensing

IRQ, 20

IRQ, 19

IRQ, 11

WKP,to 43t036 Input Wakeup interrupt request 0to 7: These are input
WKP, pins for external interrupts that are detected at the

falling edge

Timer pins TMOW 26 Output Clock output: This is an output pin for wave-forms
generated by the timer A output circuit

TMIF 19 Input  Timer F event counter input:  This is an event input
pin for input to the timer F counter

TMOFL 25 Output Timer FL output: This is an output pin for waveforms
generated by the timer FL output compare function

TMOFH 24 Output Timer FH output: This is an output pin for waveforms
generated by the timer FH output compare function

TMIG 23 Input  Timer G capture input:  This is an input pin for the
timer G input capture function
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Table 1-2  Pin Functions (cont)

Pin No.
Type Symbol FP-100B 1/0 Name and Functions
I/O ports PB,to PB, 94t0100,1 Input PortB: This is an 8-bit input port
PA, to PA, 32t0 35 1/0 Port A: This is a 4-bit I/O port. Input or output can be
designated for each bit by means of port control
register A (PCRA)
PD, to PD, 84 to 77 1/0 Port D: This is an 8-bit 1/0 port. Input or output can

be designated for each bit by means of port control
register D (PCRD)

PE, to PE, 88t0 85 1/0 Port E: This is a 4-bit I/O port. Input or output can be
designated for each bit by means of port control
register E (PCRE)

P1,to P1, 19to 26 1/0 Port 1: This is an 8-bit I/O port. Input or output can
be designated for each bit be means of port control
register 1 (PCR1)

P2,to P2, 18to 11 1/0 Port 2: This is an 8-bit I/O port. Input or output can
be designated for each bit by means of port control
register 2 (PCR2)

P5,to P5, 43to 36 1/0 Port 5: This is an 8-bit I/O port. Input or output can
be designated for each bit by means of port control
register 5 (PCR5)

P6,to P6, 51to 44 1/0 Port 6: This is an 8-bit I/O port. Input or output can be
designated for each bit by means of port control
register 6 (PCR6)

P7,to P7, 59to52 1/0 Port 7: This is an 8-bit I/O port. Input or output can
be designated for each bit by means of port control
register 7 (PCR7)

P8,to P8, 67 to 60 1/0 Port 8: This is an 8-bit I/O port. Input or output can
be designated for each bit by means of port control
register 8 (PCR8)

P9,to P9, 75to 68 1/0 Port 9: This is an 8-bit I/O port. Input or output can
be designated for each bit by means of port control
register 9 (PCR9)

Serial Sl 13 Input  SCI1 receive data input: This is the SCI1 data input
communic pin
ation
interface
(SC)

SO, 14 Outpu SCI1 send data output: This is the SCI1 data output

t pin
SCK, 12 1/0 SCI1 clock I/O: This is the SCI1 clock 1/O pin
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Table 1-2  Pin Functions (cont)

Pin No.
Type Symbol FP-100B 1/O Name and Functions
Serial RXD 16 Input  SCI3 receive data input: This is the SCI3 data
communication input pin
interface (SCI)
TXD 17 Output SCI3 send data output: This is the SCI3 data
output pin
SCK, 15 I/0 SCI3 clock I/0: This is the SCI3 clock 1/O pin
A/D converter AN, to AN, 94 to 100, Input  Analog input channels 0to 7:  These are analog
1 data input channels to the A/D converter
ADTRG 11 Input  A/D converter trigger input: ~ This is the external
trigger input pin to the A/D converter
LCD COM,to  35to 32 Output LCD common output: These are LCD common
controller/driver COM, output pins
SEG,,to 88to 77, Output LCD segmentoutput: These are LCD segment
SEG, 75 to 36 output pins
CL, 88 Output LCD latch clock: This is the display data latch
clock output pin for external segment expansion
CL, 87 Output LCD shift clock: This is the display data shift
clock output pin for external segment expansion
DO 86 Output LCD serial data output: This is the serial display
data output pin for external segment expansion
M 85 Output LCD alternated signal output:  This is the LCD
alternated signal output pin for external segment
expansion
DTMF TONED 91 Output DTMF signal: This is the output pin for the DTMF
generator signal
Multitone TONEM 90 Output Multitone signal:  This is the output pin for the
generator multitone signal
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Section 2 CPU

2.1 Overview

The HB8/300L CPU has sixteen 8-hit general registers, which can also be paired as eight 16-bit
registers. Its concise, optimized instruction set is designed for high-speed operation.

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

» General-register architecture
Sixteen 8-bit general registers, also usable as eight 16-bit general registers

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

« 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

OooOoo0oooooao

e 64-kbyte address space
e High-speed operation
O All frequently used instructions are executed in two to four states
0 High-speed arithmetic and logic operations
0 8- or 16-bit register-register add or subtract: 5%
O 8 x 8-bit multiply: 2.8us*
O 16 + 8-bit divide: 2.8us*
» Low-power operation modes
SLEEP instruction for transfer to low-power operation

Note: * These values are @& 5 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 RI1L
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

Carry flag
Overflow flag
Zero flag
Negative flag

Half-carry flag
Interrupt mask bit

User bit
User bit

Figure 2-1 CPU Registers
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2.2 Register Descriptions

221 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 (RO 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 also 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) points to the
top of the stack.

Lower address side [H'0000]
/\\_/ m\_/
A
Unused area
sp > :
(R7) Stack area
/\\_/ m\_/
Upper address side [HFFFF]
Figure 2-2 Stack Pointer

2.2.2 Control Registers
The CPU control registers include a 16-bit program counter (PC) and an 8-
bit condition code register (CCR).
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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 a time, so the least significant bit of the PC is
ignored (always regarded as 0).

Condition Code Register (CCR): This 8-bit register contains internal status information, including
the interrupt mask bit (I) and half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags.
These bits can be read and written by software (using the LDC, ANIGC, ORC, and XORC
instructions). The N,Z,V, and C flags are used as branching conditions for conditional branching (Bcc)
instructions.

Bit 7--Interrupt Mask Bit (I): When this bit is set to 1, interrupts are masked. This bit is set to 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, 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, this flag is set to 1 if there is a carry or borrow at bit 3, and is cleared to 0
otherwise.

The H flag is used implicitly by thBAA and DAS instructions.

When the ADD.W, SUB.W, or CMP.W instruction is executed, the H flag is set to 1 if there is a 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 bit) of the result of an instruction.
Bit 2--Zero Flag (2): Set to 1 to indicate a zero result, and cleared to 0 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 a carry occurs, and cleared to 0 otherwise. Used by:

¢ Add instructions, to indicate a carry
¢ Subtract instructions, to indicate a borrow
« Shift and rotate instructions, to store the value shifted out of the end bit

The carry flag is also 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.

26

HITACHI



2.2.3 Initial Register Values

When the CPU is reset, the program counter (PC) is initialized 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. To prevent program crashes 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-bit (byte) data, and 16-bit (word)
data. Bit manipulation instructions operate on 1-bit data specified as bit n in a byte operand (n =
0,1,2,..7).

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

* The MOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 bits x 8 bits), and
DIVXU (16 bits ???7? 8 bits) instructions operate on word data.

» The DAA and DAS instructions perform decimal arithmetic adjustments on byte data in
packed BCD form. Each nibble of the byte is treated as a decimal digit.
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231 Data Formats in 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 0
1-bit data RnH | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 | T honteae

1-bit data RnL
7 0
; ; ; ; ; ; [
Byte data RnH | MsB . . . . . . Ls8 | don't care
7 0
s : : : : : :
Byte data RnL % don't care | MSB . . . . 8 |
15 0
T T T T T T T T T T T T T T
Word data Rn |MSB LS8 |
1 1 1 1 1 1 1 1 1 1 1 1 1 1
7 0
: : : : : OSSO
4-hit BCD data RnH | IUpperdlign . ILowerdI\gil . | don't care
7 4 3 0
4-hit BCD data | : Upper d:igit : Lower d:ig\t
Notation:

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

Figure 2-3 Register Data Formats
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2.3.2 Memory Data Formats

Figure 2-4 indicates the data formats in memory. For access by the H8/300L CPU, word data stored in
memory must always begin at an even address. In word access the least significant bit of the address is
regarded as 0. If an odd address is specified, the access is performed at the preceding even address.
This rule affects the MOV.W instruction, and also applies to instruction fetching.

Data Type Address Data Format
/\\/
7 0
1-bit data Address n 7 e |s [af3]2]1]o
Byte data Address n MSB . . . . . . . LSB
Even address MSB I I I Upperl 8 hits I I I
Word data f f f f f f f
Odd address . . . Lowe[ 8 bitsI . . LSB
T T T T T T T
Even address MSB CCR LSB
Byte data (CCR) on stack f f f f f f f
Odd address MSB CCR* LSB
Even address MSB I I I I I I I
Word data on stack } } } } } } }
Odd address LSB
1 1 1 1 1 1 1
CCR: Condition code register
Note: * Ignored on return
Figure 2-4 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 is ignored.
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2.4 Addressing Modes

24.1 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.

Table 2-1 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: The register field of the instruction specifies an 8- or 16-bit general
register containing the operand.
Only the MOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 bits x 8 bits),

2. Register Indirect--@Rn: The register field of the instruction specifies a 16-bit general
register containing the address of the oper and 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.

This mode is used only in MOV instructions. For the MOV.W instruction, the resulting
address must be even.
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4. Register Indirect with Post-Increment or Pre-Decrement-@Rn+ or @-Rn:
O Register indirect with post-increment-@Rn+
The @Rn+ mode is used with MOV instructions that load registers from memory.
The register field of the instruction specifies a 16-bit general register containing the
address of the operand. After the operand is accessed, the register is incremented 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.
O 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.
5. Absolute Address--@aa:8 or @aa:16The instruction specifies the absolute address of the
operand in memory.
The absolute address may be 8 bits long (@aa:8) or 16 bits long (@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 address range
is H'FF0O0 to H'FFFF (65280 to 65535).

6. 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 as immediate data.
Some bit manipulation instructions contain 3-bit immediate data in the second or fourth byte
of the instruction, specifying a bit number.

7. Program-Counter Relative--@(d:8,PC):This mode is 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 JMP and JSR instructions. The
second byte of the instruction code specifies an 8-bit 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 address range is
from H'0000 to H'0O0FF (0to255). Note that with the H8/300L Series, the lower end of the
address area is 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 a MOV.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.

24.2 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 insediate addressing (6).

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

Bit manipulation instructions use register direct (1), register indirect (2), or absolute addressing (5) to
specify a byte operand, and 3-bit immediate addressing (6) to specify a bit position in that byte. The
BSET,BCLR, BNOT, and BTST instructions can also use register direct addressing (1) to specify the
bit position.
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Table 2-2 Effective Address Calculation

Addressing Mode and

No. Instruction Format Effective Address Calculation Method Effective Address (EA)
1 Register direct, Rn 3 0 3 0
15 87 43 0 [} A
‘ op ‘ m ‘ m ‘
J Operand is contents of registers indicated by rm/m
2 Register indirect, @ Rn 15 0
Contents (16 bits) or register
indicated by rm 15
15 76 43 0 [ [
op m |
3 Register indirect with displacement ] - - ]
@ (d:16,Rn) Contents (16 bits) or register
indicated by rm 15
5 76 | 43 0 @—m{
op ‘ m ‘ ‘ disp H
disp %
4 Register indirect with 15 . 0 15
post-increment,@ Rn+ Contents (16 bits) or register
indicated by rm
15 76 | 43 0 :
‘ ‘ ‘ ‘ .................................... ®
op m
Register indirect pre-decrement 15 0
@-Rn Contents (16 bits) or register
indicated by rm
15 76 43 0 B
‘ op ‘ m ‘ ‘ Incremented or decremented

by 1if operand is byte size,
and by 2 if word size

HITACHI
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Table 2-2 Effective Address Calculation (cont)

Addressing Mode and

No. Instruction Format Effective Address Calculation Method Effective Address (EA)
5 Absolute address 15 ® 7
‘ HFF ‘
15 87 0 ZT
op abs }
@aal6 15 0
5 0
op ‘

6 Immediate
#xx:8
15 87 0
op IMM
#xc8 Operand is 1- or 2-byte immediate data
5 0
op
IMM
7 Program-counter relative 15 0

@ (d:8,PC) ‘ PC contents H 15 0

15 87 0 ‘ Sign extension ‘ disp }J

op disp ‘ ‘3
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Table 2-2 Effective Address Calculation (cont)

Addressing Mode and
Effective Address Calculation Method

Effective Address (EA)

No. Instruction Format
8 Memory indirect, @@ aa:8
15 87 0
op abs |
J 15 87 % 0
H00 | abs
15
Memory contents (16bits) }——|
Notation:

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

HITACHI
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2.5 Instruction Set

The H8/300L Series can use a total of 55 instructions, which are grouped by function in table 2-3.

2-3 Instruction Set
Function Instructions Number
Data transfer MOV, PUSH*1, POP*1 1

Arithmetic operations ~ ADD, SUB, ADDX, SUBX, INC, DEC, ADDS,SUBS, 14
DAA, DAS, MULXU, DIVXU, CMP, NEG

Logic operations AND, OR, XOR, NOT

Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR,ROTXL, 8
ROTXR

Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, 14
BOR,BIOR, BXOR, BIXOR, BLD, BILD, BST, BIST

Branch Bce*’, 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
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

(EASs), <EAs>

Source operand

CCR

Condition code register

N (negative) flag of CCR

Z (zero) flag of CCR

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

A AND logical

O OR logical

O Exclusive OR logical

- Move

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

:16 16-bit length

0,<> Contents of operand indicated by effective address

HITACHI
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251 Data Transfer Instructions

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

Table 2-4 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 byte or 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 7 0 MoV
T T T T T T T T T T T T
op m m Rm —= Rn
15 7 0
T T T T T T T T T T T T
op m m @Rm <«— —= Rn
15 7 0
T T T T T T T T T T T T
op m m @(d:16,Rm) <a——=Rn
disp
15 7 0
T T T T T T T T T T T @Rm+ —e= RN, OF
op m m Rn—== @-Rm
15 7 0
T T T T T T T T T T T T
op m abs @aa:;8 <-e— —= Rn
15 7 0
T T T T T T T T T T T T T
op m
@aa:16 <=——=Rn
abs
15 7 0
T T T T T T T T T T T T
op m IMM #xx:8 —s= Rn
15 7 0
T T T T T T T T T T T T T
op m
#xx:16 —== Rn
IMM
15 7 0
T T T T T T T T T T T T PUSH' POP
op 1 1 1 m @SP+ —s= Rn, or
Rn —=@-SP
Notation:
op: Operation field
rm, rn: Register field
disp: Displacement
abs: Absolute address
IMM: Immediate data
Figure 2-5 Data Transfer Instruction Codes

HITACHI
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25.2 Arithmetic Operations

Table 2-5 describes the arithmetic instructions.Table 2-5 Arithmetic Instructions

Instruction

Size*

Function

ADD SUB

B/W

Rd + Rs - Rd, Rd + #IMM - Rd

Performs addition or subtraction on data in two general registers, or
addition in immediate data and data in a general register. Inmediate 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 SUBX

Rd + Rs +C - Rd, Rd £ #iIMM C - Rd

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

INC DEC

Rd+ 1-Rd

Increments or decrements a general register

ADDS SUBS

w

Rd+1 -Rd, Rd+2 —Rd

Adds or subtracts immediate data to or from data in a general register. The
immediate data must be 1 or 2.

DAA DAS

Rd decimal adjust- Rd

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

MULXU

Rd x Rs-Rd

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

DIVXU

Rd + Rs - Rd

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

CMP

B/W

Rd-Rs, Rd - #IMM

Compares data in a general register with data in another general register or
with immediate data, and the result is stored in the CCR. Word data can be
compared only between two general registers.

NEG

0-Rd —~Rd

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

Notes: * Size: Operand size

B: Byte
W: Word
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253 Logic Operations
Table 2-6 describes the four instructions that perform logic operations.
Table 2-6  Logic Operation Instructions

Instruction Size* Function

AND B Rd "Rs - Rd, Rd6"#IMM - Rd

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

OR B RdORs - Rd, Rd C#IMM - Rd

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

XOR B Rd ORs - ,RdO #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

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

Instruction  Size* Function

SHAL B Rd shift— Rd
SHAR Performs an arithmetic shift operation on general register contents
SHLL SHLR B Rd shift» Rd
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 arthmetic, logic, and shift instructions.

IMM

IMM

T T T T T T
op
15
T T T T T T
op
15
T T T T T T
op
15
T T T T T
op m
15
T T T T T T
op
15
T T T T T
op m
15
T T T T T T
op

Notation:

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

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

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

MULXU, DIVXU

ADD, ADDX, SUBX,
COMP (XX8)

ADD, OR, XOR (Rm)

AND, OR, XOR (#xx:8)

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

Figure 2-6
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255 Bit Manipulations
Table 2-8 describes the bit-manipulation instructions. Figure 2-7 shows their object code formats.
Table 2-8  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>) - (<hit-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 0 (<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 0 [~(<hit-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-bit immediate data.

Notes: * Size: Operand size
B: Byte
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Table 2-8

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 immediate 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 Operand size

B: Byte

Certain precautions are required in bit manipulation. See 2.9.2, Notes on Bit Manipulation, for details.
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15 8 7
T T T T T T T T T T T T
| o | MM | m
15 8 7
T T T T T T T T T T T T
| op | m | m
15 8 7
T T T T T T T T T T T T
op | m 0 0
o | MM 0 0
15 8 7
T T T T T T T T T T T T
op m 0 0
op m 0 0
15 8 7
T T T T T T T T T T T T T
op | abs
op | IMM | 0 0
15 8 7
T T T T T T T T T T T T T
op | abs
op | m | 0 0
15 8 7
T T T T T T T T T T T T
op | IMM | m
15 8 7
T T T T T T T T T T T T
op | m 0 0
op | IMM 0 0
15 8 7
T T T T T T T T T T T T T
op | abs
op | IMM 0 0
Notation:

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

BSET, BCLR, BNOT, BTST
Operand: register direct (Rn)
BitNo.. immediate (#xx:3)

Operand: register direct (Rn)
Bit No.:  register direct (Rm)

Operand: register indirect (@Rn)

Bit No.. immediate (#xx:3)

Operand: register indirect (@Rn)

Bit No.. register direct (Rm)

Operand: ahsolute (@aa:8)

Bit No.. immediate (#xx:3)

Operand: absolute (@aa:8)

Bit No.: register direct (Rm)

BAND, BOR, BXOR, BLD, BST

Operand: register direct (Rn)
BitNo.. immediate (#xx:3)

Operand: register indirect (@Rn)

Bit No.: immediate (#xx:3)

Operand: absolute (@aa:8)

Bit No.. immediate (#xx:3)

Figure 2-7

Bit Manipulation Instruction Codes
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BIAND, BIOR, BIXOR, BILD, BIST

15 8 7 0
I I I I I I I I I MM I T ! T Operand: register direct (Rn)
0| m
P Bit No.: immediate (#xx:3)
15 8 7 0
T T T T T T T T T T T T T
op m 0 0 0 0 Operand: register indirect (@Rn)
op IMM 0 0 0 0 BitNo.: immediate (#xx:3)
15 8 7 0
T T T T T T T T T T T T T T
op abs Operand: absolute (@aa:8)
op IMM 0 0 0 0 Bit No.:  immediate (#xx:3)
Notation:

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

Figure 2-7 Bit Manipulation Instruction Codes (cont)
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256 Branching Instructions
Table 2-9 describes the branching instructions. Figure 2-8 shows their object code formats.
Table 2-9  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 CvZ=0
BLS Low or same Cvz=1
BCC (BHS) Carry clear (high or C=0
same)
BCS (BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal Z=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 Zv(NOV)=0
BLE Less or equal ZvINOV)=1
JMP -- Branches unconditionally to a specified address
BSR -- Branches to a subroutine at a specified displacement from the current
address
JSR -- Branches to a subroutine at a specified address
RTS -- Returns from a subroutine
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15 8 7 0

T T T T T T T T T T T T T
op cc disp Bcc
15 8 7 0
T T T T T T T T T T T T T
op m 0 0 0 0 JMP (@Rm)
15 8 7 0
T T T T T T T T T T T T T T T
op
JMP (@aa:16)
abs
15 8 7 0
T T T T T T T T T T T T T T
op abs JMP (@@aa:8)
15 8 7 0
T T T T T T T T T T T T T
op disp BSR
15 8 7 0
T T T T T T T T T T T T T
op m 0 0 0 0 JSR (@Rm)
15 8 7 0
T T T T T T T T T T T T T T T
op
JSR (@aa:16)
abs
15 8 7 0
T T T T T T T T T T T T T T
op abs JSR (@@aa:8)
15 8 7 0
T T T T T T T T T T T T T T
op RTS

Notation:

op: Operation field

cc: Condition field

rm: Register field
disp: Displacement
abs: Absolute address

Figure 2-8 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.
Table 2-10 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 #IMM - CCR
Logically ANDs the condition code register with immediate data
ORC B CCRI#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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op RTE, SLEEP, NOP

op m LOC, STC (Rn)

ANDC, ORC,
XORC, LDC (#c8)

op IMM

Notation:

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

Figure 2-9 System Control Instruction Codes

258 Block Data Transfer Instruction
Table 2-11 describes the block data transfer instruction. Figure 2-10 shows its object code format.

Table 2-11 Block Data Transfer Instruction

Instruction Size  Function

EEPMOV -- If R4L # 0 then
repeat @RS5 +-> @R6 +
R4L - 1 -> R4L
until R4L=0
else next;

Moves a data block according to parameters set in general registers R4L,
R5, and R6.

R4L: Size of block (bytes)
R5: Starting source address
R6: Starting destination address

Execution of the next instruction starts as soon as the block transfer is
completed.

Certain precautions are required in using th®MBV instruction. See 2.9.3, Notes on Use of the
EEPMOQV Instruction, for details.
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15

op

op

Notation:
op: Operation field

Figure 2-10

Block Data Transfer Instruction Code

HITACHI
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2.6 Basic Operational Timing

CPU operation is synchronized by a system clgtloi( a subclockd, ). For details on these clock
signals see section 4, Clock Pulse Generators. The period from a rising edyeggf to the next

rising edge is called one state. A bus cycle consists of two states or three states. The cycle differs
depending on whether access is to on-chip memory or to on-chip peripheral modules.

2.6.1 Access to On-Chip Memory (RAM, ROM)

Acess 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 ——=— T, state —

gorg

SuB

Internal address bus >< Address

Internal read signal \

Internal data bus Read data
(read access) i

Internal write signal \

In : [
tgrnal data bus | Write data
(write access) g

><

—
S
I
—

Figure 2-11 On-Chip Memory Access Cycle
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52



2.6.2 Access to 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 means that 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 —

gorg

SuB

Internal address bus >< Address

Internal read signal \

Internal data bus Read data
(read access) 5

Internal write signal \

Internal data bus : )
. 3 Write data
(write access) ;

><

/7
—
/7
>7

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

Bus cycle

— T, state _><_ T, state —><— T, state —

gorﬂsus

Internal
address bus

Address ><

Internal
read signal

Internal
data bus
(read access)

Read data >7

Internal
write signal

Internal
data bus
(write access)

X
)
O
S

Write data >7

Figure 2-13 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 mode, standby mode, watch
mode, and sub-sleep mode. These states are shown in figure 2-14.

| CPU state |——| Reset state |

The CPU is initialized.

Program _ Active

execution state (high speed) mode
The CPU executes successive program
instructions at high speed,
synchronized by the system clock

 Active

(medium speed)mode

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

Subactive mode

The CPU executes
successive program
instructions at reduced Low-power
speed, synchronized : modes
by the subclock S i

—| Program halt state |——| Sleep mode |
A state in which some
or all of the chip Standby mode
functions are stopped
to conserve power

Subsleep mode

Exception -
handling state

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.

Figure 2-14 CPU Operation States
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Reset cleared

Reset state Exception-handling state
i e Reset occurs
Reset Interrupt
oceurs source
Reset Exception- Exception-
oceurs handling handling
request complete
Program halt state /' } Program execution state

SLEEP instruction executed

Figure 2-15 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 four modes: sleep mode, 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 3.3, Interrupts.
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2.8 Memory

Map

2.8.1 Memory Map

Figure 2-16 shows a memory map for the H8/3877U Series.

H'0000

H'0029
H'002A

HOFFF

HBFFF

H'EDFF

HF760

H'F77F
HF780

HFF7F
HFF80

HFF8F
HFF90

HFFFF

H8/3875U H8/3876U

Interrupts vectors area
(42 bytes)

> 40 kbytes
On-chip ROM P 48 kbytes

Reserved

LCD RAM*1 (32 bytes)

On-chip RAM >

2 kbytes

MTG RAM (16 bytes)

Internal 1/0 registers
(112 bytes)

H8/3877U

N

> 60 kbytes

Figure 2-16 H8/3877U Series Memory Map
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2.9 Application Notes

29.1 Notes on Data Access

1.

58

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 data will be lost. This action may also cause the CPU to misoperate.
Data transfer from empty area to CPU:

Unpredictable data is transferred.
Internal data transfer to or from on-chip modules other than the ROM and RAM areas makes
use of an 8-bit data width. If word access is attempted to these areas, the following results
will occur.
Word access from CPU to I/O register area:

Upper byte: Will be written to I/O register.

Lower byte: Transferred data will be lost.
Word access from /O register to CPU:

Upper byte: Will be written to upper part of CPU register.
Lower byte: Unpredictable data will be written to lower part of CPU register.
Byte size instructions should therefore be used when transferring data to or from 1/O registers
other than the on-chip ROM and RAM areas.
Figure 2-17 shows the data size and number of states in which on-chip peripheral modules
can be accessed.
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Access
H8/3875U H8/3876U  H8/3877U [ Word] Byte DIAES
H'0000 Y Y Yy T
Interrupts vectors area
(42 bytes)
HO029 |
H'002A 9
rs | a
i = > [<5]
On-chip ROM g (= 8
s (5
= 0 0 2
HOFFF [-================-= 7
HBFFF ’
HEDFF - L
Reserved - - -
HF760 ————————————————— e -
LCD RAM*1 (32 bytes) 0 0 2
WFE
A\
H'F780
On-chip RAM ] 0| 0f 2
=)
~
HFFTF
i
H'FF80
MTG RAM (16 bytes) X 0 2
WFFOF_ 1
HFFO0 Internal 1/0 registers 0 l20r3
(112 bytes) X or
HFFFF

0: Access possible
x : Not possible

Figure 2-17 Data Size and Number of States for Access to and from On-Chip Peripheral
Modules
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29.2 Notes on Bit Manipulation

The BSET, BCLR, BNOT, BST, and BIST instructions read one byte of data, modify the data, then
write the data byte again. Special care is 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 I/O.

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

Figure 2-18 shows an example in which two timer registers share the same address. When a
bit manipulation instruction accesses the timer load register and timer counter of a reloadable
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. As a result, bits other than the intended bit in the timer load register
may be modified to the timer counter value.
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Count clock ————= Timer counter

R: Read
Reload

W: Write

Timer load register

Internal bus

Figure 2-18 Timer Configuration Example

This example does not apply to the on-chip timers in the H8/3877U Series.

Example 2
Here a BSET instruction is executed designating port 2.

P2 and P2are designated as input pins, with a low-level signal input ariRPa high-level
signal at P2 The remaining pins, P2 P2, are output pins and output low-level signals. In
this example, the BSET instruction is used to change pitoR#gh-level output.

[A: Prior to executing BSET]

P2, P2, P2, P2, P2, P2, P2, P2,
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
PCR2 0 0 1 1 1 1 1 1
PDR2 1 0 0 0 0 0 0 0

[B: BSET instruction executed]
|BEST #0 ,@PDR2

The BSET instruction is executed designating port 2.
[C: After executing BSET]
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P2 P2 P2 P2 P2 P2, P2, P2,

7 6 5 4 3

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
PCR2 0 0 1 1 1 1 1 1
PDR2 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 2.

Since P2and P2are input pins, the CPU reads the pin states (low-level and high-level

input). P2 to P2 are output pins, so the CPU reads the value in PDR2. In this example PDR2
has a value of H'80, but the value read by the CPU is H'40.

Next, the CPU sets bit O of the read data to 1, changing the PDR2 data to H'41. Finally, the
CPU writes this value (H'41) to PDR2, completing execution of BSET.

As a result of this operation, bit 0 in PDR2 becomes 1, apdwR@uts a high-level signal.
However, bits 7 and 6 of PDR2 end up with different values.

To avoid this problem, store a copy of the PDR2 data in a work area in memory. Perform the
bit manipulation on the data in the work area, then write this data to PDR2.

[A: Prior to executing BSET]

MOV. B #80, ROL
MOV. B ROL, @RAMO
MOV. B ROL, @PDR2

The PDR2 value (H'80) is written to a work area in memory (RAMO) as well as to PDR2.

P2, P2, P2, P2, P2, P2, P2, P2,
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
PCR2 0 0 1 1 1 1 1 1
PDR2 1 0 0 0 0 0 0 0
RAMO 1 0 0 0 0 0 0 0

[B: BSET instruction executed]
| BSET #0, @RAMO

The BSET instruction is executed designating the PDR2 work area (RAMO).
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[C: After executing BSET]

MOV. B @RAMO, ROL
MOV. B ROL, @PDR2

The work area (RAMO) value is written to PDR2.

P2, P2, P2, P2, P2, P2, P2, P2,
Input/output  Input Input Output  Output  Output  Output  Output  Output
Pin state Low level High level Low level Low level Low level Low level Low level Low level
PCR2 0 0 1 1 1 1 1 1
PDR2 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 a register containing a write-only bit
Example 3
In this example, the port 2 control register PCR2 is accessed by a BCLR instruction.

As in the examples above, Rghd P2are input pins, with a low-level signal input at Bad
a high-level signal at R2ZThe remaining pins, P20 P2, are output pins that output
low-level signals. In this example, the BCLR instruction is used to change o &2input
port. It is assumed that a high-level signal will be input to this input pin.

[A: Prior to executing BCLR]

P2, P2, P2, P2, P2, P2, P2, P2,
Input/output  Input Input Output  Output  Output  Output  Output  Output
Pin state Low level High level Low level Low level Low level Low level Low level Low level
PCR2 0 0 1 1 1 1 1 1
PDR2 1 0 0 0 0 0 0 0

[B: BCLR instruction executed]

|BCLR #0 , @PCR2

The BCLR instruction is executed designating PCR2.
[C: After executing BCLR]

P2, P2, P2, P2, P2, P2, P2, P2,
Input/output Output  Output  Output  Output  Output  Output  Output Input
Pin state Low level High level Low level Low level Low level Low level Low level Low level
PCR2 1 1 1 1 1 1 1 0
PDR2 1 0 0 0 0 0 0 0

[D: Explanation of how BCLR operates]

When the BCLR instruction is executed, first the CPU reads port 2. Since PCR2 is a
write-only register, the CPU reads a value of H'FF, even though the PCR2 value is actually
H'3F.

Next, the CPU clears bit 0 in the read data to 0, changing the data to H'FE. Finally, this value
(H'FF) is written to PCR2 and BCLR instruction execution ends.

As a result of this operation, bit 0 in PCR2 becomes 0, makingrPiaput port. However,

bits 7 and 6 in PCR2 change to 1, so thatd?2 P2change from input pins to output pins.

To avoid this problem, store a copy of the PCR2 data in a work area in memory. Perform the
bit manipulation on the data in the work area, then write this data to PCR2.

[A: Prior to executing BCLR]
64

HITACHI



MOV. B #3F, ROL
MOV. B ROL, @RAMO
MOV. B ROL, @PCR2

The PCR2 value (H'3F) is written to a work area in memory (RAMO) as well as to PCR2.

P2, P2, P2, P2, P2, P2, P2, P2,
Input/output  Input Input Output Output Output Output Output Output
Pin state Low level High level Low level Low level Low level Low level Low level Low level
PCR2 0 0 1 1 1 1 1 1
PDR2 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 1

[B: BCLR instruction executed]
|BCLR #0, @RAMO

The BCLR instruction is executed designating the PCR2 work area (RAMO).
[C: After executing BCLR]

MOV. B @RAMO, ROL

MOV. B ROL, @PCR2

The work area (RAMO) value is written to PCR2.

P2, P2, P2, P2, P2, P2, P2, P2,
Input/output  Input Input Output Output Output Output Output Output
Pin state Low level High level Low level Low level Low level Low level Low level Low level
PCR2 0 0 1 1 1 1 1 0
PDR2 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 0

Table 2-12 lists the registers with shared addresses. Table 2-13 lists the registers that contain
write-only bits.
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Table 2-12 Registers with Shared Addresses

Register Name Abbreviation Address

Port data register 1* PDR1 H'FFD4
Port data register 2* PDR2 H'FFD5
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
Port data register D* PDRD H'FFD2
Port data register E* PDRE H'FFD3

Note: * The port data register addresses are also assigned directly to input pins.
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Table 2-13 Registers with Write-Only Bits

Register Name Abbreviation Address

Port control register 1 PCR1 H'FFE4
Port control register 2 PCR2 H'FFES
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
Port control register D PCRD H'FFE2
Port control register E PCRE H'FFE3
Timer control register F TCRF H'FFB6

2.9.3 Notes on Use of the EEPMOV Instruction

» The EEPMOV instruction is a block data transfer instruction. It moves the number of bytes
specified by R4L from the address specified by R5 to the address specified by R6.

RS —>

<— R6

R5+R4L —>

<— R6+R4L

* 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 the instruction.

RS

R5+R4L —>

HFFFF
Not allowed «— R6+R4L

67

HITACHI



Section 3 Exception Handling

3.1 Overview

Exception handling is performed in the H8/3877U Series when a reset or interrupt occurs. Table 3-1
shows the priorities of these two types of exception handling.

Table 3-1 Exception Handling Types and 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 handling in
progress is completed.

Low

3.2 Reset

3.2.1 Overview

A reset is the highest-priority exception. The internal state of the CPU and the registers of the on-chip
peripheral modules are initialized.

3.2.2 Reset Sequence
As soon as thRES pin goes low, all processing is stopped and the H8/3877U enters the reset state.
To make sure the chip is reset properly, observe the following precautions.

» At power on: Hold th&ES pin low until the clock pulse generator output stabilizes.
* Resetting during operation: Hold tR&S pin low for at least 10 system clock cycles.

Reset exception handling begins whenRES pin is held low for a given period, then returned to the
high level. Reset exception handling takes place as follows

» The CPU internal state and the registers of on-chip peripheral modules are initialized, with
the | bit of the condition code register (CCR) setto 1

» The PC is loaded 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 is turned on or off, RS pin should be held low.

Figure 3-1 shows the reset sequence.

Reset state Reset cleared

Program initial
Vector fetch  Intemal instruction prefetch

I
|
! l—of processing |
I
|
|
|

RES /

Internal

address bus 0 X () X
Internal \ / \ [\
read signal

Internal

write signal

Internal data

bus (16-hit)
Q) Reset exception handling vector address (H'0000)
2) Program start address
3) First instruction of program
Figure 3-1 Reset Sequence
3.2.3 Interrupt Immediately after Reset

After a reset, 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, the initial

program instruction is always executed immediately after a reset. This instruction should initialize the

stack pointer (e.g. MOV.W #xx: 16, SP).
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3.3 Interrupts

3.3.1 Overview

The interrupt sources include 14 external interrupts (NMI, YWSPVKR, IRQ, to IRQ, and 17

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:

* NMI is the highest-priority interrupt and is always accepted. Internal and external interrupts
other than NMI can be masked by the | bit of CCR. When this bit is set to 1, interrupt request
flags are set but interrupts are not accepted, except for NMI.

* NMI and IRQ to IRQ, can each be set independently to either rising edge sensing or falling
edge sensing.

Table 3-2 Interrupt Sources and Priorities

Priority Interrupt Source Interrupt Vector Vector Address
Number

High RES Reset 0 H'0000 to H'0001
NMI NMI 3 H'0006 to H'0007
IRQ, IRQ, 4 H'0008 to H'0009
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,
WKP, WKP,
WKP, WKP,
WKP, WKP,
WKP, WKP,
WKP, WKP,

Low SCi1 SCI1 transfer complete 10 H'0014 to H'0015
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Table 3-2

Interrupt Sources and Priorities (cont)

Priority Interrupt Source Interrupt Vector Vector Address
Number
High Timer A Timer A overflow 11 H'0016 to H'0017
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
Multitone generator  Multitone half-cycle 17 H'0022 to H'0023
SC13 SC13 receive data full 18 H'0024 to H'0025
SC13 transmit data empty
SC13 transmit end
SC13 overrun error
SC13 framing error
SC13 parity error
A/D converter A/D conversion end 19 H'0026 to H'0027
Low (SLEEP instruction  Direct transfer 20 H'0028 to H'0029
executed)
Note: Vector addresses H'0002 to H'0005 and H'0018 to H'001B 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.

Table 3-3 Interrupt Control Registers

Register Name Abbreviation R/W Initial Value Address

Interrupt edge select register IEGR R/W H'60 H'FFF2
Interrupt enable register 1 IENR1 R/W H'00 H'FFF3
Interrupt enable register 2 IENR2 R/W H'03 H'FFF4
Interrupt request register 1 IRR1 R/W* H'20 H'FFF6
Interrupt request register 2 IRR2 R/W* H'03 H'FFF7
Wakeup interrupt request register  IWPR R/W* H'00 H'FFF9

Note: *Write is enabled only for writing of O to clear a flag.
1. Interrupt edge select register (IEGR)

Bit 7 6 5 4 3 2 1 0
NMIEG IEG4 IEG3 IEG2 IEG1 IEGO

Initial value 0 1 1 0 0 0 0 0

Read/Write RIW RIW RIW RIW RIW RIW

IEGR is an 8-bit read/write register, used to designate whether pins NMI ap¢bl B,
are set to rising edge sensing or falling edge sensing.

Bit 7: NMI edge select (NMIEG)
Bit 7 selects the input sensing of the NMI pin.

Bit 7 Description

NMIEG
0 Falling edge of NMI pin input is detected (initial value)
1 Rising edge of NMI pin input is detected

Bits 6 and 5: Reserved bits
Bits 6 and 5 are reserved: they are always read as 1, and cannot be modified.
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Bit 4: IRQ, edge select (IEG4)
Bit 4 selects the input sensing of fRQ;/ ADTRG.

Bit4  Description

IEG4
0 Falling edge of IRQ#/ADTRG pin input is detected (initial value)
1 Rising edge of IRQi/ADTRG pin input is detected

Bit 3: IRQ, edge select (IEG3)

Bit 3 selects the input sensing of pin IRTMIF.
Bit3  Description
IEG3
0 Falling edge of IRQs/TMIF pin input is detected (initial value)
1 Rising edge of IRQs/TMIF pin input is detected

Bit 2: IRQ, edge select (IEG2)

Bit 2 selects the input sensing of pin IRQ
Bit 2 Description
IEG2
0 Falling edge of IRQ;5 pin input is detected (initial value)
1 Rising edge of TRQs pin input is detected

Bit 1: IRQ, edge select (IEG1)

Bit 1 selects the input sensing of pin IRQ
Bit 1 Description
IEG1
0 Falling edge of IRQ1 pin input is detected (initial value)
1 Rising edge of IRQ7 pin input is detected

Bit O: IRQ, edge select (IEGO)

Bit 0 selects the input sensing of pin IRQ
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Bit 0 Description

IEGO

0 Falling edge of TRQg pin input is detected (initial value)
1 Rising edge of TIRQg pin input is detected
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2. Interrupt enable register 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 RW RIW RIW RIW RIW RIW RIW RIW

IENRZ1 is an 8-bit read/write register that enables or disables interrupt requests.
Bit 7: imer A interrupt enable (IENTA)
Bit 7 enables or disables timer A overflow interrupt requests.

Bit 7 Description
IENTA
0 Disables timer A interrupts (initial value)
1 Enables timer A interrupts
Bit 6: SCI1 interrupt enable (IENS1)

Bit 6 enables or disables SCI1 transfer complete interrupt requests.

Bit 6 Description
IENS1
0 Disables SCI1 interrupts (initial value)
1 Enables SCI1 interrupts
Bit 5: akeup interrupt enable (IENWP)

Bit 5 enables or disables WK#® WKP, interrupt requests.

Bit5 Description

IWNWP
0 Disables interrupts requests from WKP; to WKPg (initial value)
1 Enables interrupt requests from WKP; to WKPg
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Bit4to 0: IRQ, to IRQ, interrupt enable (IEN4 to IENO)
Bit 4 to 0 enables or disables IR IRQ, interrupt requests.

Bits 4t0 0 Description

IEN4 to IENO
0 Disables interrupts requests from IRQg to IRQgto (initial value)
1 Enables interrupt requests from IRQsto IRQg

3. Interrupt Enables Register 2 (IENR2)

Bit 7 6 5 4 3 2 0
IENDT IENAD [ENMT I[ENTG IENTFH IENTFL

Initial value 0 0 0 0 0 0 1

Read/Write RIW RW RIW RIW RIW RIW

IENRZ2 is an 8-bit read/write register that enables or disables interrupt requests.

BIT 7: irect transfer interrupt enable (IENDT)

Bit 7 enables or disables direct transfer interrupt requests.

Bit 7 Description

IENDT
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 Description
IENAD
0 Disables A/D converter interrupt requests (initial value)
1 Enables A/D converter interrupt requests
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Bit 5: Multitone generator interrupt enable (IENMT)
Bit 5 enables or disables multitone half-cycle interrupt requests.

Bit5 Description

IENMT
0 Disables multitone half-cycle interrupts (initial value)
1 Enables multitone half-cycle interrupts

Bit 4: Timer G interrupt enable (IENTG)

Bit 4 enables or disables timer G input capture and overflow interrupt requests.

Bit 4 Description

IENMT
0 Disables timer G interrupts (initial value)
1 Enables timer G interrupts

Bit 3: Timer FH interrupt enable (IENTFH)

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

Bit 3IENTFH  Description

0 Disables timer FH interrupts (initial value)
1 Enables timer FH interrupts
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 interrupts (initial value)

1 Enables timer FL interrupts
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Bits 1 and O: Reserved bits
Bits 1 and O are reserved: they are always read as 1, and cannot be modified.
SCI3 interrupt control is covered in 10.3.2, in the description of serial control register 3.

4. Interrupt request 1 (IRR1)

Bit 7 6 5 4 3 2 1 0

| IRRTA | IRRS1 | | IRRI4 | IRRI3 | IRRI2 | IRRIL | IRRIO |
Initial value 0 0 1 0 0 0 0 0
ReadWrite Rw RW RW RW RW RW RW

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

IRR1 is an 8-bit read/write register, in which the corresponding bit is set to 1 when a timer

A, SCI1, or IRQ, to IRQ interrupt is requested. The flags are not cleared automatically
when an interrupt is accepted. It is necessary to write 0 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 0

1 Setting conditions:
When the timer A counter value overflows (goes 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 0

1 Setting conditions:
When an SCI1 transfer is completed

Bit 5: Reserved bit
Bit 5 is reserved; it is always read as 1, and cannot be modified.
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Bit4to 0: IRQ, to IRQ, interrupt request flags (IRRI4 to IRRIO)

Bits 4 to 0 IRRI4 to IRRIO  Description

0 Clearing conditions: (initial value)
When IRRIn = 1, it is cleared by writing 0 to IRRIn.
1 Setting conditions:
IRRIn is set when pin IRQ, is set to interrupt input,
and the designated signal edge is detected.
(n=4100)
5. Interrupt request register 2 (IRR2)
Bit 7 6 5 4 3 2 1 0
| IRRDT | IRRAD | IRRMT | IRRTG | IRRTFH | IRRTFL | | |
Initial value 0 0 0 0 0 0 1 1
ReadWrte ~ RW RW RW RW " RW RW RW RW

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

IRR2 is an 8-bit read/write register, in which the corresponding bit is set to 1 when a direct
transfer, A/D converter, multitone generator, timer G, timer FH, timer FL, timer C, or timer
B 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 0
1 Setting conditions:

When DTON = 1 and a direct transfer is made immediately after a
SLEEP instruction is executed

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 0
1 Setting conditions:

When A/D conversion is completed and ADSF is reset
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Bit 5: Multitone generator interrupt request flag (IRRMT)

Bit 5 IRRMT  Description

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

When the multitone generator has output one half-cycle of data

Bit 4: imer G interrupt request flag (IRRTG)

Bit 4 IRRTG Description

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

When pin TMIG is set to TMIG input and the designated signal
edge is detected

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 O
1 Setting conditions:

When counter FH matches output compare register FH in 8-bit
timer mode, or when 16-bit counter F (TCFL, TCFH) matches
output compare register F (OCRFL, OCRFH) in 16-bit timer mode

Bit 2: imer 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 counter FL matches output compare register FL in 8-bit
timer mode
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6. Wakeup interrupt request register (IWPR)
Bit 7 6 5 4 3 2 1 0
IWPF7 IWPF6 IWPF5 IWPF4 IWPF3 IWPF2 IWPF1 IWPFO
Initial value 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW ¥ rRW RW RW RW "

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

IWPR is an 8-bit read/write register, in which the corresponding bit is set to 1 when pins
WKP;7, to WKP; are set to wakeup input and a pin receives a falling edge input. The flags are
not cleared automatically when an interrupt is accepted. It is necessary to write O to clear
each flag.

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

Bits 7t0 0 Description
IWPF7 to IWPFO

0 Clearing conditions:
When IWPFn = 1, it is cleared by writing 0 to IWPFn.
1 Setting conditions:

IWPFn is set when pin WKP,, is set to wakeup interrupt input,
and a falling edge input is detected at the pin.

(n-7to 0)

3.3.3 External Interrupts

There are 14 external interrupts, NMI, WK&® WKP, and IRQto IRQ.

1. NMl interrupt

The NMI interrupt is requested by input at the NMI pin. This interrupt can be detected by
either rising edge sensing or falling edge sensing, depending on the setting of bit NMIEG in
IEGR1. The NMI interrupt has highest priority and is always accepted, regardless of the
setting of the | bit in CCR. The NMI interrupt has exception vector 3. When this exception is
recognized, the | bit is setto 1 in CCR.
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2. Interrupts WKPto WKP,
Interrupts WKP to WKP, are requested by falling edge inputs at pMi§P; to WKP;. When
these pins are designatedVe&P; to WKP5 pins in port mode register 5 (PMR5) and falling
edge input is detected, the corresponding bit in the wakeup interrupt request register (IWPR)
is set to 1, requesting an interrupt. Wakeup interrupt requests can be disabled by clearing the
IENWP bit in IENR1 to 0. It is also possible to mask all interrupts by setting the CCR | bit to
1.

When an interrupt exception handling request is received for interrupts WKPO to WKP7, the
CCR | bit is set to 1. The vector number for interrupts WKPO to WKP7 is 9. Since all eight
interrupts are assigned the same vector number, the interrupt source must be determined by
the exception handling routine.

3. Interrupts IRQto IRQ,
Interrupts IRQto IRQ, are requested by inputs into piiRs); to IRQ;. These interrupts are
detected by either rising edge sensing or falling edge sensing, depending on the settings of
bits IEGO to IEG4 in the edge select register (IEGR).

When these pins are designated as [ to IRQz in port mode registers 1 and 2 (PMR1
and PMR2) and the designated edge is input, the corresponding bit in IRR1 is set to 1,
requesting an interrupt. Interrupts IRQ IRQ, can be disabled by clearing bits IENO to
IEN4 in IENR1 to 0. All interrupts can be masked by setting the | bit in CCR to 1.
When IRQ to IRQ, interrupt exception handling is initiated, the | bit is set to 1. Vector
numbers 4 to 8 are assigned to interrupts IRQRQ,. The order of priority is from IRQ
(high) to IRQ (low). Table 3-2 gives details.

3.34 Internal Interrupts

There are 17 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. Individual
interrupt requests can be disabled by clearing the corresponding bit in IENR1 or IENR2 to 0. All
interrupts can be masked by setting the | bit in CCR to 1. When an internal interrupt request is
accepted, the | bit is set to 1. Vector numbers 10 to 20 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 a block diagram of the interrupt
controller. Figure 3-3 shows the flow up to interrupt acceptance.

Interrupt controller

U

- =
(=)
External or ) 53
internal { : =
interrupts [ ] 5 a
p — 8 Interrupt
; = = request
: S
[ ] AN =
)
O
-0 /\
External
interrupts or [ —
internal
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 request 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 a list of interrupt priorities.)
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» The interrupt controller checks the I bit of CCR. If the | bit is 0, the selected interrupt request
is accepted; if the | bit is 1, the interrupt request is held pending.

» If the interrupt 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 this time is 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.

» The | bit of CCR is set to 1, masking all further interrupts.

» 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 address is
executed.

Notes:

1. When disabling interrupts by clearing bits in an interrupt enable register, or when
clearing bits in an interrupt request register, always do so while interrupts are masked
(I=2).

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

No

Yes

| PC contents saved |
]

| CCR contents saved |
]

| H |

¥
Branch to interrupt
handling routine

Notation:

PC: Program counter

CCR: Condition code register
I: I bit of CCR

Figure 3-3 Flow up to Interrupt Acceptance
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/—\_/ /N/
SP-4 SPR7) = lecr]
SP-3 SP+1 fecy
SP-2 SP+2 lecnl
SP-1 SP+3 | F |
SPR7) = SP+4 Even address

e S1ACK Q€2 e

- /\/

PrOr 10 Start Of I(EITUP! et After completion of interrupt
exception handling PC and CCR exception handling

saved to stack

Notation:

PC,: 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.

*Ignored on return from interrupt.

Figure 3-4 Stack State after Completion of Interrupt Exception Handling

Figure 3-5 shows a typical interrupt sequence where the program area is in the on-chip ROM and the
stack area is in the on-chip RAM.
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Interrupt is
accepted

Interrupt level

decision and wait for Instruction Internal Stack access Vector fetch Internal Prefetch instruction of

end of instruction prefetch processing processing interrupt-handling routine
| [} |

Interrupt
request signal

mera X o X o X o X o X @ X o X X
Internal read

signal I \ / \ / \ / \ [ \ /
Internal write \ / \ /
signal

n(ema\)da(a bus (6] )—( U] )—( ©)

I
(16 bits)

1) Instruction prefetch address (Instruction is not executed. Address is saved as PC
contents, becoming return address.)

(2)(4) Instruction code (not executed)

3) Instruction prefetch address (Instruction is not executed.)

(5) SP-2

(6) SP-4

7) CCR

(8) Vector address

9) Starting address of interrupt-handling routine (contents of vector)
(20) First instruction of interrupt-handling routine.

Figure 3-5 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.

Table 3-4 Interrupt Wait States

Item States

Waiting time for completion of executing instruction* 1to 13

Saving of PC and CCR to stack 4
Vector fetch 2
Instruction fetch 4
Internal processing 4
Total 15to 27

Note: * Not including EEPMOV instruction.
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3.4 Application Notes

3.4.1 Notes on Stack Area Use

When word data is accessed in the H8/3877U Series, the least significant bit of the address is regarded
as 0. Access to 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 address in SP may cause a program to crash. An example is shown in figure 3-6.

PCy Sp —— RIL HFEFC
SP —= PC, PC, HFEFD
SP —= HFEFF
BSR instruction MOV. B R1L,@-R7
SP set to HFEFF Stack accessed beyond SP Contents of PCHare lost
Notation:
PC,: Upper byte of program counter
PC: Lower byte of program counter
R1L: General register R1L
SP: Stack pointer

Figure 3-6 Operation when Odd Address is 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 Notes on 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
these pinsIRQ; to IRQs, andWKP; to WKP;), the interrupt request flag may be set to 1 at the time

the pin function is switched, even if no valid interrupt is input at the pin. Be sure to clear the interrupt
request flag to 0 after switching pin functions. Table 3-5 shows the conditions under which interrupt

request flags are set to 1 in this way.

Table 3-5 Conditions under which Interrupt Request Flag is Set to 1

Interrupt Request
Flags Setto 1

Conditions

IRR1 IRRI4

When PMR2 bit IRQ4 is changed from 0 to 1 while pin IRQ, is low and
IEGR bit IEG4 = 0.

When PMR2 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 IRQ, is low and
IEGR bit IEG3 = 0.

When PMR1 bit IRQ3 is changed from 1 to 0 while pin IRQ, 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 PMR1 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 PMR2 bit IRQO is changed from 0 to 1 while pin IRQ, is low and
IEGR bit IEGO = 0.

When PMR2 bit IRQO is changed from 1 to 0 while pin IRQ, is low and
IEGR bit IEGO = 1.
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Table 3-5 Conditions under which Interrupt Request Flag is Set to 1 (cont)

Interrupt Request  Conditions
Flags Setto 1

IWPR  IWPF7 When PMRS5 bit WKP7 is changed from 0 to 1 while pin WKP, is low
IWPF6 When PMRS5 bit WKP6 is changed from 0 to 1 while pin WKP, is low
IWPF5 When PMRS5 bit WKP5 is changed from 0 to 1 while pin WKP, is low
IWPF4 When PMRS5 bit WKP4 is changed from 0 to 1 while pin WKP, is low
IWPF3 When PMRS5 bit WKP3 is changed from 0 to 1 while pin WKP, is low
IWPF2 When PMRS5 bit WKP2 is changed from 0 to 1 while pin WKP, is low
IWPF1 When PMRS5 bit WKP1 is changed from 0 to 1 while pin WKP, is low
IWPFO When PMRS5 bit WKPO is changed from 0 to 1 while pin WKP, is low

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 instructiolN@®g.,then clear the
interrupt request flag from 1 to O. 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 conditions in table 3-5 do not occur.

Interrupts masked.(Another possibility
is to disable the relevant interrupt in

| CCRIbit—1 | """"""""""""" interrupt enable register 1.)
| Set port mode register bit |
| After setting the port mode register bit,
| Execute NOP instruction | ......................... first execute at least one instruction
(e.g.,NOP),then clear the interrupt
| request flag to 0
| Clear interrupt request flag to 0 |
| CCR I bite— 0 | .......................... Interrupt mask cleared

Figure 3-7 Port Mode Register Setting and Interrupt Request Flag Clearing Procedure
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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 a
system clock oscillator and system clock dividers. The subclock pulse generator consists of a subclock
oscillator circuit and a subclock divider.

41.1 Block Diagram

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

¢OCS /2
0SC 4 Systemclock | Posc System clock L B, /16 ’
0sC 5 osilaor 1) diider (112 Systemclock =S
0sC divider (1/8) 2
Prescalers [T X
(130bis) P
System clock pulse generator | /8192
- — — —— e
9y
$,02
Subclock
X1 Subclock Pu divider fult | Psie
X, oscillator 0 (112,1/4,108) 918 |
9y 2
4, 14
9u 18
i Prescaler W t
1 Subclock pulsz generator B — ] (5 bits) _i> Gow 1128

Figure 4-1 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, dfoueof the
clock signals have names: g is the system clogk,issthe subclock, g is the oscillator clock, and
7., is the watch clock.

The clock signals available for use by peripheral modules gree¢?, a/4, 9/8, 2/16, 8/32, 8/64,
2/128, @/256, 8/512, /1024, a/2048, ¢/4096, 9/8194 2, 4/4, 4/8, 4,/16, 4/32, 4/64, and
4,/128. The clock requirements differ from one module to another.
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4.2 System Clock Generator

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

1. Connecting a crystal oscillator
Figure 4-2 shows a typical method of connecting a crystal oscillator.

0SC

R=1MQ +20%
C =C,=12pF+ 20%

W
mills
\

0SC

Figure 4-2 Typical Connection to Crystal Oscillator

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

0SC 1—— t—— 0SC 2

Figure 4-3 Equivalent Circuit of Crystal Oscillator

Table 4-1 Crystal Oscillator Parameters

Frequency (MHz) 2 4 8 10
Rs max (Q) 500 100 50 30
Co max (pF) 7
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2 Connecting a ceramic oscillator
Figure 4-4 shows a typical method of connecting a ceramic oscillator.

Cy
0sC ! L
= Re L] e R=LMO) +20%
C = 30pF+ 10%
OSC2 T C:= SOEFE 10%?
Ceramic oscillator: Murata

Figure 4-4 Typical Connection to Ceramic Oscillator

3. Notes on board design
When generating clock pulses by connecting a crystal 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. (See figure 4-5.)
The board should be designed so that the oscillator and load capacitors are located as close
as possible to pins 0$@nd OSC

To be avoided = Signal A Signal B

|| 0SC

OSC

Figure 4-5 Board Design of Oscillator Circuit

HITACHI
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4. External clock input method

Connect an external clock signal to pin QS#d leave pin OS®@pen. Figure 4-6 shows a
typical connection.

0sC 4 External clock input

0SC » Open

Figure 4-6 External Clock Input (Example)

Frequency Oscillator Clock (8 ,..)

Duty cycle 45% to 55%
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4.3 Subclock Generator

1. Connecting a 32.768-kHz crystal oscillator
Clock pulses can be supplied to the subclock divider by connecting a 32.768-kHz crystal
oscillator, as shown in figure 4-7. Follow the same precautions as noted under 4.2.3 for the

system clock.

X1

HOH

| | C =C =15pF (typ.)
Cz

Figure 4-7 Typical Connection to 32.768-kHz Crystal Oscillator (Subclock)

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

Cs
e & |
- [
Ls Rs
Xy — I Xg
| ]
[
Co
C,= 1.5pF typ
R=14kQ yp
f,= 32.768 kHz
Crystal oscillator: MX38T
( Nihon Denpa Kogyo)

Figure 4-8 Equivalent Circuit of 32.768-kHz Crystal Oscillator
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2.

Inputting an external clock

(1) Circuit configuration
An external clock is input to the Xin. The X pin should be left open.
An example of the connection in this case is shown in figure 4-9.

External clock input

: L

X Open

Figure 4-9 Example of Connection when Inputting an External Clock

(2) External clock

Input a square waveform to the pin. When using the CPU, timer A, timer C, timer G,
or an LCD, with a subclock (gw) clock selected, do not stop the clock supply tg the X

pin.

txH

txL

txf

Lot .

Figure 4-10 External Subclock Timing

The DC characteristics and timing of an external clock input to jlpnXare shown in table
4-2.
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Table 4-2 DC Characteristics and Timing

Ve =27V1055V, AL =27V1055V, (= AV,=0.0V, T =-20C to +75C, unless
otherwise specified, including subactive mode)

Applicable Values
Item Symbol Pin Min Typ Max Unit Notes
Input high voltage V,, X, V03 -- V,+0.3 V Figure 4.10
Input low voltage V, -0.3 - 0.3
External subclock rise  txr -- -- 100 ns Figure 4.10
time
External subclock fall  txf - - 100
time
External subclock fx - 32.768 - kHz
oscillation frequency
External subclock high  txH 12.0 -- -- Us Figure 4.10
width
External subclock low  txL 12.0 -- -- Us
width

3. Pin connection when not using subclock

When the subclock is not used, connect pjiaXV__and leave pin Xopen, as shown in
figure 4-9.

Vee

X, b————— Open

Figure 4-11 Pin Connection when not Using Subclock
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4.4 Prescalers

The H8/3877U Series is equipped with two on-chip prescalers having different input clocks (prescaler

S and prescaler W). Prescaler S is a 13-bit counter using the system clock (@) as its input clock. Its
prescaled outputs provide internal clock signals for on-chip peripheral modules. Prescaler W is a 5-bit
counter using a 32.768-kHz signal divided by A)@s its input clock. Its prescaled outputs are used

by timer A as a time base for timekeeping.

1. Prescaler S (PSS)

Prescaler S is a 13-bit counter using the system clock (@) as its input clock. It is incremented
once per clock period.

Prescaler S is initialized to H'0000 by a reset, 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 is initialized to H'0000.

The CPU cannot read or write prescaler S.

The output from prescaler S is shared by the on-chip peripheral modules. The divider ratio
can be set separately for each on-chip peripheral function.

In active (medium-speed) mode the clock input to prescaler S/%6a
2. Prescaler W (PSW)

Prescaler W is a 5-bit counter using a 32.768 kHz signal divided by,/4) @s its input
clock.

Prescaler W is initialized to H'00 by a reset, 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 piasdXX.

Prescaler W can be reset by setting 1s in bits TMA3 and TMA2 of timer mode register A
(TMA).

Output from prescaler W can be used to drive timer A, in which case timer A functions as a
time base for timekeeping.
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45 Note on Oscillators

Oscillator characteristics of both the masked ROM and Z'tA@rsions are closely related to board
design and should be carefully evaluated by the user, referring to the examples shown in this section.
Oscillator circuit constants will differ depending on the oscillator element, stray capacitance in 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 Modesor! Bookmark not
defined.

51 Overview

The H8/3877U Series has seven modes of operation after a reset. These include six power-down
modes, in which power dissipation is significantly reduced.

Table 5-1 gives a summary of the seven operation modes. All but the active (high-speed) mode are
power-down modes.

Table 5-1 Operation Modes

Operating Mode Description

Active (high-speed) mode The CPU runs on the system clock, executing program
instructions at high speed

Active (medium-speed) mode The CPU runs on the system clock, executing program
instructions at reduced speed

Subactive mode The CPU runs on the subclock, executing program instructions
at reduced speed

Sleep mode The CPU halts. On-chip peripheral modules continue to operate
on the system clock.

Subsleep mode The CPU halts. Timer A, timer C, timer G, and the LCD
controller continue to operate on the subclock.

Watch mode The CPU halts. The time-base function of Timer A and the LCD

controller continue to operate on the subclock.

Standby mode The CPU and all on-chip peripheral modules stop operating

In this section the two active modes (high-speed and medium-speed) are 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 halt state.

Power-down mode

J

. Transition caused by exception handling

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

Details on the mode transition conditions are given in the explanations of each mode, in
sections 5.2 through 5.8.

Notes: 1. Timer A interrupt, IRQ, interrupt, WKP,to WKP, interrupts

2. Timer A interrupt, timer G interrupt, IRQ, to IRQ, interrupts, WKP, to WKP,
interrupts and NMI interrupt

3. Allinterrupts
IRQ, interrupt, IRQ, interrupt, WKP, to WKP, interrupts and NMI interrupt
5. Timer A interrupt, IRQ, interrupt, WKP, to WKP, interrupts and NMI interrupt

e

Figure 5-1 Operation Mode Transition Diagram
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Table 5-2 Internal State in Each Operation Mode

Active Mode
Function High Medium  Sleep Watch Subactive  Subsleep  Standby
Speed Speed Mode Mode Mode Mode Mode

System clock oscillator Functional Functional Functional Stopped Stopped Stopped Stopped

Subclock oscillator Functional Functional Functional Functional Functional Functional Functional

CPU Instructions Functional Functional Stopped Stopped Functional  Stopped Stopped
operation

RAM Retained Retained Retained  Retained
Registers

110 Retained*'

External NMI Functional Functional Functional Functional Functional Functional Functional
interrupts

IRQ,

IRQ, Retained*®

IRQ, Retained*®
IRQ,

IRQ,

WKP,

R Functional Functional Functional Functional Functional Functional Functional

WKP

1

WKP

2

WKP

3

WKP

4

WKP

5

WKP

6

WKP

7

Peripheral Timer A Functional Functional Functional Functional** Functional** Functional** Retained
module
functions

Timer F Retained Retained Retained

Timer G Functional/ Functional/
Retained* Retained*

SCI1 Functional Functional Functional Retained Retained Retained Retained

SCI3 Reset Reset Reset Reset

DTMF Functional Functional Functional Reset Reset Reset Reset

A/D Functional Functional Functional Retained Retained Retained Retained
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Active Mode

Function High Medium  Sleep Watch Subactive  Subsleep  Standby
Speed Speed Mode Mode Mode Mode Mode
LCD Functional Functional Functional Functional/ Functional/ Functional/ Retained
Retained®® Retained* Retained*
Multitone  Functional Functional Functional Reset Reset Reset Reset
generator
Notes: 1 Register contents held; high-impedance output.
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2. Functional only if @ /2 internal clock is selected; otherwise stopped and retained.

3. Functional only if g, 8,/2 or g,/4 internal clock is selected; otherwise stopped and
retained.

4. Functional when timekeeping time-base function is selected.

5. External interrupt requests are ignored. The interrupt request register contents are not
affected.
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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.

Table 5-3  System Control Register

Name Abbreviation R/W Initial Value  Address
System control register 1 SYSCR1 R/W H'07 H'FFFO
System control register 2~ SYSCR2 R/W H'EO HFFF1

1. System control register 1 (SYSCR1)

Bit 7 6 5 4 3 2 1 0

| SSBY | STS2 | STS1 | STSO | LSON | | | |
Initial value 0 0 0 0 0 1 1 1
Read/Write RIW RIW RIW RIW RIW

SYSCR1 is an 8-bit read/write register for control of the power-down modes.
Upon reset, SYSCR1 is initialized 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 (initial value)
transition 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.

Bits 6 to 4: Standby timer select 2 to 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 clock frequency so that the waiting time is
at least 10 ms.
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Bit6 STS2 Bit5STS1 Bit4 STSO Description

0 0 Wait time = 8,192 states (initial value)

Wait time = 16,384 states

0 1
1 0 Wait time = 32,768 states
1 1 Wait time = 65,536 states

Rr|lO|]O|Of| O

*

*

Wait time = 131,072 states

Note: * Don't care

Bit 3: Low speed on flag (LSON)

This bit chooses the system clock () or subclogk)(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 3LSON Description

0 The CPU operates on the system clock (2) (initial value)

1 The CPU operates on the subclock (2,,,)

Bits 2to @ Reserved bits
These bits are reserved; they are always read as 1, and cannot be modified.
2. System control register 2 (SYSCR2)

Bit 7 6 5 4 3 2 1 0
NESEL DTON MSON SAL SAO

Initial value 1 1 1 0 0 0 0 0

Read/Write RIW RIW RIW RIW RIW

SYSCR?2 is an 8-bit read/write register for power-down mode control.

Upon reset, SYSCR2 is initialized to H'EO.

Bits 7to 5 Reserved bits

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

This bit selects the frequency at which the watch clock sigprldenerated by the subclock
pulse generator is sampled, in relation to the oscillator cloghk (enerated by the system
clock pulse generator. Whep,&2 to 10 MHz, clear NESEL to O.

Bit 4 NESEL Description

0 Sampling rate is @, /16 (initial value)
1 Sampling rate is g, /4
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 3DTON  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 subactive mode, a direct
transition is made to active (high-speed) mode if SSBY = 1, TMA3
=1,LSON = 0, and MSON = 0, or to active (medium-speed) mode
if SSBY =1, TMA3=1,LSON =0, and MSON = 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, or to active (medium-speed) mode
if SSBY =1, TMA3 =1, LSON =0, and MSON = 1.

Bit 2: Medium speed on flag (MSON)

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 is in active (high-speed) mode (initial value)

1 Operation is in active (medium-speed) mode
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Bits 1 and 0: Subactive mode clock select (SA1 and SAQ)

These bits select the CPU clock rate/@s @,/4, 9,,/8) in subactive mode. SA1 and SAO
cannot be modified in subactive mode.

Bit 1 SA1 Bit0SAO0 Description

0 0 2,/8 (initial value)
0 1 2,/4
1 * a,/2

Note: * Don't care

5.2 Sleep Mode

5.2.1 Transition to Sleep Mode

The system goes from active mode to sleep mode when a SLEEP instruction is executed while the
SSBY and LSON bhits in system control register 1 (SYSCR1) are cleared to 0. In sleep mode CPU

operation is halted but the on-chip peripheral functions are operational. The CPU register contents are
retained.

5.2.2 Clearing Sleep Mode

Sleep mode is cleared by an interrupt (timer A, timer F, timer G, NMI,, tiRIRQ, WKP, to WKP,,
SCI1, SCI3, A/D converter, multitone generator) 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.
Operation resumes in active (high-speed) mode if MSON = 0 in SYSCR2, or active (medium-speed)
mode if MSON = 1. Sleep mode is not cleared if the | bit of theittmmdode register (CCR) is set to

1 or the particular interrupt is disabled in the interrupt enable register.

¢ Clearing byRES input

When theRES pin goes low, the CPU goes into the reset state and sleep mode is cleared.
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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 bit in SYSCR1 is set to 1, the LSON bit is cleared to 0, and bit TMA&er register A

(TMA) is cleared to 0. In standby mode the clock pulse generator stops, so the CPU and on-chip
peripheral modules stop functioning. As long as a minimum required voltage is applied, the CPU
register contents and data in the on-chip RAM will be retained. The I/O ports go to the high-
impedance state.

5.3.2 Clearing Standby Mode

Standby mode is cleared by an interrupt (NMI, JRRQ,, WKP, to WKP) or by input at th&RES
pin.

e Clearing by interrupt

When an interrupt is requested, the system clock pulse generator starts. After the time set in bits
STS2-STSO in SYSCR1 has elapsed, a stable system clock signal is supplied to the entire chip,
standby mode is cleared, and interrupt exception handling starts. Operation resumes in active (high-
speed) mode if MSON = 0in SYSCR2, or active (medium-speed) mode if MSON = 1. Standby mode
is not cleared if the | bit of CCR is set to 1 or the particular interrupt is disabled in the interrupt enable
register.

¢ Clearing byRES input

When theRES pin goes low, the system clock pulse generator starts and standby mode is cleared.
After the pulse generator output has stabilized, ifRBS 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, th&®ES 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 Mode is Cleared
Bits STS2 to STSO in SYSCR1 should be set as follows:
* When a crystal oscillator is used

Table 5-4 gives settings for various operating frequencies. Set bits STS2 to STSO0 for a waiting time of
at least 10 ms.

* When an external clock is used
Any values may be set. Normally the minimum time (STS2 = STS1 = STS0 = 0) should be set.

Table 5-4  Clock Frequency and Settling Time (times are in ms)

STS2 STS1 STSO Waiting Time 5MHz 4MHz 2MHz 1MHz 0.5MHz
0 0 0 8,192 states 1.6 2.0 4.1 8.2 [16.4]
0 0 1 16,384 states 3.2 4.1 8.2 [16.4] 32.8

0 1 0 32,768 states 6.6 8.2 [16.4] 32.8 65.5

0 1 1 65,536 states [13.1] [16.4] 328 65.5 131.1

1 * * 131,072 states 26.2 32.8 65.5 1311 262.1

Note: *Don't care
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54 Watch Mode

5.4.1 Transition to Watch Mode

The system goes from active or subactive mode to watch mode when a SLEEP instruction is executed
while the SSBY bit in SYSCRL1 is set to 1 and bit TMA3 in TMA is set to 1.

In watch mode, operation of on-chip peripheral modules other than timer A and the LCD controller is
halted. The LCD controller can be selected to operate or to halt. As long as a minimum required
voltage is applied, the contents of CPU registers and some registers of the on-chip peripheral
modules*, and the on-chip RAM contents, are retained. 1/0O ports keep the same states as before the
transition.

Note: *The contents of SCI3, DTMF generator, and multi-tone generator registers are reset.

5.4.2 Clearing Watch Mode

Watch mode is cleared by an interrupt (timer A, NMI, IJRQ/KP, to WKP) or by a low input at the
RES pin.

» Clearing by interrupt
When watch mode is cleared by a timer A, |R& WKP, to WKP, interrupt request, the
mode to which a transition is made depends on the settings of LSON in SYSCR1 and MSON
in SYSCR2. 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 watch mode is cleared by an NMI interrupt
request, the transition is to active (high-speed) mode if MSON = 0 or to active (medium-
speed) mode if MSON = 1, but never to subactive mode. When the transition is to active
mode, after the time set in SYSCRL1 bits STS2 to STSO has elapsed, a stable clock signal is
supplied to the entire chip, watch mode is 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.

¢ Clearing byRES input
Clearing byRES pin is the same as for standby mode; see 5.3.2, Clearing Standby Mode.

5.4.3 Oscillator Settling Time after Watch Mode is 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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55 Subsleep Mode

5.5.1 Transition to Subsleep Mode

The system goes from subactive mode to subsleep mode when a SLEEP instruction is executed while
the SSBY bit in SYSCRL1 is cleared to 0, LSON is set to 1, and bit TMA3 in TMA is set to 1.

In subsleep mode, operation of on-chip peripheral modules other than timer A, timer G, and the LCD
controller is halted. As long as a minimum required voltage is applied, the contents of CPU registers
and some registers of the on-chip peripheral modules*, and the on-chip RAM contents, are retained.
I/O ports keep the same states as before the transition.

Note: *The contents of SCI3, DTMF generator, and multi-tone generator registers are reset.

5.5.2 Clearing Subsleep Mode

Subsleep mode is cleared by an interrupt (timer A, timer G, NMI, IRQRQ, WKP, to WKP) or
by a low input at th&ES pin.

» 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.

» Clearing byRES input
Clearing byRES input is the same as for standby mode; see 5.3.2, Clearing Standby Mode.
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5.6 Subactive Mode

5.6.1 Transition to Subactive Mode

Subactive mode is entered from watch mode if a timer A,,IRQ WKP to WKP, interrupt is
requested while the LSON bit in SYSCR1 is set to 1. From subsleep mode, subactive mode is entered
if a timer A, timer G, NMI, IRQto IRQ, 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.

The contents of SCI3, DTMF generator, and multi-tone generator registers are reset.

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

¢ Clearing by SLEEP instruction

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

¢ Clearing byRES pin
Clearing byRES pin is the same as for standby mode; see 5.3.2, Clearing Standby Mode.

5.6.3 Operating Frequency in Subactive Mode

The operating frequency in subactive mode is set in bits SA1 and SAO in SYSCR2. The chgices are
2,,./4, and, /8.
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5.7 Active (medium-speed) Mode

5.7.1 Transition to Active (medium-speed) Mode

If the MSON bit in SYSCR?2 is set to 1 while the LSON bit in SYSCRL1 is cleared to 0, idmnatias

active (medium-speed) mode results from NMI, JRRQ, or WKP, to WKP, interrupts in standby

mode, timer A, NMI, IRQ 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 is setto 1
or the particular interrupt is disabled in the interrupt enable register.

5.7.2 Clearing Active (medium-speed) Mode
Active (medium-speed) mode is cleared by a SLEEP instruction or by a low input at the ????RES pin.

» Clearing by SLEEP instruction
A transition to standby mode takes place if a SLEEP instruction is executed while the SSBY
bit in SYSCR1 is set to 1, the LSON bit in SYSCR1 is cleared to 0, and bit TMA3 in TMA
is cleared to 0. The system goes to watch mode if the SSBY bit in SYSCR1 is setto 1 and
bit TMA3 in TMA is set to 1 when a SLEEP instruction is executed. Sleep mode is entered
if both SSBY and LSON are cleared to 0 when a SLEEP instruction is executed. Direct
transfer to active (high-speed) mode or to subactive mode is also possible. See 5.8, Direct
Transfer, below for detalils.

+ Clearing byRES pin
When theRES pin goes low, the CPU enters the reset state and active (medium-speed) mode
is cleared.

5.7.3 Operating Frequency in Active (medium-speed) Mode

In active (medium-speed) mode, the CPU is clocked at 1/8 the frequency in active (high-speed) mode.
The DTMF generator and multitone generator, however, continue to operate on the OSgglock (
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5.8 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 while
the DTON bhit in SYSCR2 is set to 1. After the mode transition, direct transfer interrupt exception
handling starts.

If the direct transfer interrupt is disabled in interrupt enable register 2, a transition is made instead to
sleep mode or watch mode. Note that if a direct 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.

« 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 is set to 1, and the DTON
bit in SYSCR2 is set to 1, a transition is made to active (medium-speed) mode via sleep
mode.

¢ 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 bits in SYSCRL1 are cleared to 0, the MSON bit in SYSCR2 is cleared to 0, and the
DTON bit in SYSCR2 is set to 1, a transition is made to active (high-speed) mode via sleep
mode.

« 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 is set to 1, and bit TMA3 in
TMA is set to 1, a transition is made to subactive mode via watch mode.

« Direct transfer from subactive mode to active (high-speed) mode
When a SLEEP instruction is executed in subactive mode while the SSBY bitin SYSCR1 is
setto 1, the LSON bit in SYSCR1 is cleared to 0, the MSON bit in SYSCR2 is cleared to 0,
the DTON bit in SYSCR2 is set to 1, and bit TMA3 in TMA is set to 1, a transition is made
directly to active (high-speed) mode via watch mode after the waiting time set in SYSCR1
bits STS2 to STSO has elapsed.

« Direct transfer from active (medium-speed) mode to subactive mode
When a SLEEP instruction is executed in active (medium-speed) mode while the SSBY and
LSON bits in SYSCR1 are set to 1, the DTON bit in SYSCR2 is set to 1, and bit TMA3 in
TMA is set to 1, a transition is made to subactive mode via watch mode.

« Direct transfer from subactive mode to active (medium-speed) mode
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When a SLEEP instruction is executed in subactive mode while the SSBY bitin SYSCR1 is
set to 1, the LSON bit in SYSCR1 is cleared to 0, the MSON bitin SYSCR2 is setto 1, the
DTON bit in SYSCR2 is setto 1, and bit TMA3 in TMA is set to 1, a transition is made
directly to active (medium-speed) mode via watch mode after the waiting time set in
SYSCR1 bits STS2 to STSO has elapsed.
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Section 6 ROM

6.1 Overview

The H8/3877U has 60 kbytes of on-chip ROM, while the H8/3867U has 48 kbytes and the H8/3875U
has 40 kbytes. The ROM is connected to the CPU by a 16-bit data bus, allowing high-speed 2-state
access for both byte data and word data.

6.1.1 Block Diagram

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

< Internal data bus (upper 8 bits) >
< Internal data bus (upper 8 bits) >
HB8/38775U HB8/38756U HB8/3875U | | I/W
4 (oo 10000 10001
H'0002 H'0002 H'0003
40k . —— ]
< R S—
60K On-chip|ROM
H9FFE H9FFE H'9FFF
HBFFE HBFFE HBFFF
_ HEDFE HEDFE HEDFE
Even-numbered QOdd-numbered
address address
Figure 6-1 ROM Block Diagram
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6.2 FROM Mode

6.2.1 Selection of PROM Mode

If the on-chip ROM is PROM, setting the chip to PROM mode stops operation as a microcontroller
and allows the PROM to be programmed in the same way as the HN27C101, except that page
programming is not supported. Table 6-1 shows how to select PROM mode.

Table 6-1 Selection of PROM Mode

Pin Name Setting
TEST High level
PB./AN, Low level
PB,/AN,

PB./AN, 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, as listed in table 6-2.

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

Package Socket Adapter

100-pin (FP100B)  HS3877ESH-01H
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H8/3877U EPROM socket
FP-100B Pin Pin HN27C101 (32 pins)
9 RES Vep 1
44 P6 o EOq 13
45 P6 EO, 14
46 P6 , EO, 15
47 P6 , EO, 17
48 P64 EO,4 18
49 P6 5 EOs 19
50 P66 EOs 20
51 P6 ; EO; 21
67 P8, EAq 12
66 P8 5 EAy 1
65 P85 EA2 10
64 P8 4 EAs 9
63 P8 5 EA4 8
62 P8, EAs 7
61 P8 3 EAs 6
60 P8 g EA, 5
52 P74 EAsg 27
10 NMI EAg 26
54 P7, EA o 23
55 P73 EAp 25
56 P74 EAy 4
57 P75 EA 13 28
58 P76 EA 29
2 Pl EAss 3
21 Pls EA g 2
59 P7; CE 2
53 P74 OF 2%
T T o
8 AV Ve i
3 TEST
5 X1
9 PB s
25 P1,
24 P1,
20 Pl
6,27 Vss Vss 16
2 AV ss
94 PB;
95 PB g

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

Figure 6-2

Socket Adapter Pin Correspondence

HITACHI

119




Address in Address in

MCU mode PROM mode
H'0000 H'0000
On-chip PROM
H'EDFF H'EDFF
Missing area

H'1FFFF
Note: *  Unpredictable data may be output if this area is read in PROM mode. When

programming with a PROM programmer, be sure to specify addresses from
H'0000 to H'EDFF.

If H'EEOO and higher addresses are programmed by mistake, it may become
impossible to program or verify the PROM. When programming specify H'FF data
for this address area (H'EEQO to H'1FFFF).

Figure 6-3 Memory Map in PROM Mode
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6.3 Programming

The program, verify, and other modes are selected as shown in table 6-3 in PROM mode.

Table 6-3 Mode Selection in PROM Mode
Pin

Mode CE OE PGM Vpp Vce EO ,to EO, EA to EA,
Write L H L A V., Data input Address input
Verify L L H v, V., Data output Address input
Programming L L | v, V., High impedance Address input
disabled

L H H

H L L

H H H
Notation:
L: Low level
H: High level
V. 'V, level
V. V_level

The programming and verifying specifications in PROM mode are the same as the specifications of
the standard HN27C101 EPROM. Page programming is not supported, however. The PROM
programmer must not be set to page mode. PROM programmers that support only page programming
cannot be used. When selecting a PROM programmer, make sure that it supports a byte-byte high-
speed, high-reliability programming method. Be sure to set the address range to H'O0D&Eo H'E
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6.3.1 Programming and Verification

An efficient, high-speed, high-reliability programming procedure can be used to program and verify
data. This procedure programs the chip quickly without subjecting it to voltage stress and without
sacrificing data reliability. Figure 6-4 shows the basic high-speed, high-reliability programming flow

chart.

Set program/verify mode
V. =6.0v4025V, V,,=125V40.3V

Address =0

Yes Y

No . .
—<n<b | Program with t_, = 0.2ms + 5% |

!
Verification OK?

y Yes
Overprogram with t

[ Address +1 address

opw= 0.2nms |

Set read mode
Vi =6.0V +0.25V, V.=V,

Figure 6-4 High-Speed, High-Reliability Programming Flow Chart
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Table 6-4 and table 6-5 give the electrical characteristics in programming mode.
Table 6-4 DC Characteristics (preliminary)

(Conditions: V=6.4 V+0.25, V, V,=12.5 +0.3 V, Vss=0 V, Ta=28+5°C)

Item Symbol Min  Typ Max Unit  Test
Conditions

Input high-level -EO, to EO,, EAto EA; V,, 24 - Vce+0.3 Vv

voltage OE, CE, PGM

Input low-level EO, to EO,, EA  to EA; V, -03 - 0.8 \Y

voltage OE, CE, PGM

Output high- EO, to EQ, Vo, 24 -- -- \Y Io,=-200 pA

level voltage

Output low- EO,to EQ, V. -- -- 0.45 \Y 1,=0.8 mA

level voltage

Input leakage  EO, to EQ, EA o EA; || - - 2 HA V,=5.25

current OE, CE, PGM V/0.5V

V. current . -- -- 40 mA

V,, current [ -- -- 40 mA
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Table 6-5 AC Characteristics (preliminary)

(Conditions: V=6.0 V+0.25 V, ¥V =12.5 V0.3 V, T=25°C+5°C)

Item Symbol  Min Typ Max  Unit Test Conditions
Address setup time t,e 2 - -- us Figure 6-5*"
OE setup time toes 2 -- -- ps

Data setup time tos 2 -- -- ps

Address hold time t., 0 -- -- ps

Data hold time toy 2 -- -- ps

Data output disable time t,. -- -- 130 ns

V,, setup time toes 2 -- -- ps

Programming pulse width tow 0.19 0.20 0.21 ms

PGM pulse width for over top 019  -- 525 ms

programming

V_setup time tes -- -- ps

CE setup time tees -- -- ps

Data output delay time t 0 -- 200 ns

OE

Notes: 1. Input pulse level: 0.45V to 2.4V
Input rise time/fall time< 20 ns
Timing reference levels Input: 0.8 V, 2.0 V
Output: 0.8 V, 2.0V
2. t, is defined at the point at which the output is floating and the output level cannot be

read.

3. t, is defined by the value given in the programming flow chart in figure 6-4
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Figure 6-5 shows a program/verify timing diagram.

Program Verify
Address }gi
tas Cat
N 4
Data — Input data 3 ¢ Output data
tDS tDH tDF
VPP
Voo Ve = lwps
VCC+1
Ve Ve tves
CE
tCES
PGM _
S\_/Z{ Loes (| toe
Low
OE ) —
N
*
tOPW

Note:, t.., is defined by the value given in the high-speed, high-reliability programming flow
chart in figure 6-4.

Figure 6-5 PROM Program/Verify Timing
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6.3.2 Programming Precautions

¢ Use the specified programming voltage and timing
The programming voltage in PROM mode,{Ms 12.5 V. Use of a higher 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 \f,of 12.5V

¢ 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

¢ Select the programming mode carefully. The chip cannot be programmed in page
programming mode

¢ When programming with a PROM programmer, be sure to specify addresses from H'0000 to
H'EDFF. If address H'EEQO and higher addresses are programmed by mistake, it may
become impossible to program the PROM or verify the programmed data. When
programming, assign H'FF data to the address area from H'EEQO to H'1FFFF
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6.4 Reliability of Programmed Data

A highly effective way of assuring data retention characteristics after programming is to screen the
chips by baking them at a temperature of°C5(his quickly eliminates PROM memory cells prone

to initial data retention failure

Figure 6-6 shows a flowchart of this screening procedure

Write program and verify contents

Bake at high temperature with power off
125" Ct0 150° C, 24 hrs to 48 hrs

Read and check program

|
(o nsal )

Figure 6-6 Recommended Screening Procedure
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If write errors occur repeatedly while the same PROM programmer is being used, stop programming
and check for problems in the PROM programmer and socket adapter, etc

Please notify your Hitachi representative of any problems occurring during programming or in
screening after high-temperature baking.
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Section 7 RAM

7.1 Overview

The H8/3877U Series has 2 kbytes of high-speed static RAM on-chip. The RAM is connected to
the CPU by a 16-bit data bus, allowing 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) >

A [

< Internal data bus (lower 8 bits) >

U U 0

H'F780 HF780 H'F781

H'F782 HF782 H'F783

R\\—//

On-chip RAM

H'FF7E HFF7E HFFTF

Even-numbered Odd-numbered
address address

Figure 7-1 RAM Block Diagram
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Section 8 I/O Ports

8.1 Overview

The H8/3877U Series is provided with eight 8-bit I/O ports, two 4-bit I/O ports, and one 8-bit
input-only port. Table 8-1 indicates the functions of each port.

Each port has of a port control register (PCR) that controls input 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 data in PCR or
PDR.

Ports 5, 6, 7, 8, 9, A, D, and E double as LCD segment pins and common pins. The choice of pin
functions can be made in 4-bit groupings.

Block diagrams of each port are given in Appendix C.
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Table 8-1

Port Functions

Port Description Pins Other Functions Function
Switching
Register
Portl « 8-bitl/Oport P1,toPl/ External interrupts 3 to 1 PMR1
IRQ3 to IRQi/TMIF  Timer event input TMIF TCRF
¢ Input pull-up P1, None
MQOS option
¢ High-current P1/TMIG Timer G input capture PMR1
port
P1, P1/ Timer F output compare PMR1
TMOFH, TMOFL
P1,/TMOW Timer A clock output PMR1
Port2 « 8-bitl/Oport P2/IRQg External interrupt O PMR2
* Input pull-up P2,/TXD SC13 data output (TXD), SCR3
MOS option P2/RXD data input SMR3
P2,/SCK, (RXD), clock input/output
(SCK3)
¢ High-current P2,/SO, SCI1 data output (SO1), PMR2
port P2,/Sl, data input
P2,/SCK, (Sl,), clock input/output
(SCK1)
P2,/1IRQa#/ADTRG External interrupt 4 and A/D PMR2

converter external trigger

HITACHI
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Table 8-1 Port Functions (cont)

Port Description Pins Other Functions Function
Switching
Register

Port5 « 8-bit I/O port P5, to P5,/ Wakeup input (WKP7,  WKPg PMR5

WKP7 to WKPgs/  Segment output (SEG, to SEG,)
SEG,t0 SEG, LPCR
SEG, to SEG,

¢ Input pull-up
MQOS option

Port6 « 8-bit I/O port P6, to P6,/ Segment output (SEG,, to SEG,) LPCR

« inputpullup  SEG.t0 SEG,

MQOS option

Port 7« 8-bit I/O port P7,to P7,/ Segment output (SEG,, to SEG,, LPCR
SEG,, to SEG,,

Port8 « 8-bitl/Oport P8, toP8/ Segment output (SEG,, to SEG,,)  LPCR
SEG,, to SEG,,

Port9 « 8-bitl/Oport P9, toP9/ Segment output (SEG,, to SEG,;)  LPCR
SEG,, to SEG,,

Port A« 4-bit I/O port PA, to PA,/ Common output (COM, to
COM, to COM, COM,)LPCR

PortB « 8-bitinput port PB,to PB/ A/D converter analog input AMR
AN, to AN,

PortD « 8-bitl/Oport PD,toPD/ Segment output (SEG,, to SEG,,)  LPCR
SEG,, to SEG,,

PortE « 4-bit I/O Port PE.,/SEG,,/CL, Segment output (SEG,, to LPCR

PE,/SEG,/CL, SEG,)LPCR

PE,/SEG, /DO, Latch clock (CL,), shift clock (CL,),

PE/SEG,/M display data (DO), and alternated
signal (M) for external segment
expansion
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8.2 Port 1

8.2.1 Overview

Port 1 is an 8-bit I/O port. Figure 8-1 shows its pin configuration.

PL; IIRQ 5 /TMIF
PL, IRQ,

PL IRQ,

Py

PL, ITMIG

PL, ITMOFH
PL, ITMOFL
PL, TMOW

Port 1

T

Figure 8-1 Port 1 Pin Configuration

8.2.2 Register Configuration and Description
Table 8-2 shows the port 1 register configuration.

Table 8-2 Port 1 Registers

Name Abbrev. R/W Initial Value ~ Address

Port data register 1 PDR1 R/W 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'FF9C
Port mode register 1 PMR1 R/IW H'10 H'FF98
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1. Port data register 1 (PDR1)

Bit 7 6 5 4 3 2 1 0

| P1, | Pl | P1. | P1, | P1, | P1, | P1 | P1, |
Initial value 0 0 0 0 0 0 0 0
Read/Write RW RW  RW RW RW RW  RW RIW

PDR1 is an 8-bit register that stores data for pingd°R,. If port 1 is read while PCR1 bits
are set to v1, the values stored in PDR1 read, regardless of the actual pin states. If port 1 is
read while PCR1 bits are cleared to 0, the pin states are read.
Upon reset, PDR 1 is initialized to H'00.
2. Port control register 1 (PCR1)

Bit 7 6 5 4 3 2 1 0

[ Pcr1, | Pery, | Per1, | Pery, | PR, | PCRL, [ PR, | PRI, |
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W W W W

PCR1 is an 8-bit register for controlling whether each of the port 1 pirte P3, 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 settings in PCR1 and in PDR1
are valid only when the corresponding pin is designated in PMR1 as a general I/O pin.

Upon reset, PCR1 is initialized to H'00.
PCR1 is a write-only register. All bits are read as 1.
3. Port pull-up control register 1 (PUCR1)

Bt 7 6 5 4 3 2 1 0

[ Pucrt, | pucri, | Pucry, | Pucr, | Pucrt, | Pucrt, | Pucry, [ Pucky, |
Initial value 0 0 0 0 0 0 0 0
Read/Wiite RW RW RW RW RW RW RW  RW

PUCRZ1 controls whether the MOS pull-up of each port 1 pin is on or off. When a PCR1 bit is
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 is initialized to H'00.
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4. Port mode register 1 (PMR1)

Bit 7 6 5 4 3 2 1 0

| IRQ3 | IRQ2 | IRQ1 | - | T™IG | TMOFH | TMOFL | TMOW |
Initial value 0 0 0 1 0 0 0 0
Read/Write RIW RIW RIW - RIW RIW RIW RIW

PMRL1 is an 8-bit read/write register, controlling the selection of pin functions for port 1
pins.Upon reset, PMR1 is initialized to H'10.

Bit 7: PL/IRQs/TMIF pin function switch (IRQ3)
This bit selects whether pin PIRQs/TMIF is used as PXr asIRQ3/TMIF.
Bit 7  Description

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

Note: Rising or falling edge sensing can be designated foy TRATF.

For information about TMIF pin settings, see 9.3.2 (3), Timer Control Register F (TCRF).
Bit 6: P1/IRQ; pin function switch (IRQ2)
This bit selects whether pin PIRQ; is used as PDbr asIRQ;.

Bit6  Description

IRQ2
0 Functions as P1, I/O pin (initial value)
1 Functions as IRQ; input pin

Note: Rising or falling edge sensing can be designated foy. IRQ

Bit 5: P1/IRQ; pin function switch (IRQ1)
This bit selects whether pin PIRQ, is used as Rbr as IRQ.
Bit5 Description

IRQ1
0 Functions as P1, I/O pin (initial value)
1 Functions as IRQ7 input pin

Note: Rising or falling edge sensing can be designated foy. IRQ
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Bit 4: Reserved bit

Bit 4 is reserved: it is always read as 1, and cannot be modified.
Bit 3: PL/TMIG pin function switch (TMIG)

This bit selects whether pin PIMIG is used as BRbr as TMIG.

Bit3  Description
TMIG

0 Functions as P1, I/O pin

(initial value)

1 Functions as TMIG input pin

Bit 2: PL/TMOFH pin function switch (TMOFH)
This bit selects whether pin FIMOFH is used as Rbr as TMOFH.

Bit 2 Description
TMOFH

0 Functions as P1, I/O pin

(initial value)

1 Functions as TMOFH output pin

Bit 1: PL1/TMOFL pin function switch (TMOFL)
This bit selects whether pin PFIMOFL is used as Rbr as TMOFL.

Bit 1 Description
TMOFL

0 Functions as P1, I/O pin

(initial value)

1 Functions as TMOFL output pin

Bit O: P1/TMOW pin function switch (TMOW)

This bit selects whether pin PFIMOW is used as P10 or as TMOW.

Bit 0 Description
TMOW

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.
Table 8-3 Port 1 Pin Functions

Pin Pin Functions and Selection Method

P1,/IRQzTMIF The pin function depends on bit IRQ3 in PMR1, bits CKSL2 to CKSLO in TCRF,
and bit PCR1, in PCRL1.

IRO3 0 1
PCRL, 0 1 *
CKSL2 to CKSLO * Not 0** 0**
Pin function P1,input Pl output  IRQginput TRQyTMIF input

Note: When using this pin for TMIF input, clear bit IEN3 to 0 in IENRL1 to disable IRQ, interrupts.

P1/IRQz  The pin function depends on bit IRQ2 in PMR1 and bit PCR1, in PCRL.

IRQ2 0 1
PCR1, 0 1 *
Pin function P1, input pin P1, output pin IRQ, iuput pin

P1/IRQ7  The pin function depends on bit IRQ1 in PMR1 and bit PCR1, in PCR1.

IRQ1 0 1
PCR1, 0 1 *
Pin function P1, input pin P1, output pin IRQT input pin
P1, The pin function depends on bit PCR1, in PCR1.
PCR1, 0 1
Pin function P1, input pin P1, output pin

P1/TMIG  The pin function depends on bit TMIG in PMR1 and bit PCR1, in PCR1.

TMIG 0 1
PCRL, 0 1 *
Pin function P1, input pin P1, output pin TMIG input pin
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P1,/TMOFH The pin function depends on bit TMOFH in PMR1 and bit PCR1, in PCRL1.

TMOFH 0 1
PCR1, 0 1 *
Pin function P1, input pin P1, output pin TMOFH output pin

Note: *Don't care

Table 8-3 Port 1 Pin Functions (cont)

Pin Pin Functions and Selection Method
P1,/TMOFL  The pin function depends on bit TMOFL in PMR1 and bit PCR11 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 P1, input pin P1, output pin TMOW output pin

Note: *Don't care

8.2.4 Pin States
Table 8-4 shows the port 1 pin states in each operating mode.

Table 8-4 Port 1 Pin States

Pins Reset Sleep  Subsleep Standby  Watch Subactive  Active
P1./IRQ,/TMF High Retains Retains High Retains  Functional Functional
P1/IRQ, impedance previous previous impedance* previous

P1,/IRQ,P1, state state state

P1/TMIG

P1,/TMOFH

P1,/TMOFL

P1,/TMOW

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

Port 1 has a built-iMOS input pull-up function that can be controlled by software. When a PCR1 bit
is cleared to 0, setting the corresponding PUCRZ1 bit to 1 turns on the MOS pull-up for that pin. The
MOS input pull-up function is in the off state after a reset.

PCR1, 0 1
PUCR1, 0 1 *
MQOS input pull-up Off On Off
Note: *Don't care (n=71t00)
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8.3 Port 2

8.3.1 Overview

Port 2 is an 8-bit I/O port. Figure 8-2 shows its pin configuration.

P2,/IRQ

P2 ITXD

P2, IRXD

P2, ISCK,
P2,1S0,

P2,ISl,

P2, ISCK,

P2, /IRQ,, /ADTRG

Port 2

T

Figure 8-2 Port 2 Pin Configuration

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

Table 8-5 Port 2 Registers

Name Abbrev.  R/W Initial Value Address

Port data register 2 PDR2 R/W  H00 H'FFD5
Port control register 2 PCR2 w H'00 H'FFE5
Port mode register 2 PMR2 R/W  H40 H'FF99
Port pull-up control register 2 PUCR2 R/W  HO00 H'FFOD
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1. Port data register 2 (PDR2)

Bit 7 6 5 4 3 2 1 0

Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RW RIW RIW RW RIW RIW RIW

PDR2 is an 8-bit register that stores data for pingd®R2. 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 is
read while PCR2 bits are cleared to 0, the pin states are read.
Upon reset, PDR?2 is initialized to H'00.

2. Port control register 2 (PCR2)

Bit 7 6 5 4 3 2 1 0
EAEAEAEA R A ES

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 pirte 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 settings in PCR2 and in PDR2
are valid only when the corresponding pin is designated in PMR2 as a general I/O pin.
Upon reset, PCR2 is initialized to H'00.
PCR2 is a write-only register, which always reads all 1s.

3. Port mode register 2 (PMR2)

Bit 7 6 5 4 3 2 1 0
| IRQO | - | POF1 | NCS | S0l | Sit | SCK1 | IRQ4 |

Initial value 0 1 0 0 0 0 0 0

Read/Write RIW - RIW RIW RIW RIW RIW RIW

PMRZ2 is an 8-bit read/write register, controlling the selection of pin functions for pjitis P2
P2, and P2, controlling the PMOS on/off option for pin P20, and controlling the TMIG
input noise canceller.

Upon reset, PMR?2 is initialized to H'40.
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Bits 7: P2/IRQ, pin function switch (IRQO)
This bit selects whether pin PRQ, is used as P2rIRQ,.

Bit 7 IRQO  Description

0 Functions as P2, I/O pin (initial value)
1 Functions as IRQ, input pin

Bit 6: Reserved bit

Bit 6 is reserved: it is always read as 1, and cannot be modified.

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

This bit controls the PMOS transistor in the/BD, pin output buffer.

Bit5 POF1 Description

0 CMOS output (initial value)
1 NMOS open-drain output
Bit 4: TMIG noise canceller select (NCS)

This bit controls the noise canceller circuit for input capture at pin TMIG.

Bit4 NCS Description

0 Noise canceller function not selected (initial value)
1 Noise canceller function selected
Bit 3: P2/SQ, pin function switch (SO1)

This bit selects whether pin P20, is used as BRdr SQ.

Bit 3 SO1 Description

0 Functions as P2, 1/O pin (initial value)
1 Functions as SO, output pin
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Bit 2: P2/SI, pin function switch (SI1)
This bit selects whether pin JP3l, is used as Bdr Sl.

Bit2 SI1  Description

0 Functions as P2, I/0O pin (initial value)
1 Functions as SI, input pin
Bit 1: P2/SCK pin function switch (SCK1)

This bit selects whether pin PCK is used as Pdr SCK.

Bit 1 SCK1 Description

0 Functions as P2, 1/0O pin (initial value)
1 Functions as SCK, I/O pin
Bit O: P2 IRQ,ADTRG pin function switch (IRQ4)

This bit selects whether pin RRQ, is used as R2rIRQ,ADTRG.

Bit 0 IRQ4 Description

0 Functions as P2, I/O pin (initial value)

1 Functions as IRQ, ADTRG input pin

Note: For information about ADTRG pin settings, see 12.3.2, Start of A/D Conversion by
External Trigger Input.

4. Port pull-up control register 2 (PUCR2)

Bt 7 6 5 4 3 2 1 0
[ Pucre, | pucry, | Pucrz, | Pucre, | PuCR?, | PUCR?, | PUCR?, [ PUCR?, |

Initial value 0 0 0 0 0 0 0 0

Read/Wiite RW RW RW RW RW RW RW  RW

PUCR2 controls whether the MOS pull-up of each port 2 pin is one or off. When a PCR2 bit
is cleared to 0, setting the corresponding PUCR?2 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, PUCR?2 is initialized to H'00.
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8.3.3 Pin Functions
Table 8-6 shows the port 2 pin functions.

Table 8-6  Port 2 Pin Functions

Pin Pin Functions and Selection Method
P2,IRQ, The pin function depends on bit IRQO in PCR2 and bit PCR2, in PCR2.
IRQO 0 1
PCR2, 0 1 *
Pin function P2, input pin P2, output pin IRQ, input pin
P2,/TXD The pin function depends on bit TE in SCR of SCI3 and bit PCR2, in PCR2.
TE 0 1
PCR2, 0 1 *
Pin function P2, input pin P2, output pin TXD output pin
P2,/RXD The pin function depends on bit RE in SCR of SCI3 and bit PCR2, in PCR2.
RE 0 1
PCR2, 0 1 *
Pin function P2, input pin P2, output pin RXD input pin
P2,/SCK, The pin function depends on bits CKE1 and CKEO in SCR of SCI3, bit COM in
SMR of SCI3, and bit PCR2, in PCR2.
CKE1 0 1
CKEO 0 0 1 *
COM 0 1 * *
PCR2, 0 1 * *
Pin function P2, input pin P2, output pin SCK, output pin  SCK, input
pin
P2,/SO1 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

Note: * Don't care
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Table 8-6  Port 2 Pin Functions (cont)

Pin Pin Functions and Selection Method
P2,/Sl, 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 P2, output pin SlI, input pin
P2,/SCK, The pin function depends on bit SCK1 in PMR2, bit CKS3 in SCR1, and bit PCR2,
in PCR2.

SCK1 0 1

CKS3 * 0 1

PCR2, 0 1 * *

Pin function P2, input pin P2, output pin SCK, output pin SCK, input pin

P2,/IRQ,/ADTR The pin function depends on bit IRQ4 in PMR2, bit TRGE in AMR, and bit PCR2, in
G PCR2.

IRQ4 0 1
PCR2, 0 1 *
TRGE * 0 1
Pin function P2, input P2, output IRQ, input IRQ,ADTRG
input
Note: When using this pin for ADTRG input, clear bit IEN4 to 0 in IENR1 to disable IRQ,
interrupts.
Note: *Don't care
8.3.4 Pin States
Table 8-7 shows the port 2 pin states in each operating mode.
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Table 8-7 Port 2 Pin States

Pins Reset Sleep  Subsleep Standby Watch  Subactive Active

P2,IRQ, High Retains Retains High Retains Functional Functional
P2, TXD impedance previous previous impedance previous

P2,/RXD state*  state state

P2,

ISCK,P2,/S

0,P2,/SI,P

21

ISCK P21

RQ,/

ADTRG

Note: *High level output if the MOS pull-up is on.

8.3.5  MOS Input Pull-Up

Port 2 has a built-iMOS input pull-up function that can be controlled by software. When a PCR2 bit
is cleared to O, setting the corresponding PUCR?2 bit to 1 turns on the MOS pull-up for that pin. The
MOS input pull-up function is in the off state after a reset.

PCR2, 0 1
PUCR2, 0 1 *
MOS input pull-up Off On Off

Note: *Don't care (n =7 to 0)
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8.4 Port 5

8.4.1 Overview

Port 5 is an 8-bit I/O port, configured as shown in figure 8-3.

~————— P5 WKP,ISEG,
<———— P5_IWKP, ISEG,
PS5, WKP,/SEG
PS, WKP, ISEG .
PS, /WKP,/SEG,,
P5, WKP SEG,
P5, WKP, ISEG,
PS, /WKP,/SEG

Port5

1]

Figure 8-3 Port 5 Pin Configuration

8.4.2 Register Configuration and Description
Table 8-8 shows the port 5 register configuration.

Table 8-8 Port 5 Registers

Name Abbrev.  R/W Initial Value Address

Port data register 5 PDR5 R/W  HO00 H'FFD8
Port control register 5 PCR5 w H'00 H'FFES8
Port pull-up control register 5 PUCR5 R/W  HO00 H'FFOE
Port mode register 5 PMR5 R/W  H00 H'FF9B
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1. Port data register 5 (PDR5)

Bit 7 6 5 4 3 2 1 0
| P, | PS5, | PS5, | PS5, | PS5, | PS, | PS5, | PS5, |
Initial value 0 0 0 0 0 0 0 0

Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

PDRS5 is an 8-bit register that stores data for port 5 pingoA®g. If port 5 is read while

PCRS5 bits are set to 1, the values stored in PDR5 are read, regardless of the actual pin states.

If port 5 is read while PCR5 bits are cleared to 0, the pin states are read.
Upon reset, PDRS5 is initialized to H'00.
2. Port control register 5 (PCR5)

Bit 7 6 5 4 3 2 1 0
[ Pcrs, [ pcrs | pers, | pers, | pers, | pers, [ Pcrs, | Pers, |

Initial value 0 0 0 0 0 0 0 0

Read/Write W W W W W W W W

PCRS5 is an 8-bit register for controlling whether each of the port 5 pirte Pg functions

as an input pin or output pin. Setting a PCRS5 bit to 1 makes the corresponding pin an output
pin, while clearing the bit to 0 makes the pin an input pin. The settings in PCR5 and in PDR5
are valid only when the corresponding pin is designated as a general I/O pin in PMR5 and in

bits SGS3 to SGSO of LPCR.

Upon reset, PCR5 is initialized to H'0O.

PCRS5 is a write-only register. All bits are read as 1.
3. Port pull-up control register 5 (PUCR5)

Bit 7 6 5 4 3 2 1 0
[ Pucrs; | Pucrs | PUCRS ¢ | PUCRS, | PUCRS ; | PUCRS , | PUCRS ; [ PUCRS, |

Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

PUCRS controls whether the MOS pull-up of each port 5 pin is on or off. When a PCR5 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, PUCRS is initialized to H'00.
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4. Port mode register 5 (PMR5)

Bit 7 6 5 4 3 2 1 0
[ weer | wkes | wies [ wkes | wies | ez | wker [wkeo |
Initial value 0 0 0 0 0 0 0 0

Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

PMRS5 is an 8-bit read/write register, controlling the selection of pin functions for port 5 pins.
Upon reset, PMRS5 is initialized to H'00.

Bit n: P5/WKP /SEG,,, pin function switch (WKPn)

When pin PSWKP /SEG,, is not used as a SEGpin, this bit selects whether it is used as

PS5, or aswKP.,.

Bit n Description

WKPn
0 Functions as P5, 1/0O pin (initial value)
1 Functions as WKP, input pin

(n=7100)
Note: For information on use as a SEG_,, pin, see 13.2.1, LCD Port Control Register (LPCR).
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8.4.3 Pin Functions

Table 8-9 shows the port 5 pin functions.

Table 8-9 Port 5 Pin Functions
Pin Pin Functions and Selection Method
P5.,/WKP./ The pin function depends on bit WKPn in PMR5, bit PCR5, in PCRS5, and bits
SEG,to P5,/ SGS3to SGS0in LPCR.
WKP,/SEG, (n=7to4)
SGS3to (ki 1o**
SGS0
WKP, 0 1
PCRS, 0 1 * *
Pin function ~ P5_ input pin  P5 output pin WKP, input pin SEG_,, output
pin
P5.,/WKP,/ The pin function depends on bit WKP, in PMR5, bit PCR5n in PCR5, and bits
SEG, to P5/ SGS3to SGS0in LPCR.
WKP,/SEG, (n=31t00)
SGS3to 0*** or 1**0 1%1
SGS0
WKPn 0 1 *
PCR5nN 0 1 * *
Pin function ~ P5_ input pin  P5 output pin WKP, input pin SEG_,, output
pin

Note: Don't care
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8.4.4 Pin States
Table 8-10 shows the port 5 pin states in each operating mode.

Table 8-10 Port 5 Pin States

Pins Reset Sleep  Subsleep Standby Watch  Subactive Active
P5.,/WKP,S High- Retains Retains  High Retains Functional  Functional
EG, to P5/ mpedance previous previous impedance* previous

WKP,/ state state state

SEG,

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

8.45  MOS Input Pull-Up

Port 5 has a built-iMOS input pull-up function that can be controlled by software. When a PCR5 bit
is cleared to O, setting the corresponding PUCRS bit to 1 turns on the MOS pull-up for that pin. The
MOS pull-up function is in the off state after a reset.

PCRS, 0 1

PUCRS, 0 1 *

MOS input pull-up Off On Off

Note: *Don't care (n=7100)
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8.5 Port 6

8.5.1 Overview

Port 6 is an 8-bit I/O port, configured as shown in figure 8-4.

-—F6 ISEG16

~—————= PG,ISEG,,
~————= PG, ISEG,,

~——— P§,/SEG,,

Port 6
-— P63/SEG12
~———= P5,ISEG,,
-— P61/SEG10
~—— PG, /SEG,
Figure 8-4 Port 6 Pin Configuration

8.5.2 Register Configuration and Description
Table 8-11 shows the port 6 register configuration.

Table 8-11 Port 6 Registers

Name Abbrev.  R/W Initial Value Address

Port data register 6 PDR6 R/W  H00 H'FFD9
Port control register 6 PCR6 w H'00 H'FFE9
Port pull-up control register 6 PUCRG6 R/W  H00 H'FFOF
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1. Port data register 6 (PDR6)

Bit 7 6 5 4 3 2 1 0
| P6, | P6, | PG | PG, | P6 4 | PG, | P6, | P6, |

Initial value 0 0 0 0 0 0 0 0

Read/Wiite RIW RIW RIW RIW RIW RIW RIW RIW

PDRG6 is an 8-bit register that stores data for port 6 pingoH&;. If port 6 is read while
PCRE6 bits are set to 1, the values stored in PDR6 are read, regardless of the actual pin states.
If port 6 is read while PCR6 bits are cleared to 0, the pin states are read.
Upon reset, PDRE6 is initialized to H'00.
2. Port control register 6 (PCR6)

Bit 7 6 5 4 3 2 1 0
[ Pcre, | Pre g | Pereg | PeRs, | PeRe, [ PeRe, | PCR6, | PCRS, |

Initial value 0 0 0 0 0 0 0 0

Read/Write W W W W W W W W

PCRG6 is an 8-bit register for controlling whether each of the port 6 pirte P functions
as an input pin or output pin. Setting a PCR6 bit to 1 makes the corresponding pin an output
pin, while clearing the bit to 0 makes the pin an input pin. The settings in PCR6 and in PDR6
are valid only when the corresponding pin is designated in LPCR bits SGS3 to SGSO0 as a
general I/O pin.
Upon reset, PCR6 is initialized to H'0O.
PCRE6 is a write-only register. All bits are read as 1.

3. Port pull-up control register 6 (PUCRG)

Bit 7 6 5 4 3 2 1 0
[ Pucre, | Pucrs ;| Pucrs ;| Pucrs, | PucRe, | PuCRs | PUCRS, | PUCRS |

Initial value 0 0 0 0 0 0 0 0

Read/\Wiite RW RW RW RW RW RW  RW  RW

PUCRSG6 controls whether the MOS pull-up of each port 6 pin is on or off. When a PCR6 bit is
cleared to 0, setting the corresponding PUCRG6 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, PUCRE is initialized to H'00.
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8.5.3 Pin Functions
Table 8-12 shows the port 6 pin functions.
Table 8-12 Port 6 Pin Functions

Pin Pin Functions and Selection Method

P6,/SEG,,to  The pin function depends on bit PCR6, in PCR6 and bits SGS3 to SGSO0 in
P6,/SEG,, LPCR.

(n=7104)
SGS3to SGSO 00** or 010* 011* or 1%**
PCR®6, 0 1 *
Pin function P6, input pin P6, output pin SEG,,, output pin

P6,/SEG,,to  The pin function depends on bit PCR6, in PCR6 and bits SGS3 to SGSO0 in
P6,/SEG, LPCR.

(n=31t00)
SGS3to SGSO 00**, 010* or 0110 0111 or 1***
PCR6, 0 1 *
Pin function P6, input pin P6, output pin SEG,,, output pin
Note: *Don't care
8.5.4 Pin States
Table 8-13 shows the port 6 pin states in each operating mode.
Table 8-13 Port 6 Pin States
Pins Reset Sleep  Subsleep Standby Watch Subactive  Active
P6./ SEG,, High- Retains Retains High- Retains  Functional  Functional
to impedance previous previous impedance* previous
P6,/SEG, state state state

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

Port 6 has a built-iMOS input pull-up function that can be controlled by software. When a PCR6 bit
is cleared to 0, setting the corresponding PUCRG6 bit to 1 turns on the MOS pull-up for that pin. The
MOS pull-up function is in the off state after a reset.

PCR®6, 0 1

PUCS6, 0 1 *

MOS input pull-up Off On Off

Note: *Don't care (n=71t00)
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8.6 Port 7

8.6.1 Overview

Port 7 is an 8-bit 1/O port, configured as shown in figure 8-5.

-— F’77/SE(324
-— P76/SEG ”
-— P75/SEG22

~— P7,/SEG,,

Port 7
-— P73/SEG20
-~ PT,ISEG
-— P71/818 8
~—— P7,/SEG,
Figure 8-5 Port 7 Pin Configuration

8.6.2 Register Configuration and Description
Table 8-14 shows the port 7 register configuration.

Table 8-14 Port 7 Registers

Name Abbrev. R/W  Initial Value  Address
Port data register 7 PDR7 R/W  H00 H'FFDA
Port control register 7 PCR7 w H'00 H'FFEA
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1. Port data register 7 (PDR7)

Bit 7 6 5 4 3 2 1 0
[ P, [P | P | Pr, | Py | 7, [P | PR |
Initial value 0 0 0 0 0 0 0 0

Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

PDRY7 is an 8-bit register that stores data for port 7 pingoHA¥7,. If port 7 is read while

PCRY7 bits are set to 1, the values stored in PDR7 are read, regardless of the actual pin states.

If port 7 is read while PCR7 bits are cleared to 0, the pin states are read.
Upon reset, PDRY7 is initialized to H'00.
2. Port control register 7 (PCR7)

Bt 7 6 5 4 3 2 1 0
A EAEA AR A EREAIEA

Initial value 0 0 0 0 0 0 0 0

Read/Write w W W W W w W W

PCRY7 is an 8-bit register for controlling whether each of the port 7 pirte P, 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. The settings in PCR7 and in PDR7
SOasa

are valid only when the corresponding pin is designated in LPCR bits SGS3 to SG
general I/O pin.

Upon reset, PCR7 is initialized to H'0O.
PCRY7 is a write-only register. All bits are read as 1.
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8.6.3 Pin Functions
Table 8-15 shows the port 7 pin functions.

Table 8-15 Port 7 Pin Functions

Pin Pin Functions and Selection Method
P7./SEG,, to The pin function depends on bit PCR7_ in PCR7 and bits SGS3 to SGSO0 in LPCR.
P7,/SEG,, (n=7to4)
SGS3to SGSO0 00** 01** or 1**=*
PCR?7, 0 1 *
Pin function P7. input pin P7_ output pin SEG,,,, output pin
P7.,/SEG,, to The pin function depends on bit PCR7_ in PCR7 and bits SGS3 to SGSO0 in LPCR.
P7,/SEG,, (n=31t00)
SGS3to SGSO 00** or 0100 0101, 011* or 1**=*
PCR?7, 0 1 *
Pin function P7. input pin P7. output pin SEG,,,, output pin

Note: *Don't care

8.6.4 Pin States
Table 8-16 shows the port 7 pin states in each operating mode.

Table 8-16 Port 7 Pin States

Pins Reset Sleep  Subsleep Standby =~ Watch  Subactive Active
P7./SEG,, to High Retains Retains High- Retains Functional Functional
P7,/SEG,, impedance previous previous impedance previous

state state state
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8.7 Port 8

8.7.1 Overview

Port 8 is an 8-bit I/O port configured as shown in figure 8-6.

~—= P8,ISEG,,
~———= P8,/SEG,,
<~ P8,/SEGy

<—— = P8 ,/SEG

Port 8
————— P8,/SEG 4
-+ P8,/SEG,,
== P8 ISEG,,
< P8 (/SEG 5
Figure 8-6 Port 8 Pin Configuration

8.7.2 Register Configuration and Description
Table 8-17 shows the port 8 register configuration.

Table 8-17 Port 8 Registers

Name Abbrev. R/W Initial Value  Address
Port data register 8 PDR8 R/W  HO00 H'FFDB
Port control register 8 PCR8 w H'00 H'FFEB
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1. Port data register 8 (PDR8)

0

Bit 7 6 5 4 3 2 1
| P87| P86| P85| P84| P83| P82| P81| P80|

Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

PDR8 is an 8-bit register that stores data for port 8 pintoH3g. If port 8 is read while

PCRS bits are set to 1, the values stores in PDR8 are read, regardless of the actual pin states.

If port 8 is read while PCRS bits are cleared to 0, the pin states are read.
Upon reset, PDRS8 is initialized to H'00.
2. Port control register 8 (PCR8)

Bt 7 6 5 4 3 2 1 0
| Pcre, | pcrs, | pers, | pcrs, | Pcrg | Pcrs, | Pcrs, [ pers, |

Initial value 0 0 0 0 0 0 0 0

Read/Write W W W w W W w W

PCRS8 is an 8-bit register for controlling whether each of the port 8 pirte P§ 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. The settings in PCR8 and in PDRS8 are
valid only when the corresponding pin is designated in LPCR bits SGS3 to SGSO0 as a general

I/O pin.
Upon reset, PCR8 is initialized to H'0O.
PCRS8 is a write-only register. All bits are read as 1.
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8.7.3 Pin Functions
Table 8-18 gives the port 8 pin functions.
Table 8-18 Port 8 Pin Functions

Pin Pin Functions and Selection Method

P8,/SEG,,to  The pin function depends on bit PCR8, in PCR8 and bits SGS3 to SGS0 in LPCR.
P8,/SEG,,

(n=7104)
SGS3to SGSO 000* 001%, 01** or 1***
PCRS, 0 1 *
Pin function P8, input pin P8, output pin SEG,,,; output pin

P8,/SEG,,to  The pin function depends on bit PCR8, in PCR8 and bits SGS3 to SGS0 in LPCR.
P8,/SEG,,

(n=31t00)

SGS3to SGSO 000* or 0010 0011, O1** or 1***

PCRS, 0 1 *

Pin function P8, input pin P8, output pin SEG,,,; output pin
Note: * Don't care
8.7.4 Pin States
Table 8-19 shows the port 8 pin states in each operating mode.
Table 8-19 Port 8 Pin States
Pins Reset Sleep  Subsleep Standby Watch Subactive Active
P8,/SEG,, to High- Retains Retains High- Retains Functional  Functional
P8,/SEG,, impedance previous previous impedance previous

state state state
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8.8 Port 9

8.8.1 Overview

Port 9 is an 8-bit I/O port configured as shown in figure 8-7.

P9 ISEG,
P9, ISEG,;
P9, /SEG 5
P9, ISEG,,
P9,/SEG 4
P9, ISEG,
P9, ISEG,,
P9,/SEG

Port9

T

Figure 8-7 Port 9 Pin Configuration

8.8.2 Register Configuration and Description
Table 8-20 shows the port 9 register configuration.

Table 8-20 Port 9 Registers

Name Abbrev. R/W  Initial Value  Address
Port data register 9 PDR9 R/W  HO00 H'FFDC
Port control register 9 PCR9 w H'00 H'FFEC
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1. Port data register 9 (PDR9)

Bit 7 6 5 4 3 2 1 0
[ P, [ Py [ P | P, | Poy | Ps, [ Py, [ Py |

Initial value 0 0 0 0 0 0 0 0

Read/Write RW  RW  RW RW  RW  RW  RW  RW

PDRO9 is an 8-bit register that stores data for port 9 pingoH=. If port 9 is read while

PCR9 bits are set to 1, the values stores in PDR9 are read, regardless of the actual pin states.

If port 9 is read while PCR9 bits are cleared to 0, the pin states are read.
Upon reset, PDR9 is initialized to H'00.
2. Port control register 9 (PCR9)

Bit 7 6 5 4 3 2 1 0
[ Pcry, [ pero; | Pero, | Pero, | per, | pers, [ Pero, | Pery, |

Initial value 0 0 0 0 0 0 0 0

Read/Write W W W W W W W W

PCRO9 is an 8-bit register for controlling whether each of the port 9 pirte P9 functions

as an input 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 settings in PCR9 and in PDR9 are
valid only when the corresponding pin is designated in LPCR bits SGS3 to SGSO0 as a general

I/O pin.
Upon reset, PCR9 is initialized to H'0O.
PCR9 is a write-only register. All bits are read as 1.
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8.8.3 Pin Functions
Table 8-21 gives the port 9 pin functions.
Table 8-21 Port 9 Pin Functions

Pin Pin Functions and Selection Method

P9./SEG,,to  The pin function depends on bits PCR9, in PCR9 and bits SGS3 to SGSO0 in LPCR.
P9,/SEG,,

(n=7100)
SGS3to SGSO 0000 Not 0000
PCR9, 0 1 *
Pin function P9, input pin P9, output pin SEG,, ., output pin
Note: * Don't care
8.8.4 Pin States
Table 8-22 shows the port 9 pin states in each operating mode.
Table 8-22 Port 9 Pin States
Pins Reset Sleep  Subsleep Standby Watch  Subactive Active
P9,/SEG,, to High- Retains Retains High- Retains Functional  Functional
P9,/SEG,, impedance previous previous impedance previous
state state state
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8.9 Port A

8.9.1 Overview

Port A is a 4-bit I/0 port configured as shown in figure 8-8.

-— PA3/COM4
~——= PA /COM
Port A 2
-— PA1/COM2

-— PAO/COM1

Figure 8-8 Port A Pin Configuration

8.9.2 Register Configuration and Description
Table 8-23 shows the port A register configuration.

Table 8-23 Port A Registers

Name Abbrev. R/W Initial Value  Address
Port data register A PDRA R/W  HFO H'FFDD
Port control register A PCRA w H'FO H'FFED
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1. Port data register A (PDRA)

Bit 7 6 5 4 3 2 1 0

| | | | IESENENES
Initial value 1 1 1 1 0 0 0 0
Read/Write - - - - RIW RIW RIW RIW

PDRA is an 8-bit register that stores data for port A pinst®RA,. If port A is read 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 is initialized to H'FO.

2. Port control register A (PCRA)

Bt 7 6 5 4 3 2 1 0
[ - | - | - [ - | rora, | Pora, | pera, [ pera, |

Initial value 1 1 1 1 0 0 0 0

Read/Write - - - - W W W W

PCRA is an 8-bit register for controlling whether each of the port A pinsdPRA

functions as an input 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. The settings in PCRA and
in PDRA are valid only when the corresponding pin is designated in LPCR as a general I/O
pin.

Upon reset, PCRA is initialized to H'FO.

PCRA is a write-only register. All bits are read as 1.
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8.9.3

Pin Functions

Table 8-24 gives the port A pin functions.

Table 8-24 Port A Pin Functions

Pin Pin Functions and Selection Method
PA,/COM, The pin function depends on bit PCRA, in PCRA and bits DTS1, DTS0, CMX, SGX,
and SGS3 to SGSO in LPCR.
CMX * 0 * 0 1 *
DTS1,DTSO * Not 11 * Not 11 Not 11 11
SGX 0 1 * 0 1 * 1 * 1 *
SGS3to 0000 Not 0000 0000 Not 0000 Not 0000 Not
SGSO0 0000 0000 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 DTS1, DTS0, CMX, SGX,
and SGS3 to SGSO in LPCR.
CMX * 0 * 0 1 *
DTS1,DTSO * 00 0r 01 * 00 or 00 or 01 Not 00 or 01
01
SGX 0 1 * 0 1 * 1 * 1 *
SGS3to 0000 Not 0000 0000 Not 0000 Not 0000 Not
SGSO0 0000 0000 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 DTS1, DTS0, CMX, SGX,

and SGS3 to SGSO0 in LPCR.

CMX * 0 * 0 1 *
DTS1,DTSO  * 00 * 00 00 Not 00
SGX 0 1 * 0 1 = 1 * 1 *
SGS3to 0000 Not 0000 0000 Not 0000 Not 0000 Not
SGS0 0000 0000 0000
PCRA, 0 1 *
Pin function PA, input pin PA, output pin COM, output pin

Note: * Don't care
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Table 8-24 Port A Pin Functions (cont)

Pin PinFunctions and Selection Method

PA,/COM, The pin function depends on bit PCRA, in PCRA, and bits SGX and SGS3 to SGSO0 in
LPCR.
SGS3to SGSO 0000 0000 Not 0000
SGX 0 1 *
PCRA, 0 1 *
Pin function PA, input pin  PA, output pin COM, output pin

Note: * Don't care

8.9.4 Pin States

Table 8-25 shows the port A pin states in each operating mode.

Table 8-25 Port A Pin States

Pins Reset Sleep Subsleep Standby  Watch Subactive Active
PA,/COM, High-imped Retains Retains High-imped Retains Functional Functional
PA,/COM, ance previous  previous  ance previous

PA,/COM, state state state

PA,/COM,
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8.10 Port B

8.10.1 Overview

Port B is an 8-bit input-only port configured as shown in figure 8-9.

PB /AN
7 7
PB /AN
6 6
PB5 /AN5
PB, /AN[1
PB3 /AN3
PB /AN
2 2
PB /AN
11
PBO /AN0

Port B

T

Figure 8-9 Port B Pin Configuration

8.10.2  Register Configuration and Description
Table 8-26 shows the port B register configuration.

Table 8-26 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
[ P8 | P8 | P8 [ PB | PB, | P8, | PB, [ PR |
Read/Write R R R R R R R R

Reading PDRB always gives the pin states. However, if a port 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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8.11 Port D

8.11.1 Overview

Port D is an 8-bit I/O port, configured as shown in figure 8-10.

PD_/SEG
7 48
PD /SEG
6 a
PD5 ISEG %
PD, ISEG 5
PD3 ISEG u
PD_/SEG
2 43
PD ISEG
1 )
PD0 ISEG "

PortD

i

Figure 8-10 Port D Pin Configuration

8.11.2 Register Configuration and Description
Table 8-27 shows the port D register configuration.

Table 8-27 Port D Registers

Name Abbrev. R/W Initial Value Address
Port data register D PDRD R/W H'00 H'FFD2
Port control register D PDRD w H'00 H'FFE2

1. Port data register D (PDRD)

Bit 7 6 5 4 3 2 1 0
[ P, [ Py [ Po, | Po, | PO, | PO, [ PO, [ PO, |

Initial value 0 0 0 0 0 0 0 0

Read/Write RW  RW  RW RW  RW  RW  RW  RW

PDRD is an 8-bit register that stores data for port D ping&BD,. If port D is read while
PCRD bits are set to 1, the values stored in PDRD are read, regardless of the actual pin
states. If port D is read while PCRD bits are cleared to 0, the pin states are read.

Upon reset, PDRD is initialized to H'00.
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2. Port control register D (PCRD)

Bt 7 6 5 4 3 2 1 0
[ Pcro, [ pcrog | pero; | perp, | Perp, | pero, | pero, | Pero; |

Initial value 0 0 0 0 0 0 0 0

Read/Wiite RW RW RW RW RW RW RW  RW

PCRD is an 8-bit register for controlling whether each of the port D pinsoFED,

functions as an input pin or output pin. Setting a PCRD bit to 1 makes the corresponding pin
an output pin, while clearing the bit to 0 makes the pin an input pin. The settings in PCRD
and in PDRD are valid only when the corresponding pin is designated in LPCR bits SGS3 to
SGSO0 as a general I/O pin.

Upon reset, PCRD is initialized to H'00.
PCRD is a write-only register. All bits are read as 1.
8.11.3  Pin Functions

Table 8-28 shows the port D pin functions.

Table 8-28 Port D Pin Functions

Pin Pin Functions and Selection Method
D,/SEG,, to The pin function depends on bit PCRD, in PCRD and bits SGS3 to SGSO0 in
PD,/SEG,, LPCR. (n=7100)
SGS3 to SGS0 0000 Not 0000
PCRD, 0 1 *
Pin function PD, input pin  PD, output pin SEG,,,, output pin
Note: * Don't care
8.11.4 Pin States
Table 8-29 shows the port D pin states in each operating mode.
Table 8-29 Port D Pin States
Pin Reset Sleep Subsleep Standby  Watch  Subactive Active
PD,/SEG,, High-imped Retains Retains High-imped Retains Functional Functional
to ance previous  previous  ance previous
PD,/SEG,, state state state
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8.12 Port E

8.12.1 Overview

Port E is a 4-bit I/O port, configured as shown in figure 8-11.

PortE
PE3 /SEG52 ICL1

PE_/SEG _[CL2
2 51

PE /SEG _ /DO
1 50

PE0 ISEG 1 M

1]

Figure 8-11 Port E Pin Configuration

8.12.2 Register Configuration and Description
Table 8-30 shows the port E register configuration.

Table 8-30 Port E Registers

Name Abbrev. R/W Initial Value Address
Port data register E PDRE R/W H'FO H'FFD3
Port control register E PCRE w H'FO H'FFE3

1. Port data register E (PDRE)

Bit 7 6 5 4 3 2 1 0

| | | | | e, [ P [P | P |
Initial value 1 1 1 1 0 0 0 0
Read/Write - - - - RIW RIW RIW RIW

PDRE is a 4-bit register that stores data for port E pindd®EE. If port E is read while
PCRE bits are set to 1, the values stored in PDRE are read, regardless of the actual pin states.
If port E is read while PCRE bits are cleared to 0, the pin states are read.

Upon reset, PDRE is initialized to H'FO.
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2. Port control register E (PCRE)

Bit 7 6 5 4 3 2 1 0

[ - | - | - | - | rcre, | PoRE, | Pcre, | Ppere, |
Initial value 1 1 1 1 0 0 0 0
Read/Write - - - - W W W W

PCRE is a 4-bit register for controlling whether each of the port E pin®HE functions

as an input pin or output pin. Setting a PCRE bit to 1 makes the corresponding pin an output
pin, while clearing the bit to 0 makes the pin an input pin. The settings in PCRE and in
PDRE are valid only when the corresponding pin is designated in LPCR bits SGS3 to SGS0
as a general I/O pin.

Upon reset, PCRE is initialized to H'FO.
PCRE is a write-only register. All bits are read as 1.
8.12.3  Pin Functions

Table 8-31 shows the port E pin functions.

Table 8-31 Port E Pin Functions

Pin Pin Functions and Selection Method
PE.,/SEG,,/CL, The pin function depends on bit PCRE, in PCRE and bits SGX and SGS3 to
SGS0 in LPCR.
SGS3to SGSO 0000 Not 0000 *
SGX 0 0 1
PCRE, 0 1 * *
Pin function PE, input pin  PE, output pin  SEG,, output  CL, output
pin pin
PE,/SEG,,/CL, The pin function depends on bit PCRE, in PCRE, and bits SGX and SGS3 to SGSO0 in
LPCR.
SGS3to SGSO 0000 Not 0000 *
SGX 0 0 1
PCRE, 0 1 * *

Pin function PE, input pin PE, output pin  SEG,, output pin CL, output pin

Note: * Don't care
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Table 8-31 Port E Pin Functions (cont)

Pin Pin Functions and Selection Method
PE,/SEG,/DO The pin function depends on bit PCRE, in PCRE and bits SGX and SGS3 to SGS0
in LPCR.
SGS3to SGSO0 0000 Not 0000 *
SGX 0 0 1
PCRE, 0 1 * *
Pin function PE, input pin PE, output pin SEG,, output pin DO output pin
PE/SEG,/M The pin function depends on bit PCRE, in PCRE and bits SGX and SGS3 to SGS0
in LPCR.
SGS3to SGSO0 0000 Not 0000 *
SGX 0 0 1
PCRE, 0 1 * *
Pin function PE, input pin  PE, output pin SEG,,out pin M output pin

Note: * Don't care

8.12.4  Pin States
Table 8-32 shows the port E pin states in each operating mode.
Table 8-32 Port E Pin States

Pin Reset Sleep Subsleep Standby  Watch Subactive Active

PE./SEG,,/ High Retains Retains High Retains Functional Functional
CL, impedance previous  previous impedance previous

PE,/SEG,,/ state state state

CL,

PE,/SEG,,/

DO

PE,/SEG,,/

M
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9.1

Section 9 Timers

Overview

The H8/3877U Series provides three timers (timers A, F, and G) on-chip.

Table 9-1 outlines the functions of timers A, F, and G.

Table 9-1 Timer Functions

Name Functions Internal Clock Event Input  Wavefor Remarks
Pin m
Output
Pin
Timer A 8-bit timer @8 to @8192 -- --
Interval timer (8 choices)
8-bit timer PW/128 - -
Time base (choice of 4
overflow
periods)
8-bit timer @4 to @32, -- TMOW
Clock output G/ t.o G132
(8 choices)
Timer F 16-bit timer @2 to @32 TMIF TMOFL
Event counter (4 choices) TMOFH
Can be used as two
independent 8-bit
timers
Output compare
Timer G 8-bit timer @2 to @64, pNV/2 TMIG - « Counter clear

Input capture
Interval timer

(4 choices)

designation
possible

¢ Built-in noise
canceller
circuit for
input capture
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9.2 Timer A

9.2.1 Overview

Timer A is an 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 or from the system clock can be output at the TMOW pin.

1. Features
Features of timer A are given below.
O Choice of eight internal clock sourceg8192,@/4096,@¢/2048,@/512,@256,@128,@32,
¢8).
O 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).
O Aninterrupt is requested when the counter overflows.

O Any of eight clock signals can be output from pin TMOW: 32.768 kHz divided by 32, 16,
8, or 4 (1 kHz, 2 kHz, 4 kHz, 8 kHz), or the system clock divided by 32, 16, 8, or 4.
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2. Block diagram
Figure 9-2-1 shows a block diagram of timer A.

AN
9, —= 14 PSW TMA
(pW/4
9,32 -
@, /16 2
Q,8 =
9,4 @, /128 =
TMOW (e, TCA é
@32 B
@16 (/8192, (4096, (2048, = = |
0/8 ¢/512, (256, (128, S ! BN
o/4 #32, ¢'8
¢ @ &— PSS
\
IRRTA
Notation:

TMA: Timer mode register A

TCA: Timer counter A

IRRTA: Timer A overflow interrupt request flag (interrupt request register 1)

PSW: Prescaler W

PSS: Prescaler S

Note:Can be selected only when the prescaler W output (,/128) is used as the TCA input clock.

Figure 9-2-1 Block Diagram of Timer A

3. Pin configuration
Table 9-2-1 shows the timer A pin configuration.

Table 9-2-1 Pin Configuration

Name Abbrev. 1/O Function

Clock output TMOW Output  Output of waveform generated by timer A output circuit
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4. Register configuration
Table 9-2-2 shows the register configuration of timer A.

Table 9-2-2 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

9.2.2 Register Descriptions

1. Timer mode register A (TMA)

Bit 7 6 5 4 3 2 1 0

| TMA? | TMAG | TMAS | . | TMA3 | TMA2 | TMAL | TMAQ |
Initial value 0 0 0 1 0 0 0 0
Read/Write RIW RIW RIW . RIW RIW RIW RIW

TMA is an 8-bit read/write register for selecting the prescaler, input clock, and output clock.
Upon reset, TMA is initialized to H'10.
Bits 7 to 5 Clock output select (TMA7 to TMAS)

Bits 7 to 5 choose which of eight clock signals is 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 signal
divided by 32, 16, 8, or 4 can be output in active mode, sleep mode, and subactive mode.

Bit7 TMA7 Bit6 TMA6  Bit5 TMA5  Clock Output

0 0 0 @32 (initial value)
@16

@8

g4

ON/32

ON/16

ON/8

ON/4

[EnY
o
P O|FRP|O|RFL,|O]|R
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Bit 4: Reserved bit
Bit 4 is reserved; it is always read as 1, and cannot be modified.

Bits 3 to 0:Internal clock select (TMA3 to TMAOQ)

Bits 3 to 0 select the clock input to TCA. The selection is made as follows.

Description
Bit 3 Bit 2 Bit 1 Bit 0 Prescaler and Divider Ratio or Overflow
TMA3 TMA2 TMA1 TMAO PeriodFunction
0 0 0 0 PSS, ¢8192 (initial value) Interval timer
1 PSS, @4096
1 0 PSS, @¢2048
1 PSS, @512
1 0 0 PSS, @256
1 PSS, @128
1 0 PSS, @32
1 PSS, @8
1 0 0 0 PSW, 1s Clock time base
1 PSW, 0.5s
1 0 PSW, 0.25s
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 | TCAG | TCAS | 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 is an 8-bit read-only up-counter, which is incremented 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)
is set to 1.

TCA is cleared by setting bits TMA3 and TMA2 of TMA to 11.

Upon reset, TCA is initialized to H'00.

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-
bit 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 TMA2 to 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 causes timer A to
overflow, setting bit IRRTA to 1 in interrupt request register 1 (IRR1). If IENTA =1 in
interrupt enable register 1 (IENR1), a CPU interrupt is requested.*

At overflow, TCA returns to H'00 and starts counting up again. In this mode timer 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 TMA3 in TMA is set to 1, timer A functions as a real-time clock time base by
counting clock signals output by prescaler W.

The overflow period of timer A is set by bits TMA1 and TMAO in TMA. A choice of four
periods is available. In time base operation (TMA3=1), setting bit TMA2 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 (PMR1) to 1 causes a clock signal to be output at
pin TMOW. Eight different clock output signals can be selected by means of bits TMA7 to
TMAS in TMA. The system clock divided by 32, 16, 8, or 4 can be output in active mode
and sleep mode. A 32.768kHz signal divided by 32, 16, 8, or 4 can be output in active mode,
sleep mode, and subactive mode.

9.24 Timer A Operation States
Table 9-2-3 summarizes the timer A operation states.

Table 9-2-3 Timer A Operation States

Operation Mode Reset Active Sleep Watch Subactiv Subsleep Standby
e
TCA Interval Reset Functions Functions Halted Halted Halted Halted

Clock time base Reset Functions Functions Functions Functions Functions Halted

TMA Reset Functions Retained Retained Functions Retained Retained

Note: When real-time clock time-base functions are 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 F

9.3.1 Overview

Timer F is a 16-bit timer with an output compare function. Compare match signals can be used
to reset the counter, request an interrupt, or toggle the output. Timer F can also be used for
external event counting, and can operate as two independent 8-bit timers, timer FH and timer
FL.

1. Features
Features of timer F are given below.

¢ Choice of four internal clock sourceg32, ¢/16, @4, ¢/2) or an external clock (can be used
as an external event counter).

@ utput from pin TMOFH is toggled by one compare match signal (the initial value of the
toggle output can be set).

@ Counter can be reset by the compare match signal.

¢ Two interrupt sources: counter overflow and compare match.

¢ Can operate as two independent 8-bit timers (timer FH and timer FL) in 8-bit mode.

Timer FH

O 8-bit timer (clocked by timer FL overflow signals when timer F operates as a 16-bit
timer).

0 Choice of four internal clocksp32, ¢/16, ¢4, ¢/2).

O Output from pin TMOFH is toggled by one compare match signal (the initial value of the
toggle output can be set).

O Counter can be reset by the compare match signal.

O Two interrupt sources: counter overflow and compare match.

Timer FL

O 8-bit timer/event counter

0 Choice of four internal clocksp32, ¢/16, ¢4, ¢'2) or event input at pin TMIF.

O Output from pin TMOFL is toggled by one compare match signal (the initial value of the
toggle output can be set).

0 Counter can be reset by the compare match signal.
O Two interrupt sources: counter overflow and compare match.
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2. Block diagram

Figure 9-3-1 shows a block diagram of timer F.

IRRTFL
¢ E— PSS
| TCRF -
: -
L
™MF O %H TCFL —
‘ Compare circuit }
Toggle
TMOFL G circuit T
OCRFL | =
k-
g
. =
TCFH
TMOFH O~— L?r%%li? | Compare circuit | | Matcrﬂ
OCRFH }
TCSRF ﬁ:
J
L 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
Figure 9-3-1 Block Diagram of Timer F
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3. Pin configuration

Table 9-3-1 shows the timer F pin configuration.

Table 9-3-1 Pin Configuration

Name Abbrev. I/O Function

Timer F eventinput  TMIF Input Event input to TCFL
Timer FH output TMOFH Output  Timer FH output
Timer FL output TMOFL Output  Timer FL output

4. Register configuration

Table 9-3-2 shows the register configuration of timer F.

Table 9-3-2 Timer F Registers

Name Abbrev. R/W Initial Value  Address
Timer control register F TCRF W H'00 H'FFB6
Timer control/status register F TCSRF R/W  H00 H'FFB7
8-bit timer counter FH TCFH R/W  HO00 H'FFB8
8-bit timer counter FL TCFL R/W  HO00 H'FFB9
Output compare register FH OCRFH R/W  HFF H'FFBA
Output compare register FL OCRFL RW  HFF H'FFBB
9.3.2 Register Descriptions
1. 16-bit timer counter (TCF)
8-bit timer counter (TCFH)
8-bit timer counter (TCFL)
TCF
Bit 5 14 183 12 1 1 9 8 7 6 5 4 3 2 1 0
Initial value o 0 0 0 0 0 0 0 00 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

-—

TCFH

-

—_—

TCFL
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TCF is a 16-bit read/write up-counter consisting of two cascaded 8-bit timer counters, TCFH
and TCFL. TCF can be used as a 16-bit counter, with TCFH as the upper 8 bits and TCFL as
the lower 8 bits of the counter, or TCFH and TCFL can be used as independent 8-bit
counters.
TCFH and TCFL can be read and written by the CPU, but in 16-bit mode, data transfer with
the CPU takes place via a temporary register (TEMP). For details see 9.3.3, Interface with
the CPU.
Upon reset, TCFH and TCFL are each initialized to H'0O.
O 16-bit mode (TCF)
16-bit mode is selected by clearing bit CKSH2 to 0 in timer control register F (TCRF).
The TCF input clock is selected by TCRF bits CKSL2 to CKSLO.
Timer control status register F (TCSRF) can be set so that counter TCF will be cleared by
compare match.
When TCF overflows from H'FFFF to H'0000, the overflow flag (OVFH) in TCSREF is set
to 1. If bit OVIEH in TCSRF is set to 1 when an overflow occurs, bit IRRTFH in
interrupt request register 2 (IRR2) will be set to 1; and if bit IENTFH in interrupt enable
register 2 (IENR 2) is set to 1, a CPU interrupt will be requested.
O 8-bit mode (TCFH, TCFL)
When bit CKSH2 in timer control register F(TCRF) is set to 1, timer F functions as two
separate 8-bit counters, TCFH and TCFL. The TCFH (TCFL) input clock is selected by
TCRF bits CKSH2 to CKSHO (CKSL2 to CKSLO).
TCFH (TCFL) can be cleared by a compare match signal. This designation is made in bit
CCLRH (CCLRL) in TCSRF).
When TCFH (TCFL) overflows from H'FF to H'00, the overflow flag OVFH (OVFL) in
TCSRF is set to 1. If bit OVIEH (OVIEL) in TCSRF is set to 1 when an overflow occurs,
bit IRRTFH (IRRTHL) in interrupt request register 2 (IRR2) will be set to 1; and if bit
IENTFH (IENTFL) in interrupt enable register 2 (IENR2) is set to 1, a CPU interrupt will
be requested.
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2.

16-bit output compare register (OCRF)
8-bit output compare register (OCRFH)
8-bit output compare register (OCRFL)

Bit

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

OCRFH + OCRFL e

OCREF is a 16-bit read/write output compare register consisting of two 8-bit read/write
registers OCRFH and OCRFL. It can be used as a 16-bit output compare register, with
OCRFH as the upper 8 bits and OCRFL as the lower 8 bits of the register, or OCRFH and
OCREFL can be used as independent 8-bit registers.
OCRFH and OCRFL can be read and written by the CPU, but in 16-bit mode, data transfer
with the CPU takes place via a temporary register (TEMP). For details see 9.3.3, Interface
with the CPU.
Upon reset, OCRFH and OCRFL are each initialized to H'FF.
O 16-bit mode (OCRF)
16-bit mode is selected by clearing bit CKSH2 to 0 in timer control register F (TCRF).
The OCRF contents are always compared with the 16-bit timer counter (TCF). When the
contents match, the compare match flag (CMFH) in TCSRF is set to 1. Also, IRRTFH in
interrupt request register 2 (IRR2) is set to 1. If bit IENTFH in interrupt enable register 2
(IENR2) is set to 1, a CPU interrupt is requested.
Output for pin TMOFH can be toggled by compare match. The output level can also be
set to high or low by bit TOLH of timer control register F (TCRF).
O 8-bit mode (OCRFH, OCRFL)
Setting bit CKSH2 in TCRF to 1 result in two independent output compare registers,
OCRFH and OCRFL.
The OCRFH contents are always compared with TCFH, and the OCRFL contents are
always compared with TCFL. When the contents match, the compare match flag (CMFH
or CMFL) in TCSRF is set to 1. Also, bit IRRTFH (IRRTFL) in interrupt request register
2 (IRR2) set to 1. If bit IENTFH (IENTFL) in interrupt enable register 2 (IENRZ2) is set to
1 at this time, a CPU interrupt is requested.
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The output at pin TMOFH (TMOFL) can be toggled by compare match. The output level
can also be set to high or low by bit TOLH (TOLL) of the timer control register (TCRF).

3. Timer control register F (TCRF)

Bit 7 6 5 4 3 2 1 0

| TOLH | CKSH2| CKSHll CKSHO| TOLL | CKSL2| CKSL1| CKSLOl
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

TCREF is an 8-bit write-only register. It is used to switch between 16-bit mode and 8-bit
mode, to select among four internal clocks and an external event, and to select the output
level at pins TMOFH and TMOFL.

Upon reset, TCRF is initialized to H'0O.
Bit 7: Toggle output level H (TOLH)

Bit 7 sets the output level at pin TMOFH. The setting goes into effect immediately after this
bit is written.

Bit 7 TOLH Description

0 Low level (initial value)

1 High level

Bits 6 to 4: Clock select H (CKSH2 to CKSHO)

Bits 6 to 4 select the input to TCFH from four internal clock signals or the overflow of
TCFL.

Bit 6 Bit5 Bit 4 Description
CKSH2 CKSH1 CKSHO

0 * * 16-bit mode selected. TCFL overflow signals are counted. (initial value)
1 0 0 Internal clock: @/32

1 0 1 Internal clock: /16

1 1 0 Internal clock: @/4

1 1 1 Internal clock: @2

Note: * Don't care
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Bit 3: Toggle output level L (TOLL)

Bit 3 sets the output level at pin TMOFL. The setting goes into effect immediately after this
bit is written.

Bit 3 TOLL Description

0 Low level (initial value)

1 High level

Bits 2 to 0: Clock select L (CKSL2 to CKSLO)
Bits 2 to 0 select the input to TCFL from four internal clock signals or external event input.

Bit 2 Bit 1 Bit 0 Description
CKSL2 CKSL1 CKSLO

0 * * External event (TMIF). Rising or falling edge is counted (see note).
(initial value)

1 0 0 Internal clock:q@/32

1 0 1 Internal clock: /16

1 1 0 Internal clock: @/4

1 1 1 Internal clock: @2

*Don't care

Note: The edge of the external event signal is selected by bit IEG3 in the IRQ edge select register
(IEGR). See 3.3.2, Interrupt Control Registers, for details on the IRQ edge select register.
Note that switching the TMIF pin function by changing bit IRQ3 in port mode register 1
(PMR1) from 0 to 1 or from 1 to 0 while the TMIF pin is at the low level may cause the
timer F counter to be incremented.

4. Timer control/status register F (TCSRF)

Bit 7 6 5 4 3 2 1 0
| OVFH | CMFH | OVIEH| CCLRHl OVFL | CMFL | OVIEL| CCLRLl

Initial value 0 0 0 0 0 0 0 0

Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

TCSREF is an 8-bit read/write register. It is used for counter clear selection, overflow and
compare match indication, and enabling of interrupts caused by timer overflow.

Upon reset or in standby mode, TCSREF is initialized to H'00.
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Bit 7: Timer overflow flag H (OVFH)
Bit 7 is a status flag indicating TCFH overflow (H'FF to H'00). This flag is set by hardware
and cleared by software. It cannot be set by software.

Bit 7 Description
OVFH
0 Clearing conditions: initial value)

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

1 Setting conditions:
Set when the value of TCFH goes from H'FF to H'00

Bit 6: Compare match flag H (CMFH)
Bit 6 is a status flag indicating a compare match between TCFH and OCRFH. This flag is set
by hardware and cleared by software. It cannot be set by software.

Bit 6 Description

CMFH

0 Clearing conditions: (initial value)
After reading CMFH=1, cleared by writing 0 to CMFH

1 Setting conditions:

Set when the TCFH value matches OCRFH value

Bit 5: Timer overflow interrupt enable H (OVIEH)
Bit 5 enables or disables TCFH overflow interrupts.

Bit5 Description

OVIEH
0 TCFH overflow interrupt disabled (initial value)
1 TCFH overflow interrupt enabled
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Bit 4: Counter clear H (CCLRH)

In 16-bit mode, bit 4 selects whether or not TCF is cleared when a compare match occurs
between TCF and OCRF.

In 8-bit mode, bit 4 selects whether or not TCFH is cleared when a compare match occurs
between TCFH and OCRFH.

Bit 4 Description

CCLRH

0 16-bit mode: TCF clearing by compare match disabled (initial value)
8-bit mode: TCFH clearing by compare match disabled

1 16-bit mode: TCF clearing by compare match enabled

8-bit mode: TCFH clearing by compare match enabled

Bit 3: Timer overflow flag L (OVFL)
Bit 3 is a status flag indicating TCFL overflow (H'FF to H'00). This flag is set by hardware
and cleared by software. It cannot be set by software.

Bit 3 Description
OVFL
0 Clearing conditions: (initial value)

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

1 Setting conditions:
Set when the value of TCFL goes from H'FF to H'00

Bit 2: Compare match flag L (CMFL)
Bit 2 is a status flag indicating a compare match between TCFL and OCRFL. This flag is set
by hardware and cleared by software. It cannot be set by software.

Bit 2 Description
CMFL
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
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Bit 1: Timer overflow interrupt enable L (OVIEL)
Bit 1 enables or disables TCFL overflow interrupts.

Bit 1 Description

OVIEL

0 TCFL overflow interrupt disabled (initial value)
1 TCFL overflow interrupt enabled

Bit O: Counter clear L (CCLRL)

Bit O selects whether or not TCFL is cleared when a compare match occurs between TCFL
and OCRFL.

Bit 0 Description

CCLRL
0 TCFL clearing by compare match disabled (initial value)
1 TCFL clearing by compare match enabled

9.3.3 Interface with the CPU

TCF and OCRF are 16-bit read/write registers, whereas the data bus between the CPU and on-
chip peripheral modules has an 8-bit width. For this reason, when the CPU accesses TCF or
OCREF, it makes use of an 8-bit temporary register (TEMP).

In 16-bit mode, when reading or writing TCF or writing OCRF, always use two consecutive byte
size MOV instructions, and always access the upper byte first. Data will not be transferred
properly if only the upper byte or only the lower byte is accessed. In 8-bit mode there is no such
restriction on the order of access.

»  Write access
When the upper byte is written, the upper-byte data is loaded into the TEMP register. Next
when the lower byte is written, the data in TEMP goes to the upper byte of the register, and
the lower-byte data goes directly to the lower byte of the register. Figure 9-3-2 shows a TCF
write operation when H'AA55 is written to TCF.
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* Read access
When the upper byte of TCF is read, the upper-byte data is sent directly to the CPU, and the
lower byte is loaded into TEMP. Next when the lower byte is read, the lower byte in TEMP
is sent to the CPU.
When the upper byte of OCRF is read, the upper-byte data is sent directly to the CPU. Next
when the lower byte is read, the lower-byte data is sent directly to the CPU.
Figure 9-3-3 shows a TCF read operation when H'AAFF is read from TCF.
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Upper byte write

CpPU E Internal data bus
<= & K ~
@
(HAA)
TEMP
(H'AA)
TCFH TCFL
C ) C )
Lower byte write
CPU 3 Internal data bus
< K ~
(H55) 2
TEMP
(HAA)
\/
TCFH TCFL
(HAA) (H'55)

Figure 9-3-2 TCF Write Operation (CPU- TCF)
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Upper byte read

>

CPU E Internal data bus
: :Q AN
@
(HAR)
TEMP
(HFF)
TCFH TCFL
(HAA) (HFF)
Lower byte read
8
<
CPU 5 < Internal data bus
= 7AN
(HFF) @
TEMP
(HFF)
\/
TCFH TCFL
(AB)* (00)*

Note: * Becomes H'ABOO if counter is incremented once.

Figure 9-3-3 TCF Read Operation (TCF- CPU)
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9.34 Timer Operation

Timer F is a 16-bit timer/counter that increments with each input clock. When the value set in
output compare register F matches the count in timer F, the timer can be cleared, an interrupt
can be requested, and the port output can be toggled. Timer F can also be used as two
independent 8-bit timers.

1. Timer F operation

Timer F can operate in either 16-bit timer mode or 8-bit timer mode. These modes are
described below.

O 16-bit timer mode

Timer F operates in 16-bit timer mode when the CKSH2 bit in timer control register F
(TCRF) is cleared to O.

A reset initializes timer counter F (TCF) 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. Timer F begins counting external event input signals (TMIF). The edge of the
external event signal is selected by the IEGS3 bit in the IRQ edge select register (IEGR).
Instead of counting external events, timer F can be switched by bits CKSL2 to CKSLO in
TCRF to count one of four internal clocks output by prescaler S.

TCF is continuously compared with the contents of OCRF. When these two values match,
the CMFH bit in TCSRF is set to 1. At this time if IENTFH of IENR2 is 1, a CPU
interrupt is requested and the output at pin TMOFH is toggled. If the CCLRH bit in
TCSRF is 1, TCF is cleared. The output at pin TMOFH can also be set by the TOLH bit
in TCRF.

If timer F overflows (from H'FFFF to H'0000), the OVFH bit in TCSRF is set to 1. At this
time, if the OVIEH bit in TCSRF and the IENTFH bit in IENR2 are both, 1, CPU

interrupt is requested.
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O

8-bit timer mode

When the CKSH2 bit in TCRF is set to 1, timer F operates as two independent 8-bit
timers, TCFH and TCFL. The input clock of TCFH/TCFL is selected by bits CKSH2 to
CKSHO/CKSL2 to CKSLO in TCRF.

When TCFH/TCFL and the contents of OCRFH/OCRFL match, the CMFH/CMFL bit in
TCSRF is set to 1. If the IENTFH/IENTFL bit in IENR2 is 1, a CPU interrupt is

requested and the output at pin TMOFH/TMOFL is toggled. If the CCLRH/CCLRL bit in
TCRF is 1, TCFH/TCFL is cleared. The output at pin TMOFH/TMOFL can also be set by
the TOLH/TOLL bit in TCRF.

When TCFH/TCFL overflows from H'FF to H'00, the OVFH/OVFL bit in TCSRF is set
to 1. At this time, if the OVIEH/OVIEL bit in TCSRF and the IENTFH/IENTFL bit in
IENR2 are both 1, a CPU interrupt is requested.

2. TCF count timing
TCF is incremented by each pulse of the input clock (internal clock or external event).
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Internal clock

The settings of bits CKSH2 to CKSHO or bits CKSL2 to CKSLO in TCRF select one of
four internal clock signals divided from the system clagk famely, @32, ¢'16, ¢4, or

@2.

External event

External event input is selected by clearing bit CKSL2 to 0 in TCRF. Either rising or
falling edges of the clock input can be counted. The edge is selected by bit IEG3 in
IEGR. An external clock pulse width of at least two system clock cyg)és jecessary;
otherwise the counter will not operate properly.
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3. TMOFH and TMOFL output timing

The outputs at pins TMOFH and TMOFL are the values set in bits TOLH and TOLL in
TCRF. When a compare match occurs, the output value is inverted. Figure 9-3-4 shows the

output timing.

0 S Iy Iy

TMIF _l
(when IEG3=1)

Count input

clock | | .
TCF N X N+l

OCRF N

Compare match

signal I_l

TMOFH, TMOFL | |

Figure 9-3-4 TMOFH, TMOFL Output Timing

4. TCF clear timing
TCF can be cleared at compare match with OCRF-.
5. Timer overflow flag (OVF) set timing

OVF is set to 1 when TCF overflows (goes from H'FFFF to H'0000).

6. Compare match flag set timing

The compare match flags (CMFH or CMFL) are set to 1 when a compare match occurs
between TCF and OCRF. A compare match signal is generated in the final state in which the
values match (when TCF changes from the matching count value to the next value). When
TCF and OCRF match, a compare match signal is not generated until the next counter clock

pulse.
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7. Timer F operation states
Table 9-3-3 summarizes the timer F operation states.

Table 9-3-3 Timer F Operation States

Operation Mode Reset Active Sleep Watch Subactive Subsleep Standby
TCF Reset Functions Functions Halted Halted Halted Halted
OCRF Reset Functions Retained Retained Retained Retained Retained
TCRF Reset Functions Retained Retained Retained Retained Retained
TCSRF Reset Functions Retained Retained Retained Retained Retained

9.3.5 Application Notes
The following conflicts can arise in timer F operation.

1. 16-bit timer mode

The output at pin TMOFH toggles when all 16 bits match and a compare match signal is
generated. If the compare match signal occurs at the same time as new data is written in
TCRF by a MOV instruction, however, the new value written in bit TOLH will be output at
pin TMOFH. The TMOFL output in 16-bit mode is indeterminate, so this output should not
be used. Use the pin as a general input or output port.

If an OCRFL write occurs at the same time as a compare match signal, the compare match
signal is inhibited. If a compare match occurs between the written data and the counter value,
however, a compare match signal will be generated at that point. The compare match signal
is output in synchronization with the TCFL clock, so if this clock is stopped no compare

match signal will be generated, even if a compare match occurs.

Compare match flag CMFH is set when all 16 bits match and a compare match signal is
generated; bit CMFL is set when the setting conditions are met for the lower 8 bits.

The overflow flag (OVFH) is set when TCF overflows; bit OVFL is set if the setting
conditions are met when the lower 8 bits overflow. If a write to TCFL occurs at the same
time as an overflow signal, the overflow signal is not output.
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2. 8-bit timer mode
TCFH and OCRFH

The output at pin TMOFH toggles when there is a compare match. If the compare match
signal occurs at the same time as new data is written in TCRF by a MOV instruction,
however, the new value written in bit TOLH will be output at pin TMOFH.

If an OCRFH write occurs at the same time as a compare match signal, the compare match
signal is inhibited. If a compare match occurs between the written data and the counter value,
however, a compare match signal will be generated at that point. The compare match signal
is output in synchronization with the TCFH clock.

If a TCFH write occurs at the same time as an overflow signal, the overflow signal is not
output.

TCFL and OCRFL

The output at pin TMOFL toggles when there is a compare match. If the compare match
signal occurs at the same time as new data is written in TCRF by a MOV instruction,
however, the new value written in bit TOLL will be output at pin TMOFL.

If an OCRFL write occurs at the same time as a compare match signal, the compare match
signal is inhibited. If a compare match occurs between the written data and the counter value,
however, a compare match signal will be generated at that point. The compare match signal
is output in synchronization with the TCFL clock, so if this clock is stopped no compare

match signal will be generated, even if a compare match occurs.

If a TCFL write occurs at the same time as an overflow signal, the overflow signal is not
output.
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9.4

94.1

Timer G

Overview

Timer G is an 8-bit timer, with input capture functions for separately capturing the rising edge
and falling edge of pulses input at the input capture pin (input capture input signal). Timer G has
a built-in noise canceller circuit that can eliminate high-frequency noise from the input capture
signal, enabling accurate measurement of its duty cycle. When timer G is not used for input
capture, it functions as an 8-bit interval timer.

1. Features
Features of timer G are given below.

g
a
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Choice of four internal clock sourceg@4, ¢/32, @2, ¢N/2)

Input capture function

Separate input capture registers are provided for the rising and falling edges.
Counter overflow detection

Can detect whether overflow occurred when the input capture signal was high or low.
Choice of counter clear triggers

The counter can be cleared at the rising edge, falling edge, or both edges of the input
capture signal.

Two interrupt sources

Interrupts can be requested by input capture and by overflow. For input capture, the rising
or falling edge can be selected.

Built-in noise-canceller circuit
The noise canceller circuit can eliminate high-frequency noise in the input capture signal.
Operates in subactive and subsleep modes

Whenq,/2 is selected as the internal clock source, timer G can operate in the subactive
and subsleep modes.
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2. Block diagram
Figure 9-4-1 shows a block diagram of timer G.

‘ TMG b

Level
sense
circuit

0,/2 J ‘

ICRGF
L !

Internal data bus

Noise
canceller
circuit

NCS { ICRGR

Edge ‘
——  sense ——{ TCG
circuit ‘

T™IG

IRRTG

Notation:

TMG: Timer mode register G

TCG: Timer counter G

ICRGF: Input capture register GF
ICRGR: Input capture register GR
IRRTG: Timer G interrupt request flag
NCS: Noise canceller select

PSS: Prescaler S

Figure 9-4-1 Block Diagram of Timer G

3. Pin configuration
Table 9-4-1 shows the timer G pin configuration.

Table 9-4-1 Pin Configuration

Name Abbrev. /10 Function

Input capture input pin  TMIG Input Input capture
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4. Register configuration
Table 9-4-2 shows the register configuration of timer G.

Table 9-4-2 Timer G Registers

Name Abbrev. R/W Initial Value  Address
Timer mode 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

9.4.2 Register Descriptions

1. Timer counter G (TCG)

Bit 7 6 5 4 3 2 1 0

| TCGT | TCG6 | TCG5 | TCG4 | TCG3 | TCG2 | TCGL | TCGO |
Initial value 0 0 0 0 0 0 0 0
Read/Write - - - - - - - -

Timer counter G (TCG) is an 8-bit up-counter which is incremented by an input clock. The
input clock signal is selected by bits CKS1 and CKSO in timer mode register G (TMG).

To use TCG as an input capture timer, set bit TMIG to 1 in PMR1; to use TCG as an interval
timer, clear bit TMIG to 0.* When TCG is used as an input capture timer, the TCG value can
be cleared at the rising edge, falling edge, or both edges of the input capture signal,
depending on settings in TMG.

When TCG overflows (goes from H'FF to H'00), if the timer overflow interrupt enable bit
(OVIE) is setto 1 in TMG, bit IRRTG in interrupt request register 2 (IRR2) is set to 1. If in
addition bit IENTG in interrupt enable register 2 (IENR2) is set to 1, a CPU interrupt is
requested. Details on interrupts are given in 3.3, Interrupts.

TCG cannot be read or written by the CPU.

Upon reset, TCG is initialized to H'00.

Note: * An input capture signal may be generated when TMIG is rewritten.
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2. Input capture register GF (ICRGF)
Bit 7 6 5 4 3 2 1 0
[ 1crGF7 | 1cRGF6 | ICRGFS | ICRGF4 | ICRGF3 | ICRGF2 | ICRGFL [ 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 the falling edge of the input capture signal is
detected, the TCG value at that time is transferred to ICRGF. If the input capture interrupt
select bit (IIEGS) is set to 1 in TMG, bit IRRTG in interrupt request register 2 (IRR2) is set
to 1. If in addition bit IENTG in interrupt enable register 2 (IENR2) is set to 1, a CPU
interrupt is requested. Details on interrupts are given in 3.3, Interrupts.
To ensure proper input capture when the noise canceller is not used, the pulse width of the
input capture signal should be at leagb? 2pSUB.
Upon reset, ICRGF is initialized to H'00.
3. Input capture register GR (ICRGR)

Bit 7 6 5 4 3 2 1 0
| ICRGR7| ICRGR6| ICRGR5| ICRGR4| ICRGR3| ICRGR2| ICRGRll ICRGROl

Initial value 0 0 0 0 0 0 0 0
Read/\Write R R R R R R R R

ICRGR is an 8-bit read-only register. When the rising edge of the input capture signal is
detected, the TCG value at that time is sent to ICRGR. If the IIEGS bit is cleared to 0 in
TMG, bit IRRTG in interrupt request register 2 (IRR2) is set to 1. If in addition bit IENTG in
interrupt enable register 2 (IENR2) is set to 1, a CPU interrupt is requested. Details on
interrupts are given in 3.3, Interrupts.

To ensure proper input capture when the noise canceller is not used, the pulse width of the
input capture signal should be at leagb? 2pSUB.

Upon reset, ICRGR is initialized to H'00.
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4. T imer mode register G (TMG)

Bit 7 6 5 4 3 2 1 0

| OVFH | OVFL | OVIE | IIEGS| CCLR1| CCLROl CKS1 | CKS0 |

Initial value 0 0 0 0 0 0 0 0
Read/Write R/W* R/W* RIW RW RIW RIW RW RIW

Note: * Only 0 can be written, to clear flag.

TMG is an 8-bit read/write register. It controls the choice of four input clocks, counter clear
selection, and edge selection for input capture interrupt requests. It also indicates overflow
status and enables or disables overflow interrupt requests.

Upon reset, TMG is initialized to H'00.

Bit 7: Timer overflow flag H (OVFH)

Bit 7 is a status flag indicating that TCG overflowed (from H'FF to H'00) when the input
capture signal was high. This flag is set by hardware and cleared by software. If cannot be set
by software.

Bit 7 Description
OVFH
0 Clearing conditions: (initial value)

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

1 Setting conditions:
Set when the value of TCG overflows from H'FF to H'00

Bit 6: Timer overflow flag L (OVFL)

Bit 6 is a status flag indicating that TCG overflowed (from H'FF to H'00) when the input
capture signal was low, or in interval timer operation. This flag is set by hardware and
cleared by software. It cannot be set by software.

Bit 6 Description
OVFL
0 Clearing conditions: (initial value)

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

1 Setting conditions:
Set when the value of TCG overflows from H'FF to H'00
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Bit 5: Timer overflow interrupt enable (OVIE)
Bit 5 enables or disables TCG overflow interrupts.

Bit5 Description

OVIE

0 TCG overflow interrupt disabled (initial value)
1 TCG overflow interrupt enabled

Bit 4: Input capture interrupt edge select (IIEGS)
Bit 4 selects the input signal edge at which input capture interrupts are requested.

Bit 4 Description

IIEGS

0 Interrupts are requested at the rising edge of the input capture signal (initial value)
1 Interrupts are requested at the falling edge of the input capture signal

Bits 3, 2: Counter clear 1, 0 (CCLR1, CCLRO)

Bits 3 and 2 designate whether TCG is cleared at the rising, falling, or both edges of the
input capture signal, or is not cleared.

Bit 3 Bit 2 Description

CCLR1 CCLRO

0 0 TCG is not cleared (initial value)
0 1 TCG is cleared at the falling edge of the input capture signal

1 0 TCG is cleared at the rising edge of the input capture signal

1 1 TCG is cleared at both edges of the input capture signal

Bits 1, 0: Clock select (CKS1, CKSO0)
Bits 1 and 0 select the clock input to TCG from four internal clock signals.

Bit 1 Bit 0 Description
CKS1 CKS0

0 0 Internal clock: /64 (initial value)

Internal clock: @/32

0 1
1 0 Internal clock: @2
1 1 Internal clock: @wW/2
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9.4.3 Noise Canceller Circuit

The noise canceller circuit built into the H8/3877U Series is a digital low-pass filter that rejects
high-frequency pulse noise in the input at the capture pin. The noise canceller circuit is enabled
by the noise canceller select (NCS) bit in port mode register 2 (PMR2)*.

Figure 9-4-2 shows a block diagram of the noise canceller circuit.

Sampling clock

Input capture C C C C C
signal —D Q D Q D Q D Q D Q .
latch latch latch latch MI— Match Noise
detection  — canceller
|_- circuit output

e I | N |

A t:Selected by bits CKS1, CKSO0.

At: Selected by bits CKS1, CKSO0.

Figure 9-4-2 Block Diagram of Noise Canceller Circuit

The noise canceller consists of five latch circuits connected in series, and a match detection
circuit. When the noise canceller function is disabled (NCS=0), the system clock is selected as
the sampling clock. When the noise canceller is enabled (NCS=1), the internal clock selected by
bits CKS1 and CKSO0 in TMG becomes the sampling clock. The input signal is sampled at the
rising edge of this clock pulse. Data is considered correct when the outputs of all five latch
circuits match. If they do not match, the previous value is retained. Upon reset, the noise
canceller output is initialized after the falling edge of the input capture signal has been sampled
five times. Accordingly, after the noise canceller function is enabled, pulses that have a pulse
width five times greater than the sampling clock will be recognized as input capture signals.

If the noise canceller circuit is not used, the input capture signal pulse width must be ag least 2
or 2q,,, in order to ensure proper input capture operation.
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Note: Rewriting the NCS bit may cause an internal input capture signal to be generated.

Figure 9-4-3 shows a typical timing diagram for the noise canceller circuit. In this example, a
high-level input at the input capture pin is rejected as noise because its pulse width is less than
five sampling clockgycles.

Input capture
input signal

|
}
Samplin \
clockp . \

Noise canceller
output

Réjected as noisé

Figure 9-4-3 Noise Canceller Circuit Timing (Example)

9.4.4 Timer Operation
Timer G is an 8-bit timer with input capture and interval timer functions.

1. Timer G functions

Timer G is an 8-bit timer/counter that functions as an input capture timer or an interval

timer. These two functions are described below.

O Input capture timer operation
Timer G functions as an input capture timer when bit TMIG of port mode register 1
(PMR1) is setto 1.*
At reset, 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.
Immediately after reset, TCG begins counting an internal clock with a frequency of
@divided by 64 ¢/64). Three other internal clocks can be selected using bits CKS1 and
CKSO0 of TMG.
At the rising edge/falling edge of the input capture signal input to pin TMIG, the value of
TCG is copied into ICRGR/ICRGF. If the input edge is the same as the edge selected by
the IIEGS bit of TMG, then bit IRRTG is setto 1 in IRR2. If bit IENTG is also setto 1 in
IENR2, a CPU interrupt is requested. For details on interrupts, see section 3.3, Interrupts.
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TCG can be cleared to O at the rising edge, falling edge, or both edges of the input
capture signal as determined with bits CCLR1 and CCLRO of TMG. If TCG overflows
while the input capture signal is high, bit OVFH of TMG is set. If TCG overflows while
the input capture signal is low, bit OVIE of TMG is set. When either of these bits is set, if
bit OVIE of TMG is currently set to 1, then bit IRRTG is setto 1 in IRR2. If bit IENTG
is also set to 1 in IENRZ2, then timer G requests a CPU interrupt. For further details see
3.3, Interrupts.
Timer G has a noise canceller circuit that rejects high-frequency pulse noise in the input
to pin TMIG. See 9.4.3, Noise Canceller Circuit, for details.

Note:* Rewriting the TMIG bit may cause an internal input capture signal to be generated.

O Interval timer operation
Timer G functions as an interval timer when bit TMIG is cleared to 0 in PMR1.
Following a reset, TCG starts counting cycles oftéd internal clock. This is one of
four internal clock sources that can be selected by bits CKS1 and CKSO0 of TMG. TCG
counts up according to the selected clock source. When it overflows from H'ff to H'00, bit
OVFL of TMG is set to 1. If bit OVIE of TMG is currently set to 1, then bit IRRTG is set
to 1in IRR2. If bit IENTG is also set to 1 in IENR2, then timer G requests a CPU
interrupt. For further details see 3.3, Interrupts.

2. Count timing

TCG is incremented by input pulses from an internal clock. TMG bits CKS1 and CKSO

select one of four internal clock¢/§4, @32, @2, gN/2) derived by dividing the system

clock (@ or the watch clockgWV).
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. Timing of internal input capture signals
0 Timing with noise canceller function disabled

Separate internal input capture signals are generated from the rising and falling edges of
the external input signal.

Figure 9-4-4 shows the timing of these signals.

External input
capture signal

Internal input
capture signal F \

Internal input
capture signal R

Figure 9-4-4 Input Capture Signal Timing (Noise Canceller Function Disabled)

O Timing with noise canceller function enabled
When input capture noise cancelling is enabled, the external input capture signal is routed
via the noise canceller circuit, so the internal signals are delayed from the input edge by
five sampling clock cycles. Figure 9-4-5 shows the timing.

External input
capture signal

Sampling clock

Npise canceller
circuit output

Internal input _‘

capture signal R

Figure 9-4-5 Input Capture Signal Timing (Noise Canceller Function Enabled)
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4. Timing of input capture
Figure 9-4-6 shows the input capture timing in relation to the internal input capture signal.

Internal input

capture signal

TCG N-1 >< N >< N+1
Input capture H'XX >< N

register

Figure 9-4-6 Input Capture Timing

5. TCG clear timing

TCG can be cleared at the rising edge, falling edge, or both edges of the external input
capture signal. Figure 9-4-7 shows the timing for clearing at both edges.

External input
capture signal

Internal input
capture signal F

Internal input
capture signal R

TCG N >< H'00 N >< H'00

Figure 9-4-7 TCD Clear Timing
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6. Timer G operation states
Table 9-4-3 summarizes the timer G operation states.

Table 9-4-3 Timer G Operation States

Operation Reset Active Sleep Watch Subactive Subsleep Standby
Mode
TCG Input Reset Functions* Functions* Halted Functions/ Halted
capture Halted*
Functions/
Halted*
Interval Reset Functions* Functions* Retained  Functions/ Functions/ Halted*

Halted* Halted

ICRGF Reset Functions* Functions* Retained Functions/ Functions/ Retained
Halted* Halted

ICRGR Reset Functions* Functions* Retained Functions/ Functions/ Retained
Halted* Halted*

TMG Reset Functions Retained Retained Functions Retained Retained

Note: * In active mode and sleep mode, if @V/2 is selected as the TCG internal clock, since the
system clock and internal clock are not synchronized with each other, a synchronization
circuit is used. This may result in a count cycle error of up to 1/@(s). In subactive mode
and subsleep mode, if @V/2 is selected as the TCG internal clock, regardless of the
subclock @'SUB (@W/2, @N/4, @N/8) TCG and the noise canceller circuit run on an internal
clock of @N/2. If any other internal clock is chosen, TCG and the noise canceller circuit will
not run, and the input capture function will not operate.

9.4.5 Application Notes

1. Input clock switching and TCG operation
Depending on when the input clock is switched, there will be cases in which TCG is
incremented in the process. Table 9-4-4 shows the relation between internal clock switchover
timing (selected in bits CKS1 and CKSO0) and TCG operation. If an internal clock (derived
from the system cloclp or subclocky, ) is used, an increment pulse is generated when a
falling edge of the internal clock is detected. For this reason, in a case like No. 3 in table 9-4-
4, where the clock is switched at a time such that the clock signal goes from high level
before switching to low level after switching, the switchover is seen as a falling edge of the
clock pulse, causing TCG to be incremented.
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Table 9-4-4 Internal Clock Switching and TCG Operation

No Clock Level Before and After Modifying Bits CKS1 and CKSOTCG Operation
1 Goes from low level to low
level
Clock before
switching
Clock after
switching —
Count clock
TCG N >< N+1 ><:
CKS bits modified
2 Goes from low level to
high level ’—‘
Clock before
switching
Clock after |
switching —
Count clock 1
TCG N X N+1 X N+2 ><
CKS bits modified
3 Goes from high level to
low level
Clock before
switching
Clock after
switching
*
Count clock ﬂ
TCG N >< N+1 >< N+2 ><:
CKS bits modified
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4 Goes from high level to
high level

Clock before

switching K
Clock after

switching

Count clock

TGG N

X

N+1

X

N+2

™~

CKS bits modified

Note: * The switchover is seen as a falling edge of the clock pulse, and TCG is incremented.
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2. Note on rewriting port mode registers

When a port mode register setting is modified to enable or disable the input capture function
or input capture noise canceling function, note the following points.

O Switching the function of the input capture pin

When the function of the input capture pin is switched by modifying port mode register 1
bit 3 (the TMIG bit), an input capture edge may be recognized even though no valid
signal edge has been input. This occurs under the conditions listed in table 9-4-5.

Table 9-4-5 False Input Capture Edges Generating by Switching of Input Capture Pin
Function

Input Capture Edge Conditions

Rising edge TMIG pin level is high, and TMIG bit is changed from 0 to 1
recognized

TMIG pin level is high and NCS bit is changed from 0 to 1, then TMIG bit is
changed from 0 to 1 before noise canceller circuit completes five samples

Falling edge TMIG pin level is high, and TMIG bit is changed from 1 to 0
recognized

TMIG pin level is low and NCS bit is changed from 0 to 1, then TMIG bit is
changed from 0 to 1 before noise canceller circuit completes five samples

TMIG pin level is high and NCS bit is changed from 0 to 1, then TMIG bit is
changed from 1 to 0 before noise canceller circuit completes five samples

Note: When pin P1 3 is not used for input capture, the input capture signal input to timer G is
low.

O Switching the input capture noise canceling function
When modifying port mode register 2 bit 4 (the NCS bit) to enable or disable the input
capture noise canceling function, first clear the TMIG bit to 0. Otherwise an input capture
edge may be recognized even though no valid signal edge has been input. This occurs
under the conditions listed in table 9-4-6.

Table 9-4-6 False Input Capture Edges Generating by Switching of Noise Canceling

Function
Input Capture Edge Conditions
Rising edge recognized TMIG bit is set to 1 and TMIG pin level changes from low to high,
then NCS bit is changed from 1 to 0 before noise canceller circuit
completes five samples
Falling edge recognized TMIG bit is set to 1 and TMIG pin level changes from high to low,

then NCS bit is changed from 1 to 0 before noise canceller circuit
completes five samples
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If switching of the pin function generates a false input capture edge matching the edge
selected by the input capture interrupt edge select bit (IIEGS), the interrupt request flag
will be set to 1, making it necessary to clear this flag to 0O before using the interrupt
function. Figure 9-4-8 shows the procedure for modifying port mode register settings and
clearing the interrupt request flag. The first step is to mask interrupts before modifying
the port mode register. After modifying the port mode register setting, wait long enough
for an input capture edge to be recognized (at least two system clocks when noise
canceling is disabled; at least five sampling clocks when noise canceling is enabled), then
clear the interrupt request flag to 0 (assuming it has been set to 1). An alternative
procedure is to avoid having the interrupt request flag set when the pin function is
switched, either by controlling the level of the input capture pin so that it does not satisfy
the conditions in tables 9-4-5 and 9-4-6, or by setting the IIEGS bit of TMG to select the
edge opposite to the falsely generated edge.

Disable interrupts (or disable by clearing interrupt

Setlbitto1in CCR enable bit in interrput enable register 2)

Modify port mode register

‘ Modify port mode register setting, wait for input

capture edge to be recognized (at least two
Wait for TMIG to be recognized > system clocks when noise canceling is disabled;

at least five sampling clocks when noise canceling
‘ is enable), then clear interrupt request flag to 0

Clear interrupt request flag to 0

Clear | bitto 0in CCR

Enable interrupts

Figure 9-4-8 Procedure for Modifying Port Mode Register and Clearing Interrupt

9.4.6 Sample Timer G Application

The absolute values of the high and low widths of the input capture signal can be measured by
using timer G. The CCLR1 and CCLRO bits of TMG should be set to 1. Figure 9-4-9 shows an

example of this operation.
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Figure 9-4-9 Sample Timer G Application
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Section 10 Serial Communication Interface

10.1  Overview

The H8/3877U Series is provided with a two-channel serial communication interface (SCI).
Table 10-1-1 summarizes the functions and features of the two SCI channels.

Table 10-1-1  Serial Communication Interface Functions

Channel Functions Features

SCI1 Synchronous serial transfer Choice of 8 internal clocks (/1024 to ¢'2)
« Choice of 8-bit or 16-bit data length  ©F €xternal clock

¢ Continuous clock output Open drain output possible

Interrupt requested at completion of
transfer

SCI3 Synchronous serial transfer Built-in baud rate generator

«  8-bit data transfer Receive error detection

* Send, receive, or simultaneous Break detection

send/receive Interrupt requested at completion of

. transfer or error
¢ Asynchronous serial transfer

¢ Multiprocessor communication function
¢ Choice of 7-bit or 8-bit data length

* Choice of 1-bit or 2-bit stop bit length

e Odd or even parity
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10.2 SCI1

10.2.1  Overview

Serial communication interface 1 (SCI1) performs synchronous serial transfer of 8-bit or 16-bit data.

1. Features
O Choice of 8-bit or 16-bit data length
0 Choice of eight internal clock sourcegl(024,@/256,@64, @32, @16, @8, @4, @2) or an
external clock
O Interrupt requested at completion of transfer
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2. Block diagram
¢ Figure 10-2-1 shows a block diagram of SCI1.

. PSS
° A
SCK1 ' SCR1
Transmjt/receive
Control circut SCSR1
3
o)
) =
Transfer bit counter 3
I
o
k)
=
SDRU
Sl
Fg SDRL
S01
IRRS1Y
Notation:
SCR1: Serial control register 1
SCSR1: Serial control/status register 1
SDRU: Serial data register U
SDRL: Serial data register L
IRRS1: SCI1 interrupt request flag
PSS: Prescaler S
Figure 10-2-1  SCI1 Block Diagram
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3. Pin configuration
Table 10-2-1 shows the SCI1 pin configuration.

Table 10-2-1 Pin Configuration

Name Abbrev. I/O Function

SCI1 clock pin SCK, 110 SCI1 clock input or output
SCI1 data input pin S, Input SCI1 receive data input
SCI1 data output pin SO, Output SCI1 transmit data output

4. Register configuration
Table 10-2-2 shows the SCI1 register configuration.

Table 10-2-2  SCI1 Registers
Name Abbrev. R/W Initial Value Address
Serial control register 1 SCR1 R/W H'00 H'FFAQ
Serial control status register 1 SCSR1 R/W H'80 H'FFAl
Serial data register U SDRU R/W Not fixed H'FFA2
Serial data register L SDRL R/W Not fixed H'FFA3
10.2.2 Register Descriptions
1. Serial control register 1 (SCR1)
Bit 7 6 5 4 3 2 1 0
ETEIE R ESEEER
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

SCR1 is an 8-bit read/write register for selecting the operation mode, the transfer clock
source, and the prescaler division ratio.

Upon reset, SCR1 is initialized to H'00. Writing to this register during a transfer stops the
transfer.
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Bits 7 and 6: Operation mode select 1, 0 (SNC1, SNCO0)
Bits 7 and 6 select the operation mode.

Bit 7 SNC1 Bit6 SNCO Description

0 0 8-bit synchronous transfer mode (initial value)
0 1 16-bit synchronous transfer mode

1 0 Continuous clock output mode**

1 1 Reserved*’

Notes: 1. Pins SI1 and SO1 should be used as general input or output ports.
2. Don't set bits SNC1 and SNCO to 11.

Bits 5 and 4:Reserved bits

Bits 5 and 4 are reserved, but they can be written and read.

Bit 3: Clock source select (CKS3)

Bit 3 selects the clock source and sets pin S&Kan input or output pin.

Bit 3 CKS3 Description

0 Clock source is prescaler S, and (initial value)
pin SCK, is output pin

1 Clock source is external clock,

and pin SCK, is input pin
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Bits 2 to 0: Clock select (CKS2 to CKS 0)
When CKS3 = 0, bits 2 to 0 select the prescaler division ratio and the serial clock cycle.

Serial Clock Cycle

Bit2 CKS2 Bit1 CKS1 Bit0 CKSO Prescaler Division @=5 MHz @=2.5 MHz
0 0 0 @1024 (initial value) 204.8 us 409.6 ps

0 0 1 @256 51.2 ys 102.4 ps

0 1 0 @64 12.8 pys 25.6 s

0 1 1 @32 6.4 us 12.8 ps

1 0 0 @16 3.2 us 6.4 us

1 0 1 @8 1.6 ys 3.2 s

1 1 0 @4 0.8 us 1.6 ys

1 1 1 @2 -- 0.8 us

2. Serial control/status register 1 (SCSR1)

Bit 7 6 5 4 3 2 1 0
| - | SoL |ORER | - | - | - | - | STF |

Initial value 1 0 0 0 0 0 0 0

Read/Wiite - RIW RIWS - - - RIW RIW

Note: * Only of 0 for flag clearing possible.

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

SCSR1 is an 8-bit read/write register indicating operation status and error status.
Upon reset, SCSR1 is initialized to H'80.

Bit 7: Reserved bit

Bit 7 is reserved; it is always read as 1, and cannot be modified.
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Bit 6: Extended data bit (SOL)

Bit 6 sets the SQoutput level. When read, SOL returns the output level at th@BOAfter
completion of a transmission, SEbntinues to output the value of the last bit of transmitted
data. The SQoutput can be changed by writing to SOL before or after a transmission. The
SOL bit setting remains valid only until the start of the next transmission. To control the
level of the SOpin after transmission ends, it is necessary to write to the SOL bit at the end
of each transmission. Do not write to this register while transmission is in progress, because
that may cause a malfunction.

Bit 6 SOL Description

0 Read SO, pin output level is low (initial value)
Write SO, pin output level changes to low

1 Read SO, pin output level is high
Write SO, pin output level changes to high

Bit 5: Overrun error flag (ORER)

When an external clock is used, bit 5 indicates the occurrence of an overrun error. If a clock
pulse is input after transfer completion, this bit is set to 1 indicating an overrun. If noise

occurs during a transfer, causing an extraneous pulse to be superimposed on the normal serial
clock, incorrect data may be transferred.

Bit5 ORER Description

0 Clearing conditions: (initial value)
After reading ORER = 1, cleared by writing 0 to ORER

1 Setting conditions:
Set if a clock pulse is input after transfer is complete, when an
external clock is used

Bits 4 to 2: Reserved bits

Bits 4 to 2 are reserved. They are always read as 0, and cannot be modified.
Bit 1: Reserved bit

Bit 1 is reserved; it should always be cleared to 0.
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Bit O: Start flag (STF)
Bit O controls the start of a transfer. Setting this bit to 1 causes SCI1 to start transferring data.

During the transfer or while waiting for the first clock pulse, this bit remains set to 1. It is
cleared to 0 upon completion of the transfer. It can therefore be used as a busy flag.

Bit0 STF  Description

0 Read: Indicates that transfer is stopped (initial value)
Write: Invalid

1 Read: Indicates transfer in progress

Write: Starts a transfer operation

3. Serial data register U (SDRU)

Bit 7 6 5 4 3 2 1 0
| SDRU7| SDRU6| SDRU5| SDRU4| SDRU3| SDRU2| SDRU1| SDRUO|

Initial value Notfixed Notfixed Notfixed Notfixed Notfixed Notfixed Notfixed Not fixed
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

SDRU is an 8-bit read/write register. It is used as the data register for the upper 8 bits in
16-bit transfer (SDRL is used for the lower 8 bits).

Data written to SDRU is output to SDRL starting from the least significant bit (LSB). This
data is then replaced by LSB-first data input at pin SI1, which is shifted in the direction from
the most significant bit (MSB) toward the LSB.

SDRU must be written or read only after data transmission or reception is complete. If this
register is written or read while a data transfer is in progress, the data contents are not
guaranteed.

The SDRU value upon reset is not fixed.
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4. Serial data register L (SDRL)

Bit 7 6 5 4 3 2 1 0
| SDRL7| SDRL6 | SDRL5 | SDRL4| SDRL3 | SDRL? | SDRL1| SDRLO |

Initial value Notfixed  Notfixed Notfixed Notfixed Notfixed Notfixed Notfixed Notfixed

Read/Wiite RIW RIW RIW RIW RIW RIW RIW RIW

SDRL is an 8-bit read/write register. It is used as the data register in 8-bit transfer, and as the
data register for the lower 8 bits in 16-bit transfer (SDRU is used for the upper 8 bits).

In 8-bit transfer, data written to SDRL is output from pin, Starting from the least

significant bit (LSB). This data is than replaced by LSB-first data input at piwsth is

shifted in the direction from the most significant bit (MSB) toward the LSB.

In 16-bit transfer, operation is the same as for 8-bit transfer, except that input data is fed in
via SDRU.

SDRL must be written or read only after data transmission or reception is complete. If this
register is read or written while a data transfer is in progress, the data contents are not
guaranteed.

The SDRL value upon reset is not fixed.

10.2.3  Operation

Data can be sent and received in an 8-bit or 16-bit format, synchronized to an internal or external serial
clock. Overrun errors can be detected when an external clock is used.

1. Clock
The serial clock can be selected from a choice of eight internal clocks and an external clock.
When an internal clock source is selected, pin S6&#€omes the clock output pin. When
continuous clock output mode is selected (SCR1 bits SNC1 and SNCO are set to 10), the
clock signal ¢1024 to@'2) selected in bits CKS2 to CKSO0 is output continuously from pin
SCK,. When an external clock is used, pin S@Kthe clock input pin.

2. Data transfer format
Figure 10-2-2 shows the data transfer format. Data is sent and received starting from the least
significant bit, in LSB-first format. Transmit data is output from one falling edge of the serial
clock until the next falling edge. Receive data is latched at the rising edge of the serial clock.
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501/S|1:>|< Bit0 >< Bit 1 X Bit2 >< Bit3 X Bit 4 >< Bit5 >< Bit6 X Bit 7

3. Data transfer operations
O Transmitting
A transmit operation is carried out as follows.
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Set bit SQin port mode register 2 (PMR2) to 1, making pin/8@, the SQ output
pin. Also set bit SCK1 in PMR2 to 1, making pin/&ZK the SCK I/O pin. If
necessary, set bit POF1 in PMR2 for NMOS open drain output at pin SO

Clear bit SNC1 in SCR1 to 0, and set bit SNCO to 1 or 0, designating 8-or 16-bit
synchronous transfer mode. Select the serial clock in bits CKS3 to CKS0. Writing
data to SCR1 initializes the internal state of SCI1.

Write transmit data in SDRL and SDRU as follows.

8-bit transfer mode: SDRL

16-bit transfer mode: Upper byte in SDRU, lower byte in SDRL

Set the SCSRL1 start flag (STF) to 1. SCI1 starts operating and outputs transmit data at
pin SQ.

After data transmission is complete, bit IRRS1 in interrupt request register 1 (IRR1) is
setto 1.

When an internal clock is used, a serial clock is output from pin 8C3¢nchronization

with the transmit data. After data transmission is complete, the serial clock is not output
until the next time the start flag is set to 1. During this time, pinc®®tinues to output

the value of the last bit transmitted.
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When an external clock is used, data is transmitted in synchronization with the serial
clock input at pin SCK After data transmission is complete, an overrun occurs if the

serial clock continues to be input; no data is transmitted and the SCSR1 overrun error flag
(bit ORER) is set to 1.

While transmission is stopped, the output value of pinca@ be changed by rewriting

bit SOL in SCSR1.

Receiving

A receive operation is carried out as follows.

Set bit SI1 in port mode register 2 (PMR2) to 1, making pifSP2he S| input pin.
Also set bit SCK1 in PMR2 to 1, making pin ,FRCK, the SCK I/O pin.

Clear bit SNC1 in SCR1 to 0, and set bit SNCO to 1 or 0, designating 8-or 16-bit
synchronous transfer mode. Select the serial clock in bits CKS3 to CKS0. Writing
data to SCR1 initializes the internal state of SCI1.

Set the SCSR1 start flag (STF) to 1. SCI1 starts operating and receives data at pin SI

After data reception is complete, bit IRRS1 in interrupt request register 1 (IRR1) is set
to 1.

Read the received data from SDRL and SDRU, as follows.
8-bit transfer mode: SDRL
16-bit transfer mode: Upper byte in SDRU, lower byte in SDRL

After data reception is complete, an overrun occurs if the serial clock continues to be
input; no data is received and the SCSR1 overrun error flag (bit ORER) is set to 1.
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O Simultaneous transmit/receive

A simultaneous transmit/receive operation is carried out as follows.

» Set bits SQ SI,, and SCK1 in PMR2 to 1, making pin &0, the SQ output pin, pin
P2/SI, the S| input pin, and pin RESCK, the SCK I/O pin. If necessary, set bit
POF1 in PMR2 for NMOS open drain output at pin SO

¢ Clear bit SNC1 in SCR1 to 0, and set bit SNCO to 1 or 0, designating 8-or

e 16-bit synchronous transfer mode. Select the serial clock in bits CKS3 to CKSO.
Writing data to SCR1 initializes the internal state of SCI1.

* Write transmit data in SDRL and SDRU, as follows.
8-bit transfer mode: SDRL
16-bit transfer mode: Upper byte in SDRU, lower byte in SDRL
e Setthe SCSR1 start flag (STF) to 1. SCI1 starts operating. Transmit data is output at
pin SQ. Receive data is input at pin, Sl
» After data transmission and reception are complete, bit IRRS1 in IRR1 is set to 1.
* Read the received data from SDRL and SDRU, as follows.
8-bit transfer mode: SDRL
16-bit transfer mode: Upper byte in SDRU, lower byte in SDRL

When an internal clock is used, a serial clock is output from pin, 8C$¢nchronization

with the transmit data. After data transmission is complete, the serial clock is not output
until the next time the start flag is set to 1. During this time, pinc®®tinues to output

the value of the last bit transmitted.

When an external clock is used, data is transmitted and received in synchronization with
the serial clock input at pin SCKAfter data transmission and reception are complete, an
overrun occurs if the serial clock continues to be input; no data is transmitted or received
and the SCSR1 overrun error flag (bit ORER) is set to 1.

While transmission is stopped, the output value of pinca@ be changed by rewriting

bit SOL in SCSR1.
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10.2.4  Interrupts
SCI1 can generate an interrupt at the end of a data transfer.

When an SCI1 transfer is complete, bit IRRS1 in interrupt request register 1 (IRR1) is set to 1. SCI1
interrupt requests can be enabled or disabled by bit IENS1 of interrupt enable register 1 (IENR1).

For further details, see 3.3, Interrupts.
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10.3 SC13

10.3.1 Overview

Serial communication interface 3 (SCI3) has both synchronous and asynchronous serial data
communication capabilities. It also has a multiprocessor communication function for serial data
communication among two or more processors.

1. Features
SCI3 features are listed below.
0 Selection of asynchronous or synchronous mode
a. Asynchronous mode

SCI3 can communicate with a UART (universal asynchronous receiver/transmitter),
ACIA (asynchronous communication interface adapter), or other chip that employs

standard asynchronous serial communication. It can also communicate with two or

more other processors using the multiprocessor communication function. There are
twelve selectable serial data communication formats.

Data length: seven or eight obits

Stop bit length: one or two bits

Parity: even, odd, or none

Multiprocessor bit: one or none

Receive error detection: parity, overrun, and framing errors

Break detection: by reading the RXD level directly when a framing error occurs
b. Synchronous mode

Serial data communication is synchronized with a clock signal. SCI3 can
communicate with other chips having a clocked synchronous communication
function.

Data length: eight bits
Receive error detection: overrun errors
O Full duplex communication

The transmitting and receiving sections are independent, so SCI3 can transmit and
receive simultaneously. Both sections use double buffering, so continuous data transfer is
possible in both the transmit and receive directions.
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O Built-in baud rate generator with selectable bit rates.
O Internal or external clock may be selected as the transfer clock source.

O There are six interrupt sources: transmit end, transmit data register empty, receive data
register full, overrun error, framing error, and parity error.

2. Block diagram
Figure 10-3-1 shows a block diagram of SCI3.

External
ek CdOCk Internal clock
$ (64, /16, ¢4, 9
Baud rate
generator
AN
BRC BRR
clock
SMR
Transmit/receive
SCR3
control a
SSR g
m  O- TSR DR
o O RSR RDR
S
Interrupt
requests
(TEL, TXI,
RXI, ERI)
Notation: RSR: Receive shift register
RDR: Receive data register
TSR: Transmit shift register
TDR: Transmit data register
SMR: Serial mode register
SCRS3: Serial control register 3
SSR: Serial status register
BRR: Bit rate register
BRC: Bit rate counter

Figure 10-3-1  SCI3 Block Diagram
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3. Pin configuration

Table 10-3-1 shows the SCI3 pin configuration.

Table 10-3-1 Pin Configuration

Name Abbrev. I/O Function

SCI3 clock SCK, 110 SCI3 clock input/output
SCI3 receive data input RXD Input SCI3 receive data input
SCI3 transmit data TXD Output SCI3 transmit data output
output

4. Register configuration

Table 10-3-2 shows the SCI3 internal register configuration.

Table 10-3-2  SCI3 Registers

Name Abbrev. R/W Initial Value Address

Serial mode register SMR R/W H'00 H'FFA8
Bit rate register BRR R/W H'FF H'FFA9
Serial control register 3 SCR3 R/W H'00 H'FFAA
Transmit data register TDR R/W H'FF H'FFAB
Serial status register SSR R/W H'84 H'FFAC
Receive data register RDR R H'00 H'FFAD

Transmit shift register TSR

Receive shift register RSR

Bit rate counter BRC
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10.3.2 Register Descriptions

1. Receive shift register (RSR)

Bit

Read/Write

The receive shift register (RSR) is for receiving serial data.

Serial data is input in LSB-first order into RSR from pin RXD, converting it to parallel data.
After each byte of data has been received, the byte is automatically transferred to the receive

data register (RDR).

RSR cannot be read or written directly by the CPU.

Receive data register (RDR)

Bit 7

6 5 4 3 2 1 0

| RDR7| RDR6 | RDR5| RDR4| RDR3 | RDR2 | RDRll RDRO |

0
R

Initial value
Read/Write

0
R

0
R

0
R

0
R

0
R

0
R

0
R

The receive data register (RDR) is an 8-bit register for storing received serial data.

Each time a byte of data is received, the received data is transferred from the receive shift
register (RSR) to RDR, completing a receive operation. Thereafter RSR again becomes ready
to receive new data. RSR and RDR form a double buffer mechanism that allows data to be

received continuously.

RDR is exclusively for receiving data and cannot be written by the CPU.
RDR is initialized to H'00 upon reset or in standby mode, watch mode, subactive mode, or

subsleep mode.
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3. Transmit shift register (TSR)

Bit 7 6 5 4 3 2 1 0

Read/Write - - - - - - - -

The transmit shift register (TSR) is for transmitting serial data.

Transmit data is first transferred from the transmit data register (TDR) to TSR, then is
transmitted from pin TXD, starting from the LSB (bit 0).

After one byte of data has been sent, the next byte is automatically transferred from TDR to
TSR, and the next transmission begins. If no data has been written to TDR (1 is set in
TDRE), there is no data transfer from TDR to TSR.

TSR cannot be read or written directly by the CPU.
4. Transmit data register (TDR)

Bit 7 6 5 4 3 2 1 0
| TDR7| TDR6 | TDRS5 | TDR4 | TDR3 | TDR2| TDRL | TDRO |

Initial value 1 1 1 1 1 1 1 1
Read/Write RIW RW RIW RIW RW RIW RIW RW

The transmit data register (TDR) is an 8-bit register for holding transmit data.

When SCI3 detects that the transmit shift register (TSR) is empty, it shifts transmit data
written in TDR to TSR and starts serial data transmission. While TSR is transmitting serial
data, the next byte to be transmitted can be written to TDR, realizing continuous
transmission.

TDR can be read or written by the CPU at all times.

TDR is initialized to H'FF upon reset or in standby mode, watch mode, subactive mode, or
subsleep mode.
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5. Serial mode register (SMR)

Bit 7 6 5 4 3 2 1 0

[ cov [ cor [ P | Pu | stop | wp | ckst | ckso |
Initial value 0 0 0 0 0 0 0 0
Read/\Write RW RW RW RW RW RW  RW  RW

The serial mode register (SMR) is an 8-bit register for setting the serial data communication
format and for selecting the clock source of the baud rate generator. SMR can be read and
written by the CPU at any time.

SMR is initialized to H'00 upon reset or in standby mode, watch mode, subactive mode, or
subsleep mode.

Bit 7: Communication mode (COM)

Bit 7 selects asynchronous mode or synchronous mode as the serial data communication
mode.

Bit 7 COM Description

0 Asynchronous mode (initial value)

1 Synchronous mode

Bit 6: Character length (CHR)

Bit 6 selects either 7 bits or 8 bits as the data length in asynchronous mode. In synchronous
mode the data length is always 8 bits regardless of the setting here.

Bit 6 CHR Description

0 8-bit data (initial value)

1 7-bit data*

Note: * When 7-bit data is selected as the character length in asynchronous mode, the MSB (bit
7) in the transmit data register is not transmitted.
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Bit 5: Parity enable (PE)

In asynchronous mode, bit 5 selects whether or not a parity bit is to be added to transmitted
data and checked in received data. In synchronous mode there is no adding or checking of
parity regardless of the setting here.

Bit 5 PE Description
0 Parity bit adding and checking disabled (initial value)
1 Parity bit adding and checking enabled*

Note: * When PE is set to 1, then either odd or even parity is added to transmit data, depending
on the setting of the parity mode bit (PM). When data is received, it is checked for odd or
even parity as designated in bit PM.

Bit 4: Parity mode (PM)

In asynchronous mode, bit 4 selects whether odd or even parity is to be added to transmitted
data and checked in received data. The setting here is valid only if parity adding/checking is
enabled in bit PE. In synchronous mode, or if parity adding/checking is disabled in bit PE, bit

PM is ignored.

Bit 4 PM Description

0 Even Parity** (initial value)

1 Odd Parity**

Notes: 1  When even parity is designated, a parity bit is added to the transmitted data so that
the sum of 1s in the resulting data is an even number. When data is received, the sum
of 1s in the data plus parity bit is checked to see if the result is an even number.

2. When odd parity is designated, a parity bit is added to the transmitted data so that the
sum of 1s in the resulting data is an odd number. When data is received, the sum of
1s in the data plus parity bit is checked to see if the result is an odd number.
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Bit 3: Stop bit length (STOP)

Bit 3 selects 1 bit or 2 bits as the stop bit length in asynchronous mode. This setting is valid
only in asynchronous mode. In synchronous mode a stop bit is not added, so this bit is
ignored.

Bit 3 STOP Description

0 1 stop bit*! (initial value)
1 2 stop bits*’

Notes: 1. When data is transmitted, one "1" bit is added at the end of the each transmitted
character as the stop bit.

2. When data is transmitted, two "1" bits are added at the end of each transmitted
character as the stop bits.

When data is received, only the first stop bit is checked regardless of the stop bit length. If
the second stop bit value is 1 it is treated as a stop bit; if it is O, it is treated as the start bit of
the next character.

Bit 2: Multiprocessor mode (MP)

Bit 2 enables or disables the multiprocessor communication function. When the
multiprocessor communication function is enabled, the parity enable (PE) and parity mode
(PM) settings are ignored. The MP bit is valid only in asynchronous mode; it should be
cleared to O in synchronous mode.

See 10.3.6, for details on the multiprocessor communication function.

Bit 2 MP Description

0 Multiprocessor communication function disabled (initial value)

1 Multiprocessor communication function enabled
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Bits 1 and 0: Clock select 1, 0 (CKS1, CKSO0)

Bits 1 and 0 select the clock source for the built-in baud rate generator. A chgéze of
@16, @4, orgis made in these bits.

See 8, Bit rate register, below for information on the clock source and bit rate register
settings, and their relation to the baud rate.

Bit1 CKS1 Bit0 CKSO Description

0 0 ¢clock (initial value)
0 1 @4 clock
1 0 @16 clock
1 1 @64 clock
6. Serial control register 3 (SCR3)

Bit 7 6 5 4 3 2 1 0

[ e [ re [ 1 | re [we | 1EE [ cker | ckeo |
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

Serial control register 3 (SCR3) is an 8-bit register that controls SCI3 transmit and receive
operations, enables or disables serial clock output in asynchronous mode, enables or disables
interrupts, and selects the serial clock source. SCR3 can be read and written by the CPU at
any time.

SCR3is initialized to H'00 upon reset or in standby mode, watch mode, subactive mode, or
subsleep mode.
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Bit 7: Transmit interrupt enable (TIE)

Bit 7 enables or disables the transmit data empty interrupt request (TXI) when data is
transferred from TDR to TSR and the transmit data register empty bit (TDRE) in the serial

status register (SSR) is set to 1. The TXI interrupt can be cleared by clearing bit TDRE to O,
or by clearing bit TIE to O.

Bit 7 TIE  Description

0 Transmit data empty interrupt request (TXI) disabled (initial value)

1 Transmit data empty interrupt request (TXI) enabled

Bit 6: Receive interrupt enable (RIE)

Bit 6 enables or disables the receive error interrupt request (ERI), and the receive data full
interrupt request (RXI) when data is transferred from RSR to RDR and the receive data
register full bit (RDRF) in the serial status register (SSR) is set to 1. Receive errors include
overrun errors, framing errors, and parity errors. RXIl and ERI interrupts can be cleared by
clearing SSR flag RDRF, or flags FER, PER, and OER to 0, or by clearing bit RIE to O.

Bit 6 RIE Description

0 Receive data full interrupt request (RXI) and receive error interrupt (initial value)
request (ERI) disabled

1 Receive data full interrupt request (RXI) and receive error interrupt
request (ERI) enabled

Bit 5: Transmit enable (TE)
Bit 5 enables or disables the start of a transmit operation.

Bit5 TE Description

0 Transmit operation disabled*' (TXD is a general 1/O port) (initial value)

1 Transmit operation enabled* (TXD is the transmit data pin)

Notes: 1. The transmit data register empty bit (TDRE) in the serial status register (SSR) is fixed
at 1.

2. In this state, writing transmit data in TDR clears bit TDRE in SSR to 0 and starts serial
data transmission.

Before setting TE to 1 it is necessary to set the transmit format in SMR.
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Bit 4: Receive enable (RE)
Bit 4 enables or disables the start of a receive operation.

Bit 4 RE Description

0 Receive operation disabled*' (RXD is a general /O port) (initial value)

1 Receive operation enabled** (RXD is the receive data pin)

Notes: 1. When RE is cleared to 0, this has no effect on the SSR flags RDRF, FER, PER, and
OER, which retain their states.

2. Serial data receiving begins when, in this state, a start bit is detected in asynchronous
mode, or serial clock input is detected in synchronous mode.

Before setting RE to 1 it is necessary to set the receive format in SMR.

Bit 3: Multiprocessor interrupt enable (MPIE)
Bit 3 enables or disables multiprocessor interrupt requests. This setting is valid only in
asynchronous mode, and only when the multiprocessor mode bit (MP) in the serial mode

register (SMR) is set to 1. It applies only to data receiving. This bit is ignored when COM is
set to 1 or when bit MP is cleared to O.

Bit 3 MPIE Description

0 Multiprocessor interrupt request disabled (ordinary receive operation) (initial value)

Clearing condition:
Multiprocessor bit receives a data value of 1

1 Multiprocessor interrupt request enabled*

Note: * SCI3 does not transfer receive data from RSR to RDR, does not detect receive errors, and
does not set status flags RDRF, FER, and OER in SSR. Until a multiprocessor bit value of
1 is received, the receive data full interrupt (RXI) and receive error interrupt (ERI) are
disabled and serial status register (SSR) flags RDRF, FER, and OER are not set. When
the multiprocessor bit receives a "1", the MPBR bit of SSR is set to 1, MPIE is
automatically cleared to 0, RXI and ERI interrupts are enabled (provided bits TIE and RIE
in SCR3 are set to 1), and setting of the RDRF, FER, and OER flags is enabled.
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Bit 2: Transmit end interrupt enable (TEIE)

Bit 2 enables or disables the transmit end interrupt (TEI) requested if there is no valid

transmit data in TDR when the MSB is transmitted.

Bit2 TEIE Description

0 Transmit end interrupt (TEI) disabled

(initial value)

1 Transmit end interrupt (TEI) enabled*

Note: * A TEI interrupt can be cleared by clearing the SSR bit TDRE to 0 and clearing the transmit

end bit (TEND) to 0, or by clearing bit TEIE to 0.

Bits 1 and 0:Clock enable 1, 0 (CKE1, CKEOD)

Bits 1 and O select the clock source and enable or disable clock output at piTBEK
combination of bits CKE1 and CKEO determines whether pin . S€& general I/O port, a

clock output pin, or a clock input pin.

Note that the CKEO setting is valid only when operation is in asynchronous mode using an
internal clock (CKE1 = 0). This bit is invalid in synchronous mode or when using an external
clock (CKEL1 = 1). In synchronous mode and in external clock mode, clear CKEO to 0. After
setting bits CKE1 and CKEOQ, the operation mode must first be set in the serial mode register

(SMR).

See table 10-3-7 in 10.3.3, Operation, for details on clock source selection.

Bit 1 Bit0 Communication Mode Clock Source
CKE1 CKEO

SCK , Pin Function

0 0 Asynchronous Internal clock I/O port**
Synchronous Internal clock Serial clock output**
0 1 Asynchronous Internal clock Clock output™
Synchronous Reserved Reserved
1 0 Asynchronous External clock Clock input*®
Synchronous External clock Serial clock input
1 1 Asynchronous Reserved Reserved
Synchronous Reserved Reserved
Notes: 1. Initial value
2. Aclock is output with the same frequency as the bit rate.
3. Input a clock with a frequency 16 times the bit rate.
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7.

Serial status register (SSR)

Bit 7 6 5 4 3 2 1 0

[ tore | rorr [ oer [ rer | Per | TEND | weer | weeT |

Initial value 1 0 0 0 0 1 0 0
Read/Write RI(W)*  RI(W)* RIW)*  RIW)*  RI(W) R R RIW

Note: *Only O can be written for flag clearing.

The serial status register (SSR) is an 8-bit register containing status flags for indicating SCI3
states, and containing the multiprocessor bits.

SSR can be read and written by the CPU at any time, but the CPU cannot write a 1 to the
status flags TDRE, RDRF, OER, PER, and FER. To clear these flags to O it is first necessary
toread a 1. Bit 2 (TEND) and bit 1 (MPBR) are read-only bits and cannot be modified.

SSRis initialized to H'84 upon reset or in standby mode, watch mode, subactive mode, or
subsleep mode.

Bit 7: Transmit data register empty (TDRE)
Bit 7 is a status flag indicating that data has been transferred from TDR to TSR.

Bit 7 Description
TDRE

0

Indicates that transmit data written to TDR has not been transferred to TSR

Clearing conditions:
After reading TDRE = 1, cleared by writing O to TDRE.
When data is written to TDR by an instruction.

Indicates that no transmit data has been written to TDR, (initial value)
or the transmit data written to TDR has been transferred to TSR

Setting conditions:
When bit TE in SCR3 is cleared to 0.
When data is transferred from TDR to TSR.
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Bit 6: Receive data register full (RDRF)
Bit 6 is a status flag indicating whether there is receive data in RDR.

Bit6  Description
RDRF

0 Indicates there is no receive data in RDR (initial value)

Clearing conditions:
After reading RDRF = 1, cleared by writing O to RDRF.
When data is read from RDR by an instruction.

1 Indicates that there is receive data in RDR

Setting condition:
When receiving ends normally, with receive data transferred from RSR to RDR

Note: If a receive error is detected at the end of receiving, or if bit RE in serial control register 3
(SCR3) is cleared to 0, RDR and RDRF are unaffected and keep their previous states. An
overrun error (OER) occurs if receiving of data is completed while bit RDRF remains set to
1. if this happens, receive data will be lost.

Bit 5: Overrun error (OER)
Bit 5 is a status flag indicating that an overrun error has occurred during data receiving.

Bit5 Description
OER

0 Indicates that data receiving is in progress or has been completed** (initial value)

Clearing condition:
After reading OER = 1, cleared by writing 0 to OER

1 Indicates that an overrun error occurred in data receiving*
Setting condition:
When data receiving is completed while RDRF is set to 1

Notes: 1. When bit RE in serial control register 3 (SCR3) is cleared to 0, OER is unaffected and
keeps its previous state.
2. RDR keeps the data received prior to the overrun; data received after that is lost.
While OER is set to 1, data receiving cannot be continued. In synchronous mode, data
transmitting cannot be continued either.
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Bit 4: Framing error (FER)
Bit 4 is a status flag indicating that a framing error has occurred during asynchronous
receiving.

Bit 4 Description

FER
0 Indicates that data receiving is in progress or has been completed** (initial value)
Clearing condition:
After reading FER = 1, cleared by writing 0 to FER
1 Indicates that a framing error occurred in data receiving

Setting condition:
The stop bit at the end of receive data is checked and found to be 0*

Notes: 1. When bit RE in serial control register 3 (SCR3) is cleared to 0, FER is unaffected and
keeps its previous state.
2. When two stop bits are used only the first stop bit is checked, not the second. When a
framing error occurs, receive data is transferred to RDR but RDRF is not set. While
FER is set to 1, data receiving cannot be continued. In synchronous mode, data
transmitting cannot be continued either.

Bit 3: Parity error (PER)
Bit 3 is a status flag indicating that a parity error has occurred during asynchronous
receiving.

Bit 3 Description

PER

0 Indicates that data receiving is in progress or has been completed** (initial
Clearing condition: value)
After reading FER = 1, cleared by writing 0 to FER

1 Indicates that a parity error occurred in data receiving

Setting condition:
When the sum of 1s in received data plus the parity bit does not match the
parity mode bit (PM) setting in the serial mode register (SMR)

Notes: 1. When bit RE in serial control register 3 (SCR3) is cleared to 0, PER is unaffected and
keeps its previous state.
2. When a parity error occurs, receive data is transferred to RDR but RDRF is not set.
While PER is set to 1, data receiving cannot be continued. While PER is setto 1 in
seynchronous mode, data transmitting cannot be continued either.

Bit 2: Transmit end (TEND)
Bit 2 is a status flag indicating that TDRE was set to 1 when the last bit of a transmitted
character was sent. TEND is a read-only bit and cannot be modified.
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Bit 2 Description

TEND
0 Indicates that transmission is in progress
Clearing conditions:
After reading TDRE = 1, cleared by writing 0 to TDRE.
When data is written to TDR by an instruction.
1 Indicates that a transmission has ended (initial value)

Setting conditions:
When bit TE in SCR3 is cleared to 0.
If TDRE is set to 1 when the last bit of a transmitted character is sent.

Bit 1: Multiprocessor bit receive (MPBR)

Bit 1 holds the multiprocessor bit in data received in asynchronous mode using a
multiprocessor format. MPBR is a read-only bit and cannot be modified.

Bit 1 Description

MPBR
0 Indicates reception of data in which the multiprocessor bit is 0* (initial value)
1 Indicates reception of data in which the multiprocessor bit is 1

Note: * If bit RE is cleared to 0 while a multiprocessor format is in use, MPBR retains its previous
state.

Bit O: Multiprocessor bit transmit (MPBT)

Bit O holds the multiprocessor bit to be added to transmitted data when a multiprocessor
format is used in asynchronous mode. Bit MPBT is ignored when synchronous mode is
chosen, when the multiprocessor communication function is disabled, or when data
transmission is disabled.

Bit 0 Description

MPBT
0 The multiprocessor bit in transmit data is 0 (initial value)
1 The multiprocessor bit in transmit data is 1

8. Bit rate register (BRR)
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Bit 7 6 5 4 3 2 1 0
| BRR7 | BRR6 | BRR5 | BRR4 | BRR3 | BRR2 | BRR1 | BRRO |

Initial value 1 1 1 1 1 1 1 1
Read/Write RIW RW RIW RW RW RIW RIW RIW
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The bit rate register (BRR) is an 8-bit register which, together with the baud rate generator
clock selected by bits CKS1 and CKSO in the serial mode register (SMR), sets the
transmit-receive bit rate.

BRR can be read or written by the CPU at any time.

BRR is initialized to H'FF upon reset or in standby mode, watch mode, subactive mode, or
subsleep mode.

Table 10-3-3 gives examples of how BRR is set in asynchronous mode. The values in table
10-3-3 are for active (high-speed) mode.
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Table 10-3-3 BRR Settings and Bit Rates in Asynchronous Mode (1)

OCS (MHz)

2 2.4576 4 4.194304
Bit Rate n N Error n N Error n N Error (%) n N Error (%)
(bits/s) (%) (%)
110 1 70 +0.03 1 86 +0.31 1 141 +0.03 1 148 -0.04
150 0 207 +0.16 0 255 0 1 103 +0.16 1 108 +0.21
300 0 103 +0.16 0 127 0 0 207 +0.16 0 217 +0.21
600 0 51 +0.16 0 63 0 0 103 +0.16 0 108 +0.21
1200 0 25 +0.16 0 31 0 0 51 +0.16 0 54 -0.70
2400 0 12 +0.16 0 15 0 0 25 +0.16 0 26 +1.14
4800 - - - 0 7 0 0 12 +0.16 0 13 -2.48
9600 - - - 0 3 0 - - - 0 6 -2.48
19200 - - - 0 1 0 - - - - - -
31250 0 0 0 - - - 0 1 0 - - -
38400 - - - 0 0 0 - - - - - -

Table 10-3-3 BRR Setting and Bit Rates in Asynchronous Mode (2)

OCS (MHz)

4.9152 6 7.3728 8
Bit Rate n N Error n N Error n N Error n N Error (%)
(bits/s) (%) (%) (%)
110 1 174 -0.26 1 212 +0.03 2 64 +0.70 2 70 +0.03
150 1 127 0 1 155 +0.16 1 191 0 1 207 +0.16
300 0 255 0 1 77 +0.16 1 95 0 1 103 +0.16
600 0 127 0 0 155 +0.16 0 191 0 0 207 +0.16
1200 0 63 0 0 77 +0.16 0 95 0 0 103 +0.16
2400 0 31 0 0 38 +0.16 0 47 0 0 51 +0.16
4800 0 15 0 0 19 -2.34 0 23 0 0 25 +0.16
9600 0 7 0 0 9 -2.34 0 11 0 0 12 +0.16
19200 0 3 0 0 4 -2.34 0 5 0 - - -
31250 - - - 0 2 0 - - - 0 3 0
38400 0 1 0 - - - 0 2 0 - - -
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Table 10-3-3 BRR Setting and Bit Rates in Asynchronous Mode (3)

OSC (MHz)

9.8304 10
Bit Rate n N Error (%) n N Error (%)
(bits/s)
110 2 86 +0.31 2 88 -0.25
150 1 255 0 2 64 +0.16
300 1 127 0 1 129 +0.16
600 0 255 0 1 64 +0.16
1200 0 127 0 0 129 +0.16
2400 0 63 0 0 64 +0.16
4800 0 31 0 0 32 -1.36
9600 0 15 0 0 15 +1.73
19200 0 0 0 7 +1.73
31250 0 -1.70 0 4 0
38400 0 3 0 0 3 +1.73

Notes: 1. Settings should be made so that error is within 1%.
2. BRR setting values are derived by the following equation.

B: Bit rate (bits/s)

N: BRR baud rate generator setting (0 < N < 255)

OSC: Value of @, (MHz)

n: Baud rate generator input clock number (n =0, 1, 2, 3)

3. The error values in table 10-3-3 were derived by performing the following calculation and
rounding off to two decimal places.
B-R
Error (%) = -------- x 100
R

B: Bit rate found from n, N, and OSC
R: Bit rate listed in left column of table 10-3-3
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The meaning of n is shown in table 10-3-4.

Table 10-3-4 Relation between n and Clock

SMR Setting
n Clock  CKS1 CKS0
0 0] 0 0
1 @4 0 1
2 @16 1 0
3 @64 1 1

Table 10-3-5 shows the maximum bit rate for selected frequencies in asynchronous mode.
Values in table 10-3-5 are for active (high-speed) mode.

Table 10-3-5 Maximum Bit Rate at Selected Frequencies (Asynchronous Mode)

Setting
OSC (MHz) Maximum Bit Rate n N
(bits/s)
2 31250 0 0
2.4576 38400 0 0
4 62500 0 0
4.194304 65536 0 0
4.9152 76800 0 0
6 93750 0 0
7.3728 115200 0 0
8 125000 0 0
9.8304 153600 0 0
10 156250 0 0
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Table 10-3-6 shows typical BRR settings in synchronous mode. Values in table 10-
3-6 are for active (high-speed) mode.

Table 10-3-6 Typical BRR Setting and Bit Rates (Synchronous Mode)

OSC (MHz)

2 4 8 10
Bit Rate n N n N n N n N
(bits/s)
110 -- -- -- -- -- -- -- --
250 1 249 2 124 2 249 -- --
500 1 124 1 249 2 124 -- --
1K 0 249 1 124 1 249 - --
2.5K 0 99 0 199 1 99 1 124
5K 0 49 0 99 0 199 0 249
10K 0 24 0 49 0 99 0 124
25K 0 0 19 0 39 0 49
50K 0 4 0 0 19 0 24
100K -- -- 0 4 0 9 - --
250K 0 0* 0 0 0 4
500K 0 0* 0 1 - -
M 0 0* -- --
2.5M

Notes: Blank: Cannot be set

--: Can be set, but error will result

*: Continuous transfer not possible at this setting

BRR setting values are derived by the following equation.
osC

8x2"xB
B: Bit rate (bits/s)
N: BRR baud rate generator setting (0 < n < 255)
OSC: Value of @, (MHz)
n: Baud rate generator input clock number (n =0, 1, 2, 3)
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The meaning of n is shown in table 10-3-7.

Table 10-3-7 Relation between n and Clock

SMR Setting
n Clock CKS1 CKSO0
0 0] 0 0
1 @4 0 1
2 @16 1 0
3 @64 1 1

10.3.3  Operation

SCI13 supports serial data communication in both asynchronous mode, where each character
transferred is synchronized separately, and synchronous mode, where transfer is synchronized by clock
pulses.

The choice of asynchronous mode or synchronous mode, and the communication format, is made in
the serial mode register (SMR), as shown in table 10-3-8. The SCI13 clock source is determined by bit
COM in SMR and bits CKE1 and CKEQ in serial control register 3 (SCR3), as shown in table 10-3-9.

1. Asynchronous mode
O Data length: choice of 7 bits or 8 bits

O Transmit/receive format options include addition of parity bit, multiprocessor bit, and one
or two stop bits (character length depends on this combination of options).

O Framing error (FER), parity error (PER), overrun error (OER), and line breaks can be
detected when data is received.

O Clock source: Choice of internal clocks or an external clock

When an internal clock is selected: Operates on baud rate generator clock. A clock can be
output with the same frequency as the bit rate.

When an external clock is selected: A clock input with a frequency 16 times the bit rate is
required (internal baud rate generator is not used).
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2. Synchronous mode
O Transfer format: 8 bits
O Overrun errors can be detected when data is received.

O Clock source: Choice of internal clocks or an external clock

When an internal clock is selected: Operates on baud rate generator clock, and outputs a serial

clock.

When an external clock is selected: The internal baud rate generator is not used. Operation is
synchronous with the input clock.

Table 10-3-8  SMR Settings and SCI13 Communication Format
SMR Setting Communication Format
Bit7 Bit6 Bit2 Bit5 Bit3 Multipro- Parity  Stop Bit
COM CHR MP PE STOP Mode Data Length cessor Bit  Bit Length
0 0 0 0 0 Asynchronous 8-bit data None None 1 hit
mode
1 2 bits
1 0 Yes 1 bit
1 2 bits
1 0 0 7-bit data None 1 bit
1 2 bits
1 0 Yes 1 bit
2 bits
0 1 * 0 Asynchronous 8-bit data Yes None 1 bit
mode
* .1 (multiprocessor 2 bits
format)
1 * 0 7-bit data 1 bit
1 2 bits
1 * 0 * * Synchronous 8-bit data None None

mode

Note: * Don't care



Table 10-3-9  SMR and SCR3 Settings and Clock Source Selection

SMR SCR3 Transmit/Receive Clock
Bit7 Bitl Bit0O Mode Clock Source  Pin SCK , Function
COM CKE1 CKEO
0 0 0 Asynchronous Internal I/0 port (SCK, function not used)
mode
1 Outputs clock with same frequency as
bit rate
1 0 External Clock should be input with frequency
16 times the desired bit rate
1 0 0 Synchronous Internal Outputs a serial clock
mode
1 0 External Inputs a serial clock
0 1 1 Reserved (ilegal settings)
0 1
1 1 1

3. Continuous transmit/receive operation using interrupts

Continuous transmit and receive operations are possible with SC13, using the RXI or TXI
interrupts. Table 10-3-10 explains this use of these interrupts.
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Table 10-3-10 Transmit/Receive Interrupts

Interrupt  Flag Interrupt Conditions Remarks

RXI RDRF RIE  When serial data is received The RXI interrupt handler routine
normally and receive data is should read the receive data from
transferred from RSR to RDR, RDR and clear RDRF to 0.
RDRF is setto 1. If RIE is 1 at this ~ Continuous receiving is possible if
time, RXI is enabled and an interrupt these operations are completed
occurs. (See figure 10-3-2 (a).) before the next data has been

completely received in RSR.

TXI TDRE TIE When TSR empty (previous The TXI interrupt handler routine
transmission complete) is detected  should write the next transmit data
and the transmit data setin TDR is  to TDR and clear TDRE to 0.
transferred to TSR, TDRE is setto  Continuous transmission is possible
1. If TIE is 1 at this time, TXI is if these operations are completed
enabled and an interrupt occurs. before the data transferred to TSR
(See figure 10-3-2 (b).) has been completely transmitted.

TEI TEND TEIE When the last bit of the TSR TEI indicates that, when the last bit
transmit character has been sent, if of the TSR transmit character was
TDRE is 1, then 1 is setin TEND. If sent, the next transmit data had not
TEIE is 1 at this time, TEl is enabled been written to TDR.
and an interrupt occurs. (See figure
10-3-2 (c).)
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RDR RDR

RSR (receiving) RSR T (received and transferred)
RXD RXD
pin pin
RDRF =0 RDRF «—1
(RXI requested if RIE = 1)
Figure 10-3-2  (a) RDRF Setting and RXI Interrupt
TDR (next transmit data) TDR
TSR J/ (transmission complete,
TSR (transmitting) next data transferred)
TXD TXD
pin pin
TDRE=0 TDRE <«—1
(TXI requested if TIE = 1)
Figure 10-3-2  (b) TDRE Setting and TXI Interrupt
TDR TDR
TSR (transmitting) TSR (transmission complete)
XD XD
pin pin
TEND = 0 TEND «1

(TEI requested if TEIE = 1)

Figure 10-3-2  (c) TEND Setting and TEI Interrupt
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10.3.4  Operation in Asynchronous Mode

In asynchronous communication mode, a start bit indicating the start of communication and a stop bit
(1 or 2 bits) indicating the end of communication are added to each character that is sent. In this way
synchronization is achieved for each character as a self-contained unit.

SCI3 consists of independent transmit and receive modules, giving it the capability of full duplex
communication. Both the transmit and receive modules have a double-buffer configuration, allowing
data to be read or written during communication operations so that data can be transmitted and
received continuously.

1. Transmit/receive formats
Figure 10-3-3 shows the general format for asynchronous serial communication.
The communication line in asynchronous communication mode normally stays at the high
level, in the "mark" state. SCI3 monitors the communication line, and begins serial data
communication when it detects a "space" (low-level signal), which is regarded as a start bit.
One character consists of a start bit (low level), transmit/receive data (in LSB-first order), a
parity bit (high or low level), and finally a stop bit (high level), in this order.
In asynchronous data receiving, synchronization is with the falling edge of the start bit. SCI3
samples data on the 8th pulse of a clock that has 16 times the frequency of the bit rate, so
each bit of data is latched at its center.

(LsB) (MSB) 1
Serial Start ) . Parity Stop bit Mark
data bit Transmit or receive data bit state
1 bit
or lor2
1 bit 7 or 8 hits none bits
One unit of data (character or frame)

Figure 10-3-3  Data Format in Asynchronous Serial Communication Mode
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Table 10-3-11 shows the 12 formats that can be selected in asynchronous mode. The format is
selected in the serial mode register (SMR).

Table 10-3-11  Serial Communication Formats in Asynchronous Mode

SMR Setting Serial Communication Format and Frame Length
ThR_PE_NP_SToP T2 3 4 5 67 8 0 010D
0 00 0 Ls | Bt cela Jstop
100 0 | s 7-bit data STOP
100 1 Ls | T G Jstor[ stop
110 0 Ls | 7-0it dala TP Jsior
110 1 L s Dl Ga [P Jsiop[ st
0 10 s B0 daa. TS J st
0 11 Ls I IR Twee Jstor fstop
110 Ls [ Thtca Trs J stop-

Ls [

701 Qi Towes J sror] stop

Notation: S: Start bit
STOP: Stop bit

P: Parity bit

MPB: Multiprocessor bit
Note: * Don't care




2. Clock
The clock source is determined by bit COM in SMR and bits CKE1 and CKEQO in serial
control register 3 (SCR3). See table 10-3-9 for the settings. Either an internal clock source
can be used to run the built-in baud rate generator, or an external clock source can be input at
pin SCK..
When an external clock source is input, it should have a frequency 16 times the desired bit
rate.
When an internal clock source is used, SC#n be used as the clock output pin. The clock
output has the same frequency as the serial bit rate, and is synchronized as in figure 10-3-4 so
that the rising edge of the clock occurs in the center of each bit of transmit/receive data.

Clock ||||||||||||||||||||||||||||||
] o[ooJor] 2]os Joa] 5Jo6 Jor]on] 1 1

Serial data L 1 character (1 frame)

Figure 10-3-4 Phase Relation of Output Clock and Communication Data in Asynchronous
Mode (8-Bit Data, Parity Bit Added, and 2 Stop Bits)

3. Data transmit/receive operations
O SCI3 initialization
Before data is sent or received, bits TE and RE in serial control register 3 (SCR3) must be
cleared to 0, after which initialization can be performed using the procedure shown in
figure 10-3-4.
Note:

When modifying the operation mode, transfer format or other settings, always be sure to
clear bits TE and RE first. When TE is cleared to 0, bit TDRE will be set to 1. Clearing
RE does not clear the status flags RDRF, PER, FER, or OER, or alter the contents of the
receive data register (RDR).

When an external clock is used in asynchronous mode, do not stop the clock during
operation, including during initialization. When an external clock is used in synchronous
mode, do not supply the clock during initialization.
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Figure 10-3-5 shows a typical flow chart for SCI3 initialization.

Clear TE and RE to 0 in SCR3

| 1. Select the clock in serial control register 3
(SCR:;;]). If clock ogtput |s| sellec_ted in ih

. asynchronous mode, a clock singal will be

1 Set bits CKE1 and CKEO output as soon as CKE1 and CKE2 have

been set.

| During reception in synchronous mode, if

clock output is selected by bits CKE1 and

2 Select communication format inSMR CKEQ, a clock signal will be output as soon
asREissettol.

|

3 Set BRR value

2. Set the transmit/receive format in the serial
mode register (SMR).

Wat 3. Set the bit rate register (BRR) to the value
giving the desired bit rate.
This step is not required when an external
clock source is used.

. Has a 1-hit
interval elapsed?
Yes

4, Wait for at least a 1-bit interval, then set

. bits RIE, TIE, TEIE, and MPIE, and set hit
4 Setbits RIE, TIE  TEIE, and MPIE TE or RE in SCR3 0 L. Setting TE or RE
n ,and set TE or RE to enables SCI3 to use the TXD or RXD pin.

The initial states in asynchronous mode
are the mark transmit state and the idle
receive state (waiting for a start bit).

End

Figure 10-3-5 Typical Flow Chart when SCI3 Is Initialized
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O Transmitting

Figure 10-3-6 shows a typical flow chart for data transmission. After SCI3 initialization,
follow the procedure below.

Start

' ' 1. Read the serial status register (SSR)
L Read bit TORE in SSR and after confirming that bit TDRE = 1,
write transmit data in the transmit data

No register (TDR). When data is written to
TDR, TDRE is automatically cleared to 0.

Write transmit data in TDR

Continue 2. To continue transmitting data, read bit TDRE
data transmitting ? to make sure it is set to 1, than write the

No next data to TDR. When data is written to
TDR, TDRE is automatically cleared to 0.

Read bit TEND in SSR

Yes
3. To output a break signal when transmission
2
3 ends, first set the port values PCR = 1 and
Yes PDR =0, than clear hit TE in SCR3 t0 0.

SetPDR=0and PCR=1

l
Clear bit TE in SCR3 to 0

End

Figure 10-3-6  Typical Data Transmission Flow Chart (Asynchronous Mode)
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SCI3 operates as follows during data transmission in asynchronous mode.

SCI3 monitors bit TDRE in SSR. When this bit is cleared to 0, SCI3 recognizes that there
is data written in the transmit data register (TDR), which it transfers to the transmit shift
register (TSR). Then TDRE is set to 1 and transmission starts. If bit TIE in SCR3 is set to
1, a TXl interrupt is requested.

Serial data is transmitted from pin TXD using the communication format outlined in table
10-3-11. Next, TDRE is checked as the stop bit is being transmitted.

If TDRE is 0, data is transferred from TDR to TSR, and after the stop bit is sent,
transmission of the next frame starts. If TDRE is 1, the TEND bit in SSR is set to 1, and
after the stop bit is sent the output remains at 1 (mark state). A TEl interrupt is requested
in this state if bit TEIE in SCR3 is set to 1.

Figure 10-3-7 shows a typical operation in asynchronous transmission mode.

Start Transmit Parity  Stop Start Transmit Parity  Stop Mark
bit data bit bit bit data bit bit state
Serial
data 1 | 0 | DO | D1 | | D7 | 01 | 1 | 0 | DO | D1 | | D7 | 011 | 1 1
| 1 frame | 1 frame |
f T 1
TDRE |
TEND ; ; ;
SCI3 TXI request TDRE cleared to 0 TXI request TEI request
operation
User . .
processing Write data in TDR
Figure 10-3-7  Typical Transmit Operation in Asynchronous Mode (8-Bit Data, Parity Bit

Added, and 1 Stop Bit)
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O Receiving

Figure 10-3-8 shows a typical flow chart for receiving serial data. After SCI3
initialization, follow the procedure below.

|

Read bits OER, PER, and

! FER in SSR
1. Read hits OER, PER. and
OER +PER + FER in the serial status
FER=1 register (SSR) to
No determine if a receive
error has occurred.
2 Read hit RDRF in SSR I a receive error has
occurred, receive error

processing is executed.
RDRF =17 No
2. Read the serial status register
Yes (SSR), and after confirming

. . that bit RDRF = 1, read

Read received data in RDR received data from the receive

- . data register (RDR).

4 | Receive error processing When RDR data is read, RDRF
] is automatically cleared to 0.

Yes

3 Continue receiving ? . .

3. To continue receiving data,
read bit RDRF and finish
readinngDR before the stop

N received.
Clear bit REin SCR3t0 0 bit of the present frame is
When data is read from RDR,
RDRF is authomatically cleared
End to 0.
4. When a receive error occurs,
4 — read hits OER, PER and FER
in SSR to determine which
O"r%rgggsﬁgror error (s) occurred.
p 9 After the necessary error
,—' processing, be sure to clear
the above bits all to 0.
Yes Data receiving cannot be resumed
Break? while any of bits OER, PER, or
FERIs setto 1.
- When a framing error occurs,
Framing error a break can be detected by
processing reading the RXD pin value.
I — |
Clear bits OER, PER, and Party error
FER in SSRto 0 processing
L—J
processing
Figure 10-3-8 Typical Serial Data Receiving Flow Chart in Asynchronous Mode
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Note:

SCI3 operates as follows when receiving serial data in asynchronous mode.

SCI3 monitors the communication line, and when a start bit (0) is detected it performs

internal synchronization and starts receiving. The communication format for data

receiving is as outlined in table 10-3-11. Received data is set in RSR from LSB to MSB,

then the parity bit and stop bit(s) are received. After receiving the data, SCI3 performs

the following checks:

» Parity check: The number of 1s received is checked to see if it matches the odd or
even parity selected in bit PM of SMR.

» Stop bit check: The stop bit is checked for a value of 1. If there are two stop bits, only
the first bit is checked.

e Status check: The RDREF bit is checked for a value of 0 to make sure received data
can be transferred from RSR to RDR.

If no receive error is detected by the above checks, bit RDRF is set to 1 and the received

data is stored in RDR. At that time, if bit RIE in SCR3 is set to 1, an RXI interrupt is

requested. If the error check detects a receive error, the appropriate error flag (OER,

PER, or FER) is set to 1. RDRF retains the same value as before the data was received. If

at this time bit RIE in SCR3 is set to 1, an ERI interrupt is requested.

Table 10-3-12 gives the receive error detection conditions and the processing of received

data in each case.

Data receiving cannot be continued while a receive error flag is set. Before continuing
the receive operation it is necessary to clear the OER, FER, PER, and RDRF flags to 0.

Table 10-3-12  Receive Error conditions and Received Data Processing

Receive Error Abbrev. Detection Conditions Received Data Processing

Overrun error  OER Receiving of the next data ends Received data is not transferred
while bit RDRF in SSR is still setto from RSR to RDR
1

Framing error FER Stop bitis 0 Received data is transferred from

RSR to RDR

Parity error PER Received data does not match the Received data is not transferred

parity (odd/even) set in SMR from RSR to RDR
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Figure 10-3-9 shows a typical SCI3 data receive operation in asynchronous mode.

Start Receive Parity Stop Start Receive Parity Stop Mark
bit data bit bit bit data bit bit (idle state)
Serial
data 1 0 DO D1 D7 01 1 0 DO D1 D7 01 0 1
| 1 frame | 1 frame |
RDRF
FER ’ ’
SCI3 RXI request RDRF cleared Detects stop bit = 0
operation to0 ERI request due
to framing error
User
processing Read RDR data Framing error
handling

Figure 10-3-9  Typical Receive Operation in Asynchronous Mode (8-Bit Data, Parity Bit

10.3.5

In synchronous mode, data is sent or received in synchronization with clock pulses. This mode is

Added, and 1 Stop Bit)

Operation in Synchronous Mode

suited to high-speed serial communication.

SCI3 consists of independent transmit and receive modules, so full duplex communication is possible,
sharing the same clock between both modules. Both the transmit and receive modules have a
double-buffer configuration. This allows data to be read during a transmit operation so that data can be
transmitted continuously, and enables data to be written during a receive operation so that data can be

received continuously.

1. Transmit/receive format

Figure 10-3-10 shows the general communication data format for synchronous
communication.
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Note: * At high level except during continuous transmit/receive.

el VaVaVaVaWaVaVals wi
LSB MSB
Serial data Dont ( Bit0 X Bit 1 XBitZ X Bit 3 X Bit 4 XBitS X Bit6 X Bit7

8 bits

Don't
care

i~

One unit of communication data (character of frame)

Figure 10-3-10 Data Format in Synchronous Communication Mode

In synchronous communication, data on the communication line is output from one falling
edge of the serial clock until the next falling edge. Data is guaranteed valid at the rising edge
of the serial clock.

One character of data starts from the LSB and ends with the MSB. The communication line
retains the MSB state after the MSB is output.

In synchronous receive mode, SCI3 latches receive data in synchronization with the rising
edge of the serial clock.

The transmit/receive format is fixed at 8-bit data. No parity bit or multiprocessor bit is added
in this mode.

. Clock

Either an internal clock from the built-in baud rate generator is used, or an external clock is
input at pin SCK The choice of clock sources is designated by bit COM in SMR and bits
CKE1 and CKEO in serial control register 3 (SCR3). See table 10-3-9 for details on selecting
the clock source.

When operation is based on an internal clock, a serial clock is output at pjnES@ght

clock pulses are output per character of transmit/receive data. When no transmit or receive
operation is being performed, the pin is held at the high level.
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3. Data transmit/receive operations
O SCI3 initialization
Before transmitting or receiving data, follow the SCI3 initialization procedure explained
under 10.3.4, SCI3 Initialization, and illustrated in figure 10-3-5.
O Transmitting
Figure 10-3-11 shows a typical flow chart for data transmission. After SCI3 initialization,
follow the procedure below.

1. Read the serial status register (SSR),

1 Read bit TDRE in SSR and after confirming that bit TDRE = 1.
write transmit data in the transmit

data register (TDR).
When data is written to TDR, TDRE is
¢ No automatically cleared to 0 and data
transmission begins.
Yes If clock output has been selected, after
data is written to TDR, the clock is

output and data transmission begins.

Write transmit data in TDR

Continue data transmission?
0

2. To continue transmitting data, read
bit TDRE to make sure it is set to 1,
then write the next data to TDR.

When data is written to TDR, TDRE
Read bit TEND in SSR is automatically cleared to 0.
— e "
Yes

Write 0 to bit TE in SCR3

Figure 10-3-11 Typical Data Transmission Flow Chart in Synchronous Mode
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SCI3 operates as follows during data transmission in synchronous mode.

SCI3 monitors bit TDRE in SSR. When this bit is cleared to 0, SCI3 recognizes that there
is data written in the transmit data register (TDR), which it transfers to the transmit shift
register (TSR). Then TDRE is set to 1 and transmission starts. If bit TIE in SCR3 is set to
1, a TXl interrupt is requested.

If clock output is selected, SCI3 outputs eight serial clock pulses. If an external clock is
used, data is output in synchronization with the clock input.

Serial data is transmitted from pin TXD in order from LSB (bit 0) to MSB (bit 7).

Then TDRE is checked as the MSB (bit 7) is being transmitted. If TDRE is 0, data is
transferred from TDR to TSR, and after the MSB (bit 7) is sent, transmission of the next
frame starts. If TDRE is 1, the TEND bit in SSR is set to 1, and after the MSB (bit 7) has
been sent, the MSB state is maintained. A TEI interrupt is requested in this state if bit
TEIE in SCR3 is set to 1.

After data transmission ends, pin SG&held at the high level.

Note: Data transmission cannot take place while any of the receive error flags (OER, FER, PER)
is set to 1. Be sure to confirm that these error flags are cleared to 0 before starting
transmission.

Figure 10-3-12 shows a typical SCI3 transmit operation in synchronous mode.
Serial |
Sk AVAWAYAVAVAVAWAWE
Serial data Bit0 >< Bit 1 >< >< Bt7 | Bito >< Bit 1 >< >< Bit6 >< Bit7
1 frame 1 frame

TDRE | . |
TEND ? T ]
SCI3 . TXI request TDRE clearedto 0 TXI request TEI request
operation
User Write data in TDR
processing

Figure 10-3-12 Typical SCI3 Transmit Operation in Synchronous Mode

O Receiving
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10-3-13 shows a typical flow chart for receiving data. After SCI3 initialization, follow the
procedure below.

Read hit OER in SSR

No

Read bit RDRF in SSR

1. Read bit OER in the serial status (SSR)
to determine if an error has occurred. If an
overrun error has occurred, overrun error
processing is executed.

n

Read the serial status register (SSR), and after
confirming that bit RDRF = 1, read received
data from the receive data register (RDR).
When data is read from RDR, RDRF is
automatically cleared to 0.

w

To continue receiving data, read hit RDRF and
read the received data in RDR before the MSB
(bit 7) of the present frame is received.

When data is read from RDR, RDRF is
automatically cleared to 0.

No 4. When an overrun error occurs, read bit OER in
. SSR. After the necessary error processing,
Clear bit RE in SCR3t0 0 be sure to clear OER to 0.
Data receiving cannot be resumed while bit

OERissetto 1.

End

Start overrun
processing

Overrun error
processing

Clear bit OER in
SSRto 0

End overrun

error processing
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SCI3 operates as follows when receiving serial data in synchronous mode.

In synchronization with the input or output of the serial clock, SCI3 initializes internally

and starts receiving. Received data is set in RSR from LSB to MSB.

After data has been received, SCI3 checks to confirm that the value of bit RDRF is O

indicating that received data can be transferred from RSR to RDR. If this check passes,

RDRF is set to 1 and the received data is stored in RDR. At this time, if bit RIE in SCR3

is set to 1, an RXI interrupt is requested. If an overrun error is detected, OER is setto 1

and RDRF remains set to 1. Then if bit RIE in SCR3 is set to 1, an ERI interrupt is

requested.

For the overrun error detection conditions and receive data processing, see table 10-3-12.
Note: Data receiving cannot be continued while a receive error flag is set. Before continuing the

receive operation it is necessary to clear the OER, FER, PER, and RDRF flags to 0.

Figure 10-3-14 shows a typical receive operation in synchronous mode.

Serial
AV VAWAVEVAVAVAVAVA VA
e T T SR ED :>< Bit6 ) Bit7

1 frame 1 frame
RDRF
OER
SCI3 . RXIrequest ~ RDRF cleared RXI request ERI request due
operation to0 to overrun error
User Read data RDR data Overrun error
processing from RDR not read handing

(RDRF=1)

Figure 10-3-14 Typical Receive Operation in Synchronous Mode

269

HITACHI



O Simultaneous transmit/receive

Figure 10-3-15 shows a typical flow chart for transmitting and receiving simultaneously.
After SCI3 synchronization, follow the procedure below.

1. Read the serial status register (SSR),
and after confirming that bit TDRE = 1,
| write transmit data in the transmit data
; ; register (TDR). When data is written to

Read bit TDRE in SSR TDR, TDRE is automatically cleared to 0.
No

. Read the serial status register (SSR),
Yes and after confirming that bit RDRF = 1,
read the recevied data from the receive
2 Write transmit data to TDR data register (RDR). When data is read

from RDR, RDRF is automatically cleared
| to 0.
1

Read hit OER in SSR

[N

N

3. To continue transmitting and receiving

serial data, read hit RDRF and finish
Yes reading RDR before the MSB (bit 7) of the
OER=1? present frame is received. Also read bit
No TDRE, check thatitis setto 1, and write
the next data in TDR before the MSB of the

the current frame has been transmitted.

i When data is written to TDR, TDRE is
Read RDRFin SSR automatically cleared to 0; and when data

is read from RDR, RDRF is automatically
@ No cleared to 0.
Yes 4. When an overrun error occurs, read bit
OER in SSR. After the necessary error

Read received data in RDR processing, be sure to clear OER to 0.

Data transmission and reception cannot

- take place while hit OER is set to 1. See
4 |Overrun error processmg| figure 10-3-13 for overrun error processing.
.
3 trans(r)r?_itlt_[i}%J eand Yes
receiving?
No
Clear bit TE and

RE in SCR3t0 0

End

Figure 10-3-15 Simultaneous Transmit/Receive Flow Chart in Synchronous Mode
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Notes: 1. To switch from transmitting to simultaneous transmitting and receiving, use the
following procedure.

¢ First confirm that TDRE and TEND are both set to 1 and that SCI3 has finished
transmitting. Next clear TE to 0. Then set both TE and RE to 1.

2. To switch from receiving to simultaneous transmitting and receiving, use the following
procedure.

« After confirming that SCI3 has finished receiving, clear RE to 0. Next, after
confirming that RDRF and the error flags (OER FER, PER) are all 0, set both TE and
RE to 1.

10.3.6  Multiprocessor Communication Function

The multiprocessor communication function enables several processors to share a single serial
communication line. The processors communicate in asynchronous mode using a format with an
additional multiprocessor bit (multiprocessor format).

In multiprocessor communication, each receiving processor is addressed by an ID code. A serial
communication cycle consists of two cycles: an ID-sending cycle that identifies the receiving
processor, and a data-sending cycle. The multiprocessor bit is 1 in an ID-sending cycle, and 0 in a
data-sending cycle.

The transmitting processor starts by sending the ID of the receiving processor with which it wants to
communicate as data with the multiprocessor bit set to 1. Next the transmitting processor sends
transmit data with the multiprocessor bit cleared to 0. When a receiving processor receives data with
the multiprocessor bit set to 1, it compares the data with its own ID. If the data matches its ID, the
receiving processor continues to receive incoming data. If the data does not match its ID, the receiving
processor skips further incoming data until it again receives data with the multiprocessor bit set to 1.
Multiple processors can send and receive data in this way.

Figure 10-3-16 shows an example of communication among different processors using a
multiprocessor format.
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Transmitting
processor
Communication line

Receiving Receiving Receiving Receiving

processor A processor B processor C processor D

(ID=01) (ID=02) (ID=03) (ID=04)

Serial data / / H'01 / / H'AA \ /
(MPB=1) (MPB =0)
I I
ID-sending cycle Data-sending cycle
(receiving processor (data sent to receivin
adderss) Brocessor designate:
y D)
MPB: Multiprocessor bit

Figure 10-3-16 Example of Interprocessor Communication Using Multiprocessor Format
(Data H'AA Sent to Receiving Processor A)

Four communication formats are available. Parity-bit settings are ignored when a multiprocessor
format is selected. For details see table 10-3-11.

For a description of the clock used in multiprocessor communication, see 10.3.4, Operation in
Asynchronous Mode.
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Transmitting multiprocessor data

Figure 10-3-17 shows a typical flow chart for multiprocessor serial data transmission. After
SCI3 initialization, follow the procedure below.

I 1. Read the serial status register (SSR), and

1 Read bit TDRE in SSR after confirming that bit TDRE = 1, set hit
MPBT (multiprocessor bit transmit) in SSR

to 0 or 1, than write transmit data in the
N transmit data register (TDR).
0 When data is written to TDR, TDRE is
automatically cleared to 0.
Yes

. To continue transmitting data, read bit
Set bit MPBT in SSR TDRE to make sure it is set to 1, then
write the next data to TDR.

I When data is written to TDR, TDRE
is automatically cleared to 0.

N

Write transmit data to TDR

Continue
transmitting ?
No
|

Read bit TEND in SSR

w

. To output a break signal at the end of data
transmission, first set the port values
PCR =1 and PDR = 0, than clear hit TE
in SCR3t0 0.

Yes

Break output?

Yes

SetPDR=0and PCR=1
I
Clear bit TE in SCR3t0 0

End

Figure 10-3-17 Typical Multiprocessor Data Transmission Flow Chart
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SCI3 operates as follows during data transmission using a multiprocessor format.

SCI3 monitors bit TDRE in SSR. When this bit is cleared to 0, SCI3 recognizes that there is
data written in the transmit data register (TDR), which it transfers to the transmit shift
register (TSR). Then TDRE is set to 1 and transmission starts. If bit TIE in SCR3 is set to 1,
a TXl interrupt is requested.

Serial data is transmitted from pin TXD using the communication format outlined in table
10-3-11.

Next, TDRE is checked as the stop bit is being transmitted. If TDRE is 0, data is transferred
from TDR to TSR, and after the stop bit is sent, transmission of the next frame starts. If
TDRE is 1, the TEND bit in SSR is set to 1, and after the stop bit is sent the output remains
at 1 (mark state). A TEI interrupt is requested in this state if bit TEIE (transmit end interrupt
enable) in SCR3 is set to 1.

Figure 10-3-18 shows a typical SCI3 operation in multiprocessor communication mode.

Start Transmit Stop Start Transmit Stop Mark
bit data MPB  hit bit data MPB  hit state
Serial
data |0|D0|D1||D7|0/1|1|0|D0|D1||D7|0/1|1 1
| 1 frame | 1 frame |

TDRE _____J______________1___*

TEND

SCI3 TXI request TDRE cleared I TEI
operation to0 request request
User Write data in

processing TDR

Figure 10-3-18 Typical Multiprocessor Format Transmit Operation (8-Bit Data,
Multiprocessor Bit Added, and 1 Stop Bit)
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Receiving multiprocessor data

Figure 10-3-19 shows a typical flow chart for receiving data using a multiprocessor format.
After SCI3 initialization, follow the procedure below.

1. Set bit MPIE in serial control register 3 (SCR3) to 1.
1 Set bit MPIE in SCR3to 1

2. Read bits OER and FER in the serial status register (SSR)
N to determine if an error has occured. If a receive error has

2 Read bits OER and FER in SSR occurred, receive error processing is executed.

Read the serial status register (SSR) and confirm that

RDRF =1. If RDRF =1, read the data in the received data
No register (RDR) and compare it with the processor's own ID.

If the received data does not match the ID, set bit MPIE to
3 Read bit RDRF in SSR 1 again. Bit RDRF is automatically cleared to 0 when data
in the received data register (RDR) is read.

Read SSR, check that bit RDRF=1, then read received
data from the receive data register (RDR).

w

OER+FER=1?

E

Yes

o

If a receive error occurs, read bits OER and FER in SSR
to determine which error occured. After the necessary
i error processing, be sure to clear the error flags to 0.
Serial data transfer cannot take place while bit OER or
FER is setto 1.

When a framing error occurs, a break can be detected by

ownlD? reading the RXD pin value,

Yes

Read bits OER and FER in SSR

OER+FER=1?
No

4 Read bit RDRF in SSR

Read received data in RDR

5 Error processing

Yes

Continue receiving ?

Clear bit RE in SCR3t0 0

End

Clear bits OER and
FERiNSSRt0 0

End receive error
processing

Figure 10-3-19 Typical Flow Chart for Receiving Serial Data Using Multiprocessor
Format
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Figure 10-3-20 gives an example of data reception using a multiprocessor format.

Start Receive Stop  Start Receive Stop  Mark
bit data (ID1) MPB bt bit data (data 1) MPB  bit (idle state)
Serial
bl 1o fooJoe Jor o] o]ofmo]or] Jor]o]sr 1
1 frame. 1 frame
-
MPIE
RDRF /
ROR / / / \
value / / X / \ ID1
SCI3 operation RXI request RDRF cleared to 0 No RXI request
MPIE cleared to 0 RDR state retained
Read data from RDR [fnotown D,
U - set MPIE to 1 again
Ser processing
(a) Data does not match own ID
Start Receive Stop  Start Receive Stop  Mark
bit data (ID2) MPB it bit data (data 2) MPB  hit (idle state)
Serial
dta 1 ] o JooJou]Tor[ e oo oo TorJo]1 1
1 frame 1 frame
-

MPIE | \ _

RDRF

/]
/7 7

/
value DL // X/ D2\ /X /pan2

SCI3 operation RXI request RDRF cleared to 0 RXI RDRF cleared
MPIE cleared to 0 request 100
Read data from RDR If own ID, continue Read data
User processing receiving from RDR
and set
MPIE to 1
again

(b) Data matches own ID

Figure 10-3-20 Example of Multiprocessor Format Receive Operation (8-Bit Data,
Multiprocessor Bit Added, and 1 Stop Bit)
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10.3.7 Interrupts

SCI3 has six interrupt sources: transmit end, transmit data empty, receive data full, and the three
receive error interrupts (overrun error, framing error, and parity error). All share a common interrupt
vector. Table 10-3-13 describes each interrupt.

Table 10-3-13  SCI3 Interrupts

Interrupt  Description Vector Address
RXI Interrupt request due to receive data register full (RDRF) H'0024

TXI Interrupt request due to transmit data register empty (TDRE)

TEI Interrupt request due to transmit end (TEND)

ERI Interrupt request due to receive error (OER, FER, or PER)

The interrupt requests are enabled and disabled by bits TIE and RIE of SCR3.

When bit TDRE in SSR is set to 1, TXI is requested. When bit TEND in SSR is set to 1, TEl is
requested. These two interrupt requests occur during data transmission.

The initial value of bit TDRE is 1. Accordingly, if the transmit data empty interrupt request (TXI) is
enabled by setting bit TIE to 1 in SCR3 before placing transmit data in TDR, TXI will be requested
even though no data has been readied.

Likewise, the initial value of bit TEND is 1. Accordingly, if the transmit end interrupt request (TEI) is
enabled by setting bit TEIE to 1 in SCR3 before placing transmit data in TDR, TEI will be requested
even though no data has been transmitted.

These interrupt features can be used to advantage by programming the interrupt handler to move the
transmit data into TDR. When this technique is not used, the interrupt enable bits (TIE and TEIE)
should not be set to 1 until after TDR has been loaded with transmit data, to avoid unwanted TXI and
TEl interrupts.

When bit RDRF in SSR is set to 1, RXI is requested. When any of SSR bits OER, FER, or PER is set
to 1, ERI is requested. These two interrupt requests occur during the receiving of data.

Details on interrupts are given in 3.3, Interrupts.
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10.3.8  Application Notes
When using SCI3, attention should be paid to the following matters.

1. Relation between bit TDRE and writing data to TDR

Bit TDRE in the serial status register (SSR) is a status flag indicating that TDR does not
contain new transmit data. TDRE is automatically cleared to O when data is written to TDR.
When SCI3 transfers data from TDR to TSR, bit TDRE is set to 1.
Data can be written to TDR regardless of the status of bit TDRE. However, if new data is
written to TDRE while TDRE is cleared to 0, assuming the data held in TDR has not yet
been shifted to TSR, it will be lost. For this reason it is advisable to confirm that bit TDRE is
set to 1 before each write to TDR and not write to TDR more than once without checking
TDRE in between.

2. Operation when multiple receive errors occur at the same time
When two or more receive errors occur at the same time, the status flags in SSR are set as
shown in table 10-3-14. If an overrun error occurs, data is not transferred from RSR to RDR,
and receive data is lost.

Table 10-3-14 SSR Status Flag States and Transfer of Receive Data

SSR Status Flags Receive Data Transfer

RDRF* OER FER PER (RSR-RDR) Receive Error Status

1 1 0 0 X Overrun error

0 0 1 0 0 Framing error

0 0 0 1 0 Parity error

1 1 1 0 X Overrun error + framing error
1 1 0 1 X Overrun error + parity error

0 0 1 1 0 Framing error + parity error

1 1 1 1 X Overrun error + framing error +

parity error

Notation: 0:Receive data transferred from RSR to RDR
x:Receive data not transferred from RSR to RDR
Note: * RDRF keeps the same state as before the data was received.
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3. Break detection and processing
Break signals can be detected by reading the RXD pin directly when a framing error (FER) is
detected. In the break state the input from the RXD pin consists of all 0Os, so FER is set and
the parity error flag (PER) may also be set. In the break state SCI3 continues to receive, so if
the FER bit is cleared to O it will be set to 1 again.

4. Sending a mark or break signal
When TE is cleared to 0 the TXD pin becomes an I/O port, the level and direction (input or
output) of which are determined by the PDR and PCR bits. This feature can be used to place
the TXD pin in the mark state or send a break signal.
To place the serial communication line in the mark (1) state before TE is set to 1, set the
PDR and PCR bits both to 1. Since TE is cleared to 0, TXD becomes a general output port
outputting the value 1.
To send a break signal during data transmission, set the PCR bit to 1 and clear the PDR bit to
0, then clear TE to 0. When TE is cleared to 0 the transmitter is initialized, regardless of its
current state, so the TXD pin becomes an output port outputting the value O.

5. Receive error flags and transmit operation (sysnchronous mode only)
When a receive error flag (ORER, PER, or FER) is set to 1, SC13 will not start transmitting
even if TDRE is cleared to 0. Be sure to clear the receive error flags to 0 when starting to
transmit. Note that clearing RE to 0 does not clear the receive error flags.

6. Receive data sampling timing and receive margin in asynchronous mode
In asynchronous mode SC13 operates on a base clock with 16 times the bit rate frequency. In
receiving, SC13 synchronizes internally with the falling edge of the start bit, which it
samples on the base clock. Receive data is latched at the rising edge of the eight base clock
pulse. See figure 10-3-21.
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Internal base
clock

Receive data
(RXD)

Synchronization
sampling timing

Data sampling
timing

16 clock cycles

8 clock cycles |

151 0 7 15 0

TUUuuuivuuruuuuuuuu iuuuu ot

I
I
|
I
|
} } Start bit
T
I
|
I
I

| DO

Figure 10-3-21 Receive Data Sampling Timing in Asynchronous Mode

The receive margin in asynchronous mode can therefore be derived from the following

equation.

M={(0.5-1/2N) - (D - 0.5)/N - (L - 0.5) F} x 100%........ Equation (1)
M: Receive margin (%)

N: Ratio of clock frequency to bit rate (N = 16)

D: Clock duty cycle (D=0.5t0 1)

L: Frame length (L =9 to 12)

F: Absolute value of clock frequency error

In equation (1), if F (absolute value of clock frequency error) = 0 and D (clock duty cycle) = 0.5,
the receive margin is 46.875% as given by equation (2) below.

When D =0.5and F=0,
M ={0.5 - 1/(2 x 16)} x 100% = 46.875%........ Equation (2)
This value is theoretical. In actual system designs a margin of from 20 to 30 percent should be

allowed.
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7. Relationship between bit RDRF and reading RDR

While SCI3 is receiving, it checks the RDRF flag. When a frame of data has been received,
if the RDRF flag is cleared to 0, data receiving ends normally. If RDRF is set to 1, an
overrun error occurs.

RDREF is automatically cleared to 0 when the contents of RDR are read. If RDR is read more
than once, the second and later reads will be performed with RDRF cleared to 0. While
RDRF is O, if RDR is read when reception of the next frame is just ending, data from the
next frame may be read. This is illustrated in figure 10-3-22.

[ Frame 1 | Frame 2 | Frame 3

Communication |

- Data 1 Data 2 | Data 3
line

RDRF
RDR X Data 1 X Data 2

User processing ‘ @ ‘ ‘

RDR read RDR read

At (A), data 1 is read.
At (B), data 2 is read.

Figure 10-3-22 Relationship between Data and RDR Read Timing

To avoid the situation described above, after RDRF is confirmed to be 1, RDR should only
be read once and should not be read twice or more.

When the same data must be read more than once, the data read the first time should be
copied to RAM, for example, and the copied data should be used. An alternative is to read
RDR but leave a safe margin of time before reception of the next frame is completed. In
synchronous mode, all reads of RDR should be completed before bit 7 is received. In
asynchronous mode, all reads of RDR should be completed before the stop bit is received.
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8. Switching SCKfunction

If pin SCK, is used as a clock output pin by SCI3 in synchronous mode and is then switched
to a general input/output pin (a pin with a different function), the pin outputs a low level
signal for half a system clockg(cycle immediately after it is switched.

This can be prevented by either of the following methods according to the situation.

a.

When an SCK3 function is switched from clock output to non clock-output
When stopping data transfer, issue one instruction to clear bits TE and RE to 0 and to set
bits CKE1 and CKEO in SCR3 to 1 and 0, respectively. In this case, bit COM in SMR
should be left 1. The above prevents S@KmM being used as a general input/output pin.
To avoid an intermediate level of voltage from being applied to . StBK line connected
to SCK should be pulled up to the Vcc level via a resistor, or supplied with output from
an external device.
When an SCKfunction is switched from clock output to general input/output When
stopping data transfer,
(i) Issue one instruction to clear bits TE and RE to 0 and to set bits CKE1 and CKEO in
SCR3to 1 and 0, respectively.
(ii) Clear bit COM in SCR3 to 0
(iii) Clear bits CKE1 and CKEO in SCR3to 0
Note that special care is also needed here to avoid an intermediate level of voltage
from being applied to SCK

9. Switching TXD function
If pin TXD is used as a data output pin by SCI3 in synchronous mode and is then switched to
a general input/output pin (a pin with a different function), the pin outputs a high level signal
for one system clocky cycle immediately after it is switched.
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Section 11 DTMF Generator

11.1 Overview

The H8/3877U Series has an on-chip dual-tone multifrequency (DTMF) generator that can
generate DTMF signals.

A DTMF signal accesses a telephone switching system by a pair of sine waves. Figure 11-1
shows the frequency matrix. The DTMF generator generates frequencies corresponding to the
numbers and symbols on the keypad of a telephone set or facsimile machine.
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(o)
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()
o/
R
o/

R4 (941 Hz)

A

C1 (1,209 Hz)
C2 (1,336 Hz)
C3 (L477 Hz)
C4 (1,633 Hz)

Figure 11-1 DTMF Frequencies

283

HITACHI



11.1.1 Features
Features of the DTMF generator are as follows.

» Generates sine waves with DTMF frequencies from the system clock input at the OSC pins
(fOSC)

The OSC frequency (1.2 MHz to 10 MHz, selectable in 400-kHz steps) is divided to generate
a 400-kHz clock. Input to a feedback loop with a modified programmable divider and sine-
wave counter, this clock is used to generate sine waves with the DTMF frequencies.

» Stable sine-wave output with low distortion

Sine waves are output from a high-precision resistor-ladder-type D/A converter. Each cycle
is divided into 32 segments to give a stable waveform with low distortion.

Register settings can select combined row-and-column-group output, or independent row-
group or column-group output.
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11.1.2 Block Diagram

Figure 11-2 shows a block diagram of the DTMF generator.

DTLR
1.2 MHz to 10 MHz in
f o 400 - kHz steps Clock 400 kHz
0sC Counter
Row Section
i , Modified
D/A smet- wave programmable
counter divider
Feedback §
<
............... 5
TONED ow—ge | ] E
DTCR [ E
VT Column Section
) Modified
D/A smet- wave programmable
counter divider
Feedback
Notation:
DTLR: DTMF load register
DTCR: DTMF control register
Figure 11-2 DTMF Generator Block Diagram
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11.1.3 Pin Configuration
Table 11-1 shows the pins assigned to the DTMF generator.

Table 11-1 Pin Configuration

Name Abbrev. 1/O Function

DTMF output reference level Vit - Reference level for DTMF output
power supply pin

DTMF signal output pin TONED Output DTMF signal output

11.1.4 Register Configuration
Table 11-2 shows the register configuration of the DTMF generator

Table 11-2 Register Configuration

Name Abbrev. R/W Initial Value  Address
DTMF control register DTCR R/W  H40 H'FFB2
DTMF load register DTLR R/W H'EO H'FFB3

11.2  Register Descriptions

11.2.1 DTMF Control Register (DTCR)

Bit 7 6 5 4 3 2 1 0

[ oen [ - [ cioe | mwoe | cirr | ciro | Rwrr | Rweo |
Initial value 0 1 0 0 0 0 0 0
Read/Write RIW - RIW RIW RIW RIW RIW RIW

DTCR is an 8-bit read/write register that enables the DTMF generator, enables row and column
output, and selects the output frequencies.

Upon reset, DTCR is initialized to H'40.
Bit 7: DTMF generator enable (DTEN)

Bit 7 enables or disables the DTMF generator.
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Bit 7 Description

DTEN
0 DTMF generator is halted (initial value)
1 DTMF generator operates
Bit 6: Reserved bit
Bit 6 is reserved: it is always read as 1, and cannot be modified.
Bit 5: Column output enable (CLOE)
Bit 5 enables or disables DTMF column signal output.
Bit5 Description
CLOE
0 DTMF column signal output is disabled (high-impedance) initial value)
1 TMF column signal output is enabled
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Bit 4: Row output enable (RWOE)

Bit 4 enables or disables DTMF row signal output.

Bit 4 Description

RWOE

0 DTMF row signal output is disabled (high-impedance) (initial value)
1 DTMF row signal output is enabled

Bits 3 and 2: DTMF column signal output frequency 1 and 0 (CLF1, CLFO)

Bits 3 and 2 select the DTMF column signal frequency (C1 to C4).

Bit 3 Bit2 Description

CLF1 CLFO

0 0 DTMF column signal output frequency: 1209 Hz (C1) (initial value)
0 1 DTMF column signal output frequency: 1336 Hz (C2)

1 0 DTMF column signal output frequency: 1447 Hz (C3)

1 1 DTMF column signal output frequency: 1633 Hz (C4)

Bits 1 and 0: DTMF row signal output frequency 1 and 0 (RWF1, RWFO)

Bits 1 and 0 select the DTMF row signal frequency (R1 to R4).

Bit 1 Bit 0 Description

RWF1 RWFO

0 0 DTMF row signal output frequency: 697 Hz (R1) (initial value)
0 1 DTMF row signal output frequency: 770 Hz (R2)

1 0 DTMF row signal output frequency: 852 Hz (R3)

1 1 DTMF row signal output frequency: 941 Hz (R4)
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11.2.2 DTMF Load Register (DTLR)

Bit 7 6 5 4 3 2 1 0

[ - [ - [ - [ons | oms | on2 | oms | omo |
Initial value 1 1 1 0 0 0 0 0
Read/Write - - - RIW RIW RIW RIW RIW

DTLR is an 8-bit read/write register that specifies the ratio by which the clock frequency at the
OSC pins is divided for input to the DTMF generator.

Upon reset, DTLR is initialized to H'EO.

Bits 7 to 5: Reserved bits

Bits 7 to 5 are reserved: they are always read as 1, and cannot be modified.
Bits 4 to 0: OSC clock division ration 4 to 0 (DTL4 to DTLO)

Bits 4 to 0 specify a division ratio of the OSC clock frequency which will generate a 400-kHz
clock for input to the DTMF generator. The ratio is set as a counter value from 3 to 25,
corresponding to OSC clock frequencies of 1.2 to 10 MHz (in 400-kHz steps).

Description

Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Division Ratio OSC Clock Frequency
DTL4 DTL3 DTL2 DTL1 DTLO

0 0 0 0 0 lllegal setting (initial value)
0 0 0 0 1 lllegal setting

0 0 0 1 0 lllegal setting

0 0 0 1 1 3 1.2 MHz

0 0 1 0 0 4 1.6 MHz

1 1 0 0 1 25 10 MHz

1 1 0 1 * lllegal setting

1 1 1 * * lllegal setting

Note: * Don't care

These bits must be set to the correct value. Normal DTMF signal output frequencies will not be
obtained if these bits are set to a value not matching the clock input at the OSC pins. Operation
is not guaranteed if these bits are set to a value other than 3 to 25.
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11.3  Operation

11.3.1 Output Waveform

The DTMF generator outputs a row-group or column-group sine wave (DTMF signal) or a
combined row-column waveform at the TONED pin. These signals are generated by a high-
precision resistor-ladder-type D/A converter circuit. The output frequency is selected by DTCR.

Figure 11-3 shows an equivalent circuit for the TONED output. Figure 11-4 shows the output
waveform of an independent row-group or column-group signal. One cycle of the output is
divided into 32 segments, giving a stable output with low distortion.

Control
s 8 N
| : VT ref

Output 1 ” ——0 GND
control R R E N N

:E :E —_— =

1 Row T

L TONED
Column

Figure 11-3 Equivalent circuit for TONED Output

VT ret [~

1]2 ‘3 ‘4‘5‘6 ‘7‘3‘9‘10‘11‘12‘13‘14‘15‘1@ 17 18‘19‘20‘21‘22‘23‘24‘25‘26‘27‘2&‘29‘30‘31‘32

GND
Time slot

Figure 11-4 TONED Output Waveform (Independent Row - or Column-Group
Output)

Table 11-3 indicates the frequency deviation between the DTMF signals output by the DTMF
generator and the nominal (standard) signal values.

290

HITACHI



Table 11-3 Frequency Deviation of DTMF Signals from Nominal Signals

Symbol  Standard Signal DTMF Signal Frequency Deviation (%)
Frequency (Hz) Design Value Hz)
R1 697 694.44 -0.37
R2 770 769.23 -0.10
R3 852 851.06 -0.11
R4 941 938.97 -0.22
C1 1209 1212.12 0.26
C2 1336 1333.33 -0.20
C3 1477 1481.48 0.30
C4 1633 1639.34 0.39

11.3.2 Programming
The procedure for using the DTMF generator is given below.

1. Setthe OSC clock division ratio in DTLR to match the frequency of the connected system
clock oscillator (1.2 MHz to 10 MHz in 400-kHz steps).

2. Select a row (R1 to R4) and/or column (C1 to C4) frequency with bits CLF1, CLFO, RWF1,
and RWFO in DTCR.

3. Select row and/or column output with the CLOE and RWOE bits in DTCR, and set the
DTEN bit to 1 to enable the DTMF generator.

This procedure outputs the selected DTMF signal from the TONED pin.

11.4  Typical Use

Figure 11-5 shows an example of the use of the DTMF generator.
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91 24 kW 19
TONED W\ DTMF
2kw
HA16808ANT
92 20
This LS VT ref Vrefl
+0.47 Nk
= 100kwW
11
22
P14 MUTE
360 kW
25C458
Note:  Numbers at ends of signal lines are pin numbers of respective devices.

Figure 11-5 Connection of H8/3877U/H8/3876U/H8/3875U to HA16808 ANT

11.5 Application Notes
When using the DTMF generator, note the following point:

Be sure that the DTLR setting (DTL4 to DTLO) matches the system clock frequency at the OSC
pins. Normal DTMF signal output frequencies will not be obtained unless the DTLR setting
matches the OSC frequency.
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Section 12 A/D Converter

12.1 Overview

The H8/3877U Series includes on-chip a resistance-ladder-based successive-approximation analog-to-
digital converter, and can convert up to eight channels of analog input.

12.1.1 Features
The A/D converter has the following features.

» 8-bit resolution

e 8input channels

» Conversion time: approx. 126 per channel (at 5 MHz operation)
e Built-in sample-and-hold function

» Interrupt requested on completion of A/D conversion

« A/D conversion can be started by external trigger input

» Full-scale voltage range programmable at MAin

12.1.2 Block Diagram

Figure 12-1 shows a block diagram of the A/D converter.
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ADTRG

AN o —
ANy —
AN 5 —
AN 5 —
AN —
AN g —
AN § —
AN 5 —

Multiplexer

Internal data bus

Com-
parator

AV A
Reference

AV : voltage

AV ¢ b

IRRAD

Notation:

AMR:  A/D mode register
ADSR: A/D start register
ADRR: A/D result register

Figure 12-1 Block Diagram of the A/D Converter

294

HITACHI




12.1.3  Pin Configuration

Table 12-1 shows the A/D converter pin configuration.

Table 12-1 Pin Configuration

Name Abbrev. I/O Function

Analog power supply pin AV Input Power supply of analog part
Analog ground pin AV Input Ground and reference voltage of analog part
Reference voltage pin AV, Input Analog reference voltage
Analog input pin 0 AN, Input Analog input channel 0
Analog input pin 1 AN, Input Analog input channel 1
Analog input pin 2 AN, Input Analog input channel 2
Analog input pin 3 AN, Input Analog input channel 3
Analog input pin 4 AN, Input Analog input channel 4
Analog input pin 5 AN, Input Analog input channel 5
Analog input pin 6 AN, Input Analog input channel 6
Analog input pin 7 AN, Input Analog input channel 7

External trigger input pin ADTRG Input External trigger input for starting A/D conversion

12.1.4 Register Configuration
Table 12-2 shows the A/D converter register configuration.

Table 12-2 Register Configuration

Name Abbrev. R/W Initial Value Address

A/D mode register AMR R/IW H'10 H'FFC4
A/D start register ADSR R/W H'7F H'FFC6
A/D result register ADRR R Not fixed H'FFC5
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12.2  Register Descriptions

12.2.1 A/D Result Register (ADRR)

Bit 7 6 5 4 3 2 1 0
[ Aor7 | Aoré [ ADRs | ADra | ADRs | ADR2 [ ADRL [ ADRO |

Initial value Notfixed Notfixed Notfixed Notfixed Notfixed Notfixed Notfixed Not fixed

Read/Write R R R R R R R R

The A/D result register (ADRR) is an 8-bit read-only register for holding the results of
analog-to-digital conversion.

ADRR can be read by the CPU at any time, but the ADRR values during A/D conversion are not
fixed.

After A/D conversion is complete, the conversion result is stored in ADRR as 8-bit data; this data is
held in ADRR until the next conversion operation starts.

ADRR is not cleared on reset.

12.2.2 A/D Mode Register (AMR)

Bit 7 6 5 4 3 2 1 0
| CKS | TRGE | CKS1 | | CH3 | CH2 | CH1 | CHo |

Initial value 0 0 0 1 0 0 0 0

Read/Write RW  RW RIW RIW RIW RIW RIW

AMR is an 8-bit read/write register for specifying the A/D conversion speed, external trigger option,
and the analog input pins.

Upon reset, AMR is initialized to H'10.
Bit 7.  Clock select (CKS)

Bits CKS and CKS1 select the A/D conversion speed.

296

HITACHI



Bit5 CKS1 Bit7 CKS Conversion Period Conversion Time

g =2 MHz 2 =5 MHz
0 0 Reserved (initial value) - -
0 1 124/g 62us 24.8us
1 0 62/g 31ps 12.4p
1 1 3l/g 15.5ps --*

Note: *Operation is not guaranteed if the conversion time is less than 12.4us. Set the bits to get
a value of at least 12.4ps.

Bit 6: External trigger select (TRGE)
Bit 6 enables or disables the start of A/D conversion by external trigger input.

Bit 6 Description

TRGE
0 Disables start of A/D conversion by external trigger (initial value)
1 Enables start of A/D conversion by rising or falling edge of

external trigger at pin ADTRG*

Note: *The external trigger (ADTRG) edge is selected by bit IEG4 of the interrupt edge select
register (IEGR). See 3.3.2 for details.

Bit5: Clock select 1 (CKS1)

Bits CKS and CKS1 select the A/D conversion speed. See bit 7 (CKS) for details.
Bit4: Reserved hit

Bit 4 is reserved; it is always read as 1, and cannot be modified.

Bits 3 to O: Channel select (CH3 to CHO)

Bits 3 to O select the analog input channel.

The channel selection should be made while bit ADSF is cleared to 0.
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Bit3 Bit2 Bitl Bit0  Analog Input Channel
CH3 CH2 CH1 CHO

0 0 * * No channel selected (initial value)
0 1 0 0 AN,

0 1 0 1 AN,

0 1 1 0 AN,

0 1 1 1 AN,

1 0 0 0 AN,

1 0 0 1 AN,

1 0 1 0 AN,

1 0 1 1 AN,

1 1 * * Reserved

Note: *Don't care

12.2.3 A/D Start Register (ADSR)

Bit 7 6 5 4 3 2 1 0

[ Aose_| I L]
Initial value 0 1 1 1 1 1 1 1
Read/\Write RIW

The A/D start register (ADSR) is an 8-bit read/write register for starting and stopping A/D conversion.

A/D conversion is started by writing 1 to the A/D start flAQEF) or by input of the designated edge
of the external trigger signal, which also sets ADSF to 1. When conversion is complete, the converted
data is set in the A/D result register (ADRR), and at the same\S€ is cleared to O.

Bit 7.  A/D start flag (ADSF)

Bit 7 controls and indicates the start and end of A/D conversion.
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Bit 7 Description
ADSF

0 [Read access] (initial value)
Indicates the completion of A/D conversion.

[Write access]
Stops A/D conversion.

1 [Read access]
Indicates A/D conversion in progress.
[Write access]
Starts A/D conversion.

Bit 6 to O: Reserved bits

Bits 6 to O are reserved; they are always read as 1, and cannot be modified.
12.3  Operation

12.3.1 A/D Conversion Operation

The A/D converter operates by successive approximations, and yields its conversion result as 8-bit
data.

A/D conversion begins when software sets the A/D start flag (bit ADSF) to 1. Bit ADSF keeps a value
of 1 during A/D conversion, and is cleared to 0 automatically when conversion is complete.

The completion of conversion also sets bit IRRAD in interrupt request register 2 (IRR2) to 1. An A/D
conversion end interrupt is requested if bit IENAD in interrupt enable register 2 (IENR2) is set to 1.

If the conversion time or input channel needs to be changed in the A/D mode register (AMR) during
A/D conversion, bit ADSF should first be cleared to 0, stopping the conversion operation, in order to
avoid malfunction.

12.3.2  Start of A/D Conversion by External Trigger Input

The A/D converter can be made to start A/D conversion by input of an external trigger signal. External
trigger input is enabled at pin ADTRG when bit IRQ4 in port mode register 2 (PMR2) is set to 1, and
bit TRGE in AMR is set to 1. Then when the input signal edge designated in bit IEG4 of the IRQ edge
select register (IEGR) is detected at pin ADTRG, bit ADSF in AD3Rbe set to 1, starting A/D
conversion.

Figure 12-2 shows the timing.
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Figure 12-2 External Trigger Input Timing

12.4  Interrupts

When A/D conversion ends (ADSF changes from 1 to 0), bit IRRAD in interrupt request register 2
(IRR2) is set to 1.

A/D conversion end interrupts can be enabled or disabled by means of bit IENAD in interrupt enable
register 2 (IENR2).

For further details see 3.3, Interrupts.

12.5 Typical Use

An example of how the A/D converter can be used is given below, using channel 1 {pasAlhe
analog input channel. Figure 12-3 shows the operation timing.

Bits CH3 to CHO of the A/D mode register (AMR) are set to 0101, making pjrth&Nanalog input
channel. A/D interrupts are enabled by setting bit IENAD to 1, and A/D conversion is started by
setting bit ADSF to 1.

* When A/D conversion is complete, bit IRRAD is set to 1, and the A/D conversion result is
stored in the A/D result register (ADRR). At the same time ADSF is cleared to 0, and the
A/D converter goes to the idle state.

* BitIENAD =1, so an A/D conversion end interrupt is requested.
» The A/D interrupt handling routine starts.

» The A/D conversion result is read and processed.

* The A/D interrupt handling routine ends.

If ADSF is set to 1 again afterward, A/D conversion starts and steps 2 through 6 take place.
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Figures 12-4 and 12-5 show flow charts of procedures for using the A/D converter.

Interrupt I_l |_|
(IRRAD)

e ) N
IENAD
ADSF
g:;’;’:izlnls(ggl) Idle ~|\ AID conversion (1) \K Idle -I.\ AID conversion result (2)\.|.( Idle

/ / l Readconverswonres( / l Read conversion result
ADRR XXXXXXXXXXXXX AID conversion result(1) XXXXXXXXXXXXX AID conversion result(2)
Note:  * (1 )indicates instruction execution by software.
Figure 12-3 Typical A/D Converter Operation Timing
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C Start )

Set A/D conversion speed
and input channel

Disable A/D conversion
end interrupt

Start A/D conversion

Read ADRR

No

Yes

Read ADRR data

Perform AID
conversion?

( End )

Figure 12-4 Flow Chart of Procedure for Using A/D Converter (1) (Polling by Software)
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( Start )

Set AID conversion speed
and input channels

Enable A/D conversion
end interrupt

Start A/D conversion

J

AID conversion
end interrupt ?

Clear hit IRRAD to
0inIRR2

Read ADRR data

Yes Perform AID

conversion ?

Figure 12-5 Flow Chart of Procedure for Using A/D Converter (2) (Interrupts Used)

12.6  Application Notes

» Data in the A/D result register (ADRR) should be read only when the A/D start flag (ADSF)
in the A/D start register (ADSR) is cleared to 0.

» Changing the digital input signal at an adjacent pin during A/D conversion may adversely
affect conversion accuracy.

303

HITACHI



Section 13 LCD Controller/Driver

13.1 Overview

The HB8/3877U Series has an on-chip segment-type LCD controller circuit, LCD driver, and power
supply circuit, for direct driving of an LCD panel.

13.1.1 Features
Features of the LCD controller/driver are as follows.
» Display capacity

External Segment

Duty Internal Driver Expansion Driver
On-chip driver only -- 52 segments 0
Use with external segment expansion Static 48 segments 208 segments
driver

1/2 48 segments 80 segments

1/3 48 segments -

1/4 48 segments -

The HD66100 can be used for external expansion of the number of segments.

 LCD RAM capacity

» 8 bits x 32 bytes (256 hits)

* Word access to LCD RAM

« Segment output pins can be switched to general-purpose ports in groups of 4

« Unused common output pins can be used either for boosting common output (by parallel
connection) or as ports.

« Displays in all operation modes except standby mode.
e Choice of 11 frame frequencies
» Internal voltage divider for liquid crystal driver power supply
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13.1.2 Block Diagram

Figure 13-1 shows a block diagram of the LCD controller/driver.

O Vp
LCD driver O V,
M power supply o Vs
© VSS
@210 (256 — cL, l
0y — Common [T Common [T~ COM1
datalatch L LJf  diver |1 . Ay 4
AN
— —— SEG_,/CL
LPCR 5271
I —:—- SEG,, /CL,
LCR | —— SEG_ /DO
. | = SEG,, M
2 I ——= SEG,,
= | A | Lo
3 52-hit | Segment I |
g R shift ! driver ! I
|5 Display timing generator Cly register : : I
= |
I I
l | P
I I |
I I i
I I i
LCD RAM | |
32 bytes | | :
SEG,,DO
Notation:
LPCR: LCD port control register
LCR: LCD control register
Figure 13-1 LCD Controller/Driver Block Diagram
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13.1.3 Pin Configuration

Table 13-1 shows the LCD controller/driver pin configuration.

Table 13-1 Pin Configuration
Name Abbrev. 1/O Function
Segment output pins  SEG,to  Output Liquid crystal segment driver pins. All pins can be
SEG, programmed also as ports.
Common output pins COM,to  Output  Liquid crystal common driver pins. Parallel connection is
COM, possible at static and 1/2 duty.
External segment CL, Output  Display data latch clock; doubles as SEG,,
expansion signal pins
CL, Output  Display data shift clock; doubles as SEG,,
M Output LCD alternated signal; doubles as SEG,,
DO Output  Serial display data; doubles as SEG,,
LCD power supply Vv, V,, V, Input For external connection to personal computer or for use

of external power supply circuit

13.1.4 Register Configuration

Table 13-2 shows the register configuration of the LCD controller/driver.

Table 13-2 Register Configuration

Name Abbrev. R/W Initial Value  Address

LCD port control register LPCR R/W H'00 H'FFCO

LCD control register LCR R/W H'80 H'FFC1

LCD RAM -- R/W Not fixed H'F760 to H'F77F
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13.2  Register Descriptions

13.2.1 LCD Port Control Register (LPCR)

Bit 7 6 5 4 3 2 1 0

[ orsi | orso [ owx | sex | sess | ses2 | sesi | seso |
Initial value 0 0 0 0 0 0 0 0
ReadMiite RW RW  RW  RW  RW RW  RW  RW

The LCD port control register is an 8-bit read/write register, used for selecting the duty cycle and the
LCD driver and pin functions. Upon reset, LPCR is initialized to H'00.

Bits 7 to 5: Duty cycle select and common function select (DTS1, DTS0, CMX)

Bits 7 to 6 select a driver duty of static, 1/2, 1/3, or 1/4. Bit 5 determines whether the common pins not
used at a given duty are to be used as ports or, in order to increase the common driving capacity, as
multiple pins outputting the same waveform.

Bit7 Bit6 Bit5 Duty Common Driver* * Remarks
DTS1 DTSO CMX

0 0 0 Static COM,(initial value) COM,, COM,and usable as ports

1 COM,to COM, COM,, COM,and COM,output the same
waveform as COM,
0 1 0 1/2 duty COM,to COM, COM,and COM,usable as ports
1 COM,to COM, COM,outputs the same waveform as COM,,
and COM,the same waveform as COM,
1 0 0 1/3 duty COM,to COM, COM,usable as port

COM,to COM, COM,outputs a non-select waveform*’

1
1 1 0 1/4 duty COM,to COM, -
1

Notes: 1. Pins COM,to COM,become ports when bit SGX = 0 and bits SGS3 to SGS0 = 0000.
Otherwise the common drivers are as indicated in the table above.

2. A non-select waveform is always output at pin COM,, which therefore should not be
used.
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Bit4:  Expansion signal select (SGX)
Bit 4 selects whether pins SEGL,,

SEG/CL,, SEG/DO, and SEG/M are used as segment pins (SEGSEG,) or as external segment
expansion pins (GI.CL,, DO, M).

Bit4  Description

SGX
0 Pins SEG,,to SEG,* (initial value)
1 Pins CL,, CL,, DO, M

Note: * Selected as ports when bits SGS3 to SGS0 = 0000.

Bits 3 to 0: Segment driver select (SGS3 to SGS0)

Bits 3 to O select the pins to be used as segment drivers.
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Functions of Pins SEG to SEG,

Bit4 Bit3  Bit2 Bitl Bit0  SEG,to SEG, SEG, SEG, SEG, SEG,to SEG,to SEG,to SEG,to SEG, to Remarks

8 32 2 2

SGX  SGS3 SGS2 SGS1 SGSO SEG to to to to SEG SEG SEG, SEG, SEG,

40 17 13 s

SEG SEG SEG SEG

3 29 2 21

0 0 0 0 0 Port Port Port Port Port Port Port Port Port Port (initial value)
0 0 0 1 SEG SEG Port Port Port Port Port Port Port Port
0 0 1 0 SEG SEG SEG Port Port Port Port Port Port Port
0 0 1 1 SEG SEG SEG SEG Port Port Port Port Port Port
0 1 0 0 SEG SEG SEG SEG SEG Port Port Port Port Port
0 1 0 1 SEG SEG SEG SEG SEG SEG Port Port Port Port
0 1 1 0 SEG SEG SEG SEG SEG SEG SEG Port Port Port
0 1 1 1 SEG SEG SEG SEG SEG SEG SEG SEG Port Port
1 * * 0 SEG SEG SEG SEG SEG SEG SEG SEG SEG Port
1 * * 1 SEG SEG SEG SEG SEG SEG SEG SEG SEG SEG

1 0 0 0 0 External  Port Port Port Port Port Port Port Port Port

segment
expansio
n
0 0 0 1 External SEG Port Port Port Port Port Port Port Port
segment
expansio
n
0 0 1 0 External SEG SEG Port Port Port Port Port Port Port
segment
expansio
n
0 0 1 1 External SEG SEG SEG Port Port Port Port Port Port
segment
expansio
n
0 1 0 0 External SEG SEG SEG SEG Port Port Port Port Port
segment
expansio
n
0 1 0 1 External SEG SEG SEG SEG SEG Port Port Port Port
segment
expansio
n
0 1 1 0 External SEG SEG SEG SEG SEG SEG Port Port Port
segment
expansio
n
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Functions of Pins SEG ,to SEG,

Bit4  Bit3 Bit2 Bitl BitO SEG,to SEG, SEG, SEG, SEG, SEG,to SEG,to SEG,to SEG,to SEG, to
SGX SGS3 SGS2 SGSL1 SGSO  SEG, to to to to SEG,, SEG,, SEG, SEG, SEG,
SEG, SEG, SEG, SEG,

0 1 1 1 External SEG SEG SEG SEG SEG SEG SEG Port Port
segment
expansio
n
1 * * 0 External SEG SEG SEG SEG SEG SEG SEG SEG Port
segment
expansio
n
1 * * 1 External SEG SEG SEG SEG SEG SEG SEG SEG SEG
segmen
t
expansi
on

Remarks

Note: * Don't care
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13.2.2 LCD Control Register (LCR)

Bit 7 6 5 4 3 2 1 0

| [ psw | act | oisp [ ckss [ cks2 | ckst | ckso |
Initial value 1 0 0 0 0 0 0 0
ReadWiite RW RW  RW  RW  RW  RW  RW

The LCD control register is an 8-bit read/write register for on/off control of the resistive voltage
divider used as the LCD driver power supply, for display data control, and for frame frequency
selection. Upon reset, LCR is initialized to H'80.

Bit 7: Reserved bit
Bit 7 is reserved; it is always read as 1, and cannot be modified.
Bit 6: Power switch (PSW)

Bit 6 switches the resistive voltage divider provided to power the LCD driver on/off. In low-power
modes when the LCD display is not used, or when an external power supply is used for the LCD, the
resistive voltage divider can be switched off. When bit ACT = 0, or in standby mode, the resistive
voltage divider is in the off state regardless of the bit 6 setting.

Bit 6 Description

PSW
0 LCD power supply resistor ladder off (initial value)
1 LCD power supply resistor ladder on

Bit 5:Display active (ACT)

Bit 5 selects whether the LCD controller/driver is used or not. When this bit is cleared to O, the LCD
controller/driver module halts operation, and the resistive voltage divider provided for the LCD driver
power supply goes to the off state regardless of the PSW setting. However, register contents are
retained.

Bit5 Description

ACT
0 LCD controller/driver operation stopped (initial value)
1 LCD controller/driver operational
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Bit 4: Display data control (DISP)

Bit 4 selects whether the LCD RAM contents are displayed or blank data is displayed regardless of the
LCD RAM contents. This bit is valid also when the HD66100 is used for external segment expansion.

Bit 4 Description

DISP
0 Blank data displayed (initial value)
1 LCD RAM data displayed

Bits 3 to O0: Frame frequency select (CKS3 to CKSO0)

Bits 3 to 0 select the clock used by the LCD controller/driver, and the frame frequency. In subactive,
watch, and subsleep modes the system clock (@) is stopped, so there will be no display in these modes
if @/2 to 8/256 is chosen as the clock source. For display in these modes,, clgg¢R, @r ¢/4 must

be selected.

Frame Frequency* *

Bit 3 Bit 2 Bit 1 Bit 0 Clock 2 =5 MHz @ = 625 kHz**
CKS3 CKS2 CKS1 CKSO

0 * 0 0 a, 128 Hz 128 Hz (initial value)
0 * 0 1 2,/2 64 Hz 64 Hz

0 * 1 * 2. /4 32 Hz 32 Hz

1 0 0 0 212 -- 610 Hz

1 0 0 1 al4 - 305 Hz

1 0 1 0 a/8 - 153 Hz

1 0 1 1 2 /16 610 Hz 76.3 Hz

1 1 0 0 2/32 305 Hz 38.1 Hz

1 1 0 1 /64 153 Hz --

1 1 1 0 @ /128 76.3 Hz -

1 1 1 1 @ /256 38.1 Hz -

Notes: * Don't care

1. Frame frequency in active (medium-speed) mode

2. When a duty cycle of 1/3 is chosen, the frame frequency will be 4/3 times the
frequencies shown in the above table.
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13.3  Operation

13.3.1  Settings Prior to LCD Display

Various decisions related to hardware and software must be made before using the LCD
controller/driver with an LCD display. The settings are described below.

1. Hardware settings
0 Use at 1/2 duty
To use at 1/2 duty, connect pins V2 and V3 as shown in figure 13-2.

|

Vee

Vi

V2

V3 :l
Vss

Figure 13-2 LCD Driver Power Supply Processing at 1/2 Duty

O Large-panel display
Because of the large impedance of the built-in resistive voltage divider, the H8/3877U
Series LCD controller/driver is not well suited to driving large-panel displays. If a large
display is to be used, refer to 13.3.5 on boosting the LCD driver power supply. At static
and 1/2 duty it is possible to boost the common output driving capacity. Set bit CMX to 1
when selecting the duty cycle. In this mode, at static duty pins @3BOM,output the
same waveform, while at 1/2 duty pins C@d COMoutput the CONwvaveform and
pins COMand COMoutput the COMwvaveform.
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0 Segment expansion
The HD66100 can be connected externally to expand the number of segments. See
13.3.3, Connection to HD66100.

2. Software settings

O Duty cycle selection
The duty cycle is selected in bits DTS1 and DTSO, with a choice of static, 1/2, 1/3, or 1/4
duty.

0 Segment driver selection
The segment drivers to be used are selected in bits SGS3 to SGSO0.

O Frame frequency selection
The frame frequency is selected in bits CKS3 to CKS0. The frame frequency should be
selected depending on the specification of the LCD panel to be used. Refer to 13.3.4,
Operation in Power-Down Modes, for information on clock selection in watch mode,
subactive mode, and subsleep mode.

13.3.2 Relation of LCD RAM to Display

The relation of the LCD RAM to segments depends on the duty cycle. LCD RAM memory maps for
each duty cycle when segments are not expanded externally are shown in figures 13-3 to 13-6. When
segments are expanded externally, the LCD RAM memory maps for each duty cycle are as shown in
figures 13-7 and 13-8. It is also possible to use only external segments and not use the segment pins on
this chip, in which case the LCD RAM memory map is as shown in figure 13-9.

After setting the registers that control the LCD display, write data to the area corresponding to the duty
cycle selected, using the same instructions as for the ordinary RAM. If the display is switched on, the
data will be displayed automatically. Both word and byte access instructions can be used for writing to
the LCD RAM.
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13.3.3 Connection to HD66100

To expand the number of segments externally, connect the HD66100 segment chip. One HD66100
chip provides an additional 80 segments. When external segments are used, set bit SGX in LPCR for
use of pins SEGto SEG, as external segment expansion signal pins. Data will be output starting from
LCD RAM pin SEG,. When bits SGS3 to SGSO0 in LPCR are set to 0000, dtsevoutput starting

from LCD RAM pin SEG

Figure 13-10 shows typical connections to the HD66100. The output level is determined by the
combination of data pins and pin M; but that combination differs from the HD66100. Table 13-3
shows the output level of the LCD driver power supply.

Figure 13-11 shows the common and segment waveforms at each duty.

If bit ACT =0, then if CL,=0, CL, =0, and M = 0, DO stops with the data output at that moment (1
or 0). In standby mode the expansion pins are in the high-impedance (floating) state.

External expansion increases the load on the LCD panel, as a result of which the internal power supply
may not have sufficient capacity. In that case refer to 13.3.5 on boosting the LCD driver power supply.

Bit7 Bit 6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

N
HF760 | SEG, | SEG, | SEG, | SEG, | SEG, | SEG, | SEG, | SEG,
Internal driver
display area
HF779 | SEG,, | SEG, | SEG,, | SEG,, [ SEG, | SEG. | SEG. [ SEG )
Area not used
for display
H'F77F

L]

COM, COM, COM, COM, COM, COM, COM, COM,

Figure 13-3 LCD RAM Map 1: No External Segment Expansion (1/4 Duty)

315

HITACHI



Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
HF760 SEG, | SEG, | SEG, SEG, | SEG, | SEG,
Internal driver
display area
HET79 SEG,, | SEG,, | SEG,, SEG,, | SEG,, | SEG,,
Area not used
for display
H'F77F
COM, COM, COM, COM, COM, COM,
Figure 13-4 LCD RAM Map 2: No External Segment Expansion (1/3 Duty)
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
H'F760 SEG, | SEG, | SEG, | SEG; | SEG, | SEG, | SEG, | SEG,
Internal driver
display area
H'F76C SEGs, | SEGs, | SEGs; | SEGs; | SEGs | SEGs | SEG 4 | SEG 4
Area not used
for display
HF77F
COM, COM; COM, COM;,; COM, COM;,; COM, COM,
Figure 13-5 LCD RAM Map 3: No External Segment Expansion (1/2 Duty)
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Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
HF760 | SEGg | SEG; | SEGg | SEGs | SEG,4 | SEG3 | SEG, | SEG,
Internal driver
SEG SEG SEG SEG display area
HF765 = a = 51 sEGs, | SEG s | SEGsp | SEG 4 pay
H'F766 3
Area not used
for display
H'F77F
COM7 COM7 COMj COM; COM7 COMj COMp COMp
Figure 13-6 LCD RAM Map 4: No External Segment Expansion (Static Duty)
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
N
H'F760 SEG4 | SEG, | SEG; | SEG3 | SEG, | SEG, | SEG; | SEG,
Internal driver
display area
H'F76B SEG 45| SEG 45| SEG 47 | SEG 47| SEG 45| SEG 45| SEG 45| SEG 45
<
SEGsp | SEGs2 | SEGs1 | SEGs1 | SEGsp | SEGso | SEG 49 | SEG 49
External driver
display area
H'F77F SEG 128 | SEG 128 | SEG 127 SEG 127 | SEG 126 | SEG 126 | SEG 125] SEG 125
T T T T T T T
COM; COM; COMp COMy COMz COM; COMp COMjp
Figure 13-7 LCD RAM Map 1: External Segment Expansion (1/2 Duty)
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Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
H'F760 SEGg | SEG7 | SEGg | SEGs | SEG4 | SEG3 | SEG, | SEG;
Internal driver
R display area
H'F765 SEG 45 | SEG 47| SEG 45| SEG 45| SEG4s | SEG 43| SEG 42 | SEG 41
H'F766 SEGsy | SEGsy | SEGsy| SEG4g
Area not used
for display
HF77F SEG 256 | SEG 255 [ SEG 254 [ SEG 253 | SEG 252 | SEG 251 | SEG 250 | SEG 249
COM; COM; COM; COM; COM; COM; COM; COM;
Figure 13-8 LCD RAM Map 2: External Segment Expansion (Static Duty)
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit2 Bit1 Bit 0
HF760 | SEG4 | SEG4 | SEG3 | SEG3 | SEG) | SEGy | SEG1 | SEG1
External driver
display area
H'F77F | SEG 128 | SEG 128 | SEG 128 | SEG 128 SEG 17| SEG 127| SEG 127| SEG 197
CcOM, COM7 COM, COM7 COM2 COM7 COM2 COM1
Figure 13-9 LCD RAM Map When All External Segments are Used (Example: SGX =

1, SGS3 to SGSO = 0000, 1/2 Duty)
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Vee Vee
vy . v,
Vs, |_ v,
| =h
Va
This LSI Vss T T GND HD66100
|: i
SHL
SEGs, ICL, cL,
SEG,, ICL, cL,
SEG,,/DO DI
SEG /M M
a. 1/2 duty
Vee Vee
Vi vy
v, |— v,
vs | = Vs
’: vz
This LSI Vss GND HD66100
|: oy
SHL
SEG:, ICL, cL,
SEG,, ICL, cL,
SEG,, /DO DI
SEG /M M
b. Static
Figure 13-10  Connection to HD66100
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1 frame

M [ I e N I O B
Data __j |
/T - Va
e —-V
CoM : [ I I I I 2
e e B — oV,
E Vs
COM2
COM3
COM4
ste, p— 1T 1T T 1 %
T T VSS

Figure 13-11 (a) Waveforms at 1/4 Duty
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Data

COM

COM

COM

SEG

i 1 frame

|
J; [ O

|
i |

|

| E— *T”**”j
j|:::::: ,,,,,,,,,,,,, N —
N S
I B R

| S
|

Figure 13-11 (b) Waveforms at 1/3 Duty
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1 frame

M
Data
Vl
COM, — VZ,V3
SS
vl
Com, V2 , V3
Ss
oM,
Figure 13-11 (c) Waveforms at 1/2 Duty
1 frame
M
Data
v 1
COM1
VSS
Vl
SEG |
v sS
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Figure 13-11 (d) Waveforms at Static Duty
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Table 13-3 Output Levels

Data 0 0 1 1
M 0 1 0 1
Static Common output 'V, V,, V, V,,
Segment output V, vV, vV, V,
1/2 duty Common output  V,, V, v, V, V, V,,
Segment output V, vV, vV, V,
1/3 duty Common output  V, Vv, V, V,,
Segment output A \'A vV, V,
1/4 duty Common output  V, Vv, V, V,,
Segment output \'A \'A vV, V,

13.3.4  Operation in Power-Down Modes
The LCD controller/driver can be operated in the low-power modes, as shown in table 13-4.

In the subactive, watch, and subsleep modes, the system clock pulse generator stops running, so no
clock signal will be supplied and the display will be stopped, unlgss;@, or g/4 was selected

when setting bits CKS3 to CKS0 in LCR. Since this may result in a direct current being applied to the
LCD panel, be sure to selegt @,/2, or g /4 as the clock if these modes are used. In active (medium-
speed) mode the system clock is changed, making it necessary to adjust the frame frequency setting (in
bits CKS3 to CKSO0) to avoid a change in frame frequency.

Table 13-4 LCD Controller/Driver Operation in Power-Down Modes

Mode Reset Active Sleep Watch Subactive Subslee  Standby
p

Clock o Running Running Running Stopped Stopped Stopped Stopped

2, Running Running Running Running Running Running Stopped*'

Display ACT =0 Stopped Stopped Stopped Stopped Stopped Stopped Stopped*
ACT=1 Stopped On On on* on* on* Stopped*’

Notes: 1. The subclock pulse generator does not stop, but clock supply is stopped.
2. The LCD driver power supply resistor ladder resistance is off regardless of bit PSW.
3. The display will not function unless g,,, 8,,/2, or @, /4 is selected as the clock.
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13.3.5 Boosting the LCD Driver Power Supply

When a large LCD panel is driven, or if segments are expanded externally, the built-in power supply
capacity may be insufficient, making it necessary to lower the power supply impedance. One method,
shown in figure 13-10, is to connect a bypass capacitor of aroupdF ®@10.3pF to pins '\, V,, and

V.. Another approach, shown in figure 13-12 below, is to connect a resistive voltage divider

externally.

O

Vee
R

172
This LS| v R$ = several kQ

2
v, C=0.1uF to 0.3F
VSS T T

T T T

Figure 13-12  Connecting an External Resistive Voltage Divider

324

HITACHI



Section 14 Multitone Generator

14.1 Overview

The H8/3877U Series has an on-chip multitone generator that can output an arbitrary waveform at an
arbitrary frequency.

14.1.1 Features
Features of the multitone generator are as follows.

« Arbitrary frequencies can be selected in the range from 40 Hz to 4000 Hz (when the clock
frequency { . at the OSC pins is 10 MHz).

Output Frequency Range Step Error

40 HZ to 1000 Hz 0.1 Hz and above +0.05 Hz or less
1000 Hz to 3000 Hz 1 Hz and above +0.5 Hz or less
3000 Hz to 4000 Hz 2 Hz and above +1 Hz or less

The output frequency is generated by using a frame counter and fine-tuning counter to divide
the OSC clock frequency,(f).
» A stable waveform can be output with low distortion.

« The waveform is output by an R - 2R D/A converter circuit with 5-bit resolution. One cycle
can be divided into up to 128 segments for a stable waveform with low distortion.

« Arbitrary waveform patterns can be created by setting bit patterns in MTG RAM (maximum
128 hits).
« Aninterrupt request is generated at half-cycle points in the multitone waveform.
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14.1.2 Block Diagram

Figure 14-1 shows a block diagram of the multitone generator.
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\
{fmc/&fmm [ FRWR |
f05(3/2’](05(3
| EBLR -~
fosc A-{ Frame counter }—
H{ Bit counter }—
% Fine-tuning counter ‘ MTG RAM
T (16 bytes)
| FINR | «
a
% Shift register £
3
| ITLR - =
Increment/
decrement circuit
‘ MTCR |
| 4
VT et O
D/A converter
TONEM O —=
L= |IRRMT
Notation:

FRMR: Frame register

FTNR: Fine-tuning register

ITLR: Initial level register

MTCR: Multitone control register

EBLR: Effective bit length register

IRRMT: Multitone generator interrupt enable flag

Figure 14-1 Multitone Generator Block Diagram
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14.1.3 Pin Configuration
Table 14-1 shows the pin configuration of the multitone generator.

Table 14-1 Pin Configuration

Name Abbrev. I/O Function

Multitone output reference level VT, -- Reference-level voltage for
power supply pin multitone output

Multitone signal output pin TONEM Output Multitone signal output

14.1.4 Register Configuration
Table 14-2 shows the register configuration of the multitone generator.

Table 14-2 Multitone Generator Registers

Name Abbrev. R/W Initial Value  Address

Multitone control register MTCR R/W  H'10 H'FF90

Effective bit length register EBLR R/W  H'80 H'FF91

Frame register FRMR R/W  HO00 H'FF92
Fine-tuning register FTNR R/W  H'00 H'FF93

Initial level register ITLR R/W  HEO H'FF94

MTG RAM - R/W  Undefined H'FF80 to H'FF8F
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14.2 Register Descriptions

14.2.1 Multitone Control Register (MTCR)

Bit 7 6 5 4 3 2 1 0
DAOE | MTEN DIR - FR1 FRO FT1 FTO

Initial value 0 0 0 1 0 0 0 0

Read/Write RIW RIW RIW - RIW RIW RIW RIW

MTCR is an 8-bit read/write register that enables D/A output, enables operation of the multitone
generator, specifies the initial direction of change of the output level, and selects the clock sources of
the frame counter and fine-tuning counter.

Upon reset, MTCR is initialized to H'10.
Bit 7: D/A output enable (DAOE)
Bit 7 enables or disables analog output at the TONEM pin.

Bit 7 Description

DAOE
0 Analog output is disabled (high impedance) (initial value)
1 Analog output is enabled

Bit 6: Multitone generator enable (MTEN)
Bit 6 enables or disables operation of the multitone generator.

Bit 6 Description

MTEN
0 The multitone generator is halted (initial value)
1 The multitone generator operates
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Bit 5: Initial direction (DIR)

Bit 5 specifies the initial direction of change (increment or decrement) of the analog output level from
the TONEM pin when the multitone generator starts operating.

Bit5 Description

DIR
0 The level is initially incremented (initial value)
1 The level is initially decremented

A setting of DIR = 0 is invalid of bits 4 to 0 in the initial level register are set to 11111. A setting of
DIR = 1 is invalid if these bits are set to 00000.

Bit 4: Reserved bit
Bit 4 is reserved; it is always read as 1, and cannot be modified.
Bits 3 and 2:Frame counter clock source select 1 and 0 (FR1, FRO)

Bits 3 and 2 select the frame counter clock source. That is, they select the division ratio of the OSC
clock (f,s). The clock source should be changed only when MTEN = 0.

Bit3 Bit2 Description

FR1 FRO

0 0 Division ratio = t .. (counter clock = f_..)

0 1 Division ratio = 2t__. (counter clock = f_,./2)
1 0 Division ratio = 4t___ (counter clock = f_../4)
1 1 Division ratio = 8t_.. (counter clock = f_,./8)

Bits 1 and 0: Fine-tuning counter clock source select 1 and 0 (FT1, FTO)

Bits 1 and O select the fine-tuning counter clock source. That is, they select the division ratio of the
OSC clock (f,). The clock source should be changed only when MTEN = 0.

Bit 1 FT1 Bit 0 FTO Description

0 0 Division ratio = t .. (counter clock = f_..)

0 1 Division ratio = 2t__. (counter clock = f_,./2)
1 0 Division ratio = 4t___ (counter clock = f_../4)
1 1 Division ratio = 8t_.. (counter clock = f_,./8)
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14.2.2 Effective Bit Length Register (EBLR)

Bit 7 6 5 4 3 2 1 0
| - | EBL6 | EBL5 | EBL4 | EBL3 | EBL2 | EBL1 | EBLO |

Initial value 1 0 0 0 0 0 0 0
Read/Write - RIW RIW RIW RIW RIW RW RIW

EBLR is an 8-bit read/write register that specifies the effective bit length (position of the last bit) on
MTG RAM.

Upon reset, EBLR is initialized to H'80.

Bit 7: Reserved bit

Bit 7 is reserved; it is always read as 1, and cannot be modified.
Bits 6 to O: Effective bit length 6 to O (EBL6 to EBLO)

Bits 6 to 0 specify the effective bit length (position of the last bit) of the bit pattern set on MTG RAM.
The register setting is the effective bit length minus 1. EBLR should be set to a value of H'83 or
greater.

The effective bit length should be changed only when MTEN = 0 in MTCR.

14.2.3 Frame Register (FRMR)

Bit 7 6 5 4 3 2 1 0
| FRM7 | FRM6 | FRM5 | FRM4 | FRM3 | FRM2 | FRM1 | FRMO |

Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

FRMR is an 8-bit read/write register that specifies the reload value of the frame counter (the period of
1 bit frame in the bit pattern).

The reload value is automatically reloaded into the frame counter. The frame counter starts counting
down from that value. When the counter value reaches H'01, the frame counter is reloaded with the
reload value, and starts counting down from that value again. FRMR should be set to a value of H'02
or greater.

The frame counter reload value should be changed only when MTEN = 0 in MTCR.

Upon reset, FRMR is initialized to H'0O0.
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14.2.4 Fine-Tuning Register (FTNR)

Bit 7 6 5 4 3 2 1 0

| FTN7 | FTN6 | FTN5 | FTN4 | FTN3 | FTN2 | FTN1 | FTNO |
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

FTNR is an 8-bit read/write register that specifies the reload value of the fine-tuning counter.

The reload value is automatically reloaded into the fine-tuning counter. The fine-tuning counter starts
counting down from that value. When the counter value reaches H'01, the fine-tuning counter is
reloaded with the reload value, and starts counting down from that value again.

The fine-tuning counter reload value should be changed only when MTEN=0 in MTCR.

Upon reset, FTNR is initialized to H'0O.

14.2.5 Initial Level Register (ITLR)

Bit 7 6 5 4 3 2 1 0

| - | - | - | ITL4 | ITL3 | ITL2 | ITL1 | ITLO |
Initial value 1 1 1 0 0 0 0 0
Read/Write - - _ RIW RIW RIW RIW RIW

ITLR is an 8-bit read/write register that specifies the analog output level when the multitone generator
starts operating.

Upon reset, ITLR is initialized to H'EO.

Bits 7 to 5: Reserved bits

Bits 7 to 5 are reserved; they are always read as 1, and cannot be modified.
Bits 4 to O:Initial level 4 to O (ITL4 to ITLO)

Bits 4 to 0 specify the initial analog level output from the TONEM pin when the multitone generator
starts operating. The multitone generator commences output from this initial level, then changes the
level according to the bit pattern.
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14.3 Operation

14.3.1 Output Waveform

The multitone generator outputs a staircase approximation to a sine wave or other analog waveform
(figure 14-2).

One step in the staircase waveform consists of one or more bit frames produced by dividing the OSC
clock frequency (f) in the frame counter. The EBLR setting determines the number of bit frames in
one cycle of the waveform.

The output frequency isf divided by the frame counter and by the effective bit length. The fine-
tuning counter can also be used to fine-tune the output frequency.

The output level changes according to the bit pattern on MTG RAM. Any bit pattern can be set, to
generate an arbitrary waveform.

(frame register value x clock source x effective bit length) + (fine-tuning register value x clock source)

lcycle= :
0sC

VTt —

Fine-tuning

Output level

Initial ___|
level

tuning

1step
] e

GND

Time

Enlarged
view
Bitpatem i1 01 01 001 0000 0 00 1070101
Level changes on 1 l l l ' ' '
1 bit frame = frame register value x clock source x t [ I [
osc JEEE ) o s | T
fine-tuning register value x clock source x tggq . = 1

Fine-tuning period =

2

Note: Clock source = clock division ratio: 1, 2, 4, or 8

Figure 14-2 Multitone Generator Output Waveform
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14.3.2 Flow of Operation

Figure 14-3 shows a flow chart of the operation of the multitone generator. The circled numbers in the
flow chart correspond to the numbers of the steps below.

1 Initial setup: set desired values in the DIR, FR1, FRO, FT1, and FTO bits in MTCR, and in
EBLR, FRMR, FTNR, and ITLR, and write bit pattern data in MTG RAM.

2 Setthe DAOE and MTEN bits to 1 in MTCR. The multitone generator starts operating at this
point.

3 The initial output level set in ITLR is output from the TONEM pin. The level will start
changing in the direction (increment or decrement) specified by the DIR bit in MTCR.

4 During each bit frame the output level is held constant. The length of a bit frame is the frame
register value x frame counter clock source (clock division ratig).x t

5 The output level changes according to the bit pattern. Wherever a 1 occurs in the bit pattern
the output level is incremented or decremented by 1/32 gf Wihere a 0 occurs in the bit
pattern the output level is held fixed.

6 The output level is checked when incremented or decremented. If the output level is at its
maximum or minimum value, that level is output for one-half the fine-tuning interval to fine-
tune the output frequency. One-half the fine-tuning interval is the fine-tuning register value x
fine-tuning counter clock source (clock division ratiq)x kX 1/2. If the value in the fine-
tuning register is odd, fine-tuning is extended by one count at the minimum level. If the
value in the fine-tuning register is even, fine-tuning is extended by one count at both the
maximum and minimum levels.

7 The bit counter is incremented to move on to the next bit in the bit pattern. If this does not
make the bit counter value equal to the effective bit length, the process returns to step (4). If
the bit counter value equals the effective bit length (the end of one output cycle), the bit
counter is cleared.

8 After the bit counter is cleared in step (7), the MTEN bit in MTCR is checked. If MTEN is 1,
the multitone generator returns to step (4) and continues operating. If MTEN is O, operation
halts. MTEN can be set or cleared at any point in the output cycle. (The same applies to
output from the TONEM pin and the setting or clearing of the DAOE bit in MTCR.)

Always clear MTEN to O to halt the multitone generator before changing the clock source of
the frame counter or fine-tuning counter (bits FR1, FRO, FT1, and FTO in MTCR), the
effective bit length (EBLR), or the reload value of the frame counter or fine-tuning counter
(FRMR, FTNR). Other parameters can be changed at any time.
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Figure 14-3 Flow Chart of Multitone Generator Operation
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14.4 Register Settings

14.4.1 How to Calculate Register Settings

The settings of the frame register and fine-tuning register can be calculated as explained below from
the OSC clock frequency,(f) and the desired output frequency (the set frequency). Symbols used in
the explanation are defined as follows.

fose OSC clock frequency
f: Set frequency

fout: Output frequency

D1: Frame counter clock source (clock division ratio; 1, 2, 4, or 8)

D2: Fine-tuning counter clock source (clock division ratio; 1,2,4, or 8)

n: Total division ratio

BL: Effective bit length (4 to 128)

C1: Frame register value (frame counter reload value; 2 to 255)

C2: Fine-tuning register value (fine-tuning counter reload value; 0 to 255)
o: Frequency deviation

Parameter relationships

The output frequency (fout) is obtained by dividing the OSC clock frequepgihd is
expressed as follows:

fout=f, /(BL.C1.D1 + C2.D2) % f).......(1)

1 From the OSC clock frequency () and set frequency (f), calculate the total division ratio
(n), which is equivalent to the denominator in equation (1).

n=fJf (round off n to the nearest
integer)
2 Divide the total division ratio (n) by the effective bit length (BL) and frame counter clock

source (clock division ratio, D1) to obtain the frame register value (C1). If the result is
greater than 255, increase D1 to obtain a result of 255 or less.

Cl=n/BL/D1 (round C1 down to the nearest
lower integer, since fine-tuning
is always in the positive
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direction)

3 Subtract the effective bit time (BL.C1.D1) from the total division ratio (n) to obtain the fine-
tuning time (C2.D2). If the result is greater than 255, increase D2 to obtain a result of 255 or
less, as in step 2.

C2=(n-BL.C1.D1)/D2 (round off C2 to the nearest
integer)

4 Substitute the settings found in steps (1) to (3) into equation (1) to calculate the output
frequency (fout).

5 The frequency deviatiom] can be calculated from the set frequency and output frequency.

o = (fout-f)/fx100(%)

14.4.2 Typical Register Settings

Table 14-3 shows typical settings of the multitone generator registers. The setting of the effective bit
length register (EBLR) should be the value shown in table 14-3 minus 1. The effective bit length in
these settings been adjusted so that the fine-tuning interval does not exceed 1% of the cycle length.
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Table 14-3 Typical Multitone Generator Register Settings (1)

Frame Counter

Fine Tuning Counter

osC Set Frequ- Total Effective Bit Reload Clock Reload Clock Output Frequency
Clock ency (Hz)  Division Length Value®™  Source”  Value® Source Frequency(Hz) Deviation (%)
(MHz) Ratio
10 40.0 250000 125 250 8 0 1 40.0000 +0.0
40.1 249377 125 249 8 188 2 40.1001 +0.0002
1000 10000 125 80 1 0 1 1000.00 +0.0
1001 9990 128 78 1 6 1 1001.00 +0.0001
3998 2501 125 20 1 1 1 3998.40 +0.0100
4000 2500 125 20 1 0 1 4000.00 +0.0
9.834 40.0 245760 128 240 8 0 1 40.0000 +0.0
40.1 245147 124 247 8 123 1 40.1000 +0.0001
1000 9830 126 78 1 2 1 1000.04 +0.0041
1001 9821 109 90 1 11 1 1000.96 -0.0043
3998 2459 117 21 1 2 1 3997.72 -0.0069
4000 2458 117 21 1 1 1 3999.35 -0.0163
8 40.0 200000 125 200 8 0 1 40.0000 +0.0
40.1 199501 107 233 8 53 1 40.1000 +0.0001
1000 8000 125 64 1 0 1 1000.00 +0.0
1001 7992 121 66 1 6 1 1001.00 +0.0001
3998 2001 125 16 1 1 1 3998.00 +0.0000
4000 2000 125 16 1 0 1 4000.00 +0.0
7.3723 40.0 184320 128 180 8 0 1 40.0000 +0.0
40.1 183860 111 207 8 44 1 40.1001 +0.0002
1000 7373 110 67 1 3 1 999.97 -0.0027
1001 7365 115 64 1 5 1 1001.06 +0.0059
3998 1844 115 16 1 4 1 3998.26 +0.0066
4000 1843 115 16 1 3 1 4000.43 +0.0109
6 40.0 150000 125 150 8 0 1 40.0000 +0.0
40.1 149626 110 170 8 26 1 40.10000 -0.0000
1000 6000 125 48 1 0 1 1000.00 +0.0
1001 5994 111 54 1 0 1 1001.00 +0.0001
3998 1501 125 12 1 1 1 3997.34 -0.0166
4000 1500 125 12 1 0 1 4000.00 +0.0
Notes: 1. Setin register FRMR.
2. Set in register MTCR (FR1, FRO).
3. Set in register FTNR.
4. Set in register MTCR (FT1, FTO0).
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Table 14-3 Typical Multitone Generator Register Settings (2)

Frame Counter

Fine Tuning Counter

OSC Clock Set Total Effective Bit Reload Clock Reload  Clock Output Frequency
(MHz) Frequency Division Length Value™ Source” Value®  Source ™ Frequency Deviation
(H2) Ratio (H2) (%)
4.9152 40.0 122880 128 240 4 0 1 40.0000 +0.0
40.1 122574 111 138 8 30 1 40.0999 -0.0004
1000 4915 126 39 1 1 1 1000.04 +0.0041
1001 4910 109 45 1 5 1 1001.06 +0.0059
3998 1229 111 11 1 8 1 3999.35 +0.0337
4000 1229 111 11 1 8 1 3999.35 -0.0163
4.19304 40.0 104826 123 213 4 30 1 40.0000 +0.0
40.1 104565 121 216 4 21 1 40.0998 -0.0004
1000 4193 127 33 1 2 1 1000.01 +0.0010
1001 4189 123 34 1 7 1 1000.96 -0.0036
3998 1049 116 9 1 5 1 3997.18 -0.0206
4000 1048 116 9 1 4 1 4000.99 +0.0248
4 40.0 100000 125 200 4 0 1 40.0000 +0.0
40.1 99751 107 233 4 27 1 40.0998 +0.0004
1000 4000 125 32 1 0 1 1000.00 +0.0
1001 3996 111 36 1 0 1 1001.00 +0.0001
3998 1001 125 8 1 1 1 3996.00 -0.0499
4000 1000 125 8 1 0 1 4000.00 +0.0
3.579545 40.0 89489 119 188 4 1 1 39.9998 -0.0004
40.1 89265 111 201 4 21 1 40.1002 +0.0005
1000 3580 119 30 1 10 1 999.87 -0.0127
1001 3576 119 30 1 6 1 1000.99 -0.0009
3998 895 127 7 1 6 1 3999.49 +0.0373
4000 895 127 7 1 6 1 3999.49 -0.127
2.4576 40.0 61440 128 240 2 0 1 40.0000 +0.0
40.1 61287 111 138 4 15 1 40.0999 -0.0004
1000 2458 117 21 1 1 1 999.84 -0.0163
1001 2455 98 25 1 5 1 1001.06 +0.0059
3998 615 123 5 1 0 1 3996.10 -0.0476
4000 614 102 6 1 2 1 4002.61 +0.0651
2 40.0 50000 125 200 2 0 1 40.0000 +0.0
40.1 49875 107 233 2 13 1 40.1003 -0.0006
1000 2000 125 16 1 0 1 1000.00 +0.0
1001 1998 111 18 1 0 1 1001.00 +0.0001
3998 500 125 4 1 0 1 4000.00 +0.0500
4000 500 125 4 1 0 1 4000.00 +0.0
1 40.0 25000 125 200 1 0 1 40.0000 +0.0
40.1 24938 107 233 1 7 1 40.0994 -0.0014
1000 1000 125 8 1 0 1 1000.00 +0.0
1001 999 111 9 1 0 1 1001.00 +0.0001
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Frame Counter Fine Tuning Counter

OSC Clock Set Total Effective Bit Reload Clock Reload  Clock Output Frequency
(MHz) Frequency Division Length Value™ Source” Value®  Source ™ Frequency Deviation
(H2) Ratio (H2) (%)
3998 250 83 3 1 1 1 4000.00 +0.0500
4000 250 83 3 1 1 1 4000.00 +0.0

Notes: 1. Set in register FRMR.
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2. Set in register MTCR (FR1, FRO).
3. Set in register FTNR.
4. Set in register MTCR (FT1, FTO).
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14.5 Bit Pattern Setting on MTG RAM

14.5.1 Bit Pattern on MTG RAM

MTG RAM is a 16-byte area from address H'FF80 to address H'FF8F, which can hold a bit pattern of
up to 128 hits. The bit pattern can be set to give a sine wave or other waveform, such as a triangle
wave or a trapezoid wave with a variable duty cycle.

The MTG RAM data is sent to the increment/decrement circuit starting from bit O at address H'FF80
(figure 14-4).

Address 7 MTG RAM 0 7 0
HFFSD |~ MG RAM ojofofrfo|1]o]|1]| HB
HFF8l | -~ == l ll Transfer
7 / Increment/ ]
decrement 1lol1]lol212]o0]o0]o0 H'A8
; ; circuit data
H'FF8E
, Output
HFF8F waveform

Relation of output to MTG RAM data (example)

Figure 14-4 Bit Pattern on MTG RAM
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14.5.2 Typical Bit Pattern Settings

Typical bit pattern settings for output of a sine wave, triangle wave, and trapezoid wave are shown
below (figures 14-5 to 14-7).

1. Sine wave (starting at center point)
Initial level: OF
Effective bit length; 128
Initial direction: increment
The settings of individual bits can be found by the following integer approximation to the
sine function.
Vout/VT, = INT(SIN(bit/128*2m) + 1)/2*31/32

(31/32)

VT

ref

0001000000000010
01010101 00101010

Output level
Initial 10110111 (15(32)
level
(15/32)

10110111 —— (15532)

10111011

01111011 10101101

01010101

01101101 00101010

0001000000000010

GND
2 [ % (032) 128
Time (unit : bit)
MTG RAM HFF80 HFF81 HFF82 HFF83 HFF84 HFF85 HFF86 HFF87  HFF88 HFF89 HFF8A  HFF8B  HFF8C  HFF8D  HFFBE  HFF8F
address
MTG RAM H' DD H'B6 H AA H08 H'40 H'54 H'BS HED H' DD H'B6 H AA H'08 H' 40 H'54 H'BS H'ED

data

Note: Numbers in parentheses are output levels.

Figure 14-5 Typical Bit Pattern for Sine Wave
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Triangle wave

Initial level: 0

Effective bit length: 124
Initial direction: increment

Initial
level 01010101

(3

ref[ (3132)
01010101

, 01010101
Output 01010101

01010101
level |

01010101 01010101
01010101
01010101 01010101

01010101

2\ [ 01010101

GND 2 64 9% 128
Time (unit : bit)

MTG RAM HFF80 HFF81 HFF82 HFF83 HFF84 HFF85 HFF86 HFF87  HFF88 HFF89 HFF8A  HFF8B  HFF8C  HFF8D  HFF8E  HFF8F
address

MTG RAM H'AA H'AA H AA H' AA H'AA H'AA H AA H' AA H'AA H'AA H'AA H' AA H'AA H' AA H'AA H'0A
data

Note: Numbers in parentheses are output levels.

Figure 14-6 Typical Bit Pattern for Triangle Wave

Trapezoid wave (50% duty)
Initial level 0O
Effective bit length: 128

Initial

level

(0132) =
00000000000000000000000000000000
|

Initial direction: increment
Vi 11111111 (31/32) 01111111
ref 00oo000O0D0000000000OOO0000000000
[ 11111111
Oulput7
level | 11111111 11111111

01111111 11111111

GND 32 64 9% 128
Time (unit : bit)
MTG RAM HFF80 HFF81 HFF82 HFF83 HFF84 HFF85 HFF86 HFF87  HFF88 HFF89 HFFBA  HFF8B  HFF8C  HFF8D  HFFBE  HFF8F
address
MTG RAM H'00 H' 00 H' 00 H' 00 H'FE H'FF H'FF H'FF H'00 H'00 H'00 H'00 H'FE H'FF H'FF H'FF
data

Note: Number in parentheses are output levels.

Figure 14-7 Typical Bit Pattern for Trapezoid Wave (50% Duty)
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14.5.3 Modification of Bit Patterns

The multitone generator an interrupt every half-cycle (when the bit count in the bit counter equals the
value set in the effective bit length register or half that value). The output waveform can be controlled
a cycle at a time by modifying half of the bit pattern (the half that has already been output) at every
half-cycle. The effective bit length, frame register value, frame counter clock source, fine-tuning
register, and fine-tuning counter clock source should be left unaltered.

Figure 14-8 shows the timing of the interrupts and the timing of modification of bit pattern data.

This figure shows two transmit waveforms. Waveforms (1) and (3) have the same bit pattern. The
direction of level change depends on the direction of change in the previous interval.

In a waveform like (2) in which the direction of change in the output level reverses, set a bit pattern
that will give an output level at the end of the cycle that complements the output level at the start of
the cycle. (For example, if the starting level is 15/32, the ending level should be 16/32).

Example : MSK modem

1200 bps Start

833 s
-——————————
Transmit 1 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 1
data
1200 Hz 1800 Hz
(mark) (space

Bl

Transmit /\ @) /\ )/\ ® /\E@/ m®/\ ®

waveform %\/ % / \\/ k 5 \ j

lsthalfof(D) | 2ndhalfef (D) | 1sthalfof(3) 2nd half o(3) 1st half of (6) 2nd half of(6)
. NIV /

] NI |

data
\\

modification / \ s
1t half 61(2) Isthalfof (4)  2hd half of (4)

e | | |

Ri=

¥ (=

Figure 14-8 Timing of Interrupts and Bit Pattern Data Modification
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14.6 Application Notes

» Make sure the effective bit length setting matches the length of the bit pattern.

» If alarge amount of fine-tuning is necessary per cycle, make allowances for the fine-tuning
when setting the bit pattern.

» Do not change the settings of bits FR1, FRO, FT1, and FTO in MTCR, or of EBLR, FRMR,
or FTNR, while the multitone generator is operating.

» The multitone generator can operate at any oscillator frequency, but if the DTMF generator
is also used, the OSC clock frequengy.d should be an integer multiple of 400 kHz
between 1.2 MHz and 10 MHz.

¢ The output level changes by 1/32.VTref at each bit having a value of 1 in the bit pattern, so it
is not possible to output a steep waveform with changes of 2/32oWmore per bit. If a
waveform has a steep portion, the bit pattern should be modified by adjusting the preceding
and following parts to obtain a continuous output waveform.

¢ The multitone generator is in operation from stop control (MTEN = 0) til the end of the cycle
being output. If an operation is to begin immediately following stop control, leave at least a
one cycle gap in between operations.
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Section 15 Electrical Characteristics

15.1  Absolute Maximum Ratings
Table 15-1 lists the absolute maximum ratings.

Table 15-1 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage Ve -0.3t0 +7.0 \%
Analog power supply voltage AV . -0.3t0+7.0 \%
AV, -0.3to AV, +0.3 \
Reference level supply voltage VT, -0.3to V. +0.3 \Y
Programming voltage v, -0.3to +13.0 \%
Input voltage Ports other than portB  V,, -0.3to V. +0.3 \Y
Port B AV, -0.3to AV + 0.3 \

Operating temperature Ton -20to + 75 °C

Storage temperatature T -55 to +125 °C

Note: Permanent damage may occur to the chip if maximum ratings are exceeded. Normal
operation should be under the conditions specified in Electrical Characteristics. Exceeding
these values can result in incorrect operation and reduced reliability.
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15.2 Electrical Characteristics

15.2.1 Power Supply Voltage and operating Range
The power supply voltage and operating range are indicated by the shaded region in the figures below.

1. Power supply voltage vs. oscillator frequency range

100 b ———— — —
= 32.768 |———f !
= =) I I I
=0 = I I I
.3 50 |—— = I I I
I I I
I I I
I I I
20 |== I | | |
2.7 40 55 2.7 4.0 5.5
Vcc(v) Vcc(v)
* Active mode (high and medium speeds) * All operating modes
* Sleep mode
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2. Power supply voltage vs. clock frequency range

50 oo
_ g 16.384 f......... { . ]
F ?
= 2 :
=S R s :
8.192 |.veeenen f j
4,096 |.eovenen. i ’ i
05 foooe | . . i ; i
2.7 20 55 27 20 55
v Ve )
* Active mode (high speed) * Subactive mode
* Sleep mode (except CPU) * Subsleep mode (except CPU)
* Watch mode (except CPU)
625.0 [neeerrerereeeeiniiiinnne
5000 |ooveeveercierieieinians .
g
o 3125 —
25 - :
2.7 4.0 55
()
cc
* Active mode (medium speed)
3. Analog power supply voltage vs. A/D converter operating range
50 m————— —— 6250 | ————————
5000 [————————
g ) | |
S 25 —— < 3125 I I
I I
I I
05 —— I 625 |— I I
l L L
2.7 4.0 55 2.7 40 55
AV (V) AV (V)
* Active (high speed) mode * Active (medium speed) mode
* Sleep mode
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15.2.2 DC Characteristics
Table 15-2 lists the DC characteristics.
Table 15-2 DC Characteristics

V,.=27V1t055V, A . =27V1t055V, \=AV, =0.0V, T =-20°C to+75°C, including
subactive mode, unless otherwise indicated.
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Item Symbol Applicable Min Typ Max Unit Test Condition Note

Pins
Input high V,, RES, NMI, 0.8 V. - V+0.3 \Y V,=40Vt055V
voltage WKP, to WKP,,
IRQ, to IRQ,,
TMIF,
TMIG, 0.9 Vg, - V+0.3
SCK,,SCK,,
ADTRG
Sl,, RXD 0.7 Veo - V+0.3 Y Ve =40Vt055V
0.8 V. - V+0.3
0sc, V0.5 - V., +0.3 Y V,=40Vt055V
V0.3 - V+0.3
P1,to P1, 0.7 Veo - V., +0.3 Y Ve =40Vt055V
P2, to P2,
PS5, to P5,
P6, to P6,
P7,to P7,
P8, to P8, 0.8 V. - V. +0.3
P9, to P9,
PA, to PA,
PD, to PD,
PE, to PE,
PB, to PB, 0.7 Veo - AV, +0.3 Y Ve =40Vt055V
0.8 V. - AV, +0.3
Input low V, RES, NMI, 0.3 - 0.2V \Y Ve =40Vt0o55V
voltage WKP, to WKP,,
IRQ, to IRQ,,
TMIF,
TMIG, SCK,,  -0.3 - 0.1V
SCK,, ADTRG
Sl,, RXD 0.3 - 0.3V \Y Ve =40Vt055V
0.3 - 0.2V
0sC, 0.3 - 0.5 \Y V. =4.0Vt055V
-0.3 - 0.3

Note: Connect pin TEST to V..
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Table 15-2 DC Characteristics (cont)

V,.=27V1to55V, A, =27Vto55V, \(=AV, =00V, T =-20°C to +75°C, including
subactive mode, unless otherwise indicated.
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Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note

Input low A P1,to P1, 0.3 - 0.3V, v Voe=40V1t055V

voltage
P2, to P2,
PS5, to P5,
P6, to P6,
P7,to P7,

P8, to P8,

P9, to P9, 0.3 - 0.2V
PA, to PA,
PB, to PB,
PD, to PD,

PE, to PE,

Output high \% P1,to P1, V1.0 - - \Y Ve =40Vt0o55V
voltage P2,to P2, -loy = 1.0 MA
PS5, to P5,

P6, to P6, V.-0.5 - - Vo=40V1t055V
P7,to0 P7, -l = 0.5 MA

P8, to P8,

P9, to P9, V0.5 - - -l = 0.1 mA
PA, to PA,
PD, to PD,

PE, to PE,

Output low Vo, P5,to P5, - - 0.5 l,, =0.4 mA

voltage

P6, to P6,

P7,to0 P7,

P8, to P8,

P9, to P9,

PA, to PA,

PD, to PD,

PE, to PE,

P1,to P1, - - 15 Voe=40V1t055V

P2,to0 P2, <l =10 MA

- - 0.6 V,=40V1t055V

<l = 1.6 MA

- - 0.5 lo = 0.4 MA
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Note: Connect pin TEST to Vss.
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Table 15-2 DC Characteristics (cont)

V,.=27Vto55V, AL =27Vto55V, \(=AV, =00V, T=-20°C to +75°C, Including
subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins  Min Typ Max Unit Test Condition Note
Input leakage  [I,] RES, NMI - - 20 HA V,=05Vto 2
current
1 V05V 1
0sc, - - 1 HA V,,=05Vto
V05V

P1,to P1,

P2,to P2,

P5, to P5,

P6, to P6,

P7,t0 P7,

P8, to P8,

P9, to P9,

PA, to PA,

PD, to PD,

PE, to PE,

PB, to PB, - - 1 V,,=05Vto

AV_.-0.5V

Pull-up MOS -, P1,to P1, 50 - 300 HA Ve=5V,V,=0
current P2,to P2, \Y

P5,t0 P5,P6,t0 -- 35 - HA V,=27V,V, = Reference value

P6, ov
Input Cy All input pins - - 15 P f=1MHz,V,=0
capacitance except power \Y

supply pins

RES - - 60 T,=25°C 2

NMI -- -- 30

Notes: 1  Applies to HD6433875U, HD6433876U, and HD6433877U.
2. Applies to HD6473877U.
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Table 15-2 DC Characteristics (cont)

V,.=27V1to55V, A, =27Vto55V, \(=AV, =00V, T =-20°C to +75°C, including
subactive mode, unless otherwise indicated.
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Item Symbol Applicable Pins  Min Typ Max Unit Test Notes

Condition
Active mode - Vee - 12 24 mA Active mode 1,2
current (high speed),
dissipation V=5V, fose
=10 MHz
opez Vee - 25 5 mA Active mode 1,2
(medium
speed), V.. =5
V, foie = 10
MHz
Sleep mode seer Vee - 5 10 mA V=5V, foee 1,2
current =10 MHz
dissipation
Subactive [ Vee - 50 130 PA V=27V, 1.2
mode current LCD on,
dissipation 32-kHz crystal
oscillator
(2272445 =
2222wW/2)
- 40 - HA V=27V, Reference
LCD on, value 1,2
32-kHz crystal
oscillator
(2272445 =
2222w/8)
Subsleep lsuase Ve - 40 90 PA V=27V, 1.2
mode current LCD on,
dissipation 32-kHz crystal
oscillator (@,
= @w/2)
Watch mode | I— Vee - - 6 HA V=27V, 12
current LCD not used,
dissipation 32-kHz crystal
oscillator
Standby mode Iy, Vee - - 5 HA 32-kHz crystal 1,2
current oscillator not
dissipation used
RAM data A7 Ve 2 - - \Y 1,2
retaining
voltage

Notes: 1. Pin states during current measurement are shown below.
2. Excludes current in pull-up MOS transistors and output buffers.
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Mode RES Pin Internal State  Other Pins LCD Power  Oscillator Pins
Supply
Active mode (high V. Operates Ve Open System clock
and medium oscillator: Crystal
speed) Subclock oscillator:
Pin X, = V..
Sleep mode Ve Only timer Ve Open
operates
Subactive mode V. Operates Ve Open System clock
oscillator: Crystal
Subclock oscillator:
Crystal
Subsleep mode V. Only timer Ve Open
operates, CPU
stops
Watch mode Vce Only time-base V. Open
clock operates,
CPU stops
Standby mode Ve CPU and timers V. Open System clock

all stop

oscillator: Crystal
Subclock oscillator:
Pin X, = V..

HITACHI
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Table 15-2 DC Characteristics (cont)

V,=27V1to55V, A, =27Vto55V, (=AY, =00V, T=-20C to +75C, including
subactive mode, unless otherwise indicated.

Item Symbol Applicable  Min Typ Max Unit Test

Pins Condition
Allowable I, Output pins -- - 2 mA V,.=40V
output low except in to5.5V
current ports 1 and
(per pin) 2

Ports 1 and -- -- 10 V,.=40V

2 to55V

All output - -- 0.5

pins
Allowable I Output pins -- -- 40 mA V,.=40V
output low exceptin to5.5V
current ports 1 and
(total) 2

Ports 1 and -- -- 80 V=40V

2 to55V

All output - -- 20

pins
Allowable -l All output - -- 2 mA V=40V
output high pins to5.5V
current
(per pin)

-- -- 0.2
Allowable -1, All output - -- 15 mA V=40V
output high pins to5.5V
current
(total)
-- -- 10
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15.2.3 AC Characteristics
Table 15-3 lists the control signal timing, and tables 15-4 and 15-5 list the serial interface timing.
Table 15-3 Control Signal Timing

V,=27V1to55V, A, =27Vto55V, \=AV, =00V, T =-20C to + 75C, including
subactive mode, unless otherwise specified.
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Item Symbol Applicable Min Typ Max Units Test Condition Note
Pins
System clock  fuq. 0OSC,, OSC, 2 - 10 MHz V,.=4.0Vto
oscillation 55V
frequency
2 -- 5
OSC clock tosc 0SC,, 0SC, 100 - 1000 ns V,=40Vto 1
(9,s0) CYCle 55V
time
200 -- 1000
System clock 2 - 16 tosc
(9) cycle time
-- -- 2000 ns
Subclock fu Xy X, - 32.768 - kHz
oscillation
frequency
Watch clock ty Xy X, - 30.5 - us
cycle time (@,)
Subclock (@ue)  toupeye 2 - 8 ty 2
cycle time
Instruction 2 - - toye Laubeye
cycle time
Oscillation t. 0OSC,, OSC, - - 49 ms V,=4.0Vto
stabilization 55V
time (crystal
oscillator)
- - 60
Oscillation t. Xy X, - - 2 s
stabilization
time
External clock t,, OSC, 40 - - ns V,=4.0Vto Figure 15-4
high width 55V
80 - -
External clock t, OSC, 40 - - ns V.,=4.0Vto Figure 15-4
low width 55V
80 - -
External clock t, - - 15 ns V.,=4.0Vto Figure 15-4
rise time 55V
- - 20
External clock t., - - 15 ns V.,=4.0Vto Figure 15-4
fall time 55V
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Item Symbol Applicable Min Typ Max Units Test Condition Note

Pins

20

Pin RES low t
width

RES 10 - - tcyc Figure 15-5

REL

Notes: 1.A frequency between 1 MHz to 10 MHz is required when an external clock is input.
2.Selected with SA 1 and SAO of system clock control register 2 (SYSCR2).

Table 15-3 Control Signal Timing (cont)
Table 15-3 Control Signal Timing (cont)

V,=27V1t055V, A . =27Vto55V, \(=AV, =00V, T =-20C to +75C, including
subactive mode, unless otherwise specified.

Item Symbol  Applicable  Min Typ Max Units Test Reference
Pins Condition Figure
Input pin high  t,, NMI, IRQ, to 2 - - toye Laubeye Figure 15-6
width IRQ,, WKP, to
WKP,, ADTRG,
TMIF, TMIG
Input pinlow  t NMI, IRQ, to 2 - - toye Laubeye Figure 15-6
width IRQ,, WKP, to
WKP,, ADTRG,
TMIF, TMIG

Table 15-4 Serial Interface Timing (SCI1)

V,.=27V1to55V, AL =27Vto55V,\(=AV, =00V, T=-20C to +758C, unless
otherwise specified.
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Item Symbol Applicab  Min Typ Max Unit Test Referenc

le Pins Conditio e Figure
n

Input serial t_, SCK, 2 - -- toe Figure
clock cycle 15-7
time
Input serial tg, SCK, 0.4 -- -- teoye Figure15-
clock high 7
width
Input serial t.. SCK, 0.4 -- -- teoye Figure15-
clock low 7
width
Input serial t.,, SCK, -- - 60 ns V. =4.0 Figure
clock rise Vto 55V 15-7
time

-- - 80
Input serial t., SCK, -- - 60 ns V. =4.0 Figure
clock fall Vto 55V 15-7
time

-- - 80
Serial teon SO, -- - 200 ns V. =4.0 Figure
output data Vto5.5V 15-7
delay time

-- - 350
Serial input tg Sl 200 -- -- ns V. =4.0 Figure
data setup Vto5.5V 15-7
time

400 -- --
Serial input tg, Sl 200 -- -- ns V. =4.0 Figure
data hold Vto 55V 15-7
time

400 -- --
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Table 15-5 Serial Interface Timing (SCI3)

V,.=27V1t055V,AL=27V1055V, \,=AV, =00V, T =-20C to + 78C, unless

otherwise specified.

Reference
Item Symbol Min Typ Max Unit Test Figure
Condition
Input clock cycle Asynchronous t 4 S O Figure 15-8
Synchronous 6 - -

Input clock pulse tea 04 -- 06 t, Figure 15-8
width
Transit data delay to - - 1 we  Vee=4.0V Figure 15-9
time (synchronous to5.5V
mode)

|
Receive data setup texs 200 -- - ns V.,=4.0V Figure 15-9
time (synchronous to5.5V
mode)

400 -- -
Receive data hold tan 200 -- - ns V., =4.0V Figure 15-9
time (synchronous to5.5V
mode)

400 -- -

HITACHI
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15.2.4 A/D Converter Characteristics
Table 15-6 shows the A/D converter characteristics
Table 15-6 A/D Converter Characteristics

AV .=V, =27V1055V, A=V, ,=0.0V, T=-20C to 75C, unless otherwise specified.
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Applicable

Item Symbol Pins Min Typ Max Unit Test Note
Condition
Analog power AV . AV . 27 -- 55 \Y 1
supply
voltage
AV, AV, 25 - AV_+03 V
Analog input AV, AN,to AN, -03 -- AV +03 V
voltage
Analog power Al AV, AV, - - 15 mA AV =50V
supply
current
Al AV, AV, - 150 -- HA 2 Reference
value
AISTOPZ AVie, AV, o o 5 HA 3
Analog input C,, AN to AN, -- - 30 pF
capacitance
Allowable R, - - 10 kQ
signal source
impedance
Resolution - - 8 bit
(data length)
Non-linearity - - $20 LSB
error
Quantization - - +0.5 LSB
error
Absolute - - 25 LSB
accuracy
Conversion 12. - 248 s AV, =45V
time 4 to5.5V
24, - 248 us AV, =40V
8 to55V

Notes: 1. Set AV_. = V. when the A/D converter is not used.
2. Al is the current in active and sleep modes while the A/D converter is idle.

3. Al is the current at reset and in standby, watch, subactive, and subsleep modes
while the A/D converter is idle.
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15.2.5 LCD Characteristics

Table 15-7 lists the LCD characteristics, and table 15-8 lists the AC characteristics for external
segment expansion.

Table 15-7 LCD Characteristics

Vo.=27V1t055V, AL =27V1t055V, \(=AV, =0.0V, T =-20C to 75C, including
subactive mode, unless otherwise specified.

Applicable
Item Symbol Pins Min Typ Max Unit Test Condition Note
Segment driver  V,, SEG, to SEG,, -- -- 06 V Il,=2uA 1
voltage drop
Common driver V. COM, to COM, -- -- 03 V Il,=2uA 1
voltage drop
LCD power R 50 300 900 KQ BetweenV, and Vg
supply voltage
divider
resistance
LCD power V.o V, 2.7 - V. V 2
supply voltage

Notes: 1. These are the voltage drops between the voltage supply pins V1, V2, V3, and V, and
the segment pins or common pins.

2.When V., is supplied from an external source, the following relation must hold: V. =
V,2V,2V, 2V,

Table 15-8 AC Characteristics for External Segment Expansion

V,=27V1t055V, A . =27Vto55V, \(=AV, =00V, T =-20C to +75C, including
subactive mode, unless otherwise specified.
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Applicable Reference

Item Symbol Pins Min  Typ Max Unit Test Figure
Condition

Clock high width t,,, CL,, CL, 800 -- -- ns * Figure 15-1
Clock low width  t_,, CL, 800 -- -- ns * Figure 15-1
Clock setup time t., CL, 500 -- -- ns * Figure 15-1
Data setup time  t, DO 300 -- -- ns * Figure 15-1
Data hold time  t_, DO 300 -- -- ns * Figure 15-1
M delay time tow M -1000 -- 1000 ns Figure 15-1
Clockriseand t CL,, CL, - - 100 ns Figure 15-1

fall times

Note: * Value when the frame frequency is set to between 32 Hz and 610 Hz.

— l—ter
/ X | Ve -05v
cL1 / 04V
t t
cwH |, ‘cwH
tesu
cL2 1
0.4V
tesu
Voo 0.5V
DO cc
0.4V
tsy 'DH
' 1
M 0.4V
t pM—]

Figure 15-1 Segment Expansion Signal Timing
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15.2.6 DTMF and Multitone Generator Characteristics

Table 15-9 lists the DTMF generator and multitone generator characteristics.

Table 15-9 DTMF and Multitone Generator Characteristics

V.=30V1t055V,AL.=27Vt055V,\=AV, =0.0V, T =-20to +75C, f...= 10 MHz,
unless otherwise specified)
Applicable

Item Symbol Pins Min Typ Max Unit Test Condition Note

Reference level VT, VT, 3.0 - Ve +03 V

supply voltage

DTMF output Vo TONED 750 990 . mvVrms VT_-GND=3.0VR_ = Figure 15-2

voltage (row) 100 kQ

DTMF output Ve TONED 780 1040 - mvVrms VT_-GND=3.0VR_ = Figure 15-2

voltage (column) 100 kQ

DTMF output %DISDT TONED - 3 7 % VT,-GND=3.0VR = Figure 15-2

distortion 100 kQ

DTMF output level dB, TONED . 25 . dB VT,-GND=3.0VR = Figure 15-2
100 kQ

MTG output voltage V. TONEM 720 960 - mVrms VT, -GND=3.0VR = Figure 15-3”
100 kQ
Sine wave output™

MTG output %DISMT ~ TONEM - 1 3 % VT,-GND=3.0VR = Figure 15-3”

distortion 100 kQ

Sine wave output*1l

Notes: 1. Measured under the settings given in table 14-3 for f_,. = 10 MHz.
2. TONEM output is voltage-driven, so avoid high-current loads.
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R(=100kQ

TONED

o

GND

Figure 15-2 TONED Load Circuit

R(=100kQ

[

TONEM

GND

Figure 15-3 TONE

M Load Circuit

HITACHI
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15.3 Operation Timing

0SC

VIH B N
0SC4
VH_
'cPH tepL
—terr — F‘cm ‘
Figure 15-4 System Clock Input Timing
RES' v, _K i
tREL
Figure 15-5RES Low Width
NMI
IRQ,to IRQ, Vi / \
WKP, to WKP,
ADTRG v
TMIF, TMIG Ik
b '
Figure 15-6 Input Timing
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tseye

VIH or VOH* i
SCK, * \ / \ /
VlLorVOL i,

'sckL 'sckH
ekt 11— 1 sck
tsop
/ Vop
> \VOL
tas| | tsH

s\ [ \, [ =

N

Notes: * Output timing reference levels
Output high: V,,=2.0 V
Output low: V,,=0.8 V

Figure 15-7 Serial Interface 1 Input/Output Timing
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tsckw

U seyc

Figure 15-8 SCK, Input Clock Timing

tseye |

SCK 4 k / k Z'
— %0

TXD

(transmit data)

'rxs]| | tRxH

- O

Figure 15-9 Input/Output Timing of Serial Interface 3 in Synchronous Mode
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15.4 Output Load Circuits

n ) <

Y = 1o

1 7T

Figure 15-10 Output Load Condition
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Appendix A CPU Instruction Set

A.l Instructions

Operation Notation

Rd8/16 General register (destination) (8 or 16 bits)
Rs8/16 General register (source) (8 or 16 bits)
Rn8/16 General register (8 or 16 bits)

CCR Condition code register

N N (negative) flag in CCR

z Z (zero) flag in CCR

\% V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#xx:3/8/16 Immediate data (3, 8, or 16 bits)

d: 8/16 Displacement (8 or 16 bits)

@aa: 8/16 Absolute address (8 or 16 bits)

+ Addition

- Subtraction

X Multiplication

+ Division

O Logical AND

O Logical OR

O Exclusive logical OR
- Move

- Logical complement
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Condition Code Notation

Symbol

0 Modified according to the instruction result
* Not fixed (value not guaranteed)

0 Always cleared to 0

-- Not affected by the instruction execution result
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Table A-1 lists the H8/300L CPU instruction set.
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Table A-1

Instruction Set

Mnemonic Operation Addressing Mode/Instruction Condition Code
Length (bytes)
9 c ¢ s B
- —~ QL
I 2 TS L8003 0
%) % @ x o E
° # o ® g oo o]
s d= 835 &3
2 Sz0jy
= 4 ® Y
O ® g )
S
Z
MOV.B #xx:8, Rd B #xx:8-Rd8 2 - -1t 2
MOV.B Rs, Rd B Rs8-Rd8 2 S T 2
MOV.B @Rs, Rd B @Rs 16-Rd8 2 B 4
MOV.B @(d:16, Rs), Rd B @(d:16, Rs 16) ~Rd8 4 - -t 1 6
MOV.B @Rs+, Rd B @Rs16-Rd8 Rs 16+1- Rs 16 2 R 6
MOV.B @aa:8, Rd B @aa:8-Rd8 2 - -1t 4
MOV.B @aa:16, Rd B @aa:16-Rd8 4 - -1t 6
MOV.B Rs, @Rd B Rs8-@Rd16 2 - -t 4
MOV.B Rs, @(d:16, Rd) B Rs8-@(d:16, Rd16) 4 R 6
MOV.B Rs, @-Rd B Rd16-1-Rd16 Rs8 -@Rd16 2 - -t 1 6
MOV.B Rs, @aa:8 B Rs8-@aa8 2 - -1t 4
MOV.B Rs, @aa:16 B Rs8-@aa:l6 4 - -1t 6
MOV.W #xx:16, Rd W #xx:16 -Rd 4 - -t 2 4
MOV.W Rs, Rd W Rs16 -Rd16 2 S 2
MOV.W @Rs, Rd W @Rs16-Rd16 2 R 4
MOV.W @(d:16, Rs), W @(d:16, Rs16) -Rd16 4 R 6
Rd
MOV.W @Rs+, Rd W @Rs16-Rd16 Rs16+2 -Rs16 2 - - t t+ 0 - 6
MOV.W @aa:16, Rd W @aa:16 ~-Rd16 4 - -1t 6
MOV.W Rs, @Rd W Rsl16 -@Rd16 2 - -t 4
MOV.W Rs, @(d:186, W Rs16-@(d:16, Rd16) 4 R 6
Rd)
MOV.W Rs, @-Rd W Rd16-2 -Rd16 Rs16 -@Rd16 2 B 6
MOV.W Rs, @aa:16 W Rsl6-@aa:16 4 - -1t 6
POP Rd W @SP -Rd16 SP+2-.SP 2 - -t 6
PUSH Rs W SP-2.SP Rs16-@SP 2 S T - 6
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Mnemonic Operation Addressing Mode/Instruction Condition Code
Length (bytes)
8 c ¢ g B
—
8 s Tty g © = 0
) X QEaxxloe E
° # o ® g oo o]
s S8 3 7
g Bx®x%
i ® u—
O ® g )
o
Z
ADD.B #xx:8, Rd B Rd8+#xx:8 - Rd8 2 -ttt 2
ADD.B Rs, Rd B Rd8+Rs8-Rd8 -ttt 2
ADD.W Rs, Rd W Rd16+Rs16 - Rd16 2 - 0Ot 1t 2
ADDX.B #xx:8, Rd B Rd8+#xx:8+C - Rd8 2 2 - 1t O 2
ADDX.B Rs, Rd B Rd8+Rs8+C - Rd8 - 1t 1t O 2
ADDS.W #1, Rd W Rd16+1-Rd16 2 Ll R 2
ADDS.W #2, Rd W Rd16+2 - Rd16 2 Ll R 2
INC.B Rd B Rd8+1- Rd8 2 - -t 1t 2
DAA.B Rd B Rd8 decimal adjust — Rd8 2 - 2
SUB.B Rs, Rd B Rd8-Rs8- Rd8 2 -ttt 2
SUB.W Rs, Rd W Rd16-Rs16 - Rd16 2 - 0Ot 1t 2
SUBX.B #xx:8, Rd B Rd8-#xx:8 -C - Rd8 2 2 - 1t O 2
SUBX.B Rs, Rd B Rd8-Rs8 -C - Rd8 -t O 2
SUBS.W #1, Rd W Rd16-1-Rd16 2 - e e e 2
SUBS.W #2, Rd W Rd16-2- Rd16 2 R 2
DEC.B Rd B Rd8-1-Rd8 2 - -t 1 2
DAS.B Rd B Rd8 decimal adjust - Rd8 2 i 2
NEG.B Rd B 0-Rd-Rd 2 -ttt 2
CMP.B #xx:8, Rd B Rd8-#xx:8 2 2 -ttt 2
CMP.B Rs, Rd B Rd8-Rs8 -ttt 2
CMP.W Rs, Rd W Rd16-Rs16 2 - 0O ¢t 1t 2
MULXU.B Rs, Rd B Rd8 x Rs8 - Rd16 2 e e e 14
DIVXU.B Rs, Rd B Rd16+Rs8- Rd16 (RdH: 2 - - 0 O 14
remainder, RdL: quotient)
AND.B #xx:8, Rd B Rd8Mxx:8 » Rd8 2 - -t 2
AND.B Rs, Rd B Rd8"Rs8- Rd8 2 - -t 1 2
OR.B #xx:8, Rd B Rd80#xx:8 - Rd8 2 - -t 2
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Mnemonic Operation Addressing Mode/Instruction Condition Code
Length (bytes)
9 c ¢ g B
— — —
I s X L306 35 B
) ¥ @R cx g E
o] # o ® g oo o]
s S8 3 7
g S0y
~— £ @ y—
O ® g )
S
Z
OR.B Rs, Rd B Rd8[Rs8- Rd8 2 - -t 2
XOR.B #xx:8, Rd B Rd8I#xx:8 - Rd8 2 - - 1 1 2
XOR.B Rs, Rd B Rd8IRs8- Rd8 2 - -t 1t 2
NOT.B Rd B Rd-Rd 2 - -t 1 2
SHAL.B Rd 2 - -t 2
LI R
SHAR.B Rd 2 - -t 2
L LTI
SHLL.B Rd 2 - -t 2
LI R
SHLR.B Rd 2 - - 0 1 2
oA L[]
ROTXL.B Rd 2 - -t 1t 2
LTI
bs by
ROTXR.B Rd B 2 - -t 1 2
by by c
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Mnemonic Operation Addressing Mode/Instruction Condition Code
Length (bytes)
S c ¢ § 3B
-
S STty g § = %
@ X OFaxzloeokE
° # o ® g oo o]
s d= 835 &3
2 S0y
~— £ @ “—
O ® g )
o
2
ROTL.B Rd 2 Sl 2
INENNEND
by
ROTR.B Rd 2 Sl 2
AL,
h7 b
BSET #xx:3, Rd B (#xx:3 of Rd8)~1 2 - - 2
BSET #xx:3, @Rd B (#xx:3 of @Rd16) 1 4 - - - - 8
BSET #xx:3, @aa:8 B (#xx:3 of @aa:8) ~1 4 - - - 8
BSET Rn, Rd B (Rn8ofRd8) ~1 2 - - - 2
BSET Rn, @Rd B (Rn8 of @Rd16) 1 4 - e e - 8
BSET Rn, @aa:8 B (Rn8of @aa:8) ~1 4 - 8
BCLR #xx:3, Rd B (#xx:3 of Rd8) -0 2 - - 2
BCLR #xx:3, @Rd B (#xx:3 of @Rd16) -0 4 - - - - 8
BCLR #xx:3, @aa:8 B (#xx:3 of @aa:8) -0 4 - 8
BCLR Rn, Rd B (Rn8ofRd8) -0 2 - - - 2
BCLR Rn, @Rd B (Rn8of @Rd16) ~0 4 - 8
BCLR Rn, @aa:8 B (Rn8 of @aa:8) -0 4 - 8
BNOT #xx:3, Rd B (#xx:3 of Rd8) - 2 - - 2
(#xx:3 of Rd8)
BNOT #xx:3, @Rd B (#xx:3 of @Rd16) — 4 e e e - 8
(#xx:3 of @Rd16)
BNOT #xx:3, @aa:8 B (#xx:3 of @aa:8) 4 - e e 8
(#xx:3 of @aa:8)
BNOT Rn, Rd B (Rn8of @Rd8) ~ 2 - e e - 2
(Rn8 of Rd8)
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Mnemonic Operation Addressing Mode/Instruction Condition Code
Length (bytes)
©

; EfEiands 0

z sEOS 2

o Qg ©

o

P
BNOT Rn, @Rd B (R8of @Rd16) — 4 - 8

(Rn8 of @Rd16)
BNOT Rn, @aa:8 B (Rn8of @aa8) — 4 S 8
(Rn8 of @aa:8)

BTST #xx:3, Rd B (#xx:30fRd8) - Z 2 - - -t 2
BTST #xx:3, @Rd B (#xx:3 of @Rd16) - Z 4 - - -t 6
BTST #xx:3, @aa:8 B (#xx:3 of @aa:8 - Z 4 - - -t 6
BTST Rn, Rd B (Rn80ofRd8) - Z 2 - -1 2
BTST Rn, @Rd B (Rn8 of @Rd16) - Z 4 - e e g 6
BTST Rn, @aa:8 B (Rn8of @aa:8) - Z 4 - - -1 6
BLD #xx:3, Rd B (#xx:30fRd8) » C 2 - - 2
BLD #xx:3, @Rd B (#xx:3 of @Rd16) -~ C 4 - - 6
BLD #xx:3, @aa:8 B (#xx:3 of @aa:8) - C 4 - - - 6
BILD #xx:3, Rd B (#xx:30fRd8) » C 2 - - 2
BILD #xx:3, @Rd B (#xx:3 of @Rd16) — C 4 = = o 6
BILD #xx;3, @aa:8 B (#xx:3of @aa:8) - C 4 - 6
BST #xx:3, Rd B C - (#xx:3 of Rd8) 2 - - 2
BST #xx:3, @Rd B C - (#xx:3 of @Rd16) 4 ESRSDED 8
BST #xx:3, @aa:8 B C - (#xx:3 of #aa:8) 4 - - - 8
BIST #xx:3, Rd B C - (#xx:3 of Rd8) 2 - - 2
BIST #xx:3, @Rd B C - (#xx:3 of @Rd16) 4 - - - - 8
BIST #xx:3, @aa:8 B C - (#xx:3 of @aa:8) 4 - - - 8
BAND #xx:3, Rd B CO@#xx:30fRd8) » C 2 - - 2
BAND #xx:3, @Rd B CO(#xx:3 of @Rd16) -~ C 4 - - 6
BAND #xx:3, @aa:8 B C#xx:3 of @aa:8) - C 4 - - - 6
BIAND #xx:3, Rd B CO#xx:3 of Rd8) - C 2 - - 2
BIAND #xx:3, @Rd B CO#xx:3 of @Rd16) - C 4 = = o 6
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Mnemonic

Operation Addressing Mode/Instruction

Length (bytes)

Condition Code

S c ¢ § 3B
—
I 2 TS L8003 0
2) ¥ O axrmloe E
° # o ® g oo o]
s d= 835 &3
2 S0y
= 0 ® Y
O ® g )
=}
P
BIAND #xx:3, @aa:8 B CO#xx:3 of @aa:8) - C 4 - - - 6
BOR #xx:3, Rd B CO#xx:3 of Rd8) - C 2 - - 2
BOR #xx:3, @Rd B CO#xx:3 of @Rd16) - C 4 = = o 6
BOR #xx:3, @aa:8 B CO#xx:3 of @aa:8) - C 4 - - - 6
BIOR #xx:3, Rd B CO#xx:3 of Rd8) - C 2 - - 2
BIOR #xx:3, @Rd B CO#xx:3 of @Rd16) - C 4 I 6
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Mnemonic Operation Addressing Mode/Instruction Condition Code
Length (bytes)
Branching
9 c c 3
ﬁ condition O‘% X E:? 9 g é = 8
%) ¥ O axrmloe E
o] # o ® g oo o]
s =83 &
2 S0y
~— £ @ “—
O ® g )
=}
P
BIOR #xx:3, @aa:8 B CO#xx:3 of @aa:8) - C 4 - - - - - § B
BXOR #xx:3, Rd B CO@#xx:30fRd8) » C 2 - e e - - 2
BXOR #xx:3, @Rd B CO#xx:3 of @Rd16) ~ C 4 T T
BXOR #xx:3, @aa:8 B CO@#xx:3 of @aa:8) -~ C 4 - - - - - B
BIXOR #xx:3, Rd B CO#xx:30fRd8) -~ C 2 - e e - - 2
BIXOR #xx:3, @Rd B CO#xx:3 of @Rd16) ~ C 4 T T
BIXOR #xx:3, @aa:8 B CO#xx:3 of @aa:8) -~ C 4 - - - - - B
BRA d:8 (BT d:8) - PC ~ PC+D:8 2 o
BRN d:8 (BF d:8) - PC ~ PC+2 2 U
BHI d:8 -~ If condition is true C[ZZ=0 2 e e e - 4
then PC
PC+d:8 else next;
BLS d:8 - coz=1 2 e e e e - 4
BCC d:8 - C=0 2 e e e e - - 4
BCS Bd:8 (BLO d:8) - c=1 2 - - . . . 4
BNE d:8 - Z=0 2 e e e e - - 4
BEQ d:8 -- zZ=1 2 e e e - - -4
BvC d:8 - V=0 2 e e e e - 4
BVS d:8 V=1 2 e e e e w4
BPL d:8 - N=0 2 e e e e - 4
BMI d:8 - N=1 2 e e e e w4
BGE d:8 - NOV =0 2 e e e e e - 4
BLT d:8 - NOV=1 2 e e e e e - 4
BGT d:8 - ZO(NOV) = 2 - e = - 4
BLE d:8 - ZO(NOV) = 2 - e = - 4
1
JMP @Rn PC ~ Rn16 2 - - - - - 4
JMP @aa:16 - PC « aa:l6 4 )
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Mnemonic Operation Addressing Mode/Instruction Condition Code
Length (bytes)

Branching

(]
& condition g £ E<T 9 gé g_
@ D OXggoeE 8
s 5283 &
2 2z 9% o
O ® g )
o
2
JMP @@aa:8 -- PC - @aa8 2 e e e
BSR d:8 -~ SP-2 . SP 2 o
PC - @SP
PC —~ PC+d:8
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Table A-1 Instruction Set (cont)
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Mnemonic Operation Addressing Mode/Instruction Condition Code
Length (bytes)
[(e}
: SEgErsRle g
5 SEOZ @
o Qg ©
o
Z
JSR @Rn - SP-2 . SP 2 - - - - 6
PC - @SP
PC ~ Rnl6
JSR @aa:16 -- SP-2 - SP 4 R 8
PC - @SP
PC -~ aa:16
JSR @@aa:8 SP-2 - SP 2 - e - - 8
PC - @SP
PC - @aa:8
RTS - PC .- @SP 2 - - - - 8
SP+2 « SP
RTE - CCR « @SP 2 ¢ ot ot o 10
SP+2 -, SP
PC - @SP
SP+2 -, SP
SLEEP -- Transit to sleep mode. 2 - e e e 2
LDC #xx:8, CCR B #xx:8 -~ CCR 2 tr ot ot 2
LDC Rs, CCR B Rs8 - CCR 2 tr ot ot 2
STC CCR, Rd B CCR - Rd8 2 - e e e 2
ANDC #xx:8, CCR B CCRI#xx:8 -~ CCR 2 R T 2
ORC #xx:8, CCR B CCRI#xx:8 -~ CCR 2 R 2
XORC #xx:8, CCR B CCRO#xx:8 - CCR 2 ottt 2
NOP -- PC ~ PC+2 2 - - - - 2
EEPMOV -- if R4L# O then 4 - - - - 4
Repeat @ R5 - @R6
R5+1 -R5
R6+1 -R6
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Mnemonic

Operation Addressing Mode/Instruction Condition Code
Length (bytes)

@Rn
@@aa
Implied

#xx:8/16
Rn
@(d:16, Rn)

@aa:8/16
@(d:8, PC)

Operand Size
@-Rn/@Rn+

No. of States

R4L -1 - R4L

Until RAL =0

else next;

Notes:

The number of execution states given here assumes the opcode and operand data
are in on-chip memory. For other cases see Appendix A.3 below.

(1) Set to 1 when there is a carry or borrow from bit 11; otherwise cleared to 0.

(2) If the result is zero, the previous value of the flag is retained; otherwise the flag is
cleared to 0.

(3) Set to 1 if decimal adjustment produces a carry; otherwise retains value prior to
arithmetic operation.

(4) The number of states required for execution is 4n + 9 (n = value of R4L).

(5) Set to 1 if the divisor is negative; otherwise cleared to O.

(6) Set to 1 if the divisor is zero; otherwise cleared to 0.
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A.2 Operation Code Map

Table A-2 is an operation code map. It shows the operation codes contained in the first byte of the
instruction code (bits 15 to 8 of the first instruction word).

Instruction when first bit of byte 2 (bit 7 of first instruction word) is 0.

Instruction when first bit of byte 2 (bit 7 of first instruction word) is 1.
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Table A-2 Operation Code Map

Low
0 1 2 3 4 5 6 7 8 9 A B c D E F
High
0 nop | seee | se | we | ore | xorc | awoc | e ADD mc | aoos MoV aoox | oma
1 PR RO ROTY oR xor | o [NOT suB DEC | suss oMp suex | oas
Sial_~Sar]_~Ron|_~Rord NEG
2
MoV

4 BRA BRN BHI | BLS BCC BCS BNE BEQ | BVC BVS | BPL | BMI BGE BLT | BGT | BLE
7 7 %
5 MULXU DIVXU //////// RTS BSR RTE /////// VP / JSR
7. % Z 7
BSET BNOT BCLR BTST A BT 74
7 BOR BXOR BAND BLD % MOV m EEPMOV | Bit-manipulation instructions
BIOR BIXOR BIAND BILD

8 ADD
9 ADDX
A Cmp
B SUBX
c OR

D XOR
E AND
3 MoV

Note: * The PUSH and POP instructions are identical in machine language to MOV
instructions.
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A.3 Number of Execution States

The tables here can be used to calculate the number of states required for instruction execution. Table
A-3 indicates the number of states required for each cycle (instruction fetch, branch address read, stack
operation, byte data access, word data access, internal operation).

Table A-4 indicates the number of cycles of each type occurring in each instruction. The total number
of states required for execution of an instruction can be calculated from these two tables as follows:

Execution states =[x $IX S+ KX §+L xS +Mx§,+Nx§

Examples: When instruction is fetched from on-chip ROM, and an on-chip RAM is accessed.
BSET #0, @FF00

From table A-4:

I=L=2,J=K=M=N=0

From table A-3:

S=2,8=2

Number of states required for execution=2x2+2x2=8

When instruction is fetched from on-chip ROM, branch address is read from on-chip ROM, and on-
chip RAM is used for stack area.

JSR @@ 30

From table A-4:

=2, J=K=1,L=M=N=0
From table A-3:
S=8=&=2

Number of states required for execution=2x2+1x2+1x2=8
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Table A-3  Number of Cycles in Each Instruction

Execution Status Access Location

(instruction cycle) On-Chip Memory  On-Chip Peripheral Module
2 --
|

Instruction fetch

Branch address read

Byte data access . 2 or 3*

S
S
Stack operation S
S
S

Word data access

Internal operation S, 1

Note: * Depends on which on-chip module is accessed. See 2.9.1, Notes on Data Access for
details.
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Table A-4  Number of Cycles in Each Instruction

Instructio Branch Stack Byte
n Fetch Addr.  Operation Data
Read Access

Instruction Mnemonic | J K L M

ADD

ADD.B #xx:8, Rd
ADD.B Rs, Rd
ADD.W Rs, Rd

ADDS

ADDS.W #1, Rd
ADDS.W #2, Rd

ADDX

ADDX.B #xx:8, Rd
ADDX.B Rs, Rd

AND

AND.B #xx:8, Rd
AND.B Rs, Rd

ANDC

ANDC #xx:8, CCR

BAND

BAND #xx:3, Rd
BAND #xx:3, @Rd
BAND #xx:3, @aa:8

Bcc

BRA d:8 (BT d:8)

BRN d:8 (BF d:8)

BLS d:8

BCC d:8 (BHS d:8)

BCS d:8 (BLO d:8)

BNE d:8

BEQ d:8

BVC d:8

BVS d:8

BPL d:8

BMI d:8

BGE d:8

BLT d:8

BGT d:8

BLE d:8

BCLR

392

BCLR #xx:3, Rd

1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
BHI d:8 2
2
2
2
2
2
2
2
2
2
2
2
2
2
1
2

BCLR #xx:3, @Rd

HITACHI



Instructio Branch Stack Byte Word Internal
n Fetch Addr.  Operation Data Data Operation
Read Access Access

Instruction Mnemonic | J K L M N
BCLR #xx:3, @aa:8 2 2
BCLR Rn, Rd 1
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Table A-4 Number of Cycles in Each Instruction (cont)
Instru-ction  Branch Stack Operation Byte Data Word Data  Internal
Fetch Addr. Read Access Access Operation
Instruction Mnemonic J K L M N
BCLR BCLR Rn, @Rd 2 2
BCLR Rn, @aa:8 2 2
BIAND BIAND #xx:3, Rd 1
BIAND #xx:3, @Rd 2 1
BIAND #xx:3, @aa:8 2 1
BILD BILD #xx:3, Rd 1
BILD #xx:3, @Rd 2 1
BILD #xx:3, @aa:8 2 1
BIOR BIOR #xx:3, Rd 1
BIOR #xx:3, @Rd 2 1
BIOR #xx:3, @aa:8 2 1
BIST BIST #xx:3, Rd 1
BIST #xx:3, @Rd 2 2
BIST #xx:3, @aa:8 2 2
BIXOR BIXOR #xx:3, Rd 1
BIXOR #xx:3, Rd 2 1
BIXOR #xx:3, aa:8 2 1
BLD BLD #xx:3, Rd 1
BLD #xx:3, @Rd 2 1
BLD #xx:3, @aa:8 2 1
BNOT BNOT #xx:3, Rd 1
BNOT #xx:3, @Rd 2 2
BNOT #xx:3, aa:8 2 2
BNOT Rn, Rd 1
BNOT Rn, @Rd 2 2
BNOT Rn, @aa:8 2 2
BOR BOR #xx:3, Rd 1
BOR #xx:3, @Rd 2 1
BOR #xx:3, @aa:8 2 1
BSET BSET #xx:3, Rd 1
BSET #xx:3, @Rd 2 2
BSET #xx:3, aa:8 2 2
BSET Rn, Rd 1
BSET Rn, @Rd 2 2
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Table A-4

Number of Cycles in Each Instruction (cont)

Instr-  Branch Stack Byte Word  Internal
uction Addr. Operati Data Data Operati
Fetch Read on Access Access on
Instruction Mnemonic J K M N
BSET BSET Rn, @aa:8 2 2
BSR BSR d:8 2 1
BST BST #xx:3, Rd 1
BST #xx:3, @Rd 2 2
BST #xx:3, @aa:8 2 2
BTST BTST #xx:3, Rd 1
BTST #xx:3, @Rd 2 1
BTST #XX:3, @aa;8 2
BTST Rn, @Rd 1
BTST Rn, @Rd 2 1
BTST Rn, @aa:8 2
BXOR BXOR #xx:3, Rd 1
BXOR #xx:3, @Rd 2 1
BXOR #xx:3, @aa:8 2 1
CMP CMP. B #xx:8, Rd 1
CMP. B Rs, Rd 1
CMP.W Rs, Rd 1
DAA DAA.B Rd 1
DAS DAS.BRd 1
DEC DEC.B Rd 1
DIVXU DIVXU.B Rs, Rd 1 12
EEPMOV EEPMOV 2 2n+2* 1
INC INC.B Rd 1
JMP JMP @Rn 2
JMP @aa:16 2
JMP @@aa:8 2 1
JSR JSR @Rn 2 1
JSR @aa:16 2 1 2
JSR @ @aa:8 2 1 1
LDC LDC #xx:8, CCR 1
LDC Rs, CCR 1
MOV MOV.B #xx:8, Rd 1
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MOV.B Rs, Rd 1
MOV.B @Rs, Rd 1 1

Note: n: Initial value in R4L. The source and destination operands are accessed n + 1 times
each.
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Table A-4

Number of Cycles in Each Instruction (cont)

Word
Data
Access

Internal
Operation

Instruc Branch Stack
tion Addr.  Operation Data
Fetch Read Access

Byte

Instruction Mnemonic

J K L M N

MOV

MOV.B @(d:16, Rs),
Rd

MOV.B @Rs+, Rd
MOV.B @aa:8, Rd
MOV.B @aa:16, Rd
MOV.B Rs, @Rd

MOV.B Rs, @(d:16,
Rd)

MOV.B Rs, @-Rd
MOV.B Rs, @aa:8
MOV.B Rs, @aa:16
MOV.W #xx:16, Rd
MOV.W Rs, Rd
MOV.W @Rs, Rd

MOV.W @(d:16, Rs),
Rd

MOV.W @Rs+,Rd
MOV.W @aa:16, Rd
MOV.W Rs, @Rd

MOV.W Rs, @(d:16,
Rd)

MOV.W Rs, @-Rd
MOV.W Rs, @aa:16

N RPN R RPN
e N N i

[EnY
N

[EnY

N RPN R
N N

[EnY
N

MULXU

MULXU.B Rs, Rd

12

NEG

NEG.B Rd

NOP

NOP

NOT

NOT.B Rd

OR

OR.B #xx:8, Rd
OR.B Rs, Rd

ORC

ORC #xx:8, CCR

POP

POP Rd

PUSH

PUSH Rs

A S I R R S
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Instruc Branch Stack Word Internal
tion Addr.  Operation Data Data Operation
Fetch Read Access

Instruction Mnemonic J K M N

ROTL ROTL.B Rd 1

ROTR ROTR.B Rd 1

ROTXL ROTXL.B Rd 1

ROTXR ROTXR.B Rd 1

RTE RTE 2 2 2

RTS RTS 2 1 2
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Table A-4  Number of Cycles in Each Instruction (cont)
Instru- Branch Stack Byte Word Internal
ction  Addr. Operation Data Data Operation
Fetch Read Access  Access
Instruction  Mnemonic I J K L M N
SHLL SHLL.B Rd 1
SHAL SHAL.B Rd 1
SHAR SHAR.B Rd 1
SHLR SHLR.B Rd 1
SLEEP SLEEP 1
STC STC CCR, Rd 1
SUB SUB.B Rs, Rd 1
SUB.W Rs, Rd 1
SUB SUBS.W#1, Rd 1
SUBS.W #2, Rd 1
SUBX SUBX.B # xx:8, Rd 1
SUBX.B Rs, Rd 1
XOR XOR.B #xx:8, Rd 1
XOR.B RS, Rd1 1
XORC XORC #xx:8, CCR 1
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Appendix B On-Chip Registers

B.1 I/O Registers (1)

Address Bit Names Module
Register

(low) Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 Name

H'90 MTCR DAOE MTEN DIR -- FR1 FR2 FT1 FTO Multitone
H'91 EBLR  -- EBL6 EBLS EBL4 EBL3 EBL2 EBL1 EBLO generator

H'92 FRMR FRM7 FRM6 FRM5 FRM4 FRM3 FRM2 FRM1 FRMO

H'93 FTNR FTN7 FTN6 FTN5 FTN4 FTN3 FTN2 FTN1 FTNO

H'94 ITLR -- -- -- ITL4 ITL3 ITL2 ITL1 ITLO

H'95

H'96

H'97

H'98 PMR1 IRQ3 IRQ2 IRQ1  -- TMIG TMOFH TMOFL TMOW I/O

H'99 PMR2 IRQO  -- POF1 NCS SO1 Si1 SCK1 IRQ4 ports

H'9A

H'9B PMR5 WKP7 WKP6 WKP5 WKP4 WKP3 WKP2 WKP1 WKPO

H9C  PUCR1 PUCR1, PUCR1, PUCR1, PUCR1, PUCR1, PUCR1, PUCR1, PUCR
10

H9D PUCR2 PUCR2, PUCR2, PUCR2, PUCR2, PUCR2, PUCR2, PUCR2, PUCR
20

H9E  PUCR5 PUCRS5, PUCR5, PUCR5, PUCR5, PUCR5, PUCR5, PUCR5, PUCR
50

H9F  PUCR6 PUCRS6, PUCR6, PUCR6, PUCR6, PUCR6, PUCR6, PUCR6, PUCR

60
H'AO SCR1 SNC1 SNCO -- -- CKS3 CKS2 CKS1 CKSO ScCii
H'A1 SCSR1 -- SOL ORER -- -- -- -- STF
H'A2 SDRU SDRU7 SDRU6 SDRU5 SDRU4 SDRU3 SDRU2 SDRU1 SDRU
0
H'A3 SDRL SDRL7 SDRL6 SDRL5 SDRL4 SDRL3 SDRL2 SDRL1 SDRLO
H'A4
H'A5
H'A6
H'A7
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Address Bit Names Module
Register
(low) Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 Name
H'A8 SMR COM CHR PE PM STOP MP CKS1 CKSO SCiI3
H'A9 BRR BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO
H'AA SCR3 TIE RIE TE RE MPIE TEIE CKE1 CKEO
H'AB TDR TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1 TDRO
H'AC SSR TDRE RDRF OER FER PER TEND MPBR MPBT
H'AD RDR RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO
H'AE
H'AF
Notation
SCI1: Serial communication interface 1
SCI3: Serial communication interface 3
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Address Bit Names Module
Register
(low) Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
H'BO TMA TMA7 TMA6 TMA5 -- TMA3 TMA2 TMAl1 TMAO Timer A
H'B1 TCA TCA7 TCA6 TCA5 TCA4 TCA3 TCA2 TCAl1 TCAO
H'B2 DTCR DTEN -- CLOE RWOE CLF1 CLFO RWF1 RWFO DTMF
H'B3 DTLR  -- - - DTL4 DTL3 DTL2 DTL1 DTLO gener-
ator
H'B4
H'BS
H'B6 TCRF TOLH CKSH2 CKSH1 CKSHO TOLL CKSL2 CKSL1 CKSLO TimerF
H'B7 TCSRF OVFH CMFH OVIEH CCLRH OVFL CMFL OVIEL CCLRL
H'B8 TCFH TCFH7 TCFH6 TCFH5 TCFH4 TCFH3 TCFH2 TCFH1 TCFHO
H'B9 TCFL TCFL7 TCFL6 TCFL5 TCFL4 TCFL3 TCFL2 TCFL1 TCFLO
H'BA OCRFH OCRFH OCRFH OCRFH OCRFH OCRFH OCRFH OCRFH OCRFH
7 6 5 4 3 2 1 0
H'BB OCRFL OCRFL OCRFL OCRFL OCRFL OCRFL OCRFL OCRFL OCRFL
7 6 5 4 3 2 1 0
HBC TMG OVFH OVFL OVIE IIEGS CCLR1 CCLRO CKS1 CKSO TimerG
H'BD ICRGF ICRGF7 ICRGF6 ICRGF5 ICRGF4 ICRGF3 ICRGF2 ICRGF ICRGFO
1
H'BE ICRGR ICRGR ICRGR ICRGR ICRGR ICRGR ICRGR ICRGR ICRGRO
7 6 5 4 3 2 1
H'BF
H'CO LPCR DTS1 DTSO CMX  SGX SGS3 SGS2 SGS1 SGSO0 LCD
H'C1 LCR - PSW  ACT DISP CKS3 CKS2 CKS1 CKSO controlle
r/driver
H'C2
H'C3
H'C4 AMR CKS TRGE CKS1 -- CH3 CH2 CH1 CHO A/D
H'C5 ADRR ADR7 ADR6 ADR5 ADR4 ADR3 ADR2 ADR1 ADRO conver-
ter
H'C6 ADSR ADSF -- -- -- -- -- -- --
H'C7
H'C8
H'C9
H'CA
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Address Bit Names

Module
Register

(low) Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
H'CB

H'CC

H'CD

H'CE

H'CF
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Address Bit Names Module
Register

(low) Name Bit7 Bit6é Bit5 Bit4 Bit3 Bit2 Bitl BitO Name
H'DO

H'D1

H'D2 PDRD PD, PD, PD, PD, PD, PD, PD, PD, IO
H'D3 PDRE - - - - PE, PE, PE, PE, ports
H'D4 PDR1 P, P1, P, P1, P1, P1, P1, Pl

H'D5 PDR2 P2, P2, P2, P2, P2, P2, P2, P2

H'D6

H'D7

H'D8 PDR5 Ps, P5, P5 P5 P5 P5 P5 P5 IO
H'D9 PDR6 P6, P6, P6, P6, P6, P6, P6  P6,  ports
H'DA PDR7 pP7, P7, P7, P7, P7, P7, P7, P7,
H'DB PDR8 P8, P8, P8, P8, P8, P8, P8 P8
H'DC PDR9 PO, P9, P9, P9, P9, P9, P9 P9
H'DD PDRA - - - - PA, PA, PA,  PA
H'DE PDRB PB, PB, PB, PB, PB, PB, PB PB,
H'DF

H'EO

HE1

H'E2 PCRD PCRD, PCRD, PCRD, PCRD, PCRD, PCRD, PCRD, PCRD, I/0O
H'E3 PCRE - - - - PCRE, PCRE, PCRE, PCRE, ports
H'E4 PCR1 PCR1, PCR1, PCR1, PCR1, PCR1, PCR1, PCR1, PCR1,

H'E5 PCR2 PCR2, PCR2, PCR2, PCR2, PCR2, PCR2, PCR2, PCR2,

H'E6

H'E7

H'ES PCR5 PCR5, PCR5, PCR5, PCR5, PCR5, PCR5, PCR5, PCR5, I/0O
H'E9 PCR6 PCR6, PCR6, PCR6, PCR6, PCR6, PCR6, PCR6, PCR6, ports
H'EA PCR7 PCR7, PCR7, PCR7, PCR7, PCR7, PCR7, PCR7, PCR7,
H'EB PCR8 8, PCR8, PCR8, PCR8, PCR8, PCR8, PCR8, PCRS,
H'EC PCR9 PCR9, PCR9, PCR9, PCR9, PCR9, PCR9, PCR9, PCRY,
H'ED PCRA - - - - PCRA, PCRA, PCRA, PCRA,
H'EE

H'EF
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Address Bit Names Module
Register
(low) Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
HFO SYSCR SSBY STS2 STS1 STSO LSON - -- -- System
1
H'F1 SYSCR -- -- -- NESEL DTON MSON SA1l SAO0 control
2
H'F2 IEGR NMIEG -- -- IEG4 IEG3 IEG2 IEG1 IEGO
H'F3 IENR1 IENTA IENS1 IENWP IEN4 IEN3 IEN2 IEN1 IENO
H'F4 IENR2 IENDT IENDA IENMT IENTG IENTH IENTFL -- --
H'F5
H'F6 IRR1 IRRTA IRRS1 -- IRRI4 IRRI3 IRRI2 IRRI1 IRRIO System
H'F7 IRR2 IRRDT IRRAD IRRMT IRRTG IRRTFH IRRTFL -- -- control
H'F8
H'F9 IWPR IWPF7 IWPF6 IWPF5 IWPF4 IWPF3 IWPF2 IWPF1 IWPFO System
control
HFA
H'FB
HFC
H'FD
HFE
H'FF
H'FF
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B.2 1/0O Registers (2)

Register Register Address to which the Name of
acronym name register is mapped on-chip
supporting
module
MTCR - Multitone Control register Multitone generator
Bit
numbers
Bit 7 6 5 4 3 2 1 0
Inital bit [ DaoE | wren] DR | [ PR FROJ P [ FO A
values Tiial Vale 0 0 0 1 0 0 0 0 Names of the
ReadWite  RW  RW RW - RW  RW_ RW ?l)tsmgg?fs
reserved hits.
Possible types of access T
R | Read only Fne-tunlng counter clock sourcesalest ——— T~
W | Write only FT1{FT0| Clock Division Rafo Ffull'name
RIW | Read and write 0fo0 1tosc (counter clock = fogy) 4 of bt
0| 1| 2t (counter clock = fg,/2) Descriptions
1 | o[ 4 (counter clock =, /4) of bit settings
1| 1 | 8ty (counter clock = £, /8)
Frame counter clock source select
FR1{FRO| Clock Division Ratio
0[0 ltOSC (counter clock = f)
0 | 1| 2t (counter clock = figg/2)
1]0 OSC (counter clock = fgg/4)
1| 1| 8ty (counter clock = figs/8)
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MTCR--Multitone control register H'90  Multitone generator

Bit 7 6 5 4 3 2 1 0
DAOE MTEN DIR - FR1 FRO FT1 FTO
Initial Value 0 0 0 1 0 0 0 0
Read/Write RIW RIW RIW - RIW RIW RIW RIW
|

[
Fine-tuning counter clock source select

FT1|FTO| Clock Division Ratio

1t . (counter clock = f.)

counter clock = f . /2)

counter clock =f___ /4

(
0SC ( 0SC. )
(

counter clock = f . /8)

0SC (

0SC

0]0
0f1]2
110 |4t
1]1]8t

0SC

Frame counter clock source select

FR1|FRO| Clock Division Ratio
0| 0| 1t (counterclock =f.)
0| 1|2t /(counterclock =f./2)
1| 0 | 4t (counterclock =1 /4)
1| 1 | 8t.(counterclock =f../8)

Initial direction
0 |Level is initially incremented
1 [Level is initially decremented

Multitone generator enable
0 |Multitone generator is halted
1 [ Multitone generator operates

D/A output enable
0 [ Analog output is disabled (high impedance)
1 | Analog output is enabled
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EBLR--Effective bit length register H'91  Multitone generator

Bit 7 6 5 4 3 2 1 0

| - | es6 | ess | ese | es | es2 | esu | esio |
Initial value 1 0 0 0 0 0 0 0
Read/Write - RIW RIW RIW RIW RIW RIW RIW

Effective bit length - 1

FRMR--Frame register H'92  Multitone generator
Bit 7 6 5 4 3 2 1 0
| FRM7 | FRM6 | FRMS5 | FRM4 | FRM3 | FRM2 | FRM1 | FRMO |
Initial value 0 0 0 0 0 0 0 0
Read/Wirite RW RIW RW RW RIW RW RW RW

Value reloaded into frame counter

FTNR--Fine-tuning register H'93  Multitone generator
Bit 7 6 5 4 3 2 1 0
| FTN7 | FTNG | FTNS | FTN4 | FTN3 | FTN2 | FTNL | FTNO |
Initial value 0 0 0 0 0 0 0 0
Read/Wirite RW RIW RW RW RIW RW RIW RIW

Value reloaded into fine - tuning counter

ITLR--Initial level register H'94  Multitone generator
Bit 7 6 5 4 3 2 1 0
| - | - | - | ITL4 | ITL3 | ITL2 | ITL1 | ITLO |
Initial value 1 1 1 0 0 0 0 0
Read/Write - - _ RW RW RW RW RW

Initial analog output level
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PMR1--Port mode register 1 H98  I/O ports
Bit 7 6 5 4 3 2 1 0
| IRQ3 | IRQ2 | IRQL | | TMIG |TMOFH| TMOFL| TMOW|
Initial value 1 1 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW

— |

|
P1¢/TMOW pin function switch

o

Functions as P1ql/O pin

[

Functions as TMOW output pin

P14/TMOFL pin function switch

o

Functions as P141/0 pin

-

Functions as TMOFL output pin

P19/TMOFH pin function switch

o

Functions as P1gl/O pin

[N

Functions as TMOFH output pin

P1g/TMIG pin function switch

o

Functions as P1gl/0 pin

—

Functions as TMIG output pin

PL,/IRQ, pin function switch

o

Functions as P1gl/O pin

[N

Functions as IRQqoutput pin

Plelmzpin function switch

o

Functions as P1g1/0 pin

[

Functions as [RQg output pin

P1,/IRQ,pin function switch

o

Functions as Plyl/O pin

[N

Functions as IRQz / TMIF output pin
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PMR2--Port mode register 2

H99 /O ports

Bit 7 6 5 4 3 2 1 0
IRQO POF1 NCS SO1 Sl SCK1 IRQ4
Initial value 0 1 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW
|
P2,/IRQ, /ADTRG pin function switch
0 | Functions as P2, 1/0 pin
1 | Functions as@ IADTRG input pin
P2, /SCK, pin function switch
0 | Functions as P2, l/O pin
1 | Functions as SCK, I/O pin
P2,/SI" pin PMOS control
0 | Functions as P2,1/0 pin
1 | Functions as SI, input pin
P2,/S01 pin function switch
0 | Functions as P2, /0 pin
1 | Functions as SO, output pin
TMIG noise canceller select
0 | Noise canceller function not selected
1 [Noise canceller function selected
P2,/S0, pin PMOS control
0 | CMOS output
1 | NMOS open-drain output
P2,/IRQ,, pin function switch
0 | Functions as P2, I/O pin
1 | Functions as IRQ,input pin
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PMRS5--Port mode register 5 H9B /O ports

Bit 7 6 5 4 3 2 1 0
[ weer | wkes | wies [ wies | wies | wkez | wker [ wieo |

Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

P5, | WKR, / SEG, , 4 pin function switch

0 | Functions as M /O pin
1 | Functions as WKP,, input pin (n=7t00)
PUCRZ1--Port pull-up control register 1 H9C 1/O ports
Bit 7 6 5 4 3 2 1 0
[ Pucr1; | Pucr1; | PUCRL [ PUCRL, | PUCRI; | PUCRI, | PUCRY, [ PUCRY, |
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RW RIW RW RW RIW RW RIW
PUCR2--Port pull-up control register 2 H9D  1/O ports
Bit 7 6 5 4 3 2 1 0

PUCRZ, | PUCR2, | PUCRZ | PUCR2,| PUCRZ,| PUCRZ, | PUCRZ, | PUCR2,

Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
PUCRS5--Port pull-up control register 5 H9E  1/O ports
Bit 7 6 5 4 3 2 1 0
PUCR5; | PUCR54 | PUCRS; | PUCR5,| PUCR5;| PUCR5, | PUCR5; | PUCR5,
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
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PUCRG6--Port pull-up control register 6 H'9F  1/O ports

Bit 7 6 5 4 3 2 1 0
[ Pucrs ;| PUCRS ¢ | PUCRS: | PUCRS | PUCRS ;| PUCRS , | PUCRS ; [ PUCRS |
Initial value 0 0 0 0 0 0 0 0
ReadWrite RW RW RW RW RW RW  RW  RW
SCR1--Serial control register 1 HA0 SCI1
Bit 7 6 5 4 3 2 1 0
[ snci | swco [ - | - | oxss | cks2 [ kst | ckso |
Inital value 0 0 0 0 0 0 0 0

Read/Write RW___RW RW RW RW RW RW  RW
M

Clock select

Serial Clock Cycle
Bit2 | Bit1] Bit0 | prescaler Synchronous

CKS2| CcKS1|cKso | Division | @=5MHz 9=2.5MHz
0 0 0 |2/1024 2048p s |409.6us
1 | 0/256 51.2u s 1024 s
1 0 |el6d 128 s 256Us
1 |el32 6.4 s 128p s
1 0 0 |#/16 32us 6.4 s
1 |e8 16 s 32us
1 0 |o/4 084 s 16ps
1 |el2 - 0.8us

Clock source select
Clock source is prescaler S, and pin SCKyis output pin
Clock source is external clock, and pin SCKy is input pin

o

[

Operation mode select

0 0 | 8-hit synchronous transfer mode
16-hit synchronous transfer mode
Continuous clock output mode
Reserved

H
—lo|-
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SCSR1--Serial control/status register 1 HAl SCi1

Bit 7 6 5 4 3 2 1 0
|-|SOL|ORER|-|-|-|-|STF|
Initial value 1 0 0 0 0 0 0 0
Read/Write - RIW RI(W)* - - - - RIW
|
Start flag
0[Read | Indicates that transfer is stopped
Write | Invalid
1|Read | Indicates transfer in progress
Write | Starts a transfer operation

Overrun error flag
0 [Clearing condition]

After reading 1, cleared by writing 0
1 Setting condition

Set if a clock pluse is input after transfer
is complete, when an external clock is used

Extended data bit

0 | Read |SOqpin output level is low
Write |SO4pin output level changes to low
1 | Read |SOqpin output level is high
Write |SO4pin output level changes to high

SDRU--Serial data register U HA2 SCI1
Bit 7 6 5 4 3 2 1 0
[ soru7 | sorus | sorus | sprus | sorus | soruz | sorut | soruo |
Initial value Not fixed Notfixed Notfixed Notfixed Notfixed Notfixed Notfixed Notfixed
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

Stores transmit and receive data
8-hit transfer mode: Not used
16-bit transfer mode: Upper 8 bits of data
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SDRL--Serial data register L HA3 SCI1
Bit 7 6 5 4 3 2 1 0
SDRL7 SDRL6 SDRL5 SDRL4 SDRL3 SDRL2 SDRL1 SDRLO
Initial value Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed
Read/Write RIW RW RIW RIW RIW RIW RW RIW
Stores transmit and receive data
8-hit transfer mode: 8-bit data
16-hit transfer mode: Lower 8 bits of data
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SMR--Serial mode register HA8 SCI3

Bit 7 6 5 4 3 2 1 0
[com [ cor | PE | P | stop | wp | ckst [ ckso |
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
g I |
Clock select 0,1
010] o clock
Multi d 1| g/4 clock
ultiprocessor mode 710 0/16 clock
0 | Multiprocessor communication function disabled 1 | 9/64 clockl
1 | Multiprocessor communication function enabled
Stop bit length
0] 1 stop hit
12 stop bits
Parity mode
0 |Even parity
1 |Odd parity
Parity enable
0 [Parity bit adding and checking disabled
| 1 |Parity bit adding and checking enabled
Character length
0| 8-hit data
1| 7-bit data
Communication mode
0 | Asynchronous mode
1 | Synchronous mode
BRR--Bit rate register 1 H'A9 SCI3
Bit 7 6 5 4 3 2 1 0
| BRR? | BRR6 | BRR5 | BRR4 | BRR3 | BRR2| BRR1 | BRRO |
Initial value 1 1 1 1 1 1 1 1
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
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SCRS3--Serial control register 3 HAA SCI3

Bit 7 6 5 4 3 2 1 0
[ e | re | 7 | Re | wpE | TEE | cKkEr | ckeo |
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
Clock enable
Bit1 Bit0 Description
CKE1 CKEQ Communication Mode] Clock Source |SCK 3Pin Function
0 0 [Asynchronous Internal clock {I/0 port
Synchronous Internal clock [Serial clock output
1 | Asynchronous Internal clock |Clock output
Synchronous Reserved  |Reserved
1 0 |Asynchronous External clock|Clock intput
Synchronous External clock]Serial clock intput
1 | Asynchronous Reserved  |Reserved
Synchronous Reserved  |Reserved
Transmit end interrupt enable
0 | Transmit end interrupt (TEI) disabled
|1 Transmit end interrupt (TEI) enabled

Multiprocessor interrupt enable

o

Multiprocessor interrupt request disabled (ordinary receive operation)
[Clearing condition]
Multiprocessor bit receives a data value of 1

1 | Multiprocessor interrupt request enabled

Until a multiprocessor bit value of 1 is received, the receive data full interrput (RXI) and receive
error interrupt (ERI) are disabled, and serial status register (SSR) flags RDRF, FER, and

OER are not set.

Receive enable
0 | Receive operation disabled (RXD is a general I/O port)
Receive operation enabled (RXD is the receive data pin)

-

Transmit enable
[Transmit operation disabled (TXD is a general /O port)
Transmit operation enabled (TXD is the transmit data pin

o

—_

Receive interrupt enable
Receive data full interrupt request (RXI) and receive error interrupt request (ERI) disabled
Receive data full interrupt request (RXI) and receive error interrupt request (ERI) enabled

o

[N

Transmit interrupt enable (TIE)
Transmit data empty interrupt request (TXI) disabled
1 [Transmit data empty interrupt request (TXI) enabled

(=]
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TDR--Transmit data register HAB SCI3

Bit 7 6 5 4 3 2 1 0
| TDOR7| TDR6 | TDR5 [ TDR4 | TDR3| TDR2| TDRL| TDRO |
Initial value 1 1 1 1 1 1 1 1

Read/Write RIW RW RW RW RW RW RW RW

Data to be transferred to TSR

HITACHI
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SSR--Serial status register HAC SCI3
Bit 7 6 5 4 3 2 1 0
| TDRE | RDRF | OER | FER | PER | TEND | MPBR | MPBT |
Initial value 1 0 0 0 0 1 0 0
Read/Wiite RIWE  RIWY  RIWY®  RIW) RIW)* R R RW

Multiprocessor bit receive

Multiprocessor bit transmit

| 0] Indicates reception of data in which the multiprocessor bit is 0

| | 0] The multiprocessor bit in transmit data is 0

| 1] Indicates reception of data in which the multiprocessor bit is 1

| | 1] The multiprocessor bit in transmit data is 1

Transmit end

=)

Indicates that transmission is in progress
[Clearing conditions]
When data is written to TDR by an instruction.

After reading TDRE = 1, cleared by writing 0 to TDRE.

[N

Indicates that a transmission has ended
[Setting conditions]

When hit TE in serial control register 3 (SCR3) is 0.
If TRDE is set to 1 when the last bit of a transmitted character is sent.

Parity error

0/ Indicates that data receiving is in progerss or has been completed
[Clearing conditions]  After reading PER = 1, cleared by writing 0.

[N

Indicates that a parity error occurred in data receiving
[Setting conditions]

When the sum of 1s in received data plus the parity bit does not match
the parity mode bit (PM) setting in the serial mode register (SMR)

Framing error

o

Indicates that data receiving is in progress or has been completed
[Clearing conditions]  After reading FER = 1, cleared by writing 0

iR

Indicates that a framing error occurred in data receiving
[Setting conditions]

The stop bit at the end of receive data is checked and found to be 0

Overrun error

0] Indicates that data receiving is in progerss or has been completed
[Clearing conditions] After reading OER = 1, cleared by writing 0

|

Indicates that an overrun error occurred in data receiving
[Setting conditions]

When data receiving is completed while RDRF is set to 1

e

eceive data register full

=)

Indicates there is no receive data in RDR

[Clearing conditions] After reading RDRF = 1, cleared by writing 0
When data is read from RDR by an instruction.

|

Indicates that there is receive data in RDR
[Setting conditions]

When receiving ends normally, with receive data transferred from RSR to RDR

Transmit data register empty

01 Indicates that transmit data written to TDR has not been transferred to TSR
[Clearing conditions] After reading TDRE = 1, cleared by writing 0.
When data is written to TDR by an instruction.

[N

[Setting conditions] When bit TE in serial control register 3(SCR3) is 0.

When data is transferred from TDR to TSR.

Indicates that no transmit data has been written to TDR, or the transmit data written to TDR has been transferred to TSR

Note: *Only a write of O for flag clearing is possible.
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RDR--Receive data register H'AD SCI3
Bit 7 6 5 4 3 2 1 0
[ RDR7 | RDR6 | RDR5 | RDR4 | RDR3 | RDR2 | RDRI | RDRO |
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
TMA--Timer mode register A HBO Timer A
Bit 7 6 5 4 3 2 1 0
[ va7 | ave | Twas [ - | Twas [ 7wz | Ttmar | Tmao |
Initial value 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW
: |
I .
Clock output select Internal clock select
0j0 0] @/32 Prescaler and Divider Ratio
1| @16 TMA3|TMA2 |TMA1 JTMAO | or Overflow Period Function
110 o8 0 0 0| 0 |PSS 218192 Interval
| o/ T PSS 6/40%6 timer
oo .32 T 0[PSS 22048
1| g6 1 [pss w512
10| o8 T | 0| 0|PSS w256
1| o, T [PSS o128
T 0|PSS o132
1 [pss o8
1 0 0| 0 |PSW 1s Time
1 |PSW 05s base
T[]0 [PSW 025s
T [PSW 0031255
1 0 l PSW and TCA are reset
T
T[]0
1 |
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TCA--Timer counter A HB1 Timer A

Bt 7 6 5 4 3 2 1 0
[ tcar | tcas | teas [ teas | teas | e | rear | reao |

Initial value 0 0 0 0 0 0 0
Read/Write R R R R R R R R
Count value
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DTCR--DTMF control register HB2 DTMF generator

Bit

Initial value
Read/Write

7 6 5 4 3 2 1 0

| DTEN | | CLOE | RWOE| CLF1 | CLFO | RWF1 | RWFO|
0 T 0 0
RIW RIW RIW RIW RIW RIW RIW

=

DTMF row signal output frequency 1 and 0

RWF1{RWF0 | DTMF row signal output frequency
0 0 |697Hz(R1)
T [770Hz (RD)
1 0 |852Hz(R3)
T | 941Hz (R4)

DTMF column signal output frequency 1 and 0

CLF1| CLFO [ DTMF column signal output frequency

0 0 |1209Hz (CL

)

1336 Hz (C2

1633 Hz (C4

! (
T | 0 [1447Hz(C3
! (

)
)
)

Row output enable

o

DTMF row signal output is disabled (high-impedance)

[

DTMF row signal output is enabled

Column output enable

o

DTMF column signal output is disabled (high-impedance)

1

DTMF column signal output is enabled

DTMF generator enable

0

DTMF generator is halted

1

DTMF generator operates
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DTLR--DTMF load register HB3 DTMF generator

Bit 7 6 5 4 3 2 1 0
| | | | DTL4 | DTL3 | DTL2 | DTLL | DTLO |
Initial value 1 1 1 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW
0SC clock division ratio 4 to 0
DTL4 | DTL3 | DTL2 [DTL1 | DTLO | Division Ratiol 0SC Clock Frequency
0 0 0 0 0 Illegal setting (initial value)
0 0 0 0 1 Illegal setting
0 0 0 1 0 llegal setting
0 0 0 1 1 3 1.2 MHz
0 0 1 0 0 4 1.6 MHz
H H H H H H H
1 1 0 0 1 25 10 MHz
1 1 0 1 * Illlegal setting
1 1 1 * * Illegal setting

Note: *Don't care
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TCRF--Timer control register F HB6 TimerF

Bit 7 6 5 4 3 2 1 0
[ o | cksHz | ckshn | cksHo| TorL [ cksie | cksit | cksto |
Initial value 0 0 0 0 0 0 0 0
Read/Write W W w W w W W W
Toggle output level H Clock select L
0| Lowlevel 0 |« |« | External event(TMIF): Rising or falling edge
1| Highlevel 1 10]J0 | Internal clock: g /32
1 | Internal clock: g /16
110 | Internal clock: g /4
1| Internal clock: g /2

Toggle output level H
Low level
High level

o

-

Clock select H

0 |« 16-hit mode selected, TCFL overflow signals are counted.
1 Internal clock: @ /32

Internal clock: @ /16

Internal clock: g /4

Internal clock: g /2

o

NENEN

Note: *Don't care
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TCSRF--Timer control/status register F H'B7

Bit

Initial value

Read/Write RIW)*  RIW)* RIW RIW RIW)*  RI(W)* RIW _RW_

7 6 5 4 3

[ oven | cwrn | ovien [ ccire | ove | owrL | ovier | coir |

1 0 0 0 0

r
Timer overflow interrupt enable L

0 |TCFL overflow interrupt disabled
1 | TCFL overflow interrupt enabled

Compare match flag L

o

[Clearing condition]

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

|

[Setting condition]
When the TCFL value matches the OCRFL value

Timer overflow flag L

o

[Clearing condition]
After reading OVFL = 1, cleared by writing 0 to OVFL

-

[Setting condition]
When the value of TCFL goes from H'FF to H'00

Counter clear H

o

16-hit mode: TCF clearing by compare match disabled
8-hit mode: TCFH clearing by compare match disabled

[N

16-bit mode: TCF clearing by compare match enabled
8-hit mode: TCFH clearing by compare match enabled

Timer overflow interrupt enable H Counter clear L

o

TCFH overflow interrupt disabled

0 | TCFL clearing by compare match disabled

[N

TCFH overflow interrupt enabled

1 | TCFL clearing by compare match enabled

Compare match flag H

o

[Clearing condition]
After reading CMFH = 1, cleared by writing 0 to CMFH

i

[Setting condition]
When the TCFH value matches the OCRFH value

Timer overflow flag H

o

[Clearing condition]
After reading OVFH = 1, cleared by writing 0 to OVFH

[N

[Setting condition]
When the value of TCFH goes from H'FF to H'00

Note: *Only a write of O for flag clearing is possible.
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TCFH--8-bit timer counter FH H'B8 Timer F

Bit 7 6 5 4 3 2 1 0
| TCFH7 | TCFH6 | TCFH5 | TCFH4 | TCFH3 | TCFH2 | TCFHL | TCFHO |
Initial value 0 0 0 0 0 0 0 0
Read/Write RW RIW RIW RIW RIW RIW RIW RIW
Count value
TCFL--8-bit timer control FL H'B9 Timer F
Bit 7 6 5 4 3 2 1 0
| TCFL7 | TCFL6 | TCFL5 | TCFL4 | TCFL3 | TCFL2 | TCFLL | TCFLO |
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
Count value
OCRFH--Output compare register FH HBA Timer F
Bit 7 6 5 4 3 2 1 0
[ ocreH7| ocreHs| ocrers| ocrer4| ocrens| ocrrH2| ocreH| ocrerol
Initial value 1 1 1 1 1 1 1 1
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
OCRFL--Output compare register FL HBB Timer F
Bit 7 6 5 4 3 2 1 0
[ ocrrL7| ocrrie | ocrrLs | ocrrLa | ocreLs | ocrri2 | ocreut | ocrro |
Initial value 1 1 1 1 1 1 1 1
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
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TMG--Timer mode register G

HBC Timer G

Bit 7 6 5 4 3 2 1 0

| OVFH | OVFL | OVIE | IIEGS | CCLR1 | CCLRO | CKs1 | CKS0 |
Initial value 1 0 0 0 0 0 0 0
Read/Write RI(W)* RI(W)* RIW RIW RIW RIW RIW RIW

— ]

Counter clear

Clock select J

0

0 Internal clock: /64

1 Internal clock: 32

0 Internal clock: ¢/2

1 Internal clock: g2

ofjo

TCG is not cleared

TCG is cleared at the falling edge of the input capture signal

TCG is cleared at the rising edge of the input capture signal

1
110
1

TCG is cleared at both edges of the input capture signal

Input capture interrupt edge select

0 Interrupts are requested at the rising edge of the input capture signal

1 Interrupts are requested at the falling edge of the input capture signal

Timer overflow interrput enable

o

TCG overflow interrupt disabled

-

TCG overflow interrupt enabled

Timer overflow flag L

0  [Clearing condition]
After reading OVFL = 1, cleared by writing 0 to OVFL

1 Setting condition
When the value of TCG goes from H'FF to H'00

Timer overflow flag H

0 | Clearing condition
After reading OVFL = 1, cleared by writing 0 to OVFH

1 | Setting condition

When the value of TCG overflows from HFF to H00
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ICRGF--Input capture register GF HBD Timer G

Bit 7 6 5 4 3 2 1 0

| ICRGF7| ICRGF6| ICRGF5| ICRGF4| ICRGF3| ICRGF2| ICRGF1| ICRGFOl
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

ICRGR--Input capture register GR HBE Timer G

Bit 7 6 5 4 3 2 1 0

| ICRGR7| ICRGR6| ICRGR5| ICRGR4| ICRGR3| ICRGR2| ICRGRll ICRGROl
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
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LPCR--LCD port control register

H'CO

LCD controller/driver

Bit

Initial value
Read/Write

7 6 5 4 3 2 1 0
‘ DTS1 ‘ DTSO ‘ CMX ‘ SGX ‘ SGS3 ‘ SGS2 ‘ SGS1 ‘ SGS0 ‘
1 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW
]
Segment driver select
Bit4 Bit3 Bit2 Bitl | Bit0 Functions of Pins SEG gto SEGy
SEGuto | SEGyto | SEGgto  |SEGnlo  |SEGylo  [SEGuto  [SEGyfo [ SEGgto | SEG,to
SGX | SGS3 | SGS2 | SGS1 | SGSO | SEG glo SEGy SEG 33 SEG 59 SEG 5 SEG 5 SEG 17 SEG 13 SEG g SEG5 SEG Remarks.
0 0 0 0 0 Port Port Port Port Port Port Port Port Port Port (initial value)
1 SEG SEG Port Port Port Port Port Port Port Port
1 0 SEG SEG SEG Port Port Port Port Port Port Port
1 SEG SEG SEG SEG Port Port Port Port Port Port
1 0 0 SEG SEG SEG SEG SEG Port Port Port Port Port
1 SEG SEG SEG SEG SEG SEG Port Port Port Port
1 0 SEG SEG SEG SEG SEG SEG SEG Port Port Port
1 SEG SEG SEG SEG SEG SEG SEG SEG Port Port
1 * N 0 SEG SEG SEG SEG SEG SEG SEG SEG SEG Port
1 SEG SEG SEG SEG SEG SEG SEG SEG SEG SEG
1 0 0 0 [ External segment Port Port Port Port Port Port Port Port Port
expansion
1 External segment SEG Port Port Port Port Port Port Port Port
expansion
1 0 External segment SEG SEG Port Port Port Port Port Port Port
expansion
1 External segment SEG SEG SEG Port Port Port Port Port Port
expansion
1 0 0 External segment SEG SEG SEG SEG Port Port Port Port Port
expansion
1 External segment SEG SEG SEG SEG SEG Port Port Port Port
expansion
1 0 External segment SEG SEG SEG SEG SEG SEG Port Port Port
expansion
1 External segment SEG SEG SEG SEG SEG SEG SEG Port Port
expansion
1 * * 0 External segment SEG SEG SEG SEG SEG SEG SEG SEG Port
expansion
1 External segment SEG SEG SEG SEG SEG SEG SEG SEG SEG
expansion
b
Expansion signal select
[O]PesEoginsis, |
Duty and common function select
Bit7 Bit6 | Bit5
DTS1 | DTSO | CMX | Duty (Common Driver Other Uses
0 0 0 Static COM, COMj, COM,,and COM, usable as ports
1 COMjto COM COM,, COM,and COM, output the same wavefrom as COM ;
0 1 0 112 duty COM,, COM COM,, COM 3usable as ports.
1 COM,to COM COM,output th as COMg.and COM, the as COM g
1 0 0 | 13duty COMto COM COM,usable as ports
1 COMj to COM ;. COM,outputs a non-select waveform
1 1 0 14 duty COM‘!D LIOMl -
1
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LCR--LCD control register H'C1 LCD controller/driver

Bit 7 6 5 4 3 2 1 0
| [ psw [ act [ pisp | cks3 | coks2 [ cks1 [ ckso |
Initial value 1 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW
—) T
|
Frame frequency select
Bit3 | Bit2 | Bitl | Bit0 Frame Frequency
CKS3| CKS2| CKS1 |CKSO| Clock | @ =5MHz | g =625Hz
0 * 0 0 | o | 128Hz(initial value)
1| w 64 Hz
1 * | o lag| 32Hz
1 0 0 0 |al2 - 610 Hz
1 |oeld - 305 Hz
1 0 | a8 - 153 Hz
1 | o9/16 | 610Hz 76.3 Hz
1 0 0 | 2/32 | 305Hz 38.1Hz
1 | o/64 | 153 Hz -
1 0 | #/128] 763Hz
1 | 9/256] 38.1Hz
Display data control
0 [Bank data displayed
1 [LCD RAM data displayed
Display active
0 |LCD controller/driver operation stopped
1 |LCD controller/driver operational

Power switch
LCD power supply resistor ladder off
LCD power supply resistor ladder on

(=]

[

Note: *Don't care
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AMR--A/D mode register H'C4  A/D converter

Bit 7 6 5 4 3 2 1 0

| CKS | TRGE| CKS1 | | CH3 | CH2 | CH1 | CHO |
Initial value 0 0 0 1 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW

Channel select

Bit3 | Bit2 | Bitl | Bit0
CH3|CH2| CH1 | CHO| Analog Input Channel
0 0 * * No channel selected
1 0 0 AN
1 AN 1
1 0 AN,
1 AN 3
1 0 0 0 AN 4
1 AN 5
1 0 ANg
1 AN 7
1 * * Reserved

* Don't care

External trigger select
Disables start of A/ID conversion by external trigger

o

1 |Enables start of A/D conversion by rising or falling edge
pf external trigger at pin ADTRG
Clock select
Bit7 | Bit5 Conversion Time
CKS | CKS1 |Conversion Period | =2MHz | 8=5MHz
0 0 Reserved - -
1 0 124/g 62 s 24.81s
0 1 62/g 3lyus 124us
1 0 3llg 155s - ¥

Note: *Operation is not guaranteed if the conversion time is less than 12.4 u Set bits 5 and 7 for a
value of at least 12.4 ps.
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ADRR--A/D result register H'C5 A/D converter

Bit 7 6 5 4 3 2 1 0
| ADR7 | ADRG | ADRS | ADR4 | ADR3 | ADR2 | ADR1 | ADRO |

Initial value Notfixed Notfixed Notfixed Notfixed Notfixed Notfixed Notfixed Not fixed

Read/Write R R R R R R R R

A/D conversion result

ADSR--A/D start register H'C6  A/D converter

Bit 7 6 5 4 3 2 1 0
e N
Initial value 0 1 1 1 1 1 1 1

Read/Write RIW

AID status flag
0 | [Read]
Indicates the completion of A/D conversion
[Write]
Stops A/D conversion
1| [Read]
Indicates A/D conversion in progress
[Write]
Starts A/D conversion
PDRD--Port data register D H'D2 /O ports
Bit 7 6 5 4 3 2 1 0
([ ] ] P ] m] e[ wor [ ]
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
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PDRE--Port data register E H'D3 /O ports

Bit 7 6 5 4 3 2 1 0

| | | | | PE3 PED | PE1 | PEQ

Initial value 1 1 1 1 0 0 0 0

Read/Write RIW RIW RW RIW
PDR1--Port data register 1 H'D4 /O ports

Bit 7 6 5 4 3 2 1 0

| P17 | Plg | PL5 | Pl4 | P13 P19 | P11 | P10

Initial value 0 0 0 0 0 0 0 0

Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
PDR2--Port data register 2 HD5 1/O ports

Bit 7 6 5 4 3 2 1 0

| P27 | P26 | P25 | P24 | P23 P29 | P21 | P20

Initial value 0 0 0 0 0 0 0 0

Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
PDR5--Port data register 5 H'D8 /O ports

Bit 7 6 5 4 3 2 1 0

| P27 | P26 | P25 | P24 | P23 P29 | P21 | P20

Initial value 0 0 0 0 0 0 0 0

Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
PDR6--Port data register 6 H'D9 /O ports

Bit 7 6 5 4 3 2 1 0

| P67 | P6§ | P65 | P64 | P63 P62 | P61 | P60

Initial value 0 0 0 0 0 0 0 0

Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
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PDR7--Port data register 7 H'DA 1/O ports
Bit 7 6 5 4 3 2 1 0
| P77 | P76 | P75 | P74 | P73 | P72 | P71 | P70 |
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
PDR8--Port data register 8 HDB I/O ports
Bit 7 6 5 4 3 2 1 0
| P87 | P8g | P85 | P84 | P83 | P82 | P81 | P80 |
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
PDR9--Port data register 9 H'DC /O ports
Bit 7 6 5 4 3 2 1 0
\ P97 \ Pgg \ P95 \ P94 \ P83 \ P82 \ P93 \ P8O \
Initial value 0 0 0 0 0 0 0 0
ReadWrite RW RW RW RW RW RW RW
PDRA--Port data register A H'DD I/O ports
Bit 7 6 5 4 3 2 1 0
(-1 -T-Tvs[m[m]wm]
Initial value 1 1 1 1 0 0 0 0
Read/Write RW RIW RW RIW
PDRB--Port data register B H'DE I/O ports
Bit 7 6 5 4 3 2 1 0
| PB7 | PBG | PB5 | PB4 | PR3 | PB? | PB1 | PBO |
Initial value
Read/Write R R R R R R R R
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PCRD--Port control register D  HE2  1/O ports

Bit 7 6 5 4 3 2 1 0
[ PcrD; | PcrDg | Peros [ Pero, | PerD, | PeRD, | PeRO; | PeRD, |

Initial value 0 0 0 0 0 0 0 0

Read/Write W W W W w W W W
|

Port D input/output select

0 | Input pin

1 | Output pin

PCRE--Port control register E HE3 1/O ports

Bit 7 6 5 4 3 2 1 0

[ - | - | - [ - [ Pcres| pere, | Pere, | pere, |
Initial value 1 1 1 1 0 0 0 0
Read/Write - - - - W W W W

Port E input/output select

0 [ Input pin
1 | Output pin
PCR1--Port control register 1 HE4 /O ports
Bit 7 6 5 4 3 2 1 0

[ Pcre, | Per1g | Peris [ Pery, | PeRiy | PeR1, | PeRLy [ PeR, |

Initial value 0 0 0 0 0 0 0 0

Read/Write W W W W W W W W
|

Port 1 input/output select

0 | Input pin

Output pin

[

434

HITACHI




PCR2--Port control register 2 HE5 1/O ports

Bit 7 6 5 4 3 2 1 0
[ Pcr2, | Per2; | PeRzs [ Pere, | PeR2, | PeR2, | PeR2; | PeR2, |

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w w w W w w
|

Port 2 input/output select

0 | Input pin
1 | Output pin
PCR5--Port control register 5 HE8 1/O ports
Bit 7 6 5 4 3 2 1 0
[ Pcrs, | pcrs, | pers, [ pers, | pers, | pers, | PeRs, | pers, |
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W W W W

Port 5 input/output select

0 | Input pin
1 | Output pin
PCRG6--Port control register 6 HE9 /O ports
Bit 7 6 5 4 3 2 1 0

[ Pcre, | Pcre, | Pcrs, [ pers, | Pere, | Pre, | PeRs, | Pers, |

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w w w w w w
|

Port 6 input/output select
Input pin
Output pin

(=]

[
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PCR7--Port control register 7 HEA 1/O ports

Bit 7 8 5 4 3 2 i 0
| PoAr, | eRr, | Perd, | PoR7, | PCRT, | PoRI, | PeR7, | PCR7, |

Initial value 0 0 0 0 0 0 0 0
Read/Write w W W w w W W W

\

Port 7 inputfoutput select

0 | Input pin

1 | Output pin

PCR8--Port control register 8 HEB I/O ports

Bit 7 6 5 4 3 2 1 0
[ Pcrs; | pcrs; | pcre; [ pers, | pere; | Pcrs, | Pers; [ Perg |

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w W w w w w

Port 8 input/output select

0 | Input pin
1 | Output pin
PCR9--Port control register 9 HEC I/O ports
Bit 7 6 5 4 3 2 1 0

[ Pcro, | Pcrog | PeRos [ Pero, | PR9, | PeR9, | PCR9; | PeR, |

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w w w w w w
|

Port 9 input/output select
Input pin
Output pin

(=]

[
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PCRA--Port control register A H'ED  I/O ports
Bit 7 6 5 4 3 2 1 0
[ = | = | = [ — [rcras| pora, | Peray | pera, |
Initial value 1 1 1 1 0 0 0 0
Read/Write W w w w
|
Port A input/output select
0 |Input pin
1 | Output pin
SYSCR1--System control register 1 H'FO  System control
Bit 7 6 5 4 3 2 1 0
[ ssey [ sts2 [ sts1 [ stso [ wson | — | — [ —
Initial value 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW
[
Low speed on flag
0 | The CPU operates on the system clock (2)
1 | The CPU operates on the subclock (¢SUB)
Standby timer select 2to 0
0100 |Waittime = 8,192 states
1 | Wait time = 16,384 states
110 |Waittime = 32,768 states
1 | Wait time = 65,536 states
1[*|* [Waittime = 131,072 states
Software standby
0 | When a SLEEP instruction is executed in active mode, a transition 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.

Note: *Don't care
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SYSCR2--System control register 2 HF1  System control

Bit 7 6 5 4 3 2 1 0
[ = [ = [ = | nesec| oron | wmson| sar [ s
Initial value 1 1 1 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW
J I |
——
Medium speed on flag Subactive mode clock select
0 | Operates in active (high-speed) mode 0f0]g,/8
1 | Operates in active (medium-speed) mode 1]g,/4
1] *|g,02

Direct transfer on flag

O

When a SLEEP instruction is executed in active mode, a transition 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.

When a SLEEP instruction is executed in active ( hlgh sgeed ) 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 =

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, or to actlve (medlum speed) mode if SSBY =1, TMA3 =1,

LSON 0, and MSON =

Noise elimination sampling frequency select

o

Sampling rate is #ogg /16

[N

Sampling rate is ogg /4

Note: *Don't care
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IEGR--IRQ edge select register HF2  System control

Bit

Initial value
Read/Write

6 5 4 3 2 1 0
| - | - | — | IEG4 | IEG3 | IEG2 | IEGL | IEGO |
1 T 0
RIW RIW RIW RIW RIW RIW
- — T

|
IRQq edge select

R
0 | Falling edge of@go pin input is detected
1 | Rising edge of IRQo pin input is detected

IRQ1 edge select
Falling edge of @ pin input is detected
Rising edge of IRQ1 pin input is detected

o

[N

IRQ, edge select
Falling edge of ITQ@ pin input is detected
Rising edge of IRQ2 pin input is detected

o

[N

iRQ3 edge select

Falling edge of IRQ3/TMIF pin input is detected
Rising edge of IRQ3/TMIF pin input is detected

o

[

IRQ edge select

Falling edge of IRQ4/ADTRG pin input is detected

o

—

Rising edge of IRO4/ADTRG pin input is detected

NMI edge select

o

Falling edge of NMI pin input is detected

[N

Rising edge of NMI pin input is detected

HITACHI
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IENR1--Interrupt enable register 1 H'F3  System control

6 5 4 3 2 1 0

| IENTA| IENSll IENWP| IEN4 | IEN3 | IEN2 | IENL | IENO |

Bit 7
Initial value 0
Read/Write RIW

0
RIW RIW RIW RIW RIW RIW RIW

—

|
IRQ,4to IRQginterrupt enable

Disables interrupt request from IRQ,t0 IRQ,
Enables interrupt request from IRQ,t0 IRQ,

o

[

Wakeup interrupt enable

o

Disables interrupt requests from WKP; to WKPg

[

Enables interrupt requests from WKP7to WKPg

SCl1 interrupt enable

o

Disables SCI1 interrupts

[

Enables SCI1 interrupts

Timer A interrupt enable

o

Disables timer A interrupts

—

Enables timer A interrupts
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IENR2--Interrupt enable register 2 H'F4  System control

Bit 7 6 5 4 3 2 1 0

| [ENDT | IENAD | IENMT | IENTG |IENTFH | IENTFL| — | — |
Initial value 0 0 0 0 0 0 1 1
Read/Write RIW RIW RIW RIW RIW RIW - -

|

Timer FL interrupt enable
Disables timer FL interrupts
Enables timer FL interrupts

o

[

Timer FH interrupt enable
0 | Disables timer FH interrupts
Enables timer FH interrupts

[N

Timer G interrupt enable
Disables timer G interrupts
Enables timer G interrupts

(=]

—

Multitone generatorinterrupt enable
Disables multitone generator interrupts
Enables multitone generator interrupts

o

[N

AID converter interrupt enable
Disables A/D converter interrupt requests
Enables A/D converter interrupt requests

o

[N

Direct transfer interrupt enable
Disables direct transfer interrupt requests
Enables direct transfer interrupt requests

o

[
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IRR1--Int errupt enable register 1 H'F6  System control

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 RIW* RIW* RIW* RIW* RIW* RIW* RIW*

IRQ 4to IRQ interrupt request flag

0 [Clearing condition]
When IRRIn = 1, it s cleared by writing 0 to IRRIn.

1 [Setting condition]
When pin IRQ , is set to interrupt input and the designated signal edge is detected.

(n=4100)
SCIL interrupt request flag

0  [Clearing condition]
When IRRS1 =1, it is cleared by writing 0

1 [Setting condition]
When an SCI1 transfer is completed

Timer A interrupt request flag

0 | [Clearing condition]
When IRRTA =1, it is cleared by writing 0

1 | [Setting condition]
When the timer A counter overflows from H'FF to H00

Note: *Only a write of O for flag clearing is possible.
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IRR2--Int errupt request register 2 H'F7  System control

Bt 7 6 5 4 3 2 1 0
| IRRDT | IRRAD | IRRMT | IRRTG | IRRTFHl IRRTFLl — | — |

Initial value 0 0 0 0 0 0 1 1

ReadWrite RIW RWE RMWH RIW RWE RWH - -

Timer FL interrupt request flag
0 |[Clearing condition] When IRRTFL=1, it is cleared by writing 0

1 |[Setting condition] When counter FL matches output compare register FL
in 8-bit mode

Ti

3

er FH interrupt request flag

0 |[Clearing condition] When IRRTFH =1, itis cleared by writing 0
1 |[Setting condition] ~ When counter FH matches output compare register FH in
8-hit mode, or when 16-bit counter F (TCFL,TCFH)
matches 16-bit output compare register F (OCRFL,
OCRFH) in 16-bit mode
Timer G interrupt request flag
0 |[Clearing condition] When IRRTG =1, itis cleared by writing 0
1 |[Setting condition] When pin TMIG is set to TMIG input and the
designated signal edge is detected

Multitone generator interrupt request flag
0 |[Clearing condition] When IRRMT=1, itis cleared by writing 0
1 |[Setting condition] When the multitone generator has output one - half cycle of data

=

AID converter interrupt request flag
0 |[Clearing condition] When IRRAD=1, it is cleared by writing 0
1 |[Setting condition] When A/D conversion is completed and ADSF is reset

Direct transfer interrupt request flag
0 |[Clearing condition] When IRRDT=1, itis cleared by writing 0

1 |[Setting condition] A SLEEP instruction is executed when DTON =1 and a direct
transfer is made

Note: *Only a write of O for flag clearing is possible.
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IWPR--Wakeup interrupt request register H'F9  System control

Bit 7 6 5 4 3 2 1 0

IWPF7 [ IWPF6 [ IWPF5 [ IWPF4 [ IWPF3 [ IWPF2 [ IWPFL [ IWPFO l
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW* RIW* RIW* RIW* RIW* RIW* RIW* RIW*

l

{

Wakeup interrupt request flag

0 | [Clearing condition]
When IWPFn = 1, itis cleared by writing 0

1 | [Setting condition]
When pin WKP” is set to interrupt input and a falling signal edge is detected.

(n=7100)

Note: *Only a write of O for flag clearing is possible.
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Appendix C I/O Port Block Diagrams

C1 Port 1 Block Diagrams

AN
SBY (low level during reset and standby mode)
Internal
data bus
( c PUCR1,
vVce
Ve _G:
Plp
oﬁ PDR1y
Vss —1 PCRIn
L~
\

——) D M

PDR1: Port data register 1

PCRL1: Port control register 1

PMRZ1: Port mode register 1

PUCRZ1: Port pull-up control register 1
n=5t07

Figure C-1 (a) Port 1 Block Diagram (Pins P1to P1)
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SBY

Plg

1 pucrue
Ve
o<} PDRL,
Vs PCRY
I/

PDR1: Port data register 1
PCRL1: Port control register 1
PUCRZ1: Port pull-up control register 1

Internal
data bus

Figure C-1 (b) Port 1 Block Diagram (Pin P])
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SBY
Internal
data bus
{ (: PUCR13
vce
Ve _G:
P13

oQ PDR13

Vs L1 PCRI

L~

N
Timer G module

——4)——— e

PDR1: Port data register 1

PCRL1: Port control register 1

PMRZ1: Port mode register 1

PUCRZ1: Port pull-up control register 1

Figure C-1 (c) Port 1 Block Diagram (Pin PJ)
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SBY

Timer F module

_____________

PUCRL |,

PMRL

PDRL

Vee
vee (
PLn
Vss

-

PCRL

PDR1: Port data register 1
PCRL1: Port control register 1
PMRZ1: Port mode register 1

PUCRZ1: Port pull-up control register 1

n=2,1

1

1

: TMOFH (P19)
i TMOFL (P17)
1

Internal
data bus

Figure C-1 (d) Port 1 Block Diagram (Pin P1and P1)
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Timer A module

e
|
: TMOW
|
S b
Internal
data bus
@ PUCR1g
vee
Vce (
PMRLg
! PDR10
Vss L_| PCR1g
PDR1: Port data register 1
PCRL1: Port control register 1
PMRZ1: Port mode register 1
PUCRZ1: Port pull-up control register 1
Figure C-1 (e) Port 1 Block Diagram (Pin PJ
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C.2 Port 2 Block Diagrams

/N
SBY
Internal
data bus
( E PUCR27
Ve
Ve _G:
P27
o<} PDR2,
Vss L | Perey
L~
V4
—9D———— Ry

PDR2: Port data register 2

PCR2: Port control register 2

PMR2: Port mode register 2

PUCRZ2: Port pull-up control register 2

Figure C-2 (a) Port 2 Block Diagram (Pin P2
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SBY

SCI3 module

@ PUCR2g

vce
cc (
PDR2g
Vss — PCR2g
L~

PDR2: Port data register 2
PCR2: Port control register 2

PUCRZ2: Port pull-up control register 2

—_———
: XD
| TE
|
|
I
Internal
data bus

Figure C-2 (b) Port 2 Block Diagram (Pin P2

HITACHI
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SCI3 module

Somode
! RE
——= R0
7\ |
S b
G Pucres
vee
vVee p
=
:
g
o<} PDR25 5
Vss L | PCR2s5
L
"V

D—o

PDR2: Port data register 2
PCR2: Port control register 2
PUCRZ2: Port pull-up control register 2

Figure C-2 (c) Port 2 Block Diagram (Pin P2
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SBY

SCI3 module

C b pucry,

vee
vee
s
PDR2, S

o
5
=

Vss L | Pcre,

L

\4

PDR2: Port data register 2
PCR2: Port control register 2

PUCRZ2: Port pull-up control register 2

Figure C-2 (b) Port 2 Block Diagram (Pin P2)
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SBY

SCI1 module

_____________

Vee
Vee

PMR2 5

PUCR23

PMR2 3

Vss

PDR? 3

PCR2 3

PDR2: Port data register 2
PCR2: Port control register 2
PMR2: Port mode register 2

PUCRZ2: Port pull-up control register 2

Internal
data bus

Figure C-2 (e) Port 2 Block Diagram (Pin P9
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SBY

Internal
data bus

C G Pucre

vcee

Vee —(C =
|;,_<:(°— PMR2,

P29

QQ PDR2

L { PcRro,

SCImodule

L
NV
D—t-s

PDR2: Port data register 2

PCR2: Port control register 2

PMR2: Port mode register 2

PUCRZ2: Port pull-up control register 2

Figure C-2 (f) Port 2 Block Diagram (Pin P2)
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SCI module

SBY

<:(b: PUCR2,
Ve
Ve
PMR2
P21
o{/' PDR2;
Viss | | PCR2,

PDR2: Port data register 2

PCR2: Port control register 2

PMR2: Port mode register 2

PUCRZ2: Port pull-up control register 2

Internal data bus

Figure C-2 (g) Port 2 Block Diagram (Pin P2
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SBY

Ve

P20

C ] Pucreg
vee
o<} PDR2,
Vss L | Pereg
I/

PDR2: Port data register 2

PCR2: Port control register 2

PMR2: Port mode register 2

PUCRZ2: Port pull-up control register 2

Internal
data bus

—9 ) -y

Figure C-2 (h) Port 2 Block Diagram (Pin P2

HITACHI
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C.3 Port 5 Block Diagram

/N
SBY
Internal
data bus
( E PUCR5,,
Ve
Ve _G:
P5n
OQ PDRS,
V'ss 1 PCRS,,
L~
\
9 e

PDR5: Port data register 5

PCR5: Port control register 5

PMR5: Port mode register 5

PUCRS5: Port pull-up control register 5
n=0to7

Figure C-3 Port 5 Block Diagram
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C4 Port 6 Block Diagram

SBY
Internal
data bus
PUCR6p
Ve
P6p
o<} PDR6,,
Vs PCR6,
l/
PDR6: Port data register 6
PCR®6: Port control register 6
PUCRS®: Port pull-up control register 6
n=0to7
Figure C-4 Port 6 Block Diagram
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C.5 Port 7 Block Diagram

SBY

PDR7,

JAN

PCRT,,

PDR7: Port data register 7
PCR7: Port control register 7
n=0to7

Internal
data bus

460

Figure C-5 Port 7Block Diagram
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C.6 Port 8 Block Diagram

SBY

PDR8,,

JAN

PCRS,,

PDRS: Port data register 8
PCRS: Port control register 8
n=0to7

Internal
data bus

Figure C-6 Port 8Block Diagram
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C.7 Port 9 Block Diagram

PDR9,

JAN

PCR9,,

PDRO9: Port data register 9
PCRO9: Port control register 9
n=0to7

Internal
data bus

Figure C-7 Port 9 Block Diagram
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C.8 Port A Block Diagram

SBY

PDRA,

JAN

PCRA,

PDRA: Port data register A
PCRA: Port control register A
n=0to3

Internal
data bus

Figure C-8 Port A Block Diagram
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C.9 Port B Block Diagram
Internal
PB | NG data bus
AID module
—
2 DEC 1 AMR g to AR,
T
Figure C-9 Port B Block Diagram
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C.10 Port D Block Diagram

SBY

JAN

PDRD),

PCRD,,

PDRD: Port data register D
PCRD: Port control register D
n=0to7

Internal
data bus

Figure C-10 Port D Block Diagram
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C.11 Port E Block Diagram

SBY

JAN

PDRE,

PCRE,

PDRE: Port data register E
PCRE: Port control register E
n=0to7

Internal
data bus

Figure C-11 Port E Block Diagram
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Appendix D Port States in the Different Processing States

Table D-1 Port States Overview

Port Reset Sleep Subsleep Standby Watch Subactive Active

P1toP1, High Retained Retained High Retained  Functional Functional
impedance impedance*

P2to P2, High Retained Retained High Retained  Functional Functional
impedance impedance*

P5.,to P5, High Retained Retained High Retained  Functional Functional
impedance impedance*

P6.to P6, High Retained Retained High Retained  Functional Functional
impedance impedance*

P7.to P7, High Retained Retained High Retained  Functional Functional
impedance impedance

P8.,to P8, High Retained Retained High Retained  Functional Functional
impedance impedance

P9.to P9, High Retained Retained High Retained  Functional Functional
impedance impedance

PAto PA, High Retained Retained High Retained  Functional Functional
impedance impedance

PB.to PB, High High High High High High High
impedance impedance impedance impedance impedance impedance impedance

PD,to PD, High Retained Retained High Retained  Functional Functional
impedance impedance

PE,to PE, High Retained Retained High Retained  Functional Functional
impedance impedance

Note: *High level output when MOS pull-up is in on state.
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Appendix E Product Code Lineup

Table E-1 H8/3877U Series Product Code Lineup

Product Product Mark Code Order Code Package
Type Code Name (Hitachi
Package
Code)
H8/3877U ZTAT version Standard HD6473877 HD6473877 HD6473877 100-pin QFP
products UH UH UH (FP-100B)
Mask ROM  Standard HD6433877 HD6433877 HD6433877 100-pin QFP
version products UH U(***)H U(***)H (FP-100B)
H8/3876U Mask ROM  Standard HD6433876 HD6433876 HD6433876 100-pin QFP
version products UH U(***)H U(***)H (FP-100B)
H8/3875U Mask ROM  Standard HD6433875 HD6433875 HD6433875 100-pin QFP
version products UH U(***)H U(***)H (FP-100B)

Note: 1. (***) in mask ROM versions is the ROM code.
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Appendix F Package Dimensions

Dimensional drawings of the H8/3877U Series FP-100B package are shown in figure F-1.
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Figure F-1 FP-100B Package Dimensions

Note: In case of inconsistencies arising within figures, dimensional drawings listed in the
Hitachi Semiconductor Packages Manual take precedence and are considered correct.
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