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Preface

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

The H8/3834U Series has a system-on-a-chip architecture that includes such peripheral functions
as an LCD controller/driver, five types of timers, a 14-bit PWM, a three-channel serial
communication interface, and an A/D converter. This makes it ideal for use in systems requiring
an LCD display.

This manual describes the hardware of the H8/3834U Series. For details on the H8/3834U 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 H8/3834U Series features an on-chip liquid crystal display (LCD)
controller/driver. Other on-chip peripheral functions include five timers, a 14-bit pulse width
modulator (PWM), three serial communication interface channels, and an analog-to-digital (A/D)
converter. Together these functions make the H8/3834U Series ideally suited for embedded
control of systems requiring an LCD display. The H8/3834U Series, in particular, features low-
voltage A/D converter operation (Voe = AVee = 2.7 V t0 5.5 V), enabling these devices to be
used in low-voltage, single power supply systems. On-chip memory is 24 kbytes of ROM and 1
kbyte of RAM in the H8/3833U, 32 kbytes of ROM and 1 kbyte of RAM in the H8/3834U, 40
kbytes of ROM and 2 kbytes of RAM in the H8/3835U, 48 kbytes of ROM and 2 kbytes of RAM
in the H8/3836U, and 60 kbytes of ROM and 2 kbytes of RAM in the H8/3837U.

The H8/3834U and H8/3837U both include a ZTAT™ version*, featuring a user-programmable
on-chip PROM.

Table 1-1 summarizes the features of the H8/3834U 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
— Max. operating speed: 5 MHz
— Add/subtract: 0.4 us (operating at 5 MHz)
— Multiply/divide: 2.8 us (operating at 5 MHz)
— Can run on 32.768 kHz subclock
« Instruction set compatible with H8/300 CPU
— Instruction length of 2 bytes or 4 bytes
— Basic arithmetic operations between registers

— MOV instruction for data transfer between memory and registers

1 Hitachi



Table 1-1 Features (cont)

Item Description

CPU Typical instructions
» Mutltiply (8 bits x 8 bits)
« Divide (16 bits + 8 bits)

« Bit accumulator
« Register-indirect designation of bit position
Interrupts « 13 external interrupt pins: IRQ4 to IRQ0, WKP7 to WKPO

« 20 internal interrupt sources

Clock pulse generators Two on-chip clock pulse generators
« System clock pulse generator: 1 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
- H8/3833U: 24-kbyte ROM, 1-kbyte RAM
+ H8/3834U: 32-kbyte ROM, 1-kbyte RAM
+ H8/3835U: 40-kbyte ROM, 2-kbyte RAM
« H8/3836U: 48-kbyte ROM, 2-kbyte RAM
« H8/3837U: 60-kbyte ROM, 2-kbyte RAM
/O ports * /O pins: 71
« Input pins: 13

Timers Five on-chip timers
« Timer A: 8-bit timer

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

(@w)*
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Table 1-1 Features (cont)

Item

Description

Timers

« Timer B: 8-bit timer

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

— Auto-reloading
« Timer C: 8-bit timer

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

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

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

— Compare-match function with toggle output

« Timer G: 8-bit timer
— Count-up timer with selection of four internal clock signals
— Input capture function with built-in noise canceller circuit

Note: * @ and o, are defined in section 4, Clock Pulse Generators.

Serial communication
interface

Three channels on chip
« SCI1: synchronous serial interface
Choice of 8-bit or 16-bit data transfer
» SCI2: 8-bit synchronous serial interface
Automatic transfer of 32-byte data segments
» SCI3: 8-bit synchronous or asynchronous serial interface

Built-in function for multiprocessor communication

14-bit PWM

Pulse-division PWM output for reduced ripple

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

A/D converter

« Successive approximations using a resistance ladder
+ Resolution: 8 bits
* 12-channel analog input port

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

item

Specification

LCD controller/driver

Up to 40 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

Product lineup Product Code
Mask ROM  ZTAT™
Version Version Package ROM/RAM Size
HD6433833UH — 100-pin QFP (FP-100B)  ROM: 24 kbytes
HDG433833UF — 100-pin QFP (FP-100)  AM: 1 kbyte
HD6433833UX — 100-pin TQFP (TFP-1008B)
HD6433834UH HDG473834UH 100-pin QFP (FP-100B)  ROM: 32 kbytes
HD6433834UF HDG473834UF 100-pin QFP (FP-1008)  AM: 1kbyte
HD6433834UX HD6473834UX 100-pin TQFP (TFP-100B)
HD6433835UH — 100-pin QFP (FP-100B)  ROM: 40 kbytes
HD6433835UF — 100-pin QFP (FP-100A)  NAM:2Kbytes
HD6433835UX — 100-pin TQFP (TFP-1008B)
HD6433836UH — 100-pin QFP (FP-100B)  ROM: 48 kbytes
HD6433836UF — 100-pin QFP (FP-100)  NAM: 2 kbytes
HD6433836UX — 100-pin TQFP (TFP-100B)
HD6433837UH HD6473837UH 100-pin QFP (FP-100B)  ROM: 60 kbytes
HD6433837UF HD6473837UF 100-pin QFP (FP-100)  AM: 2Kbytes
HD6433837UX HD6473837UX 100-pin TQFP (TFP-1008)
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1.2 Internal Block Diagram

Figure 1-1 shows a block diagram of the H8/3834U Series.
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Figure 1-1 Block Diagram
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1.3 Pin Arrangement and Functions

1.3.1 Pin Arrangement

The H8/3834U Series pin arrangement is shown in figures 1-2 and 1-3.
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Figure 1-2 Pin Arrangement (FP-100B, TFP-100B: Top View)
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P2 [} 20 61 [ ] P7/SEGy;
P2, ] 21 60 [ ] P7s/SEGy,
P3,/SCK, [] 22 59 [7] P7,/SEGy,
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P3,/Sl, [ 26 55 ] P70/SEGy7
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Figure 1-3 Pin Arrangement (FP-100A: Top View)
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1.3.2 Pin Functions

Table 1-2 outlines the pin functions of the H8/3834U Series.

Table 1-2 Pin Functions

Type Symbol

Pin No.

FP-100B FP-100A

Vo

Name and Functions

Power Vee
source pins

31,76

34,79

Input

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

Vss

6, 27

9, 30

Input

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

AVce

89

92

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).

AVSS

Input

Analog ground: This is the A/D
converter ground pin. It should be

connected to the system power supply
(0V)
A\~ T

30,
29,

33,
32,

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 are
Veg2Vi2Vy2 V32 Vgs.

Clock pins OSC,

10

Input

0SC,

11

Output

System clock: This pin connects to a
crystal or ceramic oscillator, or can be
used to input an external clock.

See section 4, Clock Pulse
Generators, for a typical connection
diagram.

input

Output

Subclock: This pin connects to a
32.768-kHz crystal oscillator.

See section 4, Clock Pulse
Generators, for a typical connection
diagram.
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Table 1-2 Pin Functions (cont)

Pin No.
Type Symbol FP-100B FP-100A VO Name and Functions
System RES 9 12 Input Reset: When this pin is driven low,
control the chip is reset
MDo 10 13 Input Mode: This pin controls system
clock oscillation in the reset state
TEST 3 6 Input Test: This is a test pin, not for use in
application systems. [t should be
connected to Vgs.
Interrupt 1RQq 88 91 Input External interrupt request 0 to 4:
pins IRQ; 82 85 These are input pins for external
IRQ, 83 86 interrupts for which there is a choice
IRQ, 84 87 between rising and falling edge
IRQ4 1 14 _sensing
WKP,to 43to 46 to Input Wakeup interrupt request 0 to 7:
WKP, 36 39 These are input pins for external
interrupts that are detected atthe
' falling edge
Timer pins  TMOW 77 80 Output  Clock output: This is an output pin
for waveforms generated by the timer
A output circuit
TMIB 82 85 Input Timer B event counter input: This is
an event input pin for input to the
timer B counter
TMIC 83 86 Input Timer C event counter input: This is
an event input pin for input to the
timer C counter
ub 12 15 Input Timer C up/down select: This pin
selects whether the timer C counter is
used for up- or down-counting. At
high level it selects up-counting, and
at low level down-counting.
TMIF 84 87 lnput  Timer F event counter input: This is

an event input pin for input to the
timer F counter
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Table 1-2 Pin Functions (cont)

Pin No.
Type Symbol FP-100B FP-100A /O Name and Functions
Timer pins TMOFL 78 81 Output  Timer FL output: This is an output

pin for waveforms generated by the
timer FL output compare function

TMOFH 79 82 Output  Timer FH output: This is an output
pin for waveforms generated by the
timer FH output compare function

T™MIG 80 83 Input Timer G capture input: This is an
input pin for the timer G input capture
function

14-bit PWM 81 84 Output  14-bit PWM output: This is an output

PWM pin pin for waveforms generated by the
14-bit PWM

I/O ports PB; to 97 to 100 to Input Port B: This is an 8-bit input port

PBy 90 93

PCjto 1,100to 4to Input Port C: This is a 4-bit input port

PCy 98 1 ‘

P4, 88 91 Input Port 4 (bit 3): This is a 1-bit input
port

P4, to 87to 90 to 1o Port 4 (bits 2 to 0): This is a 3-bit /O

P4, 85 88 port. Input or output can be

designated for each bit by means of
port control register 4 (PCR4).

PA3 to 32to 35to 1o Port A: This is a 4-bit I/O port. Input

PA, 35 38 or output can be designated for each
bit by means of port control register A
(PCRA).

P1,to 84 to 87 to 1o Port 1: This is an 8-bit /O port. Input

P1g 77 80 or output can be designated for each
bit by means of port control register 1
(PCR1).

P2; to 18to 21to 110 Port 2: This is an 8-bit I/O port. Input

P2, 11 14 or output can be designated for each
bit by means of port control register 2
(PCR2).

P3;to 26to 29to 1] Port 3: This is an 8-bit I/O port. Input

P3q 19 22 or output can be designated for each
bit by means of port control register 3
(PCRB3).
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Table 1-2 Pin Functions (cont)

Pin No.
Type Symbol FP-100B FP-100A VO Name and Functions
1/O ports PS5, to 43 to 46 to 1o Port 5: This is an 8-bit I/O port. Input
PS5, 36 39 or output can be designated for each
bit by means of port control register 5
(PCR5).
P6; to 51to 54to 10 Port 6: This is an 8-bit I/O port. Input
P6q 44 47 or output can be designated for each
bit by means of port control register 6
(PCRS6).
P7;to 59 to 62 to 1o Port 7: This is an 8-bit I/O port. Input
P7, 52 55 or output can be designated for each
bit by means of port control register 7
(PCR?7).
P8, to 67 to 70to 110 Port 8: This is an 8-bit I/O port. Input
P8y 60 63 or output can be designated for each
bit by means of port control register 8
(PCRS8).
P9, to 75to 78 to 110 Port 9: This is an 8-bit I/O port. Input
P9 68 71 or output can be designated for each
bit by means of port control register 9
(PCR9).
Serial S, 20 23 Input SCI1 receive data input:
communi- This is the SCI1 data input pin
F?“?fn SO, 21 24 Output  SCI1 send data output:
'(“Sgl)a"e This is the SCI1 data output pin
SCK; 19 22 110 SCI1 clock /0 :
This is the SCI1 clock I/O pin
Sl, 23 26 Input SCI2 receive data input:
This is the SCI2 data input pin
SO, 24 27 Output  SCI2 send data output:
This is the SCI2 data output pin
SCK, 22 25 o SCI2 clock /0 :
This is the SCI2 clock /O pin
Ccs 26 29 Input  SCI2 chip select input:
This pin controls the start of SCI2
transfers
STRB 25 28 Output  SCI2 strobe output: This pin outputs

a strobe pulse each time a byte of
data is transferred
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Table 1-2 Pin Functions (cont)
Pin No.
Type Symbol  FP-100B FP-100A VO Name and Functions
Serial RXD 86 89 Input SCI3 receive data input:
communi- This is the SCI3 data input pin
fat"‘r’f"ce TXD 87 90 Output  SCI3 send data output:
(g&)a This is the SCI3 data output pin
SCKj 85 88 110 SCI3 clock I/0 :
This is the SCI3 clock 1/O pin
AD ANy, to 1,100to 4to 1 Input Analog input channels 0 to 11:
converter AN, 90 100 to These are analog data input channels
93 to the A/D converter
ADTRG 11 14 Input A/D converter trigger input:
This is the external trigger input pin to
the A/D converter
LCD COM4to 35to 38to Output LCD common output:
controller/  COM; 32 35 These are LCD common output pins
driver SEG to 75to 78 to Output  LCD segment output:
SEG; 36 39 These are LCD segment output pins
cL, 75 78 Output  LCD latch clock: '
This is the display data latch clock
output pin for external segment
expansion
CL, 74 77 Output  LCD shift clock:
This is the display data shift clock
output pin for external segment
expansion
DO 73 76 Output  LCD serial data output:
This is the serial display data output
pin for external segment expansion
M 72 75 Output  LCD alternating signal output:

This is the LCD alternating signal
output pin for external segment
expansion
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Section 2 CPU

2.1 Overview

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

2.1.1 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:
— Multiply and divide instructions
— 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

*  64-kbyte address space

»  High-speed operation
— All frequently used instructions are executed in two to four states
— High-speed arithmetic and logic operations
8- or 16-bit register-register add or subtract: 0.4 ps*
8 x 8-bit multiply: 2.8 us*
16 + 8-bit divide: 2.8 us*

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

Note: * These values are at g = S MHz.
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2.1.2 Address Space

The H8/300L CPU supports an address space of up to 64 kbytes for storing program code and
data.

See 2.8, Memory Map, for details of the memory map.
2.1.3 Register Configuration

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

General registers (Rn)

7 07 0
ROH ROL
R1H R1L
R2H R2L
R3H R3L
R4H R4L
R5H R5L
R6H R8L
R7H (SP) R7L SP: Stack Pointer

Control registers (CR)
15 0
PC | PC: Program Counter
76543210
ccr {1|{u[H|u|N|z|v|c|  cCR: Condition Code Register
L Carry flag

———— Qverflow 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
2.2.1 General Registers
All the general registers can be used as both data registers and address registers.

When used as data registers, they can be accessed as 16-bit registers (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]

Unused area

SP >
(R7)

Stack area

Upper address side [H'FFFF]

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). '

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).
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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, STC, ANDC,
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 3.3, 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 the DAA and DAS instructions.

When the ADD.W, SUB.W, or CMP.W instruction is exécuted, 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 (Z): Setto 1 to indicate a zero result, and cleared to O to indicate a non-zero
result. :

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

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

* Add instructions, to indicate a carry
e 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.
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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 I 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=012.,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 + 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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2.3.1 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 R [ 76 [5]ala|2]1]0]

1-bit data
Byte data
.................................................... 7 °
Byte data Rl i donteare lwss, , , . ., . s
15 0
\ 'lofd data Rn !Msg L 1 1 1 L 1 1 1 il 1 A 1 1 1 L LSB !
7 4 3 0 ..................................
4bitBCDdata  RnH | Upperdigit Lowerdigt | don't care
................................................... 7 4 3 o
4-bit BCD data RoL § don't care I _ Upper digit | Lower digit j
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 Addressn | 7|6 ]5]4al3[2]1]0
Byte data Address n MSB: : : : : : :LSB

. T T T
Even address |MSB Upper 8 bits
L

Word data F—t—t —t—t
Odd address ., Lowersbits ~ LSB
slMs8 ccR | sB
Byte data (CCR) on stack Even addres —
Odd address [MsB ~~ CCR* ~ LSB
Even address [Ms8 o
Word data on stack B e N A
Odd address L. ... s

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.

19 Hitachi



2.4 Addressing Modes
2.4.1 Addressing Modes

The H8/300L CPU supports the éight 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

Register Direct—Rn: The register ficld of the instruction specifies an 8- or 16-bit general
register containing the operand.

pmdd
¢

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

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

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

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:
« 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.

» 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:16: The 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 (HFF). The address range
is HFF00 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'OOFF (0 to 255). Note that with the H8/300L Series, the lower end of the
address area is also used as a vector area. Sce 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.

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

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

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

Bit manipulation instructions 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
rm m
15 8 7 43 0 T T
op rm m - - —
Operand is contents of registers indicated by rm/rn
. . 15 0
2 Register indirect, @Rn Contents (16 bits) of register
indicated by rm 15 0
15 76143 I .
w  m] ]
3 Register indirect with displacement 15 - - 0
’ Contents (16 bits) of register
@(d:16, Rn) indicated by rm 15 g
15 76 |43 0 P — J
op | m | disp [
disp 4
4 Register indirect with l15 - - 9 15 9
X Contents (16 bits) of register
post-increment, @Rn+ 1 indicated by rm !_—’l J
15 76 (43 0 X
U
op 3N
for2
Register indirect with pre-decrement, 15 . ) 0
@-Rn .|  Contents (16 bits) of register
[ indicated by rm 15 o
15 76143 0
O —*
op rm Incremented or decremented

by 1 if operand is byte size, |1 or2
and by 2 if word size
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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 87 0
@aa:8 H'FF
15 8 7 o
op abs
@aa:16 15 0
15 0
op L \
abs
6 Immediate
#xx:8
15 8 7 0
op IMM
#xx:16 Operand is 1- or 2-byte immediate data
15 0
op
IMM
7 Program-counter relative 15 0
@(d:8, PC) PC contents s .

—

+
5 8 7 0 Sign extension1 disp l——?
[ op disp [ 4
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Table 2-2 Effective Address Calculation (cont)

Addressing Mode and
No. Instruction Format Effective Address Calculation Method Effective Address (EA)

8 Memory indirect, @@aa:8

15 8 7 0
op abs
15 87 { 0
H'00 abs
15
. Memory contents (16 bits)
Notation:

rm, rn: Register field

op: Operation field
disp: Displacement
IMM:  Immediate data
abs: Absolute address



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

Table 2-3 Instruction Set

Function Instructions Number
Data transfer MOV, PUSH*1, POP*1 1
Arithmetic operations ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, 14
, SUBS, DAA, DAS, MULXU, DIVXU, CMP, NEG

Logic operations AND, OR, XOR, NOT
Shift - SHAL, SHAR, SHLL, SHLR, ROTL, ROTR,

ROTXL, ROTXR
Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, 14

BIOR, BXOR, BIXOR, BLD, BILD, BST, BIST
Branch Bec*2, JMP, BSR, JSR, RTS 5
System control RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 8
Block data transfer EEPMOV 1

Total: 55

Notes: 1. PUSH Rn is equivalent to MOV.W Rn, @-SP.
POP Rn is equivaient to MOV.W @SP+, Rn.
2. Bec is a conditional branch instruction in which cc represents a condition code.
The following sections give a concise summary of the instructions in each category, and indicate
the bit patterns of their object code. The notation used is defined next.
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Notation

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

(EAd), <EAd>

Destination operand

(EAs), <EAs>

Source operand

CCR

Condition code register

N N (negative) flag of CCR
4 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

v OR logical

@ Exclusive OR logical

- Move

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

8 8-bit length

116 16-bit length

()< > Contents of operand indicated by effective address
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2.5.1 Data Transfer Instructions
Table 24 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:186, #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 8 7 0o MOV

| o | "m | " m  |RmoRn
15 8 7 0
I op | m . I m |@Rm<——>Rn
15 8 7 0
op | rm ] rn
@(d:16, Rm)«—Rn
disp
15 8 7 0 @R R
Ls Ll T T Ll T T T T T T T T m+___) n, Or
| °p | m | m | Rn ->@-Rm
15 8 7 0
I op m | abs l @aa:8«—-Rn
15 8 7 0
op m v
@aa:16«——Rn
abs
15 8 7 0
op m IMM #xx:8—Rn
15 8 7 0
o m
P J #xx:16>Rn
IMM
. A S — — > PUSH, POP
op 11 1 I rn @SP+-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
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2.5.2 Arithmetic Operations

Table 2-5 describes the arithmetic instructions.

Table 2-5 Arithmetic Instructions

Instruction  Size* Function

ADD BW Rd + Rs — Rd, Rd + #IMM — Rd

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

ADDX B Rd+Rs+ C —» Rd, Rd + #IMM £ C —» Rd

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

INC B Rd+1 — Rd

DEC Increments or decrements a general register

ADDS w Rd+1 -5 Rd, Rd+2 - Rd

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

DAA B Rd decimal adjust — Rd

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

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

DIVXU B Rd+ Rs — Rd
Performs 16-bit + 8-bit unsigned division on data in two general
registers, providing an 8-bit quotient and 8-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 B 0-Rd - Rd

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

Notes: * Size:

B:

W:

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

Table 2-6 Logic Operation Instructions

Instruction Size* Function

AND B Rd A Rs — Rd, Rd A #IMM — Rd

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

OR B Rd v Rs — Rd, Rd v #IMM — Rd

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

XOR B Rd ® Rs —» Rd, Rd @ #IMM — Rd

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

NOT B ~Rd - Rd

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

Notes: * Size: Operand size
B:  Byte

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

Table 2-7 Shift Instructions

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

Rotates general register contents through the C (carry) bit

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

15 0
T T T T T T T T T T T ADD’ SUB’ CMP.
| op rm | r ADDX, SUBX (Rm)
1 S ADDS, SUBS, INC, DEC
T T T T T T T T T T - A , s' I , ,
l op | r —l DAA, DAS, NEG, NOT
15 0
| op rm ] m | MULXU, DIVXU
2 S ADD, ADDX, SUBX
T T T T T T T T T T T A . , SU ,
[ op rn IMM CMP (#XX:8)
15 0
l op rm m | AND, OR, XOR (Rm)
15 0
| op m IMM | AND, OR, XOR (#xx:8)
15 0
(— — T SHAL, SHAR, SHLL, SHLR,
| op m ROTL, ROTR, ROTXL, ROTXR
Notation:

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

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

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>) — (<bit-No.> of <EAd>)

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

BTST B ~ (<bit-No.> of <EAd>) —» Z

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

BAND B C A (<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 A [~ (<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 v (<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 v [~ (<bit-No.> of <EAd>)] — C

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

The bit number is specified by 3-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 ® (<bit-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 ® [~(<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 resuit 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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BSET, BCLR, BNOT, BTST

15 8 7 0
L L AL I T 1 Operand: register direct (Rn)
l op | IMM ] m Bit No.: immediate (#xx:3)
15 8 7 0 o g g (Rn)
— . T L T T perand: register direct (Rn
l op I m | m IBit No.: register direct (Rm)
15 8 7 0
op I m 0 0 O O |Operand: register indirect (@Rn)
op | MM o 0 0 0|gitNo: immediate (#xx:3)
15 8 7 0
op m 0 0 O O |Operand: register indirect (@Rn)
op rm 0 0 O OfBitNo.: registerdirect (Rm)
15 8 7 0
op I abs Operand: absolute (@aa:8)
op | IMM | 0 0 0 O]BitNo.: immediate (#xx:3)
15 8 7 0
op abs Operand: absolute (@aa:8)
op m | 0 0 O O|BitNo.: registerdirect (Rm)
BAND, BOR, BXOR, BLD, BST
15 8 7 0 o g g (Rn)
— . r T T T T T T T perand: register direct (Rn
op | IMM I m Bit No.: immediate (#xx:3)
15 8 7 0
op l m 0 0 O O |Operand: register indirect (@Rn)
op l IMM 0 0 0 O|BitNo.: immediate (#xx:3)
15 8 7 0
op | abs Operand: absolute (@aa:8)
op | M o 0 0 0fgitNo: immediate (#xx:3)

Notation:

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

Figure 2-7 Bit Manipulation Instruction Codes
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15 8 7 0
op | imv | r
15 8 7 0
op I mn 0 0 0 O
op | v o o 0 o
15 8 7 0
op I abs
op | MM [0 0 0 O
Notation:
op: Operation field

rm, rn: Register field
abs:

IMM: Immediate data

Absolute address

BIAND, BIOR, BIXOR, BILD, BIST

Operand:
Bit No.:

Operand:
Bit No.:

Operand:
Bit No.:

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

register indirect (@Rn)

immediate (#xx:3)

absolute (@aa:8)

immediate (#xx:3)

Figure 2-7 Bit Manipulation Instruction Codes (cont)
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2.5.6 Branching Instructions
Table 2-9 describes the branching instructions. Figure 2-8 shows their object code formats.

Table 2-9 Branching Instructions

Instruction Size Function

Bec — 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 same) C=0

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 N®eV=0
BLT Less than NeV=1
BGT Greater than Zv(NeV)=0
BLE Less or equal Zv(N®eV)=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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T °|p T T ClC T I T T T dilsp T T T Bcc
15 8 7 0
op | m 0 0 0 O0]|JMP(@Rm)
15 8 7 0
op
JMP (@aa:16)
abs
15 8 7 0
| op | abs IJMP (@@aa:8)
15 8 7 0
| op l disp BSR
15 8 7 0
| op | m 0 0 0 0] JSR(@Rm)
15 8 7 0
op
JSR (@aa:16)
abs ‘
15 8 7 ’ 0
[ op abs | SR (@@aa:8)
15 8 7 0
l 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 A #IMM — CCR
Logically ANDs the condition code register with immediate data
ORC B CCR v #IMM — CCR
Logically ORs the condition code register with immediate data
XORC B CCR @ #IMM — CCR
Logically exclusive-ORs the condition code register with immediate data
NOP — PC+2->PC

Only increments the program counter

Notes: * Size:
B:

Operand size

Byte
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[ 7 T oep 7 T 77 7 | RTE, SLEEP, NOP
15 8 7 v 0 .
| op m ] LDC, STC (Rn)
15 8 7 0
T T T T T T T T T T T T T T ANDC' ORC,
| op IMM XORC, LDC (#xx:8)

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

Figure 2-9 System Control Instruction Codes
2.5.8 Block Data Transfer Instruction
Table 2-11 describes the block data transfer instruction. Figure 2-10 shows its object code format.

Table 2-11 Block Data Transfer Instruction

lnstrhction Size Function

EEPMOV — If R4L # O then
repeat @R5+ - @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)
RS: 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 the EEPMOV instruction. See 2.9.3, Notes on Use of
the EEPMOV Instruction, for details.
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15 8 7

Notation:
op: Operation field

Figure 2-10 Block Data Transfer Instruction Code
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2.6 Basic Operational Timing

CPU operation is synchronized by a system clock (@) or a subclock (gsypg). For details on these
clock signals see section 4, Clock Pulse Generators. The period from a rising edge of ¢ or ggyp 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)

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

D Bus cycle L

~<—— Ty state —w-— T, state —>

@ or gsys

Internal address bus

Address

Internal read signal

Internal data bus :>—_< Read data
(read access) J -

Internal write signal

Internal data bus

(write access) Write data

Figuyre 2-11 On-Chip Memory Access Cycle

42 Hitachi



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,
S0 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

o Bus cycle :

<——— T, state —s-<—— T, state ——'

@ Orogyg

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

(read access)

Internal write signal

Write data

Internal data bus
(write access)

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

L Bus cycle

- >

w—-— T, state ———-— T, state —se—— Ty state ——

g oreggys

Internal , X7 ) ' X
address bus 1 _ Address i y
Internal :
read signal \ /

Internal : :

data bus :}————-( Read data )-—

(read access)
Internal )
write signal : :

Internal -3 ‘ - :
data bus __/——< Write data )——

(write access)

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.

Figure 2-15 shows the state transitions.

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 T

successive program :L :

instructions at reduced i ow-power

speed, synchronized i i modes

by the subclock i ECEEEELETEER 4
—1 Program halt state Sleep mode -----g
A state in which some g
or all of the chip |
functions are stopped ]  Standby mode 'f,
to conserve power !
1 Watch mode ----~§
—1  Subsleep mode  [---- j

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 o
Reset state )< "_( Exception-handling state
Reset occurs

A

Interrupt
source

Reset
occurs

Exception- | Exception-
handling | handling
request complete

Reset
occurs

<t

SLEEP instruction executed

Program halt state Program execution state

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 S, 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 section 3, Exception Handling.
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2.8 Memory Map
2.8.1 Memory Map

Figure 2-16 (a) shows the H8/3833U memory map. Figure 2-16 (b) shows the H8/3834U memory
map. Figure 2-16 (c) shows the H8/3835U memory map. Figure 2-16 (d) shows the H8/3836U
memory map. Figure 2-16 (¢) shows the H8/3837U memory map.

H'0000 A
Interrupt vector area
Hoo29 | ]
H'002A
\ 24 kbytes
(24,576 bytes)
On-chip ROM

H'sFFF )

Reserved
H'F740

LCD RAM* (64 bytes)

H'F77F

Reserved
H'FB80

On-chip RAM 1,024 bytes
H'FF7F
H'FF80 b ial data buff
HEFOF 32-byte serial data buffer
H'FFAO
Internal /O registers

(96 bytes)

H'FFFF

Note: * The LCD RAM addresses are the addresses after a reset.

Figure 2-16 (a) H8/3833U Memory Map
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H'0000 A
Interrupt vector area
HoOO29 |
H'002A
y 32 kbytes
(32,768 bytes)
On-chip ROM
H'7FFF J
Reserved
H'F740
LCD RAM™ (64 bytes)
H'F77F :
Reserved
H'FB80
On-chip RAM 1,024 bytes
H'FF7F
HFF80 32-b ial data buff
HEFOF -byte serial data buffer
H'FFAO
Internal 1/O registers
(96 bytes)
H'FFFF

Note: * The LCD RAM addresses are the addresses after a reset.

Figure 2-16 (b) H8/3834U Memory Map
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H'0000 b
Interrupt vector area
HoO20| ]
H'002A
\ 40 kbytes
(40,960 bytes)
On-chip ROM
H'9FFF J
Reserved
H'F740
LCD RAM* (64 bytes)
HF77F '
H'F780 )
On-chip RAM > 2,048 bytes
H'FF7F J
H'FF80
32-byte serial data buffer
H'FFOF
H'FFAO
Internal /O registers
(96 bytes)
H'FFFF

Note: *The LCD RAM addresses are the addresses after a reset.

Figure 2-16 (¢c) H8/3835U Memory Map

49 Hitachi




H'0000 h
Interrupt vector area
Hoo20 [
H'002A
\ 48 kbytes
(49,152 bytes)
On-chip ROM
H'BFFF J
Reserved
H'F740
LCD RAM* (64 bytes)
HF77F
H'F780 h
On-chip RAM > 2,048 bytes

HFF7F J

H'FF80

32-byte serial data buffer
H'FF9F
H'FFAO
Internal /O registers
(96 bytes)
H'FFFF

Note: *The LCD RAM addresses are the addresses after a reset.

Figure 2-16 (d) H8/3836U Memory Map
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H'0000 )
Interrupt vector area
H0029 | ]
H'002A
\ 60 kbytes
(60,928 bytes)
On-chip ROM
H'EDFF )
Reserved
H'F740
LCD RAM* (64 bytes)
HF77F
H'F780 A
On-chip RAM > 2,048 bytes

H'FF7F J

H'FF80

32-byte serial data buffer
H'FFIF
H'FFAO
Internal 1/O registers
(96 bytes)
H'FFFF

Note: *The LCD RAM addresses are the addresses after a reset.

Figure 2-16 (¢) H8/3837U Memory Map
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2.8.2 LCD RAM Address Relocation

After a reset, the LCD RAM area is located at addresses HF740 to HF77FE. However, this area
can be relocated by setting the LCD RAM relocation register (RLCTR) bits. The LCD RAM
relocation register is explained below.

LCD RAM relocation register (RLCTR: H'FFCF)

Bit 7 6 5 4 3 2 1 0
| - | =] =1 =1 =1 = [|rwer]|Rcm]

Initial value 1 1 1 1 1 1 0 0’

Read/Write — — - - = — RW  RW

RLCTR is an 8-bit read/write register that selects the LCD RAM address space. Upon reset,
RLCTR is initialized to H'FC.

Bits 7 to 2: Reserved bits
Bits 7 to 2 are reserved; they are always read as 1, and cannot be modified.
Bits 1 and 0: LCD RAM relocation select (RLCT1, RLCTO)

Bits 1 and O select the LCD RAM address space.

Bit1 Bit 0

RLCT1 RLCTO Description

0] o] H'F740 toH'F77F (initial value)
0 . 1 H'F940 to H'F97F*2

1 0 H'FB40 to H'FB7F*2

1 1 H'FD40 to H'FD7F*1.2

Notes: 1. In devices with 1,024-byte RAM, if RLCT1 to 0 are set to
11, on-chip RAM addresses H'FB80 to H'FD7F become
inaccessible.

2. In devices with 2,048-byte RAM, if RLCT1 to 0 are set to
any value except 00, these on-chip RAM addresses
become inaccessible.
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2.9 Application Notes

2.9.1 Notes on Data Access

1.

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 I/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.

53 Hitachi



H'0000

H'0029
H'002A

H7FFF*2

H'F740

HF77F

H'FB80*3

HFF7F
H'FF80
HFFOF
H'FFAO

HFFFF

Interrupt vector area
(42 bytes)

On-chip ROM

’ 32 kbytes*2

Reserved

LCD RAM*1 (64 bytes)

Reserved

On-chip RAM

32-byte serial data buffer

Internal I/O registers
(96 bytes)

Notes: The above example is a description of the H8/3834U.
. The indicated addresses for the LCD RAM area are initial values after system reset.

2. The H8/3833U has 24 kbytes of on-chip ROM, and its ending address is H'5FFF.

The H8/3835U has 40 kbytes of on-chip ROM, and its ending address is H'OFFF.

The H8/3836U has 48 kbytes of on-chip ROM, and its ending address is H'BFFF.

The H8/3837U has 60 kbytes of on-chip ROM, and its ending address is H'EDFF.
3. The H8/3833U has 1,024 bytes of on-chip RAM and its starting address is H'FB80.

The H8/3835U, H8/3836U, and H8/3837U each have 2,048 bytes of on-chip RAM, and

their starting address is H'F780.

Access

Word | Byte States
) o) 2
6] o 2
O O 2
X 2
X O 2
X o} 3
X O 2

O: 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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2.9.2 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.

7\
R
Count clock —— Timer counter >
1
R: Read
Reload W: Write
w
Timer load register n
AV
Internal bus

Figure 2-18 Timer Configuration Example
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Example 2
Here a BSET instruction is executed designating port 3.

P3; and P3¢ are designated as input pins, with a low-level signal input at P37 and a high-level
signal at P34. The remaining pins, P35 to P3, are output pins and output low-level signals. In
this example, the BSET instruction is used to change pin P3, to high-level output.

[A: Prior to executing BSET]

P3, P3¢ P3, P3, P3, P3, P3, P3,

Input/output Input Input Output Output Output Output Output Output

Pin state Low High Low Low Low Low Low Low
level level level level level level level level

PCR3 0 0 1 1 1 1 1 1

PDR3 1 0 0 0 0 0 0 0

[B: BSET instruction executed]

BSET #0 , @QPDR3 J The BSET instruction is executed designating port 3.

[C: After executing BSET]
P3, P3¢ P35 P3, P3, P3, P3, P3,

Input/output Input Input Output Output Output Output Output Output

Pin state Low High Low Low Low Low Low High
level level level level level level level level

PCR3 0 0 1 1 1 1 1 1

PDR3 0 1 0 0 0 0 0 1

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

Since P37 and P3¢ are input pins, the CPU reads the pin states (low-level and high-level input).
P35 to P3 are output pins, so the CPU reads the value in PDR3. In this example PDR3 has a
value of H'80, but the value read by the CPU is H'40.

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

To avoid this problem, store a copy of the PDR3 data in a work area in memory. Perform the bit
manipulation on the data in the work arca, then write this data to PDR3.

[A: Prior to executing BSET]

MOvVv. B #80, ROL The PDR3 value (H'80) is written to a work area in memory
MOV. B ROL, @RAMO (RAMO) as well as to PDR3.
MOV. B ROL, @PDR3

P3, P3¢ P35 P3, P3,3 P3, P3, P3,

Input/output Input Input Output  Output Output Output Output  Output

Pin state Low High Low Low Low Low Low Low
level level level level level level level level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0
RAMOI 1 0 0 0 0 0 0 0

[B: BSET instruction executed]

BSET #0 , QRAMO J The BSET instruction is executed designating the PDR3
work arca (RAMO).
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[C: After executing BSET]

MOV. B @RAMO, ROL The work area (RAMO) value is written to PDR3.
MOV. B ROL, @PDR3

P3, P3¢ P3; P3, P3, P3, P3, P3,

Input/output Input Input Output Output Output Output Output Output

Pin state Low High Low Low Low Low Low High
level level level level level level level level
PCR3 0 0 1 1 1 1 ‘ 1 1
PDR3 1 0 0 0 0 0 0 1
RAMO 1 0 0 0 0 0 0 1

2. Bit manipulation in a register containing a write-only bit
Example 3
In this example, the port 3 control register PCR3 is accessed by a BCLR instruction.

As in the examples above, P37 and P3¢ are input pins, with a low-level signal input at P3; and a
high-level signal at P3¢. The remaining pins, P35 to P3, are output pins that output low-level
signals. In this example, the BCLR instruction is used to change pin P3 to an input port. It is
assumed that a high-level signal will be input to this input pin.

[A: Prior to executing BCLR]

P3, P3¢ P3s P3, P3, P3, P3, P3,

Input/output Input Input Output  Output Output Output Output Output
Pin state Low High Low Low Low Low Low Low
level level level level level level level level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0

[B: BCLR instruction executed]

LBCLR #0 , @PCR3 The BCLR instruction is executed designating PCR3.
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[C: After executing BCLR]

P3, P3, P3s P3, P3, P3, P3, P3,

Input/output Output Output  Output Output Output Output Output  Input

Pin state Low High Low Low Low Low Low High
level level level level level level level level

PCR3 1 1 1 1 1 1 1 0

PDR3 1 0 0 0 0 0 0 0

[D: Explanation of how BCLR operates]

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

Next, the CPU clears bit 0 in the read data to 0, changing the data to HFE. Finally, this value
(H'FE) is written to PCR3 and BCLR instruction execution ends.

As a result of this operation, bit 0 in PCR3 becomes 0, making P3 an input port. However, bits 7
and 6 in PCR3 change to 1, so that P37 and P3¢ change from input pins to output pins.

To avoid this problem, store a copy of the PCR3 data in a work area in memory. Perform the bit
manipulation on the data in the work area, then write this data to PCR3.

[A: Prior to executing BCLR]

MOV. B #3F, ROL The PCR3 value (H'3F) is written to a work area in memory
MOV. B ROL, G@RAMO (RAMO) as well as to PCR3.
MOV. B ROL, @PCR3

P3, P3g P35 P3, P3, P3, P3, P3,

Input/output Input Input Output  Output Output Output Output  Output

Pin state Low High Low Low Low Low Low Low
level level level level level level level level
PCR3 0 0 1 1 1 1 T
PDR3 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 1
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[B: BCLR instruction exccuted]

[ BCLR #0 , @RAMO The BCLR instruction is executed designating the PCR3
work area (RAMO).

[C: After executing BCLR]

MOV. B @RAMO, ROL The work area (RAMO) value is written to PCR3.
MOV. B ROL, @PCR3
P3, P3g P3; P3, P3, P3, P3, P3,
Input/output Input Input Output  Output Output Output Output  Output
Pin state Low High Low Low Low Low Low High
level level level level level level level level
PCR3 0 0 1 1 1 1 1 0
PDR3 1 0 0 0 0 0 (VB 0
RAMoO 0 0 1 1 1 1 1 0

The tables below list registers that share the same address, and registers that contain write-only
bits.

Registers with shared addresses

Register Name Abbreviation Address
Timer counter B and timer load register B TCB/TLB H'FFB3
Timer counter C and timer load register C TCC/TLC H'FFBS
Port data register 1* PDR1 H'FFD4
Port data register 2* PDR2 H'FFDS
Port data register 3* PDR3 H'FFD6
Port data register 4* PDR4 H'FFD7
Port data register 5* PDRS H'FFD8
Port data register 6* PDR6 H'FFD9
Port data register 7* PDR7 H'FFDA
Port data register 8* : PDR8 H'FFDB
Port data register 9* PDR9 H'FFDC
Port data register A* PDRA H'FFDD

Note: * These port registers are used also for pin input.
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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 3 PCRS3 H'FFE6
Port control register 4 PCR4 H'FFE7
Port control register 5 PCRS H'FFE8
Port control register 6 PCR6 H'FFE9
Port control register 7 PCR7 H'FFEA
Port control register 8 PCR8 H'FFEB
Port control register 9 PCR9 H'FFEC
Port control register A PCRA H'FFED
Timer contrbl register F TCRF H'FFB6
PWM control register PWCR H'FFDO
PWM data register U PWDRU H'FFD1
PWM data register L PWDRL H'FFD2

2.9.3 Notes on Use of the EEPMOY Instruction

« The EEPMOY instruction is a block data transfer instruction. It moves the number of bytes
specified by R4L from the address specified by RS to the address specified by R6.

R5 — « R6

R5 + R4L —

« R6 + R4L

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

«— R6

R5 + R4L -

H'FFFF
Not allowed

<« R6 + R4L
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Section 3 Exception Handling

3.1 Overview

Exception handling is performed in the H8/3834U 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
Low handling in progress is completed
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 the RES pin goes low, all processing is stopped and the H8/3834U enters the reset
state.

To make sure the chip is reset properly, observe the following precautions.

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

If the MDO pin is at the high level, reset exception handling begins when the RES pin is held low
for a given period, then returned to the high level. If the MDO pin is low, however, when the RES
pin is held low for a given period and then returned to high level, the reset is not cleared
immediately. First the MDO pin must go from low to high, then after 8,192 clock cycles the reset
is cleared and reset exception handling begins.
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Reset exception handling takes place as follows.

» The CPU internal state and the registers of on-chip peripheral modules are initialized, with

the I bit of the condition code register (CCR) set to 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.

When system power is turned on or off, the RES pin should be held low.

Figures 3-1 and 3-2 show the reset scquence.

Y

Reset cleared

: » Program initial
: Vector fetch Internal ~ instruction prefetch
' jt————p=f PrOCeSSiNg jg—— |

Internal
address bus ) X 2 X

Internal read
signal

Internal write
signal

Internal data
bus (16-bit)

{ @ ) { @

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

Figure 3-1 Reset Sequence (when MDO Pin is High)
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Reset cleared

Program initial
Vector fetch Internal  instruction prefetch
Jt——————| Processing jg———m

i
g

: 18,192 docki
H i cycles !
E -~
Internal R —
address bus " M M X (2 X
internal read N A \ [ \ [\
signal '
Internal write 2 ¥ :
signal ! ,
Internal data N N <:>____(
bus (16-bit) ¢ A @ @

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

Figure 3-2 Reset Sequence (when MDO Pin is Low)
3.2.3 Interrupt Immediately after Reset

After areset, if an interrupt were to be accepted before the stack pointer (SP: R7) was initialized,
PC and CCR would not be pushed onto the stack correctly, resulting in program runaway. To
prevent this, immediately after reset exception handling all interrupts are masked. For this reason,
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 13 external interrupts (WKP, to WKP7, IRQ to IRQy4), and 20
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:

«  Both internal and external interrupts can be masked by the I bit of CCR. When this bit is set
to 1, interrupt request flags are set but interrupts are not accepted.

«  The external interrupt pins 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 Number Vector Address
High RES Reset 0 H'0000 to H'0001
A IRQq IRQq 4 H'0008 to H'0009
iRQ, iRQy 5 H'000A to H'000B
IRQ, IRQ, 6 H'000C to H'000D
IRQ; IRQg 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; WKP5
WKPg WKPg
Y WKP, WKP,
Low Sci SCH1 transfer complete 10 H'0014 to H'0015
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Table 3-2 Interrupt Sources and Priorities (cont)

Vector
Priority Interrupt Source Interrupt Number Vector Address
High Timer A Timer A overflow 11 H'0016 to H'0017
A Timer B Timer B overflow 12 H'0018 to H'0019
Timer C Timer C overflow or underflow 13 H'001A to H'001B
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
SCI2 SCI2 transfer complete 17 H'0022 to H'0023
SCI2 transfer abort
SCI3 SCI3 transmit end 18 H'0024 to H'0025
SCI3 transmit data empty
SCI3 receive data full
SCI3 overrun error
SCI3 framing error
SCI3 parity error
A/D converter A/D conversion end 19 H'0026 to H'0027
Y (SLEEP instruction  Direct transfer 20 H'0028 to H'0029

Low executed)

’ Note: Vector addresses H'0002 to H'0007 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
IRQ edge select register IEGR RW H'EO H'FFF2
Interrupt enable register 1 IENR1 RW H'00 H'FFF3
Interrupt enable register 2 IENR2 RW H'00 H'FFF4
Interrupt request register 1 IRR1 R/W* H20 H'FFF6
Interrupt request register 2 IRR2 R/W* H'00 H'FFF7
Wakeup interrupt request register  IWPR R/W* H'00 H'FFF9

Note: * Write is enabled only for writing of 0 to clear a flag.

1. IRQ edge select register (IEGR)

Bit 7 6 5 4 3 2 1 0
— — — | s | EGs | IEG2 | EG1 | IEGO

Initial value 1 1 1 (o] 0 0 0 0

Read/Write —_ — — RW RW RW RW RW

IEGR is an 8-bit read/write register, used to designate whether pins IRQ to IRQ4 are set to rising
edge sensing or falling edge sensing.

Bits 7 to 5: Reserved bits
Bits 7 to 5 are reserved; they are always read as 1, and cannot be modified.
Bit 4: IRQ4 edge select (IEG4)

Bit 4 selects the input sensing of pin IRQ4/ADTRG.

Bit 4

IEG4 Description

0 Falling edge of IRQ4/ADTRG pin input is detected (initial value)
1 Rising edge of IRQ4/ADTRG pin input is detected '

68 Hitachi



Bit 3: IRQ; edge select (IEG3)

Bit 3 selects the input sensing of pin IRQ3/TMIF.

Bit 3

IEG3 Description

0 Falling edge of IRQ3/TMIF pin input is detected (initial value)
1 Rising edge of IRQ3/TMIF pin input is detected

Bit 2: IRQ, edge sclect (IEG2)

Bit 2 selects the input sensing of pin IRQy/TMIC.

Bit 2

IEG2 Description

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

Bit 1: IRQ; edge select (IEG1)

Bit 1 selects the input sensing of pin IRQ;/TMIB.

Bit 1

IEG1 Description

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

Bit 0: IRQq edge select (IEG0)

Bit 0 selects the input sensing of pin IRQy,.

Bit 0

IEGO Description

o Falling edge of IRQ, pin input is detected (initial value)
1 Rising edge of IRQ, pin input is detected
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2. Interrupt enable register 1 (IENR1)

Bit 7 6 5 4 3 2 1 0
— 1 T 1T _—_ — T T T 1
IENTA l IENS1 | IENW I IEN4 IEN3 I IEN2 I IEN1 I IENO ’

Initial value 0 0 0 0 0 0 0 0

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

IENR1 is an 8-bit read/write register that enables or disables interrupt requests.

Bit 7: Timer A interrupt enable (IENTA)

Bit 7 enables or disables timer A overflow interrupt requests.

Bit7

IENTA Description

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

IENS1 Description

0 Disables SCI1 interrupts (initial value)
1 Enables SCI1 interrupts

Bit 5: Wakeup interrupt enable IENWP)

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

Bit5

IENWP Description

0 Disables interrupt requests from WKP, to WKP, (initial value)
1 Enables interrupt requests from WKP; to WKP,
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Bits 4 to 0: IRQq4 to IRQ interrupt enable (IEN4 to IENQ)

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

Bitn
IENN Description
0 Disables interrupt request IRQn (initial value)
1 Enables interrupt request IRQn
(n=4to0)
3. Interrupt Enable Register 2 (IENR2)
Bit 7 6 5 4 3 2 1 0
IENDT | IENAD | IENS2 | IENTG | IENTFH | IENTFL | IENTC | IENTB ]
Initial value 0 (o] (o] 0 o] 0 o] 0

Read/Write RW RW RW RW RW RW RW RwW

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

Bit 7 enables or disables direct transfer interrupt requests.

Bit7

IENDT Description

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

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

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

Bit6

IENAD Description _ _

0 Disables A/D converter interrupt requests (initial value)
1 Enables A/D converter interrupt requests
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Bit 5: SCI2 interrupt enable (IENS2)

Bit 5 enables or disables SCI2 transfer complete and transfer abort interrupt requests.

Bit5

IENS2 Description

0 Disables SCI2 interrupts (initial value)
1 Enables SCI2 interrupts

Bit 4: Timer G interrupt enable (IENTG)

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

Bit4

IENTG Description

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.

Bit3

IENTFH 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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Bit 1: Timer C interrupt enable (IENTC)

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

Bit 1

IENTC Description ‘
0 Disables timer C interrupts (initial value)
1 Enables timer C interrupts

Bit 0: Timer B interrupt enable (IENTB)

Bit O enables or disables timer B overflow or underflow interrupt requests.

Bit0

1ENTB Description

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

SCI3 interrupt control is covered in 10.4.2, in the description of serial control register 3.

4. Interrupt request register 1 (IRR1)

Bit 7 6 5 4 3 2 1 0
IRRTA | IRRS1 | — | IRRI4 | IRRI3 | IRRI2 | IRRI1 | IRRI0 |

Initial value 0 0 1 0 0 0 0 0

ReadWrite ~ RW* RW* —  RW* RW* RW* RW* RW*

Note: * Only a write of 0 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 IRQ4 to IRQ interrupt is requested. The flags are not cleared automatically when an
interrupt is accepted. It is necessary to write O to clear each flag.

Bit 7: Timer A interrupt request flag (IRRTA)

Bit7

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)
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Bit 6: SCI1 interrupt request flag (IRRS1)

Bit 6 ;

IRRS1 Description

o] 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 § is reserved; itis always read as 1, and cannot be modified.

Bits 4 to 0: IRQ4 to IRQy interrupt request flags (IRRI4 to IRRIO)

Bitn

IRRIn 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)
S. Interrupt request register 2 (IRR2)
Bit 7 6 5 4 3 2 1 0
IRRDT | IRRAD | IRRS2 | IRRTG |IRRTFH | IRRTFL | IRRTC | IRRTB
Initial value 0 0 0 0 0 0 0 0

Read/Write RW*  RMW* RW* RW* RW* RW* RW* RW+*
Note: * Only a write of 0 for flag clearing is possiblé.

IRR?2 is an 8-bit read/write register, in which the corresponding bit is set to 1 when a direct
transfer, A/D converter, SCI2, 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.
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Bit 7: Direct transfer interrupt request flag (IRRDT)

Bit7

IRRDT Description

(o] 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)

Bit6

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

Bit 5: SCI2 interrupt request flag (IRRS2)

Bit5

IRRS2 Description

0 Clearing conditions: (initial value)
When IRRS2 = 1, it is cleared by writing 0

1 Setting conditions:

When an SCI2 transfer is completed or aborted

Bit 4: Timer G interrupt request flag (IRRTG)

Bit4

IRRTG Description

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

1 Setting conditions:

When pin TMIG is set to TMIG input and the designated signal edge is detected
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Bit 3: Timer FH interrupt requést flag (IRRTFH)

Bit3

iRATFH Description

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

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: Timer FL interrupt request flag (IRRTFL)

Bit 2

IRRTFL Description ,

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

1 Setting conditions:

When counter FL matches output compare register FL in 8-bit timer mode

Bit 1: Timer C interrupt request flag (IRRTC)

Bit 1

IRRTC Description

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

1 Setting conditions:

When the timer C counter value overflows (goes from H'FF to H'00) or underflows
(goes from H'00 to H'FF)

Bit 0: Timer B interrupt request flag (IRRTB)

Bit0

IRRTB Description

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

1 Setting conditions:

When the timer B counter value overflows (goes from H'FF to H'00)
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6. Wakeup interrupt request register (IWPR)

Bit 7 6 5 4 3 2 1 0.
| wPF7 | wpFe | wPFs | wpF4 | wpFs | wpF2 | wpF1 | IwpFo
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W* RW*  RMW* RW* RW* RW* RW* R/W*
Note: * Only a write of 0 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, to
WKRP, 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 0 to clear each flag.

Bits 7 to 0: Wakeup interrupt request flags (WKPF7 to WKPF0)

Bit n ,
IWPFn Description
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=7t00)
3.3.3 External Interrupts

There are 13 external interrupts, WKP, to WKP; and IRQ to IRQy4.
1. Interrupts WKP, to WKP;

Interrupts WKP, to WKP7 are requested by falling edge inputs at pins WKP, to WKP;. When
these pins are designated as WKP( to WKP; pins in port mode register S (PMRS) 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
IENRI1 to 0. It is also possible to mask all interrupts by setting the CCR I bit to 1.

When an interrupt exception handling request is received for interrupts WKP0 to WKP7, the CCR
I bitis 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.
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2. Interrupts IRQq to IRQ4

Interrupts IRQ to IRQ4 are requested by into pins inputs to IRQg to IRQ4. 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 pins IRQg to IRQy in port mode registers 1 and 2 (PMR1 and
PMR?2) and the designated edge is input, the corresponding bit in IRR1 is set to 1, requesting an
interrupt. Interrupts IRQq to IRQ4 can be disabled by clearing bits IENO to IEN4 in IENR1 to 0.
All interrupts can be masked by setting the I bit in CCR to 1.

When IRQy to IRQy interrupt exception handling is initiated, the I bit is set to 1. Vector numbers
4 to 8 are assigned to interrupts IRQq to IRQy4. The order of priority is from IRQq (high) to IRQ,4
(low). Table 3-2 gives details.

3.3.4 Internal Interrupts

There are 20 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 I bit in CCR to 1. When an internal
interrupt request is accepted, the I 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 3-3 shows a block diagram of the
interrupt controller. Figure 3-4 shows the flow up to interrupt acceptance.

External or
internal
interrupts

_———-D_'—> Interrupt
request

Priority decision logic

External
interrupts or
internal
interrupt
enable
signals

TT 09 g0

I | l CCR (CPU)

Figure 3-3 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 I bit is 0, the selected interrupt request
is accepted; if the I 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 3-5.
The PC value pushed onto the stack is the address of the first instruction to be executed upon
return from interrupt handling.

The I 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 = 1).

If the above clear operations are performed while I = 0, and as a result a conflict arises
between the clear instruction and an interrupt request, exception processing for the interrupt
will be executed after the clear instruction has been executed.
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IT’I’OQI' am execution statej

IENO =1

IRRI1 =1

L PC contents saved l
1

L CCR contents saved J
1}

le1 I

)

Branch to interrupt
handling routine

Notation:

PC: Program counter

CCR: Condition code register
I: | bitof CCR

Figure 3-4 Flow up to Interrupt Acceptance
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SP-4
SP-3
sP-2
SP -1
SP (R7) =

Prior to start of interrupt
exception handling

Notation:

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

SP: Stack pointer

—_——mm—
PC and CCR
saved to stack

SP (R7) —
SP+1"
SP+2

SP+3
SP +4

Even address

After completion of interrupt
exception handling

Notes: 1. PC shows the address of the first instruction to be executed upon

return from the interrupt handling

routine.

2. Register contents must aiways be saved and restored by word access,
_ starting from an even-numbered address.

* Ignored on return from interrupt.

Figure 3-5 Stack State after Completion of Interrupt Exception Handling

Figure 3-6 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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(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)
(10) First instruction of interrupt-handling routine




3.3.6 Interrupt Response Time

Table 34 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* 1t0 13
Saving of PC and CCR to stack 4 |
Vector fetch 2

Instruction fetch 4

Internal processing 4

Total 15t0 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 H8/3834U 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 3-7.

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

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

SP: Stack pointer

Figure 3-7 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

fallawing nainte chanld ha ahcaruad
I\J‘lv"llls y\.’ 110D DIIVUIU UV UVUOVL YV,

When an external interrupt pin function is switched by rewriting the port mode register that
controls these pins (IRQ4 to IRQg, and WKP; to WKPy), 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 Set to 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 IRQ3 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 110 0 while pin IRQy 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 IEGT = 1.

IRRIO » When PMR2 bit IRQO is changed from 0 to 1 while pin IRQy is low and
IEGR bit IEGO = 0.

« When PMR2 bit IRQO is changed from 1 to 0 while pin IRQy 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
Flags Set to 1 Conditions

IWPR  IWPF7  When PMRS bit WKP7 is changed from 0 to 1 while pin WKP; is low

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

IWPFS  When PMRS bit WKPS5 is changed from 0 to 1 while pin WKPs is low

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

IWPF3  When PMRS bit WKP3 is changed from 0 to 1 while pin WKP; is low

IWPF2 When PMRS bit WKP2 is changed from 0 to 1 while pin WKP, is low

IWPF1 When PMRS bit WKP1 is changed from 0 to 1 while pin WKP; is low

IWPFO  When PMRS bit WKPO is changed from 0 to 1 while pin WKP, is low

Figure 3-8 shows the procedure for setting a bit in a port mode register and clearing the interrupt
request flag. :

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

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

, Interrupts masked. (Another possibility
r CCR | bit « 1 | ---------- is to disable the relevant interrupt in
interrupt enable register 1.)

I Set port mode register bit I
| After setting the port mode register bit,

r Execute NOP instructi I ________ first execute at least one instruction
xecute Instruction (e.g., NOP), then clear the interrupt

I request flag to 0
r Clear interrupt request flag to 0 ]

r CCR I bite0 ] ---------- Interrupt mask cleared

Figure 3-8 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.

4.1.1 Block Diagram

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

i Bosc/2 3
OSC1 —*{system clock Sosc System clock L :
' . s System clock |2osc/16 [ @
0SCs, ,._ oscillator fosc) divider (1/2) divider (1/8) 5 o
{ vetom clock oul t t[| Prescalers [ 2/
' stem cloc se r H i H
s..--.y....‘!‘ ....... P?....g?p.?.a..ql: .................................. E (13b'ts) l » 2/8192
: : o
: 5 ow/2 : w
X1— subclock | ¥ Subclock ow/d :
Xp = oscillator divider ow/8 : = Psus
2= (tw) (172, 174, 1/8) w ; ow/2
: : ow/4
! Subclock pulse generator : "i;c;;; : L° 128
................................................................... 1 |- W

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 ¢ and ggyg. Four
of the clock signals have names: ¢ is the system clock, ggyp is the subclock, gosc is the oscillator
clock, and gyy is the watch clock.

The clock signals available for use by peripheral modules are ¢/2, ¢/4, /8, 8/16, ¢/32, ¢/64, /128,
8/256, 9/512, ¢/1024, ¢/2048, p/4096, 8/8192, aw, dw/2, Bw/4, dw/8, dw/16, Bw/32, pw/64, and
#w/128. The clock requirements differ from one module to another.

89 Hitachi



4.2 System Clock Generator

Clock pulse can be supplied to the system clock divider either by connecting a crystal or ceramic

Alanl

Ub\aludlul, Ul Uy l.llUV lu.llls UAI.UlIldl VIULVA llllJUI.
1. Connecting a crystal oscillator

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

OSC1 ! ';7'

0SC»

HOH

| Rt = 1 MQ +20%
'} Cy = Cz = 12 pF +20%

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.

00 { } NN N—
Ls Rs
0SCy <—¢ t+—= 0SC,

Figure 4-3 Equivalent Circuit of Crystal Oscillator

Table 4-1 Crystal Oscillator Parameters

Frequency (MHz) 2 4 8 10
Rs max () 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.

0OSC4 { I?T

0SC;

HOH

i Rt =1 MQ £20%
Czl_ﬂ‘f C1 =30 pF £10%

C, =30 pF £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 OSC; and OSC,.

To be avoided | — Signal A Signal B

0OSC4

0SC,

SH
|
|

Figure 4-5 Board Design of Oscillator Circuit
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4. External clock input method

Connect an external clock signal to pin OSC1, and leave pin OSC, open. Figure 4-6 shows a

tvnical connactinn
typica: eoennecuon.

osCcy +——— l I | I | | External clock input

0OSC2 |——— Open

Figure 4-6 External Clock Input (Example)

Frequency Oscillator Clock (9p0sc)
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.

C4
R
X2 02’97 C4

=Cy = 15pF (typ.)

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.

/000 | | N NN——
Ls Rs

Xy -t . — X

Co Co =15 pF typ
Rs=14kQ typ
fw =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 X, pin. The X, pin should be left open.

An example of the connection in this case is shown in figure 4-9.

X4

Xz

External clock input

—JUUL

Open

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

(2) External clock

Input a square waveform to the X; 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 to the X; pin.

Figure 4-10 External Subclock Timing

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

(Vec =27V 1t055V,AVce =27V t0 5.5V, Vgg = AVgs =0.0 V, T, =-20°C to +75°C,
unless otherwise specified, including subactive mode)

Applicable Test Values
Item Symbol Pin Conditions Min Typ Max Unit Notes
Input high voltage Vi X4 Veg-03 — Vec+03 V Figure 4.10
Inputlow voltage V) -0.3 — 0.3
External subclock  txr — — 100 ns Figure 4.10
rise time
External subclock  txf — — 100
fall ime
External subclock  fx — 32.768 — kHz
oscillation frequency
External subclock  txH 12.0 —_ — us  Figure 4.10
high width
External subclock  txL 120 -_ —_
low width

3. Pin connection when not using subclock

When the subclock is not used, connect pin X; to V¢ and leave pin X, open, as shown in

figure 4-11.

Vee

X ———————— Open

Figui'e 4-11 Pin Connection when not Using Subclock
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4.4 Prescalers

The H8/3834U 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 (g) 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 4 (gw/4) as 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 timer A, timer B, timer C, timer F, timer G, SCI1, SCI2,
SCI3, the A/D converter, LCD controller, and 14-bit PWM. The divider ratio can be set
separately for each on-chip peripheral function.

In active (medium-speed) mode the clock input to prescaler S is gogc/16.

2. Prescaler W (PSW) | |

Prescaler W is a 5-bit counter using a 32.768 kHz signal divided by 4 (#w/4) as its input clock.
Prescaler W is initialized to H'0O 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 pins X; and X,.

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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4.5 Note on Oscillators

Oscillator characteristics of both the masked ROM and ZTAT™ versions 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 Modes

5.1 Overview

The H8/3834U 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/driver continue to operate on the subclock.

Watch mode

The CPU halts. The time-base function of timer A and the LCD
controller/driver 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 execution state Program halt state
LSON =0,MSON =0

Reset state

Active (high-speed)
mode

SSBY =1,
TMA3 =1

SSBY =0,
LSON =1,
TMA3 =1

SLEEP
instruction

" X 5 Power-down mode
—: 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, IRQo interrupt, WKPp to WKP7 interrupts
2. Timer Ainterrupt, timer C interrupt, timer G interrupt, IRQg to IRQ 4 interrupts,
WKPy to WKP; interrupts
3. Allinterrupts
4. IRQg interrupt, IRQq interrupt, WKPy to WKP; interrupts

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

Active Mode
High Medium  Sleep Watch Subactive Subsleep Standby
Function Speed Speed Mode Mode Mode Mode Mode
System clock oscillator Functions Functions Functions Halted Halted Halted Halted
Subclock oscillator Functions Functions Functions Functions Functions Functions Functions
CPU Instructions Functions Functions Halted Halted Functions Halted Halted
operation AN Retained  Retained Retained  Retained
Registers
I{e] Retained*!
External  IRQq Functions Functions Functions Functions Functions Functions Functions
interrupts |RQ, Retained"s
IRQ; Retained*é
IRQq
IRQ,
WKP, Functions Functions Functions Functions Functions Functions Functions
WKP,
WKP,
WKP4
WKP,
WKPg
WKPg
WKP,
Peripheral Timer A Functions Functions Functions Functions*5 Functions*5 Functions*5 Retained
module  Timer B Retained Retained  Retained
functions Timer C Functions/ Functions/
Retained*2 Retained*2
Timer F Retained  Retained
Timer G Functions/ Functions/
Retained*3 Retained*3
SCit Functions Functions Functions Retained Retained Retained Retained
SCI2
SCI3 Reset Reset Reset Reset
PWM Functions Functions Retained Retained Retained Retained Retained
AD Functions Functions Functions Retained Retained Retained Retained
LCD Functions Functions Functions Functions/ Functions/ Functions/ Retained
) Retained*4 Retained*4 Retained*4
Notes: 1. Register contents held; high-impedance output.

. Functions only if external clock or ey/4 internal clock is selected; otherwise halted and retained.
. Functions only if ay/2 internal clock is selected; otherwise halted and retained.

. Functions when timekeeping time-base function is selected.
. 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 H'FFF1

1. - System control register 1 (SYSCR1)

Bit 7 6 5 4 3 2 1 0
ssBY | sts2 | svst | stso |ison | — | — | — |

Initial value 0] 0 0 0 0 1 1 1

ReadWite @ RW RW RW RW RW  — - —

SYSCRI is an 8-bit read/write register for control of the power-down modes.
Bit 7: Software standby (SSBY)

This bit designates transition to standby mode or watch mode.

Bit7
SSBY Description
0 *When a SLEEP instruction is executed in active mode, a transition  (initial value)
~ is made to sleep mode.
* When a SLEEP instruction is executed in subactive mode, a transition is made to
subsleep mode. ‘
1 * When a SLEEP instruction is executed in active mode, a transition is made to

standby mode or watch mode.

« When a SLEEP instruction is executed in subactive mode, a transition is made to
watch mode.

Bits 6 to 4: Standby timer sclect 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 Bit 5 Bit 4
STS2 STS1 STSO Description

0 0 0 Wait time = 8,192 states (initial value)
Wait time = 16,384 states

Wait time = 32,768 states

Wait time = 65,536 states

Wait time = 131,072 states

0
0
0
1

* - - O
- O | —

*

Note: * Don't care
Bit 3: Low speed on flag (LSON)

This bit chooses the system clock (@) or subclock (8syg) 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.

Bit3

LSON Description

0 The CPU operates on the system clock (o) (initial value)
1 ‘ The CPU operates on the subclock (egg)

Bits 2 to 0: 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| oTon [ Mson [ sat | sao |

Initial value 1 1 1 0 0 0 0 0

Read/Write — — — RW PRW RW RW RW

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

- Bits 7 to 5: Reserved bits
These bits are reserved; they are always read as 1, and cannot be modified.
Bit 4: Noise elimination sampling frequency select (NESEL)

This bit selects the frequency at which the watch clock signal (#y) generated by the subclock
pulse generator is sampled, in relation to the oscillator clock (#gsc) generated by the system clock
pulse generator. When gpgc = 2 to 10 MHz, clear NESEL to 0.
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Bit4
NESEL Description

0 7 Sampling rate is @8ggc/16

1 Sampling rate is 8ogc/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.

Bit3
DTON Description
0 When a SLEEP instruction is executed in active mode, a transition (initial value)

is made to standby mode, watch mode, or sleep mode.

When a SLEEP instruction is executed in subactive mode, a transition is made to
watch mode or subsleep mode.

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

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

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

Bit 2: Medium speed on flag (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 (gw/2, #w/4, or 8w/8) in subactive mode. SAl and SAQ
cannot be modified in subactive mode.

Bit 1 Bit0

SA1 SAO Description

0 0 ow/8 (initial value)
0] 1 ow/4

1 * ow/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 bits in system control register 1 (SYSCR1) are cleared to 0. In sleep mode CPU
operation is halted but the on-chip peripheral functions other than PWM are operational. The
CPU register contents are retained.

5.2.2 Clearing Sleep Mode

Sleep mode is cleared by an interrupt (timer A, timer B, timer C, timer F, timer G, IRQq to IRQy,
WKP, to WKP7, SCI1, SCI2, SCI3, A/D converter) or by input at the RES pin.

e Clearing by interrupt

When an interrupt is requested, sleep mode is cleared and interrupt exception handling starts.
Operation resumes in active (high-speed) mode if MSON = 0 in SYSCR?2, or active (medium-
speed) mode if MSON = 1. Sleep mode is not cleared if the I bit of the condition code register
(CCR) is set to 1 or the particular interrupt is disabled in the interrupt enable register.

»  Clearing by RES input

When the RES pin goes low, the CPU goes into the reset state and sleep mode is cleared.
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5.3 Standby Mode
§.3.1 Transition to Standby Mode

The system goes from active mode to standby mode when a SLEEP instruction is executed while
the SSBY bitin SYSCR1 is set to 1, the LSON bit is cleared to 0, and bit TMA3 in timer
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 (IRQg, IRQ;, WKP, to WKP-) or by input at the RES
pin.

e Clearing by interrupt

When an interrupt is requested, the system clock pulse generator starts. After the time set in bits
STS2-STS0 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 = 0 in SYSCR2, or active (medium-speed) mode if MSON = 1.
Standby mode is not cleared if the I bit of CCR is set to 1 or the particular interrupt is disabled in
the interrupt enable register.

+  Clearing by RES input

When the RES pin goes low, the system clock pulse generator starts and standby mode is cleared.
After the pulse generator output has stabilized, if the RES pin is driven high, the CPU starts reset
exception handling.

Since system clock signals are supplied to the entire chip as soon as the system clock pulse
generator starts functioning, the RES pin should be kept at the low level until the pulse generator
output stabilizes.

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

The table below gives settings for various operating frequencies. Set bits STS2 to STSO for a
waiting time of at least 10 ms.
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e When an external clock is used
Any values may be set. Normally the minimum time (STS2 = STS1 = STSO = 0) should be set.

Table 5-3 Clock Frequency and Settling Time (times are in ms)

STS2  STS1 STSO0  Waiting Time 5MHz 4MHz 2MHz 1MHz 0.5MHz

0 0 0 8,192 states 1.6 2.0 4.1 8.2
0 0 1 16,384 states 3.2 4.1 8.2 32.8
0 1 0 32,768 states 6.6 8.2 328 655
0 1 1 65,536 states  [13.1 328 655 1311
1 * * 131,072 states 262 328 655  131.1 2621

Note: * Don'’t care
5.3.4 Transition to Standby Mode and Port Pin States

The system goes from active (high-speed or medium-speed) 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 TMA3 in TMA is cleared to 0. Port pins (except those with their MOS pull-up turned
on) enter high-impedance state when the transition to standby mode is made. This timing is
shown in figure 5-2.

¢
ggg%auls XSLEEP instruction fetch X Next instruction fetch X i
SLEEP instruction Internal
execution processing !
Port pins ’ Output High-impedance

Active (high-speed or medium-speed) mode Standby mode

Figure 5-2 Transition to Standby Mode and Port Pin States
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5.4 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 bitin SYSCR1 is set to 1 and bit TMA3 in TMA is setto 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. Aslong 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/O ports keep the same
states as before the transition.

5.4.2 Clearing Watch Mode

Watch mode is cleared by an interrupt (timer A, IRQy, WKP to WKP7) or by a low input at the
RES pin.

*  Clearing by interrupt

Watch mode is cleared when an interrupt is requested. 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 the
transition is to active mode, after the time set in SYSCR1 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 I bit of CCR is set to 1 or the particular interrupt is
disabled in the interrupt enable register.

+  Clearing by RES input
Clearing by RES 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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5.5 Subsleep Mode
5.5.1 Transition to Subsleep Mode

The system goes from subactive mode to subsleep mode when a SLEEP instruction is executed
while the SSBY bit in SYSCR1 is cleared to 0, LSON bit in SYSCRI is set to 1, and TMA3 bit in
TMA isset to 1.

In subsleep mode, operation of on-chip peripheral modules other than timer A, timer C, timer G,
and the LCD controller is halted. As long as a minimum required voltage is applied, the contenis
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.

5.5.2 Clearing Subsleep Mode

Subsleep mode is cleared by an interrupt (timer A, timer C, timer G, IRQ to IRQ4, WKP to
WKP-) or by a low input at the RES 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 I bit of CCR is set to 1 or the particular interrupt is disabled is:
the interrupt enable register.

+  Clearing by RES input

Clearing by RES pin 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, IRQg, or WKP, to WKP; interrupt is
requested while the LSON bit in SYSCRI1 is set to 1. From subsleep mode, subactive mode is
entered if a timer A, timer C, timer G, IRQq to IRQy4, or WKP, to WKP; interrupt is requested.
A transition to subactive mode does not take place if the I bit of CCR is set to 1 or the particular
interrupt is disabled in the interrupt enable register.

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

If a SLEEP instruction is executed while the SSBY bit in SYSCRI is set to 1 and TMA3 bit 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 by RES pin
Clearing by RES 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 SAQ in SYSCR2. The choices
are pw/2, pw/4, and gw/8. ’
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5.7 Active (medium-speed) Mode
5.7.1 Transition to Active (mediurﬁ-speed) Mode

If the MSON bit in SYSCR2 is set to 1 while the LSON bit in SYSCR1 is cleared to 0, a transition
to active (medium-speed) mode results from IRQg, IRQ;, or WKP, to WKP; interrupts in standby
mode, timer A, IRQg, or WKP, to WKP; interrupts in watch mode, or any interrupt in sleep
mode. A transition to active (medium-speed) mode does not take place if the I bit of CCR is set to
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.
e 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 SYSCRI is cleared to 0, and TMA3 bit in TMA is cleared to
0. The system goes to watch mode if the SSBY bit in SYSCRI1 is set to 1 and TMA3 bit 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 details.

*  Clearing by RES pin

When the RES 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.
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5.8 Direct Transfer
5.8.1 Direct Transfer Overview

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 bit 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 (IENR2), a transition is
made instead to sleep mode or watch mode. Note that if a direct transition is attempted while the I
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 SYSCR1 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 SYSCR1 are cleared to 0, the MSON bit in SYSCR?2 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 TMA3 bit 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 bit in SYSCR1 is set

to 1, the LSON bit in SYSCR1 is cleared to 0, the MSON bit in SYSCR?2 is cleared to 0, the
DTON bitin SYSCR2 is set to 1, and TMA3 bit 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.
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«  Direct transfer from active (medium-speed) mode to subactive mode

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

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

When a SLEEP instruction is executed in subactive mode while the SSBY bit in SYSCR1 is set

to 1, the LSON bit in SYSCR1 is cleared to 0, the MSON bit in SYSCR2 is set to 1, the DTON bit
in SYSCR2 is set to 1, and TMA3 bit 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.

5.8.2 Calculation of Direct Transfer Time before Transition

< Time required before direct transfer from active (high-speed) mode to active (medium-speed)
mode

A direct transfer is made 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
SYSCRI are cleared to 0, the MSON bit in SYSCR2 is set to 1, and the DTON bit in SYSCR2 is
set to 1. A direct transfer time, that is, the time from SLEEP instruction execution to interrupt
exception handling completion is calculated by expression (1) below.

Direct transfer time = (number of states for SLEEP instruction execution + number of states for
internal processing) X tcyc before transition + number of states for interrupt
exception handling execution X tcyc after transition v (1)

Example: Direct transfer time for the H8/3834U Series
= (2 + 1) X 2tosc + 14 x 16tosc = 230 tosc
Notation:
tosc: OSC clock cycle time
tcyc: System clock (¢) cycle time

«  Time required before direct transfer from active (medium-speed) mode to active (high-speed)
mode

A direct transfer is made 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
SYSCRI1 are cleared to 0, the MSON bit in SYSCR2 is cleared to 0, and the DTON bit in
SYSCR2 is set to 1. A direct transfer time, that is, the time from SLEEP instruction execution to
interrupt exception handling completion is calculated by expression (2) below.
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Direct transfer time = (number of states for SLEEP instruction execution + number of states for
internal processing) X tcyc before transition + number of states for interrupt
exception handling execution X tcyc after transition ... 2)

Example: Direct transfer time for the H8/3834U Series
= (2 + 1) X 16tosc + 14 X 2tosc = 76 tosc
Notation:
tosc: OSC clock cycle time
tcyc: System clock (¢) cycle time

»  Time required before direct transfer from subactive mode to active (high-speed) mode

A direct transfer is made from subactive mode to active (high-speed) mode when a SLEEP
instruction is executed in subactive mode while the SSBY bit in SYSCRI1 is set to 1, the LSON bit
in SYSCR1 is cleared to 0, the MSON bit in SYSCR?2 is cleared to 0, the DTON bit in SYSCR2 is
setto 1, and the TMAS3 bitin TMA is set to 1. A direct transfer time, that is, the time from
SLEEP instruction execution to interrupt exception handling completion is calculated by
expression (3) below.

Direct transfer time = (number of states for SLEEP instruction execution + number of states for
internal processing) X tsubcyc before transition + (wait time designated by
STS2 to STSO bits in SCR + number of states for interrupt exception
handling execution) X tcyc after transiton ... A3)

Example: Direct transfer time for the H8/3834U Series

(when CPU clock frequency is ¢w/8 and wait time is 8192 states)
=(2+ 1) x 8tw + (8192 + 14) x 2tosc = 24tw + 16412tosc
Notation:

tosc: OSC clock cycle time

tw: Watch clock cycle time
-tcyc: System clock (¢) cycle time

tsubcyc: Subclock (¢SUB) cycle time

+  Time required before direct transfer from subactive mode to active (medium-speed) mode

A direct transfer is made from subactive mode to active (medium-speed) mode when a SLEEP
instruction is executed in subactive mode while the SSBY bit in SYSCRI is set to 1, the LSON bit
in SYSCRI1 is cleared to 0, the MSON and DTON bits in SYSCR2 are set to 1, and the TMA3 bit
in TMA is set to 1. A direct transfer time, that is, the time from SLEEP instruction execution to
interrupt exception handling completion is calculated by expression (4) below.

Direct transfer time = (number of states for SLEEP instruction execution + number of states for
internal processing) X tsubcyc before transition + (wait time designated by
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STS2 to STSO bits in SCR + number of states for interrupt exception
handling execution) X tcyc after transition

Example: Direct transfer time for the H8/3834U Series
(when CPU clock frequency is ¢w/8 and wait time is 8192 states)
=2+ 1) x 8tw + (8192 + 14) x 16tosc = 24tw + 131296to0sc
Notation:
tosc: OSC clock cycle time
tw: Watch clock cycle time
tcyc: System clock (¢) cycle time
tsubcyc: Subclock (¢SUB) cycle time
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Section 6 ROM

6.1 Overview

The H8/3833U has 24 kbytes of on-chip ROM, while the H8/3834U has 32 kbytes, the H8/3835U
has 40 kbytes, the H8/3836U has 48 kbytes, and the H8/3837U has 60 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. The ZTAT™ versions of the H8/3834U and H8/3837U each have 32 kbytes and
60 kbytes of PROM.

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 (lower 8 bits) : >
H'0000 H'0000 H'0001
H'0002 H'0002 H'0003

A
\__—_/

On-chip ROM
H'7FFE H'7FFE H'7FFF
Even-numbered Odd-numbered
address address

Figure 6-1 ROM Block Diagram (H8/3834U)
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6.2 H8/3834U PROM Mode
6.2.1 Setting to 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 standard
HN27C256 EPROM. Table 6-1 shows how to set the chip to PROM mode.

Table 6-1 Setting to PROM Mode

Pin Name Setting
TEST High level
PB4/AN, Low level
PBg/ANg

PBg/ANg High level

6.2.2 Socket Adapter Pin Arrangement and Memory Map

A standard PROM programmer can be used to program the PROM. A socket adapter is required
for conversion to 28 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 (FP-100B) HS3834ESHO1H
100-pin (FP-100A) HS3834ESFO1H
100-pin (TFP-100B) HS3834ESNO1H
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EPROM socket

H8/3834U
FP-100A FP-100B Pin
12 9 RES
47 44 P6o
48 - 45 P64
49 46 P6,
50 47 P63
51 48 P64
52 49 P6s
53 50 P6¢
54 51 P6,
70 67 P8;
69 66 P8¢
68 65 P8s
67 64 P84
66 63 P83
65 62 P8,
64 61 P84
63 60 P8¢
55 52 P7o
91 88 P43
57 54 P72
58 55 P73
59 56 P74
60 57 P7s
61 58 P7¢
62 59 P77
56 53 P74
34,79 31,76 Vee
92 89 AVce
6 3 TEST
8 5 X4
99 96 PBg
13 10 MDO
81 78 P1y
82 79 P1,
83 80 P13
9, 30 6, 27 Vss
5 2 AVss
97 94 PB4
98 95 PBs
84 81 P14
85 82 Pig
86 83 P1e

Note: Pins notindicated in the figure should be left open.

Pin HN27C256
Vpp 1
EOQo 11
EO, 12
EO; 13
EO; 15
EQ, 16
EOs 17
EOs 18
EO; 19
EAo 10
EA, 9
EA, 8
EA; 7
EA4 6
EAs 5
EA¢ 4
EA; 3
EAg 25
EAg 24
EAto 21
EAqy 23
EA,> 2
EAq3 26
EAw 27
CE 20
OE 22
Vee 28
Vss 14

Figure 6-2 Socket Adapter Pin Correspondence (with HN27C256)
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Address ih MCU mode Address in PROM mode
H'0000 H'0000

On-chip PROM

H7FFF H'7FFF

Figure 6-3 H8/3834U Memory Map in PROM Mode

Note: When programming with a PROM programmer, be sure to specify addresses from H'0000
to H'7FFF.
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6.3 H8/3834U Programming
The write, verify, and other modes are selected as shown in table 6-3 in H8/3834U PROM mode.

Table 6-3 Mode Selection in H8/3834U PROM Mode

Pin
Mode C—E 6E Vpp Vcc E07 to EOO EA1 4 to EAo
Write L H Vpp Vee Data input Address input
Verify H L Vpp Vee Data output Address input
Programming disabled H H Vpp Vee High impedance Address input
Notation:
L:  Lowlevel
H:  High level

VppZ Vpp level
VCC: Vcc level

The specifications for writing and reading the on-chip PROM are identical to those for the
standard HN27C256 EPROM.
6.3.1 Writing and Verifying

An efficient, high-performance programming method is available for writing and verifying the
PROM data. This method achieves high speed without voltage stress on the device and without
lowering the reliability of written data. H'FF data is written in unused address areas.

The basic flow of this high-performance programming method is shown in figure 6-4. Table 6-4
and table 6-5 give the electrical characteristics in programming mode. Figure 6-5 shows a
write/verify timing diagram.
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Vec=6.0V+025V, Vpp =125V 03V

Set write/verify mode

|

| Address =0 ]
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P

Error

Yes

n+1-n

|Write timetpy=1mst 5%'

FWrite time topw = 3n ms]

No

I Address + 1— address]

Last address?

Set read mode
Vce=5.0V 0.5V, Vpp = Ve

No
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Table 6-4 DC Characteristics
(Conditions: Ve =6.0V £0.25V, Vpp=12.5V £0.3V, Vgg=0V, T, = 25°C +5°C)

Test
Item Symbol Min Typ Max Unit Conditions
Input high- ~ EO; to EQp, EA14t0 EA, Viy 24 — Vec+03 V
level voltage OE, CE
Input low- EO; to EQp, EA4to EAg, V). -03 — 0.8 v
level voltage OE, CE
OUtpUt hlgh- EO7 to EOO VOH 24 _— -_— Vv IOH =-=200 p.A
level voltage
Output low- EO; to EQy VoL —_ —_ 0.45 V  lo.=0.8mA
level voltage
Input leakage EO; to EQg, EA4to EAy, Il — — 2 MA Vin=
current OE, CE 5.25V/0.5V
Ve current lcc - — 40 mA
Vpp current lpp — — 40 mA

Table 6-5 AC Characteristics
(Conditions: Ve =6.0 V£0.25 V, Vpp = 12.5 V +0.3 V, T, = 25°C £5°C)

Item Symbol  Min Typ Max Unit  Test Conditions
Address setup time tas 2 — — us Figure 6-5*1
OE setup time toes 2 — — ps

Data setup time tos 2 — — us

Address hold time tAH 0 —_ —_ us

Data hold time toH 2 —_ — us

Data output disable time tpF*2 0 — 130 ns

Vpp setup time tvps 2 - — us

Programming pulse width tpw 0.95 1.0 1.05 ms

CE pulse width for overwrite  topw*3 285 — 787 ms

programming

Ve setup time tvcs —_ — us

Data output delay time toe — 500 ns

Notes: 1. Inpu
Inpu
Timi

t pulse level: 0.8 Vto 2.2V
t rise time/fall time < 20 ns

ng reference levels Input: 1.0V,2.0V
Output: 0.8V, 2.0V

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

3. topw is defined by the value given in figure 6-4 high-performance programming flow chart.
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Write Verify

4
Address } S(\:
tas tan
Data —ié Input data :, " Output data
tos toH toF
Vpp 's
Vee _/ tvps
Vee
Vcc +1 I
Vec Vee tvcs
—_— s
CE N J
tow toes toe
— —
OE topw* N Y,

Note: *t opyy is defined by the value given in figure 6-4 high-performance programming flow chart.

Figure 6-5 PROM Write/Verify Timing

6.3.2 Programming Precautions

Use the specified programming voltage and timing.

The programming voltage in PROM mode (Vpp) is 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 HN27C256 will result in a
correct Vppof 12.5 V.

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 surc that the chip is properly mounted in the PROM programmer.

Avoid touching the socket adapter or chip during programming, since this may cause contact
faults and write errors.
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6.4 H8/3837U PROM Mode
6.4.1 Setting to 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 standard
HN27C101 EPROM. Table 6-6 shows how to set the chip to PROM mode.

Table 6-6 Setting to PROM Mode

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

PBg/ANg High level

6.4.2 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 6-7.

Figure 6-6 shows the pin-to-pin wiring of the socket adapter. Figure 6-7 shows a memory map.

Table 6-7 Socket Adapter

Package Socket Adapter
100-pin (FP-100B) HS3836ESHO1H
100-pin (FP-100A) HS3836ESFO1H

100-pin (TFP-100B)  HS3836ESNO1H
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EPROM socket

H8/3837U
FP-100A FP-100B Pin
12 ) RES
47 44 P6,
48 45 P6,
49 46 P6,
50 47 P6;
51 48 P6,
52 49 P6s
53 50 P6¢
54 51 Ps,
70 67 P8,
69 66 P8,
68 65 P8s
67 64 P8,
66 63 P8,
65 62 P8,
64 61 P8,
63 60 P8,
55 52 P7,
91 88 P4,
57 54 P7,
58 55 P7,
59 56 P7,
60 57 P7s
61 58 P7,
84 81 P,
85 82 Pis
62 59 P7,
56 53 P7,
83 80 P1,
34,79 31, 76 Vee
92 89 AV
6 3 TEST
8 5 X,
99 96 PBg
13 10 MDO
81 78 P1
82 79 P1,
86 83 Plg
9,30 6,27 Vss
5 2 AVss
97 94 PB,
98 95 PBs

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

Pin HN27C101 (32 pins)
Vpp 1
EO, 13
EO, 14
EO, 15
EO, 18
EO; 19
EOg 20
EO; 21
EA, 12

" EA 1
EA, 10
EA, 9
EA, )
EAs "7
EAs 6
EA, 5
EAs 27
EA, 26
EAso 23
EAy 25
EA|2 4
EAss 28
EAl 29
EAys 3
EA15 2
CE 22
OE 24
PGM 31
Vee 32

" Vss 16

Figure 6-6 Socket Adapter Pin Correspondence (with HN27C101)
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Address in Address in

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

]
]
]
. . 1
Missing area * 1l
]
]

'H1FFFF

Note: * If read in PROM mode, this address area returns unpredictable output data.
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 this address area (H'EE00 to H'1FFFF).

Figure 6-7 H8/3837U Memory Map in PROM Mode
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6.5 H8/3837U Programming
The write, verify, and other modes are selected as shown in table 6-8 in H8/3837U PROM mode.

Table 6-8 Mode Selection in H8/3837U PROM Mode
Pin

Mode

(2
=

va Vcc E°7 to EOO EA16 to EAO

Write Vpp Vee Data input . Address input

Verify Vpp Vee Data output Address input

Programming
disabled

Vep Vee High impedance Address input

b ol e ol [ ol N ol Bl W OI
m
T|r|jx|jrjr|x Ol
m
I(rjT|rr|xTjr|o

Notation

L: Lowlevel
H: High level
Vpp: Vpp level
Vee: Ve level

The specifications for writing and reading the on-chip PROM are identical to those for the
standard HN27C101 EPROM. Page programming is not supported, however. The PROM writer
must not be set to page mode. A PROM programmer that provides only page programming mode
cannot be used. When selecting a PROM programer, check that it supports a byte-by-byte high-
speed, high-reliability programming method. Be sure to set the address range to H'0000 to
H'EDFE

6.5.1 Writing and Verifying

An efficient, high-speed, high-reliability method is available for writing and verifying the PROM
data. This method achieves high speed without voltage stress on the device and without lowering
the reliability of written data. The basic flow of this high-speed, high-reliability programming
method is shown in figure 6-8.
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Set write/verify mode
Vec=6.0V£0.25V,Vpp =125V 103V

Address =0

t

Ii

n+1-n

Yes

No
——<n<> [ Wiite time tpw = 0.2 ms 5% |

No Go
[ Address + 1 — address

l Write time topw =0.2nms l

No

Last address?

Set read mode
Vcc = 50 V + 025 V, Vpp = Vcc

All addresses
read?

Figure 6-8 High-Speed, High-Reliability Programming Flow Chart
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Table 6-9 and table 6-10 give the electrical characteristics in programming mode.

Table 6-9 DC Characteristics (preliminary)

(Conditions: Ve = 6.0 V+0.25 V, Vpp = 12.5 V+0.3 V, Vgs = 0 V, T, = 25°C £5°C)

Test
Item Symbol Min Typ Max Unit Conditions
Input high-  EO; to EQy, EAjgto EAy V4 24 — Vec+03 V
level voltage OE, CE, PGM
Input low- EO; to EQy, EAjgto EAy V)L -03 — 0.8 v
level voltage OE, CE, PGM
OUtpUt high' EO7 to EOO VQH 2.4 -_ —_— \' IOH =-200 M
level voltage
Output low- EO; to EQ Voo —_— - 0.45 V  lg.=08mA
level voltage
Input leakage EO;to EOQg, EAsgto EAy |l — - 2 pA Vi, =5.25V/
current OE, CE, PGM 05V
Vg current lec —  — 40 mA
Vpp current lpp —  — 40 mA
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Table 6-10 AC Characteristics

(Conditions: Vee=6.0 V025V, Vpp=12.5V 0.3 V, T, = 25°C £5°C)

Item : Symbol Min Typ Max Unit g::sr:dltlons
Address setup time tas 2 — — us Figure 6-9*1
OE setup time toes 2 — — us

Data setup time tps 2 — — us

Address hold time taH 0 — — us

Data hold time ton 2 — — us

Data output disable time tpe*2 —_ — 130 ns

Vpp setup time typs 2 — — us

Programming pulse width tew 0.19 0.20 0.21 ms

PGM pulse width for overwrite  topw* 0.19 — 5.25 ms

programming

Ve setup time tvcs 2 — — us

CE setup time tces 2 — — ps

Data output delay time toe 0 —_— 200 ns

Notes: 1. Input pulse level: 0.45Vto 2.4 V
Input rise time/fall time < 20 ns
Timing reference levels Input: 0.8V,2.0V
Output: 0.8V, 2.0V

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

read.

3. topw is defined by the value given in figure 6-8 high-speed, high-reliability programming

flow chart.
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Figure 6-9 shows a write/verify timing diagram.

Write Verify
_ |
Address :>§E
tAs iiAH
Data ——l: Input data :E { Output data
tbs toH Tor
Vep  k
Vep
Vee _/ tves
VCC VCC +1
Vee tves
CE
tces
PGM 3 ¢
N #
tow toes toe
—
OE topw* N /

Note: * topy is defined by the value given in figure 6-8 high-speed, high-reliability
programming flow chart.

Figure 6-9 PROM Write/Verify Timing
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6.5.2 Programming Precautions

Use the specified programming voltage and timing.

The programming voltage in PROM mode (Vpp) is 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 Vpp of 12.5 V.

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 HEEQO 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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6.6 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 150°C. This quickly eliminates PROM memory
cells prone to initial data retention failure.

Figure 6-10 shows a flowchart of this screening procedure.

Write program and verify contents

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

/

Read and check program

y

( Install ‘ )

Figure 6-10 Recommended Screening Procedure

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 H8/3833U and H8/3834U have 1 kbyte of high-speed static RAM on-chip, while the
H8/3835U, H8/3836U, and H8/3837U each have 2 kbytes. 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) >
( Internal data bus (lower 8 bits) >

H'FB80 H'FB80 H'FB81

H'FB82 H'FB82 H'FB83

//__QI\__V/
On-chip RAM
H'FF7E H'FF7E H'FF7F
Even-numbered Odd-numbered
address address

Figure 7-1 RAM Block Diagram (H8/3834U)
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Section 8 /O Ports

8.1 Overview

The H8/3834U Series is provided with eight 8-bit I/O ports, one 4-bit I/O port, one 3-bit I/O port,
one 8-bit input-only port, one 4-bit input-only port, and one 1-bit input-only port. Table 8-1
indicates the functions of each port.

Each port has of a port control register (PCR) that 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, and A 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.

Table 8-1 Port Functions

Function
Switching
Port  Description Pins Other Functions Register
Port 1« 8-bit IO port P1,to P1g/ External interrupts 3 to 1 PMR1
« Input pull-up MOS  TRQ; to IRQy/ Timer event input TMIF, TMIC, TCRF,
option TMIF, TMIC, T™MIB TMC,
TMIB TMB
P1,PWM 14-bit PWM output PMR1
P13/TMIG Timer G input capture PMR1
P1,, P14/ Timer F output compare PMR1
TMOFH, TMOFL
P14,/ TMOW Timer A clock output PMR1
Port2 - 8-bit I/O port P2, to P2, None
’ (())p;:;r:‘dram output P2,/UD Timer C count-up/down selection PMR2
» High-current port P2yIRQ,/ External interrupt 4 and A/D PMR2
ADTRG converter external trigger AMR
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Table 8-1 Port Functions (cont)

Function
Swiiching
Port  Description Pins Other Functions Register
Port3 - 8-bit /O port P3,/CS SCI2 chip select input (CS), PMR3
« Input pull-up MOS  P3¢/STRB strobe output (STRB), data
option P35/SO, output (SO,), data input (Sli,),
* High-current port ~ P3,/Sl, clock input/output (SCKy)
P33/SCK, :
P3,/SO; SCI1 data output (SO,), data PMR3
P3,/Sl, input (Sl,), clock input/output ‘
P3y/SCK, (SCK;)
Port4 - 1-bit input-only port P44/IRQ, External interrupt 0 PMR2
* 3-bit VO port P4,/TXD SCI3 data output (TXD), data SCR3
P4,/RXD input (RXD), clock input/output SMR3
P4,/SCK3 (SCK3)
Port5 - 8-bit I/O port P55 to P5y/ » Wakeup input (WKP5 to WKPy) PMRS5
* Input pull-up MOS  WKP, to WKPy/ + Segment output (SEGg to SEG;) LPCR
option SEGg to SEG,
Port 6 - 8-bit I/0 port P6, to P6y/ Segment output (SEG4g to SEGy) LPCR
¢ Input pull-up MOS . SEG,¢gto SEGq
option
Port 7« 8-bit I/O port P7;t0 P7y Segment output (SEG,4 to SEGy7) LPCR
SEG,, to SEG4,
Port8 - 8-bit IO port P8, to P8y Segment output (SEG3, to SEGys) LPCR
SEG32 to SEG25
Port9 - 8-bit /O port P9,/SEG4o/CL,; * Segment output (SEG4q to SEG37) LPCR
P9¢/SEG39/CL, - Latch clock (CL,), for external
P95/SEG34/DO segment expansion, shift clock
P94/SEG3,/M (CL,), display data port (DO),
P93 to P9y/ and alternating signal (M)
SEGgg to SEG33 * Segment output (SEG3g to SEG33)
Port A < 4-bit /O port PAg to PAy Common output (COM4to COM,)  LPCR
COM, to COM, v )
PortB -« 8-bit input port PB; to PBy A/D converter analog input AMR
AN to AN,
Port C -« 4-bit input port PCg to PCy/ A/D converter analog input AMR
AN“ to ANB
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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.

~——— P1,/IRQ3/TMIF
~— P14/IRQ,/TMIC
<— P15/IRQ{/TMIB
~—— P1,/PWM
-~ P13/TMIG
~— P1,/TMOFH
~———— P1,/TMOFL
~—— P1,/TMOW

Port 1

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. RW Initial Value Address
Port data register 1 PDR1 RW H'00 H'FFD4
Port control register 1 PCR1 w H'00 H'FFE4
Port pull-up control register 1 PUCR1 RW H'00 H'FFEO
Port mode register 1 PMR1 RW H'00 H'FFC8
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1. Port data register 1 (PDR1)

Bit 7 6 5 4 3 2 1 0

P17 Pls | Pis Plsy | P13 P12 P1, Pig
Initial value 0 0 0 0 0 0 0 0

Read/Write RW R/W RW R/wW RW RW RW RW

PDR1 is an 8-bit register that stores data for pins P1; through P1,. If port 1 is read while PCR1
bits are set to 1, the values stored in PDR1 are 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, PDR1 is initialized to H'00.

2. Port control register 1 (PCR1)

Bit 7 6 5 4 3 2 1 0
PCR17 | PCR1s | PCRIs | PCR14 | PCRs | PCR1, | PCRY; | PCRI1o |

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 pins P15 to P1, functions as an
input pin or output pin. Setting a PCR1 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The 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)

Bit 7 6 5 4 3 2 1 0
|PUCR17 | PUCR1| PUCR1s | PUCR1, |PUCR1s [PUCR1, | PUCR1; [PUCR1,
Initial value 0 0 0 0 0 0 0 0

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

PUCR1 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 | PWM | TMIG |TMOFH | TMOFL | TMOW
Initial value 0 0 0 0 0 0 0 0

Read/Write RW RW RW RW RW RW RW RW

PMR1 is an 8-bit read/write register, controlling the selection of pin functions for port 1 pins.
Upon reset, PMR1 is initialized to H'00.
Bit 7: P17/IRQ3/TMIF pin function switch (IRQ3)

This bit selects whether pin P17/IRQ4/TMIF is used as P17 or as IRQs/TMIF.

Bit7

IRQ3 Description

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

Note: Rising or falling edge sensing can be designated for IRQz/TMIF.
For details on TMIF pin settings, see 9.5.2 (3), timer control register F (TCRF).

Bit 6: P1¢/IRQ,/TMIC pin function switch (IRQ2)

This bit selects whether pin P15/IRQ,/TMIC is used as P1g or as IRQ,/TMIC.

Bit6

IRQ2 Description

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

Note: Rising or falling edge sensing can be designated for IRQ,/TMIC.
For details on TMIC pin settings, see 9.4.2 (1), timer mode register C (TMC).

Bit 5: P15/IRQ;/TMIB pin function switch (IRQ1)

This bit selects whether pin P1s/IRQ;/TMIB is used as P15 or as IRQ;/TMIB.

Bit 5

IRQ1 Description

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

Note: Rising or falling edge sensing can be designated for IRQ,/TMIB.
For details on TMIB pin settings, see 9.3.2 (1), timer mode register B (TMB).
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Bit 4: P1,4/PWM pin function switch (PWM)

This bit selects whether pin P1,/PWM is used as P14 or as PWM.

Bit 4

PWM Description

0 Functions as P14 I/O pin (initial value)
1 " Functions as PWM output pin

Bit 3: P15/TMIG pin function switch (TMIG)

This bit selects whether pin P13/TMIG is used as P15 or as TMIG.

Bit3

TMIG Description

0 Functions as P13 /O pin (initial value)
1 Functions as TMIG input pin

Bit 2: P1,/TMOFH pin function switch (TMOFH)

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

Bit 2

TMOFH Description

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

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

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

Bit 1

TMOFL Description

0 Functions as P14 /O pin (initial value)
1 Functions as TMOFL output pin
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Bit 0: P1o/TMOW pin function switch (TMOW)

This bit selects whether pin P1y/TMOW is used as P1g or as TMOW.

Bit o

TMOW Descrition

0 Functions as P1g /O pin (initial value)
1 Functions as TMOW output pin

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

IRQ3 0 1
PCR1, 0 1 *
CKSL2 to CKSLO * _ Not 0** O**
Pin function | P15 input pin |P1 output pin| IRQ; input pin | TRQ4/TMIF
input pin

Note: When using as TMIF input pin, clear bit IEN3 in IENR1 to 0, disabling
' IRQg interrupts.

P1¢/IRQo/TMIC  The pin function depends on bit IRQ2 in PMR1, bits TMC2 to TMCO in TMC, and
bit PCR1g in PCR1.

IRQ2 0 1
PCR1g 0 1 *
TMC2 to TMCO * Not 111 111
Pin function | P1g input pin [P1g output pin| IRQ; input pin| TRQ,/TMIC
input pin

Note: When using as TMIC input pin, clear bit IEN2 in IENRT1 to 0, disabling
IRQ, interrupts.

Note: * Don't care
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Table 8-3 Port 1 Pin Functions (cont)

Pin Pin Functions and Selection Method

P1¢/RQ;/ TMIB The pin function depends on bit IRQ1 in PMR1, bits TMB2 to TMBO in TMB, and
bit PCR15 in PCR1.

IRQ1 0 1
PCR1g 0 1 *
TMB2 to TMBO * Not 111 111
Pin function | P15 input pin [ P15 output pin| IRQ; input pin| TRQ;/TMIB
input pin

Note: When using as TMIB input pin, clear bit IEN1 in IENR1 to 0, disabling
IRQ1 interrupts.

P1,PWM The pin function depends on bit PWM in PMR1 and bit PCR1,4 in PCR1.
PWM 0 1
PCR1, 0 1 *
Pin function | P14 input pin |P1,4 output pin PWM output pin
P1y/TMIG The pin function depends on bit TMIG in PMR1 and bit PCR15 in PCR1.
TMIG 0 1
PCR14 0 1 *
Pin function | P13 input pin |P13 output pin TMIG input pin
P1,/TMOFH The pin function depends on bit TMOFH in PMR1 and bit PCR1; in PCR1.
TMOFH 0 1
PCR1, 0 1 *
Pin function | P1, input pin |P1, output pin TMOFH output pin
P1,/TMOFL The pin function depends on bit TMOFL in PMR1 and bit PCR1, in PCR1.
TMOFL 0 1
PCR1, 0 1 *
Pin function | P14 input pin |P14 output pin TMOFL output pin
P1y/TMOW The pin function depends on bit TMOW in PMR1 and bit PCR1, in PCR1.
TMOW 0 ' 1
PCR1, 0 1 *
Pin function | P14 input pin |P14 output pin TMOW output pin

Note: * Don't care
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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,/IRQy/TMIF  High- Retains  Retains  High- Retains  Functional Functional
P1¢/IRQ/TMIC impedance previous previous impedance* previous

P15/IRQ,/TMIB state state state

P1,/PWM

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.

8.2.5 MOS Input Pull-Up

Port 1 has a built-in MOS input pull-up function that can be controlled by software. When a
PCR1 bit is cleared to 0, setting the corresponding PUCR1 bit to 1 turns on the MOS input 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 *
MOS input pull-up Off On Off
Note: * Don't care
n=7t0
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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.

Port 2

P2,
P2¢
P25
P2,
P2,
P2,

P2,/UD
P2,/IRQ4/ADTRG

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 RW H'00 H'FFD5
Port control register 2 PCR2 W H'00 H'FFES
Port mode register 2 PMR2 RW H'Co H'FFC9
Port mode register 4 PMR4 RW H'00 H'FFCB
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1. Port data register 2 (PDR2)

Bit 7 6 5 4 3 2 1 0
P2, | P2s | P2s | P2y | P2 | P2 | P2 | P2o |
Initial value 0 0 0 0 0 0 0 0

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

PDR?2 is an 8-bit register that stores data for pins P27 through P2,,. If port 2 is read while PCR2
bits are set to 1, the values stored in PDR?2 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, PDR2 is initialized to H'00.

2. Port control register 2 (PCR2)

Bit 7 6 5 4 3 2 1 0
PCR2; | PCR2s | PCR2s | PCR2, | PCR2; | PCR2; | PCR2; | PCR2,

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w W W w W W

PCR2 is an 8-bit register for controlling whether each of the port 2 pins P27 to P2, functions as an
input pin or output pin. Setting a PCR2 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The 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'0O.
PCR2 is a write-only register. All bits are read as 1.

3. Port mode register 2 (PMR?2)

Bit 7 6 5 4 3 2 1 0
— — POF2 NCS IRQ0 | POF1 ub IRQ4

Initial value 1 1 0 0 0 0 0 0

Read/Write — — RWwW R/W RW RW R/W RW

PMR2 is an 8-bit read/write register, controlling the selection of pin functions for pins P2,
P2,,and P4, controlling the PMOS on/off option for pins P35/SO, and P3,/SOy, and controlling
the TMIG input noise canceller.

Upon reset, PMR?2 is initialized to H'CO.
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Bits 7 to 6: Reserved bits
Bits 7 to 6 are reserved; they are always read as 1, and cannot be modified.
Bit 5: P35/5S0, pin PMOS control (POF2)

This bit controls the PMOS transistor in the P35/SO, pin output buffer.

Bit5

POF2 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.

Bit 4

NCS Description

(o] Noise canceller function not selected (initial value)
1 Noise canceller function selected

Bit 3: P4;/IRQ, pin function switch (IRQ0)

This bit selects whether pin P43/IRQy is used as P45 or as IRQy.

Bit3

IRQO Description

0 Functions as P45 input pin (initial value)
1 Functions as IRQy input pin

Bit 2: P3,/SO; pin PMOS control (POF1)

This bit controls the PMOS transistor in the P3,/SO; pin output buffer.

Bit 2

POF1 Description

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

148 Hitachi



Bit 1: P2,/UD pin function switch (UD)

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

Bit 1

ub Description

0 Functions as P2; IO pin (initial value)
1 Functions as UD input pin

Bit 0: P2¢/IRQ4/ADTRG pin function switch (IRQ4)

This bit selects whether pin P2o/IRQ4/ADTRG is used as P2, or as IRQ4/ADTRG.

Bit 0

IRQ4 Description

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

Note: See 12.3.2, Start of A/D Conversion by External Trigger Input, for the ADTRG pin setting.

4. Port mode register 4 (PMR4)

Bit 7 6 5 4 3 2 1 0
NMOD~7 | NMODg | NMODs | NMOD4 | NMOD3 | NMOD2 | NMOD4 | NMODg
Initial value 0 0 0 0 0 0 0 0

Read/Write RW RW RW R/W RW R/wW RW RW

PMRA4 is an 8-bit read/write register, used to select CMOS output or NMOS open drain output for
each port 2 pin. '

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

This bit selects CMOS output or NMOS open-drain output when pin P2,, is used as an output pin.

Bitn

NMODn  Description

0 CMOS output

1 NMOS open-drain output

(n=7to0)
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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
P25 to P2, Input or output is selected as follows by the bit settings in PCR2.
(n=2t07)
PCR2n 0 1
Pin function P2, input pin P2, output pin
P2,/UD The pin function depends on bit UD in PMR2 and bit PCR2, in PCR2.
’ ub 0 1
PCR2, 0 1 *
Pin function | P2, input pin | P2, output pin UD input pin
P2y/IRQ,/ADTRG The pin function depends on bit IRQ4 in PMR2, bit TRGE in AMR, and bit

PCR2, in PCR2.

IRQ4 0 1
PCR2, 0 1 "
TRGE * 0 1
Pin function | P2, input pin {P2, output pin RQ, |IRQ,/ADTRG
input pin input pin

Note: When using as ADTRG input pin, clear bit IEN4 in IENR1 to O,

disabling

IRQy interrupts.

Note: * Don't care

8.3.4 Pin States

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

Table 8-7 Port 2 Pin States

Pins Reset Sleep Subsleep Standby Watch Subactive Active
P2;,t0 P2, High- Retains  Retains High- Retains Functional Functional
P2,/UD impedance previous previous impedance previous

P2y/IRQy/ state state state

ADTRG
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8.4 Port3
8.4.1 Overview

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

~—— P3,/CS
~—— P3,/STRB
~———= P35/S0,
-~ P3,/8l,
~<— P33/5CK,
~<——— P3,/50,

Port 3

~——— P3,/Sl4

~———= P3,/SCK;

Figure 8-3 Port 3 Pin Configuration
8.4.2 Register Configuration and Description
Table 8-8 shows the port 3 register configuration.

Table 8-8 Port 3 Registers

Name ‘ Abbrev. R/W Initial Value Address
Port data register 3 PDR3 R/W H'00 H'FFD6
Port control register 3 PCR3 w H'00 H'FFE6
Port pull-up control register 3 PUCR3 R/W H'00 H'FFE1
Port mode register 3 PMR3 RW H'00 H'FFCA
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1. Port data register 3 (PDR3)

Bit 7 6 5 4 3 2 1 0
 pa; | p3g | pas | pa, | Py | Pa, | P3, | P3g
Initial value 0] 0 0 0 0 0 0 0

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

PDR3 is an 8-bit register that stores data for port 3 pins P37 to P3. If port 3 is read while PCR3
bits are set to 1, the values stored in PDR3 are read, regardless of the actual pin states. If port 3 is
read while PCR3 bits are cleared to 0, the pin states are read.

Upon reset, PDR3 is initialized to H'00.

2. Port control register 3 (PCR3)

Bit 7 6 5 4 3 2 1 0
PCR3; | PCR3s | PCR3s | PCR34 | PCR3; | PCR3; | PCR3; | PCR3y

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w w w w w w

PCR3 is an 8-bit register for controlling whether each of the port 3 pins P37 to P3 functions as an
input pin or output pin. Setting a PCR3 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settings in PCR3 and in PDR3 are valid only
when the corresponding pin is designated in PMR3 as a general I/O pin.

Upon reset, PCR3 is initialized to H'00.
PCR3 is a write-only register. All bits are read as 1.

3. Port pull-up control register 3 (PUCR3)

Bit 7 6 5 4 3 2 1 0
PUCRS3; | PUCRS3g PUCR35 PUCRS34 |PUCR3; |PUCR3;, [ PUCR3; |PUCR3y
Initial value 0 0 0 0 0 0 0 0

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

PUCR3 controls whether the MOS pull-up of each port 3 pin is on or off. When a PCR3 bit is
cleared to 0, setting the corresponding PUCR3 bit to 1 turns on the MOS pull-up for the
corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCR3 is initialized to H'00.
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4. Port mode register 3 (PMR3)

Bit 7 6 5 4 3 0

cs | stRB | so2 | sk | scke | so1 | sin | scki
Initial value 0 0 0 0 0 0
Read/Write R/W RW RW RW RW RW RW

PMR3 is an 8-bit read/write register, controlling the selection of pin functions for port 3 pins.

Upon reset, PMR3 is initialized to H'00.
Bit 7: P34/CS pin function switch (CS)

This bit selects whether pin P34/CS is used as P37 or as CS.

Bit7

CS Description

0 Functions as P3; /O pin (initial value)
1 Functions as CS input pin

Bit 6: P3¢/STRB pin function switch (STRB)

This bit selects whether pin P34/STRB is used as P3¢ or as STRB.

Bit 6

STRB Description

0 Functions as P3¢ I/O pin (initial value)
1 Functions as STRB output pin

Bit 5: P35/SO, pin function switch (SO2)

This bit selects whether pin P35/SO; is used as P35 or as SO,.

Bit5

S02 Description

0] Functions as P3g /O pin (initial value)
1 Functions as SO, output pin
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Bit 4: P34/SI, pin function switch (SI2)

This bit selects whether pin P3,4/SI, is used as P34 or as SI,.

Bit 4

Si2 Description

0 Functions as P3, /O pin (initial value)

1 Functions as Sl, input pin

Bit 3: P3,/SCK; pin function switch (SCK2)

This bit selects whether pin P33/SCKj; is used as P33 or as SCK,.

Bit 3

SCK2 Description

0 Functions as P33 1/O pin (initial value)
-1 Functions as SCK; I/O pin

Bit 2: P3,/SO; pin function switch (SO1)

This bit selects whether pin P3,/SO; is used as P3, or as SO;.

Bit 2

SO1 Description

0 Functions as P3, 1/O pin (initial value)

1 Functions as SO, output pin

Bit 1: P3,/SI, pin function switch (SI1)

This bit selects whether pin P3,/S1; is used as P3; or as SI;.

Bit 1

S Description

0 Functions as P3; I/O pin (initial value)

1 Functions as Sl input pin
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Bit 0: P3¢/SCK; pin function switch (SCK1)

This bit selects whether pin P3y/SCK is used as P3; or as SCK.

Bit 0

SCK1 Description

0 Functions as P3; I/O pin (initial value)
1 Functions as SCK; I/O pin

8.4.3 Pin Functions

Table 8-9 shows the port 3 pin functions.

Table 8-9 Port 3 Pin Functions

Pin Pin Functions and Selection Method
P3,/CS The pin function depends on bit CS in PMR3 and bit PCR3; in PCR3.
CS 0 1
PCR3, 0 1 *
Pin function | P3; input pin |P3; output pin TS input pin
P3¢/STRB The pin function depends on bit STRB in PMR3 and bit PCR3¢ in PCR3.
STRB 0 1
PCR3g 0 1 *
Pin function | P3¢ input pin |P3g output pin STRB output pin
P3s/SO, The pin function depends on bit SO, in PMR3 and bit PCR3s in PCRS.
S02 0 1
PCR3s 0 1 *
Pin function | P3g input pin |P35 output pin SO, output pin
P3,/Sl, The pin function depends on bit S, in PMR3 and bit PCR3, in PCR3.

SI2 0 1
PCR3,4 0 1 *
Pin function | P3, input pin |P3, output pin Sl, input pin

Note: * Don't care
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Table 8-9 Port 3 Pin Functions (cont)

Pin Pin Functions and Selection Method
P3,/SCK, The pin function depends on bit SCK2 in PMR3, bits CKS2 to 0 in SCR2, and
bit PCR33 in PCRS.
SCK2 0 1
CKS2 to CKS0 * Not 111 111
PCR3; 0 1 * *
Pin function | P33 input pin | P35 output pin|SCK, output pin|SCK; input pin
P3,/S0O; The pin function depends on bit SO1 in PMR3 and bit PCR3, in PCR3.
SO1 0 1
PCR3, 0 1 *
Pin function | P3, input pin | P3, output pin SO, output pin
P3,/Sl, The pin function depends on bit SI1 in PMR3 and bit PCR3, in PCRS3.
Si 0 1
PCR3, 0 1 *
Pin function | P3; input pin [P3, output pin S|, input pin
P34/SCK; The pin function depends on bit SCK1 in PMR3, bit CKS3 in SCR1, and bit

PCR3; in PCR3.

SCK1 0 1
CKS3 0 1
PCR3, 0 1 *

Pin function | P3; input pin | P3, output pin|SCK, output pin|SCK; input pin

Note: * Don't care
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8.4.4 Pin States
Table 8-10 shows the port 3 pin states in each operating mode.

Table 8-10 Port 3 Pin States

Pins Reset Sleep Subsleep Standby Watch Subactive Active

P3,/CS High- Retains  Retains High- Retains Functional Functional
P3¢/STRB impedance previous previous impedance* previous

P35/SO, state state state

P34/Sl,

P33/SCK,

P3,/S0;

P3,/Sl4

P3¢/SCK,

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

Port 3 has a built-in MOS input pull-up function that can be controlled by software. When a
PCR3 bit is cleared to 0, setting the corresponding PUCR3 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.

PCR3, 0 1
PUCRS3, 0 1 *
MOS input pull-up Off On Oft

Note: * Don't care : (n=7to0)
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8.5 Port 4
8.5.1 Overview

Port 4 consists of a 3-bit I/O port and a 1-bit input port, and is configured as shown in figure 8-4.

~<——— P43/IRQy
~——— P4,/TXD
~—— P4,/RXD
~—— P4,/SCK3

Port 4

Figure 8-4 Port 4 Pin Configuration
8.5.2 Register Configuration and Description
Table 8-11 shows the port 4 register configuration.

Table 8-11 Port 4 Registers

Name Abbrev. RW Initial Value Address
Port data register 4 PDR4 RW H'F8 H'FFD7
Port control register 4 PCR4 w H'F8 H'FFE7
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1. Port data register 4 (PDR4)

Bit 7 6 5 4 3 2 1 0
— | — ] =] — | pas | Pea | Pay | pao

Initial value 1 1 1 1 1 0 0 0

Read/Write — — — — R RW RW RW

PDR4 is an 8-bit register that stores data for port 4 pins P4, to P4,. If port 4 is read while PCR4
bits are set to 1, the values stored in PDR4 are read, regardless of the actual pin states. If port 4 is
read while PCR4 bits are cleared to 0, the pin states are read.

Upon reset, PDR4 is initialized to H'F8.

2. Port control register 4 (PCR4)

Bit 7 6 5 4 3 2 1 0
| — | - | — — | — [Pcre, | pcRa, [ PR, |

Initial value 1 1 1 1 1 0 0 0

ReadWrite ~ — S S w w w

PCR4 controls whether each of the port 4 pins P4, to P4 functions as an input pin or output pin.
Setting a PCR4 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 PCR4 and in PDR4 are valid only when the
corresponding pin is designated in SCR3 as a general I/O pin.

Upon reset, PCR4 is initialized to H'F8.

PCR4 is a write-only register. All bits are read as 1.
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8.5.3 Pin Functions

Table 8-12 shows the port 4 pin functions.

Table 8-12 Port 4 Pin Functions

Pin Pin Functions and Selection Method
P44/RQ, The pin function depends on the IRQO bit setting in PMR2.
IRQO 0 1
Pin function P43 input pin IRQyq input pin
P4,/TXD The pin function depends on bit TE in SCR3 and bit PCR4, in PCR4.
ub 0 1
PCR4, -0 1 *
Pin function | P4, input pin | P4, output pin TXD output pin
P4,/RXD The pin function depends on bit RE in SCR3 and bit PCR4, in PCR4.
RE 0 1
PCR4, 0 1 *
Pin function | P4, input pin | P4, output pin RXD input pin
P4y/SCKy The pin function depends on bits CKE1 and CKEO in SCR3, bit COM in SMR,

and bit PCR4, in PCR4.

CKE1 0 1
CKEO 0 1 *
COM 0 1 * *
PCR4, 0 1 * *
Pin function | P4, input pin | P4, output pin|SCK3 output pin|{SCKg input pin

Note: * Don't care
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8.5.4 Pin States

Table 8-13 shows the port 4 pin states in each operating mode.

Table 8-13 Port 4 Pin States

Pins Reset Sleep Subsleep Standby Watch Subactive Active
P4;/IRQ,  High- Retains  Retains High- Retains Functional Functional
P4,/TXD impedance previous previous impedance previous

P4,/RXD state state state

P4y/SCK3
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8.6 Port 5
8.6.1 Overview

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

~—— P5,/WKP; /SEGg
~——» P54/WKPs /SEG7
~<~—— P55/WKP5/SEGg
<~—— P5,/WWKP,/SEGg
~—— P53/WKP3/SEG,
~—— P5,/AWKP,/SEG;
~—— P5,/WKP; /SEG,
~—— P5,/WKP, /SEG,

Port 5

Figure 8-5 Port 5 Pin Configuration
8.6.2 Register Configuration and Description
Table 8-14 shows the port 5 register configuration.

Table 8-14 Port 5 Registers

Name Abbrev. RW Initial Value Address
Port data register 5 PDRS RW H'00 H'FFD8
Port control register 5 PCRS w H'00 H'FFE8
Port pull-up control register 5 PUCRS RW H'00 H'FFE2
Port mode register5 PMR5 RW H'00 H'FFCC
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1. Port data register S (PDRS)

Bit 7 6 5 4 3 2 1 0
Ps; | Pss | Pss | Pss | psy | P, | Ps | s
Initial value 0 0 0 0 0 0 0 0

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

PDRS is an 8-bit register that stores data for port 5 pins P57 to P5,. If port S is read while PCR5
bits are set to 1, the values stored in PDRS are read, regardless of the actual pin states. If port 5 is
read while PCRS bits are cleared to 0, the pin states are read.

Upon reset, PDRS is initialized to H'00.

2. Port control register S (PCRS)

Bit 7 6 5 4 3 2 1 0
| PCRs; | PCRss | PCRss | PCRs, | PCRs; | PCRs, | PCRs; | PCRS |

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w W w w W w

PCRS is an 8-bit register for controlling whether each of the port 5 pins P57 to P5q functions as an
input pin or output pin. Setting a PCRS 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 PCRS and in PDRS are valid only
when the corresponding pin is designated as a general I/O pin in PMRS and in bits SGS3 to SGSO
of LPCR.

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

3. Port pull-up control register 5 (PUCRS)

Bit 7 6 5 4 3 2 1 0
PUCRS; | PUCRS5| PUCRSs | PUCRS, | PUCRS; |PUCRS, | PUCRS; | PUCRS,
Initial value 0 0 0 0 0 0 0 0

Read/Write RW RW RW RW RW RW RW RW

PUCRS controls whether the MOS pull-up of each port 5 pin is on or off. When a PCRS bit is
cleared to 0, setting the corresponding PUCRS bit to 1 turns on the MOS pull-up for the
corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCRS is initialized to H'0O.
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4. Port mode register 5 (PMRS)

Bit 7 6 1
AANL/ZIN™Y AV YiVdnYel \YYi7daYd AN/ a2 WAN/Mn AANZINA \YYiVdaY] AAILZYN A
VVN\Ir 7 VVINIF O VVN\Iro VWWnr« VVN\Iro VWN\Irc< VWA | VVN\Iru
Initial value 0 0 0 0 0

0 0 0
Read/Write RW RW RwW RW R/wW RW RW RwW

PMRS is an 8-bit read/write register, controlling the selection of pin functions for port 5 pins.
Upon reset, PMRS is initialized to H'00.
Bit n: P5,/WKP,/SEG,,, pin function switch (WKPn)

When pin P5,/WKP,/SEG,,, is not used as a SEG,, pin, this bit selects whether it is used as
PS5, or as WKP,,.

Bitn ‘
WKPn Description
0 Functions as P5,, 1/0 pin (initial value)
1 Functions as WKP,, input pin
(n=7to0)

Note: For information on use as a SEG,,, pin, see 13.2.1, LCD Port Control Register (LPCR).
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8.6.3 Pin Functions

Table 8-15 shows the port S pin functions.

Table 8-15 Port 5 Pin Functions

Pin Pin Functions and Selection Method
P5,/WKP4/ The pin function depends on bit WKPn in PMRS, bit PCRS,, in PCRS, and bits
SEGgto P5,/ SGS3 to SGSO in LPCR.
WKP,/SEG; (n=7to4)
SGS3 to SGSO O¥** Ll
WKP,, 0 1 *
PCRS5, 0 1 * *
Pin function | P5, input pin | P5,, output pin| WKP,, input pin| SEG,, 1 output pin
P53/WKP4/ The pin function depends on bit WKP, in PMRS, bit PCR5n in PCR5, and bits
SEG,to P5¢/  SGS3to SGSO in LPCR.
WKPy/SEG;, (n=3t00)
SGS3to SGSO O*** or 1**0 1%%1
WKPn 0 1 *
PCRSn 0 1 * *
Pin function | P5, input pin | P5, output pin| WKP,, input pin| SEG,,, 1 output pin

Note: * Don't care
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8.6.4 Pin States
Table 8-16 shows the port 5 pin states in each operating mode.

Table 8-16 Port 5 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P5,/WKP4/  High- Retains  Retains High- Retains Functional Functional
SEGgto P5y impedance previous previous  impedance* previous

WKP,/SEG, state state state

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

Port 5 has a built-in MOS input pull-up function that can be controlled by software. When a
PCRS bit is cleared to 0, 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.

PCR5, 0 1
PUCRS5,, 0 1 *
MOS input pull-up Off On Off
Note: * Don't care (n=7t00)
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8.7 Port 6
8.7.1 Overview

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

~——— P6,/SEGs
~——— P64/SEG 5
~——— P65/SEG 4
Pots | == P64/SEGrs
~——— P63/SEG+»
~——— P6,/SEGy;
~——— P6,/SEGq

~—— P6y/SEGqg

Figure 8-6 Port 6 Pin Configuration
8.7.2 Register Configuration and Description
Table 8-17 shbws the port 6 register configuration.

Table 8-17 Port 6 Registers

Name Abbrev. R/W Initial Value Address
Port data register 6 PDR6 RW H'00 H'FFD9
Port control register 6 PCR6 w H'00 H'FFE9
Port pull-up control register 6 PUCR6 RW H'00 H'FFE3
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1. Port data register 6 (PDR6)

Bit 7 6 5 4 3 2 1 0
P6; | Pés | P6s | P6s | Pby | PG | P& | PBo

Initial value 0 0 0 0 0 0 0 0

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

PDR6 is an 8-bit register that stores data for port 6 pins P67 to P6y. If port 6 is read while PCR6
bits are set to 1, the values stored in PDR6 are read, regardless of the actual pin states. If port 6 is
read while PCR®6 bits are cleared to 0, the pin states are read.

Upon reset, PDRG is initialized to H'00.

2. Port control register 6 (PCR6)

Bit 7 6 - 5 4 3 2 1 0
PCR67; | PCR6g | PCR6s | PCR64 | PCR63 | PCR6; | PCRG6; | PCR6g

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 pins P67 to 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 PDRG6 are valid only
when the corresponding pin is designated in bits SGS3 to SGS0 in LPCR as a general I/O pin.

Upon reset, PCR6 is initialized to H'0O.
PCR6 is a write-only register. All bits are read as 1.

3. Port pull-up control register 6 (PUCR6)

Bit 7 6 5 4 3 2 1 0
PUCRG67 | PUCRG6g| PUCR65 | PUCR6G4 | PUCRG; |PUCRG, | PUCR6; |PUCR6g
Initial value 0 0 0 0 0 0 0 0

Read/Write RwW RwW RW R/wW RW RW R/W RW

PUCRG 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 PUCRG 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, PUCRG is initialized to H'00.
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8.7.3 Pin Functions
Table 8-18 shows the port 6 pin functions.

Table 8-18 Port 6 Pin Functions

Pin Pin Functions and Selection Method
P6,/SEGg to The pin function depends on bit PCR6,, in PCR6 and bits SGS3 to SGSO0 in
P6,/SEG,3 LPCR.
(n=7to4)
SGS3 to SGSO 00** or 010* 011% or 1***
PCRs, 0 1 *
Pin function | P8, input pin | P6,, output pin SEG,,g output pin
P64/SEG,, The pin function depends on bit PCR6, in PCR6 and bits SGS3 to SGSO in
to P6y/SEGq LPCR.
(n=3to00)
SGS3 to SGSO 00**, 010* or 0110 0111 or 1***
PCR6, 0 1 *
Pin function | P6, input pin | P&, output pin SEG,,g output pin
Note: * Don't care
8.7.4 Pin States
Table 8-19 shows the port 6 pin states in each operating mode.
Table 8-19 Port 6 Pin States
Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P6,/SEGg to High- Retains  Retains  High- Retains  Functional Functional
P6o/SEGq impedance previous previous impedance* previous
state state state

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

Port 6 has a built-in MOS input pull-up function that can be controlled by software. When a
PCR6 bit is cleared to 0, setting the corresponding PUCRG 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.

PCR6,,

0

PUCS,

MOS input pull-up

On

Note: * Don’t care
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8.8 Port 7

8.8.1 Overview

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

Port 7

P77/SEGoq
P76/SEGo3
P75/SEGo»
P74/SEGo;
P73/SEG2o
P7,/SEGyq
P7,/SEGg
P7/SEG7

Figure 8-7 Port 7 Pin Configuration

8.8.2 Register Configuration and Description
Table 8-20 shows the port 7 register configuration.

Table 8-20 Port 7 Registers

Name Abbrev. R/W Initial Value Address
Port data register 7 PDR7 R/W H'00 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
| P77 | P7s | P7s | P7Ta | PTs | PR | P7y | 7o ]
Initial value 0 0 0 0 0 0 0 0

Read/Write RW RW RW RwW RW RW RW RW

PDR7 is an 8-bit register that stores data for port 7 pins P77 to P7,. If port 7 is read while PCR7
bits are set to 1, the values stored in PDR7 are read, regardless of the actual pin states. If port 7 is
read while PCR?7 bits are cleared to 0, the pin states are read.

Upon reset, PDR7 is initialized to H'0O.

2. Port control register 7 (PCR7)

Bit 7 6 5 4 3 2 1 0
PCR?; | PCRTs | PCR7s | PCR7, | PCR75 | PCR7, | PCR7, | PCR,

Initial value 0 0 0 0 0 0 0 0

Read/Write W w w w W w W w

PCR7 is an 8-bit register for controlling whether each of the port 7 pins P77 to P7, functions as an
input pin or output pin. Setting a PCR7 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settings in PCR7 and in PDR7 are valid only
when the corresponding pin is designated in bits SGS3 to SGS0 in LPCR as a general I/O pin.

Upon reset, PCR7 is initialized to H'00.

PCR7isa writc-oniy register. All bits are read as 1.
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8.8.3 Pin Functions
Table 8-21 shows the port 7 pin functions.

Table 8-21 Port 7 Pin Functions

Pin Pin Functions and Selection Method
P7,/SEGy,4 to The pin function depends on bit PCR7,, in PCR7 and bits SGS3 to SGSO0 in
P74,/SEG,, LPCR.
(n=7to4)
SGS3 to SGS0 00** O1%* or 1***
PCR7, 0 1 *
Pin function | P7, input pin {P7, output pin SEG,,17 output pin
P74/SEGy, to The pin function depends on bit PCR7,, in PCR7 and bits SGS3 to SGSO0 in
P7y/SEG,; LPCR.
(n=31t00)
SGS3 to SGSO 00** or 0100 0101, 011* or 1***
PCR7, 0 1 *
Pin function | P7, input pin |P7, output pin SEG,,, 7 output pin
Note: * Don'’t care
8.8.4 Pin States
Table 8-22 shows the port 7 pin states in each operating mode.
Table 8-22 Port 7 Pin States
Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P74/SEG,, to High- Retains  Retains  High- Retains  Functional Functional
P74/SEG,; impedance previous previous impedance  previous
state state state
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8.9 Port 8

8.9.1 Overview

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

Port 8

P8,/SEGa,
P86/SEG3;
P85/SEG30
P84/SEGoq
P83/SEGog
P8,/SEGy;
P8,/SEGy
P8o/SEG2s

Figure 8-8 Port 8 Pin Configuration

8.9.2 Register Configuration and Description
Table 8-23 shows the port 8 i'egister configuration.

Table 8-23 Port 8 Registers

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

Bit 7 6 5 4 3 2 1 0
P&; | Pss | Pss | P8y | P& | P8 P8, P8,
Initial value 0 0 0 0 0 0 0 0

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

PDRS is an 8-bit register that stores data for port 8 pins P87 to P8. If port 8 is read while PCR8
bits are set to 1, the values stored in PDRS8 are read, regardless of the actual pin states. If port 8 is
read while PCRS8 bits are cleared to 0, the pin states are read.

Upon reset, PDRS is initialized to H'00.

2. Port control register 8 (PCR8)

Bit 7 6 5 4 3 2 1 0
PCR8; | PCR8s | PCR8s | PCR84 | PCR8; | PCR8, | PCR8; | PCR8y

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w w w w w w

PCR8 is an 8-bit register for controlling whether each of the port 8 pins P87 to P8, functions as an
input or output pin. Setting a PCR8 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settings in PCR8 and in PDR8 are valid only
when the corresponding pin is designated in bits SGS3 to SGSO in LPCR as a general 1/O pin.

Upon reset, PCR8 is initialized to H'0O.

PCR8 is a write-only register. All bits are read as 1.
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8.9.3 Pin Functions
Table 8-24 shows the port 8 pin functions.

Table 8-24 Port 8 Pin Functions

Pin Pin Functions and Selection Method
P8,/SEGg3, to The pin function depends on bit PCR8,, in PCR8 and bits SGS3 to SGSO in
P8,/SEGy,g LPCR.
(n=7to4)
SGS3 to SGSO 000* 001%, 01** or 1***
PCRS, 0 1 ’ *
Pin function | P8, input pin | P8, output pin SEG,, 25 output pin
P84/SEGyg to The pin function depends on bit PCR8,, in PCR8 and bits SGS3 to SGS0 in
P8y/SEG,s5 LPCR.
(n=3100)
SGS3 to SGSO0 000* or 0010 0011, O1%* or 1%*x*
PCR8, 0 1 *
Pin function | P8, input pin | P8, output pin SEG,, o5 output pin
Note: * Don't care
8.9.4 Pin States
Table 8-25 shows the port 8 pin states in each operating mode.
Table 8-25 Port 8 Pin States
Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P8,/SEG3;, to High- Retains  Retains  High- Retains  Functional Functional
P8y/SEG,s5 impedance previous previous impedance  previous
state state state
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8.10 Port 9
8.10.1 Overview

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

~——= P9,/SEG4/CL4
<~——= P94/SEGa3/CLy
~———= P95/SEG3s/DO
~——— P9,/SEG37/M
~——— P9,/SEGg

Port 9

~——= P9,/SEG35
~——— P9,/SEG34
~— P9y/SEGa33

Figure 8-9 Port 9 Pin Configuration
8.10.2 Register Configuration and Description
Table 8-26 shows the port 9 register configuration.

Table 8-26 Port 9 Registers

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

Bit 7 68 5 4 3 2 1 0
| Po; | Pos | Pos | P9, | P93 | Po | Py P90
Initial value 0 0 0 0 0 0 0 0

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

PDRY is an 8-bit register that stores data for port 9 pins P97 to P9,. If port 9 is read while PCR9
bits are set to 1, the values stored in PDR9 are read, regardless of the actual pin states. If port 9 is
read while PCRY 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
| PCRe; | PCRos | PCR9s | PCRo, | PCRes | PCRY, | PCRe; | PCRo,

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w w W W W W

PCR9 is an 8-bit register for controlling whether each of the port 9 pins P95 to 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 bits SGS3 to SGSO0 in LPCR as a general I/O pin.

Upon reset, PCR9 is initialized to H'00.

PCR9 is a write-only register. All bits are read as 1.
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8.10.3 Pin Functions

Table 8-27 shows the port 9 pin functions.

Table 8-27 Port 9 Pin Functions
Pin Pin Functions and Selection Method
P9,/SEG,o/CL, The pin function depends on bit PCR9; in PCR9, and bits SGX and SGS3 to
SGSO0 in LPCR.
SGS3 to SGSO 0000 Not 0000 *
SGX 0 0 1
PCR9, 0 1 * *
Pin function | P95 input pin { P97 output pin| SEG,4q output pin| CL4 output pin
P9¢/SEG3¢/CL, The pin function depends on bit PCR9g in PCR9, and bits SGX and SGS3 to
SGSO0 in LPCR.
SGS3 to SGSO 0000 Not 0000 *
SGX 0 0 1
PCR9 0 1 * *
Pin function | P9g input pin | P9g output pin{ SEGaq output pin| CL, output pin
P95/SEG34/DO The pin function depends on bit PCR9g in PCR9, and bits SGX and SGS3 to
SGSO0 in LPCR.
SGS3 to SGSO 0000 Not 0000 *
SGX 0 0 1
PCR9g 0 1 * *
Pin function | P9 input pin | P95 output pin| SEGag output pinj DO output pin
P34/SEG3,/M The pin function depends on bit PCR9, in PCR9, and bits SGX and SGS3 to

SGSO0in LPCR.
SGS3 to SGSO 0000 Not 0000 *
SGX 0 0 1
PCRY, 0 1 * *
Pin function | P9, input pin | P94 output pin| SEG37 output pinj M output pin

Note: * Don't care
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Table 8-27 Port 9 Pin Functions (cont)

Pin Pin Functions and Selection Method
94/SEGgg 10 The pin funciion depends on bit PCRS, in PCRS and bits SGS3 to SGSC in
P9y/SEGa3 LPCR.
(n=31t00)
SGS3 to SGSO 0000 Not 0000
PCR9, 0 1 *
Pin function | P9, input pin | P9, output pin SEG,,33 output pin
Note: * Don't care
8.10.4 Pin States
Table 8-28 shows the port 9 pin states in each operating mode.
Table 8-28 Port 9 Pin States
Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P9/SEG,4/CLy High- Retains  Retains High- Retains  Functional Functional
P9¢/SEG39/CL, impedance previous previous impedance previous
P9¢/SEGgg/DO state state state
P9,/SEG5;/M
P94/SEGgz5 to
P9y/SEGg33
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8.11 Port A
8.11.1 Overview

Port A is a 4-bit 1/O port, configured as shown in figure 8-10.

~——— PA3/COM4
~———= PA,/COM3
~——— PA,/COM,
~———= PA,/COM;

Port A

Figure 8-10 Port A Pin Configuration
8.11.2 Register Configuration and Description
Table 8-29 shows the port A register configuration.

Table 8-29 Port A Registers

Name Abbrev. R/W Initial Value Address
Port data register A PDRA RW H'FO 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
I I I 1 . | pa,
I N RV A T

Initial value 1 1 1 1 0 0 0 0

Read/Write — — —_ — RW RW R/W RW

PDRA is an 8-bit register that stores data for port A pins PAj to PAy. 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)

Bit 7 6 5 4 3 2 1 0
— — — — | PcRAs | PCRA, | PCRA, | PCRA,

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 pins PA3 to PAg 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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8.11.3 Pin Functions

Table 8-30 gives the port A pin functions.

Table 8-30 Port A Pin Functions

Pin Pin Functions and Selection Method
PA3/COM,4 The pin function depends on bit PCRAz in PCRA and bits DTS1, DTS0, CMX,
SGX, and SGS3 to SGSO in LPCR.
CMX * 0 * 0 1 *
DTS1,DTSO |**| Not11 |[**| Not 11 Not 11 11
SGX o1 * 0|1 * 1 * 1 *
SGS3 to SGS0| 0000 (Not0000 0000 |Not000O| 0000 | Not0000| 0000 |Not0000
PCRA; 0 1 *
Pin function | PAz input pin | PAz output pin COM, output pin
PA,/COM4 The pin function depends on bit PCRA, in PCRA and bits DTS1, DTS0, CMX,
SGX, and SGS3 to SGS0 in LPCR.
CMX * 0] * 0 1 . *
DTS1,DTSO |**| 00or 01 | **| 00 or 01 00 or 01 Not 00 or 01
SGX 0|1 * 101 * 1 * 1 *
SGS3 to SGSO0| 0000 |Not0000| 0000 {Not0000| 0000 |Not0000| 0000 |Not0000
PCRA, 0 1 *
Pin function | PA, input pin | PA, output pin COMg; 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 b 00 00 Not 00
SGX 0|1 * 0|1 * 1 * 1 *
SGS3 to SGSO0 | 0000 |Not0000| 0000 [Not0000| 0000 |{Not0000| 0000 |Not0000
PCRA, 0 1 *
Pin function | PA; input pin | PA, output pin COM; output pin

Note: * Don't care
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Table 8-30 Port A Pin Functions (cont)

Pin Pin Functions and Selection Method
DA _INMNAA Tha nim fitmatian Aanmanda Aan kit DODA A DODA and hite SRV Aand CACH 44
] l'\OlVVlVl1 e PIII anivuuvi UGPC!IUQ Vil Vit 1T II"\O Hi Wi, Adlivu Jvilo Oun ailiv vuaouv wJ
SGSO0 in LPCR.
SGS3 to SGS0 0000 0000 Not 0000
SGX 0 1 *
PCRAq -0 1 * ,
Pin function | PA, input pin | PA, output pin COM; output pin
Note: * Don't care
8.11.4 Pin States
Table 8-31 shows the port A pin states in each operating mode.
Table 8-31 Port A Pin States
Pins Reset Sleep Subsleep Standby Watch Subactive Active
PA3/COM, High- Retains  Retains High- Retains Functional Functional
PA,/COM; impedance previous previous impedance previous
PA,/COM, state state state

PA/COM
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8.12 Port B
8.12.1 Overview

Port B is an 8-bit input-only port, configured as shown in figure 8-11.

~———— PBy/AN;
~——— PBg/ANg
~———— PBs/ANs
PotB |~ PBa/AN,
~——— PBgy/AN;
~——— PB,/AN,
~——— PBy/AN,

~———— PBy/ANg

Figure 8-11 Port B Pin Configuration
8.12.2 Register Configuration and Description
Table 8-32 shows the port B register configuration.

Table 8-32 Port B Register

Name Abbrev. R/W Address
Port data register B PDRB R H'FFDE
Port Data Register B (PDRB)
Bit 7 6 5 4 3 2 1 0

PB7 PBg PBs PB4 PB3 PB2 PB; PBo

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 0 regardless of the input
voltage.

185 Hitachi




8.13 Port C
8.13.1 Overview

Port C is a 4-bit input-only port, configured as shown in figure 8-12.

- PC3 /AN 11
~<— PCy/ANy
~<——— PC;/ANg

Port C

~——— PCy/ANg

Figure 8-12 Port C Pin Configuration
8.13.2 Register Configuration and Description
Table 8-33 shows the port C register configuration.

Table 8-33 Port C Register

Name Abbrev. R/W Address
Port data register C PDRC R H'FFDF

Port Data Register C (PDRC)

Bit 7 6 5 4 3 2 1 0
- — — — | pcs | pc | Py | Peo

Read/Write — — — — R R R R

Reading PDRC always gives the pin states. However, if a port C pin is selected as an analog input
channel for the A/D converter by AMR bits CH3 to CHO, that pin reads 0 regardless of the input
voltage.
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Section 9 Timers

9.1 Overview

The H8/3834U Series provides five timers (timers A, B, C, F, and G) on-chip.

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

Table 9-1 Timer Functions

Event Waveform
Name  Functions Internal Clock  Input Pin  Output Pin Remarks
Timer A~ « 8-bit timer 2/8 to ©/8192 — —
« Interval timer (8 choices)
« 8-bit timer ow/128 — —
« Time base (choice of 4
overflow periods)
« 8-bit timer o/4 to 0/32, — TMOW
« clock output ow/4 to o/32
(8 choices)
Timer B+ 8-bit timer o/4 to /8192 TMIB —
« Interval timer (7 choices)
« Event counter
Timer C - 8-bit timer /4 to 0/8192, T™MIC — Counting
« Interval timer ow/4 (7 choices) direction can
« Event counter be controlled by
« Choice of up- or down- software or
counting hardware
Timer F « 16-bit timer e/2 to a/32 TMIF TMOFL
« Event counter (4 choices) TMOFH
« Can be used as two
independent 8-bit timers
« Output compare
Timer G« 8-bit timer o/2 to 6/64, ay/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.

»  Choice of eight internal clock sources (8/8192, ¢/4096, ¢/2048, ¢/512, 3/256, 8/128, ¢/32,
#/3).

¢ 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).

«  Aninterrupt is requested when the counter overflows.

e 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.

D

°w  —= 14 - PSW TMA | —
Gw/4
Bw/32 @
oy/16 a
ﬁw/e .‘g
/4
2w oy/128 | 3
£
0/32 0/8192, 6/4096, /2048, | *¢| | % =
e/16 0/512, 0/256, 0/128, e g8
o/8 0/32, /8
o/4 |
e = ES . \

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 (2y,/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. 1O 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 RW 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

| TMA7 | Tmae | Tmas | — [ Tmas | T™MA2 | ™A1 | TmAo |
Initial value 0 0 0 1 0 0 0 0
ReadWite @RW RW RW — RW .RW RW RW

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.

Bit 7 Bit 6 Bit 5
TMA7 TMA6 TMAS Clock Output

0] 0 0 /32 (initial value)
1 2/16
1 0 o/8
1 o/4
1 0 0 ow/32
1 ow/16
1 0 ow/8
1 ow/4
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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 TMAQ)

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

Description
Bit3 Bit2 Bit1 Bito0 Prescaler and Divider Ratio
TMA3 TMA2 TMA1 TMAO or Overflow Period Function
0 0 0 0 PSS, 2/8192 (initial value) Interval timer
1 PSS, 2/4096
1 0] PSS, 2/2048
1 PSS, /512
1 0 0] PSS, 2/256
1 PSS, 2/128
1 0 PSS, 2/32
1 PSS, o/8
1 0 0 0 PSW, 1s o Clock time
1 PSW, 05 s base
1 0 PSW, 0.25 s
1 PSW,0.03125s -
1 0 0 PSW and TCA are reset
1
1 0

—
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2. Timer counter A (TCA)

Bit 7 6 5 4 3 2 1 0
TCA7 TCAs | TCAS | TCA4 ! TCA3 | TCA2 TCA1 TCAQ

Initial value 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 TMAQ 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 TMAOQ 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 TMAOQ in TMA. A choice of four
periods is available. In time base operation (TMA3 = 1), setting bit TMAZ2 to 1 clears both TCA
and prescaler W to their initial values of H'00.

3. Clock output

Setting bit TMOW in port mode register 1 (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 32.768 kHz signal divided by 32, 16, 8, or 4 can be output in active mode, sleep mode, and
subactive mode.

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

Table 9-2-3 Timer A Operation States

Sub- Sub-
Operation Mode Reset Active Sleep Watch active sleep Standby
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 function is selected as the internal clock of TCA in active
mode or sleep mode, the internal clock is not synchronous with the system clock, so it is
synchronized by a synchronizing circuit. This may result in a maximum error of 1/a (s) in the
count cycle.
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9.3 Timer B

9.3.1 Overview

Timer B is an 8-bit timer that increments each time a clock pulse is input. This timer has two

operation modes, interval and auto reload.
1. Features

Features of timer B are given below.

«  Choice of seven internal clock sources (#/8192, ¢/2048, g/512, ¢/256, ¢/64, 3/16, 8/4) or an

external clock (can be used to count external events).
e An interrupt is requested when the counter overflows.
2. Block Diagram

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

| I

Internal data bus

P — PSS ——l TCB
TMIB O | LB
Notation:

TMB:  Timer mode register B

TCB:  Timer counter B

TLB:  Timer load register B

IRRTB: Timer B overflow interrupt request flag
PSS: Prescaler S

N

—— |RRTB

Figure 9-3-1 Block Diagram of Timer B
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3. Pin configuration
Table 9-3-1 shows the timer B pin configuration.

Table 9-3-1 Pin Configuration

Name Abbrev. 110 Function

Timer B event input TMIB Input Event input to TCB

4. Register configuration
Table 9-3-2 shows the register configuration of timer B.

Table 9-3-2 Timer B Registers

Name Abbrev. R/W Initial Value Address
Timer mode register B T™B RW H'78 H'FFB2
Timer counter B TCB R H'00 H'FFB3
Timer load register B TLB w H'00 H'FFB3

9.3.2 Register Descriptions

1. Timer mode register B (TMB)

Bit 7 6 5 4 3 2 1 0
TMB7 — — — — T™MB2 | TMB1 | TMBO

Initial value 0 1 1 1 1 0 0 0

Read/Write RW — — — — R/W R/W RW

TMB is an 8-bit read/write register for selecting the auto-reload function and input clock.
Upon reset, TMB is initialized to H'78.
Bit 7: Auto-reload function select (TMB7)

Bit 7 selects whether timer B is used as an interval timer or auto-reload timer.

Bit 7

TMB7 Description

0 Interval timer function selected (initial value)
1 Auto-reload function selected
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Bits 6 to 3: Reserved bits
Bits 6 to 3 are reserved; they always read 1, and cannot be modified.
Bits 2 to 0: Clock select (TMB2 to TMBO)

Bits 2 to 0 select the clock input to TCB. For external event counting, either the rising or falling
edge can be selected.

Bit 2 Bit 1 Bit 0
TMB2 TMB1 TMBO Description

0 0 0 Internal clock: /8192 (initial value)

0 0 1 Internal clock: ©/2048

0 1 0 Internal clock: @/512

0 1 1 Internal clock: @/256

1 0 0 Internal clock: e/64

1 0 1 Internal clock: @/16

1 1 0 Internal clock: o/4

1 1 1 External event (TMIB): rising or falling edge*

Note: * The edge of the external event signal is selected by bit IEG1 in the IRQ edge select
register (IEGR). See 3.3.2, Interrupt Control Registers, for details on the IRQ edge select
register. Be sure to set bit IRQ1 in port mode register 1 (PMR1) to 1 before setting bits
TMB2 to TMBO to 111.

2. Timer counter B (TCB)

Bit 7 6 5 4 3 2 1 0
| TcB7 | ToBe | TcBs | TcB4 | TcB3 | TcB2 | TCBY | TCBO

Initial value 0 0 0 0 0 0 0 0

Read/Write R R R R R R R R

TCB is an 8-bit read-only up-counter, which is incremented by internal clock or external event
input. The clock source for input to this counter is selected by bits TMB2 to TMBO in timer mode
register B (TMB). TCB values can be read by the CPU at any time.

When TCB overflows from H'FF to H'00 or to the value set in TLB, the IRRTB bit in interrupt
request register 2 (IRR2) is set to 1.

TCB is allocated to the same address as timer load register B (TLB).

Upon resct, TCB is initialized to H'00.
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3. Timer load register B (TLB)

Bit 7 6 5 4 3 2 1 0

| 87 | e | TiBs | TBa | TLB3 | TLB2 | TLBY | TLBO
Initial value 0 0 0 0 0 0 0 0
Read/Write w W w W W W W w

TLB is an 8-bit write-only register for setting the reload value of timer counter B.

When a reload value is set in TLB, the same value is loaded into timer counter B (TCB) as well,
and TCB starts counting up from that value. When TCB overflows during operation in auto-
reload mode, the TLB value is loaded into TCB. Accordingly, overflow periods can be set within
the range of 1 to 256 input clocks.

The same address is allocated to TLB as to TCB.
Upon reset, TLB is initialized to H'00.

9.3.3 Timer Operation

1. Interval timer operation

When bit TMB7 in timer mode register B (TMB) is cleared to O, timer B functions as an 8-bit
interval timer.

Upon reset, TCB is cleared to H'00 and bit TMB7 is cleared to 0, so up-counting and interval
timing resume immediately. The clock input to timer B is selected from seven internal clock
signals output by prescaler S, or an external clock input at pin TMIB. The selection is made by
bits TMB2 to TMBO of TMB.

After the count value in TCB reaches H'FF, the next clock signal input causes timer B to overflow,
setting bit IRRTB to 1 in interrupt request register 2 (IRR2). If IENTB = 1 in interrupt enable
register 2 (IENR2), a CPU interrupt is requested.*

At overflow, TCB returns to H'00 and starts counting up again.

During interval timer operation (TMB7 = (), when a value is set in timer load register B (TLB),
the same value is set in TCB.

Note: * For details on interrupts, see 3.3, Interrupts.
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2. Auto-reload timer operation

Setting bit TMB7 in TMB to 1 causes timer B to function as an 8-bit auto-reload timer. When a

o

reload value is set in TLB, the same vaiue is loaded into TCB, becoming the value from which
TCB starts its count.

After the count value in TCB reaches H'FF, the next clock signal input causes timer B to overflow.
The TLB value is then loaded into TCB, and the count continues from that value. The overflow
period can be set within a range from 1 to 256 input clocks, depending on the TLB value.

The clock sources and interrupts in auto-reload mode are the same as in interval mode.

In auto-reload mode (TMB7 = 1), when a new value is set in TLB, the TLB value is also set in
TCB.

3. Event counter operation

Timer B can operate as an event counter, counting rising or falling edges of an external event
signal input at pin TMIB. External event counting is selected by setting bits TMB2 to TMBO in
timer mode register B to all 1s (111).

When timer B is used to count external event input, bit IRQ1 in port mode register 1 (PMR1)
should be set to 1, and bit IEN1 in interrupt enable register 1 {IENR1) should be cleared to 0 to
disable IRQ interrupt requests.

9.3.4 Timer B Operation States
Table 9-3-3 summarizes the timer B operation states.

Table 9-3-3 Timer B Operation States

Sub- Sub-
Operation Mode Reset Active Sleep Watch active sleep Standby
TCB Interval Reset Functions Functions Halted Halted Halted Halted
Autoreload Reset Functions Functions Halted Halted Halted Halted
TMB Reset Functions Retained Retained Retained Retained Retained
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9.4 Timer C
9.4.1 Overview

Timer C is an 8-bit timer that increments or decrements each time a clock pulse is input. This
timer has two operation modes, interval and auto reload.

1. Features
The main features of timer C are given below.

«  Choice of seven internal clock sources (9/8192, 3/2048, ¢/512, ¢/64, 8/16, ¢/4, ¢w/4) or an
external clock (can be used to count external events).

» Aninterrupt is requested when the counter overflows.
«  Can be switched between up- and down-counting by software or hardware.

«  When gy/4 is selected as the internal clock source, or when an external clock is selected,
timer C can function in subactive mode and subsleep mode.
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2. Block diagram

Figure 9-4-1 shows a block diagram of timer C.

)

T™C -

ub O -

TCC

] PSS
TMIC © >
ﬂw/4

Notation:

TMC: Timer mode register C
TCC: Timer counter C
TLC:  Timer load register C

PSS: Prescaler S

Internal data bus

IRRTC: Timer C overflow interrupt request flag

TLC
IRRTC

Figure 9-4-1 Block Diagram of Timer C

3. Pin configuration
Table 9-4-1 shows the timer C pin configuration.

Table 9-4-1 Pin Configuration

Name Abbrev. 1o Function
Timer C event input TMIC Input Event input to TCC
Timer C up/down control ub Input Selection of counting direction
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4. Register configuration
Table 9-4-2 shows the register configuration of timer C.

Table 9-4-2 Timer C Registers

Name Abbrev. R/W Initial Value Address
Timer mode register C TMC R/W H'18 H'FFB4
Timer counter C TCC R H'00 H'FFBS
Timer load register C TLC w H'00 H'FFB5

9.4.2 Register Descriptions

1. Timer mode register C (TMC)

Bit 7 6 5 4 3 2 1 0
| ™™c7 | TMcs | TMes | — | — | Tmc2 | TMc1 | TMco

Initial value 0 0 0 1 1 0 0 0

ReadWite @~ RW RW RW  — — RW RW  RW

TMC is an 8-bit read/write register for selecting the auto-reload function, counting direction, and
input clock.

Upon reset, TMC is initialized to H'18.
Bit 7: Auto-reload function select (TMC7)

Bit 7 selects whether timer C is used as an interval timer or auto-reload timer.

Bit7

TMC7 Description

0 Interval timer function selected (initial value)
1 Auto-reload function selected
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Bits 6 and 5: Counter up/down control (TMC6 and TMCS5)

These bits select the counting direction of timer counter C (TCC), or allow hardware to control the

PANtI AN 230 o sl

. .. . Sy
counting direction using pin UD.

Bit6 Bit 5

TMC6 TMC5 Description

0 0 TCC is an up-counter (initial value)
0 1 TCC is a down-counter

1 * TCC up/down control is determined by input at pin UD. TCC is a down-

counter if the UD input is high, and an up-counter if the UD input is low.

Note: * Don't care

Bits 4 and 3: Reserved bits

Bits 4 and 3 are reserved; they are always read as 1, and cannot be modified.
Bits 2 to 0: Clock select (TMC2 to TMCO)

Bits 2 to 0 select the clock input to TCC. For external clock counting, either the rising or falling
edge can be selected.

Bit 2 Bit 1 Bito
TMC2 TMC1 TMCO  Description

0 0 0 Internal clock: /8192 (initial value)
0 0 1 Internal clock: @/2048

0 1 0 Internal clock: @/512

0 1 1 Internal clock: @/64

1 0 0 Internal clock: 0/16

1 0 1 Internal clock: @/4

1 1 0 Internal clock: ay/4

1 1 1 External event (TMIC): rising or falling edge*

Note: * The edge of the external event signal is selected by bit IEG2 in the IRQ edge select
register (IEGR). See 3.3.2, Interrupt Control Registers, for details on the IRQ edge select
register. Be sure to set bit IRQ2 in port mode register 1 (PMR1) to 1 before setting bits
TMC2 to TMCO to 111.

202 Hitachi



2. Timer counter C (TCC)

Bit 7 6 5 4 3 2 1 0
Tcc7 | Tece | Tees | Tccs | Tecs | Tec2 | Teet | Teco
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R ° R

TCC is an 8-bit read-only up-/down-counter, which is incremented or decremented by internal or
external clock input. The clock source for input to this counter is selected by bits TMC2 to
TMCO in timer mode register C (TMC). TCC values can be read by the CPU at any time.

When TCC overflows (from H'FF to H'00 or to the value set in TLC) or underflows (from H'00 to
H'FF or to the value set in TLC), the IRRTC bit in interrupt request register 2 (IRR2) is set to 1.

TCC is allocated to the same address as timer load register C (TLC).
Upon reset, TCC is initialized to H'0O.

3. Timer load register C (TLC)

Bit 7 6 5 4 3 2 1 0

| me7 | mios | tes | tiea | tics | ez | et | Tico
Initial value 0 0 o 0 0 0 0 0
Read/Write w w w w W W W w

TLC is an 8-bit write-only register for setting the reload value of TCC.

When a reload value is sct in TLC, the same value is loaded into timer counter C (TCC) as well,
and TCC starts counting up or down from that value. When TCC overflows or underflows during
operation in auto-reload mode, the TLC value is loaded into TCC. Accordingly, overflow and
underflow periods can be set within the range of 1 to 256 input clocks.

The same address is allocated to TLC as to TCC.

Upon reset, TLC is initialized to H'00.
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9.4.3 Timer Operation
1. Interval timer operation

When bit TMC7 in timer mode register C (TMC) is cleared to 0, timer C functions as an 8-bit
interval timer.

Upon reset, timer counter C (TCC) is initialized to H'00 and TMC to H'18, so counting and
interval timing resume immediately. The clock input to timer C is selected from seven internal
clock signals output by prescalers S and W, or an external clock input at pin TMIC. The selection
is made by bits TMC2 to TMCO in TMC.

Either software or hardware can control whether TCC counts up or down. The selection is made
by TMC bits TMC6 and TMCS.

After the count value in TCC reaches H'FF (H'00), the next clock signal input causes timer C to
overflow (underflow), setting bit IRRTC to 1 in interrupt request register 2 (IRR2). IfIENTC = 1
in interrupt enable register 2 (IENR2), a CPU interrupt is requested.*

At overflow or underflow, TCC returns to H'00 or HFF and starts counting up or down again.

During interval timer operation (TMC7 = 0), when a value is set in timer load register C (TLC),
the same value is set in TCC.

Note: * For details on interrupts, sce 3.3, Interrupts.
2. Auto-reload timer operation

Setting bit TMC7 in TMC to 1 causes timer C to function as an 8-bit auto-reload timer. When a
reload value is set in TLC, the same value is loaded into TCC, becoming the value from which
TCC starts its count.

After the count value in TCC reaches H'FF (H'00), the next clock signal input causes timer C to
overflow (underflow). The TLC value is then loaded TCC, and the count continues from that
value. The overflow (underflow) period can be sct within a range from 1 to 256 input clocks,
depending on the TLC value.
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The clock sources, up/down control, and interrupts in auto-reload mode are the same as in interval
mode.

In auto-reload mode (TMC7 = 1), when a new value is set in TLC, the TLC value is also set in TCC.
3. Event counter operation

Timer C can operate as an event counter, counting an event signal input at pin TMIC. External
event counting is selected by setting TMC bits TMC2 to TMCO to all 1s (111). TCC counts up or
down at the rising or falling edge of the input at pin TMIC.

When timer C is used to count external event inputs, bit IRQ2 in port mode register 1 (PMR1)
should be set to 1, and bit IEN2 in interrupt enable register 1 (IENR1) should be cleared to 0 to
disable IRQ2 interrupt requests.

4. TCC up/down control by hardware

The counting direction of timer C can be controlled by input at pin UD. When bit TMC6 in TMC
is set to 1, high-level input at the UD pin selects down-counting, while low-level input selects up-
counting.

When using input at pin UD for this control function, set the UD bit in port mode register 2
(PMR2) to 1.

9.4.4 Timer C Operation States
Table 9-4-3 summarizes the timer C operation states.

Table 9-4-3 Timer C Operation States

Sub- Sub-

Operation Mode Reset Active Sleep Watch active sleep Standby

(TCC Interval Reset Functions Functions Halted Functions/ Functions/ Halted
Halted* Halted*

TCC Auto reload Reset Functions Functions Halted Functions/ Functions/ Halted
Halted* Halted*

T™MC Reset Functions Retained Retained Functions Retained Retained

Note: When oy/4 is selected as the internal clock of TCC 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.

* When timer C is operated in subactive mode or subsleep mode, either an external clock or
the ey /4 internal clock must be selected. The counter will not operate in these modes if
another clock is selected. If the internal oy/4 clock is selected when oy,/8 is being used
as the subclock @gg, the lower 2 bits of the counter will operate on the same cycle, with
the least significant bit not béing counted.
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9.5 Timer F

9.5.1 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 sources (8/32, ¢/16, ¢/4, /2) or an external clock (can be used

as an external event counter).

e Output 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.
e 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

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

— Choice of four internal clocks (8/32, ¢/16, ¢/4, ¢/2).

— Output 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.

Timer FL

— 8-bit timer/event counter

— Choice of four intemal clocks (8/32, ¢/16, ¢/4, ¢/2) or event input at pin TMIF,

— Output from pin TMOFL 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.
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2. Block diagram

Figure 9-5-1 shows a block diagram of timer F.

-] E— PSS — IRRTFL
7\

TCRF

TCFL

!

Toggle i
TMOFL O+ cireuit Compa}e circuit

| OCRFL

™F ©

Internal data bus

TCFH

!

Toggle [ .
TMOFH O+ cirevit 1 Comparfe circuit Match

OCRFH

TCSRF

N
Notation: — IRRTFH

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
PSSs: Prescaler S

Figure 9-5-1 Block Diagram of Timer F
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3. Pin configuration
Table 9-5-1 shows the timer F pin configuration.

Table 9-5-1 Pin Configuration

Name Abbrev. /0 Function

Timer F event input 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 9-5-2 shows the register configuration of timer F.

Table 9-5-2 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 RW H'00 H'FFB7
8-bit timer counter FH TCFH RW H'00 H'FFB8
8-bit timer counter FL TCFL R/W H'00 H'FFB9
Output compare register FH OCRFH RW H'FF H'FFBA
Output compare register FL OCRFL " RW H'FF H'FFBB

9.5.2 Register Descriptions

1. 16-bit timer counter (TCF)
8-bit timer counter (TCFH)
8-bit timer counter (TCFL)

TCF
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ReadWrite 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 9.5.3, Interface with the CPU.

Upon reset, TCFH and TCFL are each initialized to H'00.
e 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 CKSL?2 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 TCSRF 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 (IENR2) is set
to 1, a CPU interrupt will be requested.

*  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
issetto 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)

OCRF
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
ReadMWrite RR'W RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

- OCRFH ———— OCRFL —

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 OCRFL 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 9.5.3, Interface with the
CPU.

Upon reset, OCRFH and OCRFL are e¢ach initialized to HFF.
*  16-bit mode (OCRF)

16-bit mode is selected by clearing bit CKSH2 to 0 in timer control register F (TCRF). The
OCREF 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 setto 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).

»  8-bit mode (OCRFH, OCRFL)

Setting bit CKSH2 in TCRF to 1 results 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 (IENR2) 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 | cksHa | cksH1 | cksHo | ToLL | cksL2 | cksLi | cksto

Initial value 0 0 0 0 0 0 0 0

Read/MWrite 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 clock, and to select the output level at pins
TMOFH and TMOFL.

Upon reset, TCREF is initialized to H'00.
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.

Bit7

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.

Bit6 Bit 5 Bit 4
CKSH2 CKSH1 CKSHO Description

0 * * 16-bit mode selected. TCFL overflow signals are (initial value)
counted.

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
CKSL2 CKSL1 CKSLO Description

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

1 0 Internal clock: /32
1 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 | CCLRH| OVFL | CMFL | OVIEL | CCLRL
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W* RW*  RW RW RW* R/W* RW RW
Note: * Only 0 can be written, to clear flag.

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, TCSREF is initialized to H'00.

212 Hitachi



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.

Bit7

OVFH Description

(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.

Bit6

CMFH Description

0 Clearing conditions: (initial value)
After reading CMFH = 1, cleared by writing 0 to CMFH

1 Setting conditions:

Set when the TCFH value matches OCRFH value

Bit 5: Timer over{low interrupt enable H (OVIEH)

Bit 5 enables or disables TCFH overflow interrupts.

Bit5

OVIEH Description

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 OCRFE.

In 8-bit mode, bit 4 selects whether or not TCFH is cleared when a compare match occurs between
TCFH and OCRFH.

Bit 4

CCLRH Description

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

OVFL Description

0 Clearing conditions: (initial vaiue)
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 sct by software.

Bit 2

CMFL Description

0 Clearing conditions: (initial value)
After reading CMFL = 1, cleared by writing 0 to CMFL

1 Setting conditions:

Set when the TCFL value matches the OCRFL value
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Bit 1: Timer overflow interrupt enable L (OVIEL)

Bit 1 enables or disables TCFL overflow interrupts.

Bit 1

OVIEL Description

0 TCFL overflow interrupt disabled (initial value}
1 TCFL overflow interrupt enabled

Bit 0: Counter clear L (CCLRL)

Bit O selects whether or not TCFL is clearcd when a compare match occurs between TCFL and
OCRFL.

Bit 0

CCLRL Description

0 TCFL clearing by compare match disabled (initial value)
1 TCFL clearing by compare match enabled

9.5.3 Interface with the CPU

TCF and OCREF 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 OCRE, it
makes use of an 8-bit temporary register (TEMP).

In 16-bit mode, when reading or writing TCF or writing OCREF, 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.

e 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 9-5-2 shows a TCF write operation
when H'AASS 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 9-5-3 shows a TCF read operation when H'AAFF is read from TCF.
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Figure 9-5-2 TCF Write Operation (CPU — TCF)
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(HFF)
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TCFH
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TCFL
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Note: *Becomes H'ABOO if counter is incremented once.

Figure 9-5-3 TCF Read Operation (TCF — CPU)
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9.5.4 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.

e 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 0.

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 IEG3 bit in the IRQ edge select register (IEGR).

Instead of counting external events, timer F can be switched by bits CKSL2 to CKSLO0 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, timer F 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 IENR?2 are both 1, a CPU interrupt is requested.
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e  8-bit timer mode

When the CKSH2 bit in TCRF is set to 1, timer F operates as two independent 8-bit timers, TCFH

~e A TTOTT it Al il LTI TOT calantad Lo L2en MIZCTIN ¢ MZ7QYINIATZ QT N o
alld 1vrL. lllC llll.)UI, CIUCK UL 1L jiury lb SCICCICa Uy OIS vhors w \,I\OﬂU[\'l\\)l-:L io

CKSLOin TCRE.

When TCFH/TCFL and the contents of OCRFH/OCRFL match, the CMFH/CMFL bit in TCSRF
is setto 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 bitin 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 or external clock).
e 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 clock (@), namely, ¢/32, ¢/16, @¢/4, or ¢/2.

¢  External clock

External clock input is selected by clearing bit CKSL2 to 0 in TCRFE. 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 cycles (@) is necessary; 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 TCRE.
When a compare match occurs, the output valuc is inverted. Figure 9-5-4 shows the output
timing.

TMIF I
(when IEG3 = 1)

Count input

clock ',',———-sr———l I—&S———%?—

TCF N X N+t . N X N+t
ol ) 4

OCRF N N o N N
1T " L

Compare match l_l | I

signal i i 4

{( {(
TMOFH, TMOFL | I (
5—.

Figure 9-5-4 TMOFH, TMOFL Output Timing
4. TCEF clear timing
TCF can be cleared at compare match with OCRF.
5. Timer overflow flag (OVF) sct timing
OVF s set to 1 when TCF overflows (gocs from H'FFFF to H'0000).
6. Compare match flag set timing

The compare match flags (CMFH or CMFL) are sct to 1 when a compare match occurs between
TCF and OCRF. A compare match signal is gencrated 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 gencrated until the next counter clock pulse.
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7. Timer F operation states
Table 9-5-3 summarizes the timer F operation states.

Table 9-5-3 Timer F Operation States

Sub- Sub-
Operation Mode Reset Active Sleep Watch active sleep 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

9.5.5 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 gencrated 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 maltch signal will be gencrated 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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9.6 Timer G

9.6.1 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.
»  Choice of four internal clock sources (#/64, 8/32, /2, sw/2)
e - 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 subslecep modes

When gyw/2 is sclected as the internal clock source, timer G can operate in the subactive and
subsleep modes.
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2. Block diagram

Figure 9-6-1 shows a block diagram of timer G.

PSS

ﬂw/2

TMIG

Noise
canceller
circuit

NCS

Notation:
TMG:
TCG:
ICRGF:
ICRGR:
IRRTG:
NCS:
PSS:

Timer mode register G

Timer counter G
Input capture register GF
Input capture register GR
Timer G interrupt request flag

Noise canceller select
Prescaler S

AN
1
T™MG F:—
Level
sense
circuit
] o 3
ICRGF I 2
1 2
°
©
Edge I 5
sense TCG I £
circuit L,
———  IcRGR |

VL\/
IRRTG

3. Pin configuration
Table 9-6-1 shows the timer G pin configuration.

Table 9-6-1 Pin Configuration

Name

Figure 9-6-1 Block Diagram of Timer G

Abbrev.

Function

Timer G capture input

T™MIG

Timer G capture input
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4. Register configuration
Table 9-6-2 shows the register configuration of timer G.

Table 9-6-2 Timer G Registers

Name Abbrev. RW Initial Value Address
Timer mode register G TMG RW 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

9.6.2 Register Descriptions

1. Timer counter G (TCG)

Bit 7 6 5 4 3 2 1 0

| Tca7 | Tcas | Tces | Tcas | Toas | Tz | Teat | Teao
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 CKSO0 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 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 sct 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
ICRGF7 | ICRGF6 | ICRGFS | ICRGF4 ICRGF3 | ICRGF2 | ICRGF1 | ICRGFO

Initial value 0 0 0 0 0 0 0 0

Read/Write R R R R R R R R

ICRGF is an 8-bit read-only register. When the falling edge of the input capture signal is
detected, the TCG value at that time is transferred to ICRGE. If the input capture interrupt select
bit (IIEGS) is sct 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 least 2¢ or 2@gyg.

Upon reset, ICRGF is initialized to H'00.

3. Input capture register GR (ICRGR)

Bit 7 6 5 4 3 2 1 0
ICRGR? | ICRGRS | ICRGRS | ICRGR4 | ICRGR3 | ICRGR2 | ICRGR1 |ICRGRO

Initial value 0 0 0 0 0 0 0 0

Read/Write R R R R R R R R

ICRGR is an 8-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 canccller is not used, the pulse width of the input
capture signal should be at least 2¢ or 2¢gyp.

Upon reset, ICRGR is initialized to H'00.
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4. Timer mode register G (TMG)

Bit 7 6 5 4 3 2 1 0
[oven | ovee | ovie [ eas Tooirt [ cetro | ckst [ ckso
Initial value 0 0 0 0 0 0

0
Read/MWrite RW*  RMW* RW R/W RW RW RW RW

o

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 HFF to H'00) when the input capture
signal was high. This flag is set by hardware and clcared by software. It cannot be set by
software.

Bit7

OVFH Description

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 _

OVFL Description

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.

Bit 5

OVIE Description

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

IHIEGS Description

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

CCLR1 CCLRO Description

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 O select the clock input to TCG from four internal clock signals.

Bit 1 Bit 0

CKS1 CKSO  Description

0 0 Internal clock: e/64 (initial value)
0 1 Internal clock: @/32

1 0 Internal clock: 8/2

1 1 Internal clock: ow/2
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9.6.3 Noise Canceller Circuit

The noise canceller circuit built into the H8/3834U Series is a digital low-pass filter that rejects
high-frequency pulse noise in the input at the input capture pin. The noise canceller circuit is
enabled by the noise canceller select (NCS) bit in port mode register 2 (PMR2)*,

Figure 9-6-2 shows a block diagram of the noisc canceller circuit.

Sampling clock
1
Input capture Cc Cc c o] (o]
: —sD Q D Q D Q D Q D Q .
signal fatch latch latch latch latch Match Noise
detection = canceller
I‘ﬁ. circuit output
. At
[ -

Sampling clock ﬂ ’ l_l H

A t: Selected by bits CKS1, CKSO0.

Figure 9-6-2 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 CKSO 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 at least 2¢ or
2@gyg 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 9-6-3 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 clock ¢ cycles.

Input capture
input signal

Sampling
clock | I l l |

Noise canceller
output

Rejected as noise

Figure 9-6-3 Noise Canceller Circuit Timing (Example)
9.6.4 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 arc described below.

* Input capture timer opcration

Timer G functions as an input capturc 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 (p/64). Three other internal clocks can be selected using bits CKS1 and CKSO 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/ICRGE. If the input edge is the same as the edge selected by the IIEGS bit of
TMG, then bit IRRTG is sct to 1 in IRR2. If bit [ENTG is also set to 1 in IENR2, a CPU interrupt
is requested. For details on interrupts, sce scction 3.3, Interrupts.
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TCG can be cleared to 0 at the rising cdge, 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 sct. If TCG overflows while the input capture signal is low,
'bit OVFL 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 set to 1 in 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.

Timer G has a noise canceller circuit that rejects high-frequency pulse noise in the input to pin
TMIG. See 9.6.3, Noise Canceller Circuit, for details.

Note: * Rewriting the TMIG bit may cause an internal input capture signal to be generated.
« 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 of the ¢/64 internal clock. This is one of four internal clock sources
that can be selected by bits CKS1 and CKSO 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 1 in IRR2. If bit IENTG is also set to 1 in
IENR?2, 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 clocks (¢/64, ¢/32, 8/2, gw/2) derived by dividing the system clock (g) or the
watch clock (gw).
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3. Timing of intcrnal input capture signals
«  Timing with noise canceller function disabled

Separate internal input capture signals are gencrated from the rising and falling edges of the
external input signal.

Figure 9-6-4 shows the timing of these signals.

External input
capture signal

™~

Internal input
capture signal F

Internal input
capture signal R

Figure 9-6-4 Input Capture Signal Timing (Noise Canceller Function Disabled)
»  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 arc delayed from the input edge by five sampling
clock cycles. Figure 9-6-5 shows the timing.

External input
capture signal

Sampling clock

Noise canceller
circuit output

Internal input H
capture signal R

Figure 9-6-5 Input Capture Signal Timing (Noise Canceller Function Enabled)
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4. Timing of input capture

Figure 9-6-6 shows the input capture timing in relation to the internal input capture signal.

Internal input
capture signal

TCG N -1 X N X N +1

Input capture H'XX X N
register

Figure 9-6-6 Input Capture Timing
S. TCG clear timing

TCG can be cleared at the rising edge, falling edge, or both edges of the external input capture
signal. Figure 9-6-7 shows the timing for clearing at both edges.

External input i”
capture signal 4

Internal input

RS

capture signal F

Internal input
capture signal R

I
2y

S
>

TCG N X H'00 N X H'00

Figure 9-6-7 TCG Clear Timing
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6. Timer G operation states

Table 9-6-3 summarizes the timer G operation states.

Table 9-6-3 Timer G Operation States

Sub- Sub-
Operation Mode Reset Active Sleep Watch  active sleep Standby
TCG Input Reset Functions* Functions* Halted  Functions/ Functions/ Halted
capture Halted* 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*
T™MG Reset Functions Retained Retained Functions Retained Retained

Note: * In active mode and sleep mode, if oyy/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/a (s). In subactive mode
and subsleep mode, if a\y/2 is selected. as the TCG internal clock, regardless of the
subclock a/gyp (ew/2, ay/4, ow/8) TCG and the noise canceller circuit run on an internal
clock of ay/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.

9.6.5 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 9-6-4 shows the relation between internal clock switchover timing (selected
in bits CKS1 and CKS0) and TCG operation. If an internal clock (derived from the system clock
¢ or subclock ggyp) is used, an increment pulse is generated when a falling edge of the internal
clock is detected. For this rcason, in a case like No. 3 in table 9-6-4, 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 scen as a falling edge of the clock pulse, causing TCG to be

incremented.
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Table 9-6-4 Internal Clock Switching and TCG Operation

Clock Level Before
and After Modifying
No. Bits CKS1 and CKS0

TCG Operation

1 Goes from low level to
low level

Clock before
switching

|

Clock after
switching

Count clock

TCG N

e

[ SR TS S R

CKS bits modified

2 Goes from low level to
high level

Clock before
switching

1
L]
1
Clock after

switching

Count clock

1
1
1
1
1
1
1
1
]
.
. N +2

CKS bits modified

3 Goes from high level to
low level

Clock before
switching

| RPT O R

I
e N X Na X .
I

Clock after
switching

-
Count clock m
A

TCG N X na o X N+2

CKS bits modified

- |

4 Goes from high level to
high level

Clock before l | I

switching

-

Clock after
switching

Count clock

I IR DU P

= |

TCcG 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.

e Switching the function of the input capture pin

When the function of the input capture pin is switched by modifying the TMIG bit in port mode
register 1 (PMR1) an input capture edge may be recognized even though no valid signal edge has
been input. This occurs under the conditions listed in table 9-6-5.

Table 9-6-5 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 O 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 1to 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 P13 is not used for input capture, the input capture signal input to timer G is low.
- Switching the input capture noise canceling function

When modifying the NCS bit in port mode register 2 (PMR2) to enable or disable the input
capture noise canceling function, first clcar 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 9-6-6. :

Table 9-6-6 False Input Capture Edges Generating by Switching of Noise Canceling Function

Input Capture Edge Conditions

Rising edge TMIG bit is set to 1 and TMIG pin level changes from low to high, then NCS

recognized bit is changed from 1-to 0 before noise canceller circuit completes five
samples

Falling edge TMIG bit is set to 1 and TMIG pin level changes from high to low, then NCS

recognized bit is changed from 1 to 0 before noise canceller circuit completes five
samples
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If switching of the pin function gencrates a false input capture edge matching the edge selected by
the input capture interrupt edge select bit (IIEGS), the interrupt request flag will be setto 1,
making it necessary to clear this flag to O before using the interrupt function. Figure 9-6-8 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 sétting, 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 O (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 9-6-5 and 9-6-6, or by setting the IIEGS bit of TMG to select the edge
opposite to the falsely generated edge.

Set I bitto 1 in CCR Disable iptgr(upts (or disable by f:learing interrupt
. enable bit in interrupt enable register 2)

Modify port mode register Modify port mode register setting, wait for input

| capture edge to be recognized (at least two
. ; system clocks when noise canceling is disabled;
Wait for TMIG to be recognized at least five sampling clocks when noise canceling
| is enabled), then clear interrupt request flag to 0

Clear interrupt request flag to 0

Clear | bitto 0 in CCR Enable interrupts

Figure 9-6-8 Procedure for Modifying Port Mode Register and Clearing Interrupt
‘ Request Flag
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9.6.6 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 9-6-9 shows an
example of this operation.

Input capture
signal

H'FF
Input capture
register GF

Input capture
register GR

H'00

TCG Counter cleared

Figure 9-6-9 Sample Timer G Application
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Section 10 Serial Communication Interface

10.1 Overview

The H8/3834U Series is provided with a three-channel serial communication interface (SCI).
Table 10-1-1 summarizes the functions and features of the three SCI channels.

Table 10-1-1 Serial Communication Interface Functions

Channel Functions Features
SCH Synchronous serial transfer » Choice of 8 internal clocks (2/1024 to 8/2) or
« Choice of 8-bit or 16-bit data length extemal clock
« Continuous clock output » Open drain output possible
* Interrupt requested at completion of transfer
SCI2 Synchronous serial transfer « Choice of 7 internal clocks (2/256 to &/2) or
« Automatic transfer of up to 32 bytes external clock
of data (send, receive, or simultaneous* Open drain output possible
send/recaive) « Interrupt requested at completion of
« Chip select input transfer or error
« Strobe pulse output
SCI3 Synchronous serial transfer * Built-in baud rate generator

« 8-bit data transfer

« Send, receive, or simultaneous
send/receive

Asynchronous serial transfer

* Receive error detection
« Break detection

« Interrupt requested at completion of transfer
or error

« Multiprocessor communication function

« Choice of 7-bit or 8-bit data length

« Choice of 1-bit or 2-bit stop bit length

+Odd or even parity
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10.2 SCI11
10.2.1 Overview

Serial communication interface 1 (SCI1) performs synchronous serial transfer of 8-bit or 16-bit
data. '

1. Features
e Choice of 8-bit or 16-bit data length

«  Choice of eight internal clock sources (¢/1024, ¢/256, ¢/64, /32, 9/16, ¢/8, /4, ¢/2) or an
external clock

< Interrupt requested at completion of transfer
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2. Block diagram

Figure 10-2-1 shows a block diagram of SCI1.

g —»l PSS - /\
Y -
SCK; O SCR1 - -
Transmit/receive < -
control circuit - SCSR1 B @
o K]
8
- - [}
B Transfer bit counter >
g
9
- <
si. o - SDRU - -
1 >
- SDRL B -
SO, -
> IRRS1\/
Notation:

SCR1: Serial control register 1
SCSR1: Serial control/status register 1
SDRU: Serial data register U

SDRL: Serial data register L

IRRS1: SCH 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. 1’0 Function

SCl1 clock pin SCK; 110 SCI1 clock input or output
SCi1 data input pin Sl 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. RW Initial Value Address
Serial control register 1 SCR1 RW H'00 H'FFAO
Serial control status register 1 SCSR1 RW H'80 H'FFA1
Serial data register U SDRU . RW Not fixed H'FFA2
Serial data register L SDRL RW Not fixed H'FFA3

10.2.2 Register Descriptions

1. Serial control register 1 (SCR1)

Bit ' 7 6 5 4 3 2 1 0
SNC1 SNCo —_ — CKS3 | CKS2 CKS1 CKSo
Initial value 0 0 0 0 0 0 0 0

Read/Write RW. RwW RW RW RW RW RwW RW

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, SNCO)

Bits 7 and 6 select the operation mode.

Bit7 Bit 6

SNC1 SNCO Description

0 0 8-bit synchronous transfer mode (initial value)
A 0 1 16-bit synchronous transfer mode

1 0 Continuous clock output mode*1

1 1 Reserved*2

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 S 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 SCK; as an input or output pin.

Bit 3

CKS3 Description

0 Clock source is prescaler S, and pin SCKj is output pin (initial value)
1 Clock source is external clock, and pin SCKj 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.

Bit 2 Bit 1 BitoO Serial Clock Cycle

CKS2 CKS1 CKSo Prescaler Division 2 =5 MHz o =2.5MHz

0 0 0 2/1024 (initial value) 204.8 us 409.6 us

0 0 1 2/256 51.2pus 102.4 us

0 1 0 a/64 , 12.8 us 25.6 us

0 1 1 /32 6.4 us 12.8 us

1 0 0 /16 3.2us 6.4 us

1 0 1 o/8 1.6 us 32ps

1 1 0 o/4 0.8 us 1.6 pus

1 1 1 o/2 — 0.8 pus

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/Write — RW  R/(W)* — — — RW RW

Note: * Only a write of 0 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 SO, output level. When read, SOL returns the output level at the SO, pin. After
completion of a transmission, SO; continues to output the value of the last bit of transmitted data.
The SO, output 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 SO;
pin 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.

Bit 5
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 0: 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.

Bit 0

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  Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed
Read/Write RW RW RW RW RW RW RW RW

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 | SDRL2 | SDRL1 | SDRLO
Initial value  Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed
Read/Write RW .  RW RW RW RW RW RW RW

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 SO starting from the least significant
bit (LSB). This data is than replaced by LSB-first data input at pin SI;, which 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 SCK; becomes 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 CKSO is output continuously from pin SCK;.
When an external clock is used, pin SCK; is the 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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SCK; ||||||||||||||||
soi/sly X Bito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7

3.

Figure 10-2-2 Transfer Format
Data transfer operations

Transmitting

A transmit operation is carried out as follows.

Set bit SO; in port mode register 3 (PMR3) to 1, making pin P3,/SO; the SO, output pin.
Also set bit SCK1 in PMR3 to 1, making pin P3p/SCK; the SCK; I/O pin. If necessary, set
bit POF1 in port mode register 2 (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 SCSR1 start flag (STF) to 1. SCI1 starts operating and outputs transmit data at pin
SO;.

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 SCK in synchronization 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, pin SO; continues 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 pin SO; can be changed by rewriting bit SOL
in SCSR1. ‘

Receiving

A receive operation is carried out as follows.

Set bit SI1 in port mode register 3 (PMR3) to 1, making pin P3/SI; the SI; input pin. Also
set bit SCK1 in PMR3 to 1, making pin P3y/SCK, 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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«  Simultaneous transmit/receive
A simultaneous transmit/receive operation is carried out as follows.

— Set bits SOy, SIj, and SCK1 in PMR3 to 1, making pin P3,/SO, the SO; output pin, pin
P3,/SI, the SI; input pin, and pin P3¢/SCK; the SCK; I/O pin. If necessary, set bit POF1 in
port mode register 2 (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 SCSR1 start flag (STF) to 1. SCI1 starts operating. Transmit data is output at pin
SO;. Receive data is input at pin SI;.

— 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 SCK; in synchronization 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, pin SOy continues 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 SCK;. After 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 pin SO, can 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.
10.2.5 Application Notes

When an external clock is input at pin SCK, bit STF in SCSR1 must first be set to 1 to start data
transfer before inputting the external clock.
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10.3 SCI2
10.3.1 Overview

Serial communication interface 2 (SCI2) has a 32-bit data buffer for synchronous serial transfer of
up to 32 bytes of data in one operation.

1. Features
Features of SCI are listed below.
»  Automatic transfer of up to 32 bytes of data

«  Choice of seven internal clock sources (¢/256, ¢/64, ¢/32, /16, ¢/8, ¢/4, 8/2) or-an external
clock

» Interrupts requested at completion of transfer or when an error occurs

«  Gaps of 56, 24, or 8 internal clock cycles can be inserted between successive bytes of
transferred data.

«  Transfer can be started by chip select input.

* A strobe pulse can be output for each byte transferred.
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2. Block diagram

Figure 10-3-1 shows a block diagram of SCI2.

PSS
SCK3 0‘—‘
: AN
STAR
STRB O=———
i EDAR >
Transmit/receive
CS O————» control circuit
SCR2 2
Ee)
- SCSR2 s
‘ °
§O; O+—T— g
2 1 g
£
o}
R7}
E’ - Serial data buffer
£
i ol
7
S| o———~—————-f NV
2 IRRS2
Notation:
STAR: Start address register
EDAR: End address register
IRRS2: SCI2 interrupt request flag (IRR2)
PSS:  Prescaler S

Figure 10-3-1 SCI2 Block Diagram
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3. Pin configuration
Table 10-3-1 shows the VSCIZ pin configuration.

Table 10-3-1 Pin Configuration

Name Abbrev. [e] Function

SCI2 clock pin SCK, 1o SCI2 clock input/output
SCI2 data input pin Sl, Input SCI2 receive data input
SCI2 data output pin SO, Output SCI2 transmit data output
SCI2 strobe pin STRB Output SCI2 strobe signal output
SCI2 chip select pin Cs input SCI2 chip select input

4. Register configuration
Table 10-3-2 shows the SCI2 register configuration.
Table 10-3-2 ‘SCI2 Registers

Name ‘ Abbrev. RW Initial Value Address
Start address register STAR RW H'EO H'FFA4
End address register EDAR RW H'EO H'FFAS
Serial control register 2 SCR2 RW H'EO H'FFA6
Serial control/status register 2 SCSR2 RW H'EO H'FFA7

Serial data buffer (32 bytes) — RW Not fixed - H'FF80 to H'FF9F

10.3.2 Register Descriptions
1. Start address register (STAR)

Bit 7 6 5 4 3 2 1 0
— — — STA4 | STA3 | STA2 STA1 STAO

Initial value 1 1 1 0] (o] 0 0 0

Read/Write — — — RW RW RW R/W RW

STAR is an 8-bit read/write register, for designating a transfer start address in the address space
(H'FF80 to H'FFIF) allocated to the 32-byte data buffer. The lower 5 bits of STAR correspond to
the lower 5 bits of the address. The extent of continuous data transfer is defined in STAR and in
the end address register (EDAR). If the same value is designated by STAR and EDAR, only 1
byte of data is transferred.

Bits 7 to 5 are reserved; they are always read as 1, and cannot be modified.

Upon reset, STAR is initialized to H'EO.
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2. End address register (EDAR)

Bit 7 6 5 4 3 2 1 0
| — | — | — | a4 | epas | epaz | epar | Epao |

Initial value 1 1 1 0 0 0] 0 0

Read/Write — — — RW RW RW RW RW

EDAR is an 8-bit read/write register, for designating a transfer end address in the address space
(H'FF80 to HFFIF) allocated to the 32-byte data buffer. The lower S bits of EDAR correspond to
the lower 5 bits of the address. The extent of continuous data transfer is defined in STAR and in
EDAR. If the same value is designated by STAR and EDAR, only 1 byte of data is transferred.

Bits 7 to 5 are reserved; they are always read as 1, and cannot be modified.
Upon reset, EDAR is initialized to HEOQ.

3. Serial control register 2 (SCR2)

Bit 7 6 5 4 3 2 1 0

| — | — | — | ear1 | eaPo | cks2 | ckst | ckso |
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — RW RW R/WwW R/W RW

SCR2 is an 8-bit read/write register for selecting the serial clock, and for setting the gap inserted
between data during continuous transfer when SCI2 uses an internal clock.

Upon reset, SCR2 is initialized to HEQ.
Bits 7 to 5: Reserved bits

Bits 7 to 5 are reserved; they are always read as 1, and cannot be modified.

257 Hitachi



Bits 4 and 3: Gap select (GAP1 to GAPO)

When SCI2 uses an internal clock, gaps can be inserted between successive data bytes. Bits 4 and

2 r‘po-gnaln the lnnmh of these gaps. Dunng a gap, p:n SCKZ remaing at the h. oh la ‘v'°l. When no

gap is inserted, the STRB signal stays at the low level.

Bit 4 Bit 3
GAP1 GAPO Description
0 No gaps between bytes (initial value)
0 1 A gap of 8 clock cycles is inserted between bytes
1 0 A gap of 24 clock cycles is inserted between bytes
1 1 A gap of 56 clock cycles is inserted between bytes

Bits 2 to 0: Clock select (CKS2 to CKS0)

Bits 2 to 0 select one of seven internal clock sources or an external clock.

Serial Clock Cycle

Bit2 Bit1 Bit0 Clock

CKS2 CKS1 CKSO Pin SCK,  Source Prescaler Division o =5MHz g=2.5 MHz
0 0 0 SCK, output Prescaler S 2/256 (initial value) 51.2 us 102.4 us

0 0 1 o/64 12.8 us 25.6 us

0 1 0 2/32 6.4 s 12.8 us

0 1 1 /16 3.2pus 6.4 us

1 0 0 o/8 1.6 us 3.2us

1 0 1 o/4 0.8 us 1.6 pus

1 1 0 o/2 — 0.8 us

1 1 1 SCKj input External clock — — —_
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4. Serial control/status register 2 (SCSR2)

Bit 7 6 5 4 3 2 1 0
— - | - SOL ORER WT ABT STF

Initial value 1 1 1 0 0 0 0 0

Read/Write — — —_ RW R/(W)*  R/(W)* R/(W)* RW

Note: * Only a write of O for flag clearing is possible.
SCSR2 is an 8-bit register indicating SCI2 operation status and error status.
Upon reset, SCSR2 is initialized to HEQ.
Bits 7 to 5: Reserved bits
Bits 7 to S are reserved; they are always read as 1, and cannot be modified.
Bit 4: Extended data bit (SOL)

Bit 4 sets the SO, output level. When read, SOL returns the transmitted data output at the SO,
pin. After completion of a transmission, SO, continues to output the value of the last bit of
transmitted data. The SO, output 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 SO, pin after transmission ends, it is necessary to write to the SOL bit at
the end of each transmission. Note that if the STF bit is cleared to O to terminate a transmission in
progress, the transmitted data will be modified when the bit is cleared.

Bit 4

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
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Bit 3: Overrun error flag (ORER)

When an external clock is used, bit 3 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. Overrun errors are not detected while pin CS is at the high level.

Bit 3
ORER Description
(0] Clearing conditions: (initial value)
Atfter 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
Bit 2: Wait flag (WT)

Bit 2 indicates that an attempt was made to read or write the 32-byte serial data buffer while a
transfer was in progress, or while waiting for CS input. The read or write access is not carried out,
and this bit is set to 1.

Bit 2

wT Description

0 "~ Clearing conditions: (initial value)
After reading WT = 1, cleared by writing 0 to WT

1 Setting conditions: '

An attempt was made to read or write the (32-byte) serial data buffer during a
transfer operation or while waiting for CS input
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Bit 1: Abort flag (ABT)

Bit 1 indicates that CS went to high during data transfer. When the CS input function is selected,
if a high-level signal is detected at pin CS during a transfer, the transfer is immediately aborted
and this bit is set to 1. At the same time bit IRRS2 in interrupt request register 2 (IRR2) is set

to 1, and pins SCK;, and SO, go to the high-impedance state. Data in the (32-byte) serial data
buffer and values in the internal registers other than SCSR2 remain unchanged.

Transfer cannot take place while this bit is set to 1. It must be cleared to 0 before resuming the
transfer.

Bit 1

ABT Description

0 Clearing conditions: (initial value)
After reading ABT = 1, cleared by writing 0 to ABT

1 Setting conditions:
When pin CS goes high during a transfer

Bit 0: Start/busy flag (STF)

Bit 0 controls the start of a transfer. If bit CS = 0 in PMR?2, setting bit STF to 1 causes SCI2 to
start transferring data. If bit CS = 1 in PMR2, then after STF is set to 1, SCI2 starts transferring
data when CS goes low. This bit stays at 1 during the transfer or while waiting for CS input; it is
cleared to O after the transfer is completed or when the transfer is aborted by CS. It can therefore
be used as a busy flag.

Clearing this bit to 0 during a transfer aborts the transfer. The contents of the (32-byte) serial data
buffer and of internal registers other than SCSR2 remain unchanged.

Bit 0

STF Explanation

0 Read: Indicates that transfer is stopped (initial value)
Write: Stops a transfer operation

1 Read: Indicates transfer in progress or waiting for CS input

Write: Starts a transfer operation
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10.3.3 Operation

SCI2 has a 32-byte serial data buffer, making possible continuous transfer of up to 32 bytes of
data with one operation. SCIZ transmits and receives data in synchronization with clock puises.
Depending on register settings, it can transmit, receive, or transmit and receive simultaneously.
‘When it transmits but does not receive, the serial data buffer values are retained after the

transmission is completed.

Either an internal clock or external clock may be selected as the serial clock. When an internal
clock is selected, gaps may be inserted between the data bytes. It is also possible to output a
strobe signal at pin STRB. When an external clock is selected, the overrun flag allows detection
of erroneous operation due to unwanted clock input.

Transfers can be started or aborted by input at pin CS. Abort is indicated by means of an abort
flag.

1. Clock

The serial clock can be selected from a choice of six internal clock sources or an external clock.
When an internal clock source is selected, pin SCK; becomes the clock output pin.

2. Data transfer format

Figure 10-3-2 and figure 10-3-3 show the SCI2 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.

When SCI2 operates on an internal clock, a gap can be inserted between each byte of transferred
data and the next, as shown in figure 10-3-3. During this gap, pin SCK, outputs a high-level
signal. ‘Also, a strobe pulse can be output at pin STRB.

" The length of the gap is designated in bits GAP1 and GAPO in serial control register 2 (SCR2).
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3. Data transfer operations
¢  SCI2 initialization
Data transfer on SCI2 first of all requires that SCI2 be initialized by software as follows.

— With bit STF cleared to 0 in SCSR2, select pin functions and the transfer mode in registers
PMR2, PMR3, STAR, EDAR, and SCR2.

— The SCI2 pins double as general input/output ports. Switching between port and SCI2
functions is controlled in PMR3. CMOS output or NMOS open drain output can be selected
in PMR2. The serial clock and gaps between transferred bytes are set in SCR2.

— The start and end addresses of the transfer data area are set in STAR and EDAR. If the end
address is set smaller than the start address, as shown in figure 10-3-4, the transfer wraps
around from HFFIF to HFF80 and continues to the end address. If the start address and end
address are the same, only one byte of data will be transferred.

1 HFF80

End

Start

Figure 10-3-4 Operation When End Address is Smaller than Start Address
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e  Transmitting
A transmit operation is carried out as follows.

— Set bit SO2 in port mode register 3 (PMR3) to 1, making pin P35/SO, the SO, output pin.
Also set bit SCK2 in PMR3 to 1, making pin P33/SCK; the SCKj I/O pin. If necessary, set
bit POF2 in port mode register 2 (PMR2) for NMOS open-drain output at pin SO,, and set
bits CS and STRB in PMR3 to designate use of the CS and STRB pin functions.

— Select the serial clock and, in the case of internal clock operation, the data gap in SCR2.

— Write transmit data in the serial data buffer. This data will remain in the data buffer after
completion of the transfer. It is not necessary to rewrite the buffer when the same data is
retransmitted.

— Set the start address in the lower 5 bits of STAR, and the end address in the lower 5 bits of
EDAR. .

— Set the start/busy flag (STF) to 1. If bit CS = 0 in PMR3, transmission starts as soon as STF
is setto 1. If CS = 1 in PMR3, transmission starts when CS goes low.

— After data transmission is complete, bit IRRS2 in interrupt request register 2 (IRR2) is
set to 1, and bit STF is cleared to 0.

When an internal clock is used, a serial clock is output from pin SCKj; in synchronization with the
transmit data. After data transmission is completed, the serial clock is not output until bit STF is
set again. During this time, pin SO, continues 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 SCKj,. After data transmission is completed, an overrun occurs if the serial clock continues
to be input; no data is transmitted and the SCSR2 overrun error flag (bit ORER) is set to 1. Pin
SO, continues to output the value of the last preceding bit. Overrun errors are not detected when
both pin CS is at the high level and PMR3 bit CS = 1.

While transmission is stopped, the output value of pin SO, can be changed by rewriting bit SOL
in SCSR2.

During a transmission or while waiting for CS input, the CPU cannot read or write the data buffer.
If a read instruction is executed, H'FF will be read; if a write instruction is executed, the buffer
contents will not change. In either case the wait flag (bit WT) in SCSR2 will be set to 1.

If bit CS = 1 in PMR3 and during transmission a high-level signal is detected at pin CS, the
transmit operation will immediately be aborted, setting the abort flag (bit ABT) to 1. At the same
time bit IRRS2 in interrupt request register 2 (IRR2) will be set to 1, and bit STF will be cleared
to 0. Pins SCKj; and SO, will go to the high-impedance state. Data transfer is not possible while
bit ABT is set to 1. It must be cleared before resuming the transfer.

¢ Receiving
A receive operation is carried out as follows.

— Set bits SI; and SCK; in port mode register 3 (PMR3) to 1, designating use of the SI, and
SCK; pin functions. If necessary, set bit CS in PMR3 to select the CS pin function.

— Select the serial clock and, in the case of internal clock operation, the data gap in SCR2,

— Allocate an area to hold the received data in the serial data buffer by designating the receive
start address in the lower § bits of the start address register (STAR) and the receive end
address in the lower 5 bits of the end address register (EDAR).

— Set the start/busy flag (bit STF) to 1. If bit CS = 0 in PMR3, receiving starts as soon as STF
is set. If CS =1 in PMR3, receiving starts when CS goes low.

— After receiving is completed, bit IRRS2 in interrupt request register 2 (IRR2) is set to 1, and
bit STF is cleared to 0.

— Read the received data from the serial data buffer.
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If an internal clock is used, a serial clock is output from pin SCK; when the receive operation
starts. After receiving is completed, the serial clock is not output until bit STF is set again. When
an external clock source is used, data is received in synchronization with the clock input at pin
SCK,. After receiving is completed, an overrun occurs if the serial clock continues to be input; no
further data is received and the SCSR2 overrun error flag (bit ORER) is set to 1. Overrun errors
are not detected when both pin CS is high and bit CS = 1 in PMR3. ’

While receiving or while waiting for CS input, the CPU cannot read or write the data buffer. If a
read instruction is executed, H'FF will be read; if a write instruction is executed the buffer
contents will not change. In either case the wait flag (bit WT) in SCSR2 will be set to 1.

If bit CS = 1 in PMR3 and a high-level signal is detected at pin CS during receiving, the receive
operation will immediately be aborted, setting the abort flag (bit ABT) to 1. At the same time bit
IRRS?2 in interrupt request register 2 (IRR2) will be set to 1, and bit STF will be cleared to 0. Pins
SCK; and SO, will go to the high-impedance state. Data transfer is not possible while bit ABT is
set to 1. It must be cleared before resuming the transfer.

¢  Simultaneous transmit/receive
A simultaneous transmit/receive operation is carried out as follows.

— Set bits SO,, SI, and SCK; in PMRS3 to 1, designating use of the SO,, SI,, and SCK, pin
functions. If necessary, set bit POF2 in port mode register 2 (PMR2) for NMOS open-drain
output at pin SO,, and set bits CS and STRB to designate use of the CS and STRB pin
functions.

— Select the transfer clock and, in the case of internal clock operation, the data gap in SCR2.

— Write transmit data in the serial data buffer. In simultaneous transmit/receive, received data
replaces transmitted data at the same buffer addresses. '

— Set the transfer start address in the lower 5 bits of STAR, and the transfer end address in the
lower 5 bits of EDAR.

— Set the start/busy flag (bit STF) to 1. If bit CS = 0 in PMR3, the transmit/receive transfer
starts as soon as STF is set to 1. If CS = 1 in PMR3, transfer operations start when CS goes
low.
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— After data transfer is completed, bit IRRS2 in interrupt request register 2 (IRR2) is setto 1,
and bit STF is cleared to 0.

— Read the received data from the serial data buffer.

If an internal clock is used, a serial clock is output from pin SCK, when the transfer begins. After
the transfer is completed, the serial clock is not output until bit STF is set again. During this time,
pin SO, continues to output the value of the last bit transmitted.

When an external clock is used, data is transferred in synchronization with the serial clock input at
pin SCKj,. After the transfer is completed, an overrun occurs if the serial clock continues to be
input; no transfer operation takes place and the SCSR2 overrun error flag (bit ORER) is set to 1.
Pin SO, continues to output the value of the last transmitted bit. Overrun errors are not detected
when both pin CS is high and bit CS = 1 in PMR3.

While data transfer is stopped, the output value of pin SO, can be changed by rewriting bit SOL in
SCSR2.

During a transfer or while waiting for CS input, the CPU cannot read or write the data buffer. Ifa
read instruction is executed, H'FF will be read; if a write instruction is executed the buffer
contents will not change. In either case the wait flag (bit WT) in SCSR2 will be set to 1.

If bit CS = 1 in PMR3 and during the transfer a high-level signal is detected at pin CS, the transfer
will immediately be aborted, setting the abort flag (bit ABT) to 1. At the same time bit IRRS2 in
interrupt request register 2 (IRR2) will be set to 1, and bit STF will be cleared to 0. Pins SCK;
and SO, will go to the high-impedance state. Data transfer is not possible while bit ABT is set to
1. It must be cleared before resuming the transfer.

10.3.4 Interrupts

SCI2 can generate interrupts when a transfer is completed or when a transfer is aborted by CS.
These interrupts have the same vector address.

When the above conditions occur, bit IRRS2 in interrupt request register 2 (IRR2) is set to 1.
SCI2 interrupt requests can be enabled or disabled in bit IENS?2 of interrupt enable register 2
(IENR2). For further details, see 3.3, Interrupts.

When a transfer is aborted by CS, an overrun error occurs, or a read or write of the serial data
buffer is attempted during a transfer or while waiting for CS input, the ABT, ORER, or WT bit in
SCSR2is set to 1. These bits can be used to determine the cause of the error.

10.3.5 Application Notes

When an external clock is input at pin SCKj, bit STF in SCSR2 must first be set to 1 to start data
transfer before inputting the external clock.
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10.4 SCI3
10.4;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.

»  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 bits

— 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

*  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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»  Built-in baud rate generator with selectable bit rates.
« Internal or external clock may be selected as the transfer clock source.

» There are six interrupt sources: transmit end, transmit data empty, receive data full, overrun
error, framing error, and parity error.

2. Block diagram

Figure 10-4-1 shows a block diagram of SCI3.

External
clock Internal clock
SCK3 O - Baudrate | (0/64.0/16, 0/, 0)
generator
| BRC ~— BRR 14_.(\
Clock
— SMR Je—m
= 1
Transmit/receive |_._. £
control ‘—L SCR3 §
—’L SSR I-—> E
1 l 2
™ O=—F— TSR — TOR —
]
RXD O'_—-[ RSR H RDR l—’
N/
» Interrupt
requests
Notation: RSR: Receive shift register g)(Ellgf)i(ll)

RDR: Receive data register
TSR: Transmit shift register
TDR: Transmit data register
SMR: Serial mode register
SCRa3: Serial control register 3
SSR: Serial status register
BRR: Bit rate register

BRC: Bit rate counter

Figure 10-4-1 SCI3 Block Diagram
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3. Pin configuration

Table 10-4-1 shows the SCI3 pin configuration.

Table 10-4-1 Pin Configuration

Name Abbrev. /O Function

SCI3 clock SCKj 110 SCI3 clock input/output
SCI3 receive data input RXD Input SCI3 receive data input
SCI3 transmit data output TXD Output SCI3 transmit data output

4. Register configuration

Table 10-4-2 shows the SCI3 internal register configuration.

Table 10-4-2 SCI3 Registers

Name Abbrev. R/W Initial Value Address
Serial mode register SMR RW H'00 H'FFA8
Bit rate register BRR RW H'FF H'FFA9
Serial control register 3 SCR3 RW H'00 H'FFAA
Transmit data register TDR RW H'FF H'FFAB

~ Serial status register SSR RW 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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10.4.2 Register Descriptions

1. Receive shift register (RSR)

Bit 7 6 5 4 3 2 1 0

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.

2. Receive data register (RDR)

Bit 7 6 5 4 3 2 1 0
RDR7 | RDR6 | RDR5 | RDR4 | RDR3 | RDR2 | RDR1 RDRO
Initial value 0 0 0 0 0 0 0 0

Read/Write R R R R R R R 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'0O0 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 | TDR5 | TDR4 | TDR3 | TDR2 | TDR1 | TDRO
Initial value 1 1 1 1 1 1 1 1

Read/Write RW RW RW RW RW RW RW 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
COM CHR PE PM STOP MP CKS1 CKSo
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/W RW RW RW RW RW RwW 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.

Bit7

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.

Bit5

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*2

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.

Bit3

STOP Description

0 1 stop bit*! (initial value)
1 2 stop bits*2

Notes: 1. When data is transmitted, one 1 bit is added at the end of 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 0, 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 0 in synchronous
mode.

See 10.4.6, 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 generatof. A choice of ¢/64, ¢/16,

et S emmnda fem dleaca Lo

14 -
P14, OF P 1S imadac in incse vits.

See 8, Bit rate register, below for information on the clock source and bit rate register settings, and
their relation to the baud rate.

Bit 1 Bit0

CKS1 CKSO0 Description

0 0] o clock (initial value)
[ 1 @/4 clock

1 0] 2/16 clock

1 1 /64 clock

6. Serial control register 3 (SCR3)

Bit 7 6 5 4 3 2 1 0
e | RE | TE | RE | MPIE | TEIE | CKE1 | CKEO
Initial value 0 0 0 0 0 0 0 0

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

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. '

SCR3 is initialized to H'00 upon reset or in standby mode, watch mode, subactive mode, or
subsleep mode.

278 Hitachi



Bit 7: Transmit interrupt enable (TIE)

Bit 7 enables or disables the transmit data empty intcrrupt (TXI) request 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 0, or by clearing bit
TIE to 0.

Bit7

TIE Description

o] 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 (ERI), and the receive data full interrupt (RXI)
requested 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. RXI and ERI interrupts can be cleared by clearing
SSR flag RDRE, or flags FER, PER, and OER to 0, or by clearing bit RIE to 0.

Bit6

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 opcration.

Bit5

TE Description

0 Transmit operation disabled*! (TXD is a general I/O port) (initial value)
1 Transmit operation enabled*2 (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 I/0 port) (initial value)
1 Receive operation enabled*2 (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 0.

Bit3

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, RXl 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.

Bit 2

TEIE Description

0 Transmit end interrupt (TEl) disabled (initial value)
1 Transmit end interrupt (TEl) enabled*

Note: * A TEl 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, CKEO)

Bits 1 and 0 select the clock source and enable or disable clock output at pin SCK;. The
combination of bits CKE1 and CKEQ determines whether pin SCKj is a general I/O port, a clock
output pin, or a clock input pin.

Note that the CKEQ setting is valid only when operation is in asynchronous mode using an internal
clock. This bit is invalid in synchronous mode or when using an external clock

(CKE1 = 1). In synchronous mode and in external clock mode, clear CKEQ to 0. After setting
bits CKE1 and CKEQ, the operation mode must first be set in the serial mode register (SMR).

See table 10-4-9 in 10.4.3, Operation, for details on clock source selection.

2:2; (B::EI(E)O Communication Mode Clock Source SCK3 Pin Function

0 0 Asynchronous Internal clock /O port*1
Synchronous Internal clock Serial clock output*1

0 1 Asynchronous Internal clock Clock output*2
Synchronous Reserved Reserved

1 0 Asynchronous External clock Clock input*3
Synchronous External clock Serial clock input

1 1 Asynchronous Reserved Reserved
Synchronous ‘ Reserved Reserved

Notes: 1. Initial value
2. A clock 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
TDRE | RDRF QER FER PER TEND | MPBR | MPRT

Initial value 1 0 0 0 0 1 0 0

Read/Write R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R R RW

Note: *Only 0 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 0 it is first necessary toread a 1.
Bit 2 (TEND) and bit 1 (MPBR) are read-only bits and cannot be modified.

SSR is 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
TDRE Description
0 Indicates that transmit data written to TDR has not been transferred to TSR
Clearing conditions: '
After reading TDRE = 1, cleared by writing 0 to TDRE.
When data is written to TDR by an instruction.
1 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.

Bit 6

RDRF Description

0 Indicates there is no receive data in RDR (initial value)
Clearing conditions:
After reading RDRF = 1, cleared by writing 0 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.

Bit 5

OER Description

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*2

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
FER Description
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*2
Notes: 1. When bit RE in serial control register 3 (SCRB3) 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.

Bit3
PER

Description

0

Indicates that data receiving is in progress or has been completed*! (initial value)

Clearing condition:
After reading PER = 1, cleared by writing 0 to PER

Indicates that a parity error occurred in data receiving*2

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.

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. In synchronous mode, data
transmitting cannot be continued either.
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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 directly.

Bit 2
TEND Description
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

MPBR Description

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.
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Bit 0: Multiprocessor bit transmit (MPBT)

Bit 0 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.

Bit0

MPBT Description

0 The multiprocessor bit in transmit data is 0 (initial value)
1 The multiprocessor bit in transmit data is 1

8. Bitrate register (BRR) -

Bit 7 6 5 4 3 2 1 0
BRR7 | BRR6 | BRRS | BRR4 | BRR3 | BRR2 | BRR1 | BRRO
Initial value 1 1 11 1 1 1 1

Read/Write RW RW RW RW RW RW RW RW

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 HFF upon reset or in standby mode, watch mode, subactive mode, or
subsleep mode.

Table 10-4-3 gives examples of how BRR is set in asynchronous mode. The values in
table 10-4-3 are for active (high-speed) mode.
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Table 10-4-3 BRR Settings and Bit Rates in Asynchronous Mode (1)

OSC (MHz)
2 2.4576 4 4.194304
Bit Rate Error Error Error Error
(bits's) n N (%) n N (%) n N (%) n N (%)
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 i O 0 25 +0.16 0 26  +1.14
4800 _— - = 0] 0 0 i2 +0.16 0 13 -2.48
9600 R — 0 0 - - - 0 6 -248
19200 — — — 0 0 - - = — — —
31250 0 0 O - - - o 1 o0 S
38400 @ — — — 0o 0 o0 - -
Table 10-4-3 BRR Settings and Bit Rates in Asynchronous Mode (2)
0SC (MHz2)
4.9152 6 7.3728 8
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
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 O 1 103 +0.16
600 0 127 0 0 155 +0.16 (o] 191 O 0 207 +0.16
1200 0 63 O 0 77 +0.16 0 95 O 0 103 +0.16
2400 0 31 0 0 38 +0.16 0 47 O 0 51 +0.16
4800 0 15§ 0 0 19 -2.34 (0] 23 O 0 25 +0.16
9600 0 0 0 9 -2.34 0 11 0 0 12 +0.16
19200 0 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 10-4-3 BRR Settings and Bit Rates in Asynchronous Mode (3)

OSC (MHz)
9.8304 10

Bit Rate Error Error
(bits/'s) n N (%) n N (%)
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 7 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.

_ 0SC
64 x22nx B
B: Bit rate (bits/s)
N: BRR baud rate generator setting (0 < N < 255)

OSC: Value of gggc (MHZ)
n: Baud rate generator input clock number (n =0, 1, 2, 3)

x 106 -1

3. The error values in table 10-4-3 were
derived by performing the following
calculation and rounding off to two
decimal places.

B-R

Error (%) = x 100

B: Bit rate found from n, N, and OSC
R: Bit rate listed in left column of table 10-4-3
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The meaning of n is shown in table 10-4-4.

Table 10-4-4 Relation between n and Clock

SMR Setting
n Clock CKSt CKSo0
0 o 0 0
1 o/4 0 1
2 /16 1 0
3 /64 1 1

Table 10-4-5 shows the maximum bit rate for selected frequencies in asynchronous mode.
Values in table 10-4-5 are for active (high-speed) mode.

Table 10-4-5 Maximum Bit Rate at Selected Frequencies (Asynchronous Mode)

Setting
OSC (MHz) Maximum Bit Rate (bits/s) n N
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 10-4-6 shows typical BRR settings in synéhronous mode. Values in table 10-4-6 are for
active (high-speed) mode.

Table 10-4-6 Typical BRR Settings and Bit Rates (Synchronous Mode)

OSC (MHz)
Bit Rate 2 4 8 10
(bits/s) n N n N n N n N
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 9 0 19 0 39 0 49
50K 0 4 0 9 0 19 0 24
100K — — o 4 0 9 — —
250K 0 0* o 1 0 3 0 4
500K 0 0* 0 1 —_— —_
iM . 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.

N= __0os¢ x 106 -1
8x22nx B

B: Bit rate (bits/s)

N: BRR baud rate generator setting (0 < N < 255)

OSC: Value of gogc (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 10-4-7.

Table 10-4-7 Relation between n and Clock

SMR Setting
n Clock CKS1 CKSo
0 o 0 0
1 o/4 0 1
2 e/16 1 0
3 /64 1 1

10.4.3 Operation

SCI3 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 10-4-8. The SCI3 clock source is determined
by bit COM in SMR and bits CKE1 and CKEQ in serial control register 3 (SCR3), as shown in
table 10-4-9. ’

1. Asynchronous mode
— Data length: choice of 7 bits or 8 bits

— 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).

— Framing error (FER), parity error (PER), overrun error (OER), and line breaks can be
detected when data is received.

— 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

— Transfer format: 8 bits

— Overrun error can be detected when data is received.

— Clock source: Choice of internal clocks or an external clock

When an internal clock is selected: Operates on baud rate generator block, 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 10-4-8 SMR Settings and SCI3 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 o 0 0 Asynchronous  8-bit data No No 1 bit
1 mode 2 bits
1 0 Yes 1 bit
1 2 bits
1 0 0 7-bit data No 1 bit
1 2 bits
1 0 Yes 1 bit
1 2bits
0 1 * 0 Asynchronous  8-bit data Yes No 1 bit
* ! ;‘::’:lzprocessor - ..__2 bits
1 * 0 format) 7-bit data 1 bit
* 1 2 bits
1 * 0 * * Synchronous 8-bit data No None
mode

Note: * Don't care
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Table 10-4-9 SMR and SCR3 Settings and Clock Source Selection

SMR SCR3 Transmit/Receive Clock
Bit7 Bit1 Bit0 Clock
COM CKE1 CKEO Mode Source  Pin SCK; Function
0 0 0 Asynchronous Internal 1/0 port (SCK3 function not used)
1 mode 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
1 0 mode External  Inputs a serial clock
0 1 1 Reserved (illegal settings)
1 0 1
1 1 1

3. Continuous transmit/receive operation using interrupts

Continuous transmit and receive operations are possible with SCI3, using the RXI or TXI
interrupts. Table 10-4-10 explains this use of these interrupts.

Table 10-4-10 Transmit/Receive Interrupts

Interrupt  Flag Interrupt Conditions Remarks
RXI RDRF RIE  When serial data is received The RXl interrupt handler routine
; normally and receive data should read the receive data from

is transferred from RSR to RDR, RDR and clear RDRF to 0.
RDRF is setto 1. If RIE is 1 at Continuous receiving is possible
this time, RXl is enabled and an if these operations are completed
interrupt occurs. before the next data has been
(See figure 10-4-2 (a).) completely received in RSR.

TXI TDRE TIE  When TSR empty (previous trans- The TXl interrupt handler routine
mission complete) is detected and should write the next transmit data
the transmit data set in TDR is to TDR and clear TDRE to 0.
transferred to TSR, TDRE is Continuous transmission is
setto 1. If TIEis 1 at this time, possible if these operations are
TXl is enabled and an interrupt completed before the data
occurs. (See figure 10-4-2 (b).) transferred to TSR has been

completely transmitted.
TEI TEND TEIE When the last bit of the TSR TEl indicates that, when the last

transmit character has been sent,

if TDRE is 1, then 1 is set in TEND.
If TEIE is 1 at this time, TEl is
enabled and an interrupt occurs.
(See figure 10-4-2 (c).)

bit of the TSR transmit character
was sent, the next transmit data
had not been written to TDR.
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RDR ‘ RDR
RSR (receiving) BXD RSR T (received and transferred)
pin o | |
RDRF =0 RDRF «1

(RXI requested if RIE = 1)

RXD
pin

Figure 10-4-2 (a) RDREF Setting and RXI Interrupt

TDR (next transmit data) TDR
» TSR | (transmission complete,
TSR (transmitting) next data transferred
TXD TXD 3
pin [ i pin

TDRE =0 : TDRE «1
(TXI requested if TIE = 1)

Figure 10-4-2 (b) TDRE Setting and TXI Interrupt

TDR TDR
TSR (transmitting) XD TSR (transmission end)
l pin O~ l l
TEND =0 TEND <1
(TEl requested if TEIE = 1)

TXD
pin

Figure 10-4-2 (c) TEND Setting and TEI Interrupt
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10.4.4 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 10-4-3 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
S:t’;a' » Séiatrt Transmit or receive data Pigty Stop bit 22:{:
1 bit
or tor2
1 bit 7 or 8 bits none bits
One unit of data (character or frame)

Figure 10-4-3 Data Format in Asynchronous Serial Communication Mode
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Table 10-4-11 shows the 12 formats that can be selected in asynchronous mode. The format is
selected in the serial mode register (SMR).

Table 10-4-11 Seriai Communication Formats in Asynchronous Mode
SMR Setting Serial Communication Format and Frame Length
CHR PE MP STOP , 1 , 2 , 3 , 4 5,6 ,7 8,9 10 1 12
o o o o |s] 8-bit data [sToP
o o0 0 1 | s | ~ 8-bit data |sTor|sToP
o 1 o o |s] 8-bit data [ P JstoP
o 1 o 1 |s] 8-bit data [ P [stor[stoP
1 0o o o |s] 7-bit data [sTop
1 0o o 1 |s] 7-bit data [sTop]sToP
1 1 o o |s] 7-bit data [ p Jstor
1t 1 0 1 |s] 7-bit data | P ]stop|stor
o * 1 o | s] 8-bit data [ me8 JsTop
o * 1 1 |s] 8-bit data [ M8 [sTor[sToP
1« 1 o |s| 7-bit data [mps JsTop
1o+ 1 1 | s] 7-bit data [ mPs JsTor[sToP
Notation: S:  Start bit
STOP: Stop bit
P: Parity bit

MPB: Multiprocessor bit
Note: * Don't care

296 Hitachi



2. Clock

The clock source is determined by bit COM in SMR and bits CKE1 and CKEQ in serial control
register 3 (SCR3). See table 10-4-9 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 SCKj.

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, SCKj is used as the clock output pin. The clock output has
the same frequency as the serial bit rate, and is synchronized as in figure 10-4-4 so that the rising
edge of the clock occurs in the center of each bit of transmit/receive data.

Clock uw_mwu‘mm

Serial | o [po|pD1|{pD2|Dp3|[pa|D5|D6|{D7 [0t ]| 1 1

| 1 character (1 frame)

Figure 10-4-4 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

+  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 104-5.
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 10-4-5 shows a typical flow chart for SCI3 initialization.

' Start

Clear TE and RE to 0 in SCR3

L

1 Set bits CKE1 and CKEO

I

2 | Select communication format in SMR

]

3 Set BRR value

Wait

Has a 1-bit
interval elapsed?

Set bits RIE, TIE, TEIE, and MPIE
in SCR3, andset TEor RE to 1

. Select the clock in serial control register 3

(SCRB). [f clock output is selected in asyn-
chronous mode, a clock signal will be output
as soon as CKE1 and CKE2 have been set.
During reception in synchronous mode, if
clock output is selected by bits CKE1 and
CKEO, a clock signal will be output as soon
asREis setto 1.

. Set the transmit/receive format in the serial

mode register (SMR).

. 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.

. Wait for at least a 1-bit interval, then set

bits RIE, TIE, TEIE, and MPIE, and set bit
TE or RE in SCR3 to 1. Setting TE or RE
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).

Figure 10-4-5 Typical Flow Chart when SCI3 Is Initialized
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«  Transmitting

Figure 10-4-6 shows a typical flow chart for data transmission. After SCI3 initialization, follow
the procedure below.

Start
ﬁ
1 Read bit TDRE in SSR 1. Read the serial status register (SRR),
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.
Yes

Write transmit data in TDR

Continue
data transmission?
— No
I

Read bit TEND in SSR

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 is automatically cleared to 0.

Yes
?
3 Break output? 3. To output a break signal when tfransmission
Yes ends, first set the port values PCR = 1 and

PDR =0, then clear bit TE in SCR3 to 0.
SetPDR=0and PCR =1

Clear bit TE in SCR3to 0

End

Figure 10-4-6 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 ii transfers o ihe iransmit shift register (TSKR).
Then TDRE is set to 1 and transmission starts. If bit TIE in SCR3 is set to 1, a TXI interrupt is
requested.

Serial data is transmitted from pin TXD using the communication format outlined in
table 10-4-11. 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 in SCR3
is setto 1. ‘

Figure 10-4-7 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

St ] o [ooJor [ JorJon] + | o [m]or ] JorJon] 1 1 O

[ 1 frame | 1 frame | -

I I i i
TDRE l [ . | "
TEND t T £C t £LC

I ‘ 45 | 45

SCI3  TXlrequest TDRE clearedto 0  TXI request TEIl request
operation
User Write data in TDR
processing

Figure 10-4-7 Typical Transmit Operation in Asynchronous Mode
(8-Bit Data, Parity Bit Added, and 1 Stop Bit)
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e Receiving

Figure 10-4-8 shows a typical flow chart for receiving serial data. After SCI3 initialization,
follow the procedure below.

1. Read bits OER, PER, and

. FER in the serial status
Read bits OER, PER, and A
1 FER N S6R - register (SSR) to
determine if a receive
error has occurred.
OER + PER + If a receive emor has
FER=1 occurred, receive efror

No processing is executed.

2 Read bit RDRF in SSR 2. Read the serial status register
(SSRY), and after confirming

that bit RDRF = 1, read
No received data from the receive
RDRF = 1? data register (RDR).
Yos When RDR data is read, RDRF
is automatically cleared to 0.

Read received data in RDR

3. To continue receiving data,

4 [Receive error pfocessing] read bit RDRF and finish
T reading RDR before the stop

N bit of the present frame is
! " es received.
Continue receiving? When data is read from RDR,

RDRF is automatically cleared
to 0.

Clear bit RE in SCR3 to 0 4. When a receive efror occurs,
read bits OER, PER, and FER
in SSR to determine which
error (s) occurred.

Atfter the necessary error

processing, be sure to clear

the above bits all to 0.
e | Daya receiving cannot be resumed

Overrun error ‘;’2‘::’3@ :’Lb;ts OER, PER, or

processing When a framing error occurs,

a break can be detected by

reading the RXD pin value.

Framing error

processing
I |
Clear bits OER, PER, and Parity error
FERinSSRto 0 processing

End receive error @
procaessing

Figure 10-4-8 Typical Serial Data Receiving Flow Chart in Asynchronous Mode
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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

wrmnhanmisntine and ctaeto wnnnald mmennaanzcantantlmee Fnmen nt £ne Anbn mnnnloaton e 2o ne el T
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in table 10-4-11. 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. '

«  Status check: The RDREF bit is checked for a value of O 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.
RDREF 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 10-4-12 gives the receive error detection conditions and the processing of received data in
each case.

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.

Table 10-4-12 Receive Error Conditions and Received Data Processing

Receive Error Abbrev. Detection Conditions Received Data Processing
Overrun error  OER Receiving of the next data ends while Received data is not
bit RDRF in SSR is still set to 1 transferred from RSR to RDR
Framing error  FER Stop bit is 0 Received data is transferred
from RSR to RDR
Parity error PER Received data does not match the Received data is not
parity (odd/even) set in SMR transferred from RSR to RDR

302 Hitachi



Figure 10-4-9 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 1 | o Joo|ot [ [o7]{on] 1| ofoo]ot | o7 fon] o]
ta L4 L4
. 1 frame ! 1 frame 4
F o -
RDRF I I
FER LC I T L
SCI3 operation RXI request RDRF cleared Detects stop bit = 0
to 0 ERI request due
to framing error
User processing Read RDR data Framing error
handling

Figure 10-4-9 Typical Receive Operation in Asynchronous Mode
(8-Bit Data, Parity Bit Added, and 1 Stop Bit)

10.4.5 Operation in Synchronous Mode

In synchronous mode, data is sent or received in synchronization with clock pulses. This mode is
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 written during a transmit operation so
that data can be transmitted continuously, and enables data to be read during a receive operation
so that data can be received continuously.

1. Transmit/receive format

Figure 10-4-10 shows the general communication data format for synchronous communication.
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* *
I\ [\ I\ ™\ I\ T~

e AVAVAVAVAVAVAVAWANY

LSB MSB
: Don't . . . . ! . . . Don't
Serial data care K Bit 0 X Bit 1 KBH 2j Bit3 X Bit 4 X BltSX Bit6 X Bit7 care

8 bits

One unit of communication data (character or frame)

Note: *At high level except during continuous transmit/receive.

Figure 10-4-10 Data Format in Synchronous Communication Mode

In synchrondus communication, data on the communication line is output from one falling edge of
the serial clock until the next falling edge. Data is guaranteed vahd 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.

2. Clock

Either an internal clock from the built-in baud rate generator is used, or an external clock is input
at pin SCK3. The choice of clock sources is designated by bit COM in SMR and bits CKE1 and
CKEQ in serial control register 3 (SCR3). See table 10-4-9 for details on selecting the clock
source.

‘When operation is based on an internal clock, a serial clock is output at pin SCKj3. Eight 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
e SCI3 initialization

Before transmitting or receiving data, follow the SCI3 initialization procedure explained under
10.4.4, SCI3 Initialization, and illustrated in figure 10-4-5.

e Transmitting

Figure 10-4-11 shows a typical flow chart for data transmission. After SCI3 initialization, follow
the procedure below.

Start

1 Read bit TDRE in SSR 1. Read the serial status register (SSR),
and after confirming that bit TDRE = 1,

write transmit data in the transmit
data register (TDR).
No When data is written to TDR, TDRE is
automatically cleared to 0 and data
Yes transmission begins.
If clock output has been selected, after

data is written to TDR, the clock is
Wirite transmit data in TDR output and data transmission begins.

Yes
2 2. To continue transmitting data, read
No bit TDRE to make sure itis setto 1,
then write the next data to TDR.
L When data is written to TDR, TDRE
Read bit TEND in SSR is automatica"y cleared to 0.

Write 0 to bit TE in SCR3

Figure 10-4-11 Typical Data Transmission Flow Chart in Synchronous Mode

305 Hitachi



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 TXI 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 SCKj is 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 10-4-12 shows a typical SCI3 transmit operation in synchronous mode.

clock
Serial data BitOX Bit 1 X . X Bit7 i( BitOX Bit 1 X _ X Bit6 X Bit7

1 frame 1 frame

TDRE Tl T‘ ,._% -

I l )] I g

£
)

SCi3 TXI TDRE clearedto 0 TXI

operation request request TEl request
User Write data in TDR

processing

Figure 10-4-12 Typical SCI3 Transmit Operation in Synchronous Mode
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« Receiving

Figure 10-4-13 shows a typical flow chart for receiving data. After SCI3 initialization, follow the

procedure below.

[
1 Read bit OER in SSR

2 Read bit RDRF in SSR

No
> RDRF = 1? >
Yes

Read received data in RDR

4 [Overrun error processingl
]

Continue Yes

Clear bit RE in SCR3t0 0

Start overrun

processing

QOverrun error
processing

Clear bit OER in
SSRto 0

End overrun
error processing

. Read bit OER in the serial status register (SSR)

to determine if an error has occurred. If an
overrun error has occurred, overrun error
processing is executed.

. 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.

. To continue receiving data, read bit 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.

. When an overrun error occurs, read bit OER in

SSR. After the necessary error processing,
be sure to clear OER to 0.

Data receiving cannot be resumed while bit
OERissetto 1.

Figure 10-4-13 Typical Data Receiving Flow Chart in Synchronous Mode
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SCI3 operates as follows when receiving serial data in synchronous mode.

SCI3 synchronizes internally with the input or output of the serial clock 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 0 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 set to 1 and RDRF remains set to 1. Then if bit I’
RIE in SCR3 is set to 1, an ERI interrupt is requested.

For the overrun error detection conditions and receive data processing, see table 10-4-12.

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 10-4-14 shows a typical receive operation in synchronous mode.

Serial W [
clock
Serial . . . - -\
Son Bito X Bit1 X ‘_X Bits { Bit7 X
r 1 frame
RDRF | | [ "
” '
by
SCI3 RXI request RDRF cleared RXI request ERI request due
operation to0 to overrun error
User ) Read data RDR data Overrun error
processing from RDR not read handling
(RDRF = 1)

Figure 10-4-14 Typical Receive Operation in Synchronous Mode
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e Simultaneous transmit/receive

Figure 10-4-15 shows a typical flow chart for transmitting and receiving simultaneously. After
SCI3 synchronization, follow the procedure below.

I
1 Read bit TDRE in SSR

No

TORE = 1?

Yes

2 Wirite transmit data in TDR
|

{
Read bit OER in SSR

Yes
OER =17
No

Read RDRF in SSR

No
RDRF =17

Yes

Read received data in RDR

4 |Overrun error processing]
]

ConMes
transmitting and
receiving?

No

Clear bits TE and
REin SCR3t0 0

. 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
TDR, TDRE is automatically cleared to 0.

. Read the serial status register (SSR),

and after confirming that bit RDRF = 1,
read the received data from the receive
data register (RDR). When data is read
from RDR, RDRF is automatically cleared
to 0.

. To continue transmitting and receiving

serial data, read bit RDRF and finish
reading RDR before the MSB (bit 7) of the
present frame is received. Also read bit
TDRE, check thatiitis set to 1, and write
the next data in TDR before the MSB of
the current frame has been transmitted.
When data is written to TDR, TDRE is
automatically cleared to 0; and when data
is read from RDR, RDRF is automatically
cleared to 0.

. When an overrun error occurs, read bit

OERin SSR. After the necessary error
processing, be sure to clear OER to 0.
Data transmission and reception cannot
take place while bit OER is setto 1. See
figure 10-4-13 for overrun error processing.

Figure 10-4-15 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 simultancous transmitting and rceiving, use the following
procedure.
e 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 REto 1.

10.4.6 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 10-4-16 shows an example of communication among different processors using a
multiprocessor format.
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Transmitting

processor
| Communication line
A
Receiving Receiving Receiving Receiving
processor A processor B processor C processor D
(ID = 01) (ID = 02) (ID = 03) (ID = 04)

Serial data _/ \ / Ho1 / \ / H'AA \ /———

(MPB=1) | (MPB=0)
ID-sending cycle Data-sending cycle
(receiving processor (data sent to receiving
address) processor designated

by ID)

MPB: Multiprocessor bit

Figure 10-4-16 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 10-4-11.

For a description of the clock used in multiprocessor communication, see 10.4.4, Operation in
Asynchronous Mode.
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«  Transmitting multiprocessor data

Figure 10-4-17 shows a typical flow chart for multiprocessor serial data transmission. After SCI3
initialization, follow the procedure below.

|

1 Read bit TDRE in SSR 1. Read the serial status register (SSR), and
. after confirming that bit TDRE = 1, set bit

N MPBT (m