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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 H8/3802 Series has a system-on-a-chip architecture that includes such peripheral functions as
an LCD controller/driver, three timers, a two-channel 10-bit PWM., a serial communication
interface, and an A/D converter. This allows H8/3802 Series devices to be used as embedded
microcomputers in systems requiring LCD display.

This manual describes the hardware of the H8/3802 Series. For details on the H8/3802 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 H8/3802 Series comprises single-chip microcomputers equipped
with a controller/driver. Other on-chip peripheral functions include three timers, a two-channel
10-bit pulse width modulator (PWM), a serial communication interface, and an A/D converter.
Together, these functions make the H8/3800 Series ideally suited for embedded applications in
systems requiring low power consumption and LCD display. Models in the H8/3802 Series are
the H8/3802, with on-chip 16-kbyte ROM and 1-kbyte RAM. the H8/3801, with 12-kbyte ROM
and 512 byte RAM., and the H8/3800, with 8-kbyte ROM and 512 byte RAM.

The H8/3802 is also available in a ZTAT™* version with on-chip PROM which can be
programmed as required by the user.

Table 1.1 summarizes the features of the H8/3802 Series.

Note: * ZTAT (Zero Turn Around Time) is a trademark of Hitachi, Ltd.

HITACHI



Table1.1 Features

Item Specification
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
Z Max. operating speed: 8 MHz
C Add/subtract: 0.25 ps (operating at 8 MHz)
Z Multiply/divide: 1.75 ps (operating at 8 MHz)
Z Canrunon 32.768 kHz or 38.4 kHz subclock
* Instruction set compatible with H8/300 CPU
Z Instruction length of 2 bytes or 4 bytes
Z Basic arithmetic operations between registers
Z MOV instruction for data transfer between memory and registers
» Typical instructions
Z Multiply (8 bits - 8 bits)
Z Divide (16 bits | 8 bits)
Z Bit accumulator
Z Register-indirect designation of bit position
Interrupts 18 interrupt sources

* 11 external interrupt sources (IRQ1, IRQy, WKP7 to WKPg, IRQAEC)
+ 7 internal interrupt sources

Clock pulse generators

Two on-chip clock pulse generators

» System clock pulse generator: 1.0 to 16 MHz
» Subclock pulse generator: 32.768 kHz, 38.4 kHz

Power-down modes

Seven power-down modes

» Sleep (high-speed) mode

» Sleep (medium-speed) mode
+ Standby mode

+  Watch mode

+ Subsleep mode

+ Subactive mode

+ Active (medium-speed) mode
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Item Specification
Memory Large on-chip memory
+ HB8/3802: 16-kbyte ROM, 1-kbyte RAM
+ HB8/3801: 12-kbyte ROM, 512 byte RAM
+ HB8/3800: 8-kbyte ROM, 512 byte RAM
l/O ports 50 pins
+ 391/0 pins
*  5input pins
* B output pins
Timers Three on-chip timers

* Timer A: 8-bit timer
Count-up timer with selection of eight internal clock signals divided

from the system clock (@)* and four clock signals divided from the
watch clock (g, )

* Asynchronous event counter: 16-bit timer

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

Asynchronous external events can be counted (both rising and falling
edge detection possible)

* Timer F: 16-bit timer
O Can be used as two independent 8-bit timers
O Count-up by an event input from the four internal clocks

O Provision for toggle output by means of compare-match function

Serial communication
interface

10-bit PWM

A/D converter

+ SCI3: 8-bit synchronous/asynchronous serial interface
Incorporates multiprocessor communication function

" Pulse-division PWM output for reduced ripple

* Can be used as a 10-bit D/A converter by connecting to an external
low-pass filter.

Successive approximations using a resistance ladder

* 4-channel analog input pins
+ Conversion time: 31/@ or 62/g per channel
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Item Specification

LCD LCD controller/driver equipped with a maximum of 25 segment pins and four
controller/driver common pins

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

+ Segment pins can be switched to general-purpose port function in 4-bit units

Product lineup Product Code

Mask ROM
Version ZTAT Version Package ROM/RAM Size

HD6433802H HD6473802H 64-pin QFP (FP-64A) ROM 16 kbytes
HD6433802FP HD6473802FP  64-pin LQFP (FP-64E) RAM 1 kbytes
HD6433802P HD6473802P 64-pin DILP (DP-643)

HD6433801H  — 64-pin QFP (FP-64A)  ROM 12 kbytes
HD6433801FP — '64-pin LQFP (FP-64E)  RAM 512 bytes
HD6433801P  — 64-pin DILP (DP-64S)

HD6433800H — 64-pin QFP (FP-64A)  ROM 8 kbytes
HD6433800FP — 64-pin LQFP (FP-64E)  RAM 512 bytes
HD6433800P  — '64-pin DILP (DP-64S)

Note: * See section 4, Clock Pulse Generator, for the definition of @ and. g,
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1.2

Internal Block Diagram

Figure 1.1 shows a block diagram of the H8/3802 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 H8/3802 Series pin arrangement is shown in figures 1.2 and 1.3.
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Figure 1.2 Pin Arrangement (FP-64A, FP-64E: Top View)
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Figure 1.3 Pin Arrangement (DP-64S: Top View)
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1.3.2 Pin Functions

Table 1.2 outlines the pin functions of the H8/3802 Series.

Table 1.2 Pin Functions

Pin No.
FP-64A
Type Symbol FP-64E DP-64S /O Name and Functions
Power Vee 16 24 Input  Power supply: All V¢ pins should be
source pins connected to the system power supply.

Vss 4(=AV.) 12(= Input  Ground: All Vgg pins should be

55 AV..) connected to the system power supply
63 (0 V).

AVee 61 5 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.

AVsgg 4(=Vs) 12(=V.) Input Analog ground: This is the A/D
converter ground pin. It should be
connected to the system power supply
(0V).

V4 17 25 Input  LCD power supply: These are the

Vs 18 26 power supply pins for the LCD

Va3 19 27 controller/driver.

Clock pins  OSC;, 6 14 Input  These pins connect to a crystal or
0scC 5 B 13 - Output ceramic oscillator, or can be used to
2 input an external clock. See section 4,
Clock Pulse Generators, for a typical
connection diagram.
X4 10 Input  These pins connect to a 32.768-kHz or
} - 38.4-kHz crystal oscillator.
X 11 Output
2 uied See section 4, Clock Pulse
Generators, for a typical connection
diagram.
System ES 8 16 Input  Reset: When this pin is driven low, the
control chip is reset

TEST 7 15 Input  Test pin: This pin is reserved and
cannot be used. It should be connected
to Vss.

8
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Pin No.

FP-64A

Type Symbol FP-64E DP-648 /O Name and Functions

Interrupt ~ IRQy 60 4 Input  IRQ interrupt request 0 and 1: These

pins IRQ; 1 9 are input pins for edge-sensitive
external interrupts, with a selection of
rising or falling edge

IRQAEC 56 64 Input  Asynchronous event counter event
signal: This is an interrupt input pin for
enabling asynchronous event input.

WKP7to 41t048 49t056 Input Wakeup interrupt request0to 7:

WKPgq These are input pins for rising or falling-
edge-sensitive external interrupts.

Timer pins  AEVL 15 23 Input  Asynchronous event counter event

AEVH 14 22 input: This is an event input pin for
input to the asynchronous event
counter.

TMOFL 9 17 Output Timer FL output: This is an output pin
for waveforms generated by the timer
FL output compare function.

TMOFH 10 18 Output Timer FH output: This is an output pin
for waveforms generated by the timer
FH output compare function.

10-bit PWM1 49 57 Output 10-bit PWM output: These are output

PWM pin PWM2 50 58 pins for waveforms generated by the
channel 1 and 2 10-bit PWMs.

l/O ports P3;toP3; 15109 231017 /O Port 3: This is an 7-bit I/O port. Input or
output can be designated for each bit by
means of port control register 3 (PCR3).

P44 60 4 Input  Port 4 (bit 3): This is a 1-bit input port.

P4,to P4y 59tob7 3to1 110 Port 4 (bits 2 to 0): This is a 3-bit I/O
port. Input or output can be designated
for each bit by means of port control
register 4 (PCR4).

P5;to P5g; 411048 49to56 1/O Port 5: This is an 8-bit I/O port. Input or

output can be designated for each bit by
means of port control register 5 (PCR5).
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Pin No.

FP-64A

Type Symbol FP-64E DP-64S 110 Name and Functions

1/O ports P6;to P6; 331040 411048 1/O Port 6: This is an 8-bit I/O port. Input or
output can be designated for each bit by
means of port control register 6 (PCRB6).

P7;toP7; 251032 33t040 /O Port 7: This is an 8-bit I/O port. Input or
output can be designated for each bit by
means of port control register 7 (PCR7).

P8p 24 32 /O Port 8: This is an 8-bit I/O port. Input or
output can be designated for each bit by
means of port control register 8 (PCR8).

P95to P9y 541049 62to57 Output Port9: This is a 6-bit output port.

PAjto PAg 201023 28t031 /O Port A: This is a 4-bit I/O port. Input or
output can be designated for each bit by
means of port control register A (PCRA).

PB;to PBy 1,641t062 9to 6 Input  Port B: This is a 4-bit input port.

Serial RXD3o 58 2 Input  SCI3 receive data input:
communi- This is the SCI3 data input pin.
cation TXDs35 59 3 Output SCI3 transmit data output:
g(e;rlf)ace This is the SCI3 data output pin.
SCK3» 57 1 11O SCI3 clock I/0:
This is the SCI3 clock 1/O pin.
A/D AN3 to AnO 1 9to 6 Input  Analog input channels 3 to 0:
converter 64 to 62 These are analog data input channels to
the A/D converter
LCD COM, to 20023 281031 Output LCD common output: These are the
controller/  COM; LCD common output pins.
driver SEGysto  24t048 32t056 Output LCD segment output: These are the
SEG; LCD segment output pins.
10
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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 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:

O Multiply and divide instructions

O Powerful bit-manipulation instructions
* Eight addressing modes

O Register direct

O Register indirect

Register indirect with displacement

O Register indirect with post-increment or pre-decrement
O Absolute address

O Immediate

O Program-counter relative

O Memory indirect
*  64-kbyte address space
* High-speed operation
O All frequently used instructions are executed in two to four states
O High-speed arithmetic and logic operations
O 8- or 16-bit register-register add or subtract: 0.25 us*
O 8 - 8-bit multiply: 1.75 us*
O 16 + 8-bit divide: 1.75 us*

Note: * These values are at o = 8 MHz.

*  Low-power operation modes

SLEEP instruction for transfer to low-power operation

HITACHI
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2.1.2 Address Space

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

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

2.1.3 Register Configuration

Figure 2.1 shows the register structure of the H8/300L CPU. There are two groups of registers: the
general registers and control registers.

General registers (Rn)

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

Control registers (CR)
15 0
PC | PC: Program counter
76543210
ccr [1[u[H[UIN[z]v|c]  cCR: Condition code register
- Carry flag

— Overflow flag

Zero flag
Negative flag
Half-carry flag

Interrupt mask bit
User bit
User bit

Figure 2.1 CPU Registers
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2.2 Register Descriptions

221 General Registers

All the general registers can be used as both data registers and address registers.

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

When used as address registers, the general registers are accessed as 16-bit registers (R0 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

222 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).

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.

13
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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 Iinstruction is executed. the H flag is set to 1 if there is a
carry or borrow at bit 11, and is cleared to 0 otherwise.

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

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

Bit 2—Zero Flag (Z): Set to 1 to indicate a zero result, and cleared to 0 to indicate a non-zero
result.

Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to 0 at other
times.

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

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

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

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

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. The stack pointer
should be initialized by software. by the first instruction executed after a reset.

14
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2.3 Data Formats

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

* Bit manipulation instructions operate on 1-bit data specified as bit n in a byte operand
(n=0,1,2,....7).

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

+ The MOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 bits - 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.

HITACHI

15



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
T 0 ....................................................
1-bit data RH |76 |5 432/ 1[0] dontcare
____________________________________________________ 7 0
1-bit data RL G domtcare [7lels[af[a[2]1]0]
7 o
By-le data Rn H MSB 1 1 1 1 1 1 1 LSB ‘ ____________________ (_j _(?I_"l_,_t_(_:_a_r_e_ ____________________
.................................................... ? 0
By-le data Rnl- é_ ____________________ (_j _(?I_"l_,_t_(_;_a__r? ___________________ ‘ MSBJ L 1 ' L 1 LSB |
15 0
Word data Rn ‘MSBI . . . . . . . . . . . . . ILSEIl
7 4 3 o _
4bitBCDdata  RnH | Upperaigt Loweragt. | dontcare i
..................................................... ? 4 3 O
4-bit BCD data RnL ____________________ qpn_‘_t_ga_r_g ___________________ ‘ , Upper digit  Lower digit
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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232 Memory Data Formats

Figure 2.4 indicates the data formats in memory. The H8/300L CPU can access word data stored
in memory (MOV.W instruction), but the word data must always begin at an even address. If word
data starting at an odd address is accessed, the least significant bit of the address is regarded as 0,
and the word data starting at the preceding address is accessed. The same applies to instruction
codes.

Data Type Address Data Format
7 0
1-bit data Addressn | 7[6[5[4[3]2]1]0
Byte data Address n MSB: : [ : [ :LSB
Word data Even address MSBI lrlpperll8 bitls .
Odd address Lower 8 bits LSB

MSB CCR LSB

Byte data (CCR) on stack Even address i —t—t—+—
Odd address |MSB _CCR* = LSB

Word data on stack Even address MSBI : .‘ : .
Odd address LSB

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.

17
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24 Addressing Modes

2.4.1 Addressing Modes

The H8/300L CPU supports the eight addressing modes listed in table 2.1. Each instruction uses a
subset of these addressing modes.

Table 2.1  Addressing Modes

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

1. Register Direct—Rn: The register field of the instruction specifies an 8- or 16-bit general
register containing the operand.
Only the MOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 bits - 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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Register Indirect with Post-Increment or Pre-Decrement—@Rn+ or @—Rn:
O Register indirect with post-increment—@Rn+
The @Rn+ mode is used with MOV instructions that load registers from memory.

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

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

The register field of the instruction specifies a 16-bit general register which is decremented
by 1 or 2 to obtain the address of the operand in memory. The register retains the
decremented value. The size of the decrement is 1 for MOV.B or 2 for MOV.W. For
MOV.W, the original contents of the register must be even.
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. IMP, and
JSR instructions can use 16-bit absolute addresses.
For an 8-bit absolute address, the upper 8 bits are assumed to be 1 (H'FF). The address range is
H'FF00 to HFFFF (65280 to 65535).
Immediate—#xx:8 or #xx:16: The instruction contains an 8-bit operand (#xx:8) in its second
byte, or a 16-bit operand (#xx:16) in its third and fourth bytes. Only MOV.W instructions can
contain 16-bit immediate values.

The ADDS and SUBS instructions implicitly contain the value 1 or 2 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.

Program-Counter Relative—@(d:8, PC): This mode is used in the Bec 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.

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. See 3.3, Interrupts, for details on the vector area.

If an odd address is specified as a branch destination or as the operand address of a MOV.W
instruction, the least significant bit is regarded as 0, causing word access to be performed at the
address preceding the specified address. See 2.3.2, Memory Data Formats, for further information.
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242 Effective Address Calculation
Table 2.2 shows how effective addresses are calculated in each of the addressing modes.

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

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

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

20
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2.5 Instruction Set

The H8/300L Series can use a total of 55 instructions, which are grouped by function in table 2.3.

Table 2.3  Instruction Set

Function Instructions Number
Data transfer MOV, PUSH™, POP™’ 1
Arithmetic operations ~ ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, DAA, 14

DAS, MULXU, DIVXU, CMP, NEG
Logic operations AND, OR, XOR, NOT
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR 8
Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, 14

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

Total: 65

Notes: 1. PUSH Rn is equivalent to MOV.W Rn, @—-SP.

POP Rn is equivalent to MOV.W @SP+, Rn. The same applies to the machine

language.

2. Bcc is a conditional branch instruction in which cc represents a condition code.

The following sections give a concise summary of the instructions in each category. and indicate

the bit patterns of their object code. The notation used is defined next.

24
HITACHI



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
z 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

Multiplication

| Division

AND logical

OR logical

A
v
4] 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

HITACHI



251 Data Transfer Instructions

Table 2.4 describes the data transfer instructions. Figure 2.5 shows their object code formats.

Table 2.4 Data Transfer Instructions

Instruction Size* Function

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

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

PUSH w Rn — @-SP

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

Notes: * Size: Operand size

B: Byte
W:  Word

Certain precautions are required in data access. See 2.9.1, Notes on Data Access, for details.
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15 8 7 0 MOV
op ‘ rm ‘ m | Rm—Rn
15 8 7 0
op ‘ m ‘ m |@Rm<——>Rn
15 8 7 0
o rm rn
P ‘ ‘ @(d:16, Rm)«—Rn
disp
15 8 7 0
T T T T T T T T T @Rm"'_)Rn‘. Or
op l rm ‘ rn Rn —@-Rm
15 8 7 0
op m ‘ abs | @aa:8<——Rn
15 g8 7 0
0 rn
P @aa:16«——Rn
abs
15 8 7 0
op m MM #xx:8—Rn
15 g8 7 0
o m
P #xx:16—Rn
MM
i T T T T T T 8 T ! T T 0 PUSH, POP
op 17 1 1 ‘ m @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

HITACHI
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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 SUB B/W Rd + Rs — Rd, Rd + #IMM — Rd

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 sUBX B Rd+Rs +C —Rd, Rd + #lIMM £ C — Rd

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

INC DEC B Rd+1—-Rd

Increments or decrements a general register by 1.
ADDS SUBS W Rd+1—Rd,Rd+2— Rd

Adds or subtracts 1 or 2 to or from a general register
DAA DAS B Rd decimal adjust — Rd

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

MULXU B Rd - Rs — Rd

Performs 8-bit - 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 indicates the result in the
CCR. Word data can be compared only between two general
registers.

NEG B 0-Rd —Rd

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

Notes: * Size: Operand size
B: Byte
W:  Word

28
HITACHI



253 Logic Operations
Table 2.6 describes the four instructions that perform logic operations.

Table 2.6  Logic Operation Instructions

Instruction Size* Function

AND B Rd 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 #lMM — Rd

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

XOR B Rd § Rs - Rd, Rd § #/MM — Rd

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

NOT B ~Rd - Rd

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

Notes: * Size: Operand size
B: Byte
254 Shift Operations

Table 2.7 describes the eight shift instructions.

Table 2.7  Shift Instructions

Instruction Size* Function

SHAL B Rd shift — Rd

SHAR Performs an arithmetic shift operation on general register contents
SHLL B Rd shift — Rd

SHLR Performs a logical shift operation on general register contents
ROTL B Rd rotate — Rd

ROTR Rotates general register contents

ROTXL B Rd rotate through carry — Rd

ROTXR

Rotates general register contents through the C (carry) bit

Notes: #* Size: Operand size
B: Byte
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Figure 2.6 shows the instruction code format of arithmetic, logic, and shift instructions.

15 8 7 0
‘ T T T T T T T T T T ‘ T T T ADD‘ SUB, CMP‘
ADDX, SUBX (Rm)

15 8 7 0
‘ T T T T T T T T T T T ‘ T T T ADDS, SUBS, INC‘ DEC,

opP m DAA, DAS, NEG, NOT
15 8 7 0
| op | rm | m | MULXU, DIVXU
15 8 7 0
‘ T ol T T rln T ‘ T T T INiM T T T ADD‘ ADDX‘ SUBX‘
P CMP (#XX:8)
15 8 7 0
| op | rm m | AND, OR, XOR (Rm)
15 8 7 0
| op m | IMM | AND, OR, XOR (#xx:8)
15 8 7 0
‘ — T 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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255

Bit Manipulations

Table 2.8 describes the bit-manipulation instructions. Figure 2.7 shows their object code formats.

Table 2.8

Instruction

Bit-Manipulation Instructions

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

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

~ (<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

~ (<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

BIAND

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.

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

BIOR

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.

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:
B:

Operand size

Byte
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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 result in the C flag.
The bit number is specified by 3-bit immediate data.
BLD B (<bit-No.> of <EAd>) — C
Copies a specified bit in a general register or memory to the C flag.
BILD B ~ (<bit-No.> of <EAd>) — C
Copies the inverse of a specified bit in a general register or
memory to the C flag.
The bit number is specified by 3-bit immediate data.
BST B C — (<bit-No.> of <EAd>)
Copies the C flag to a specified bit in a general register or memory.
BIST B ~ C — (<bit-No.> of <EAd>)

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

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

Notes: * Size:
B:

Operand size

Byte

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

details.
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BSET, BCLR, BNOT, BTST

15 7 0
T T T T ' ' T Operand: register direct (Rn)
op | v | m Bit No.: immediate (#xx:3)
15 7 0
T T T T T T T Operand: register direct (Rn)
op ‘ m ‘ m Bit No.: register direct (Rm)
15 7 0
op ‘ m 0 0 0O O |Operand: register indirect (@Rn)
op ‘ IMM 0 0 0 O|BitNo.: immediate (#xx:3)
15 7 0
op m 0 0 0O O |Operand: register indirect (@Rn)
op rm 0 0 0 O|BitNo.: register direct (Rm)
15 7 0
op ‘ abs Operand: absolute (@aa:8)
op ‘ IMM ‘ 0 0 0 O|BitNo.: immediate (#xx:3)
15 7 0
op abs Operand: absolute (@aa:8)
op rm ‘ 0 0 0 O|BitNo.: registerdirect (Rm)
BAND, BOR, BXOR, BLD, BST
15 7 0
T T T ' ' T Operand: register direct (Rn)
op ‘ MM ‘ m Bit No.: immediate (#xx:3)
15 7 0
op ‘ m 0 0 0O O |Operand: register indirect (@Rn)
op ‘ IMM 0 0 0 O|BitNo.: immediate (#xx:3)
15 7 0
op ‘ abs Operand: absolute (@aa:8)
op ‘ IMM 0 0 0 O|BitNo.: immediate (#xx:3)
Notation:

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

Figure 2.7 Bit Manipulation Instruction Codes
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op: Operation field
rm, rn: Register field
abs:  Absolute address
IMM:  Immediate data

15
op ‘ IMM m
15 0
op ‘ m 0 0 0 O
op MM 0 0 0 O
15 0
op ‘ abs
op MM 0 0 0 O
Notation:

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
Bece — 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 CvzZ=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 NGgV=0
BLT Less than NgV=1
BGT Greater than ZV(NGV)=0
BLE Less or equal ZV(INGV)=1
JMP — Branches unconditionally to a specified address
BSR — Branches to a subroutine at a specified address
JSR — Branches to a subroutine at a specified address
RTS — Returns from a subroutine

HITACHI
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15 8 7 0

o | e | dsw B
15 i1 7 0
T T T T [ m Jo 0 0 0]umP@Rrm)
15 i1 7 0
T T T T T
JMP (@aa:16)
abs
15 i1 7 0
‘ T olp T ‘ © abs ‘ JMP (@@aa:8)
15 i1 7 0
‘ T o [ S T disp \ BSR
15 & 7 -
T T [ m Jo 0 0 0]JsR(@Rm)
6 087 0
op JSR (@aa:16)
abs
15 i1 7 0
T ~ T abs | sR(@@aa8)
15 i1 7 0
T ~ |Rrs

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, #MM — 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: Operand size
B: Byte
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‘ T T T T T T Op Ll T T T Ll T ‘ RTE, SLEEPI NOP
15 8 7 0

| op m | Lbc, STC (Rn)
15 8 7 0

| o Yy ANDC, ORC,

XORC, LDC (#xx:8)

Notation:

op: Operation field
rn:  Register field

IMM: Immediate data

Figure 2.9 System Control Instruction Codes

258 Block Data Transfer Instruction
Table 2.11 describes the block data transfer instruction. Figure 2.10 shows its object code format.

Table 2.11 Block Data Transfer Instruction

Instruction Size Function
EEPMOV — If R4L # 0 then
repeat @R5+ — @R6+
R4L -1 — R4L
until R4L=0
else next;

Block transfer instruction. Transfers the number of data bytes
specified by R4L from locations starting at the address indicated by
R5 to locations starting at the address indicated by R6. After the
transfer, the next instruction is executed.

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

38
HITACHI




Notation:
op: Operation field

Figure 2.10 Block Data Transfer Instruction Code

HITACHI
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2.6 Basic Operational Timing

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

Bus cycle

— -
i} _—

- T, state — > T state -

@ or @syup

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 2.11 On-Chip Memory Access Cycle
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2.6.2

Access to On-Chip Peripheral Modules

On-chip peripheral modules are accessed in two states or three states. The data bus width is 8 bits,
so access is by byte size only. This means that for accessing word data, two instructions must be

used. Figures 2.12 and 2.13 show the on-chip peripheral module access cycle.

Two-state access to on-chip peripheral modules

Bus cycle

< Tystate —>=—— T, state -

@ or QSUB

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

(read access)

Internal write signal

Internal data bus

><
g -

- Write data
(write access) _

Figure 2.12 On-Chip Peripheral Module Access Cycle (2-State Access)

HITACHI
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Three-state access to on-chip peripheral modules

Bus cycle

|

-

<— Tystate —»=—— T,state —»=—— Tystate —»

@oresus

Internal
address bus

Address

Internal
data bus

Internal
read signal \

Read data

(read access)

Internal
write signal

Internal
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

2.71 Overview

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

medium-speed) mode, standby mode, watch mode, and sub-sleep mode. These states are shown in

figure 2.14. Figure 2.15 shows the state transitions.

CPU state Reset state

The CPU is initialized

Program 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 !

The CPU executes D ,
successive program :

instructions at reduced :_; Low-power E
speed, synchronized i modes |
by the subclock P :

Program halt state “ Sleep (;Egéspeed) ‘--"w:

A state in which some

or all of the chip Sleep (medium-speed) | ___
functions are stopped mode

to conserve power
—{ Standby mode ‘1

“ Watch mode ‘ -----
—{ Subsleep mode }

Exception-
handling state
A transient state in which the CPU changes

the processing flow due to a reset or an interrupt

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

Figure 2.14 CPU Operation States
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Reset cleared o
) ~ ( Exception-handling state
Reset occurs

Reset state

Reset Interrupt

occurs source .

Reset occurs Interrupt Exception-

occurs source handling
occurs complete

—

Program halt state Program execution state

SLEEP instruction executed

Figure 2.15 State Transitions

2.7.2 Program Execution State
In the program execution state the CPU executes program instructions in sequence.

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

2.7.3 Program Halt State

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

2.7.4 Exception-Handling State

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

For details on interrupt handling, see section 3.3, Interrupts.
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2.8 Memory Map

2.8.1 Memory Map

The memory map of the H8/3802 is shown in figure 2.16 (1), that of the H8/3801 in figure 2.16
(2). and that of the H8/3800 in figure 2.16 (3).

H'0000
Interrupt vector area
H'0029
H'002A
16 kbytes
On-chip ROM (16384 bytes)

H'3FFF

Not used
H'F740

LCD RAM

(13 bytes)
H'F74C

Not used
H'FB30

On-chip RAM 1024 bytes
H'FFTF
H'FF80
Internal 1/0 registers

(128 bytes)

H'FFFF

Figure 2.16 (1) HS8/3802 Memory Map
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H'0000

H'0029
H'002A

H'2FFF

H'F740

HF74C

H'FD80

HFF7F
HFF80

HFFFF

Interrupt vector area

On-chip ROM

Not used

LCD RAM
(13 bytes)

Not used

On-chip RAM

Internal I/O registers
(128 bytes)

12 kbytes
(12288 bytes)

512 bytes

46

Figure 2.16 (2) HS8/3801 Memory Map
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H'0000

H'0029
H'002A

H1FFF

HF740

HF74C

H'FD80

HFF7F
HFF80

HFFFF

Interrupt vector area

8 kbytes
On-chip ROM (8192 bytes)

Not used

LCD RAM
(13 bytes)

Not used

On-chip RAM 512 bytes

Internal /O registers
(128 bytes)

Figure 2.16 (3) HS8/3800 Memory Map

HITACHI
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2.9 Application Notes

2.9.1 Notes on Data Access

1. Access to Empty Areas:

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

Data transfer from CPU to empty area:
The transferred data will be lost. This action may also cause the CPU to misoperate.
Data transfer from empty area to CPU:
Unpredictable data is transferred.
2. Access to Internal I/O Registers:

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 I/O registers
other than the on-chip ROM and RAM areas. Figure 2.17 shows the data size and number of
states in which on-chip peripheral modules can be accessed.
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Access
States
N Word Byte
H'0000
Interrupt vector area
H'0029 (42 bytes)
H'002A
16 kbytes O O 2
On-chip ROM
*1
H'3FFF
B
Not used — — —
H'F740
LCD RAM ~
(13 bytes) O © 2
HF74C
Not used — — —
H'FB80
On-chip RAM 1024 bytes @] O 2
HFF7F*2
HFFSOY} | O 2
) H'FF98 to HFF9F O 3
Internal I/0O registers [~ e >
(128 bytes) b oo
| HFFAS to HFFAF O 3
H'FFFF ®) 2

Notes: The example of the H8/3802 is shown here.
1. This address is H'3FFF in the H8/3802 (16-kbyte on-chip ROM), H2FFF in the H8/3801
(12-kbyte on-chip ROM), H1FFF in the H8/3800 (8-kbyte on-chip ROM).
2. This address is H'FD80 to H'FF7F in the H8/3801 and H8/3800 (512 bytes of on-chip RAM).

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 port.

Order of Operation Operation

1 Read Read byte data at the designated address
2 Modify Modify a designated bit in the read data
3 Write Write the altered byte data to the designated address

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

Figure 2.18 shows an example in which two timer registers share the same address. When a bit
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.

Read
Count clock ——»f Timer counter -
I
Reload
Write
Timer load register -
V4
Internal bus

Figure 2.18 Timer Configuration Example
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Example 2: BSET instruction executed designating port 3

P35 and P34 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 P34, 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; P3g P35 P34 P33 P35 P34 —
Input/output Input Input Output  Output  Output  Output  Qutput —
Pin state Low level High level Low level Low level Low level Low level Low level —
PCR3 0 0 1 R K E K 1
PDR3 1 0 0 0 0 0 0 1

[B: BSET instruction executed]
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[A: Prior to executing BSET]
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2. Bit manipulation in a register containing a write-only bit
Example 3: BCLR instruction executed designating port 3 control register PCR3

As in the examples above, P37 and P34 are input pins, with a low-level signal input at P37 and a
high-level signal at P35. The remaining pins, P35 to P34, 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; P3g P35 P34 P33 P35 P34 —
Input/output Input Input Output  Output  Output  Output  Qutput —
Pin state Low level High level Low level Low level Low level Low level Low level —
PCR3 0 0 1 R K E K 1
PDR3 1 0 0 0 0 0 0 1

[B: BCLR instruction executed]

HITACHI
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[A: Prior to executing BCLR]
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Table 2.12 lists the pairs of registers that share identical addresses. Table 2.13 lists the registers
that contain write-only bits.

Table 2.12 Registers with Shared Addresses

Register Name Abbreviation Address
Port data register 3* PDR3 H'FFD6
Port data register 4* PDR4 H'FFD7
Port data register 5* 'PDR5 "HFFDS8
Port data register 6* PDR6 H'FFD9
Port data register 7* PDR7 H'FFDA
Port data register 8* 'PDR8 "HFFDB
Port data register A* PDRA H'FFDD

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

Table 2.13 Registers with Write-Only Bits

Register Name Abbreviation Address
Port control register 3 PCR3 H'FFEB
Port control register 4 PCR4 H'FFE7
Port control register 5 PCR5 H'FFES8
Port control register 6 PCR6 H'FFE9
Port control register 7 PCR7 H'FFEA
Port control register 8 PCR8 H'FFEB
Port control register A PCRA H'FFED
Timer control register F TCRF H'FFB6
PWM?1 control register PWCRA1 H'FFDO
PWM1 data register U PWDRU1 H'FFD1
PWM1 data register L PWDRL1 H'FFD2
PWM2 control register PWCR2 H'FFCD
PWM2 data register U PWDRU2 H'FFCE
PWM2 data register L PWDRL2 H'FFCF
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2.9.3 Notes on Use of the EEPMOYV Instruction

56

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

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 H'FFFF to H'0000 during execution of
the instruction.

— R86

Not allowed «— R6 + R4L
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Section 3 Exception Handling

3.1 Overview

Exception handling is performed in the H8/3802 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
T Interrupt When an interrupt is requested, exception handling starts after
execution of the present instruction or the exception handling in
Low progress is completed
3.2 Reset

3.21 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 chip enters the reset state.
To make sure the chip is reset properly. observe the following precautions.

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

Reset exception handling takes place as follows.

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

Figure 3.1 shows the reset sequence starting from RES input.

—» Reset cleared

Program initial
Vector fetch Internal instruction prefetch
ft——mf PrOCESSING (g

1]

Internal '

address bus , M X @ X
Internal read \ / \ [\
signal |

Internal write

signal
Internal data ) (
bus (16-bit) ! (2) 3)

(1) Reset exception handling vector address (H'0000)

(2) Program start address

(3) First instruction of program

Figure 3.1 Reset Sequence
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3.2.3 Interrupt Immediately after Reset

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

3.3 Interrupts

3.3.1 Overview

The interrupt sources include 11 external interrupts (WKP7 to WKP, IRQ; to IRQg. IRQAEC)
and 7 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:

+ Internal and external interrupts can be masked by the I bit in CCR. When the I bit is set to 1.
interrupt request flags can be set but the interrupts are not accepted.

+ IRQAEC. IRQ; to IRQg, and WKP7 to WKP; can be set to either rising edge sensing or falling
edge sensing.
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Table 3.2

Interrupt Sources and Their Priorities

Interrupt Source  Interrupt Vector Number Vector Address  Priority
RES Reset 0 H'0000 to H'0001  High
IRQg IRQq 4 H'0008 to H'0009 A
IRQ, IRQ4 5 H'000A to H'000B
IRQAEC IRQAEC 6 H'000C to H'000D
WKPq WKPq 9 H'0012 to H'0013
WKP, WKP 4
WKP WKP;
WKP; WKP;
WKP4 WKP4
WKP5 WKP5
WKPg WKPg
WKP7 WKP7
Timer A Timer A overflow 11 H'0016 to H'0017
Asynchronous Asynchronous event 12 H'0018 to H'0019
event counter counter overflow
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
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 A/D conversion end 19 H'0026 to H'0027 4
(SLEEP instruction Direct transfer 20 H'0028 to H'0029 Low
executed)
Note: Vector addresses H'0002 to H'0007, H'000E to H'0011, H'0014 to H'0015, H'001A to

H'001B, and H'0020 to H'0023 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

Name Abbreviation = R/W Initial Value  Address
IRQ edge select register IEGR R/W — H'FFF2
Interrupt enable register 1 IENR1 R/W — H'FFF3
Interrupt enable register 2 'IENR2 RW — 'HFFF4
Interrupt request register 1 IRR1 R/W# — H'FFF6
Interrupt request register 2 IRR2 R/W# — H'FFF7
Wakeup interrupt request register " IWPR " R/ " H'00 -H'FFFQ
Wakeup edge select register WEGR R/W H'00 H'FF90

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

1. TRQ edge select register (IEGR)

Bit 7 6 5 4 3 2 1 0
-l -1 =] =] =] = |®ot | ke |

Initial value 1 1 1 — — — 0 0

Read/Write — — — W W W R/W R/W

IEGR is an 8-bit read/write register used to designate whether pins IRQ; and IRQy 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.
Bits 4 to 2: Reserved bits

Bits 4 to 2 are reserved; only 0 can be written to these bits.
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Bit 1: IRQ; edge select (IEG1)

Bit 1 selects the input sensing of the IRQ pin.

Bit1

IEG1 Description

0 Falling edge of IRQ; pin input is detected (initial value)

1 Rising edge of IRQ4 pin input is detected

Bit 0: IRQq edge select (IEGO)

Bit 0 selects the input sensing of pin IRQ.

Bit0

IEGO Description

0 Falling edge of IRQg pin input is detected (initial value)

1 Rising edge of IRQy pin input is detected

2. Interrupt enable register 1 (IENR1)
Bit 7 6 5 4 3 2 1 0

ENTA | — [Enwe| — | — [iEnecz| ENnt | iENO

Initial value 0 — 0 — — 0 0 0
Read/Write R/W w R/W w w R/W R/W R/W

IENRI1 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 interrupt requests (initial value)

1 Enables timer A interrupt requests

Bit 6: Reserved bit

Bit 6 is reserved; only 0 can be written to this bit.
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Bit 5: Wakeup interrupt enable (IENWP)

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

Bit5

IENWP Description

0 Disables WKP7 to WKP interrupt requests (initial value)
1 Enables WKP7 to WKPy interrupt requests

Bits 4 and 3: Reserved bits
Bits 4 and 3 are reserved; only 0 can be written to these bits.
Bit 2: IRQAEC interrupt enable (IENEC2)

Bit 2 enables or disables IRQAEC interrupt requests.

Bit 2

IENEC2 Description

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

Bits 1 and 0: IRQ; and IRQ interrupt enable (IEN1 and IENQ)

Bits 1 and 0 enable or disable IRQ; and IRQ, interrupt requests.

Bitn
IENnN Description
0 Disables interrupt requests from pin IRQn (initial value)
1 Enables interrupt requests from pin IRQn
(n=1o0r0)
3. Interrupt enable register 2 (IENR2)
Bit 7 6 5 4 3 2 1 0
IENDT | IENAD | — | — [IENTFH|IENTFL| — | IENEC |
Initial value 0 0 — — 0 0 — 0
Read/Write R/W R/W W W R/W R/W W R/W
IENR?2 is an 8-bit read/write register that enables or disables interrupt requests.
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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.

Bit 6

IENAD Description

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

Bits 5 and 4: Reserved bits
Bits 5 and 4 are reserved: only 0 can be written to these bits.
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 interrupt requests (initial value)
1 Enables timer FH interrupt requests

Bit 2: Timer FL interrupt enable (IENTFL)

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

Bit 2

IENTFL Description

0 Disables timer FL interrupt requests (initial value)
1 Enables timer FL interrupt requests
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Bit 1: Reserved bit
Bit 1 is reserved; only 0 can be written to this bit.
Bit 0: Asynchronous event counter interrupt enable (IENEC)

Bit 0 enables or disables asynchronous event counter interrupt requests.

Bit0

IENEC Description

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

For details of SCI3 interrupt control, see 10.2.6. Serial control register 3 (SCR3).

4. Interrupt request register 1 (IRR1)

Bit 7 6 5 4 3 2 1 0
RRIA| — | — | — | — |RRec2| RRi1 | IRRIO |

Initial value 0 — 1 — — 0 0 0

Read/Write R/W* w — W W RW* RW* RW*

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

IRRI1 is an 8-bit read/write register, in which a corresponding flag is set to 1 when a timer A.
IRQAEC or IRQ1, IRQy interrupt is requested. The flags are not cleared automatically when an
interrupt is accepted. It is necessary to write 0 to clear each flag.

Bit 7: Timer A interrupt request flag (IRRTA)

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 from H'FF to H'00

Bits 6, 4, and 3: Reserved bits
Bits 6, 4, and 3 are reserved: only 0 can be written to these bits.
Bit 5: Reserved bit

Bit 5 is reserved; it is always read as 1 and cannot be modified.
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Bit 2: IRQAEC interrupt request flag (IRREC2)

Bit 2
IRREC2 Description
0 Clearing conditions: (initial value)

When IRREC2 = 1, it is cleared by writing O

Setting conditions:
When pin IRQAEC is designated for interrupt input and the designated signal edge is
input

Bits 1 and 0:

IRQ; and IRQ interrupt request flags (IRRI1 and IRRIO)

Bitn
IRRIn Description
0 Clearing conditions: (initial value)
When IRRIn =1, it is cleared by writing 0
1 Setting conditions:
When pin IRQn is designated for interrupt input and the designated signal edge is
input
(n=10r0)
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5. Interrupt request register 2 (IRR2)

Bit

Initial value
Read/Write

7 6 5 4 3 2 1 0
IRRDT | RRAD| — | — |IRRTFH|IRRTFL| — | IRREC |
0 0 — — 0 0 — 0
RW*  RW* W w RW* RW* w R/W *

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

IRR2 is an 8-bit read/write register, in which a corresponding flag is set to 1 when a direct
transfer, A/D converter, Timer FH, or Timer FL asynchronous event counter interrupt is requested.
The flags are not cleared automatically when an interrupt is accepted. It is necessary to write 0 to

clear each flag.

Bit 7: Direct transfer interrupt request flag (IRRDT)

Bit7

IRRDT Description

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

1 Setting conditions:

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

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

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 cleared to 0 in ADSR

Bits 5 and 4: Reserved bits

Bits 5 and 4 are reserved; only 0 can be written to these bits.
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Bit 3: Timer FH interrupt request flag (IRRTFH)

Bit 3

IRRTFH Description

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

1 Setting conditions:

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

Bit 2: Timer FL interrupt request flag (IRRTFL)

Bit 2

IRRTFL Description

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

1 Setting conditions:

When TCFL and OCRFL match in 8-bit timer mode

Bit 1: Reserved bit
Bit 1 is reserved; only 0 can be written to this bit.

Bit 0: Asynchronous event counter interrupt request flag (IRREC)

Bit0

IRREC Description

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

1 Setting conditions:
When ECH overflows in 16-bit counter mode, or ECH or ECL overflows in 8-bit
counter mode
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6. Wakeup Interrupt Request Register (IWPR)

Bit 7 6 5 4 3 2 1 0
| IWPF7 | IWPF6 | IWPF5 | IWPF4 | IWPF3 | IWPF2 | IWPF1 | IWPFO |
Initial value 0 0 0 0 0 0 0 0

Read/Write RW* RW* RW* RW* RW* RW* RW* RW"
Note: * Only a write of O for flag clearing is possible

IWPR is an 8-bit read/write register containing wakeup interrupt request flags. When one of pins
WT to WO is designated for wakeup input and a rising or falling edge is input at that pin. the
corresponding flag in IWPR is set to 1. A flag is not cleared automatically when the
corresponding interrupt is accepted. Flags must be cleared by writing 0.

Bits 7 to 0: Wakeup interrupt request flags (IWPF7 to IWPFO0)

Bitn
IWPFn Description
0 Clearing conditions: (initial value)
When IWPFn= 1, it is cleared by writing 0
1 Setting conditions:
When pin WKP,, is designated for wakeup input and a rising or falling edge is input at
that pin
(n=7to0)
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7. Wakeup Edge Select Register (WEGR)

Bit 7 6 5 4 3 2 ] 0
WKEGST WKEGS#WKEGS5WKEGS4‘WKEGSS‘WKEGS2‘WKEGS1‘WKEGSO
Initial value 0 0 0 0 0 0 0 0

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

WEGR is an 8-bit read/write register that specifies rising or falling edge sensing for pins WKPn.
WEGR is initialized to H'00 by a reset.
Bit n: WKPn edge select (WKEGSn)

Bit n selects WKPn pin input sensing.

Bitn

WKEGSn  Description

0 WKPn pin falling edge detected (initial value)
1 WKPn pin rising edge detected

(n=71t00)

3.33 External Interrupts
There are 11 external interrupts: WKP7 to WKP, IRQ; to IRQg, and IRQAEC.
1. Interrupts WKP7 to WKPg

Interrupts WKP- to WKP, are requested by either rising or falling edge input to pins WKP; to
WKP,. When these pins are designated as pins WKP5 to WKP, in port mode register 5 and a
rising or falling edge is input, the corresponding bit in IWPR is set to 1, requesting an interrupt.
Recognition of wakeup interrupt requests can be disabled by clearing the IENWP bit to 0 in
IENR1. These interrupts can all be masked by setting the I bit to 1 in CCR.

When WKP5 to WKPj interrupt exception handling is initiated, the I bit is set to 1 in CCR. Vector
number 9 is assigned to interrupts WKP7 to WKP;. All eight interrupt sources have the same
vector number, so the interrupt-handling routine must discriminate the interrupt source.
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2. Interrupts IRQ; and IRQ,

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

When these pins are designated as pins IRQ; and IRQy in port mode register B and 2 and the
designated edge is input, the corresponding bit in IRR1 is set to 1, requesting an interrupt.
Recognition of these interrupt requests can be disabled individually by clearing bits IEN1 and
IENO to 0 in IENR1. These interrupts can all be masked by setting the I bit to 1 in CCR.

When IRQ; and IRQg interrupt exception handling is initiated, the I bit is set to 1 in CCR. Vector
numbers 5 and 4 are assigned to interrupts IRQ4 and IRQg. The order of priority is from IRQq
(high) to IRQ; (low). Table 3.2 gives details.

3. IRQAEC Interrupt

The IRQAEC interrupt is requested by an input signal to pin IRQAEC. This interrupt is detected
by rising edge, falling edge. or both edge sensing. depending on the settings of bits ATAGSI and
ATAGSO0 in AEGSR.

When bit IENEC2 in IENRI1 is 1 and the designated edge is input, the corresponding bit in IRR1 is
set to 1, requesting an interrupt.

When IRQAEC interrupt exception handling is initiated, the I bit is set to 1 in CCR. Vector
number 6 is assigned to the IRQAEC interrupt. Table 3.2 gives details.

3.34 Internal Interrupts

There are 7 internal interrupts that can be requested by the on-chip peripheral modules. When a
peripheral module requests an interrupt, the corresponding bit in IRR1 or IRR2 is set to 1.
Recognition of individual interrupt requests can be disabled by clearing the corresponding bit in
IENRI1 or IENR2. All these interrupts can be masked by setting the I bit to 1 in CCR. When
internal interrupt handling is initiated, the I bit is set to 1 in CCR. Vector numbers from 20 to 18,
15,14, 12, and 11 are assigned to these interrupts. Table 3.2 shows the order of priority of
interrupts from on-chip peripheral modules.
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3.3.5 Interrupt Operations

Interrupts are controlled by an interrupt controller. Figure 3.2 shows a block diagram of the
interrupt controller. Figure 3.3 shows the flow up fo interrupt acceptance.

Interrupt controller

External or D_iD—'—h

internal
interrupts

I— ==l
X request

Y
Priority decision logic

External
interrupts or

[+

—
internal D—

[

interrupt
enable
signals

| ] ccrcpu)

Figure 3.2 Block Diagram of Interrupt Controller
Interrupt operation is described as follows.

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

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

* From among the interrupts with interrupt request flags set to 1, the interrupt controller selects
the interrupt request with the highest priority and holds the others pending. (Refer to table 3.2
for a list of interrupt priorities.)

» 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 I, the interrupt request is held pending.
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+ If the interrupt is accepted, after processing of the current instruction is completed, both PC
and CCR are pushed onto the stack. The state of the stack at this time is shown in figure 3.4.
The PC value pushed onto the stack is the address of the first instruction to be executed upon
return from interrupt handling.

* The I bit of CCR is set to 1, masking 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).

ta

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

| Program execution state ‘

IRRIT =1

No

Yes

‘ PC contents saved

Y

‘ CCR contents saved

1

‘ |1

Y

Branch to interrupt
handling routine

Notation:

PC: Program counter

CCR: Condition code register
I: | bit of CCR
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SP-4 SP (R7) —=
SP-3 SP+1
SP-2 SP+2
SP -1 SP+3
SP (R7) —= SP+4
Prior to start of interrupt  —————————= After completion of interrupt
exception handling PC and CCR exception handling
saved to stack
Notation:
PCy:  Upper 8 bits of program counter (PC)
PC.: Lower 8 bits of program counter (PC)
CCR: Condition code register
SP: Stack pointer

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

return from the interrupt handling routine.

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

* |gnored on return.

Even address

Figure 3.4 Stack State after Completion of Interrupt Exception Handling

Figure 3.5 shows a typical interrupt sequence.
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Figure 3.5 Interrupt Sequence
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3.3.6 Interrupt Response Time

Table 3.4 shows the number of wait states after an interrupt request flag is set until the first
instruction of the interrupt handler is executed.

Table 3.4  Interrupt Wait States

Item States Total
Waiting time for completion of executing instruction* 1t013 1510 27
Saving of PC and CCR to stack 4

Vector fetch

Instruction fetch

Eo R N

Internal processing

Note: *Not including EEPMOV instruction.
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3.4 Application Notes

34.1 Notes on Stack Area Use

When word data is accessed in the H8/3802 Series, the least significant bit of the address is
regarded as 0. Access to the stack always takes place in word size, so the stack pointer (SP: R7)
should never indicate an odd address. Use PUSH Rn (MOV.W Rn. @-SP) or POP Rn (MOV.W
(@SP+, Rn) to save or restore register values.

Setting an odd address in SP may cause a program to crash. An example is shown in figure 3.6.

| PCx | SP — R1L H'FEFC
SP— PCL PCL H'FEFD
sl ] I | HFEFF
BSR instruction MOV. B RI1L, @-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 3.6 Operation when Odd Address is Set in SP

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

78
HITACHI




3.4.2 Notes on Rewriting Port Mode Registers

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

When an external interrupt pin function is switched by rewriting the port mode register that
controls pins IRQAEC, IRQ;. IRQ,, 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 Setto 1 Conditions

IRR1 IRREC2 When the edge designated by AIEGS1 and AIEGSO0 in AEGSR is input while
IENEC2 in |[ENRI is set to 1.

IRRI1 When PMRB bit IRQ1 is changed from 0 to 1 while pin IRQ; is low and IEGR

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

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

IWPR IWPF7 When PMRS5 bit WKP?7 is changed from 0 to 1 while pin WKP7 is low.
IWPF6  When PMR5 bit WKP6 is changed from 0 to 1 while pin WKPg is low.
IWPF5 When PMRS5 bit WKP5 is changed from 0 to 1 while pin WKP5 is low.
IWPF4 When PMRS5 bit WKP4 is changed from 0 to 1 while pin WKPy is low.
IWPF3 When PMRS5 bit WKP3 is changed from 0 to 1 while pin WKP3 is low.
IWPF2  When PMR5 bit WKP2 is changed from 0 to 1 while pin WKP5 is low.
IWPF1 When PMRS5 bit WKP1 is changed from 0 to 1 while pin WKP is low.
IWPFO When PMRS5 bit WKPO is changed from 0 to 1 while pin WKPg is low.

Figure 3.7 shows the procedure for setting a bit in a port mode register and clearing the interrupt
request flag.

When switching a pin function, mask the interrupt before setting the bit in the port mode register.
After accessing the port mode register. execute at least one 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.
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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
‘ CCR | bit < 1 ‘ ---------- is to disable the relevant interrupt in
: interrupt enable register 1.)

‘ Set port mode register bit ‘

‘ After setting the port mode register bit,
first execute at least one instruction
(e.g., NOP), then clear the interrupt

‘ request flag to 0

‘ Execute NOP instruction ‘ --------

‘ Clear interrupt request flag to 0 ‘

‘ CCR I bit«0 ‘ ---------- Interrupt mask cleared

Figure 3.7 Port Mode Register Setting and Interrupt Request Flag Clearing Procedure

343 Interrupt Request Flag Clearing Method

Use the following recommended method for flag clearing in the interrupt request registers (IRR1.
IRR2, and TWPR).

Recommended Method: Perform flag clearing with only one instruction. Either a bit
manipulation instruction or a data transfer instruction in bytes can be used. Two examples of
coding for clearing IRRII (bit 1 in IRR1) are shown below:

+ BCLR #1,@IRRI1:8
* MOV.BRIL.@IRRI:8 (SetB'11111101 into R1L in advance)

Malfunction Example: When flag clearing is performed with several instructions, a flag, other
than the intended one, which was set while executing one of those instructions may be accidentally
cleared. and thus cause incorrect operations to occur.

An example of coding for clearing IRRI1 (bit 1 in IRR1), in which IRRIO is also cleared and the
interrupt becomes invalid is shown below.
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In the above example, an IRQO interrupt occurs while the AND.B instruction is executed. Since
not only the original target IRRI1, but also IRRIO is cleared to 0, the IRQO interrupt becomes
invalid.
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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.

QJOSO"Z
0sC Gosc -
1—™ System clock - System clock 20sc/1281— @
0OSCy=— oscillator (fosc) divider (1/2) System ﬁoscf'ﬁd_
d?lpé:k 20sc/32, | | Prescaler S | fgz
VICeT loosc/16 | (3bits) 1 58192
System clock pulse generator L
ow’2 N = By
X1—=1 Subclock | oW, S;il\):i:clic;?k ow/4 — = Oss
Xg=si— oscillator | (f,,) (172, 1/4. 1/8) oy /8 ' B
= Oy
= oy /4
- /8
o Prescaler W | | %W

Subclock pulse generator ; - '
_____________ kv (5bits) | o,/128

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 o and ogyp. Four
of the clock signals have names: o is the system clock, ogyp is the subclock, eggc is the oscillator
clock, and evy is the watch clock.

The clock signals available for use by peripheral modules are o/2, 0/4, 0/8, 0/16, 0/32. /64, 0/128,
0/256, 9/512, 0/1024, 0/2048, 0/4096, 0/8192, ow. ow/2. ow/4. ow/8. ow/16, ow/32. oy /64, and
ow/128. The clock requirements differ from one module to another.
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4.2 System Clock Generator

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

1. Connecting a crystal oscillator

Figure 4.2 shows a typical method of connecting a crystal oscillator.

Rf =1MQ +20%

Cy
oscy el &' C;
R; [ Crystal Recommendation
0SC, }_77[7 Frequency |oscillator | value
Cz

419 MHz [NDK 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.

0SC; =—1 $—= 0SC,

Figure 4.3 Equivalent Circuit of Crystal Oscillator

Table 4.1  Crystal Oscillator Parameters

Frequency (MHz) 4.193
RS max (Q) 100
Cg max (pF) 16
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2. Connecting a ceramic oscillator

Figure 4.4 shows a typical method of connecting a ceramic oscillator.

0OSC+

0OSCy

Ri =1 MQ x20%

Cq
R [ }_p|7 .
requency
&

C, Cy
Ceramic Recommendation
oscillator value
4.0 MHz Murata 30 pF £10%

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

0S8C+

0SC»

Figure 4.5 Board Design of Oscillator Circuit
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4. External clock input method

Connect an external clock signal to pin OSCy, and leave pin OSC, open. Figure 4.6 shows a
typical connection.

0osCy —— | | | External clock input

08C2 ————— Open

Figure 4.6 External Clock Input (Example)

Frequency Oscillator Clock (6gsc)

Duty cycle 45% to 55%

Note: The circuit parameters above are recommended by the crystal or ceramic oscillator
manufacturer.

The circuit parameters are affected by the crystal or ceramic oscillator and floating
capacitance when designing the board. When using the oscillator, consult with the crystal
or ceramic oscillator manufacturer to determine the circuit parameters.
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4.3 Subclock Generator
1. Connecting a 32.768 kHz/38.4 kHz crystal oscillator

Clock pulses can be supplied to the subclock divider by connecting a 32.768 kHz/38.4 kHz crystal
oscillator, as shown in figure 4.7. Follow the same precautions as noted under 3. notes on board
design for the system clock in 4.2.

. v C1 =Cy = 15 pF (typ)
R
L] Frequency | Crystal oscillator Products Name
Y S E— )—WL 32.768 kHz | Nihon Denpa Kogyo |MX73P
Co

38.4 kHz Seiko Instrument Inc.| VTC-200

Figure 4.7 Typical Connection to 32.768 kHz/38.4 kHz Crystal Oscillator (Subclock)

Figure 4.8 shows the equivalent circuit of the 32.768 kHz/38.4 kHz crystal oscillator.

00 N NNN—
Ls Rs

X1 - - X2

Co Cp =1.5pF typ
Rg =14 kQ typ
fyy = 32.768 kHz/38.4kHz

Figure 4.8 Equivalent Circuit of 32.768 kHz/38.4 kHz Crystal Oscillator
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2. Pin connection when not using subclock
When the subclock is not used, connect pin X; to GND and leave pin X, open, as shown in

figure 4.9.

X
1 7J7 GND

X2 f—— Open

Figure 4.9 Pin Connection when not Using Subclock
3. External clock input

Connect the external clock to the X1 pin and leave the X2 pin open. as shown in figure 4.10.

?VCC
X1 External clock input

X2 —— Open

Figure 4.10 Pin Connection when Inputting External Clock

Frequency Subclock (sw)
Duty 45% to 55%
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4.4 Prescalers

The H8/3802 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 (o) 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 or 38.4 kHz signal divided by 4 (ow/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 F, SCI3, the A/D converter, the LCD
controller, and the 10-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 oosc/16, @osc/32, eosc/64. or
oosc/128.

2. Prescaler W (PSW)

Prescaler W is a 5-bit counter using a 32.768 kHz/38.4 kHz signal divided by 4 (ow/4) as its input
clock.

Prescaler W is initialized to H'00 by a reset, and starts counting on exit from the reset state.

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

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

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

Oscillator characteristics are closely related to board design and should be carefully evaluated by
the user in mask ROM and ZTAT™ versions, referring to the examples shown in this section.
Oscillator circuit constants will differ depending on the oscillator element. stray 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.

Pe3 [ ] —
e I~

Vss :l {
0SC2 :|-/_(‘—j_J
osci |~ —
TesT [ | =

Figure 4.11 Example of Crystal and Ceramic Oscillator Element Arrangement

4.5.1 Definition of Oscillation Settling Standby Time

Figure 4.12 shows the oscillation waveform (OSC2), system clock (), and microcomputer
operating mode when a transition is made from standby mode, watch mode, or subactive mode, to
active (high-speed/medium-speed) mode, with an oscillator element connected to the system clock
oscillator.

As shown in figure 4.12, as the system clock oscillator is halted in standby mode, watch mode,
and subactive mode, when a transition is made to active (high-speed/medium-speed) mode, the
sum of the following two times (oscillation settling time and standby time) is required.
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1. Oscillation settling time (t,.)

The time from the point at which the system clock oscillator oscillation waveform starts to change
when an interrupt is generated, until the amplitude of the oscillation waveform increases and the
oscillation frequency stabilizes.

2. Standby time

The time required for the CPU and peripheral functions to begin operating after the oscillation
waveform frequency and system clock have stabilized.

The standby time setting is selected with standby timer select bits 2 to 0 (STS2 to STS0) (bits 6 to
4 in system control register 1 (SYSCR1)).

Oscillation
waveform
(0SC2)

System clock

(o)

Oscillation
seftling time
T

Standby time

Standby mode,

Operating  watch mode, I ) . Active (high-speed) mode or
mode or subactive Oscillation settling standby time active (medium-speed) mode

mode

Interrupt accepted
Figure 4.12 Oscillation Settling Standby Time

When standby mode, watch mode, or subactive mode is cleared by an interrupt or reset, and a
transition is made to active (high-speed/medium-speed) mode, the oscillation waveform begins to
change at the point at which the interrupt is accepted. Therefore, when an oscillator element is
connected in standby mode, watch mode, or subactive mode, since the system clock oscillator is
halted, the time from the point at which this oscillation waveform starts to change until the
amplitude of the oscillation waveform increases and the oscillation frequency stabilizes—that is,
the oscillation settling time—is required.
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The oscillation settling time in the case of these state transitions is the same as the oscillation
settling time at power-on (the time from the point at which the power supply voltage reaches the
prescribed level until the oscillation stabilizes), specified by "oscillation settling time t¢" in the
AC characteristics.

Meanwhile, once the system clock has halted, a standby time of at least 8 states is necessary in
order for the CPU and peripheral functions to operate normally.

Thus, the time required from interrupt generation until operation of the CPU and peripheral
functions is the sum of the above described oscillation settling time and standby time. This total
time is called the oscillation settling standby time, and is expressed by equation (1) below.

Oscillation settling standby time = oscillation settling time + standby time
=t_+ (8 t0 16,384 states)  .eeeeeveneens (1)

Therefore, when a transition is made from standby mode, watch mode, or subactive mode, to
active (high-speed/medium-speed) mode, with an oscillator element connected to the system clock
oscillator, careful evaluation must be carried out on the installation circuit before deciding on the
oscillation settling standby time. In particular, since the oscillation settling time is affected by
installation circuit constants, stray capacitance. and so forth. suitable constants should be
determined in consultation with the oscillator element manufacturer.

4.5.2 Notes on Use of Crystal Oscillator Element (Excluding Ceramic Oscillator
Element)

When a microcomputer operates, the internal power supply potential fluctuates slightly in
synchronization with the system clock. Depending on the individual crystal oscillator element
characteristics, the oscillation waveform amplitude may not be sufficiently large immediately after
the oscillation settling standby time, making the oscillation waveform susceptible to influence by
fluctuations in the power supply potential. In this state, the oscillation waveform may be
disrupted. leading to an unstable system clock and erroneous operation of the microcomputer.

If erroneous operation occurs, change the setting of standby timer select bits 2 to 0 (STS2 to
STSO0) (bits 6 to 4 in system control register 1 (SYSCR1)) to give a longer standby time.

For example, if erroneous operation occurs with a standby time setting of 16 states, check the
operation with a standby time setting of 1,024 states or more.

If the same kind of erroneous operation occurs after a reset as after a state transition. hold the RES
pin low for a longer period.
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Section 5 Power-Down Modes

5.1 Overview

The H8/3802 Series has nine modes of operation after a reset. These include eight power-down
modes, in which power dissipation is significantly reduced. Table 5.1 gives a summary of the eight
operating modes.

Table 5.1 Operating Modes

Operating Mode Description

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

Active (medium-speed) mode The CPU and all on-chip peripheral functions are operable on
the system clock in low-speed operation

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

Sleep (high-speed) mode The CPU halts. On-chip peripheral functions are operable on
the system clock

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

Subsleep mode The CPU halts. The time-base function of timer A, timer F,
SCI3, AEC and LCD controller/driver are operable on the
subclock

Watch mode The CPU halts. The time-base function of timer A, timer F,
AEC and LCD controller/driver are operable on the subclock

Standby mode The CPU and all on-chip peripheral functions halt

Module standby mode Individual on-chip peripheral functions specified by software

enter standby mode and halt

Of these nine operating modes, all but the active (high-speed) mode are power-down modes. In
this section the two active modes (high-speed and medium speed) will be referred to collectively
as active mode.
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Figure 5.1 shows the transitions among these operation modes. Table 5.2 indicates the internal
states in each mode.

Mode Transition Conditions (1)

Reset state

Program
halt state

Standby
mode

1

1

1

|

[ (=1 '

# = i

Bs| &8 |

o5 (@3 |

< e ;

Yy ~ '

Active '

(medium-speed) (medium-speed) |

mode mode !

Y :

2 £ T !
i ns |los i
5| |Wg =

@2 |d2 :

! ' gl |72 i
| ' Y |
~ SLEEP !
1

1

1

Program Program
execution state halt state

\  SLEEP !
Active \ instruction™® | Sleep
(high-speed) i | (high-speed)
mode d

Subactive

e # mode

B *g )y
:lnstructlon : Subsleep

mode

D Power-down modes
Mode Transition Conditions (2)

LSON MSON SSBY TMA3 DTON Interrupt Sources
a 0 0 0 * 0 1 Timer A, Timer F interrupt, IRQg interrupt, WKP; to
b 0 1 0 # 0 WKPy interrupts
c 1 i 0 1 0 2 Timer A, Timer F, SCI3 interrupt, IRQ; and IRQ,
d 0 " 1 0 0 interrupts, IRQAEC, WKP; to WKP, interrupts, AEC
e @ @ 1 1 0 3 All interrupts
f 0 0 0 s 1 4 IRQ4 or IRQq interrupt, WKP; to WKP, interrupts
g 0 1 0 # 1
h 0 1 1 1 1
i 1 * 1 1 1
j 0 0 1 1 1
* Don't care
Notes: 1. A transition between different modes cannot be made to occur simply because an interrupt
request is generated. Make sure that interrupt handling is performed after the interrupt is
accepted.
2. Details on the mode transition conditions are given in the explanations of each mode,
in sections 5-2 through 5-8.
Figure 5.1 Mode Transition Diagram
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Table 5.2

Internal State in Each Operating Mode

Active Mode Sleep Mode
High- Medium- High- Medium- Watch Subactive Subsleep  Standby
Function Speed Speed Speed Speed Mode Mode Mode Mode
System clock oscillator Functions Functions Functions Functions Halted Halted Halted Halted
Subclock oscillator Functions Functions Functions Functions Functions Functions  Functions  Functions
CPU Instructions Functions Functions Halted Halted Halted Functions  Halted Halted
operations RAM Retained Retained Retained Retained Retained
Registers
110 ports Retained™
External IRQ, Functions Functions Functions Functions Functions Functions  Functions  Functions
interrupts  IRQ, Retained™
IRQAEC Retained™
WKP, Functions Functions Functions Functions Functions Functions  Functions  Functions
WKP,
WKP,
WKP,
WKP,
WKP,
WKP,
WKP.
Perpheral Timer A Functions Functions Functions Functions Functions™ Functions™ Functions™ Retained
functions  Asynchronous Functions™ Functions  Functions  Functions™
counter
Timer F Functions/ Functions/  Functions/ Retained
Retained”™ Retained” Retained”
SCI3 Reset Functions/  Functions/ Reset
Retained” Retained™
PWM Retained Retained Retained Retained
A/D converter Retained Retained Retained Retained
LCD Functions/ Functions/  Functions/ Retained
Retained” Retained” Retained”
Motes: 1. Register contents are retained, but output is high-impedance state.
2. Functions if @,,/2 is selected as the internal clock; otherwise halted and retained.
3. Functions if 8,,,, @,,/2 or @,,/4 is selected as the operating clock; otherwise halted and retained.
4. Functions if the timekeeping time-base function is selected.
5. External interrupt requests are ignored. Interrupt request register contents are not altered.
6. Incrementing is possible, but interrupt generation is not.
7. Functions if the e,,/4 internal clock is selected; otherwise halted and retained.
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5.1.1 System Control Registers

The operation mode is selected using the system control registers described in table 5.3.

Table 5.3  System Control Registers

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'FO H'FFF1

1. System control register 1 (SYSCRI)

Bit

Initial value
Read/Write

7 6 5 4 3 2 1 0
ssBY | sts2 | sts1 | stso [ LsoN | — | wat | mao
0 0 0 0 0 ] 1 ]
RW RW RW RW RW  — RW  RW

SYSCRI is an 8-bit read/write register for control of the power-down modes.

Upon reset, SYSCRI1 is initialized to H'07.

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, (initial value)
a transition is made to sleep mode
*  When a SLEEP instruction is executed in subactive mode, a transition is made to
subsleep mode
1 * When a SLEEP instruction is executed in active mode, a transition is made to
standby mode or watch mode
*  When a SLEEP instruction is executed in subactive mode, a transition is made to
watch mode
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Bits 6 to 4: Standby timer select 2 to 0 (STS2 to STS0)

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

Bit6 Bit5 Bit4

STS2 sST81 STSO Description

0 0 0 Wait time = 8,192 states (initial value)
0 0 1 Wait time = 16,384 states

0 1 0 Wait time = 1,024 states

0 1 1 Wait time = 2,048 states

1 0 0 Wait time = 4,096 states

1 0 1 Wait time = 2 states (External clock mode)
1 1 0 Wait time = 8 states

1 1 1 Wait time = 16 states

Note: In the case that external clock is input, set up the “Standby timer select” selection to
External clock mode before Mode Transition. Also, do not set up to external clock mode, in
the case that it does not use external clock.

Bit 3: Low speed on flag (LSON)

This bit chooses the system clock (@) or subclock (egyg) 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 (@) (initial value)
1 The CPU operates on the subclock (2SUB)

Bits 2: Reserved bit

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

Bits 1 and 0 choose 045:/128. 040/64. 0/32. OF 044:/16 as the operating clock in active (medium-
speed) mode and sleep (medium-speed) mode. MA1 and MAO should be written in active (high-
speed) mode or subactive mode.

Bit 1 Bit0

MA1 MAO Description

0 0 Bosd 16

0 1 Bosd/32

1 0 00564

1 1 Posd 128 (initial value)

2. System control register 2 (SYSCR2)

Bit 7 6 5 4 3 2 1 0

| — | — | — |n~eseL|Dron | mson| sar | sao
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — RW RW 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 (o) generated by the subclock
pulse generator is sampled, in relation to the oscillator clock (eggc) generated by the system clock
pulse generator. When opgc =2 to 16 MHz, clear NESEL to 0.

Bit4

NESEL Description

0 Sampling rate is @n5c/16

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

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

Bit3
DTON Description
0 »  When a SLEEP instruction is executed in active mode, (initial value)
a fransition 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, or to active (medium-speed) mode if SSBY = 1, TMA3 = 1, LSON = 0, and
MSON =1

Bit 2: Medium speed on flag (MSON)

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

Bit 2

MSON Description

0 Operation in active (high-speed) mode (initial value)
1 Operation in active (medium-speed) mode
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Bits 1 and 0: Subactive mode clock select (SA1 and SA0Q)

These bits select the CPU clock rate (oy/2. ow/4. or ow/8) in subactive mode. SA1 and SA0
cannot be modified in subactive mode.

Bit 1 Bit0
SA1 SA0Q Description
0 0 o8 (initial value)
0 1 ow/4
1 B o2

*: Don't care
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5.2 Sleep Mode

521 Transition to Sleep Mode
1. Transition to sleep (high-speed) mode

The system goes from active mode to sleep (high-speed) mode when a SLEEP instruction is
executed while the SSBY and LSON bits in SYSCRI are cleared to 0, the MSON and DTON bits
in SYSCR2 are cleared to 0. In sleep mode CPU operation is halted but the on-chip peripheral
functions. CPU register contents are retained.

2. Transition to sleep (medium-speed) mode

The system goes from active mode to sleep (medium-speed) mode when a SLEEP instruction is
executed while the SSBY and LSON bits in SYSCRI1 are cleared to 0, the MSON bit in SYSCR2
is set to 1, and the DTON bit in SYSCR2 is cleared to 0. In sleep (medium-speed) mode, as in
sleep (high-speed) mode, CPU operation is halted but the on-chip peripheral functions are
operational. The clock frequency in sleep (medium-speed) mode is determined by the MA1 and
MAUO bits in SYSCR1. CPU register contents are retained.

Furthermore, it sometimes acts with half state early timing at the time of transition to sleep
(medium-speed) mode.

522 Clearing Sleep Mode

Sleep mode is cleared by any interrupt (timer A, timer F, asynchronous counter, IRQAEC, IRQ,
IRQq, WKP; to WKPy, SCI3, A/D converter), or by input at the RES pin.

* Clearing by interrupt

When an interrupt is requested. sleep mode is cleared and interrupt exception handling starts. A
transition is made from sleep (high-speed) mode to active (high-speed) mode, or from sleep
(medium-speed) mode to active (medium-speed) mode. Sleep 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.

Interrupt signal and system clock are mutually asynchronous. Synchronization error time in a
maximum is 2/e (s).

* 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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5.2.3 Clock Frequency in Sleep (Medium-Speed) Mode

Operation in sleep (medium-speed) mode is clocked at the frequency designated by the MA1 and
MAUO bits in SYSCRI.

5.3 Standby Mode

5.3.1 Transition to Standby Mode

The system goes from active mode to standby mode when a SLEEP instruction is executed while
the SSBY bit in SYSCRI is set to 1, the LSON bit in SYSCRI is cleared to 0, and bit TMA3 in
TMA is cleared to 0. In standby mode the clock pulse generator stops. so the CPU and on-chip
peripheral modules stop functioning, but as long as the rated voltage is supplied, the contents of
CPU registers, on-chip RAM, and some on-chip peripheral module registers are retained. On-chip
RAM contents will be further retained down to a minimum RAM data retention voltage. The I/O
ports go to the high-impedance state.

5.3.2 Clearing Standby Mode

Standby mode is cleared by an interrupt (IRQq or IRQg), WKP7 to WKP or by input at the RES
pin.

* Clearing by interrupt

When an interrupt is requested, the system clock pulse generator starts. After the time set in bits
STS2 to STSO0 in SYSCRI1 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. After the pulse generator
output has stabilized, if the RES pin is driven high, the CPU starts reset exception handling. Since
system clock signals are supplied to the entire chip as soon as the system clock pulse generator
starts functioning, the RES pin should be kept at the low level until the pulse generator output
stabilizes.
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533 Oscillator Settling Time after Standby Mode is Cleared
Bits STS2 to STS0 in SYSCRI 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 fora

waiting time at least as long as the oscillation settling time.

Table 5.4  Clock Frequency and Settling Time (times are in ms)

sTS2 STS1 STSO Waiting Time 5 MHz 2 MHz
0 0 0 8,192 states 1638 4.1

0 0 1 16,384 states 3.277 8.2

0 1 0 1,024 states 0.205 0.512
0 1 1 2,048 states 0.410 1.024
1 0 4,096 states 0.819 2.048
1 1 2 states 0.0004 0.001

(Use prohibited)

1 1 0 8 states 0.0002 0.004
1 1 1 16 states 10.003 10.008

» When an external clock is used

STS2 =1, STS1 =0, and STS0 = 1 should be set. Other values possible use, but CPU sometimes

will start operation before waiting time completion.

HITACHI
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5.34 Standby Mode Transition and Pin States

When a SLEEP instruction is executed in active (high-speed) mode or active (medium-speed)
mode while bit SSBY is set to 1 and bit LSON is cleared to 0 in SYSCRI1, and bit TMA3 is
cleared to 0 in TMA, a transition is made to standby mode. At the same time, pins go to the high-
impedance state (except pins for which the pull-up MOS is designated as on). Figure 5.2 shows
the timing in this case.

Internal data bus XSLEEP instruction fetch XFetch of next instruction X

SLEEP instruction execution Internal prbcessing
- - -

Pins Port output X High-impedance

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

Figure 5.2 Standby Mode Transition and Pin States
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535 Notes on External Input Signal Changes before/after Standby Mode

L.

ta

When external input signal changes before/after standby mode or watch mode

When an external input signal such as IRQ, WKP, or IRQAEC is input, both the high- and
low-level widths of the signal must be at least two cycles of system clock o or subclock esURB
(referred to together in this section as the internal clock). As the internal clock stops in
standby mode and watch mode, the width of external input signals requires careful attention
when a transition is made via these operating modes. Ensure that external input signals
conform to the conditions stated in 3, Recommended timing of external input signals, below

When external input signals cannot be captured because internal clock stops

The case of falling edge capture is illustrated in figure 5.3

As shown in the case marked "Capture not possible.” when an external input signal falls
immediately after a transition to active (high-speed or medium-speed) mode or subactive
mode, after oscillation is started by an interrupt via a different signal, the external input signal
cannot be captured if the high-level width at that point is less than 2 t. or 2 t,..

. Recommended timing of external input signals

To ensure dependable capture of an external input signal, high- and low-level signal widths of
at least 2 t.,. or 2 ... are necessary before a transition is made to standby mode or watch
mode, as shown in "Capture possible: case 1."

External input signal capture is also possible with the timing shown in "Capture possible: case
2" and "Capture possible: case 3," in whicha 2 t__or 2t level width is secured.

subcye
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possible

Operatin Active (high-speed, Wait for | Active (high-speed,
pd 9 medium-speed) mode Standby mode |oscillation] medium-speed) mode
mode or subactive mode or watch mode |to settle | or subactive mode
Clye D lye tye | i o lye
: tSUbC}"C : tSUbC}"C : tsubcyc: : : tsubc\,fc :
| | | ]
! '. ! (( L ! !
@ or eSUB | | 1 | ] 1) : )) : | | | | |
External input signal | : i : i : : :
Capture possible: ' ' ' (( (. : |
case 1 | | | A - :
Capture possible: : : : ( : (¢ : : :
case 2 _:_| i : : : :l_:_
Capture possible: : : : 0 — : :
case 3 — T | | [
I I I (( I ( I I I
Capture not | : )] )T | |

Interrupt by different

signall

Figure 5.3 External Input Signal Capture when Signal Changes before/after
Standby Mode or Watch Mode

4. Input pins to which these notes apply:
IRQ;, to IRQ,, WKP; to WKP,, IRQAEC
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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 bit in SYSCRI is set to 1 and bit TMA3 in TMA is set to 1.

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

54.2 Clearing Watch Mode

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

* Clearing by interrupt

When watch mode is cleared by interrupt, the mode to which a transition is made depends on the
settings of LSON in SYSCR1 and MSON in 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 SYSCRI bits STS2 to STSO0 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 2. Clearing by RES pin in 5.3.2,
Clearing Standby Mode.

543 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.

544 Notes on External Input Signal Changes before/after Watch Mode
See 5.3.5, Notes on External Input Signal Changes before/after Standby Mode.
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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 SYSCRI is cleared to 0. LSON bit in SYSCRI is set to 1, and TMA3 bit in
TMA is set to 1. In subsleep mode, operation of on-chip peripheral modules other than the A/D
converter, and PWM is halted. As long as a minimum required voltage is applied, the contents of
CPU registers, the on-chip RAM and some registers of the on-chip peripheral modules 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 F, asynchronous counter, SCI3,
IRQAEC, IRQ;. IRQq. WKP7 to WKPy) 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 in
the interrupt enable register.

Interrupt signal and system clock are mutually asynchronous. Synchronization error time in a
maximum is 2/0gg (8).

* Clearing by RES input

Clearing by RES pin is the same as for standby mode: see Clearing by RES pin in 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, timer F, IRQ, 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 F, asynchronous event counter, SCI3, IRQAEC, IRQ;. IRQy,
or WKP5 to WKPy 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 TMAS3 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 SYSCRI 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 Clearing by RES pin in 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 SA0 in SYSCR2. The choices
are Q“.'-":z, E’f“.f-"ll'q-, and 0“.'.-";8.
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5.7 Active (Medium-Speed) Mode

5.7.1 Transition to Active (Medium-Speed) Mode

If the RES pin is driven low, active (medium-speed) mode is entered. If the LSON bit in SYSCR2
is set to 1 while the LSON bit in SYSCRI is cleared to 0, a transition to active (medium-speed)
mode results from IRQq. IRQ; or WKP-; to WKPy interrupts in standby mode, timer A, timer F,
IRQq. or WKP5 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.

Furthermore, it sometimes acts with half state early timing at the time of transition to active
(medium-speed) mode.

5.7.2 Clearing Active (Medium-Speed) Mode
Active (medium-speed) mode is cleared by a SLEEP instruction.
* Clearing by SLEEP instruction

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

When both SSBY and LSON are cleared to 0 in SYSCRI and a SLEEP instruction is executed,
sleep mode is entered. 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 is driven low, a transition is made to the reset state and active (medium-speed)
mode is cleared.

5.7.3 Operating Frequency in Active (Medium-Speed) Mode

Operation in active (medium-speed) mode is clocked at the frequency designated by the MA1 and
MAUO bits in SYSCRI.
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5.8 Direct Transfer

5.8.1 Overview of Direct Transfer

The CPU can execute programs in three modes: active (high-speed) mode, active (medium-speed)
mode, and subactive mode. A direct transfer is a transition among these three modes without the
stopping of program execution. A direct transfer can be made by executing a SLEEP instruction
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, 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 SYSCRI1 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 SYSCRI1 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 SYSCRI are set to 1, the DTON bit in SYSCR2 is set to 1, and the 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 SYSCRI1 is set to
L. the LSON bit in SYSCRI is cleared to 0. the MSON bit in SYSCR2 is cleared to 0. the DTON
bit in SYSCR2 is set to 1. and the 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 SYSCRI1 bits STS2 to STS0
has elapsed.

111
HITACHI



* 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 SYSCRI are set to 1, the DTON bit in SYSCR2 is set to 1, and the TMAZ3 bit in TMA is set to
1. a transition is made to subactive mode via watch mode.

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

When a SLEEP instruction is executed in subactive mode while the SSBY bit in SYSCRI is set to
1. the LSON bit in SYSCRI is cleared to 0, the MSON bit in SYSCR2 is set to 1, the DTON bit in
SYSCR2 is set to 1, and the 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 SYSCRI bits STS2 to STS0
has elapsed.

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

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

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

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

Notation:
tosc: OSC clock cycle time
tcye: System clock (@) cycle time
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2. Time for direct transition from active (medium-speed) mode to active (high-speed) mode

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

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

.................................. (2)

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

Notation:
tosc: OSC clock cycle time
teyc: System clock (@) cycle time

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

A direct transition from subactive mode to active (high-speed) mode is performed by executing a
SLEEP instruction in subactive mode while bit SSBY is set to 1 and bit LSON is cleared to 0 in
SYSCRI, bit MSON is cleared to 0 and bit DTON is set to 1 in SYSCR2, and bit TMA3 is set to 1
in TMA. The time from execution of the SLEEP instruction to the end of interrupt exception
handling (the direct transition time) is given by equation (3) below.

Direct transition time = { (Number of SLEEP instruction execution states) + (number of internal
processing states) } - (tsubcyc before transition) + { (wait time set in
STS2 to STS0) + (number of interrupt exception handling execution
states) } - (tcyc after transition) L, (3)

Example: Direct transition time = (2 + 1) - 8tw + (8192 + 14) - 2tosc = 24tw + 16412tosc (when
ow/8 is selected as the CPU operating clock, and wait time = 8192 states)

Notation:

tosc: OSC clock cycle time

tw: Watch clock cycle time
teye: System clock (o) cycle time

tsubcyc:  Subclock (eSUB) cycle time

113
HITACHI



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

A direct transition from subactive mode to active (medium-speed) mode is performed by
executing a SLEEP instruction in subactive mode while bit SSBY is set to 1 and bit LSON is
cleared to 0 in SYSCRI, bits MSON and DTON are both set to 1 in SYSCR2, and bit TMA3 is set
to 1 in TMA. The time from execution of the SLEEP instruction to the end of interrupt exception
handling (the direct transition time) is given by equation (4) below.

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

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

Notation:

tosc: OSC clock cycle time

tw: Watch clock cycle time
teye: System clock (o) cycle time

tsubcyc: Subclock (eSUB) cycle time

5.8.3 Notes on External Input Signal Changes before/after Direct Transition

1. Direct transition from active (high-speed) mode to subactive mode

Since the mode transition is performed via watch mode, see 5.3.5, Notes on External Input
Signal Changes before/after Standby Mode.

2. Direct transition from active (medium-speed) mode to subactive mode

Since the mode transition is performed via watch mode, see 5.3.5, Notes on External Input
Signal Changes before/after Standby Mode.

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

Since the mode transition is performed via watch mode, see 5.3.5, Notes on External Input
Signal Changes before/after Standby Mode.

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

Since the mode transition is performed via watch mode, see 5.3.5, Notes on External Input
Signal Changes before/after Standby Mode.
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5.9 Module Standby Mode

5.9.1 Setting Module Standby Mode

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

Module standby mode is set for a particular module by setting the corresponding bit to 0 in clock
stop register 1 (CKSTPR1) or clock stop register 2 (CKSTPR2). (See table 5.5.)

5.9.2 Clearing Module Standby Mode

Module standby mode is cleared for a particular module by setting the corresponding bit to 1 in
clock stop register 1 (CKSTPRI1) or clock stop register 2 (CKSTPR2). (See table 5.5.)

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

Table 5.5
Register Name Bit Name Operation
CKSTPR1 TACKSTP 1 Timer A module standby mode is cleared
0 Timer A is set to module standby mode
TFCKSTP —1 —Timer F module standby mode is cleared
0 Timer F is set to module standby mode
ADCKSTP 1 A/D converter module standby mode is cleared
0 —ND converter is set to module standby mode
S32CKSTP 1 SCI3 module standby mode is cleared
0

SCI3 is set to module standby mode
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Register Name Bit Name

Operation

CKSTPR2 LDCKSTP 1 LCD module standby mode is cleared
0 LCD is set to module standby mode
PW1CKSTP 1 PWM1 module standby mode is cleared
0 PWM?1 is set to module standby mode
AECKSTP 1 Asynchronous event counter module standby mode
is cleared
0 " Asynchronous event counter is set to module standby
mode
PW2CKSTP 1 PWM2 module standby mode is cleared
0 PWM2 is set to module standby mode
Note: For details of module operation, see the sections on the individual modules.
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Section 6 ROM

6.1 Overview

The H8/3802 has 16 kbytes of on-chip mask ROM, the H8/3801 has 12 kbytes, and the H8/3800
has 8 kbytes. The ROM is connected to the CPU by a 16-bit data bus, allowing high-speed two-
state access for both byte data and word data. The H8/3802 has a ZTAT™ version with 16-kbyte

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
/,,""'_._-_____-_-_"""‘--..,_
‘-_._______‘_-_-_-_____-_-_._.___//
On-chip ROM
H'3FFE H'3FFE H'3FFF
Even-numbered Odd-numbered
address address

Figure 6.1 ROM Block Diagram (H8/3802)
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6.2 H8/3802 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
HN27C101 EPROM. However, page programming is not supported. 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
PBy/ANg Low level
PB1/AN4

PB,/AN, High level

6.2.2 Socket Adapter Pin Arrangement and Memory Map

A standard PROM programmer can be used to program the PROM. A socket adapter is required
for conversion to 32 pins.

Figure 6.2 shows the pin-to-pin wiring of the socket adapter. Figure 6.3 shows a memory map.
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H8/3802

EPROM socket

FP-64A, FP-64E DP-645 Pin
8 16 RES
40 48 P6o
39 47 P61
38 46 P62z
a7 45 P62
36 44 P64
35 43 P6s
34 42 P6s
33 41 P67
57 1 Pdo
58 2 P4
10 18 P3z
11 19 P32
12 20 P34
13 21 P3s
14 22 P3s
15 23 P37
32 40 PTo
60 4 P4z
30 38 PTz
29 37 P72
28 36 P74
27 35 PTs
26 34 PTs
52 60 P9z
53 61 P94
25 33 P77
k| 39 P71
= 59 P9z
16 24 Vee
61 5 AVce
7 15 TEST
2 10 X1
64 8 PBz
49 57 P9
50 58 P
54 62 P9s
55 63 Vss
4 12 AVss
62 6 PBo
63 7 PB1

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

Pin HN27C101 (32-pin)

PP 1
ECo 13
EC1 14
EC:z 15
EC: 17
ECs 18
ECs 19
ECs 20
EC? 21
EAo 12
EA: 11
EAz 10
EA: 9
EAs 8
EAs 7
EAs 6
EA7 5
EAz 27
EAsz 26
EAw 23
EA 25
Ehiz 4
EAuz 28
EAus 29
EAis 3
EAis 2
CE 22
OE 24
PGM 31
Vee 32
Vs 16

Figure 6.2 Socket Adapter Pin Correspondence (with HN27C101)
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Address in
MCU mode

Address in
PROM mode

H'0000

H'3FFF

On-chip PROM

Uninstalled area*

Note: # The output data is not guaranteed if this address area is read in PROM mode. There-
fore, when programming with a PROM programmer, be sure to specify addresses
from H'0000 to H'3FFF. If programming is inadvertently performed from H'4000 on-
ward, it may not be possible to continue PROM programming and verification.

When programming, H'FF should be set as the data in this address area (H'4000 to

H'1FFFF).

H'0000

H'3FFF

H1FFFF

Figure 6.3 HS8/3802 Memory Map in PROM Mode
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6.3 H8/3802 Programming
The write, verify. and other modes are selected as shown in table 6.2 in H8/3802 PROM mode.

Table 6.2  Mode Selection in PROM Mode (H8/3802)

Pins

Mode CE OE PGM  Vpp Vee EO7 to EQq EA45 to EAg
Write L H L Vep Vee Data input Address input
Verify L L H Vep Vee Data output Address input
Programming L L L Vep Vee High impedance  Address input
disabled L H H

H L L

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

Vppi Vpp level
VCC: VCC level

The specifications for writing and reading are identical to those for the standard HN27C101
EPROM. However. page programming is not supported, and so page programming mode must not
be set. A PROM programmer that only supports page programming mode cannot be used. When
selecting a PROM programmer, ensure that it supports high-speed, high-reliability byte-by-byte
programming. Also, be sure to specify addresses from H'0000 to H'3FFE.

6.3.1 Writing and Verifying

An efficient, high-speed. high-reliability method is available for writing and verifying the PROM
data. This method achieves high speed without voltage stress on the device and without lowering
the reliability of written data. The basic flow of this high-speed, high-reliability programming
method is shown in figure 6.4.
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Set write/verify mode
Vee=6.0VE025V, Vpp =125V 03V

Address =0

No
—n<25 = |wiitetimetpy=02ms=5%|

| Address + 1

— address

| write time topy = 0.2n ms |

No

Last address?

Set read mode

No Go

Read all
addresses?

Figure 6.4 High-Speed, High-Reliability Programming Flow Chart
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Table 6.3 and table 6.4 give the electrical characteristics in programming mode.

Table 6.3

DC Characteristics

(Conditions: Ve =6.0V £0.25V, Vpp=12.5 V0.3 V, Vgg =0V, T, = 25°C +5°C)

Test
Item Symbol Min Typ Max Unit Condition
Input high- @TEEO{L EA45to EAg Vil 2.4 — Vee+03 V
level voltage OE, CE, PGM
Input low- @TEEO{L EA45to EAg V)L -03 — 0.8 vV
level voltage OE, CE, PGM
Output high- EO7to EQq Vou 24 — — Vv lon = —200 pA
level voltage
Output low- EO7to EQg VoL — — 0.45 vV loL = 0.8 mA
level voltage
Input leakage EO7 to EOg, EA4g 10 EAp |1 — — 2 PA Vi, =5.25V/
current OE, CE, PGM 05V
Ve current lce — — 40 mA
Vpp current lpp — — 40 mA

HITACHI
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Table 6.4 AC Characteristics

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

Item Symbol Min Typ Max Unit Test Condition
Address setup time tas 2 — — us Figure 6.5™"
OE setup time toes 2 — — us

Data setup time tps 2 — — us

Address hold time taH 0 — — us

Data hold time tpn 2 — — us

Data output disable time tor” — — 130 ns

Vpp setup time tvps 2 — — us

Programming pulse width tpw 0.19 0.20 0.21 ms

PGM pulse width for overwrite  topyy” 019 — 525 ms

programming

CE setup time tces 2 — — us

Ve setup time tves 2 — — us

Data output delay time tog 0 — 200 ns

Notes: 1. Input pulse level: 0.45V 10 2.2V
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 6.4, High-Speed, High-Reliability

Programming Flow Chart.
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Figure 6.5 shows a PROM write/verify timing diagram.

Address X

Data

PGM

Note:

Write Verify
‘ X
e
_ fas e
r J‘
—< Input data K QOutput data
e A
_ ftos _ ton toF
Vep *
Vece ‘ tves
Vee'! f
Vee tves
I
_ fees
\ ;(
I o
tew toes toE
—
topw* \ /

torw is defined by the value shown in figure 6.4, High-Speed, High-Reliability Programming Flowchart.

Figure 6.5 PROM Write/Verify Timing
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6.3.2 Programming Precautions

* Use the specified programming voltage and timing.

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

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

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

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

*  When programming with a PROM programmer, be sure to specify addresses from H'0000 to
H'3FFF. If programming is inadvertently performed from H'4000 onward, it may not be
possible to continue PROM programming and verification. When programming, H'FF should
be set as the data in address area H'4000 to H'I FFFF.
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6.4 Reliability of Programmed Data

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

Figure 6.6 Shows the recommended screening procedure.

Program chip and verify
programmed data

/

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

Y

Read and check program

¥

( Install )

Figure 6.6 Recommended Screening Procedure

If a series of programming errors occurs while the same PROM programimer is in use, stop
programming and check the PROM programmer and socket adapter for defects. Please inform
Hitachi of any abnormal conditions noted during or after programming or in screening of program
data after high-temperature baking.
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Section 7 RAM

7.1 Overview

The H8/3802 has 1 kbyte of high-speed static RAM on-chip. and the H8/3801 and H8/3800 have
512 bytes. 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)

(1 [

< Internal data bus (lower 8 bits)

H'FB80 H'FB80 H'FB81
H'FB82 H'FB82 H'FB83

—

On-chip RAM

HFF7E HFF7E HFF7F

Even-numbered Odd-numbered
address address

Figure 7.1 RAM Block Diagram (H8/3802)
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8.1

The H8/3802 Series is provided with three 8-bit I/O ports, one 7-bit I/O port, one 4-bit I/O port,

Overview

Section 8 /O Ports

one 3-bit I/O port, one 1-bit I/O port, one 4-bit input-only port, one 1-bit input-only port. and one
6-bit output-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, and A are also used as liquid crystal display segment and common pins, selectable
in 4-bit units.

Block diagrams of each port are given in Appendix C, I/O Port Block Diagrams.

Table 8.1 Port Functions
Function
Switching
Port Description Pins Other Functions Registers
Port3 « 7-bit I/O port P3;/AEVL Asynchronous event counter PMR3
.« MOS inout pull-u P3g/AEVH event inputs AEVL, AEVH
> MPUEPUTP p3. p3, P3,
option ’ '
» Large-current port
P35, TMOFH _Timer F output compare "PMRS
P34, TMOFL output
Port4 « 1-bit input port P43/IRQy External interrupt 0 PMR2
«  3-bit I/O port P4,/TXD3; SCI3 data output (TXD33),  SCR3
P44/RXD3s data input (RXDa35), clock SMR
P4o/SCKay input/output (SCK35)
Port5 + 8-bit I/O port P5; to P5¢/ Wakeup input (WKP7 to PMR5
. . ) WKP; to WKP,/  WKP), segment output LPCR
MOS inputpull-up - op 5 4o sEG, (SEGg to SEG)
option
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Function

Switching
Port Description Pins Other Functions Registers
Port6 + 8-bit I/O port P67 to PBg/ Segment output (SEGigto  LPCR
+  MOS input pull-up SEG1g to SEGg SEGy)
option
Port7 « 8-bit I/O port P77 to P7¢/ Segment output (SEGz4to LPCR
SEG24 to SEGW SEGﬁr)
Port8 « 1-bit I/O port P8,/SEG3s5, Segment output LPCR
Port9 « 6-bit output port P9, to P9, None
+ High-voltage, large- P9,, P9,/ 10-bit PWM output PMR9
current port PWM2, PWM1
+ High-voltage port IRQAEC None
Port A 4-bit I/O port PA3 to PAg/ Common output (COMy4 to LPCR
COMy4 to COM;4 COM1)
Port B 4-bit input port PB3 to PBg/ A/D converter analog input ~ AMR
AN5 to ANp
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8.2 Port 3

8.2.1 Overview

Port 3 is a 7-bit /O port, configured as shown in figure 8.1.

~—— P37/AEVL
<= P3g/AEVH
-~ P3;

Port3 | == P34
-~ P33
~<———= P3,/TMOFH
<= P3,/TMOFL

Figure 8.1 Port 3 Pin Configuration

8.2.2 Register Configuration and Description

Table 8.2 shows the port 3 register configuration.

Table 8.2  Port 3 Registers

Name Abbrev. RIW Initial Value  Address
Port data register 3 PDR3 R/W — H'FFD6
Port control register 3 PCR3 w — H'FFEB
Port pull-up control register 3 PUCR3 R/W — H'FFE1
Port mode register 3 PMR3 R/W — H'FFCA
Port mode register 2 PMR2 R/W — H'FFC9
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1. Port data register 3 (PDR3)

Bit 7 6 5 4 3 2 1 0
| P3; | Px% | P3| P | P3| Py | P3| — |
Initial value 0 0 0 0 0 0 0 —

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

2. Port control register 3 (PCR3)

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

Initial value 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 P35 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.

PCR3 is a write-only register. Bits 7 to 1 are always read as 1. Bit 0 is reserved: only 0 can be
written to this bit.

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

Bit 7 6 5 4 3 2 1 0
|PUCR3; | PUCR35| PUCR35| PUCR3: |PUCR33 PUCR3; | PUCR3; | — |
Initial value 0 0 0 0 0 0 0 —

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

PUCR3 controls whether the MOS pull-up of each of the port 3 pins P35 to P3; 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.

Bit 0 is reserved: only 0 can be written to this bit.
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4. Port mode register 3 (PMR3)

0

Bit 7 6 5 4 3 2 1
‘ AEVL ‘ AEVH | — ‘ _ [ — ITMOFHITMOFL —

Initial value 0 0 — — — 0 0

ReadWrite RW  RW W w W  RW  RW

W

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

Bit 7: P3;/AEVL pin function switch (AEVL)

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

Bit7

AEVL Description

0 Functions as P37 I/O pin (initial value)

1 Functions as AEVL input pin

Bit 6: P35/AEVH pin function switch (AEVH)

This bit selects whether pin P35/AEVH is used as P34 or as AEVH.

Bit6

AEVH Description

0 Functions as P34 I/O pin (initial value)

1 Functions as AEVH input pin

Bits 5 to 3: Reserved bits

Bits 5 to 3 are reserved; only 0 can be written to these bits.

Bit 2: P3,/TMOFH pin function switch (TMOFH)

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

Bit 2

TMOFH Description

0 Functions as P35 I/O pin

1 Functions as TMOFH output pin (initial value)
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Bit 1: P3;/TMOFL pin function switch (TMOFL)

This bit selects whether pin P3;/TMOFL is used as P37 or as TMOFL.

Bit 1

TMOFL Description

0 Functions as P34 I/O pin (initial value)
1 Functions as TMOFL output pin

Bit 0: Reserved bit
Bit 0 is reserved; only 0 can be written to this bit.

5. Port mode register 2 (PMR2)

Bit 7 6 5 4 3 2 1 0
— — Jpori | — | — | — | — | Ra

Initial value 1 1 0 1 1 — — 0

Read/Write — — R/W — — W W R/W

PMR?2 is an 8-bit read/write register controlling the PMOS on/off state for the P35 pin.
Bit 5: P35 pin PMOS control (POF1)

This bit controls the on/off state of the P35 pin output buffer PMOS.

Bit5

POF1 Description

0 CMOS output (initial value)
1 NMOS open-drain output
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8.2.3

Table 8.3 shows the port 3 pin functions.

Pin Functions

Table 8.3  Port 3 Pin Functions
Pin Pin Functions and Selection Method
P3;/AEVL The pin function depends on bit AEVL in PMR3 and bit PCR3; in PCR3.
AEVL 0 1
PCR37 0 1 *
Pin function P37 input pin P37 output pin AEVL input pin
P3g/AEVH The pin function depends on bit AEVH in PMR3 and bit PCR3, in PCR3.
AEVH 0 1
PCR3g 0 1 *
Pin function P3g input pin P3¢ output pin AEVH input pin
P35 to P3, The pin function depends on the corresponding bit in PCR3.
PCR3n 0 1
Pin function P3,, input pin P3,, output pin
(n=5t03)
P35,/TMOFH The pin function depends on bit TMOFH in PMR3 and bit PCR3, in PCR3.
TMOFH 0 1
PCR3; 0 1 *
Pin function P35 input pin P3; output pin | TMOFH output pin
P34/ TMOFL The pin function depends on bit TMOFL in PMR3 and bit PCR34 in PCR3.
TMOFL 0 1
PCR3; 0 1 *
Pin function P34 input pin P34 output pin THOFL output pin

HITACHI

*: Don't care
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8.2.4 Pin States

Table 8.4 shows the port 3 pin states in each operating mode.

Table 8.4  Port 3 Pin States

Pins Reset Sleep  Subsleep Standby Watch Subactive Active
P37/AEVL High- Retains Retains  High- Retains Functional Functional
P3g/AEVH impedance previous previous impedance* previous

P35 state state state

P34

P33

P3,/TMOFH

P34/ TMOFL

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 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 0 1
PUCR3, 0 1 &
MOS input pull-up Off On Off
(n=7to1)
*: Don't care
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8.3 Port 4

8.3.1 Overview

Port 4 is a 3-bit I/O port and 1-bit input port, configured as shown in figure 8.2.

- P43/m0
- P42/TXD32

Port 4
~— P4,/RXD3;

<= P43/SCKa;,

Figure 8.2 Port 4 Pin Configuration

8.3.2 Register Configuration and Description
Table 8.5 shows the port 4 register configuration.

Table 8.5  Port 4 Registers

Name Abbrev. RIW Initial Value  Address
Port data register 4 PDR4 R/W H'F8 H'FFD7
Port control register 4 PCR4 W H'F8 HFFE7
Port mode register 2 PMR2 R/W — H'FFC9

1. Port data register 4 (PDR4)

Bit 7 6 5 4 3 2 1 0
= = — [ — | P4 | Pas | Pay | Pag

Initial value 1 1 1 1 1 0 0 0

Read/Write — — — — R R/W R/W R/W

PDR4 is an 8-bit register that stores data for port 4 pins P4, to P4g. 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.
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2. Port control register 4 (PCR4)

Bit 7 6 5 4 3 2 1 0
[ — ] _ ‘ — [ — ‘ _ [ PCR45 ] PCR41 | PCR4

Initial value 1 1 1 1 1 0 0 0

Read/Write — — — — — W W W

PCR4 is an 8-bit register for controlling whether each of 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. PCR4 and PDR4 settings are valid when the
corresponding pins are designated for general-purpose input/output by SCR3-2.

Upon reset, PCR4 is initialized to H'F8.
PCR4 is a write-only register, which is always read as all 1s.

3. Port mode register 2 (PMR2)

Bit 7 6 5 4 3 2 1 0
— — POF1 — — — — IRQq

Initial value 1 1 0 1 1 — — 0

Read/Write — — R/W — — W W R/W

PMR2 is an 8-bit read/write register controlling the selection of the P43/IRQq pin function and the
PMOS on/off state for the P3; pin. Upon reset, PMR2 is initialized to HDE.

Bits 7, 6, 4, and 3: Reserved bits
Bits 7, 6, and 4 to 1 are reserved; they are always read as 1 and cannot be modified.
Bit 5: P35 pin PMOS control (POF1)

This bit controls the on/off state of the P35 pin output buffer PMOS.

Bit5

POF1 Description

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

Bits 2 and 1: Reserved bits

Bits 2 and 1 are reserved: only 0 can be written to these bits.
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Bit 0: P4,/IRQ, pin function switch (IRQ,)

This bit selects whether pin P4;/IRQ, is used as P4; or as IRQ,.

Bit0

IRQ, Description

0 Functions as P4, input pin (initial value)
1 Functions as IRQ, input pin

833 Pin Functions
Table 8.6 shows the port 4 pin functions.

Table 8.6 Port 4 Pin Functions

Pin Pin Functions and Selection Method
P45/1RQq The pin function depends on bit IRQO in PMR2.
IRQO 0 1
Pin function P44 input pin IRQy input pin
P45/TXD33 The pin function depends on bit TE in SCR3, bit SPC32 in SPCR, and bit PCR4,
in PCR4.
SPC32 0 1
TE 0 1
PCR4, 0 1 *
Pin function P45 input pin P4, output pin TXD35 output pin
P44/RXD33 The pin function depends on bit RE in SCR3 and bit PCR4 4 in PCR4.
RE 0 1
PCR44 0 1 *
Pin function P44 input pin P44 output pin RXD35 input pin
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Pin Pin Functions and Selection Method

P4,/SCKas The pin function depends on bit CKE1 and CKEO in SCR3, bit COM in SMR, and
bit PCR4g in PCR4.
CKE1 0 1
CKEO | 0 BE *
COM 0 1 * &
PCR4, 0 1 & &
Pin function I P4 input pin IP40 output pin| SCK35 output| SCKay; input
pin pin
*: Don't care

8.3.4 Pin States

Table 8.7 shows the port 4 pin states in each operating mode.

Table 8.7 Port 4 Pin States

Pins Reset Sleep Subsleep Standby  Watch  Subactive Active
P45/IRQq High- Retains Retains  High- Retains Functional Functional
P4,/TXD3p impedance previous previous impedance previous

P44/RXD3p state state state

P4/SCK3;
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8.4 Port 5

8.4.1 Overview

Port 5 is an 8-bit I/O port, configured as shown in figure 8.3.

Port 5

Figure 8.3 Port 5 Pin Configuration

8.4.2 Register Configuration and Description

Table 8.8 shows the port 5 register configuration.

Table 8.8  Port 5 Registers

P5;/WKP/SEGg
P5¢/WKP4/SEG7
P5:/WKP5/SEGg
P5,/WKP,/SEG-=
P53/ WKP4/SEG
P5,/WKP,/SEG3
P5,/WKP4/SEG,

P50,/ WKP/SEG,

Name Abbrev. RIW Initial Value  Address
Port data register 5 PDR5 R/W H'00 H'FFD8
Port control register 5 PCR5 w H'00 H'FFE8
Port pull-up control register 5 PUCRS R/W H'00 H'FFE2
Port mode register 5 " PMR5 " R/W " H'00 " H'FFCC
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1. Port data register 5 (PDRS)

Bit 7 6 5 4 3 2 1 0
| ps; | Pss | Pss | Psy | Ps; | Ps, | Ps; | Ps
Initial value 0 0 0 0 0 0 0 0

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

PDRS5 is an 8-bit register that stores data for port 5 pins P57 to P5. If port 5 is read while PCRS
bits are set to 1, the values stored in PDRS5 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 5 (PCRS5)

Bit 7 6 5 4 3 2 1 0

| PCRS; | PCRS | PCR5; | PCRS, | PCR5; | PCRS, | PCRS; | PCRS)
Initial value 0 0 0 0 0 0 0 0
Read/Write W w w W w W W w

PCRS5 is an 8-bit register for controlling whether each of the port 5 pins P55 to P5, 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. PCRS5 and PDRS5 settings are valid when the
corresponding pins are designated for general-purpose input/output by PMRS5 and bits SGS3 to
SGS0 in LPCR.

Upon reset, PCRS is initialized to H'00.
PCRS5 is a write-only register, which is always read as all 1s.

3. Port pull-up control register 5 (PUCRS5)

Bit 7 6 5 4 3 2 1 0
‘PUCR5T ‘ PUCRSG‘ PUCR5s ‘ PUCR5. ‘ PUCRS; ‘PUCRE}Z ‘PUCR51 ‘PUCRSD
Initial value 0 0 0 0 0 0 0 0

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

PUCRS controls whether the MOS pull-up of each of port 5 pins P57 to P5; is on or off. When a
PCRS5 bit is cleared to 0, setting the corresponding PUCRS bit to 1 turns on the MOS pull-up for
the corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCRS is initialized to H'00.

144
HITACHI



4. Port mode register 5 (PMR35)

Bit 7 6 5 4 3 2 1 _ 0
‘ WKP7 ‘ WKPg | WKPs l WKP4 l WKP4 l WKP; l WKP4 | WKPq
Initial value 0 0 0 0 0 0 0 0

Read/Write RIW RW RW RIW RW RIW RIW RW

PMRS5 is an 8-bit read/write register, controlling the selection of pin functions for port 5 pins.
Upon reset, PMRS5 is initialized to H'00.
Bit n: P5,/WKP,,/SEG,,+1 pin function switch (WKPn)

When pin P5n/WKPn/SEGn+1 is not used as SEG;,+1, these bits select whether the pin is used as
P5n or WKP,,.

Bitn
WKPRN Description
0 Functions as P5n /O pin (initial value)
1 Functions as WKP , input pin
(n=71t00)
Note: For use as SEG+1, see 13.2.1, LCD Port Control Register (LPCR).
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8.43

Pin Functions

Table 8.9 shows the port 5 pin functions.

Table 8.9  Port 5 Pin Functions
Pin Pin Functions and Selection Method
P57/WKP7/ The pin function depends on bit WKP,, in PMR5, bit PCR5,, in PCR5, and bits
SEG; to SGS3 to SGS0 in LPCR.
P5o/WKPy/
SEG P5, to P5, (n=7to4)
SGS3 to SGSO Other than 0010, 0011, 0100, 0101, 0110, | 0010, 0011,
0111, 1000, 1001 0100, 0101,
0110, 0111,
1000, 1001
WKP,, 0 1 &
PCR5, 0 1 & &
Pin function P5,, input pin |P5,, output pin| WKPn input SEGn+1
pin output pin
P5, to P5, (m=3100)
SGS3 to SGSO Other than 0001, 0010, 0011, 0100, 0101, | 0001, 0010,
0110, 0111, 1000 0011, 0100,
0101, 0110,
0111, 1000
WKP,, 1 &
PCR5, 0 1 & &
Pin function P5,, input pin | P5, output | WKPm output| SEGm+1
pin pin output pin
*: Don't care
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8.44 Pin States

Table 8.10 shows the port 5 pin states in each operating mode.

Table 8.10 Port 5 Pin States

Pins Reset Sleep Subsleep Standby Watch Subactive Active
P5:/WKP+/ High- Retains Retains  High- Retains Functional Functional
SEGg to 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.

8.4.5 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 0 1
PUCRS5, 0 1 *
MOS input pull-up Off On Off
(n=71t00)
*: Don't care
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8.5 Port 6

8.5.1 Overview

Port 6 is an 8-bit I/O port. The port 6 pin configuration is shown in figure 8.4.

<~ P67/SEGs
~—————= PBy/SEGys
<~ PB:/SEG4
ports | == PB4SEGs
-~ PB4/SEG;
- = P6,/SEG1
-~ PB6,/SEGq

- = P6y/SEGq

Figure 8.4 Port 6 Pin Configuration

8.5.2 Register Configuration and Description

Table 8.11 shows the port 6 register configuration.

Table 8.11 Port 6 Registers

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

Bit 7 6 5 4 3 2 1 0
' Pe; | Pes | Pes | Pes | Pe; | Pe, | Pe | Peo |
Initial value 0 0 0 0 0 0 0 0

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

PDRG6 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 PCRG6 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
[ PCR6; | PCR6; | PCR6s | PCR6; | PCR6; | PCRS; | PCR6; | PCRéy ]

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 P6y functions as an
input pin or output pin.

Setting a PCR6 bit to 1 makes the corresponding pin (P67 to P6y) an output pin. while clearing the
bit to 0 makes the pin an input pin. PCR6 and PDRG6 settings are valid when the corresponding
pins are designated for general-purpose input/output by bits SGS3 to SGS0 in LPCR.

Upon reset, PCR6 is initialized to H'00.

PCR6 is a write-only register, which is always read as all 1s.
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3. Port pull-up control register 6 (PUCRG6)

Bit 7 6 5 4 3 2 1 0
| PUCR67 | PUCRB5| PUCRS 5| PUCR64 | PUCRS 3 |PUCR6, | PUCRS: |PUCRSy
Initial value 0 0 0 0 0 0 0 0

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

PUCRG controls whether the MOS pull-up of each of the port 6 pins P67 to P6; is on or off. When
a PCRG6 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.

853 Pin Functions
Table 8.12 shows the port 6 pin functions.

Table 8.12 Port 6 Pin Functions

Pin Pin Functions and Selection Method

P67/SEG g to The pin function depends on bit PCR6n in PCR6 and bits SGS3 to SGSO in
P60/SEGg LPCR.

P6, to P6, (n=7to4)
SEG3 to SEGS0 Other than 0100, 0101, 0110, 0111, | 0100, 0101, 0110,
1000, 1001, 1010, 1011 0111, 1000, 1001,
1010, 1011
PCR8, 0 1 *
Pin function P6,, input pin P8, output pin | SEG,+g output pin
P86, to P6, (m=31t00)
SEG3 to SEGS0 Other than 0011, 0100, 0101, 0110, | 0011, 0100, 0101,
0111, 1000, 1001, 1010 0110, 0111, 1000,
1001, 1010
PCR6,, 0 1 *
Pin function P6,, input pin P86, output pin | SEG,+g output pin
*: Don't care
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854 Pin States
Table 8.13 shows the port 6 pin states in each operating mode.

Table 8.13 Port 6 Pin States

Pin Reset Sleep Subsleep Standby  Watch  Subactive Active
P67/SEG 4 to High- Retains Retains  High- Retains Functional Functional
P64/SEGg 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.

8.5.5 MOS Input Pull-Up

Port 6 has a built-in MOS pull-up function that can be controlled by software. When a PCR6 bit is
cleared to 0, setting the corresponding PUCRG 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 0 1
PUCRS&, 0 1 *
MOS input pull-up Off On Off
(n=71t00)
*: Don't care
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8.6 Port 7

8.6.1 Overview

Port 7 is an 8-bit I/O port, configured as shown in figure 8.5.

- P?'IHJSEG24
—~—— P7g/SEGy;

. - P?5'{SEGZZ

-~ P74SEG»,
Port 7

- = P74/SEGy

- P7,/SEGqg
~— P7,/SEGq3
<~ P7ySEG47

Figure 8.5 Port 7 Pin Configuration

8.6.2 Register Configuration and Description
Table 8.14 shows the port 7 register configuration.

Table 8.14 Port 7 Registers

Name Abbrev. R/W Initial Value  Address
Port data register 7 PDR7 R/W 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
et | prs | prs | pra | P | P | Pry | PR |
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W RW RW R/W RW R/W R/W 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 PCR7 bits are cleared to 0. the pin states are read.

Upon reset, PDR7 is initialized to H'00.

2. Port control register 7 (PCR7)

Bit 7 6 5 4 3 2 1 0

| PCR7; | PCRTs | PCRTs | PCR74 | PCR7; | PCR7, | PCR7; | PCRY, |
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 P75 to P7; functions as an
input pin or output pin. Setting a PCR7 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. PCR7 and PDR?7 settings are valid when the
corresponding pins are designated for general-purpose input/output by bits SGS3 to SGS0 in
LPCR.

Upon reset, PCR7 is initialized to H'00.

PCR7 is a write-only register, which is always read as all 1s.
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8.6.3 Pin Functions

Table 8.15 shows the port 7 pin functions.

Table 8.15 Port 7 Pin Functions

Pin Pin Functions and Selection Method
P77/SEGo4 to The pin function depends on bit PCR7,, in PCR7 and bits SGS3 to SGSO0 in
P7,/SEG47 LPCR.
P7.to0 P7, (n=7to4)
SEGS3to SEGS0 | Other than 0110, 0111, 1000, 1001, | 0110, 0111, 1000,
1010, 1011, 1100, 1101 1001, 1010, 1011,
1100, 1101
PCR7, 0 1 *
Pin function P7, input pin P7, output pin | SEG,,+47 output pin
P7,t0 P7, (m=31t00)
SEGS3to SEGS0 | Other than 0101, 0110, 0111, 1000, | 0101, 0110, 0111,
1001, 1010, 1011, 1100 1000, 1001, 1010,
1011, 1100
PCR7, 0 1 *
Pin function P7., input pin P7,, output pin SEG,+47 output
pin
*: Don't care

8.6.4 Pin States

Table 8.16 shows the port 7 pin states in each operating mode.

Table 8.16 Port 7 Pin States

Pins Reset Sleep  Subsleep Standby Watch Subactive Active
P77/SEGo4 to High- Retains Retains  High- Retains Functional Functional
P7,/SEG7 impedance previous previous impedance previous

state state state
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8.7

8.71

Port 8

Overview

Port 8 is an 1-bit I/O port configured as shown in figure 8.6.

Port8 | = PB8y/SEGys

8.7.2

Figure 8.6 Port 8 Pin Configuration

Register Configuration and Description

Table 8.17 shows the port 8 register configuration.

Table 8.17 Port 8 Registers

Name Abbrev. R/W Initial Value  Address

Port data register 8 PDR8 R/W — H'FFDB

Port control register 8 PCR8 w — H'FFEB
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1. Port data register 8 (PDRS8)

Bit 7 6 5 4 3 2 1 0
= -l =T =]=1—=171="1prs]|

Initial value — — — — — _ _ 0

Read/Write — — — — — _ _ R/W

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

2. Port control register 8 (PCRS8)

Bit 7 6 5 4 3 2 1 0
-l -l =1 -1 =1=1 = |rcrs |

Initial value — — — — — _ _ 0

Read/Write W W W W W W W W

PCRS is an 8-bit register for controlling whether the port 8 pin P8, functions as an input 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. PCR8 and PDRS settings are valid when the corresponding pins are
designated for general-purpose input/output by bits SGS3 to SGS0 in LPCR.

PCRS is a write-only register, which is always read as all 1s.
Bits 7 to 1: Reserved bits

Bits 7 to 1 are reserved: only 0 can be written to these bits.
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8.7.3 Pin Functions

Table 8.18 shows the port 8 pin functions.

Table 8.18 Port 8 Pin Functions

Pin

Pin Functions and Selection Method

P8,/SEGs

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

SEGS3 to SEGSO0, Other than 0111, 1000, 1001, 1010, 1011, 0111, 1000, 1001,
1100, 1101, 1110 1010, 1011, 1100,
1101, 1110
PCR8 0 1 *
Pin function P8¢ input pin P8¢ output pin SEGg;5 output pin

8.74 Pin States

Table 8.19 shows the port 8 pin states in each operating mode.

Table 8.19 Port 8 Pin States

Pins

Reset Sleep  Subsleep Standby

Watch

*: Don't care

Subactive Active

P8y/SEGys

High- Retains Retains  High-
impedance previous previous impedance
state state

Retains Functional Functional

previous
state
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8.8 Port 9

8.8.1 Overview

Port 9 is a 6-bit output-only port, configured as shown in figure 8.7.

—> P9
—> P
Port9 | — > P9

— P92

—> P9%/PWM2
— P9s/PWM1

8.8.2

Figure 8.7 Port 5 Pin Configuration

Register Configuration and Description

Table 8.20 shows the port 9 register configuration.

Table 8.20 Port 9 Registers

Name Abbrev. R/W Initial Value  Address
Port data register 9 PDR9Y R/W H'FF H'FFDC
Port mode register 9 PMR9 R/W — H'FFEC
1. Port data register 9 (PDR9)
Bit 7 6 5 4 3 2 1 0
— | — | pos | Py | Po; | P, | Poy | P
Initial value 1 1 1 1 1 1 1 1
Read/Write — — RW R/W R/W R/W R/W R/W

PDROY is an 8-bit register that stores data for port 9 pins P95 to P9,

Upon reset, PDROY is initialized to H'FF.

158
HITACHI




2. Port mode register 9 (PMR9)

Bit 7 6 5 4 3 2 1.0
‘ — ‘ — — ] — [ PIOFF ] — [ PWM, | PWM,

Initial value 1 11 1 0 — 0o 0

Read/Write — — — — R/W W R/W R/W

PMRO is an 8-bit read/write register controlling the selection of the P9, and P9, pin functions.
Bit 3: P9, to P9, step-up circuit control (PIOFF)

Bit 3 turns the P9, to P9, step-up circuit on and off.

Bit3

PIOFF Description

0 Large-current port step-up circuit is turned on (initial value)
1 Large-current port step-up circuit is turned off

Note: When turning the step-up circuit on or off, the register must be rewritten only when the
buffer NMOS is off (port data is 1).

When turning the step-up circuit on, first clear PIOFF to 0, then wait for the elapse of 30
system clock before turning the buffer NMOS on (clearing port data to 0).

Without the elapse of the 30 system clock interval the step-up circuit will not start up, and it
will not be possible for a large current to flow, making operation unstable.

Port 9 Pin Output Low Level Permitted Currents

Pin Symbol Test Conditions Min Typ Max PIOFF Bit Value
P9, to P9, I, Ve.=18Vtob5V+ — — 25mA* 0

10mA 1
P9, to P9, — — 10mA —

Note: * For details, see section 14.2.2, DC Characteristics.

Bit 2: Reserved bit

Bit 2 is reserved; only 0 can be written to this bit.
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Bits 1 and 0: P9,;/PWM pin function switches

These pins select whether pin P9n/PWMn+1 is used as P9n or as PWMn+1.

Bitn

WKPn+1 Description

0 Functions as P9, output pin (initial value)
1 Functions as PWM _,, output pin

(n=0o0r1)

8.8.3 Pin Functions

Table 8.21 shows the port 9 pin functions.
Table 8.21 Port 9 Pin Functions

Pin Pin Functions and Selection Method

P94/PWM_,,to  The pin function depends on bit WKP,, in PMR5, bit PCR5,, in PCR5, and bits
P9y/PWM._,, SGS3 to SGS0 in LPCR.

(n=10r0)
PMRS, 0 1
Pin function P9,, output pin PWM._., output pin
*: Don't care
8.8.4 Pin States
Table 8.22 shows the port 5 pin states in each operating mode.
Table 8.22 Port 5 Pin States
Pins Reset Sleep Subsleep Standby Watch Subactive Active
P95 to P9, High- Retains Retains  High- Retains Functional Functional
P9,/PWM_,, to impedance previous previous impedance* previous
P9,/PWM_,, state state state
(n=10r0)
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8.9 Port A

8.9.1 Overview

Port A is a 4-bit /O port, configured as shown in figure 8.8.

<= PAZ/COMy
<= PA,/COM;
<= PA,/COM,
<= PA/COM,

Port A

Figure 8.8 Port A Pin Configuration

8.9.2 Register Configuration and Description
Table 8.23 shows the port A register configuration.

Table 8.23 Port A Registers

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

1. Port data register A (PDRA)

Bit 7 6 5 4 3 2 1 0

o — | = = | = | ras| Pa| Pa | Pag
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W

PDRA is an 8-bit register that stores data for port A pins PA; to PAg. 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.
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2. Port control register A (PCRA)

Bit 7 6 5 4 3 2 1 0
. — | — | — | — | Pcras| pcra;| PCRA;| PCRAG

Initial value 1 1 1 1 0 0 0 0

Read/Write — — — — R/W R/W R/W R/W

PCRA controls whether each of port A pins PA; to PA functions as an input pin or output pin.
Setting a PCRA bit to 1 makes the corresponding pin an output pin, while clearing the bit to 0
makes the pin an input pin. PCRA and PDRA settings are valid when the corresponding pins are
designated for general-purpose input/output by LPCR.

Upon reset, PCRA is initialized to H'FO.

PCRA is a write-only register, which is always read as all 1s.
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8.9.3

Pin Functions

Table 8.24 shows the port A pin functions.

Table 8.24 Port A Pin Functions

Pin Pin Functions and Selection Method
PA3/COMy The pin function depends on bit PCRA3 in PCRA and bits SGS3 to SGSO0.
SEGS3 to SEGS0 0000 0000 Not 0000
PCRA;3; 0 1 *
Pin function PAg3 input pin PA3 output pin COMy output pin
PA;/COM4 The pin function depends on bit PCRA; in PCRA and bits SGS3 to SGSO0.
SEGS3 to SEGS0 0000 0000 Not 0000
PCRA, 0 1 *
Pin function PA; input pin PA output pin COMs5 output pin
PA4/COM; The pin function depends on bit PCRA in PCRA and bits SGS3 to SGSO0.
SEGS3 to SEGS0 0000 0000 Not 0000
PCRA; 0 1 *
Pin function PA; input pin PA4 output pin COM;, output pin
PAy/COM; The pin function depends on bit PCRAg in PCRA and bits SGS3 to SGSO0.

SEGS3 to SEGS0 0000 Not 0000
PCRAq 0 1 *
Pin function PAg input pin PAg output pin COM; output pin

HITACHI
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8.9.4 Pin States

Table 8.25 shows the port A pin states in each operating mode.

Table 8.25 Port A Pin States

Pins Reset Sleep  Subsleep Standby Watch Subactive Active
PA3/COMy 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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8.10 Port B

8.10.1 Overview

Port B is a 4-bit input-only port, configured as shown in figure 8.9.

<~ PB4/ANS/IRQ;
- PBy/AN;
Port B

< PBy/AN;

- PBy/AN,

Figure 8.9 Port B Pin Configuration

8.10.2 Register Configuration and Description
Table 8.26 shows the port B register configuration.

Table 8.26 Port B Register

Name Abbrev. R/W Initial Value Address
Port data register B PDRB R — H'FFDE
Port mode register B PMRB R/W H'F7 H'FFEE

1. Port Data Register B (PDRB)

Bit 7 6 5 4 3 2 1 0
- — | — | — | — | P8 | PB, | PB | PB

Read/Write — — — — 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.
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2. Port mode register B (PMRB)

Bit 7T 6 5 4 3 2 1 0

I B - e e
Initial value 1 1 1 1 0 1 1 1
Read/Write — — — — R/W — — —

PMRB is an 8-bit read/write register controlling the selection of the PB; pin function. Upon reset,
PMRB is initialized to H'F7.

Bits 7 to 4 and 2 to 0: Reserved bits
Bits 7 to 4 and 2 to 0 are reserved; they are always read as 1 and cannot be modified.
Bit 3: PB;/AN,/IRQ, pin function switch (IRQ1)

These bits select whether pin PBy/AN,/IRQ); is used as PB;/AN; or as IRQ;.

Bit 3

IRQ1 Description

0 Functions as PB./AN, input pin (initial value)
1 Functions as IRQ, input pin

Note: Rising or falling edge sensing can be selected for the IRQ, pin.
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8.10.3

Pin Functions

Table 8.27 shows the port B pin functions.

Table 8.27 Port B Pin Functions

Pin Pin Functions and Selection Method
PB./AN./IRQ, The pin function depends on bits CH3 to CHO in AMR and bit IRQ, in PMRB.
IRQ, 0 1
CH3 to CHO Not 0111 1 *
Pin function PB, input pin AN, input pin IRQ; input pin
PB./AN, The pin function depends on bits CH3 to CHO in AMR.
CH3 to CHO Not 0110 0110
Pin function PB, input pin AN, input pin
PB./AN, The pin function depends on bits CH3 to CHO in AMR.
CH3 to CHO Not 0101 Not 0000
Pin function PB, input pin AN, input pin
PB./AN, The pin function depends on bits CH3 to CHO in AMR.
CH3 to CHO Not 0100 0100
Pin function PB, input pin AN, input pin
*: Don't care
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8.11  Input/Output Data Inversion Function

8.11.1 Overview

With input pin RXD3, and output pin TXDs5,. the data can be handled in inverted form.

SCINV2

P41/RXDz, MD* RXD3

SCINV3

P4,/TXD3p D‘G(:I TXDs;

Figure 8.10 Input/OQutput Data Inversion Function

8.11.2  Register Configuration and Descriptions

Table 8.28 shows the registers used by the input/output data inversion function.

Table 8.28 Register Configuration

Name Abbreviation RW Address

Serial port control register SPCR R/W H'FF91

Serial Port Control Register (SPCR)

Bit 7 6 5 4 3 2 1 0

— — |spca2 | — [scnvalsonve | — | —
Initial value 1 1 0 — 0 0 — —
Read/Write — — RW W RW RW W w

SPCR is an 8-bit readable/writable register that performs RXDs; and TXDs» pin input/output data
inversion switching.

Bits 7 and 6: Reserved bits

Bits 7 and 6 are reserved: they are always read as 1 and cannot be modified.
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Bit 5: P4,/TXD3; pin function switch (SPC32)

This bit selects whether pin P4,/TXDs3; is used as P4, or as TXD3».

Bit5

SPC32 Description

0 Functions as P45 1/O pin (initial value)
1 Functions as TXD3, output pin*

Note: * Set the TE bit in SCR3 after setting this bit to 1.

Bit 4: Reserved bit

Bit 4 is reserved; only 0 can be written to this bit.

Bit 3: TXD3, pin output data inversion switch

Bit 3 specifies whether or not TXDs3, pin output data is to be inverted.

Bit3

SCINV3 Description

0 TXD39 output data is not inverted (initial value)
1 TXD35 output data is inverted

Bit 2: RXD3; pin input data inversion switch

Bit 2 specifies whether or not RXD3; pin input data is to be inverted.

Bit 2

SCINV2 Description

0 RXD33 input data is not inverted (initial value)
1 RXD33 input data is inverted

Bits 1 and 0: Reserved bits

Bits 1 and 0 are reserved; only 0 can be written to these bits.

8.11.3 Note on Modification of Serial Port Control Register

When a serial port control register is modified, the data being input or output up to that point is
inverted immediately after the modification, and an invalid data change is input or output. When
modifying a serial port control register, do so in a state in which data changes are invalidated.

HITACHI
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8.12  Application Note

8.12.1 How to Handle an Unused Pin

If an I/O pin not used by the user system is floating, pull it up or down.

» If an unused pin is an input pin, handle it in one of the following ways:
Z Pull it up to V¢ with an on-chip pull-up MOS.
Z Pull it up to V¢ with an external resistor of approximately 100 kQ.
Z Pull it down to Vg with an external resistor of approximately 100 kQ.
Z For a pin also used by the A/D converter, pull it up to AV.
» If an unused pin is an output pin, handle it in one of the following ways:
Z Set the output of the unused pin to high and pull it up to V. with an on-chip pull-up MOS.

Set the output of the unused pin to high and pull it up to V. with an external resistor of
approximately 100 kQ.

Set the output of the unused pin to low and pull it down to GND with an external resistor of
approximately 100 kQ.
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9.1 Overview

Section 9 Timers

The H8/3802 Series provides three timers: timers A, F, and an asynchronous event counter. The
functions of these timers are outlined in table 9.1.

Table 9.1 Timer Functions
Event Waveform
Name Functions Internal Clock Input Pin  Output Pin Remarks
Timer A« 8-bitinterval timer /8 to 8/8192 — —
+ Interval function (8 choices)
» Time base "a“J128 (choice of 4
overflow periods)
TimerF + 16-bit timer o/4 to ©/32, o,,/4 — TMOFL
(4 choices) TMOFH
» Also usable as two
independent8-bit
timers.
» Qutput compare
output function
Asynchro- «  16-bit counter 2/2 to o/8 AEVL —
nous (3 choices) AEVH
event Ti\lso usable as tnl'vo IRQAEC
counter independent 8-bit

counters

Counts events
asynchronous to @
and ew

Can count
asynchronous
events
(rising/falling/both
edges) independ-
ently of the MCU's
internal clock

HITACHI
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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.

1. Features
Features of timer A are given below.

* Choice of eight internal clock sources (0/8192, /4096, 0/2048, /512, @/256. 0/128. 0/32, 0/8).

* 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).

* An interrupt is requested when the counter overflows.

* Use of module standby mode enables this module to be placed in standby mode independently
when not used.
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2. Block diagram

Figure 9.1 shows a block diagram of timer A.

Ow = 14 - PSW TMA -
Eiwa"4
w
3
O
(U]
oy/128 T
w
5
TCA i - =
/8192, 0/4096, 6/2048, | B 5
/512, 6/256, 0/128, 503 8 8
/32, 0/ - —| | —
¥ i Y Y
06— PSS | N

Notation:

TMA:
TCA:
IRRTA:
PSW:
PSS:

Timer mode register A
Timer counter A

Timer A overflow interrupt request flag

Prescaler W
Prescaler S

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

Figure 9.1 Block Diagram of Timer A
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3. Register configuration
Table 9.2 shows the register configuration of timer A.

Table 9.2 Timer A Registers

Name Abbrev. R/W Initial Value  Address
Timer mode register A TMA R/W — H'FFBO
Timer counter A TCA R H'00 H'FFB1
Clock stop register 1 CKSTPR1 R/W H'FF H'FFFA
9.2.2 Register Descriptions
1. Timer mode register A (TMA)

Bit 7 6 5 4 3 2 1 0

— — — — | ™™A3 | TmA2 | TmA1 | TMAO
Initial value — — — 1 0 0 0 0
Read/Write w W w — R/W R/W RW R/W

TMA is an 8-bit read/write register for selecting the prescaler, and input clock.
Bits 7 to 5: Reserved bits

Bits 7 to 5 are reserved; only 0 can be written to these bits.

Bit 4: Reserved bit

Bit 4 is reserved: it is always read as 1. and cannot be modified.
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Bits 3 to 0: Internal clock select (TMA3 to TMAO)

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

Description

Bit3 Bit 2 Bit1 Bit0 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, 9/4096
1 0 PSS, ©/2048
1 PSS, /512
1 0 0 PSS, 2/256
1 PSS, /128
1 0 PSS, 2/32
1 PSS, 2/8
1 0 0 0 PSW, 1s Clock time
1 PSW, 0.5s base
1 0 PSW, 0.256s (when using
1 PSW, 0.03125 s 32.768 kHz)
1 0 0 PSW and TCA are reset
1
1 0
1

HITACHI
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2. Timer counter A (TCA)

Bit 7 6 5 4 3 2 1 0
[ TCA7 ] TCA6 ‘ TCA5 [ TCA4 ‘ TCA3 [ TCA2 ] TCA1 | TCAO

Initial value 0 0 0 0 0 0 0 0

Read/Write R R R R R R R R

TCA is an 8-bit read-only up-counter, which is incremented by internal clock input. The clock
source for input to this counter is selected by bits TMA3 to TMAOQ 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.

3. Clock stop register 1 (CKSTPRI)

Bit: 7 6 5 4 3 2 1 0

| — | — |ss2ckstPlapckste| —  [tFckstP|  —  [TAcKsTP|
Initial value: 1 1 1 1 1 1 1 1
Read/Write: — — R/W R/W — R/W — R/W

CKSTPRI is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to timer A is described here. For details of the other bits, see the
sections on the relevant modules.

Bit 0: Timer A module standby mode control (TACKSTP)
Bit 0 controls setting and clearing of module standby mode for timer A.

TACKSTP Description

0 Timer A is set to module standby mode
1 Timer A module standby mode is cleared (initial value)
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9.2.3 Timer Operation
1. Interval timer operation

When bit TMAZ3 in timer mode register A (TMA) is cleared to 0, timer A functions as an 8-bit
interval timer.

Upon reset, TCA is cleared to H'00 and bit TMA3 is cleared to 0, so up-counting and interval
timing resume immediately. The clock input to timer A is selected by bits TMA2 to TMAO in
TMA: any of eight internal clock signals output by prescaler S can be selected.

After the count value in TCA reaches H'FF. the next clock signal input causes timer A to
overflow, setting bit IRRTA to 1 in interrupt request register 1 (IRR1). IfIENTA = 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.
2. Real-time clock time base operation

When bit TMA3 in TMA is set to 1. timer A functions as a real-time clock time base by counting
clock signals output by prescaler W. The overflow period of timer A is set by bits TMA1 and
TMAO in TMA. A choice of four periods is available. In time base operation (TMA3 = 1), setting
bit TMAZ2 to 1 clears both TCA and prescaler W to their initial values of H'00.

924 Timer A Operation States
Table 9.3 summarizes the timer A operation states.

Table 9.3 Timer A Operation States

Sub- Sub- Module
Operation Mode Reset Active Sleep Watch active sleep Standby Standby
TCA Interval Reset Functions Functions Halted Halted Halted Halted Halted

Clock time base Reset Functions Functions Functions Functions Functions Halted Halted

TMA Reset Functions Retained Retained Functions Retained Retained Retained

Note: When the real-time clock time base function is selected as the internal clock of TCA in
active mode or sleep mode, the internal clock is not synchronous with the system clock, so
it is synchronized by a synchronizing circuit. This may result in a maximum error of 1/@ (s) in
the count cycle.
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9.2.5 Application Note

When bit 0 (TACKSTP) of the clock stop register 1 (CKSTPR1) is cleared to 0, bit 3 (TMA3) of
the timer mode register A (TMA) cannot be rewritten.

Set bit 0 (TACKSTP) of the clock stop register 1 (CKSTPRI) to 1 before rewriting bit 3 (TMA3)
of the timer mode register A (TMA).

9.3 Timer F

9.3.1 Overview

Timer F is a 16-bit timer with a built-in output compare function. Timer F also provides for
counter resetting, interrupt request generation, toggle output, etc., using compare match signals.
Timer F can also be used as two independent 8-bit timers (timer FH and timer FL).

1. Features
Features of timer F are given below.

» Choice of four internal clock sources (0/32, 0/16, 0/4, ow/4)

* TMOFH pin toggle output provided using a single compare match signal (toggle output initial
value can be set)

» Counter resetting by a compare match signal
+ Two interrupt sources: one compare match, one overflow

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

Timer FL
Timer FH 8-Bit Timer* 8-Bit Timer/Event Counter
Internal clock Choice of 4 (2/32, ©/16, 9/4, ow/4)
Toggle output One compare match signal, output to  One compare match signal, output to
TMOFH pin(initial value settable) TMOFL pin (initial value settable)
Counter reset Counter can be reset by compare match signal

Interrupt sources  One compare match
One overflow

Note: * When timer F operates as a 16-bit timer, it operates on the timer FL overflow signal.

* Operation in watch mode, subactive mode, and subsleep mode

When ew/4 is selected as the internal clock, timer F can operate in watch mode, subactive
mode, and subsleep mode.

* Use of module standby mode enables this module to be placed in standby mode independently

when not used.
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2. Block diagram

Figure 9.2 shows a block diagram of timer F.

6 — > PSS — IRRTFL
— N
I| TCRF |
1
o,/4 | TCFL  —
Togale l
TMOFL O<——1 it Comparator
| OCRFL I §
m
o)
o
L ©
=
ik}
TCFH =
TMOFH C=—— Tg&?ﬁ Comparator -] Matcﬂ
| TCSRF !4— _
N
—— |IRRTFH
Notation:
TCRF:  Timer control register F
TCSRF:  Timer control/status register F
TCFH:  8-bit imer counter FH
TCFL:  &-bit imer counter FL
OCRFH: Output compare register FH
OCRFL:  OQutput compare register FL
IRRTFH: Timer FH interrupt request flag
IRRTFL: Timer FL interrupt request flag
PSS! Prescaler S
Figure 9.2 Block Diagram of Timer F
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3. Pin configuration
Table 9.4 shows the timer F pin configuration.

Table 9.4  Pin Configuration

Name Abbrev. /0 Function
Timer FH output TMOFH Output Timer FH toggle output pin
Timer FL output TMOFL Output Timer FL toggle output pin

4. Register configuration
Table 9.5 shows the register configuration of timer F.

Table 9.5 Timer F Registers

Name Abbrev. R/W Initial Value = Address
Timer control register F TCRF w H'00 H'FFB6
Timer control/status register F TCSRF R/W H'00 H'FFB7
8-bit timer counter FH TCFH R/W H'00 H'FFB8
8-bit timer counter FL TCFL RAW H'00 H'FFB9
Output compare register FH OCRFH R/W H'FF H'FFBA
Output compare register FL OCRFL RAW H'FF H'FFBB
Clock stop register 1 CKSTPR1 R/W H'FF H'FFFA
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9.3.2 Register Descriptions

L. 16-bit timer counter (TCF)
8-bit timer counter (TCFH)
8-bit timer counter (TCFL)

|
Bit: %5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 o 0 0 0 © 0 0 0 0 O 0 0 0 0 O

Read/Write: ~ RW R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/W R/W R/W RIW,
TCFH TCFL

TCF is a 16-bit read/write up-counter configured by cascaded connection of 8-bit timer counters
TCFH and TCFL. In addition to the use of TCF as a 16-bit counter with TCFH as the upper 8 bits
and TCFL as the lower 8 bits, TCFH and TCFL can also be used as independent 8-bit counters.

TCFH and TCFL can be read and written by the CPU, but when they are used in 16-bit mode, data
transfer to and from the CPU is performed via a temporary register (TEMP). For details of TEMP,
see 9.3.3, CPU Interface.

TCFH and TCFL are each initialized to H'00 upon reset.

a. 16-bit mode (TCF)
When CKSH2 is cleared to 0 in TCRF, TCF operates as a 16-bit counter. The TCF input clock
is selected by bits CKSL2 to CKSLO0 in TCRF.
TCF can be cleared in the event of a compare match by means of CCLRH in TCSRF.
When TCF overflows from HFFFF to H'0000, OVFH is set to | in TCSRF. If OVIEH in
TCSRF is 1 at this time, IRRTFH is set to [ in IRR2, and if IENTFH in IENR2 is 1, an
interrupt request is sent to the CPU.

b. 8-bit mode (TCFL/TCFH)
When CKSH2 is set to 1 in TCRF, TCFH and TCFL operate as two independent 8-bit
counters. The TCFH (TCFL) input clock is selected by bits CKSH2 to CKSHO (CKSL2 to
CKSLO0) in TCRF.
TCFH (TCFL) can be cleared in the event of a compare match by means of CCLRH (CCLRL)
in TCSRF.
When TCFH (TCFL) overflows from H'FF to H'00, OVFH (OVFL) is set to 1 in TCSRF. If
OVIEH (OVIEL) in TCSREF is 1 at this time, IRRTFH (IRRTFL) is set to 1 in IRR2. and if
IENTFH (IENTFL) in IENR2 is 1, an interrupt request is sent to the CPU.
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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

Read/Write: R/W R/W RIW RIW R/W R/W RW RIW RW RW RW RW RIW R/W RW RW,
OCRFH OCRFL

OCREF is a 16-bit read/write register composed of the two registers OCRFH and OCRFL. In
addition to the use of OCRF as a 16-bit register with OCRFH as the upper 8 bits and OCRFL as
the lower 8 bits, OCRFH and OCRFL can also be used as independent 8-bit registers.

OCRFH and OCRFL can be read and written by the CPU. but when they are used in 16-bit mode,
data transfer to and from the CPU is performed via a temporary register (TEMP). For details of
TEMP, see 9.3.3, CPU Interface.

OCRFH and OCRFL are each initialized to HFF upon reset.

a. 16-bit mode (OCRF)
When CKSH?2 is cleared to 0 in TCRF, OCRF operates as a 16-bit register. OCRF contents are
constantly compared with TCF, and when both values match, CMFH is set to 1 in TCSRF. At
the same time, IRRTFH is set to 1 in IRR2. If IENTFH in IENR2 is 1 at this time, an interrupt
request is sent to the CPU.
Toggle output can be provided from the TMOFH pin by means of compare matches, and the
output level can be set (high or low) by means of TOLH in TCRF.

b. 8-bit mode (OCRFH/OCRFL)
When CKSH?2 is set to 1 in TCRF, OCRFH and OCRFL operate as two independent 8-bit
registers. OCRFH contents are compared with TCFH. and OCRFL contents are with TCFL.
When the OCRFH (OCRFL) and TCFH (TCFL) values match, CMFH (CMFL) is set to 1 in
TCSRF. At the same time, IRRTFH (IRRTFL) is set to 1 in IRR2. If IENTFH (IENTFL) in
IENR?2 is 1 at this time, an interrupt request is sent to the CPU.
Toggle output can be provided from the TMOFH pin (TMOFL pin) by means of compare
matches, and the output level can be set (high or low) by means of TOLH (TOLL) in TCRF.
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3. Timer control register F (TCRF)

Bit 7 6 5 4 3 2 1 0

| ton | cksH2 | cksHi | cksHo | TolL | cksi2 | cksi1 | cksio |
Initial value: 0 0 0 0 0 0 0 0
Read/Write: W W W W W W W W

TCREF is an 8-bit write-only register that switches between 16-bit mode and 8-bit mode, selects the
input clock from among four internal clock sources and sets the output level of the TMOFH and
TMOFL pins.

TCREF is initialized to H'00 upon reset.
Bit 7: Toggle output level H (TOLH)

Bit 7 sets the TMOFH pin output level. The output level is effective 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 clock input to TCFH from among four internal clock sources or TCFL
overflow.

Bit6 Bit5 Bit4

CKSH2  CKSH1 CKSHO  Description

0 0 0 16-bit mode, counting on TCFL overflow signal  (initial value)
0 0 1

0 1 0

0 1 1 Use prohibited

1 0 0 Internal clock: counting on /32

1 0 1 "Intemal clock: counting on @/16

1 1 0 Internal clock: counting on /4

1 1 1 Internal clock: counting on ew/4
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Bit 3: Toggle output level L (TOLL)

Bit 3 sets the TMOFL pin output level. The output level is effective immediately after this bit is
written.

Bit3

TOLL Description

0 Low level (initial value)
1 High level

Bits 2 to 0: Clock select L (CKSL2 to CKSLO0)

Bits 2 to 0 select the clock input to TCFL from among four internal clock sources or external event
input.

Bit 2 Bit 1 Bit 0

CKsL2 CKsL1 CKSL0  Description

0 0 0 Non-operational (initial value)
0 0 1 Use prohibited

0 K 0

0 1 1

1 0 0 Internal clock: counting on /32
1 "0 1 ulnternal clock: counting on @/16
1 1 0 Internal clock: counting on @/4

1 1 1 Internal clock: counting on ew/4
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4. Timer control/status register F (TCSRF)

Bit: 7 6 5 4 3 2 1 0
| ovb | cwrH | ovien | cord | ovrl | cmr | ovie | cotre |
Initial value: 0 0 0 0 0 0 0 0

Read/Write: R/W)* RI(W)*  RW RW  R(W)* RI(W¢  RW RIW

Note: * Bits 7, 8, 3, and 2 can only be written with O, for flag clearing.

TCSREF is an 16-bit read/write register that performs counter clear selection, overflow flag setting,
and compare match flag setting, and controls enabling of overflow interrupt requests.

TCSREF is initialized to H'00 upon reset.
Bit 7: Timer overflow flag H (OVFH)

Bit 7 is a status flag indicating that TCFH has overflowed from 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 TCFH overflows from H'FF to H'00

Bit 6: Compare match flag H (CMFH)

Bit 6 is a status flag indicating that TCFH has matched OCRFH. 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 the OCRFH value
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Bit 5: Timer overflow interrupt enable H (OVIEH)

Bit 5 selects enabling or disabling of interrupt generation when TCFH overflows.

Bit5

OVIEH Description

0 TCFH overflow interrupt request is disabled (initial value)
1 TCFH overflow interrupt request is enabled

Bit 4: Counter clear H (CCLRH)
In 16-bit mode, bit 4 selects whether TCF is cleared when TCF and OCRF match.

In 8-bit mode, bit 4 selects whether TCFH is cleared when TCFH and OCRFH match.

Bit4
CCLRH Description
0 16-bit mode: TCF clearing by compare match is disabled
8-bit mode: TCFH clearing by compare match is disabled (initial value)
1 16-bit mode: TCF clearing by compare match is enabled

8-bit mode: TCFH clearing by compare match is enabled

Bit 3: Timer overflow flag L (OVFL)

Bit 3 is a status flag indicating that TCFL has overflowed from H'FF to H'00. This flag is set by
hardware and cleared by software. It cannot be set by software.

Bit3

OVFL Description

0 Clearing conditions: (initial value)
After reading OVFL = 1, cleared by writing 0 to OVFL

1 Setting conditions:
Set when TCFL overflows from H'FF to H'00
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Bit 2: Compare match flag L (CMFL)

Bit 2 is a status flag indicating that TCFL has matched OCRFL. This flag is set by hardware and

cleared by software. It cannot be set by software.

Bit 2
CMFL Description
0 Clearing conditions: (initial value)
After reading CMFL = 1, cleared by writing 0 to CMFL
1 Setting conditions:
Set when the TCFL value matches the OCRFL value
Bit 1: Timer overflow interrupt enable L (OVIEL)
Bit 1 selects enabling or disabling of interrupt generation when TCFL overflows.
Bit 1
OVIEL Description
0 TCFL overflow interrupt request is disabled (initial value)
1 TCFL overflow interrupt request is enabled
Bit 0: Counter clear L (CCLRL)
Bit 0 selects whether TCFL is cleared when TCFL and OCRFL match.
Bit0
CCLRL Description
0 TCFL clearing by compare match is disabled (initial value)
1 TCFL clearing by compare match is enabled
187

HITACHI



5. Clock stop register 1 (CKSTPR1)

Bit: 7 6 5 4 3 2 1 0

| — | — |ssckstPlapckste| — [1FckstP| —  [7AcksTP|
Initial value: 1 1 1 1 1 1 1 1
Read/Write: —_ — R/W R/W — R/W — R/W

CKSTPRI is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to timer F is described here. For details of the other bits, see the
sections on the relevant modules.

Bit 2: Timer F module standby mode control (TFCKSTP)

Bit 2 controls setting and clearing of module standby mode for timer F.

TFCKSTP  Description

0 Timer F is set to module standby mode
1 Timer F module standby mode is cleared (initial value)
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9.3.3 CPU Interface

TCF and OCRF are 16-bit read/write registers, but the CPU is connected to the on-chip peripheral
modules by an 8-bit data bus. When the CPU accesses these registers, it therefore uses an 8-bit
temporary register (TEMP).

In 16-bit mode, TCF read/write access and OCRF write access must be performed 16 bits at a time
(using two consecutive byte-size MOV instructions). and the upper byte must be accessed before
the lower byte. Data will not be transferred correctly if only the upper byte or only the lower byte
is accessed.

In 8-bit mode, there are no restrictions on the order of access.
1. Write access

Write access to the upper byte results in transfer of the upper-byte write data to TEMP. Next,
write access to the lower byte results in transfer of the data in TEMP to the upper register byte,
and direct transfer of the lower-byte write data to the lower register byte.
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Figure 9.3 shows an example in which H'AASS is written to TCF.

Write to upper byte

CPU
(HAA)

>

Bus
interface

Write to lower byte

CPU
(H'55)

TEMP
(H'AA)

Nk

TCFH
)

TCFL
« )

¢

Bus
interface

Module data bus

(H'AA)

TCFH TCFL
(H'AA) (H'55)
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2. Read access

In access to TCF, when the upper byte is read the upper-byte data is transferred directly to the
CPU and the lower-byte data is transferred to TEMP. Next, when the lower byte is read, the
lower-byte data in TEMP is transferred to the CPU.

In access to OCRF. when the upper byte is read the upper-byte data is transferred directly to the
CPU. When the lower byte is read, the lower-byte data is transferred directly to the CPU.

Figure 9.4 shows an example in which TCF is read when it contains H'AAFF.

Read upper byte

Bus
(ﬁ'iti) H interface

Module data bus

TEMP
(HFF)

Read lower byte

Bus
{E.F,):LFJ) H interface

Module data bus

TEMP

(HFF)
TCFH TCFL
(AB)* (00)*

Note: * H'ABOO if counter has been updated once.

Figure 9.4 Read Access to TCF (TCF — CPU)
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9.3.4 Operation

Timer F is a 16-bit counter that increments on each input clock pulse. The timer F value is
constantly compared with the value set in output compare register F, and the counter can be
cleared, an interrupt requested, or port output toggled. when the two values match. Timer F can
also function as two independent 8-bit timers.

1. Timer F operation

Timer F has two operating modes, 16-bit timer mode and 8-bit timer mode. The operation in each
of these modes is described below.

a. Operation in 16-bit timer mode

When CKSH?2 is cleared to 0 in timer control register F (TCRF). timer F operates as a 16-bit
timer.

Following a reset, timer counter F (TCF) is initialized to H'0000, output compare register F
(OCRF) to HFFFF, and timer control register F (TCRF) and timer control/status register F
(TCSRF) to H'00.
The timer F operating clock can be selected from three internal clocks output by prescaler S by
means of bits CKSL2 to CKSLO0 in TCRF.
OCRF contents are constantly compared with TCF. and when both values match, CMFH is set
to 1 in TCSRF. If IENTFH in IENR2 is 1 at this time, an interrupt request is sent to the CPU,
and at the same time, TMOFH pin output is toggled. If CCLRH in TCSRF is 1. TCF is
cleared. TMOFH pin output can also be set by TOLH in TCRF.
When TCF overflows from HFFFF to H'0000, OVFH is set to 1 in TCSRF. If OVIEH in
TCSRF and IENTFH in IENR2 are both 1, an interrupt request is sent to the CPU.

b. Operation in 8-bit timer mode

When CKSH?2 is set to 1 in TCRF, TCF operates as two independent 8-bit timers, TCFH and
TCFL. The TCFH/TCFL input clock is selected by CKSH2 to CKSHO/CKSL2 to CKSLO0 in
TCRF.

When the OCRFH/OCRFL and TCFH/TCFL values match, CMFH/CMFL is set to 1 in
TCSRF. If IENTFH/IENTFL in IENR2 is 1, an interrupt request is sent to the CPU, and at the
same time, TMOFH pin/TMOFL pin output is toggled. If CCLRH/CCLRL in TCSRF is 1,
TCFH/TCFL is cleared. TMOFH pin/TMOFL pin output can also be set by TOLH/TOLL in
TCRF.

When TCFH/TCFL overflows from H'FF to H'00, OVFH/OVFL is set to 1 in TCSRF. If
OVIEH/OVIEL in TCSRF and IENTFH/IENTFL in IENR2 are both 1, an interrupt request is
sent to the CPU.
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2. TCF increment timing

TCF is incremented by clock input (internal clock input). Bits CKSH2 to CKSHO or CKSL2 to
CKSLO in TCREF select one of four internal clock sources (0/32, 0/16. o/4, or ow/4) created by
dividing the system clock (e or ew).

3. TMOFH/TMOFL output timing

In TMOFH/TMOFL output, the value set in TOLH/TOLL in TCREF is output. The output is
toggled by the occurrence of a compare match. Figure 9.5 shows the output timing.

: pE g nERER
ggzgt e —\ ( (( ’—‘ ((

TCF N >< N+1 \}\; \\ N >< N+1 \,\
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L { L i

OCRF N N\ N \
I I 77

Compare match
signal

TMOFH TMOFL ) ) ‘

=
—

Figure 9.5 TMOFH/TMOFL Output Timing
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4. TCF clear timing

TCF can be cleared by a compare match with OCREF.

5. Timer overflow flag (OVF) set timing

OVF is set to 1 when TCF overflows from H'FFFF to H'0000.
6. Compare match flag set timing

The compare match flag (CMFH or CMFL) is set to 1 when the TCF and OCRF values match.
The compare match signal is generated in the last state during which the values match (when TCF
is updated from the matching value to a new value). When TCF matches OCRF, the compare
match signal is not generated until the next counter clock.

7. Timer F operation modes
Timer F operation modes are shown in table 9.6.

Table 9.6 Timer F Operation Modes

Sub- Sub- Module
Operation Mode Reset Active Sleep Watch active sleep Standby Standby
TCF Reset Functions Functions Functions/ Functions/ Functions/ Halted Halted

Halted* Halted* Halted*

OCRF Reset Functions Held Held Functions Held Held Held
TCRF Reset Functions Held Held Functions Held Held Held
TCSRF Reset Functions Held Held Functions Held Held Held

Note: * When @,,/4 is selected as the TCF internal clock in active mode or sleep mode, since the
system clock and internal clock are mutually asynchronous, synchronization is maintained
by a synchronization circuit. This results in a maximum count cycle error of 1/ (s). When
the counter is operated in subactive mode, watch mode, or subsleep mode, ,,/4 must be
selected as the internal clock. The counter will not operate if any other internal clock is
selected.
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9.3.5 Application Notes
The following types of contention and operation can occur when timer F is used.
1. 16-bit timer mode

In toggle output, TMOFH pin output is toggled when all 16 bits match and a compare match
signal is generated. If a TCRF write by a MOV instruction and generation of the compare match
signal occur simultaneously. TOLH data is output to the TMOFH pin as a result of the TCRF
write. TMOFL pin output is unstable in 16-bit mode, and should not be used; the TMOFL pin
should be used as a port pin.

If an OCRFL write and compare match signal generation occur simultaneously, the compare
match signal is invalid. However, if the written data and the counter value match, a compare
match signal will be generated at that point. As the compare match signal is output in
synchronization with the TCFL clock. a compare match will not result in compare match signal
generation if the clock is stopped.

Compare match flag CMFH is set when all 16 bits match and a compare match signal is generated.
Compare match flag CMFL is set if the setting conditions for the lower 8 bits are satisfied.

When TCF overflows, OVFH is set. OVFL is set if the setting conditions are satisfied when the
lower 8 bits overflow. If a TCFL write and overflow signal output occur simultaneously. the
overflow signal is not output.

2. 8-bit timer mode

a. TCFH, OCRFH
In toggle output, TMOFH pin output is toggled when a compare match occurs. If a TCRF
write by a MOV instruction and generation of the compare match signal occur simultaneously,
TOLH data is output to the TMOFH pin as a result of the TCRF write.
If an OCRFH write and compare match signal generation occur simultaneously, the compare
match signal is invalid. However, if the written data and the counter value match, a compare
match signal will be generated at that point. The compare match signal is output in
synchronization with the TCFH clock.
If a TCFH write and overflow signal output occur simultaneously, the overflow signal is not
output.

b. TCFL, OCRFL

In toggle output, TMOFL pin output is toggled when a compare match occurs. If a TCRF
write by a MOV instruction and generation of the compare match signal occur simultaneously,
TOLL data is output to the TMOFL pin as a result of the TCRF write.
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If an OCRFL write and compare match signal generation occur simultaneously, the compare
match signal is invalid. However, if the written data and the counter value match, a compare
match signal will be generated at that point. As the compare match signal is output in
synchronization with the TCFL clock, a compare match will not result in compare match signal
generation if the clock is stopped.

If a TCFL write and overflow signal output occur simultaneously, the overflow signal is not
output.

3. Clear timer FH, timer FL interrupt request flags (IRRTFH, IRRTFL), timer overflow flags H,
L (OVFH., OVFL) and compare match flags H. L (CMFH. CMFL)

When ow/4 is selected as the internal clock, “Interrupt factor generation signal™ will be operated
with ew and the signal will be outputted with ew width. And, “Overflow signal” and “Compare
match signal™ are controlled with 2 cycles of ew signals. Those signals are outputted with 2 cycles
width of ew (figure 9.6)

In active (high-speed, medium-speed) mode, even if you cleared interrupt request flag during the
term of validity of “Interrupt factor generation signal”, same interrupt request flag is set. (figure
9.6 1) And. you cannot be cleared timer overflow flag and compare match flag during the term of
validity of “Overflow signal” and “Compare match signal”.

For interrupt request flag is set right after interrupt request is cleared. interrupt process to one time
timer FH., timer FL interrupt might be repeated. (figure 9.6 2) Therefore, to definitely clear
interrupt request flag in active (high-speed, medium-speed) mode. clear should be processed after
the time that calculated with below (1) formula. And. to definitely clear timer overflow flag and
compare match flag, clear should be processed after read timer control status register F (TCSRF)
after the time that calculated with below (1) formula. For ST of (1) formula, please substitute the
longest number of execution states in used instruction. (10 states of RTE instruction when
MULXU, DIVXU instruction is not used, 14 states when MULXU, DIVXU instruction is used) In
subactive mode, there are not limitation for interrupt request flag. timer overflow flag, and
compare match flag clear.

The term of validity of “Interrupt factor generation signal”

= 1 cycle of ow + waiting time for completion of executing instruction
+ interrupt time synchronized with o = l/ew + ST - (1/e) + (2/0) (second).....(1)

ST: Executing number of execution states
Method 1 is recommended to operate for time efficiency.

Method 1
1. Prohibit interrupt in interrupt handling routine (set IENFH, IENFL to 0).

2. After program process returned normal handling, clear interrupt request flags (IRRTFH,
IRRTFL) after more than that calculated with (1) formula.
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3. After read timer control status register F (TCSRF), clear timer overflow flags (OVFH,
OVFL) and compare match flags (CMFH, CMFL).

4. Operate interrupt permission (set IENFH, IENFL to 1).
Method 2
1. Set interrupt handling routine time to more than time that calculated with (1) formula.
. Clear interrupt request flags (IRRTFH. IRRTFL) at the end of interrupt handling routine.

n
3. After read timer control status register F (TCSRF), clear timer overflow flags (OVFH,
OVFL) and compare match flags (CMFH, CMFL).

All above attentions are also applied in 16-bit mode and 8-bit mode.

Interrupt request Interrupt request
flag clear flag clear

I 5 I
Program process X Interrupt | >< Interrupt >< Normal
1

1

|

|

Interrupt factor 1
| .

1

1

|

|

1

generation signal |
(Internal signal,
nega-active)

Overflow signal,
Compare match signal
(Internal signal,
nega-active)

|

I

|

|

|

|

|

I

|
Interrupt request flag |_|
(IRRTFH, IRRTFL) ;

Figure 9.6 Clear Interrupt Request Flag when Interrupt Factor Generation Signal is Valid
4. Timer counter (TCF) read/write

When ew/4 is selected as the internal clock in active (high-speed. medium-speed) mode. write on
TCF is impossible. And, when read TCF, as the system clock and internal clock are mutually
asynchronous, TCF synchronizes with synchronization circuit. This results in a maximum TCF
read value error of +1.

When read/write TCF in active (high-speed, medium-speed) mode is needed, please select internal
clock except for ow/4 before read/write.

In subactive mode, even ow/4 is selected as the internal clock, normal read/write TCF is possible.
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9.4 Asynchronous Event Counter (AEC)

9.4.1 Overview

The asynchronous event counter is incremented by external event clock or internal clock input.
1. Features

Features of the asynchronous event counter are given below.

* Can count asynchronous events

Can count external events input asynchronously without regard to the operation of base clocks o
and osyR.

The counter has a 16-bit configuration, enabling it to count up to 65536 (2'°) events.

* Can also be used as two independent 8-bit event counter channels.

* Can be used as single-channel independent 16-bit event counter.

» Event/clock input is enabled only when IRQAEC is high or event counter PWM output
(IECPWM) is high.

* Both edge sensing can be used for IRQAEC or event counter PWM output (IECPWM)

interrupts. When the asynchronous counter is not used, independent interrupt function use is
possible.

*  When an event counter PWM is used, event clock input enabling/disabling can be performed
automatically in a fixed cycle.

» External event input or a prescaler output clock can be selected by software for the ECH and
ECL clock sources. o/2, o/4, or /8 can be selected as the prescaler output clock.

* Both edge counting is possible for AEVL and AEVH.
» Counter resetting and halting of the count-up function controllable by software
* Automatic interrupt generation on detection of event counter overflow

* Use of module standby mode enables this module to be placed in standby mode independently
when not used.
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Block diagram

Figure 9.7 shows a block diagram of the asynchronous event counter.
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Notation
ECPWCRH: Event counter PWM compare register H ECPWCRL: Event counter PWM compare register L
ECPWDRH: Event counter PWM data register H ECPWDRL: Event counter PWM data register L
AEGSR: Input pin edge selection register ECCR: Event counter control register
ECCSR: Event counter control/status register
ECH: Event counter H
ECL: Event counter L
Figure 9.7 Block Diagram of Asynchronous Event Counter
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3. Pin configuration
Table 9.7 shows the asynchronous event counter pin configuration.

Table 9.7  Pin Configuration

Name Abbrev. /O Function
Asynchronous event input H AEVH Input  Event input pin for input to event counter H
Asynchronous event input L AEVL Input  Event input pin for input to event counter L

Event input enable interrupt input  IRQAEC  Input  Input pin for interrupt enabling event input

4. Register configuration
Table 9.8 shows the register configuration of the asynchronous event counter.

Table 9.8  Asynchronous Event Counter Registers

Name Abbrev. R/W Initial Value = Address
Event counter PWM compare register H ECPWCRH R/W H'FF H'FF8C
Event counter PWM compare register L ECPWCRL R/W H'FF H'FF8D
Event counter PWM data register H ECPWDRH W H'00 H'FF8E
Event counter PWM data register L ECPWDRL W H'00 H'FF8F
Input pin edge selection register AEGSR R/W H'00 H'FF92
Event counter control register ECCR R/W H'00 H'FF94
Event counter control/status register ECCSR R/W H'00 H'FF95
Event counter H ECH R H'00 H'FF96
Event counter L ECL R H'00 H'FF97
Clock stop register 2 CKSTP2 R/W H'FF H'FFFB
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0.4.2 Register Configurations

1. Event counter PWM compare register H (ECPWCRH)

Bit 7 6 5 4 3 2 - 0
‘ECPWCRH? ‘ECPWCRHB‘ECPWCRHS‘ ECPWCRH4‘ ECPWCRHS‘ ECPWCRHZ‘ ECPWCRH ‘ ECPWCRHD‘
Initial value 1 1 1 1 1 1 1 1

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

Note: When ECPWME in AEGSR is 1, event counter PWM is operating and therefore ECPWCRH
should not be modified.

When changing the conversion period, event counter PWM must be halted by clearing
ECPWME to 0 in AEGSR before modifying ECPWCRH.

ECPWCRH is an 8-bit read/write register that sets the event counter PWM waveform conversion
period.

2. Event counter PWM compare register L (ECPWCRL)

Bit 7 6 5 4 3 2 . 0
‘ECPWCRL?‘ECPWCRLG[ECPWCRLS]ECPWCRM[ECPWCRLSIECPWCRL2[ECPWCRL1IECPWCRLO‘
Initial value 1 1 1 1 1 1 1 1

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

Note: When ECPWME in AEGSR is 1, event counter PWM is operating and therefore ECPWCRL
should not be modified.

When changing the conversion period, event counter PWM must be halted by clearing
ECPWME to 0 in AEGSR before modifying ECPWCRL.

ECPWCRL is an 8-bit read/write register that sets the event counter PWM waveform conversion
period.

201
HITACHI



3. Event counter PWM data register H (ECPWDRH)

Bit 7 6 5 4 3 2 1 0
|ECPWDRHT| ECPWDRHS [ECPIDRHS ECPWDRH4| ECPWDRH3| ECPWDRH2 ECPWDRH1 ECPIDRHO

Initial value 0 0 0 0 0 0 0 0

Read/Write W w W W w W W w

Note: When ECPWME in AEGSR is 1, event counter PWM is operating and therefore ECPWDRH
should not be modified.

When changing the data, event counter PWM must be halted by clearing ECPWME to 0 in
AEGSR before modifying ECPWDRH.

ECPWDRH is an 8-bit write-only register that controls event counter PWM waveform generator
data.

4. Event counter PWM data register L (ECPWDRL)

Bit 7 6 5 4 3 2 1 0
ECPWWDRLT ECPWDRLS ECPYDRLS ECPW/DRLAECPWDRLIECPWDRL2[ECPWDRLECPWDRLO

Initial value 0 0 0 0 0 0 0 0

Read/Write W w W W w W W w

Note: When ECPWME in AEGSR is 1, event counter PWM is operating and therefore ECPWDRL
should not be modified.

When changing the data, event counter PWM must be halted by clearing ECPWME to 0 in
AEGSR before modifying ECPWDRL.

ECPWDRL is an 8-bit write-only register that controls event counter PWM waveform generator
data.

5. Input pin edge selection register (AEGSR)

Bit 7 6 5 4 3 2 1 0
|AHEGS1 | AHEGSO| ALEGS1| ALEGSO| AEGS1 | AEGSO [ECPWME  —
Initial value 0 0 0 0 0 0 0 0

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

AEGSR is an 8-bit read/write register that selects rising. falling, or both edge sensing for the
AEVH, AEVL, and IRQAEC pins.
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Bits 7 and 6: AEC edge select H

Bits 7 and 6 select rising, falling, or both edge sensing for the AEVH pin.

Bit7 Bit6

AHEGS1 AHEGS0 Description

0 0 Falling edge on AEVH pin is sensed (initial value)
1 Rising edge on AEVH pin is sensed

1 0 Both edges on AEVH pin are sensed
1 Use prohibited

Bits 5 and 4: AEC edge select L

Bits 5 and 4 select rising, falling, or both edge sensing for the AEVL pin.

Bit5 Bit4

ALEGS1 ALEGS0 Description

0 0 Falling edge on AEVL pin is sensed (initial value)
1 Rising edge on AEVL pin is sensed

1 0 Both edges on AEVL pin are sensed
1 Use prohibited

Bits 3 and 2: IRQAEC edge select

Bits 3 and 2 select rising, falling, or both edge sensing for the IRQAEC pin.

Bit 3 Bit 2
AIEGS1 AIEGS0 Description
0 0 Falling edge on IRQAEC pin is sensed (initial value)

Rising edge on IRQAEC pin is sensed

1
1 0 Both edges on IRQAEC pin are sensed
1 Use prohibited
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Bit 1: Event counter PWM enable

Bit 1 controls enabling/disabling of event counter PWM and selection/deselection of IRQAEC.

Bit 1

ECPWME Description

0 AEC PWM halted, IRQAEC selected (initial value)
1 AEC PWM operation enabled, IRQAEC deselected

Bit 0: Reserved bit
Bit 0 is a readable/writable reserved bit. It is initialized to 0 by a reset.
Note: Do not set this bit to 1.

6. Event counter control register (ECCR)

Bit 7 6 5 4 3 2 ] 0
ACKH1 | AckHo | AckL1 | AckLo ‘PWCK2 ‘ PWCKA ‘ PWCKO‘ —
Initial value 0 0 0 0 0 0 0 0

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

ECCR performs counter input clock and IRQAEC/IECPWM control.
Bits 7 and 6: AEC clock select H (ACKH1, ACKHO0)

Bits 7 and 6 select the clock used by ECH.

Bit7 Bit6

ACKH1 ACKHO Description

0 0 AEVH pin input (initial value)
1 2/2

1 0 o/4
1 /8
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Bits 5 and 4: AEC clock select L (ACKL1, ACKLO0)

Bits 5 and 4 select the clock used by ECL.

Bit5 Bit4

ACKL1 ACKLO Description

0 0 AEVL pin input (initial value)
1 /2

1 0 o/4
1 /8

Bits 3 to 1: Event counter PWM clock select (PWCK2, PWCKI1, PWCKO0)

Bits 3 to 1 select the event counter PWM clock.

Bit3 Bit 2 Bit 1
PWCK2 PWCK1 PWCKO0 Description
0 0 0 @/2 (initial value)
1 o/4
1 0 /8
1 0/16
1 * 0 0/32
1 0/64
*: Don't care
Bit 0: Reserved bit
Bit 0 is a readable/writable reserved bit. It is initialized to 0 by a reset.
Note: Do not set this bit to 1.
7. Event counter control/status register (ECCSR)
Bit 7 6 5 4 3 2 1 0
OVH oL | — | ch CUEH | CUEL | CRCH | CRCL
Initial Value 0 0 0 0 0 0 0 0
Read/Write RW* RAW= R/W R/W RW RW R/W R/W
Note: * Bits 7 and 6 can only be written with 0, for flag clearing.
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ECCSR is an 8-bit read/write register that controls counter overflow detection, counter resetting,
and halting of the count-up function.

ECCSR is initialized to H'00 upon reset.
Bit 7: Counter overflow flag H (OVH)

Bit 7 is a status flag indicating that ECH has overflowed from H'FF to H'00. This flag is set when
ECH overflows. It is cleared by software but cannot be set by software. OVH is cleared by
reading it when set to 1, then writing 0.

When ECH and ECL are used as a 16-bit event counter with CH2 cleared to 0, OVH functions as a
status flag indicating that the 16-bit event counter has overflowed from H'FFFF to H'0000.

Bit7
OVH Description
0 ECH has not overflowed (initial value)

Clearing conditions:
After reading OVH = 1, cleared by writing 0 to OVH

1 ECH has overflowed
Setting conditions:
Set when ECH overflows from H'FF to H'00

Bit 6: Counter overflow flag L (OVL)

Bit 6 is a status flag indicating that ECL has overflowed from H'FF to H'00. This flag is set when
ECL overflows. It is cleared by software but cannot be set by software. OVL is cleared by
reading it when set to 1, then writing 0.

Bit 6
OVL Description
0 ECL has not overflowed (initial value)

Clearing conditions:
After reading OVL = 1, cleared by writing 0 to OVL

1 ECL has overflowed
Setting conditions:
Set when ECL overflows from H'FF to H'00 while CH2 is set to 1

Bit 5: Reserved bit

Bit 5 is reserved; it can be read and written, and is initialized to 0 upon reset.
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Bit 4: Channel select (CH2)

Bit 4 selects whether ECH and ECL are used as a single-channel 16-bit event counter or as two
independent 8-bit event counter channels. When CH2 is cleared to 0, ECH and ECL function as a
16-bit event counter which is incremented each time an event clock is input to the AEVL pin. In
this case, the overflow signal from ECL is selected as the ECH input clock. When CH2 is setto 1,
ECH and ECL function as independent 8-bit event counters which are incremented each time an
event clock is input to the AEVH or AEVL pin, respectively.

Bit4
CH2 Description
0 ECH and ECL are used together as a single-channel 16-bit event counter
(initial value)
1 ECH and ECL are used as two independent 8-bit event counter channels

Bit 3: Count-up enable H (CUEH)

Bit 3 enables event clock input to ECH. When 1 is written to this bit, event clock input is enabled
and increments the counter. When 0 is written to this bit, event clock input is disabled and the
ECH value is held. The AEVH pin or the ECL overflow signal can be selected as the event clock
source by bit CH2.

Bit3

CUEH Description

0 ECH event clock input is disabled (initial value)
ECH value is held

1 ECH event clock input is enabled

Bit 2: Count-up enable L (CUEL)

Bit 3 enables event clock input to ECL. When 1 is written to this bit, event clock input is enabled
and increments the counter. When 0 is written to this bit, event clock input is disabled and the
ECL value is held.

Bit 2

CUEL Description

0 ECL event clock input is disabled (initial value)
ECL value is held

1 ECL event clock input is enabled
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Bit 1: Counter reset control H (CRCH)

Bit 1 controls resetting of ECH. When this bit is cleared to 0, ECH is reset. When 1 is written to
this bit, the counter reset is cleared and the ECH count-up function is enabled.

Bit 1

CRCH Description

0 ECH is reset (initial value)
1 ECH reset is cleared and count-up function is enabled

Bit 0: Counter reset control L (CRCL)

Bit 0 controls resetting of ECL. When this bit is cleared to 0, ECL is reset. When 1 is written to
this bit, the counter reset is cleared and the ECL count-up function is enabled.

Bit0

CRCL Description

0 ECL is reset (initial value)
1 ECL reset is cleared and count-up function is enabled

8. Event counter H (ECH)

Bit 7 6 5 4 3 2 1 0

| ec7 | ecis | Ecrs | Echa | Echs | EcHz | echi | echo
Initial Value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

ECH is an 8-bit read-only up-counter that operates either as an independent 8-bit event counter or
as the upper 8-bit up-counter of a 16-bit event counter configured in combination with ECL.
Either the external asynchronous event AEVH pin or the overflow signal from lower 8-bit counter
ECL can be selected as the input clock source. ECH can be cleared to H'00 by software, and is
also initialized to H'00 upon reset.
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9. Event counter L (ECL)

ECL is an 8-bit read-only up-counter that operates either as an independent 8-bit event counter or
as the lower 8-bit up-counter of a 16-bit event counter configured in combination with ECH. The
event clock from the external asynchronous event AEVL pin. or o/2, o/4, or 0/8, is used as the
input clock source. ECL can be cleared to H'00 by software, and is also initialized to H'00 upon
reset.

Bit 7 6 5 4 3 2 1 0
ECLY ECL6 ECL5 ECL4 ECL3 ECL2 ECL1 ECLO

Initial Value 0 0 0 0 0 0 0 0

Read/Write R R R R R R R R

10. Clock stop register 2 (CKSTPR2)

Bit 7 6 5 4 3 2 1 0

| — [ — ‘ — |PWZCKSTP[AECKSTP‘ — [PW1CKSTP‘ LDCKSTPl
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — R/W R/W — R/W RW

CKSTPR?2 is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to the asynchronous event counter is described here. For details of
the other bits, see the sections on the relevant modules.

Bit 3: Asynchronous event counter module standby mode control (AECKSTP)
Bit 3 controls setting and clearing of module standby mode for the asynchronous event counter.

AECKSTP Description

0 Asynchronous event counter is set to module standby mode

1 Asynchronous event counter module standby mode is cleared (initial value)
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9.4.3 Operation
1. 16-bit event counter operation
When bit CH2 is cleared to 0 in ECCSR, ECH and ECL operate as a 16-bit event counter.

Any of four input clock sources—o/2, 0/4, 0/8. or AEVL pin input—can be selected by means of
bits ACKL1 and ACKLO in ECCR.

When AEVL pin input is selected, input sensing is selected with bits ALEGS1 and ALEGSO0.

The input clock is enabled only when IRQAEC is high or IECPWM is high. When IRQAEC is
low or IECPWM is low, the input clock is not input to the counter, which therefore does not
operate. Figure 9.8 shows an example of the software processing when ECH and ECL are used as
a 16-bit event counter.

Clear CH2to 0
Set ACKL1—0 and ALEGS1—0
Clear CUEH, CUEL, CRCH, and CRCL t0 0

Y

Clear OVH and OVL to 0
Set CUEH, CUEL, CRCH, and CRCL to 1

Figure 9.8 Example of Software Processing when Using ECH and ECL as 16-Bit Event
Counter

As CH2 is cleared to 0 by a reset, ECH and ECL operate as a 16-bit event counter after a reset,
and as ACKL1 and ACKLO are cleared to 00, the operating clock is asynchronous event input
from the AEVL pin (using falling edge sensing). When the next clock is input after the count
value reaches H'FF in both ECH and ECL, ECH and ECL overflow from HFFFF to H'0000, the
OVH flag is set to 1 in ECCSR, the ECH and ECL count values each return to H'00. and counting
up is restarted. When overflow occurs, the IRREC bit is set to 1 in IRR2. If the IENEC bit in
IENR?2 is 1 at this time, an interrupt request is sent to the CPU.
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2. 8-bit event counter operation
When bit CH2 is set to 1 in ECCSR. ECH and ECL operate as independent 8-bit event counters.

0/2. 0/4, 0/8, or AEVH pin input can be selected as the input clock source for ECH by means of
bits ACKHI and ACKHO in ECCR, and 0/2, 0/4, 0/8, or AEVL pin input can be selected as the
input clock source for ECL by means of bits ACKL1 and ACKLO0 in ECCR.

Input sensing is selected with bits AHEGS1 and AHEGS0 when AEVH pin input is selected, and
with bits ALEGSI and ALEGS0 when AEVL pin input is selected.

The input clock is enabled only when IRQAEC is high or IECPWM is high. When IRQAEC is
low or IECPWM is low, the input clock is not input to the counter, which therefore does not
operate. Figure 9.9 shows an example of the software processing when ECH and ECL are used as
8-bit event counters.

Set CH2 to 1

Set ACKH1—0, ACKL1—0, AHEGS1—0, ALEGS1—0
Clear CUEH, CUEL, CRCH, and CRCL to 0

Clear OVHto 0
Set CUEH, CUEL, CRCH, and CRCL to 1

Figure 9.9 Example of Software Processing when Using ECH and ECL as 8-Bit Event
Counters

ECH and ECL can be used as 8-bit event counters by carrying out the software processing shown
in the example in figure 9.9. When the next clock is input after the ECH count value reaches
H'FF. ECH overflows, the OVH flag is set to 1 in ECCSR, the ECH count value returns to H'00,
and counting up is restarted. Similarly, when the next clock is input after the ECL count value
reaches HFF, ECL overflows, the OVL flag is set to 1 in ECCSR, the ECL count value returns to
H'00. and counting up is restarted. When overtflow occurs, the IRREC bit is set to 1 in IRR2. If
the IENEC bit in IENR2 is 1 at this time, an interrupt request is sent to the CPU.
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3. IRQAEC operation

When ECPWME in AEGSR is 0, the ECH and ECL input clocks are enabled only when IRQAEC
is high. When IRQAEC is low, the input clocks are not input to the counters, and so ECH and
ECL do not count. ECH and ECL count operations can therefore be controlled from outside by
controlling IRQAEC. In this case, ECH and ECL cannot be controlled individually.

IRQAEC can also operate as an interrupt source. In this case the vector number is 6 and the vector
addresses are H'000C and H'000D.

Interrupt enabling is controlled by IENEC2 in IENR1. When an IRQAEC interrupt is generated,
IRR1 interrupt request flag IRREC2 is set to 1. If IENEC2 in IENRI is set fo 1 at this time, an
interrupt request is sent to the CPU.

Rising, falling. or both edge sensing can be selected for the IRQAEC input pin with bits ATAGSI1
and ATAGSO0 in AEGSR.

4. Event counter PWM operation

When ECPWME in AEGSR is 1, the ECH and ECL input clocks are enabled only when event
counter PWM output (IECPWM) is high. When IECPWM is low, the input clocks are not input to
the counters, and so ECH and ECL do not count. ECH and ECL count operations can therefore be
controlled cyclically from outside by controlling event counter PWM. In this case, ECH and ECL
cannot be controlled individually.

IECPWM can also operate as an interrupt source. In this case the vector number is 6 and the
vector addresses are H'000C and H'000D.

Interrupt enabling is controlled by IENEC2 in IENR1. When an IECPWM interrupt is generated,
IRR1 interrupt request flag IRREC2 is set to 1. If IENEC2 in IENRI is set fo 1 at this time, an
interrupt request is sent to the CPU.

Rising, falling, or both edge detection can be selected for IECPWM interrupt sensing with bits
ATAGSI and ATAGSO0 in AEGSR.

Figure 9.10 and table 9.9 show examples of event counter PWM operation.
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toff = T - (Ndr +1)

Ton:  Clock input enabled time
| TE;: Clock input disabled time
Tem: One conversion period
ton T: ECPWM input clock cycle
Ng - Value of ECPWDRH and ECPWDRL
. Fixed high when Ndr = HFFFF
tem =T - (Nem +1) N¢, o Value of ECPWCRH and ECPWCRL

Figure 9.10 Event Counter Operation Waveform

Note: N, and N_, above must be set so that N, < N_,. If the settings do not satisfy this
condition, do not set ECPWME to 1 in AEGSR.

Table 9.9 Examples of Event Counter PWM Operation

Conditions: f__ =4 MHz, f =2 MHz, high-speed active mode, ECPWCR value (N_,) =H'7A11,

osC

ECPWDR value (N,) = H'16E3

Clock Source Clock Source ECPWMCR ECPWMDR t_ =T - t. =T
Selection Cycle (T)* Value (N_,) Value (N,) (N, +1) (N,,+1) ¢t =t _-t.

0/2 1ps H7A11 H'16E3 586ms  3125ms 2539ms
ol4 2 ps D'31249  D'5859 11.72ms 625ms  50.78ms

2/8 4 ps 2344 ms 1250ms 101.56 ms
016 8us 46.88ms 250.0ms  203.12 ms
2/32 16 ps 93.76ms 500.0ms 406.24 ms
o/64 32 s 187.562ms 1000.0 ms 812.48 ms

Note: *t_, minimum width

5. Clock Input Enable/Disable Function Operation

The clock input to the event counter can be controlled by the IRQAEC pin when ECPWME in
AEGSR is 0, and by event counter PWM output IECPWM when ECPWME in AEGSR is 1. As
this function forcibly terminates the clock input by each signal, a maximum error of one count will
occur depending the IRQAEC or IECPWM timing.

Figure 9.11 shows an example of the operation of this function.
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Actually counted clock source

Input event |

IRQAEC or IECPWM

Ll L |

N

Edge generated by clock retumn

ﬁ

|
|
|

Counter value N x MN+1

Y Y
N+2 X n+s X

Ned X N5 X N+6

Clock stopped

9.4.4

Figure 9.11 Example of Clock Control Operation

Asynchronous Event Counter Operation Modes

Asynchronous event counter operation modes are shown in table 9.10.

Table 9.10 Asynchronous Event Counter Operation Modes

Operation Module
Mode Reset Active Sleep Watch Subactive Subsleep Standby Standby
AEGSR Reset Functions Functions Held*’ Functions  Functions  Held*' Held
ECCR Reset Functions Functions Held*' Functions  Functions  Held*' Held
ECCSR Reset Functions Functions Held*' Functions  Functions  Held*' Held
ECH Reset Functions Functions Functions*'** Functions** Functions*? Functions*'** Halted
ECL Reset Functions Functions Functions*'*2 Functions*?* Functions*? Functions*'*? Halted
IEQAEC Reset Functions Functions Held*® Functions  Functions  Held*® Held**
Event Reset Functions Functions Held Held Held Held Held
counter

PWM

Notes: 1. When an asynchronous external event is input, the counter increments but the counter
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overflow H/L flags are not affected.

2. Operates when asynchronous mode external events are selected; halted and retained
otherwise.

w

Clock control by IRQAEC operates, but interrupts do not.

4. As the clock is stopped in module standby mode, IRQAEC has no effect.
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9.4.5 Application Notes

1. When reading the values in ECH and ECL, first clear bits CUEH and CUEL to 0 in ECCSR to
prevent asynchronous event input to the counter. The correct value will not be returned if the
event counter increments while being read.

2. Use a clock with a frequency of up to 16 MHz for input to the AEVH and AEVL pins, and
ensure that the high and low widths of the clock are at least 30 ns. The duty cycle is

immaterial.
Maximum AEVH/AEVL Pin Input

Mode Clock Frequency
Active (high-speed), sleep (high-speed) 16 MHz
Active (medium-speed), sleep (medium-speed) (2/16) 2 fosc

(2/32) fosc

(0/64) 112 - fose
fosc =1 MHz to 4 MHz (0/128)  1/4 - fose
Watch, subactive, subsleep, standby (ew/2) 1000 kHz

(ow/4) 500 kHz
ow = 32.768 kHz or 38.4 kHz (ew/8) 250 kHz

3. When AEC uses with 16-bit mode, set CUEH in ECCSR to *“1” first, set CRCH in ECCSR to
“17 second, or set both CUEH and CRCH to “1” at same time before clock entry. While AEC
is operating on 16-bit mode, do not change CUEH. Otherwise, ECH will be miscounted up.

4., When ECPWME in AEGSR is 1. event counter PWM is operating and therefore ECPWCRH.
ECPWCRL, ECPWDRH, and ECPWDRL should not be modified.

When changing the data, event counter PWM must be halted by clearing ECPWME to 0 in
AEGSR before modifying these registers.

5. The event counter PWM data register and event counter PWM compare register must be set so
that event counter PWM data register < event counter PWM compare register. If the settings
do not satisfy this condition, do not set ECPWME to 1 in AEGSR.

6. As synchronization is established internally when an IRQAEC interrupt is generated. a
maximum error of 1 tcye will occur between clock halting and interrupt acceptance.
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Section 10 Serial Communication Interface

10.1 Overview

The H8/3802 Series is provided with one serial communication interface, SCI3.

Serial communication interface 3 (SCI3) can carry out serial data communication in either
asynchronous or synchronous mode. It is also provided with a multiprocessor communication
function that enables serial data to be transferred among processors.

10.1.1 Features
Features of SCI3 are listed below.

* Choice of asynchronous or synchronous mode for serial data communication
O Asynchronous mode

Serial data communication is performed asynchronously, with synchronization provided
character by character. In this mode, serial data can be exchanged with standard
asynchronous communication LSIs such as a Universal Asynchronous
Receiver/Transmitter (UART) or Asynchronous Communication Interface Adapter
(ACIA). A multiprocessor communication function is also provided. enabling serial data
communication among processors.
There is a choice of 16 data transfer formats.

Data length 7, 8, 5 bits

Stop bit length 1 or 2 bits

Parity Even, odd, or none

Multiprocessor bit 1or0

Receive error detection Parity, overrun, and framing errors

Break detection Break detected by reading the RXD35 pin level directly when a

framing error occurs
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Z Synchronous mode

Serial data communication is synchronized with a clock. In his mode. serial data can be
exchanged with another LSI that has a synchronous communication function.

Data length 8 bits

Receive error detection Overrun errors

* Full-duplex communication

Separate transmission and reception units are provided. enabling transmission and reception to
be carried out simultaneously. The transmission and reception units are both double-buffered.
allowing continuous transmission and reception.

*  On-chip baud rate generator, allowing any desired bit rate to be selected
» Choice of an internal or external clock as the transmit/receive clock source

* Six interrupt sources: transmit end, transmit data empty., receive data full, overrun error,
framing error, and parity error
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10.1.2  Block diagram

Figure 10.1 shows a block diagram of SCI3.

External l«—— Internal clock (0/64, @/16, ow/2, @)
SCK32 " (lock Baud rate generator

AN

BRC - BRR -

Clock
SMR
- -
Transmit/receive ©
control circuit ‘_{ SCR3 |“_“ §
©
4—{ SSR |“—> £
[14]
=
y
TXD o= - TSR — TDR =
SPCR
1

RXD O - RSR e RDR -

NS
= Interrupt request
(TEI, TXI, RXI. ERI)
Notation:

RSR: Receive shift register
RDR: Receive data register
TSR:  Transmit shift register
TDR:  Transmit data register
SMR:  Serial mode register
SCR3: Serial control register 3
SSR:  Serial status register
BRR: Bit rate register

BRC: Bitrate counter

SPCR: Serial port control register

Figure 10.1 SCI3 Block Diagram
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10.1.3  Pin configuration
Table 10.1 shows the SCI3 pin configuration.

Table 10.1 Pin Configuration

Name Abbrev. 110 Function

SCI3 clock SCKyp 1{e] SCI3 clock input/output
SCI3 receive data input RXD35 Input SCI3 receive data input
SCI3 transmit data output TXD3o Output SCI3 transmit data output

10.1.4  Register configuration
Table 10.2 shows the SCI3 register configuration.

Table 10.2 Registers

Name Abbrev. RIW Initial Value Address
Serial mode register SMR R/W H'00 H'FFA8
Bit rate register BRR R/W H'FF H'FFA9
Serial control register 3 SCR3 R/W H'00 H'FFAA
Transmit data register TDR R/W H'FF H'FFAB
Serial data register SSR R/W H'84 H'FFAC
Receive data register RDR R H'00 H'FFAD
Transmit shift register TSR Protected — —
Receive shift register RSR Protected — —

Bit rate counter BRC Protected — —
Clock stop register 1 CKSTPR1 R/W H'FF H'FFFA
Serial port control register SPCR R/W — H'FF91
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10.2  Register Descriptions

10.2.1  Receive shift register (RSR)

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — _ _

RSR is a register used to receive serial data. Serial data input to RSR from the RXD3; pin is set in
the order in which it is received, starting from the LSB (bit 0), and converted to parallel data.
When one byte of data is received, it is transferred to RDR automatically.

RSR cannot be read or written directly by the CPU.

10.2.2  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

RDR is an 8-bit register that stores received serial data.

When reception of one byte of data is finished. the received data is transferred from RSR to RDR,
and the receive operation is completed. RSR is then able to receive data. RSR and RDR are
double-buffered, allowing consecutive receive operations.

RDR is a read-only register, and cannot be written by the CPU.

RDR is initialized to H'00 upon reset, and in standby, module standby or watch mode.
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10.2.3  Transmit shift register (TSR)

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — _ _

TSR is a register used to transmit serial data. Transmit data is first transferred from TDR to TSR,
and serial data transmission is carried out by sending the data to the TXD3, pin in order, starting
from the LSB (bit 0). When one byte of data is transmitted, the next byte of transmit data is
transferred to TDR, and transmission started, automatically. Data transfer from TDR to TSR is
not performed if no data has been written to TDR (if bit TDRE is set to 1 in the serial status
register (SSR)).

TSR cannot be read or written directly by the CPU.

10.2.4  Transmit data register (TDR)

Bit 7 6 5 4 3 2 1 0
| TDR7 | TDR6é | TDRS | TDR4 | TDR3 | TDR2 | TDR1 | TDRO
Initial value 1 1 1 1 1 1 1 1

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

TDR is an 8-bit register that stores transmit data. When TSR is found to be empty. the transmit
data written in TDR is transferred to TSR, and serial data transmission is started. Continuous
transmission is possible by writing the next transmit data to TDR during TSR serial data
transmission.

TDR can be read or written by the CPU at any time.

TDR is initialized to H'FF upon reset, and in standby, module standby, or watch mode.
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10.2.5  Serial mode register (SMR)

Bit 7 6 5 4 3 2 1 0
' com | cHR | PE | Pv | stoP | MP | ckst | ckso |
Initial value 0 0 0 0 0 0 0 0

Read/Write RIW RW RW RIW RW RIW RIW RW

SMR is an 8-bit register used to set the serial data transfer format and to select the clock source for
the baud rate generator.

SMR can be read or written by the CPU at any time.
SMR is initialized to H'00 upon reset, and in standby, module standby, or watch mode.
Bit 7: Communication mode (COM)

Bit 7 selects whether SCI3 operates in asynchronous mode or synchronous mode.

Bit7

COM Description

0 Asynchronous mode (initial value)
1 Synchronous mode

Bit 6: Character length (CHR)

Bit 6 selects either 7 or 8 bits as the data length to be used in asynchronous mode. In synchronous
mode the data length is always 8 bits, irrespective of the bit 6 setting.

Bit6

CHR Description

0 8-bit data/5-bit data™ (initial value)
1 7-bit data™'/5-bit data™

Notes: 1. When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted.

2. When 5-bit data is selected, set both PE and MP to 1. The three most significant bits
(bits 7, 6, and 5) of TDR are not transmitted.
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Bit 5: Parity enable (PE)

Bit 5 selects whether a parity bit is to be added during transmission and checked during reception
in asynchronous mode. In synchronous mode parity bit addition and checking is not performed,
irrespective of the bit 5 setting.

Bit5

PE Description

0 Parity bit addition and checking disabled™ (initial value)
1 Parity bit addition and checking enabled™"

Notes: 1. When PE is set to 1, even or odd parity, as designated by bit PM, is added to transmit
data before it is sent, and the received parity bit is checked against the parity
designated by bit PM.

2. For the case where 5-bit data is selected, see table 10.11.

Bit 4: Parity mode (PM)

Bit 4 selects whether even or odd parity is to be used for parity addition and checking. The PM bit
setting is only valid in asynchronous mode when bit PE is set to 1, enabling parity bit addition and
checking. The PM bit setting is invalid in synchronous mode. and in asynchronous mode if parity
bit addition and checking is disabled.

Bit 4

PM Description

0 Even parity™ (initial value)
1 Odd parity™

Notes: 1. When even parity is selected, a parity bit is added in transmission so that the total
number of 1 bits in the transmit data plus the parity bit is an even number; in reception,
a check is carried out to confirm that the number of 1 bits in the receive data plus the
parity bit is an even number.

2. When odd parity is selected, a parity bit is added in transmission so that the total
number of 1 bits in the transmit data plus the parity bit is an odd number; in reception, a
check is carried out to confirm that the number of 1 bits in the receive data plus the
parity bit is an odd number.

224
HITACHI



Bit 3: Stop bit length (STOP)

Bit 3 selects 1 bit or 2 bits as the stop bit length in asynchronous mode. The STOP bit setting is
only valid in asynchronous mode. When synchronous mode is selected the STOP bit setting is
invalid since stop bits are not added.

Bit 3

STOP Description

0 1 stop bit™ (initial value)
1 2 stop bits™

Notes: 1. Intransmission, a single 1 bit (stop bit) is added at the end of a transmit character.
2. Intransmission, two 1 bits (stop bits) are added at the end of a transmit character.

In reception, only the first of the received stop bits is checked, irrespective of the STOP bit setting.
If the second stop bit is 1 it is treated as a stop bit, but if 0, it is treated as the start bit of the next
transmit character.

Bit 2: Multiprocessor mode (MP)

Bit 2 enables or disables the multiprocessor communication function. When the multiprocessor
communication function is enabled, the parity settings in the PE and PM bits are invalid. The MP
bit setting is only valid in asynchronous mode. When synchronous mode is selected the MP bit
should be set to 0. For details on the multiprocessor communication function, see 10.3.4,
Multiprocessor Communication Function.

Bit 2

MP Description

0 Multiprocessor communication function disabled* (initial value)
1 Multiprocessor communication function enabled*

Note: * For the case where 5-bit data is selected, see table 10.11.

225
HITACHI



Bits 1 and 0: Clock select 1, 0 (CKS1, CKS0)
Bits 1 and 0 choose 0/64, 0/16, ow/2. or o as the clock source for the baud rate generator.

For the relation between the clock source, bit rate register setting, and baud rate, see 8, Bit rate
register (BRR).

Bit 1 Bit 0

CKe1 CKs0 Description

0 0 @ clock (initial value)
0 1 @ w/2 clock /@ w clock™

1 0 @/16 clock

1 1 @/64 clock

Notes: 1. @ w/2 clock in active (medium-speed/high-speed) mode and sleep mode
2. @ w clock in subactive mode and subsleep mode
3. In subactive or subsleep mode, SCI3 can be operated when CPU clock is ew/2 only.

10.2.6  Serial control register 3 (SCR3)

Bit 7 6 5 4 3 2 1 0
' TE | Re | TE | RE | MPE | TEE | CKE1 | cKEO
Initial value 0 0 0 0 0 0 0 0

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

SCR3 is an 8-bit register for selecting transmit or receive operation, the asynchronous mode clock
output, interrupt request enabling or disabling, and the transmit/receive clock source.

SCR3 can be read or written by the CPU at any time.

SCR3 is initialized to H'00 upon reset, and in standby, module standby or watch mode.
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Bit 7: Transmit interrupt enable (TIE)

Bit 7 selects enabling or disabling of the transmit data empty interrupt request (TXI) when
transmit data is transferred from the transmit data register (TDR) to the transmit shift register
(TSR), and bit TDRE in the serial status register (SSR) is set to 1.

TXI can be released by clearing bit TDRE or bit TIE to 0.

Bit7

TIE Description

0 Transmit data empty interrupt request (TXI) disabled (initial value)
1 Transmit data empty interrupt request (TXI) enabled

Bit 6: Receive interrupt enable (RIE)

Bit 6 selects enabling or disabling of the receive data full interrupt request (RXI) and the receive
error interrupt request (ERI) when receive data is transferred from the receive shift register (RSR)
to the receive data register (RDR), and bit RDRF in the serial status register (SSR) is set to 1.
There are three kinds of receive error: overrun, framing, and parity.

RXI and ERI can be released by clearing bit RDRF or the FER, PER. or OER error flag 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 selects enabling or disabling of the start of transmit operation.

Bit5

TE Description

0 Transmit operation disabled™" (TXD,, pin is transmit data pin) (initial value)
1 Transmit operation enabled™ (TXD,, pin is transmit data pin)

Notes: 1. Bit TDRE in SSRis fixed at 1.

2. When transmit data is written to TDR in this state, bit TDR in SSR is cleared to 0 and
serial data transmission is started. Be sure to carry out serial mode register (SMR)
settings, and setting of bit SPC32 in SPCR, to decide the transmission format before
setting bit TE to 1.
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Bit 4: Receive enable (RE)

Bit 4 selects enabling or disabling of the start of receive operation.

Bit4

RE Description

0 Receive operation disabled™ (RXD pin is 1/O port) (initial value)
1 Receive operation enabled™ (RXD pin is receive data pin)

Notes: 1. Note that the RDRF, FER, PER, and OER flags in SSR are not affected when bit RE is
cleared to 0, and retain their previous state.

2. In this state, serial data reception is started when a start bit is detected in asynchronous
mode or serial clock input is detected in synchronous mode. Be sure to carry out serial
mode register (SMR) settings to decide the reception format before setting bit RE to 1.

Bit 3: Multiprocessor interrupt enable (MPIE)

Bit 3 selects enabling or disabling of the multiprocessor interrupt request. The MPIE bit setting is
only valid when asynchronous mode is selected and reception is carried out with bit MP in SMR
set to 1. The MPIE bit setting is invalid when bit COM is set to 1 or bit MP is cleared to 0.

Bit3

MPIE Description

0 Multiprocessor interrupt request disabled (normal receive operation)  (initial value)
Clearing conditions:
When data is received in which the multiprocessor bit is set to 1

1 Multiprocessor interrupt request enabled*

Note: * Receive data transfer from RSR to RDR, receive error detection, and setting of the RDRF,
FER, and OER status flags in SSR is not performed. RXI, ERI, and setting of the RDRF,
FER, and OER flags in SSR, are disabled until data with the multiprocessor bit set to 1 is
received. When a receive character with the multiprocessor bit set to 1 is received, bit
MPBR in SSR is set to 1, bit MPIE is automatically cleared to 0, and RXI and ERI requests
(when bits TIE and RIE in serial control register 3 (SCR3) are set to 1) and setting of the
RDRF, FER, and OER flags are enabled.
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Bit 2: Transmit end interrupt enable (TEIE)

Bit 2 selects enabling or disabling of the transmit end interrupt request (TEI) if there is no valid
transmit data in TDR when MSB data is to be sent.

Bit 2

TEIE Description

0 Transmit end interrupt request (TEI) disabled (initial value)
1 Transmit end interrupt request (TEI) enabled*

Note: * TEl can be released by clearing bit TDRE to 0 and clearing bit TEND to 0 in SSR, or by
clearing bit TEIE to O.

Bits 1 and 0: Clock enable 1 and 0 (CKE1, CKEO0)

Bits 1 and 0 select the clock source and enabling or disabling of clock output from the SCKs; pin.
The combination of CKEI and CKEO determines whether the SCK3, pin functions as an I/O port,
a clock output pin, or a clock input pin.

The CKEO bit setting is only valid in case of internal clock operation (CKE1 = 0) in asynchronous
mode. In synchronous mode, or when external clock operation is used (CKE1 = 1), bit CKEO
should be cleared to 0.

After setting bits CKE1 and CKEQ, set the operating mode in the serial mode register (SMR).

For details on clock source selection. see table 10.9 in 10.3.1.

Bit 1 Bit0 Description

CKE1 CKEOD Communication Mode Clock Source SCK3; Pin Function

0 0 Asynchronous Internal clock /O port™
Synchronous Internal clock Serial clock output ™

0 1 Asynchronous Internal clock Clock output™
Synchronous Reserved

1 0 Asynchronous External clock Clock input™
Synchronous External clock Serial clock input

1 1 Asynchronous Reserved
Synchronous Reserved

Notes: 1. Initial value
2. A clock with the same frequency as the bit rate is output.
3. Input a clock with a frequency 16 times the bit rate.
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10.2.7  Serial status register (SSR)

Bit 7 6 5 4 3 2 1 0
| TDRE ‘ RDRF ‘ OER | FER ‘ PER | TEND ‘ MPBR ‘ MPBT

Initial value 1 0 0 0 0 1 0 0

ReadWrite  R(W)* R/(W)* R(W)* RI(W)* R(W)* R R RIW

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

SSR is an 8-bit register containing status flags that indicate the operational status of SCI3, and
multiprocessor bits.

SSR can be read or written to by the CPU at any time, but 1 cannot be written to bits TDRE.
RDRF, OER, PER. and FER.

Bits TEND and MPBR are read-only bits, and cannot be modified.
SSR is initialized to H'84 upon reset, and in standby, module standby, or watch mode.
Bit 7: Transmit data register empty (TDRE)

Bit 7 indicates that transmit data has been transferred from TDR to TSR.

Bit7
TDRE Description
0 Transmit data written in 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 Transmit data has not been written to TDR, or transmit data written in
TDR has been fransferred to TSR
Setting conditions:
When bit TE in SCR3 is cleared to 0
When data is transferred from TDR to TSR (initial value)
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Bit 6: Receive data register full (RDRF)

Bit 6 indicates that received data is stored in RDR.

Bit6
RDRF Description
0 There is no receive data in RDR (initial value)
Clearing conditions:
After reading RDRF = 1, cleared by writing 0 to RDRF
When RDR data is read by an instruction
1 There is receive data in RDR
Setting conditions:
When reception ends normally and receive data is transferred from RSR to RDR
Note: If an error is detected in the receive data, or if the RE bit in SCR3 has been cleared to 0,

RDR and bit RDRF are not affected and retain their previous state.
Note that if data reception is completed while bit RDRF is still set to 1, an overrun error
(OER) will result and the receive data will be lost.

Bit 5: Overrun error (OER)

Bit 5 indicates that an overrun error has occurred during reception.

Bit5
OER Description
0 Reception in progress or completed™ (initial value)
Clearing conditions:
After reading OER = 1, cleared by writing 0 to OER
1 An overrun error has occurred during reception™
Setting conditions:
When reception is completed with RDRF set to 1
Notes: 1. When bit RE in SCR3 is cleared to 0, bit OER is not affected and retains its previous

state.

RDR retains the receive data it held before the overrun error occurred, and data
received after the error is lost. Reception cannot be continued with bit OER set to 1,
and in synchronous mode, transmission cannot be continued either.
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Bit 4: Framing error (FER)

Bit 4 indicates that a framing error has occurred during reception in asynchronous mode.

Bit4
FER

Description

0

Reception in progress or completed™ (initial value)
Clearing conditions:
After reading FER = 1, cleared by writing 0 to FER

A framing error has occurred during reception

Setting conditions:

When the stop bit at the end of the receive data is checked for a value
of 1 at the end of reception, and the stop bit is 07

Notes: 1.

When bit RE in SCR3 is cleared to 0, bit FER is not affected and retains its previous
state.

Note that, in 2-stop-bit mode, only the first stop bit is checked for a value of 1, and the
second stop bit is not checked. When a framing error occurs the receive data is
transferred to RDR but bit RDRF is not set. Reception cannot be continued with bit
FER set to 1. In synchronous mode, neither transmission nor reception is possible
when bit FER is set to 1.

Bit 3: Parity error (PER)

Bit 3 indicates that a parity error has occurred during reception with parity added in asynchronous

mode.
Bit3
PER Description
0 Reception in progress or completed™ (initial value)
Clearing conditions:
After reading PER = 1, cleared by writing 0 to PER
1 A parity error has occurred during reception™
Setting conditions:
When the number of 1 bits in the receive data plus parity bit does not
match the parity designated by bit PM in the serial mode register (SMR)
Notes: 1. When bit RE in SCR3 is cleared to 0, bit PER is not affected and retains its previous
state.
2. Receive data in which it a parity error has occurred is still transferred to RDR, but bit
RDREF is not set. Reception cannot be continued with bit PER set to 1. In synchronous
mode, neither transmission nor reception is possible when bit FER is set to 1.
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Bit 2: Transmit end (TEND)
Bit 2 indicates that bit TDRE is set to 1 when the last bit of a transmit character is sent.

Bit 2 is a read-only bit and cannot be modified.

Bit 2
TEND Description
0 Transmission in progress
Clearing conditions:
After reading TDRE = 1, cleared by writing 0 to TDRE
When data is written to TDR by an instruction
1 Transmission ended (initial value)

Setting conditions:
When bit TE in SCR3 is cleared to 0
When bit TDRE is set to 1 when the last bit of a transmit character is sent

Bit 1: Multiprocessor bit receive (MPBR)

Bit 1 stores the multiprocessor bit in a receive character during multiprocessor format reception in
asynchronous mode.

Bit 1 is a read-only bit and cannot be modified.

Bit 1

MPBR Description

0 Data in which the multiprocessor bit is 0 has been received* (initial value)
1 Data in which the multiprocessor bit is 1 has been received

Note: * When bit RE is cleared to 0 in SCR3 with the multiprocessor format, bit MPBR is not
affected and retains its previous state.

Bit 0: Multiprocessor bit transfer (MPBT)

Bit 0 stores the multiprocessor bit added to transmit data when transmitting in asynchronous
mode. The bit MPBT setting is invalid when synchronous mode is selected, when the
multiprocessor communication function is disabled, and when not transmitting.

Bit0

MPBT Description

0 A 0 multiprocessor bit is transmitted (initial value)
1 A 1 multiprocessor bit is transmitted
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10.2.8  Bit rate register (BRR)

Bit 7 6 5 4 3 2 1 0
‘ BRR7 ‘ BRR6 ‘ BRR5 | BRR4 ‘ BRR3 | BRR2 ‘ BRR1 ‘ BRRO
Initial value 1 1 1 1 1 1 1 1

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

BRR is an 8-bit register that designates the transmit/receive bit rate in accordance with the baud
rate generator operating clock selected by bits CKS1 and CKSO0 of the serial mode register (SMR).

BRR can be read or written by the CPU at any time.
BRR is initialized to H'FF upon reset, and in standby, module standby, or watch mode.

Table 10.3 shows examples of BRR settings in asynchronous mode. The values shown are for
active (high-speed) mode.

Table 10.3 Examples of BRR Settings for Various Bit Rates (Asynchronous Mode) (1)

osc

32.8 kHz 38.4 kHz 2 MHz 2.4576 MHz 4 MHz
B Bit Rate Error Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (% n N (%)
110 Cannot be used, — — — —_ - — 2 21 083 — — —
150 as error 0 3 © 2 12 016 3 3 0 2 25 0.16
200 exceeds 3% 0 2 o0 0 155016 3 2 0 —_- = -
250 — — — 0 1240 0 153 -0.26 0 249 0
300 0o 1 0 0 103016 3 1 0 2 12 0.16
600 0 0 o© 0 51 016 3 0 O 0 103 0.186
1200 - — — 0 25 016 2 1 0 0 51 0.186
2400 - — — 0 12 016 2 0 O 0 25 0.18
4800 - = - - - — 0 7 0 0 12 0.186
9600 - - - - —- — 0 3 o0 —_- = -
19200 - = - - - — 0 1 0 —_- = -
31250 — — — 0 o0 o0 - — — 0 1 o0
38400 - - - - — — 0 0 o —_- = -
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Table 10.3 Examples of BRR Settings for Various Bit Rates (Asynchronous Mode) (2)

osc
10 MHz 16 MHz
B Bit Rate Error Error
(bit/s) n N (%) n N (%)
110 2 88 0252 141 —002
150 2 64 016 2 103 0.16
200 2 48 0352 77 016
250 2 38 016 2 62 -079
300 — _— — 2 51 016
600 — — — 2 25 016
1200 0 129 0.16 0 207 0.16
2400 0 64 016 0 103 0.16
4800 — — — 0 51 016
9600 — — — 0 25 016
19200 — — — 0 12 0.16
31250 0 4 0 0 7 0
38400 — — — — — —
Notes: 1. The setting should be made so that the error is not more than 1%.

2. The value set in BRR is given by the following equation:

(64
where

0SC
. 22'\

B: Bit rate (bit/s)

N:  Baud rate generator BRR setting (0 < N < 255)

OSC: Value of egsgc (Hz)
n: Baud rate generator input clock number (n =0, 2, or 3)

(The relation between n and the clock is shown in table 10.4.)

3. The error in table 10.3 is the value obtained from the following equation, rounded to two

decimal places.

B (rate obtained from n, N, OSC) — R(bit rate in left-hand column in table 10.3.) 100

R (bit rate in left-hand column in table 10.3.)

Error (%) =

- B)
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Table 10.4 Relation between n and Clock

SMR Setting
n Clock CKS1 CKSO0
0 o 0 0
0 0,2 1By, 0 1
2 0/16 1 0
3 0/64 1 1

Notes: 1. @ w/2 clock in active (medium-speed/high-speed) mode and sleep mode
2. @ w clock in subactive mode and subsleep mode
In subactive or subsleep mode, SCI3 can be operated when CPU clock is ew/2 only.

Table 10.5 shows the maximum bit rate for each frequency. The values shown are for active
(high-speed) mode.

Table 10.5 Maximum Bit Rate for Each Frequency (Asynchronous Mode)

Maximum Bit Rate Setting
0OSC (MHz) (bit/s) n N
0.0384+ 600 0 0
2 31250 0 0
2.4576 38400 0 0
4 62500 0 0
10 156250 0 0
16 250000 0 0

Note: * When SMR is set up to CKS1 =0, CKSO0 = 1.
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Table 10.6 shows examples of BRR settings in synchronous mode. The values shown are for

active (high-speed) mode.

Table 10.6 Examples of BRR Settings for

* Various Bit Rates (Synchronous Mode) (1)

osc
B Bit Rate 38.4 kHz 2 MHz 4 MHz
(bit/s) n N Error n N Error n N Error
200 0 23 0 — — — — — —
250 — — — — — — 2 124 0
300 2 0 0 — — — — — —
500 " " ' — — — — — —
1k 0 249 0 — — —
2.5k 0 99 0 0 199 0
5k 0 49 0 0 99 0
10k 0 24 0 0 49 0
25k 0 0 0 19 0
50k 0 0 0 9 0
100k — — — 0 4 0
250k 0 0 0 0 1 0
500k " " ' " " " 0 0 0
1M
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Table 10.6 Examples of BRR Settings for Various Bit Rates (Synchronous Mode) (2)

osc
B Bit Rate 10 MHz 16 MHz
(bit/s) n N Error n N Error
200 — — — — — —
250 — — — 3 124 0
300 — — — — — —
500 - - = 2 249 0

1k — — — 2 124 0
2.5k — — — 2 49 0

5k 0 249 0 2 24 0

10k 0 124 0 0 199 0
25k 0 49 0 0 79 0
50k 0 24 0 0 39 0
100k — — — 0 19 0
250k 0 4 0 0 7 0
500k - - = 0 3 0

1M — — — 0 1 0

Blank: Cannot be set.
—: A setting can be made, but an error will result.
Notes: The value set in BRR is given by the following equation:

_ OsC
(8 -2 -B)
where
B: Bit rate (bit/s)
N: Baud rate generator BRR setting (0 < N < 255)
0OSC: Value of pogc (Hz)
n: Baud rate generator input clock number (n =0, 2, or 3)

(The relation between n and the clock is shown in table 10.7.)
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Table 10.7 Relation between n and Clock

SMR Setting
n Clock CKs1 CKSO0
0 o 0 0
0 0u/2 1By, 0 1
2 0/16 1 0
3 0/64 1 1

Notes: 1. @ w/2 clock in active (medium-speed/high-speed) mode and sleep mode
2. o w clock in subactive mode and subsleep mode
In subactive or subsleep mode, SCI3 can be operated when CPU clock is gw/2 only.

10.2.9  Clock stop register 1 (CKSTPR1)

Bit 7 §] 5 4 3 2 1 0

| — | — ssackstPlapckstP| — |1FckstP| —  [TAcKsTP|
Initial value 1 1 1 1 1 1 1 1
Read/Write — — RW R/W — R/W — RW

CKSTPRI is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bits relating to SCI3 are described here. For details of the other bits. see the
sections on the relevant modules.

Bit 5: SCI3 module standby mode control (S32CKSTP)
Bit 5 controls setting and clearing of module standby mode for SCI3.

S32CKSTP Description

0 SCI3 is set to module standby mode

1 "SCIS module standby mode is cleared (initial value)

Note: All SCI3 register is initialized in module standby mode.
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10.2.10 Serial Port Control Register (SPCR)

Bit 7 6 5 4 3 2 1 0

— — |spca2 | — ‘scmvs |SC|NV2 ‘ — ‘ —
Initial value 1 1 0 — 0 0 — —
Read/Write — — RW W RW RW w w

SPCR is an 8-bit readable/writable register that performs RXDs; and TXDs» pin input/output data
inversion switching.

Bits 7 and 6: Reserved bits
Bits 7 and 6 are reserved: they are always read as 1 and cannot be modified.
Bit 5: P4,/TXDj3, pin function switch (SPC32)

This bit selects whether pin P4,/TXDs; is used as P4, or as TXD35.

Bit5

SPC32 Description

0 Functions as P45 1/O pin (initial value)
1 Functions as TXD4, output pin*

Note: * Set the TE bit in SCR3 after setting this bit to 1.

Bits 4, 1, and 0: Reserved bits
Bits 4, 1. and 0 are reserved; only 0 can be written to these bits.

Bit 3 specifies whether or not TXDs» pin output data is to be inverted.

Bit3

SCINV3 Description

0 TXD35 output data is not inverted (initial value)
1 TXD3; output data is inverted

Bit 2: RXD3; pin input data inversion switch

Bit 2 specifies whether or not RXD3» pin input data is to be inverted.
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Bit 2
SCINV2 Description

0

RXD33 input data is not inverted (initial value)

1

RXD3; input data is inverted

10.3  Operation

10.3.1 Overview

SCI3 can perform serial communication in two modes: asynchronous mode in which
synchronization is provided character by character. and synchronous mode in which
synchronization is provided by clock pulses. The serial mode register (SMR) is used to select
asynchronous or synchronous mode and the data transfer format, as shown in table 10.8.

The clock source for SCI3 is determined by bit COM in SMR and bits CKE1 and CKEO in SCR3,
as shown in table 10.9.

L.

ta

Asynchronous mode

Choice of 5-, 7-, or 8-bit data length

Choice of parity addition, multiprocessor bit addition. and addition of 1 or 2 stop bits. (The
combination of these parameters determines the data transfer format and the character length.)

Framing error (FER), parity error (PER), overrun error (OER), and break detection during
reception

Choice of internal or external clock as the clock source

When internal clock is selected: SCI3 operates on the baud rate generator clock, and a clock
with the same frequency as the bit rate can be output.

When external clock is selected: A clock with a frequency 16 times the bit rate must be input.
(The on-chip baud rate generator is not used.)

Synchronous mode

Data transfer format: Fixed 8-bit data length

Overrun error (OER) detection during reception

Choice of internal or external clock as the clock source

When internal clock is selected: SCI3 operates on the baud rate generator clock, and a serial
clock is output.

When external clock is selected: The on-chip baud rate generator is not used. and SCI3
operates on the input serial clock.
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Table 10.8 SMR Settings and Corresponding Data Transfer Formats

SMR Data Transfer Format
bit7 bit6 bit2 bitS bit3 Data Multiprocessor Parity Stop Bit
COM CHR MP PE STOP Mode Length  Bit Bit Length
0 0 0 0 0 Asynchronous 8-bit data No No 1 bit
1 mode 2 bits
1 0 Yes 1 bit
1 2 bits
1 0 o 7-bit data No 1 bit
1 2 bits
1 0 Yes 1 bit
1 2 bits
0 1 0 0 8-bit data Yes No 1 bit
1 2 bits
10 5-bit data No 1 bit
1 2 bits
1 0 0 7-bit data Yes 1 bit
1 2 bits
1 0 5-bit data No Yes 1 bit
1 2 bits
1 #* "0 B P WSynchronous “8-bit data "No "No " No
mode
*: Don't care
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Table 10.9 SMR and SCR3 Settings and Clock Source Selection

SMR SCR3
bit7 bit1 bit0 Transmit/Receive Clock
COM CKE1 CKEO Mode Clock Source SCKj;, Pin Function
0 0 0 Asynchronous Internal I/O port (SCK35 pin not used)
1 mode Outputs clock with same frequency as bit rate
1 0 External Inputs clock with frequency 16 times bit rate
1 “0 "O -Synchronous "Intemal " Outputs serial clock
1 0 mode External Inputs serial clock
0 1 1 Reserved (Do not specify these combinations)
10 1
1 1 1

3. Interrupts and continuous transmission/reception

SCI3 can carry out continuous reception using RXI and continuous transmission using TXI.
These interrupts are shown in table 10.10.

Table 10.10 Transmit/Receive Interrupts

Interrupt Flags Interrupt Request Conditions Notes
RXI RDRF  When serial reception is performed The RXI interrupt routine reads the
RIE normally and receive data is transferred receive data transferred to RDR and

from RSR to RDR, bit RDRF is set to 1, clears bit RDRF to 0. Continuous
and if bit RIE is set to 1 at this time, RXI reception can be performed by
is enabled and an interrupt is requested. repeating the above operations until

(See figure 10.2 (a).) reception of the next RSR data is
completed.
TXI TDRE When TSR is found to be empty (on The TXI interrupt routine writes the
TIE completion of the previous transmission) next transmit data to TDR and clears

and the transmit data placed in TDR is  bit TDRE to 0. Continuous
transferred to TSR, bit TDRE is set to 1. transmission can be performed by
If bit TIE is set to 1 at this time, TXl is  repeating the above operations until
enabled and an interrupt is requested.  the data transferred to TSR has
(See figure 10.2 (b).) been transmitted.

TEI TEND When the last bit of the character in TEl indicates that the next transmit
TEIE TSR s transmitted, if bit TDRE is set to data has not been written to TDR
1, bit TEND is set to 1. If bit TEIE is set when the last bit of the transmit
to 1 at this time, TEl is enabled and an  character in TSR is sent.
interrupt is requested. (See figure 10.2

(c).)
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RDR

RSR (reception in progress)

RXD3p pino——=| ! |
RDRF = 0

RDR

RSR1 (reception completed, transfer)

RXD3; pin o—»‘ |

RDRF — 1
(RXI request when RIE = 1)

Figure 10.2 (a) RDREF Setting and RXI Interrupt

TDR (next transmit data)

TSR (transmission in progress)

XDz, pino~—| | |

TDRE =0

TDR

TSR] (transmission completed, transfer)

TXDSQ pPINO-=——

TDRE «— 1
(TXl request when TIE=1)

Figure 10.2 (b) TDRE Setting and TXI Interrupt

TDR

TSR (transmission in progress)

TXD3o pil’D——' | |

TEND =0

TDR

TSR (reception completed)

TXD32 pifb«—' ‘

TEND « 1
(TEl request when TEIE = 1)

Figure 10.2 (¢c) TEND Setting and TEI Interrupt
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10.3.2  Operation in Asynchronous Mode

In asynchronous mode, serial communication is performed with synchronization provided
character by character. A start bit indicating the start of communication and one or two stop bits
indicating the end of communication are added to each character before it is sent.

SCI3 has separate transmission and reception units. allowing full-duplex communication. As the
transmission and reception units are both double-buffered, data can be written during transmission
and read during reception, making possible continuous transmission and reception.

1. Data transfer format

The general data transfer format in asynchronous communication is shown in figure 10.3.

(LSB) (MSB) 1
Serial | Start . . Parity Stop Mark
data | bit Transmitreceive data bit bit(s) state
1 bit 5, 7 or 8 bits 1 bit 1 or 2 bits
or none

One transfer data unit (character or frame)
Figure 10.3 Data Format in Asynchronous Communication

In asynchronous communication, the communication line is normally in the mark state (high
level). SCI3 monitors the communication line and when it detects a space (low level), identifies
this as a start bit and begins serial data communication.

One transfer data character consists of a start bit (low level). followed by transmit/receive data
(LSB-first format, starting from the least significant bit), a parity bit (high or low level), and
finally one or two stop bits (high level).

In asynchronous mode, synchronization is performed by the falling edge of the start bit during
reception. The data is sampled on the 8th pulse of a clock with a frequency 16 times the bit
period, so that the transfer data is latched at the center of each bit.
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Table 10.11 shows the 16 data transfer formats that can be set in asynchronous mode. The format
is selected by the settings in the serial mode register (SMR).

Table 10.11 Data Transfer Formats (Asynchronous Mode)

SMR Serial Data Transfer Format and Frame Length
CHR PE MP STOP 11|2|3]4|5|617[3|9110111|12]
0 0 0 0 | S ‘ 8-bit data |STOP|
0 0 0 1 | S ‘ 8-bit data |STOP|STOF“
c 0o 1 0 |s | 8-bit data |MFB|5TOP‘
0 0 1 1 | S ‘ 8-bit data |MF‘B|STOP(5TOP‘
0 1 0 0
|s | 8-bit data | ® |sod
o 1 0 s | 8-bit data [ » Jsrorfsrod
0 1 1 0
|s ‘ 5-bit data |smp‘
ot T |s | 5-bitdata_[sror|srod]
1 0 0 0 -
|s | 7-bit data [sroe
o0 0 s | 7-bit data Jsrorstor
oo 10 s | 7-bit data Jies sroe]
1 0 1 1 | S ‘ 7-bit data [MF‘BlSTOF‘lSTOPI
1 1 0 0 | s ‘ 7-bit data ‘ P |STOP‘
1 1 0 1 | g ‘ 7-bit data | P ‘5TOP‘5TOP|
1 1 1 0 |s ‘ 5-bit data | P |STOP‘
1 1 1 1 |5 | 5bitdata | e |smp‘smp|
Notation:
S Start bit
STOP: Stop bit
P: Parity bit

MPB: Multiprocessor bit
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2. Clock

Either an internal clock generated by the baud rate generator or an external clock input at the
SCK35 pin can be selected as the SCI3 transmit/receive clock. The selection is made by means of
bit COM in SMR and bits SCE1 and CKEO in SCR3. See table 10.9 for details on clock source
selection.

When an external clock is input at the SCK3, pin. the clock frequency should be 16 times the bit
rate.

When SCI3 operates on an internal clock. the clock can be output at the SCK3, pin. In this case
the frequency of the output clock is the same as the bit rate, and the phase is such that the clock
rises at the center of each bit of transmit/receive data, as shown in figure 10.4.

Clock

Serial | 0 | DO |D1|D2|D3|D4|[D5|D6|D7 01| 1 1
data

| 1 character (1 frame)

Figure 10.4 Phase Relationship between Output Clock and Transfer Data
(Asynchronous Mode) (8-bit data, parity, 2 stop bits)

3. Data transfer operations
* SCI3 initialization

Before data is transferred on SCI3, bits TE and RE in SCR3 must first be cleared to 0, and then
SCI3 must be initialized as follows.

Note: If the operation mode or data transfer format is changed, bits TE and RE must first be
cleared to 0.

When bit TE is cleared to 0, bit TDRE is set to 1.

Note that the RDRF, PER. FER, and OER flags and the contents of RDR are retained
when RE is cleared to 0.

When an external clock is used in asynchronous mode, the clock should not be stopped
during operation, including initialization. When an external clock is used in synchronous
mode, the clock should not be supplied during operation, including initialization.
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Figure 10.5 shows an example of a flowchart for initializing SCI3.

( Start )

Clear bits TE and
RE to 0 in SCR3

Set bits CKE1
and CKEO

Set data transfer
format in SMR

Set value in BRR

Wait

Has 1-bit period
elapsed?

Yes

Set bit SPC32 to
1in SPCR

Set bits TIE, RIE,
MPIE, and TEIE in

Set clock selection in SCR3. Be sure to
clear the other bits to 0. If clock output
is selected in asynchronous mode, the
clock is output immediately after setting
bits CKE1 and CKEO. If clock output is
selected for reception in synchronous
mode, the clock is output immediately
after bits CKE1, CKEO, and RE are
setto 1.

Set the data transfer format in the serial
mode register (SMR).

Write the value corresponding to the
transfer rate in BRR. This operation is
not necessary when an external clock
is selected.

Wait for at least one bit period, then set

bits TIE, RIE, MPIE, and TEIE in SCR3,

and set bits RE and TE to 1 in PMR7.

Setting bits TE and RE enables the TXD35
and RXDs3 pins to be used. In asynchronous
mode the mark state is established when
transmitting, and the idle state waiting for

a start bit when receiving.

4 | SCR3, and set bits
RE and TE to 1
in SCR3
End
Figure 10.5 Example of SCI3 Initialization Flowchart
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» Transmitting

Figure 10.6 shows an example of a flowchart for data transmission. This procedure should be
followed for data transmission after initializing SCI3.

Sets bit SPC32 to
1in SPCR

1 Read bit TDRE 1. Read the serial status register (SSR)

in SSR and check that bit TDRE is setto 1,

then write transmit data fo the transmit
data register (TDR). When data is
No written to TDR, bit TDRE is cleared to 0
automatically.
(After the TE bit is set to 1, one frame of
Yes 1s is output, then transmission is possible.)

Write transmit 2. When continuing data transmission,
data to TDR be sure to read TDRE = 1 to confirm that
a write can be performed before writing

data to TDR. When data is written to
TDR, bit TDRE is cleared to 0
automatically.

Continue data
transmission?

3. If a break is to be output when data
transmission ends, set the port PCR to 1
and clear the port PDR to 0, then clear bit

Read bit TEND TEInSCR3 1o 0.
in SSR

Break output?

Set PDR =0,
PCR = 1

|

Clearbit TEto 0
in SCR3

End

Figure 10.6 Example of Data Transmission Flowchart (Asynchronous Mode)
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SCI3 operates as follows when transmitting data.

SCI3 monitors bit TDRE in SSR, and when it is cleared to 0. recognizes that data has been written
to TDR and transfers data from TDR to TSR. It then sets bit TDRE to 1 and starts transmitting. If
bit TIE in SCR3 is set to 1 at this time, a TXI request is made.

Serial data is transmitted from the TXD5, pin using the relevant data transfer format in table 10.11.
When the stop bit is sent, SCI3 checks bit TDRE. If bit TDRE is cleared to 0, SCI3 transfers data
from TDR to TSR. and when the stop bit has been sent, starts transmission of the next frame. If
bit TDRE is set to 1. bit TEND in SSR.bit is set to 1the mark state, in which 1s are transmitted, is
established after the stop bit has been sent. If bit TEIE in SCR3 is set to 1 at this time, a TEI
request is made.

Figure 10.7 shows an example of the operation when transmitting in asynchronous mode.

Start Transmit Parity Stop Start Transmit Parity Stop Mark
bit data bit  bit  bit data bit  bit state
seial 1 | o [po|p1|  [p7]on] 1| o[pof[pt1] [po7 o] 4 1
da.ta W W
L 1 frame L 1 frame ]

W
TDRE . |

TEND T‘ T‘ ﬁ] T ﬂ] 47

LSl TXI request TDRE TXI request TEI request
operation cleared to 0

User Data written

processing to TDR

Figure 10.7 Example of Operation when Transmitting in Asynchronous Mode
(8-bit data, parity, 1 stop bit)
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* Receiving

Figure 10.8 shows an example of a flowchart for data reception. This procedure should be
followed for data reception after initializing SCI3.

( Start )

1 Read bhits OER, 1. Read bits OER, PER, and FER in the

PER, FER in SSR serial status register (SSR) to determine
if there is an error. If a receive error has
occurred, execute receive error
processing.

OER + PER
+FER =17

2. Read SSR and check that bit RDRF is
setto 1. Ifitis, read the receive data
in RDR. When the RDR data is read,
bit RDRF is cleared to 0 automatically.

Read bit RDRF
2 in SSR

3. When continuing data reception, finish
reading of bit RDRF and RDR before
receiving the stop bit of the current
frame. When the data in RDR is read,

- bit RDRF is cleared to 0 automatically.

No

RDRF =17

Read receive

data in RDR
4 Receive error
processing
- [
3 Continue data Yes
reception?
No
- (A)
Clear bit RE to
0in SCR3
End

Figure 10.8 Example of Data Reception Flowchart (Asynchronous Mode)
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4 Start receive
error processing

Overrun error
processing

]

Break?

No

No |we——

Framing error
processing

L]

Clear bits OER, PER,
FER to 0in SSR

Parity error
processing

End of receive
error processing

If a receive error has
occurred, read bits OER,
PER, and FER in SSR to
identify the error, and after
carrying out the necessary
error processing, ensure
that bhits OER, PER, and
FER are all cleared to 0.
Reception cannot be
resumed if any of these
bits is set to 1. In the case
of a framing error, a break
can be detected by reading
the value of the RXD3, pin.

Figure 10.8 Example of Data Reception Flowchart (Asynchronous Mode) (cont)
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SCI3 operates as follows when receiving data.

SCI3 monitors the communication line, and when it detects a 0 start bit, performs internal
synchronization and begins reception. Reception is carried out in accordance with the relevant
data transfer format in table 10.11. The received data is first placed in RSR in LSB-to-MSB order,
and then the parity bit and stop bit(s) are received. SCI3 then carries out the following checks.

* Parity check

SCI3 checks that the number of 1 bits in the receive data conforms to the parity (odd or even)
set in bit PM in the serial mode register (SMR).

* Stop bit check
SCI3 checks that the stop bit is 1. If two stop bits are used, only the first is checked.
+ Status check

SCI3 checks that bit RDRF is set to 0, indicating that the receive data can be transferred from
RSR to RDR.

If no receive error is found in the above checks, bit RDRF is set to 1, and the receive data is stored
in RDR. If bit RIE is set to 1 in SCR3, an RXI interrupt is requested. If the error checks identify a
receive error, bit OER, PER, or FER is set to 1 depending on the kind of error. Bit RDRF retains
its state prior to receiving the data. If bit RIE is set to 1 in SCR3, an ERI interrupt is requested.

Table 10.12 shows the conditions for detecting a receive error, and receive data processing.

Note: No further receive operations are possible while a receive error flag is set. Bits OER,
FER, PER, and RDRF must therefore be cleared to 0 before resuming reception.

Table 10.12 Receive Error Detection Conditions and Receive Data Processing

Receive Error Abbreviation Detection Conditions Receive Data Processing

Overrun error OER When the next date receive Receive data is not transferred
operation is completed while bit  from RSR to RDR
RDREF is still setto 1 in SSR

Framing error " FER "When the stop bitis 0 " Receive data is transferred
from RSR to RDR
Parity error PER When the parity (odd or even) set Receive data is transferred

in SMR is different from that of from RSR to RDR
the received data
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Figure 10.9 shows an example of the operation when receiving in asynchronous mode.

Start Receive Parity Stop Start Receive Parity Stop  Mark state
bit data bit bt  bit data bit bit (idle state)
Seial 1 | 0 [po|p1|  |p7om]| 1| o |po|D1]|  [D7]0M]| 0 | 1
data w w
L 1 frame L. 1 frame |

RDRF , [ ] . ’7
FER , } { ;

LSI RXl request RDRF Ostartbit ERI requestin
operation cleared to 0 detected response to
framing error
User RDR data read Framing error
processing processing

Figure 10.9 Example of Operation when Receiving in Asynchronous Mode
(8-bit data, parity, 1 stop bit)

10.3.3  Operation in Synchronous Mode

In synchronous mode, SCI3 transmits and receives data in synchronization with clock pulses. This
mode is suitable for high-speed serial communication.

SCI3 has separate transmission and reception units, allowing full-duplex communication with a
shared clock.

As the transmission and reception units are both double-buffered, data can be written during
transmission and read during reception. making possible continuous transmission and reception.

254
HITACHI




1. Data transfer format

The general data transfer format in asynchronous communication is shown in figure 10.10.

* - -

*
Serial
clock \_/_\_/_\_/_\_/_\_/_\ /W ;

LSB MSB
Serial R R R R - . _ _
oy Bito X Bit 1 >< Bit 2 >< B|t3>< B|t4>< B|t5>< Bite X Bit7
Don't 8 bits Don't
care care

One transfer data unit (character or frame)

Note: * High level except in continuous transmission/reception
Figure 10.10 Data Format in Synchronous Communication

In synchronous communication, data on the communication line is output from one falling edge of
the serial clock until the next falling edge. Data confirmation is guaranteed at the rising edge of
the serial clock.

One transfer data character begins with the LSB and ends with the MSB. After output of the
MSB. the communication line retains the MSB state.

When receiving in synchronous mode, SCI3 latches receive data at the rising edge of the serial
clock.

The data transfer format uses a fixed 8-bit data length.
Parity and multiprocessor bits cannot be added.
2. Clock

Either an internal clock generated by the baud rate generator or an external clock input at the
SCK35 pin can be selected as the SCI3 serial clock. The selection is made by means of bit COM
in SMR and bits CKE1 and CKEO in SCR3. See table 10.9 for details on clock source selection.

When SCI3 operates on an internal clock. the serial clock is output at the SCK3; pin. Eight pulses
of the serial clock are output in transmission or reception of one character, and when SCI3 is not
transmitting or receiving, the clock is fixed at the high level.
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3. Data transfer operations
* SCI3 initialization

Data transfer on SCI3 first of all requires that SCI3 be initialized as described in 10.3.2 3. SCI3
initialization, and shown in figure 10.5.

» Transmitting

Figure 10.11 shows an example of a flowchart for data transmission. This procedure should be
followed for data transmission after initializing SCI3.

Start

Sets bit SPC32 to
1in SPCR

F—

. 1. Read the sernal status register (S5R) and
Reat_:l bit TDRE check that bit TDRE is set to 1, then write
in SSR transmit data to the transmit data register

(TDR). When data is written to TDOR, bit
TDRE is cleared to 0 automatically, the
No clock is output, and data transmission is
started. When clock output is selected,
the clock is output and data transmission
Yes started when data is written to TDR.

Write transmit 2. When continuing data transmission, be
data to TDR sure to read TDRE = 1 to confirm that
a write can be performed befare writing

data to TDR. When data is written to
TDR, bit TDRE is cleared to 0 automatically.

Continue data
ransmission?

Read bit TEND
in SSR

MNo
Yes

Clearbit TEto 0
in SCR3

End

Figure 10.11 Example of Data Transmission Flowchart (Synchronous Mode)
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SCI3 operates as follows when transmitting data.

SCI3 monitors bit TDRE in SSR. and when it is cleared to 0, recognizes that data has been written
to TDR and transfers data from TDR to TSR. It then sets bit TDRE to 1 and starts transmitting. If
bit TIE in SCR3 is set to 1 at this time, a TXI request is made.

When clock output mode is selected, SCI3 outputs 8 serial clock pulses. When an external clock
is selected, data is output in synchronization with the input clock.

Serial data is transmitted from the TXD32 pin in order from the LSB (bit 0) to the MSB (bit 7).
When the MSB (bit 7) is sent, checks bit TDRE. If bit TDRE is cleared to 0, SCI3 transfers data
from TDR to TSR, and starts transmission of the next frame. If bit TDRE is set to 1, SCI3 sets bit
TEND to 1 in SSR, and after sending the MSB (bit 7). retains the MSB state. If bit TEIE in SCR3
is set to 1 at this time, a TEI request is made.

After transmission ends, the SCK pin is fixed at the high level.

Note: Transmission is not possible if an error flag (OER., FER. or PER) that indicates the data
reception status is set to 1. Check that these error flags are all cleared to 0 before a
transmit operation.

Figure 10.12 shows an example of the operation when transmitting in synchronous mode.

Serial ! —
= VAV WAVEA VAVAVAVAVE
Seral mo)im1}ii X Bit7 mq}im1y:f X Bite Y Bit7

1 frame 1 frame
TDRE )
= i ! M
LSl TXI request TDRE cleared  TXI request TEI request
operation to0
User Data written
processing to TDR

Figure 10.12 Example of Operation when Transmitting in Synchronous Mode
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* Receiving

Figure 10.13 shows an example of a flowchart for data reception. This procedure should be
followed for data reception after initializing SCI3.

I
Read bit OER . . . )
1 in SSR 1. Read bit OER in the serial status register
(S5R) to determine if there is an error.
If an overrun error has occurred, execute
OVEITUN error processing.
Yes
2. Read SSR and check that bit RDRF is
setto 1. Ifitis, read the receive data in
MNo RDR. When the RDR data is read, bit
RDRF is cleared to 0 automatically.
Read bit RDRF
2 - - . )
in SSR 3. When continuing data reception, finish
reading of bit RDRF and RDR before
receiving the MSB (bit 7) of the current
frame. When the data in RDR is read,
RDRF = 12 No bit RORF is cleared to 0 automatically.
7 4. If an overrun error has occurred, read bit
= OER in SSR, and after carrying out the
necessary error processing, clear bit OER
Read receive to 0. Reception cannot be resumed if bit
data in RDR OER is setto 1.
4 Overrun error
processing
I
3 Continue data
reception?
No
Clear bit RE to 4 Start overrun
0in SCR3 EITor processing
End Overrun error

processing

Clear bit OER to
0in SSR

End of overrun
error processing

Figure 10.13 Example of Data Reception Flowchart (Synchronous Mode)
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SCI3 operates as follows when receiving data.

SCI3 performs internal synchronization and begins reception in synchronization with the serial
clock input or output.

The received data is placed in RSR in LSB-to-MSB order.

After the data has been received, SCI3 checks that bit RDRF is set to 0, indicating that the receive
data can be transferred from RSR to RDR.

If this check shows that there is no overrun error, bit RDRF is set to 1. and the receive data is
stored in RDR. If bit RIE is set to 1 in SCR3, an RXI interrupt is requested. If the check
identifies an overrun error, bit OER is set to 1.

Bit RDRF remains set to 1. If bit RIE is set to 1 in SCR3, an ERI interrupt is requested.
See table 10.12 for the conditions for detecting a receive error, and receive data processing.

Note: No further receive operations are possible while a receive error flag is set. Bits OER,
FER. PER. and RDRF must therefore be cleared to 0 before resuming reception.

Figure 10.14 shows an example of the operation when receiving in synchronous mode.

- AV VaVaVa VaVaVaVaVa Vs
Sera X ait7 X sto X & X et X bito ) Bit1 X X Bite X Bit7

1 frame 1 frame

RDRF [ ] ) !
OER / | ». )

| f
LSl RXIrequest  RDRE cleared RXI request ERI request in
operation to0 response to
overrun error
User RDR data read RDR data has Overrun error
processing not been read processing
(RDRF = 1)

Figure 10.14 Example of Operation when Receiving in Synchronous Mode
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» Simultaneous transmit/receive

Figure 10.15 shows an example of a flowchart for a simultaneous transmit/receive operation. This
procedure should be followed for simultaneous transmission/reception after initializing SCI3.

Start
Sets bit SPC32 to
1in SPCR

|

[
. 1. Read the serial status register (SSR) and
1| R RRE check that bit TDRE is set to 1, then write
transmit data to the transmit data register

(TDR). When data is written to TDR, bit

No TDRE is cleared to 0 automatically.

2. Read SSR and check that bit RDRF is set
to 1. Ifitis, read the receive data in RDR.

Yes \When the RDR data is read, bit RDRF is

cleared to 0 automatically.
Write transmit
data to TDR 3. When continuing data transmission/reception,
finish reading of bit RDRF and RDR. before
receiving the MSB (bit 7) of the current frame.
. Before receiving the MSB (bit 7) of the current
Reaiﬂ ténngR frame, also read TORE = 1 to confirm that a
write can be performed, then write data to TDR.

When data is written to TDR, bit TDRE is cleared
to 0 automatically, and when the data in RDR is
read, bit RDRF is cleared to 0 automatically.

4. If an overrun error has occurred, read bit OER
in 3SR, and after carrying out the necessary
error processing, clear bit OER to 0. Transmis-

Read bit RDRF 3{Er;{a£d5$§q?on cannot be resumed if bit

in SSR

See figure 10-13 for details on overrun error
processing.

No

Yes

Read receive data

in RDR
COverrun error
4 processing
P |

Yes

Continue data
ission/reception?

Clear bits TE and
RE to 0 in SCR3

Figure 10.15 Example of Simultaneous Data Transmission/Reception Flowchart
(Synchronous Mode)
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Notes: 1. When switching from transmission to simultaneous transmission/reception, check that
SCI3 has finished transmitting and that bits TDRE and TEND are set to 1. clear bit TE
to 0, and then set bits TE and RE to 1 simultaneously.

2. When switching from reception to simultaneous transmission/reception. check that
SCI3 has finished receiving. clear bit RE to 0, then check that bit RDRF and the error
flags (OER, FER. and PER) are cleared to 0, and finally set bits TE and RE to 1
simultaneously.

10.3.4  Multiprocessor Communication Function

The multiprocessor communication function enables data to be exchanged among a number of
processors on a shared communication line. Serial data communication is performed in
asynchronous mode using the multiprocessor format (in which a multiprocessor bit is added to the
transfer data).

In multiprocessor communication, each receiver is assigned its own ID code. The serial
communication cycle consists of two cycles, an ID transmission cycle in which the receiver is
specified, and a data transmission cycle in which the transfer data is sent to the specified receiver.
These two cycles are differentiated by means of the multiprocessor bit, 1 indicating an ID
transmission cycle, and 0, a data transmission cycle.

The sender first sends transfer data with a 1 multiprocessor bit added to the ID code of the receiver
it wants to communicate with. and then sends transfer data with a 0 multiprocessor bit added to the
transmit data. When a receiver receives transfer data with the multiprocessor bit set to 1, it
compares the ID code with its own ID code, and if they are the same, receives the transfer data
sent next. If the ID codes do not match, it skips the transfer data until data with the multiprocessor
bit set to 1 is sent again.

In this way. a number of processors can exchange data among themselves.

Figure 10.16 shows an example of communication between processors using the multiprocessor
format.
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Sender

¢ Communication line
Receiver A Receiver B Receiver C Receiver D
(ID=01) (ID =02) (ID=03) (ID =04)

e ) NS o/ [Hm N/ N\

(MPB = 1) (MPB = 0)

| ID transmission cycle —| Data transmission cycle |
(specifying the receiver) (sending data to the receiver
specified by the ID)

MPB: Multiprocessor bit

Figure 10.16 Example of Inter-Processor Communication Using Multiprocessor Format
(Sending data H'AA to receiver A)

There is a choice of four data transfer formats. If a multiprocessor format is specified. the parity
bit specification is invalid. See table 10.11 for details.

For details on the clock used in multiprocessor communication, see 10.3.2, Operation in
Synchronous Mode.

* Multiprocessor transmitting

Figure 10.17 shows an example of a flowchart for multiprocessor data transmission. This
procedure should be followed for multiprocessor data transmission after initializing SCI3.
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Start

Sets bit SPC32 to
1in SPCR
—
1 Read bit TDRE 1. Read the serial status register (SSR)
in SSR and check that bit TDRE is setto 1,
then set bit MPBT in S5R to 0 or 1 and
write transmit data to the transmit data
register (TOR). When data is written to
No TDR, bit TDRE is cleared to 0 automatically.
2. When continuing data transmission, be
Yes sure to read TDRE = 1 to confirm that a
i write can be performed before writing data
Set bit MPDT to TDR. When data is written to TDR, bit
in 33R TDRE is cleared to 0 automatically.
3. If a break is to be output when data
Write transmit transmission ends, set the port PCR to 1
data to TDOR and clear the port PDR to 0, then clear bit
TE in SCR3to 0.
2 Continue data
ransmission?
Read bit TEND
in SSR
3 Break output?
Yes
SetPDR =0,
PCR=1

Clear bit TE to
0in SCR3

End

Figure 10.17 Example of Multiprocessor Data Transmission Flowchart
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SCI3 operates as follows when transmitting data.

SCI3 monitors bit TDRE in SSR, and when it is cleared to 0. recognizes that data has been written
to TDR and transfers data from TDR to TSR. It then sets bit TDRE to 1 and starts transmitting. If
bit TIE in SCR3 is set to 1 at this time, a TXI request is made.

Serial data is transmitted from the TXD pin using the relevant data transfer format in table 10.11.
When the stop bit is sent, SCI3 checks bit TDRE. If bit TDRE is cleared to 0, SCI3 transfers data
from TDR to TSR. and when the stop bit has been sent, starts transmission of the next frame. If
bit TDRE is set to 1 bit TEND in SSR bit is set to 1, the mark state, in which 1s are transmitted, is
established after the stop bit has been sent. If bit TEIE in SCR3 is set to 1 at this time, a TEI
request is made.

Figure 10.18 shows an example of the operation when transmitting using the multiprocessor
format.

Start Transmit Stop Start Transmit Stop Mark
bit data MPB bit  bit data MPB bit state
] ]
Seial 1 |0 [po|[pt1] | [p7]ot] 1] o |po[D1]| D7 0m] 4 1
data ) !
| 1 frame | 1 frame |

TDRE | ) | |

TEND ‘T ‘T 2 ‘T 2 *

LSl TXlrequest TDRE TXI request TEI request
operation cleared to 0

User Data written

processing to TDR

Figure 10.18 Example of Operation when Transmitting using Multiprocessor Format
(8-bit data, multiprocessor bit, 1 stop bit)

* Multiprocessor receiving

Figure 10.19 shows an example of a flowchart for multiprocessor data reception. This procedure
should be followed for multiprocessor data reception after initializing SCI3.
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Start

‘

Set bit MPIE to 1
in SCR3

e

Read bits OER
and FER in SSR

OER +FER =17

No

Yes

Read bit RDRF
in SSR

Yes

Read receive
data in RDR

Own ID?

Yes

-

Read bits OER
and FER in SSR

No

Read bit RDRF
in SSR

Yes

Read receive
data in RDR

Yes

Receive error
processing

Continue data
reception?

No

Yes

-

Clear bit RE to
0in SCR3

End

)

Set bit MPIE to 1 in SCR3.

Read bits OER and FER in the serial
status register (SSR) to determine if

there is an emor. If a receive error has
occurred, execute receive error processing.

Read SSR and check that bit RDRF is
setto 1. Ifitis, read the receive data in
RDR and compare it with this receiver's
own ID. If the ID is not this receiver's,
set bit MPIE to 1 again. When the RDR
data is read, bit RDRF is cleared to 0
automatically.

Read SSR and check that bit RDRF is
set to 1, then read the data in RDR.

If a receive error has occurred, read bits
OER and FER in SSR to identify the error,
and after carrying out the necessary error
processing, ensure that bits OER and FER
are both cleared to 0. Reception cannot be
resumed Iif either of these bits is set to 1.

In the case of a framing error, a break can
be detected by reading the value of the
RXD3o pin.

Figure 10.19 Example of Multiprocessor Data Reception Flowchart
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Start receive
error processing

|

Qverrun error
processing

— 1]

Break?

No

Framing error
processing
Clear bits OER and |
FER to 0 in SSR

End of receive (A)
error processing

Figure 10.19 Example of Multiprocessor Data Reception Flowchart (cont)

Figure 10.20 shows an example of the operation when receiving using the multiprocessor format.
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Start Receive Stop Start Receive data Stop Mark state
bit data (ID1) MPB bit bit (Data1) MPB bit  (idle state)
Serial lo[po]p1]| | [o7] t [ o[oofot] , [o7]o |1 1
data
| 1 frame | 1 frame |
= o o
s i
MPIE \
RDRF r / y
A
RDR
value // >< / \ D1
LSl RXI request RDRF cleared No RXI request
operation MPIE cleared to 0 RDR retains
to0 previous state
User RDR data read When data is not
processing this receiver's ID,
bit MPIE is set to
1 again
(a) When data does not match this receiver's ID
Start Receive Stop Start Receive data Stop Mark state
bit data (ID2) MPB bit bit (Data2) MPB bit  (idle state)
Seial 1 |0 [po|p1|  |p7[1 1]o0 |D0|D1| , 107 [0 |1 1
data
L 1 frame | 1 frame |
[ | |
MPIE ) | ) [
RDRF P / \ 2
. // /\ LA
ROR ID1 //// X / \iD2 X /pata2 |
LSl RXI request RDRF cleared RXl request RDRF cleared
operation MPIE cleared to0 to0
to0
User RDR data read When data is RDR data read
processing this receiver's Bit MPIE set to
ID, reception 1 again
is continued
(b) When data matches this receiver's ID
Figure 10.20 Example of Operation when Receiving using Multiprocessor Format

(8-bit data, multiprocessor bit, 1 stop bit)
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10.4  Interrupts

SCI3 can generate six kinds of interrupts: transmit end, transmit data empty, receive data full, and
three receive error interrupts (overrun error, framing error, and parity error). These interrupts have
the same vector address.

The various interrupt requests are shown in table 10.13.

Table 10.13 SCI3 Interrupt Requests

Interrupt Vector
Abbreviation Interrupt Request Address
RXI Interrupt request initiated by receive data full flag (RDRF) H'0024
TXI Interrupt request initiated by transmit data empty flag (TDRE)

TEI ulnterrupt request initiated by transmit end flag (TEND)

ERI Interrupt request initiated by receive error flag (OER, FER, PER)

Each interrupt request can be enabled or disabled by means of bits TIE and RIE in SCR3.

When bit TDRE is set to 1 in SSR. a TXI interrupt is requested. When bit TEND issetto 1 in
SSR, a TEI interrupt is requested. These two interrupts are generated during transmission.

The initial value of bit TDRE in SSR is 1. Therefore,. if the transmit data empty interrupt request
(TXI) is enabled by setting bit TIE to 1 in SCR3 before transmit data is transferred to TDR, a TXI
interrupt will be requested even if the transmit data is not ready.

Also, the initial value of bit TEND in SSR is 1. Therefore, if the transmit end interrupt request
(TEI) is enabled by setting bit TEIE to 1 in SCR3 before transmit data is transferred to TDR, a TEI
interrupt will be requested even if the transmit data has not been sent.

Effective use of these interrupt requests can be made by having processing that transfers transmit
data to TDR carried out in the interrupt service routine.

To prevent the generation of these interrupt requests (TXI and TEI), on the other hand, the enable
bits for these interrupt requests (bits TIE and TEIE) should be set to 1 after transmit data has been
transferred to TDR.

When bit RDRF is set to 1 in SSR, an RXI interrupt is requested. and if any of bits OER, PER. and
FER is set to 1, an ERI interrupt is requested. These two interrupt requests are generated during
reception.

For further details, see 3.3, Interrupts.
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10.S  Application Notes
The following points should be noted when using SCI3.
1. Relation between writes to TDR and bit TDRE

Bit TDRE in the serial status register (SSR) is a status flag that indicates that data for serial
transmission has not been prepared in TDR. When data is written to TDR, bit TDRE is cleared to
0 automatically. When SCI3 transfers data from TDR to TSR. bit TDRE is set to 1.

Data can be written to TDR irrespective of the state of bit TDRE, but if new data is written to
TDR while bit TDRE is cleared to 0, the data previously stored in TDR will be lost of it has not
vet been transferred to TSR. Accordingly, to ensure that serial transmission is performed
dependably, you should first check that bit TDRE is set to 1, then write the transmit data to TDR
once only (not two or more times).

2. Operation when a number of receive errors occur simultaneously

If a number of receive errors are detected simultaneously, the status flags in SSR will be set to the
states shown in table 10.14. If an overrun error is detected, data transfer from RSR to RDR will
not be performed. and the receive data will be lost.

Table 10.14 SSR Status Flag States and Receive Data Transfer

SSR Status Flags Receive Data Transfer
RDRF* OER FER PER RSR - RDR Receive Error Status
1 1 0 0 X Overrun error
0 0 1 0 @] Framing error
0 0 0 1 @] Parity error
1 —1 " 1 WO “X " Overrun error + framing error
1 1 0 1 X Overrun error + parity error
0 0 1 1 @] Framing error + parity error
1 —1 " 1 ~1 “X " Overrun error + framing error + parity error

O : Receive data is transferred from RSR to RDR.
X : Receive data is not transferred from RSR to RDR.

Note: *Bit RDRF retains its state prior to data reception. However, note that if RDR is read after an
overrun error has occurred in a frame because reading of the receive data in the previous
frame was delayed, RDRF will be cleared to 0.
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3. Break detection and processing

When a framing error is detected, a break can be detected by reading the value of the RXD3, pin
directly. In a break, the input from the RXDs3, pin becomes all 0s, with the result that bit FER is
set and bit PER may also be set.

SCI3 continues the receive operation even after receiving a break. Note, therefore. that even
though bit FER is cleared to 0 it will be set to 1 again.

4. Mark state and break detection

When bit TE is cleared to 0, the TXDj3, pin functions as an I/O port whose input/output direction
and level are determined by PDR and PCR. This fact can be used to set the TXDs; pin to the
mark state, or to detect a break during transmission.

To keep the communication line in the mark state (1 state) until bit TE is set to 1, set PCR =1 and
PDR = 1. Since bit TE is cleared to 0 at this time, the TXD3; pin functions as an I/O port and 1 is
output.

To detect a break. clear bit TE to 0 after setting PCR = 1 and PDR = 0.

When bit TE is cleared to 0. the transmission unit is initialized regardless of the current
transmission state, the TXD3, pin functions as an I/O port, and 0 is output from the TXD3, pin.

5. Receive error flags and transmit operation (synchronous mode only)

When a receive error flag (OER. PER, or FER) is set to 1, transmission cannot be started even if
bit TDRE is cleared to 0. The receive error flags must be cleared to 0 before starting transmission.

Note also that receive error flags cannot be cleared to 0 even if bit RE is cleared to 0.
6. Receive data sampling timing and receive margin in asynchronous mode

In asynchronous mode, SCI3 operates on a basic clock with a frequency 16 times the transfer rate.
When receiving, SCI3 performs internal synchronization by sampling the falling edge of the start
bit with the basic clock. Receive data is latched internally at the 8th rising edge of the basic clock.
This is illustrated in figure 10.21.
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16 clock pulses

8 clock pulses |
0 7 150 7 15 0

Internal |||||||||||||||||||
basic clock L H H

Receive data j EStaﬂ bit | Do | D1

(RXD32)

Synchronization i
sampling timing H

Data i P HE
tirﬁingsamD " I I

Figure 10.21 Receive Data Sampling Timing in Asynchronous Mode

Consequently, the receive margin in asynchronous mode can be expressed as shown in equation

(1).

1 D-0.5
M={(05-—7)- —(L—-0.5)F} - 100 [% .
105 EN) N ( ) E) el Equation (1)

where

M: Receive margin (%)

N: Ratio of bit rate to clock (N = 16)

D: Clock duty (D=0.5t0 1.0)

L: Frame length (L =9 to 12)

F: Absolute value of clock frequency deviation

Substituting 0 for F (absolute value of clock frequency deviation) and 0.5 for D (clock duty) in
equation (1), a receive margin of 46.875% is given by equation (2).

WhenD=0.5and F =0,
M=1{0.5—1/2 - 16)} - 100 [%]
=46.875% ... Equation (2)

However, this is only a computed value, and a margin of 20% to 30% should be allowed when
carrying out system design.
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7. Relation between RDR reads and bit RDRF

In a receive operation, SCI3 continually checks the RDRF flag. If bit RDRF is cleared to 0 when
reception of one frame ends, normal data reception is completed. If bit RDRF is set to 1, this
indicates that an overrun error has occurred.

When the contents of RDR are read. bit RDRF is cleared to 0 automatically. Therefore, if bit
RDR is read more than once, the second and subsequent read operations will be performed while
bit RDRF is cleared to 0. Note that, when an RDR read is performed while bit RDRF is cleared to
0, if the read operation coincides with completion of reception of a frame, the next frame of data
may be read. This is illustrated in figure 10.22.

| Frame 1 | Frame 2 | Frame 3

Communication
line Data 1 ‘

RDRF I

Data 2 | Data 3

RDR >< Data 1 >< Data 2

| ol le

RDR read RDR read
Data 1 is read at point (A)
Data 2 is read at point (B)

Figure 10.22 Relation between RDR Read Timing and Data

In this case, only a single RDR read operation (not two or more) should be performed after first
checking that bit RDRF is set to 1. If two or more reads are performed. the data read the first time
should be transferred to RAM., etc., and the RAM contents used. Also, ensure that there is
sufficient margin in an RDR read operation before reception of the next frame is completed. To
be precise in terms of timing, the RDR read should be completed before bit 7 is transferred in
synchronous mode, or before the STOP bit is transferred in asynchronous mode.

8. Transmit and receive operations when making a state transition

Make sure that transmit and receive operations have completely finished before carrying out state
transition processing.
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9. Switching SCK3, function

If pin SCK35 is used as a clock output pin by SCI3 in synchronous mode and is then switched to a
general input/output pin (a pin with a different function). the pin outputs a low level signal for half
a system clock (@) cycle immediately after it is switched.

This can be prevented by either of the following methods according to the situation.
a. When an SCK3; function is switched from clock output to non clock-output

When stopping data transfer, issue one instruction to clear bits TE and RE to 0 and to set bits
CKE1 and CKEO in SCR3 to 1 and 0, respectively. In this case, bit COM in SMR should be left 1.
The above prevents SCKs, from being used as a general input/output pin. To avoid an
intermediate level of voltage from being applied to SCKj3,. the line connected to SCKs5 should be
pulled up to the V¢ level via a resistor, or supplied with output from an external device.

b. When an SCK3, function is switched from clock output to general input/output

When stopping data transfer,
(1) Issue one instruction to clear bits TE and RE to 0 and to set bits CKE1 and CKEO in SCR3 to
1 and 0, respectively.

(i1) Clear bit COM in SMR to 0
(1ii) Clear bits CKEI and CKEO in SCR3 to 0

Note that special care is also needed here to avoid an intermediate level of voltage from being
applied to SCKj3,.

10. Setup at subactive or subsleep mode

At subactive or subsleep mode, SCI3 becomes possible use only at CPU clock is ow/2.
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Section 11 10-Bit PWM

11.1 Overview

The H8/3802 Series is provided with two on-chip 10-bit PWMs (pulse width modulators),
designated PWMI1 and PWM2, with identical functions. The PWMs can be used as D/A
converters by connecting a low-pass filter. In this section the suffix m (m =1 or 2) is used with
register names, etc., as in PWDRLm, which denotes the PWDRUL registers for each PWM.

11.1.1 Features
Features of the 10-bit PWMs are as follows.

* Choice of four conversion periods
Any of the following conversion periods can be chosen:
4,096/0, with a minimum modulation width of 4/e
2.048/e, with a minimum modulation width of 2/o
1.024/e, with a minimum modulation width of 1/o
512/e, with a minimum modulation width of 1/2 @

* Pulse division method for less ripple

*  Use of module standby mode enables this module to be placed in standby mode independently
when not used.
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11.1.2  Block Diagram

Figure 11.1 shows a block diagram of the 10-bit PWM.

——{ PWDRLm |
—  PWDRUm | E
Y ¥ ©
/2] PWM 3
o/4 .| waveform S
2/8 —= t c
o generator 5
£
| PWCRm [~
PWMn=
N
Notation:
PWDRLm: PWM data register L
PWDRUm: PWM data register U _
PWCRm: PWM control register m=1or2
Figure 11.1 Block Diagram of the 10 bit PWM
11.1.3  Pin Configuration
Table 11.1 shows the output pin assigned to the 10-bit PWM.
Table 11.1 Pin Configuration
Name Abbrev. 110 Function
PWM?1 output pin PWM1 Output Pulse-division PWM waveform output
(PWM1)
PWM2 output pin PWM2 Output Pulse-division PWM waveform output
(PWM2)
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11.1.4  Register Configuration

Table 11.2 shows the register configuration of the 10-bit PWM.

Table 11.2 Register Configuration

Name Abbrev. RIW Initial Value  Address
PWM?1 control register PWCRA1 w H'FC H'FFDO
PWM1 data register U PWDRU1 W H'FC H'FFD1
PWM1 data register L PWDRL1 W H'00 H'FFD2
PWM2 control register PWCR2 w H'FC H'FFCD
PWM2 data register U PWDRU2 W H'FC H'FFCE
PWM2 data register L PWDRL2 W H'00 H'FFCF
Clock stop register 2 CKSTPR2 R/W H'FF H'FFFB
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11.2  Register Descriptions

11.2.1 PWM Control Register (PWCRm)

Bit 7 6 ) 5 4 3 2 1 0

| — [ = — | — | — | — [pwcrRmi|pwcrmo|
Initial value 1 1 - 1 1 1 1 0 0
Read/Write — — — — — — W W

PWCRm is an 8-bit write-only register for input clock selection.

Upon reset, PWCRm is initialized to HFC.

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: Clock select 1 and 0 (PWCRmI, PWCRmO)

Bits 1 and 0 select the clock supplied to the 10-bit PWM. These bits are write-only bits; they are
always read as 1.

Bit 1 Bit0
PWCRm1 PWCRmO0 Description
0 0 The input clock is @ (to* = 1/p) (initial value)

The conversion period is 512/g, with a minimum modulation
width of 1/20

0 1 The input clock is /2 (to* = 2/p)
The conversion period is 1,024/@, with a minimum
modulation width of 1/@

1 0 The input clock is o/4 (to* = 4/p)
The conversion period is 2,048/g, with a minimum
modulation width of 2/@

1 1 "The input clock is o/8 (to* = 8/p)
The conversion period is 4,096/g, with a minimum
modulation width of 4/@

Note: * Period of PWM input clock.
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11.2.2  PWM Data Registers U and L (PWDRUm, PWDRLm)

PWDRUm
Bit 7 6 5 4 3 2 1 0
— — | — | — | = | — |pworumi{pwRUm
Initial value 1 1 1 1 1 1 0 0
Read/Write — — — — — — W W
PWDRLM
Bit 7 6 5 4 3 2 1 0
PWDRLm? | PWDRLmg PWDRLm| PWDRLm4| PWDRLm| PWDRLm, | PWDRLm1 | PWDRLmg
Initial value 0 0 0 0 0 0 0 0
Read/Write W w W W w W W w

PWDRUm and PWDRLm form a 10-bit write-only register, with the upper 2 bits assigned to
PWDRUm and the lower 8 bits to PWDRLm. The value written to PWDRUm and PWDRLm
gives the total high-level width of one PWM waveform cycle.

When 10-bit data is written to PWDRUm and PWDRLm. the register contents are latched in the
PWM waveform generator, updating the PWM waveform generation data. The 10-bit data should
always be written in the following sequence:

1. Write the lower 8 bits to PWDRLm.
2. Write the upper 2 bits to PWDRUm for the same channel.
PWDRUm and PWDRLm are write-only registers. If they are read, all bits are read as 1.

Upon reset, PWDRUm is initialized to HFC, and PWDRLm to H'00.

11.2.3  Clock Stop Register 2 (CKSTPR2)

Bit 7 §] 5 4 3 2 1 0

. — | — | — |pwacksteaEckstP| —  pwicksTR{LDCKSTP|
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — RW R/W — R/W R/W

CKSTPR?2 is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to the PWM is described here. For details of the other bits, see the
sections on the relevant modules.
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Bits 4 and 1: PWM module standby mode control (PWmCKSTP)

Bits 4 and 1 control setting and clearing of module standby mode for the PWMm.

PWmMCKSTP Description

0 PWMm is set to module standby mode
1 PWMm module standby mode is cleared (initial value)
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11.3  Operation

11.3.1  Operation

When using the 10-bit PWM, set the registers in the following sequence.

L.

ta

Set PWMI1 or PWM2 in PMRO to 1 for the PWM channel to be used, so that pin P9,/PWMI1 or
P9,/PWM2 is designated as the PWM output pin.

Set bits PWCRm1 and PWCRmO in the PWM control register (PWCRm) to select a
conversion period of 4,096/6 (PWCRmI1 = 1, PWCRmO0 = 1), 2.048/e (PWCRm1 =1,
PWCRmO =0), 1,024/6 (PWCRm1 = 0, PWCRmO = 1), or 512/ (PWCRm1 =0, PWCRm0 =
0).

Set the output waveform data in PWDRUm and PWDRLm. Be sure to write in the correct
sequence. first PWDRLm then PWDRUm for the same channel. When data is written to
PWDRUm, the data will be latched in the PWM waveform generator, updating the PWM
waveform generation in synchronization with internal signals.

One conversion period consists of 4 pulses, as shown in figure 11.2. The total of the high-level
pulse widths during this period (Ty;) corresponds to the data in PWDRUm and PWDRLm.
This relation can be represented as follows.

Ty = (data value in PWDRUm and PWDRLm +4) - t,/2

where to is the PWM input clock period: 1/6 (PWCRm =H'0), 2/e (PWCRm =H'1). 4/0 (PWCRm
=H"2), or 8/0 (PWCRm = H'3).

Example: Settings in order to obtain a conversion period of 1.024 ps:

When PWCRmI = 0 and PWCRmO = 0, the conversion period is 512/, so o must be
0.5 MHz. In this case, tfn = 256 ps, with 1/2e (resolution) = 1.0 ps.

When PWCRmI = 0 and PWCRmO = 1, the conversion period is 1,024/, so @ must be
1 MHz. In this case, tfn = 256 us, with /e (resolution) = 1.0 ps.

When PWCRmI = 1 and PWCRmO = 0, the conversion period is 2.048/e , so o must be
2 MHz. In this case. tfn = 256 us, with 2/e (resolution) = 1.0 ps.

When PWCRmI = 1 and PWCRmO = 1, the conversion period is 4,096/, so @ must be
4 MHz.

In this case, t, =256 us, with 4/e (resolution) = 1.0 us

Accordingly, for a conversion period of 1.024 us, the system clock frequency (o) must
be 0.5 MHz. 1 MHz. 2 Mhz, or 4MHz.
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- 1 conversion period
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tr4
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tH3
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Figure 11.2 PWM Output Waveform

11.3.2 PWM Operation Modes

PWM operation modes are shown in table

Table 11.3 PWM Operation Modes

Operation Module
Mode Reset Active Sleep Watch Subactive Subsleep Standby Standby
PWCRm Reset Functions Functions Held Held Held Held Held
PWDRUm Reset Functions Functions Held Held Held Held Held
PWDRLm Reset Functions Functions Held Held Held Held Held
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Section 12 A/D Converter

12.1 Overview

The H8/3802 Series includes on-chip a resistance-ladder-based successive-approximation analog-
to-digital converter, and can convert up to 4 channels of analog input.

12.1.1  Features
The A/D converter has the following features.

* 10-bit resolution

* Four input channels

* Conversion time: approx. 12.4 us per channel (at 5 MHz operation)
* Built-in sample-and-hold function

* Interrupt requested on completion of A/D conversion

*  Use of module standby mode enables this module to be placed in standby mode independently
when not used.
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12.1.2

Figure 12.1 shows a block diagram of the A/D converter.

Block Diagram

ANg
AN 1
AN>
AN1q

AVcce

AVgs

¢ AMR
O
O
O—m
O
Multiplexer ADSR
)
Control logic
O
Reference ]
voltage
- ADRRH
O—= ADRRL

Internal data bus

Notation:

AMR:
ADSR:
ADRR:
IRRAD:

A/D mode register

A/D start register

A/D result register

A/D conversion end interrupt request flag

—=|RRAD
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12.1.3  Pin Configuration

Table 12.1 shows the A/D converter pin configuration.

Table 12.1 Pin Configuration

Name Abbrev. o Function

Analog power supply AV, Input Power supply and reference voltage of analog part
Analog ground AV Input Ground and reference voltage of analog part
Analog input 0 AN, Input Analog input channel 0

Analog input 1 AN, Input Analog input channel 1

Analog input 2 AN, Input Analog input channel 2

Analog input 3 AN, Input Analog input channel 3

12.1.4  Register Configuration

Table 12.2 shows the A/D converter register configuration.

Table 12.2 Register Configuration

Name Abbrev. RIW Initial Value  Address
A/D mode register AMR R/W H'30 H'FFC6
A/D start register ADSR R/W H'7F H'FFC7
A/D result register H ADRRH R Not fixed H'FFC4
A/D result register L ADRRL R Not fixed H'FFC5
Clock stop register 1 CKSTPR1 R/W H'FF H'FFFA
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12.2  Register Descriptions

12.2.1  A/D Result Registers (ADRRH, ADRRL)

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
ADRQ‘ ADRSIADR?‘AD RG‘ADR5|ADR4‘ADR3|ADR2|ADR1 ‘ADRDI

Initial value Not Mot Not MNot Not Not Not Not Not Not — — — — — —
fixed fixed fixed fixed fixed fixed fixed fixed fixed fixed
Read/\Write R R R R R R R R R R — — — — — —

ADRRH ADRRL

ADRRH and ADRRL together comprise a 16-bit read-only register for holding the results of
analog-to-digital conversion. The upper 8 bits of the data are held in ADRRH, and the lower 2
bits in ADRRL.

ADRRH and ADRRL can be read by the CPU at any time, but the ADRRH and ADRRL values
during A/D conversion are not fixed. After A/D conversion is complete, the conversion result is
stored as 10-bit data, and this data is held until the next conversion operation starts.

ADRRH and ADRRL are not cleared on reset.

12.2.2  A/D Mode Register (AMR)

Bit 7 6 5 4 3 2 1 0

Coks | — — | — | o3 | cH2 | cHt | cHo
Initial value 0 0 1 1 0 0 0 0
Read/Write  RW  RW  — — RW RW RW RW

AMR is an 8-bit read/write register for specifying the A/D conversion speed, external trigger
option, and the analog input pins.

Upon reset, AMR is initialized to H'30.
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Bit 7: Clock select (CKS)

Bit 7 sets the A/D conversion speed.

Bit7 Conversion Time
CKs Conversion Period o=1MHz =5 MHz
0 62/g (initial value) 62 us 12.4 ys

1 31/p 31ps -

Note: * Operation is not guaranteed if the conversion time is less than 12.4 ps. Set bit 7 for a value
of at least 12.4 ps.

Bit 6: Reserved bit

Bit 6 is reserved; only 0 can be written to this bit.

Bits 5 and 4: Reserved bits

Bits 5 and 4 are reserved: they are always read as 1, and cannot be modified.
Bits 3 to 0: Channel select (CH3 to CHO)

Bits 3 to 0 select the analog input channel.

The channel selection should be made while bit ADSF is cleared to 0.

Bit3 Bit 2 Bit 1 Bit0
CH3 CH2 CH1 CHO Analog Input Channel
0 0 #* * No channel selected (initial value)
0 1 0 0 AN,
0 1 0 1 AN,
0 1 1 0 AN,
0 1 1 1 AN,
1 0 0 0 Setting prohibited
1 0 0 1
1 0 1 0
1 0 1 1
*: Don't care
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12.2.3  A/D Start Register (ADSR)

Bit 7 6 5 4 3 2 0
B T e i e B e
Initial value 0 1 1 1 1 1 1

Read/Write R/W — — — — —

The A/D start register (ADSR) is an 8-bit read/write register for starting and stopping A/D

conversion.

A/D conversion is started by writing 1 to the A/D start flag (ADSF), which also sets ADSF to 1.
When conversion is complete, the converted data is set in ADRRH and ADRRL, and at the same

time ADSF is cleared to 0.
Bit 7: A/D start flag (ADSF)

Bit 7 controls and indicates the start and end of A/D conversion.

Bit7

ADSF Description

0 Read: Indicates the completion of A/D conversion (initial value)
Write: Stops A/D conversion

1 Read: Indicates A/D conversion in progress

Write: Starts A/D conversion

Bits 6 to 0: Reserved bits

Bits 6 to 0 are reserved: they are always read as 1., and cannot be modified.
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12.2.4  Clock Stop Register 1 (CKSTPR1)

Bit 7 §] 5 4 3 2 1 0

| — | — [ssackstPlapckste| — |1FckstP| —  [TACKsTP|
Initial value 1 1 1 1 1 1 1 1
Read/Write — — R/W RW — R/W — R/W

CKSTPRI is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to the A/D converter is described here. For details of the other bits,
see the sections on the relevant modules.

Bit 4: A/D converter module standby mode control (ADCKSTP)
Bit 4 controls setting and clearing of module standby mode for the A/D converter.

ADCKSTP Description
0 AJ/D converter is set to module standby mode

1 A/D converter module standby mode is cleared (initial value)
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12.3  Operation

12.3.1 A/D Conversion Operation

The A/D converter operates by successive approximations, and yields its conversion result as 10-
bit data.

A/D conversion begins when software sets the A/D start flag (bit ADSF) to 1. Bit ADSF keeps a
value of 1 during A/D conversion, and is cleared to 0 automatically when conversion is complete.

The completion of conversion also sets bit IRRAD in interrupt request register 2 (IRR2) to 1. An
A/D conversion end interrupt is requested if bit IENAD in interrupt enable register 2 (IENR2) is
set to 1.

If the conversion time or input channel needs to be changed in the A/D mode register (AMR)
during A/D conversion, bit ADSF should first be cleared to 0, stopping the conversion operation,
in order to avoid malfunction.

12.3.2  A/D Converter Operation Modes
A/D converter operation modes are shown in table 12.3.

Table 12.3 A/D Converter Operation Modes

Operation Module
Mode Reset Active Sleep Watch Subactive Subsleep Standby Standby
AMR Reset Functions Functions Held Held Held Held Held
ADSR Reset Functions Functions Held Held Held Held Held
ADRRH Held* Functions Functions Held Held Held Held Held
ADRRL Held* Functions Functions Held Held Held Held Held

Note: * Undefined in a power-on reset.

290
HITACHI



12.4  Interrupts

When A/D conversion ends (ADSF changes from 1 to 0), bit IRRAD in interrupt request register 2
(IRR2) is set to 1.

A/D conversion end interrupts can be enabled or disabled by means of bit IENAD in interrupt
enable register 2 (IENR2).

For further details see 3.3, Interrupts.

12.5  Typical Use

An example of how the A/D converter can be used is given below. using channel 1 (pin AN1) as
the analog input channel. Figure 12.2 shows the operation timing.

1. Bits CH3 to CHO of the A/D mode register (AMR) are set to 0101, making pin AN, the analog
input channel. A/D interrupts are enabled by setting bit IENAD to 1, and A/D conversion is
started by setting bit ADSF to 1.

When A/D conversion is complete, bit IRRAD is set to 1, and the A/D conversion result is
stored is stored in ADRRH and ADRRL. At the same time ADSF is cleared to 0. and the A/D
converter goes to the idle state.

ta

Bit IENAD = 1, so an A/D conversion end interrupt is requested.
The A/D interrupt handling routine starts.
The A/D conversion result is read and processed.

S

The A/D interrupt handling routine ends.
If ADSF is set to 1 again afterward, A/D conversion starts and steps 2 through 6 take place.

Figures 12.3 and 12.4 show flow charts of procedures for using the A/D converter.
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Set A/D conversion speed
and input channel

Disable A/D conversion
end interrupt

Start A/D conversion

Read ADSR

Read ADRRH/ADRRL data

Perform A/D
conversion?

No

Figure 12.3 Flow Chart of Procedure for Using A/D Converter (Polling by Software)
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Set A/D conversion speed
and input channels

Enable A/D conversion
end interrupt

Start A/D conversion

AJD conversion
end interrupt?

No

Clear bit IRRAD to
0inIRR2

Read ADRRH/ADRRL data

Yes

Perform A/D
conversion?

Figure 12.4 Flow Chart of Procedure for Using A/D Converter (Interrupts Used)

12.6  Application Notes

» Data in ADRRH and ADRRL should be read only when the A/D start flag (ADSF) in the A/D
start register (ADSR) is cleared to 0.

* Changing the digital input signal at an adjacent pin during A/D conversion may adversely
affect conversion accuracy.

*  When A/D conversion is started after clearing module standby mode, wait for 10 o clock
cycles before starting.

* In active mode and sleep mode, the analog power supply current (Algrgp,) flows in the ladder
resistance even when the A/D converter is on standby. Therefore, if the A/D converter is not
used, it is recommended that AV be connected to the system power supply and the
ADCKSTP (A/D converter module standby mode control) bit be cleared to 0 in clock stop
register 1 (CKSTPRI).
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Section 13 LCD Controller/Driver

13.1 Overview

The H8/3802 Series has an on-chip segment type LCD control circuit, LCD driver. and power
supply circuit, enabling it to directly drive an LCD panel.

13.1.1  Features
1. Features
Features of the LCD controller/driver are given below.

* Display capacity

Duty Cycle Internal Driver
Static 25 seg
1/2 25 seg
1/3 25 seg
1/4 25 seg

* LCD RAM capacity
8 bits - 13 bytes (104 bits)
*  Word access to LCD RAM
* All four segment output pins can be used individually as port pins.

*  Common output pins not used because of the duty cycle can be used for common double-
buffering (parallel connection).

* Display possible in operating modes other than standby mode

* Choice of 11 frame frequencies

* Built-in power supply split-resistance, supplying LCD drive power

*  Use of module standby mode enables this module to be placed in standby mode independently
when not used.

* A or B waveform selectable by software
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13.1.2  Block Diagram

Figure 13.1 shows a block diagram of the LCD controller/driver.

4

J_LC) Ve
=0 Vi
LCD drive power supply ;; O V2
TO0V;
=0 Vss
0/2 to 8/256 —= —a l
> —>= COM:
0. — Commen | | Common [ 7 7
v data latch | 1, driver iy COMs
N
T '
¢ > LPCR
- LCR : :
E LCR2 : —> SEGos
2 - - :
c Y ¥ ] o
3 : - 25-bit shift| : | Segment | »
= Display timing generator register | driver : :
C ! ' i
7] : ' .
= | : P
LCD RAM P
(13 bytes) ! ' ;
N — > SEG:
SEGn
Notation:

LPCR: LCD port control register
LCR: LCD control register
LCR2: LCD control register 2
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13.1.3  Pin Configuration

Table 13.1 shows the LCD controller/driver pin configuration.

Table 13.1 Pin Configuration

Name Abbrev. 110 Function

Segment output pins SEGy5 to SEGy Output  LCD segment drive pins
All pins are multiplexed as port pins
(setting programmable)

Common output pins COM, to COM4  Qutput LCD common drive pins
Pins can be used in parallel with static or
1/2 duty

LCD power supply pins V4, V3, V3 — Used when a bypass capacitor is

connected externally, and when an
external power supply circuit is used

13.1.4  Register Configuration

Table 13.2 shows the register configuration of the LCD controller/driver.

Table 13.2 LCD Controller/Driver Registers

Name Abbrev. RIW Initial Value Address

LCD port control register LPCR R/W — H'FFCO

LCD control register LCR R/W H'80 H'FFCA

LCD control register 2 'LCR2 RW — 'HFFC2

LCD RAM — R/W Undefined H'F740 to H'F74C
Clock stop register 2 CKSTPR2 R/W H'FF H'FFFB

HITACHI

297



13.2  Register Descriptions

13.2.1 LCD Port Control Register (LPCR)

Bit 7 6 5 4 3 2 1 0

‘ DTS1 ‘ DTSO ‘ CMX | — ‘sssa ‘scssz ‘SGS‘I ‘ssso
Initial value 0 0 0 — 0 0 0 0
ReadWite'” RW RW RW W RW RW RW RW

LPCR is an 8-bit read/write register which selects the duty cycle and LCD driver pin functions.
Bits 7 to 5: Duty cycle select 1 and 0 (DTS1. DTS0). common function select (CMX)

The combination of DTS1 and DTSO selects static, 1/2, 1/3, or 1/4 duty. CMX specifies whether
or not the same waveform is to be output from multiple pins to increase the common drive power
when not all common pins are used because of the duty setting.

Bit7 Bit6 Bit5
DTS1 DTS0 CMX DutyCycle Common Drivers Notes

0 0 0 Static COM; (initial value) Do not use COM,, COM,, and
COM,.
1 COM, to COM4 COM,, COM3, and COM;, output
the same waveform as COM;.
0 1 0 1/2 duty COM5 to COM4 Do not use COM4 and COMj5.
1 COM, to COM4 COMy outputs the same waveform

as COMs3, and COM5 outputs the
same waveform as COM;.

1 0 0 1/3 duty COM; to COM, Do not use COM,.
1 COM, to COM4 Do not use COMj.
1 1 0 1/4 duty COMy to COM;4 —

Bit 4: Reserved bit
Bit 4 is reserved; only 0 can be written to this bit.
Bits 3 to 0: Segment driver select 3 to 0 (SGS3 to SGS0)

Bits 3 to 0 select the segment drivers to be used.
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Function of Pins SEG,, to SEG,

Bit3 Bit2 Bit1 Bit0 SEG,,to SEG, to SEG,.to SEG,to SEG,to SEG,to
SGS3 SGS2 SGS1 SGS0 SEG,, SEG,, SEG,, SEG,, SEG, SEG, SEG, Notes
0 0 0 0 Port Port Port Port Port Port Port (Initial value)
1 uF’on uF’on uF’on uF’on uF’on uF’on HSEG "
1 0 Port Port Port Port Port SEG SEG
1 Port Port Port Port SEG SEG SEG
1 "O 0 uF’on uF’on uF’on MSEG MSEG MSEG MSEG
1 Port Port SEG SEG SEG SEG SEG
1 0 Port SEG SEG SEG SEG SEG SEG
1 MSEG MSEG MSEG MSEG MSEG MSEG MSEG
1 0 0 0 SEG SEG SEG SEG SEG SEG SEG
1 SEG SEG SEG SEG SEG SEG Port
1 0 MSEG MSEG MSEG MSEG MSEG uF’on uF’on
1 SEG SEG SEG SEG Port Port Port
1 0 0 SEG SEG SEG Port Port Port Port
1 SEG SEG Port Port Port Port Port
1 0 SEG Port Port Port Port Port Port
1 Port Port Port Port Port Port Port
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13.2.2 LCD Control Register (LCR)

Bit 7 6 5 4 3 2 1 0

— | psw | AcT | DIsP |cKks3 | cks2 | ckst | cKso
Initial value 1 0 0 0 0 0 0 0
Read/Write — RW RW RW RW RW RW RW

LCR is an 8-bit read/write register which performs LCD drive power supply on/off control and
display data control, and selects the frame frequency.

LCR is initialized to H'80 upon reset.

Bit 7: Reserved bit

Bit 7 is reserved: it is always read as 1 and cannot be modified.
Bit 6: LCD drive power supply on/off control (PSW)

Bit 6 can be used to turn the LCD drive power supply off when LCD display is not required in a
power-down mode, or when an external power supply is used. When the ACT bit is cleared to 0,
or in standby mode, the LCD drive power supply is turned off regardless of the setting of this bit.

Bit 6

PSW Description

0 LCD drive power supply off (initial value)
1 LCD drive power supply on

Bit 5: Display function activate (ACT)

Bit 5 specifies whether or not the LCD controller/driver is used. Clearing this bit to 0 halts
operation of the LCD controller/driver. The LCD drive power supply is also turned off, regardless
of the setting of the PSW bit. However, register contents are retained.

Bit5

ACT Description

0 LCD controller/driver operation halted (initial value)
1 LCD controller/driver operates
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Bit 4: Display data control (DISP)

Bit 4 specifies whether the LCD RAM contents are displayed or blank data is displayed regardless
of the LCD RAM contents.

Bit4

DISP Description

0 Blank data is displayed (initial value)
1 LCD RAM data is display

Bits 3 to 0: Frame frequency select 3 to 0 (CKS3 to CKS0)

Bits 3 to 0 select the operating clock and the frame frequency. In subactive mode, watch mode,
and subsleep mode, the system clock (o) is halted. and therefore display operations are not
performed if one of the clocks from o/2 to 8/256 is selected. If LCD display is required in these
modes, ew, ow/2, or ow/4 must be selected as the operating clock.

Bit3 Bit 2 Bit 1 Bit0 Frame Frequency™
CKS3 CKsS2 CK3s1 CKS0 Operating Clock ¢=2MHz o =250 kHz™'
0 * 0 0 oW 128 Hz"™ (initial value)
0 * 0 1 ow/2 64 Hz™®
0 * 1 * ow/4 32 Hz™®
1 0 0 0 012 — 244 Hz
1 0 0 1 ol4 977 Hz 122 Hz
1 0 1 0 o/8 488 Hz 61 Hz
1 0 E K 0/16 244 Hz 305 Hz
1 1 0 0 2/32 122 Hz —
1 1 0 1 o/64 61 Hz —
1 E E 0 0/128 1305 Hz —
1 1 1 1 2/256 — —
*: Don't care

Notes: 1. This is the frame frequency in active (medium-speed, gosc/16) mode when @ = 2 MHz.
2. When 1/3 duty is selected, the frame frequency is 4/3 times the value shown.
3. This is the frame frequency when gw = 32.768 kHz.
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13.2.3 LCD Control Register 2 (LCR2)

Bit 7 6 5 4 3 2 1 0

LCDAB | — — — ‘ — | _ ‘ _ ‘ _
Initial value 0 1 1 — — — — _
Read/Write R/W —_ — W w W W W

LCR2 is an 8-bit read/write register which controls switching between the A waveform and B
waveform.

Bit 7: A waveform/B waveform switching control (LCDAB)

Bit 7 specifies whether the A waveform or B waveform is used as the LCD drive waveform.

Bit7

LCDAB Description

0 Drive using A waveform (initial value)
1 Drive using B waveform

Bits 6 and 5: Reserved bits
Bits 6 and 5 are reserved: they are always read as 1 and cannot be modified.
Bits 4 to 0: Reserved bits

Bits 4 to 0 are reserved; only 0 can be written to these bits.
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13.2.4  Clock Stop Register 2 (CKSTPR2)

Bit 7 6 5 4 3 2 1 0

‘ —_ ‘ —_ ‘ —_ ‘PW2CKSTP‘ AECKSTP ‘ — ‘PWWKSTP ‘ LDCKSTP ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — R/W R/W — R/W R/W

CKSTPR?2 is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to the LCD controller/driver is described here. For details of the
other bits, see the sections on the relevant modules.

Bit 0: LCD controller/driver module standby mode control (LDCKSTP)

Bit 0 controls setting and clearing of module standby mode for the LCD controller/driver.

Bit0

LDCKSTP Description

0 LCD controller/driver is set to module standby mode

1 LCD controller/driver module standby mode is cleared (initial value)
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13.3  Operation

13.3.1  Settings up to LCD Display

To perform LCD display. the hardware and software related items described below must first be
determined.

1. Hardware settings
a. Using 1/2 duty

When 1/2 duty is used, interconnect pins V, and V3 as shown in figure 13.2.

T

Vce

Vi1

A j
V3

Vss

7)7_

Figure 13.2 Handling of LCD Drive Power Supply when Using 1/2 Duty

b. Large-panel display

As the impedance of the built-in power supply split-resistance is large, it may not be
suitable for driving a large panel. If the display lacks sharpness when using a large panel,
refer to section 13.3.4, Boosting the LCD Drive Power Supply. When static or 1/2 duty is
selected, the common output drive capability can be increased. Set CMX to 1 when
selecting the duty cycle. In this mode, with a static duty cycle pins COM, to COM; output
the same waveform, and with 1/2 duty the COM; waveform is output from pins COM, and
COM;, and the COM; waveform is output from pins COM, and COMj3.
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2. Software settings
a. Duty selection

Any of four duty cycles—static, 1/2 duty. 1/3 duty. or 1/4 duty—can be selected with bits
DTS1 and DTSO.

b. Segment selection
The segment drivers to be used can be selected with bits SGS3 to SGS,,.

c. Frame frequency selection
The frame frequency can be selected by setting bits CKS; to CKS,. The frame frequency
should be selected in accordance with the LCD panel specification. For the clock selection
method in watch mode, subactive mode, and subsleep mode. see 13.3.3, Operation in
Power-Down Modes.

d. A or B waveform selection

Either the A or B waveform can be selected as the LCD waveform to be used by means of
LCDAB.
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13.3.2  Relationship between LCD RAM and Display

The relationship between the LCD RAM and the display segments differs according to the duty
cycle. LCD RAM maps for the different duty cycles are shown in figures 13.3 to 13.6.

After setting the registers required for display, data is written to the part corresponding to the duty
using the same kind of instruction as for ordinary RAM, and display is started automatically when
turned on. Word- or byte-access instructions can be used for RAM setting.

bit7 bit6 bits bit4 bit3 bit2 bit1 bit0

H'F740 SEG: SEG: SEG2 SEG2 SEG1 SEG1 SEGH SEGt

H'F74C SEGzs | SEG2s | SEGzs | SEG2s

Y Y Y Y Y ' Y Y
COM: COMs COM2 COMi COM: COMs COM2  COM:

Figure 13.3 LCD RAM Map (1/4 Duty)
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bit7 bité bits bit4 bit3 bit2 bit1 bit0
HF740 SEG:2 SEG2 SEG: SEGH SEGH SEGH1
H'F74C SEG:zs SEG:zs SEGzs
Y Y Y Y Y Y Y
COM3 COMz COM1 COM3 COMz COM1

I:l Space not used for display

Figure 13.4 LCD RAM Map (1/3 Duty)
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bit7? bit6 bits bit4 bit3 bit2 bit1 bit0
H'F740 SEGs SEGs SEG: SEG: SEG: SEG: SEG SEG
Display space
SEG:s SEGzs
HF746
Space not used for display
HF74C
Y ' ' Y Y v Y t
COM: COM1 COMz COM; COM: COM1 COMz COM;
Figure 13.5 LCD RAM Map (1/2 Duty)
bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
H'F740 SEGs SEG7 SEGs SEGs SEG4 SEG3 SEG:2 SEGH w
Display
space
SEG2s
H'F743
Space not
used for
display
H'F74C
Y Y Y Y Y Y Y Y
COM1 COM1 COM?1 COM?1 COM: COM1 COM1 COM1
Figure 13.6 LCD RAM Map (Static Mode)
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1 frame

1 frame

Data

(b) Waveform with 1/3 duty

(a) Waveform with 1/4 duty

1 frame
|

-- V1
--Va Vs

|

1 frame
|

Data
COM:

-
COM: j_"""‘

SEG

Va Vs

Vss
Vi1
Vss

N

Vss

mmmmmm o

R

with static output

(d) Waveform

M: LCD alternation signal

(c) Waveform with 1/2 duty

7 Output Waveforms for Each Duty Cycle (A Waveform)

Figure 13
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(c) Waveform with 1/2 duty
Figure 13.8 Output Waveforms for Each Duty C
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Table 13.3 Output Levels

Data 0 1 1
M 1 0 1
Static Common output V4 Vgg V4 Vgg
Segment output -V1 Vss -VSS V4
1/2 duty Common output Vs, V3 Vs, V3 V4 Vss
Segment output V4 Vgg Vgg V4
1/3 duty InCommon output -V3 Vs -V1 Vss
Segment output Vs Va3 Vss V4
1/4 duty Common output Vs Vy V4 Vgg
Segment output -Vg -V3 -VSS "V1
M: LCD alternation signal
13.3.3  Operation in Power-Down Modes

In the H8/3802 Series, the LCD controller/driver can be operated even in the power-down modes.
The operating state of the LCD controller/driver in the power-down modes is summarized in table

13.4.

In subactive mode, watch mode, and subsleep mode, the system clock oscillator stops, and
therefore, unless ew. ew/2, or ew/4 has been selected by bits CKS3 to CKSO0, the clock will not be
supplied and display will halt. Since there is a possibility that a direct current will be applied to
the LCD panel in this case, it is essential to ensure that ow. ow/2, or ow/4 is selected. In active
(medium-speed) mode, the system clock is switched. and therefore CKS3 to CKS0 must be
modified to ensure that the frame frequency does not change.
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Table 13.4 Power-Down Modes and Display Operation

Sub- Sub- Module

Mode Reset Active Sleep Watch  active sleep Standby Standby
Clock o Runs Runs Runs Stops Stops Stops Stops Stops™
oW Runs Runs Runs Runs Runs Runs Stops™* Stops™
Display WACT:O “Stops " Stops —Stops "Stops -Stops " Stops “Stops°2 " Stops

operation ACT =1 Stops Functions Functions Functions™ Functions™ Functions™ Stops™ Stops

Notes: 1. The subclock oscillator does not stop, but clock supply is halted.
2. The LCD drive power supply is turned off regardless of the setting of the PSW bit.

3. Display operation is performed only if ew, ew/2, or ew/4 is selected as the operating
clock.

4. The clock supplied to the LCD stops.

13.3.4  Boosting the LCD Drive Power Supply

When a large panel is driven, the on-chip power supply capacity may be insufficient. If the power
supply capacity is insufficient when V¢ is used as the power supply, the power supply
impedance must be reduced. This can be done by connecting bypass capacitors of around 0.1 to
0.3 uF to pins Vi to Vs, as shown in figure 13.9, or by adding a split-resistance externally.

o)
Ré
Vce
V1
R= R = several kQ to
H8/3802 Series Vo several MQ
R
§ C=0.1to 0.3«F
V3 |
R
Vss g
7 777 777 777

Figure 13.9 Connection of External Split-Resistance
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Section 14 Electrical Characteristics

14.1  H8/3802 Series Absolute Maximum Ratings
Table 14.1 lists the absolute maximum ratings.

Table 14.1 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage Vee —-03t0+7.0 V
Analog power supply voltage " AV " —-03t0+7.0 “V
Programming voltage Vep -0.3t0+13.0 V
Input voltage Ports other than Port B, Vin —0.3to Vg +0.3 \

IRQAEC

Port B AV, 03t0AVee+03  V

IRQAEC HVin —0.3t0+7.3 \
Operating temperature Topr —20 to +75 °C
Storage temperature " Tsig " -5510 +125 “°C

Note: Permanent damage may occur to the chip if maximum ratings are exceeded. Normal
operation should be under the conditions specified in Electrical Characteristics. Exceeding
these values can result in incorrect operation and reduced reliability.
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14.2 HS8/3802 Series Electrical Characteristics

14.2.1 Power Supply Voltage and Operating Range
The power supply voltage and operating range are indicated by the shaded region in the figures.

1. Power supply voltage and oscillator frequency range

16.0 [=------mmmmmmmmm e ]
384 [ } “““““ [TTTTTmm Tt {
) N 32768 -----fezmn-aae- $-oenmeee- d-eee- 1
= 100 [--mmmmmeeees o = ; T : !
o ' = H i : ,
0] i ' [ I '
= : : : | :
40 f=ooee — | : : i :
20 p------ 7 7 X
i ] 1 i ] ] I ]
18 27 45 55 18 3.0 45 55
Ve (V) Vee (V)
+ Active (high-speed) mode + All operating
+ Sleep (high-speed) mode + Note 2. When an oscillator is used for the subclock,

hold Vez at 2.2 V to 5.5 V from power-on

+ Note 1: The fosc values are those when an oscillator - L] ) ‘
until the oscillation settling time has elapsed.

is used; when an external clock is used the
minimum value of fosc is 1 MHz.
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ta

& (MHz)

Power supply voltage and operating frequency range

[} 1 i
80 1, [} 1 L
19.2 oo fire oo |
1 L]
g 50 p---mmmm--- p----- 16.384 -""_"""""". """""" !
= i i i :
= : : ! :
20 [=----- i
10 f~----- : ! I i P, |
@5 I I — r : '
18 27 45 55 ¥ 8192 [--nnfoomomaoo-- poo=mEosmasg |
Vee (V) = . | :
= ' : :
+ Active (high-speed) mode & P S R o ccocoocoad
* Sleep (high-speed) mode (except CFU) ’ L
_ ) _ ) 4096 f-m--fommaaaane- oo
Note 1. The figure in parentheses is the minimum operating T
frequency when an external clock is input. When i 1 1
using an oscillator, the minimum operating frequency 18 35 55
(8)is 1 MHz.
Vee (V)
1000 p=-----mmmmmmmmmm e « Subactive mode
+ Subsleep mode (except CPU)
+ Watch mode (except CPU)
o 625 p-------- - p— e
L '
ﬁ 1
a ‘
250 :
15.625 | !
(7.8125 1 T
18 27 45 5.5
Vee (V)

= Active (medium-speed) mode
* Sleep (medium-speed) mode
(except A/D converter)

Note 2. The figure in parentheses is the minimum operating
frequency when an external clock is input. When
using an oscillator, the minimum operating frequency
(3) is 15.625 kHz.

Analog power supply voltage and A/D converter operating range

50 [oemmmeeeeeoes T L
| g
I ! ! I lig
i i 500 [—--mmmmmeeeees ' :
2 i I 1 i i i
1.8 27 45 55 18 27 45 55
AV (V) AVee (V)
»  Active (high-speed) mode * Active (medium-speed) mode
*  Sleep (high-speed) mode *  Sleep (medium-speed) mode
MNote 3: When AVcc = 1.8 V1o 2.7 V, the operating range is limited to & = 1.0 MHz when using an oscillator,

and is 8 = 0.5 MHz to 1.0 MHz when using an external clock.
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14.2.2  DC Characteristics

Table 14.2 lists the DC characteristics of the H8/3802.

Table 14.2 DC Characteristics

Vee=18V 1055V, AVee=18V 1055V, Vgg=AVgg=0.0V, T, =-20°C to +75°C
(including subactive mode) unless otherwise indicated.

Values
Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Input high Vg4 RES, 08Vee — Vee+03 WV Vee=40Vio55V
voltage WKPy to WKP;, 09Vee — Vee +0.3 Except the above
IRQy, IRQ;,
AEVL, AEVH,
SCK3z
RXDs32 07Vee — Ve #03 V Vee=40Vio55V
08Vee — Vee +0.3 Except the above
0SCy 08Vee — Ve #03 V Vee=40Vio55V
09Vee — Vee +0.3 Except the above
X4 09Vee — Ve #03 V Vee=18Vio 55V
P31 o P‘?;?; 07 VCC — VCC +03 A VCC =40Vto55V
P4 to P43, 0.8V Vee +0.3 Exce
. — . pt the above
P5, to P5;, ce ce
p60 o pﬁ}';
p?g o p?}';
P8y,
pBU to PB:3 0.7 VCC — AVCC +0.3 VCC =40Vtob55V
08Vee — AVee +03 Except the above
IRQAEC 08Vee — 73 v Vee=40V1i055V
09Vee — 7.3 Except the above

Note: Connect the TEST pin to Vgs.
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Values

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Inputlow V) RES, 0.3 —  02V¢¢ v Vee=4.0Vio55V
voltage WKPg to WKP;, 0.3 — 0.1 Vee Except the above
IRQy, IRQ;,
IRQAEC, AEVL,
AEVH, SCK3,
RXD13, 0.3 —  03Vce v Ve =40Vio55V
03 — 0.2Vee Except the above
0SC4 0.3 —  02V¢e v Ve =40Vio55V
03 — 0.1 Vee Except the above
X4 0.3 — 01 V¢e Ve =18Vio55V
P34 to P37, 0.3 —  03Vce Ve =40Vio55V
P4y to P4y, 03 — 02V Except the above
P5; to P5;,
P8 to P67,
P?u to PY?,
P8y,
PA[] to PA3,
PBU to PB3
Output high Vg P34 to P37, Vee-10 — — v Ve =40Vio55V
voltage P4, to P4,, —lgy=1.0mA
P50 to P57, Vee-05 — — Vee=40V1055V
P60 to P67, I =05mA
—loH ="
P70 to P77, - -
PBD, Vcc -03 — — _IOH =0.1mA
PAD to PA3
Output low Vg P4, to P4, — — 06 v Ve =40Vio55V
voltage loo = 1.6 mA
— — 05 lop = 0.4 mA
P5p to P57, Py — — 05 lop = 0.4 mA
to P67, P7g to
P77, P8y,
P34 to P37 — — 15 Ve =40Vio55V
IOL =10 mA
— — 06 Ve =40Vio55V
IOL =16 mA
— — 05 lop = 0.4 mA
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Values

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Output low Vg P9, to P9, — — 05 \ Vee=22V1055V,
voltage o =25 mA
IOL =15 mA
IOL =10 mA 8
P95 to P9y — — 05 o =10 mA
Input/output | Iy | RES, P4, — — 200 PA  Vy=05Vto .
leakage — — 1.0 Vee—05V o
current 08Cy, X4, — — 1.0 HA  Vy=05Vto
P31 o PS?, Vcc -05V
P4o to P42,
PSQ o PS?,
Pﬁo o PG?,
P?o o PT?,
P8, IRQAEC,
Pgo o Pgs,
PAQ to PA3
PBy to PBy — — 10 Viy=05Vto
AVee-05V
Pull-up —Ip P34 to P37, 50.0 — 300.0 PA  Vee =5V,
MOS P5q to P57, Viy=0V
current P6 to P67 — 350 — Ve =27V, Reference
Viy=0V value
Input Cin All input pins — — 150 pF  f=1MHz,
capacitance except power Vi =0V,
supply, RES, T,=25°C
IRQAEC, P45,
IRQAEC — — 30.0
RES — — 80.0 2
— — 15.0 o
P4, — — 50.0 “2
— — 15.0 o
PBy to PB4 — — 15.0
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Values

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Active lopE1 Vee — 70 100 mA  Active (high-speed) ™*
mode mode Ve =5V, ¢
current fosc = 10 MHz
dissipation
lope2 Vo — 22 30 mA  Active (medium-  *
speed) mode o4
Vcc =5 V,
fOSC =10 MHz
Ogsc/128
Sleep mode ISLEEP VCC — 38 50 mA Vcc:5 V, 3
current foge= 10 MHz o
dissipation
Subactive ISUB VCC — 150 300 PA Vcc =27V, 3
mode LCD on 32 kHz o
current crystal oscillator
dissipation (0gp=9,/2)
— 80 — PA Voo =2T7V, 3
LCD on 32 kHz o
crystal oscillator Reference
(85yp=0,/8) value
Subsleep ISUBSP VCC — 75 16.0 PA Vcc =27V, 3
mode LCD on 32 kHz 4
current crystal oscillator
dissipation (B5up=0y/2)
Watch IWATCH VCC — 38 6.0 PA Vcc =27V3 2
mode 2 kHz crystal 3
current oscillator 4
dissipation LCD not used
28 1
=3
=4
Standby lsTRY Vee — 10 50 MA 32 kHz crystal 3
mode oscillator not used  *
current
dissipation
RAM data VRAM VCC 15 —_— —_— \
retaining
voltage
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Values

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Allowable g Output pins — — 20 mA  Vee=40Vio55V
output low except port 3
current and 9
(per pin) Port 3 — — 100 Vee=40V1055V
Qutput pins — — 05
except port 9
Allowable g P9y to P9, — — 250 mA Vee=22V10o55V F
output low
current — — 15.0
(per pin)
— — 10.0
P9, to PY; — — 10.0
Allowable ¥ lg_ Output pins — — 40.0 mA  Vec=40V1io55V
output low except ports 3
current and 9
(total) Port 3 - — 800 Vee=40V1t055V
Qutput pins — — 200
except port 9
Port9 — — 80.0
Allowable  —lgy All output pins — — 20 mA  Vec=40V1io55V
output high — — 02 Except the above
current
(per pin)
Allowable 3 —lgy Alloutputpins — — 15.0 mA  Vee=40Vio55V
output high — — 100 Except the above

Notes: 1. Applies to the Mask ROM products.
2. Applies to the HD6473802.
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3. Pin states during current measurement.

RES Other LCD Power

Mode Pin Internal State Pins Supply Oscillator Pins
Active (high-speed) Ve  Operates Vee Halted System clock oscillator:
mode (lgpg1) crystal
Active (medium- Subclock oscillator:
speed) mode (lgpga) Pin Xy = GND
Sleep mode Vee o Only timers operate Ve Halted
Subactive mode Vee  Operates Vee Halted System clock oscillator:
Subsleep mode Vee  Only timers operate,  Vee Halted crystal

CPU stops Subclock oscillator:
Watch mode Vee  Only time base Vee Halted crystal

operates, CPU stops
Standby mode Vee  CPUand timers both  Vee Halted System clock oscillator:

stop

crystal
Subclock oscillator:
Pin X1 = GND

4. Excludes current in pull-up MOS transistors and output buffers.

5. When the PIOFF bit in the port mode register 9 is 0.
6. When the PIOFF bit in the port mode register 9 is 1.

HITACHI
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14.2.3

AC Characteristics

Table 14.3 lists the control signal timing, and tables 14.4 lists the serial interface timing of the

H8/3802.

Table 14.3 Control Signal Timing

Vee=18V1055V, AVce=18V 1055V, Vgg=AVgg=0.0V, T, =-20°C to +75°C
(including subactive mode) unless otherwise indicated.

Applicable Values Reference
Item Symbol Pins Min Typ Max Unit Test Condition Figure
System clock fosc 08C4,08C, 20 — 16.0 MHz Vee=45V1iob55V
oscillation 20 — 10.0 Vee=27V1i0o55V
frequency 20 — 40 Except the above
OSC clock (8oge)  tosc 0S8C4, 0SC, 625 — 500 ns Vee =45V 1o 55V Figure 14.1
cycle time (1000)
100 — 500 Vee=27V1055V ™2
(1000)
250 — 500 Except the above
(1000)
System clock () teye 2 — 128 tosc
cycle time — — 128 us
Subclock oscillation  fyy, X %5 — 32768 — kHz
frequency or364
Watch clock (ay)  ty X1, X2 — 3050r — ps Figure 14.1
cycle time 260
Subclock (BSUB) tSLIbC)fC 2 — 8 tw o
cycle time
Instruction cycle 2 — — teye
time tsubc.!rC
Oscillation te 08C4, 08C, — 20 45 us Figure 14.7 Figure 14.7
stabilization time Vee=22V1i055V
— — 50 ms Except the above Figure 147
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Applicable Values Reference
Item Symbol Pins Min  Typ Max Unit Test Condition Figure
Oscillation te X4, %5 — — 20 s Vee=27V1i055V ™
stabilization time
— — 10.0 Vee=27V1to55V
External clock high  trpy 0SCq4 25 — — ns Vee=45V10 55V Figure 14.1
width 40 — — Vee=27V1055V
100 — — Except the above Figure 141
X4 — 1526 — us
or
13.02
External clock low  tqpp 0SCq4 25 — — ns Vee=45V10 55V Figure 14.1
width 40 — — Vee=27V1to55V
100 — — Except the above Figure 141
X4 — 1526 — us
or
13.02
External clock rise  tpp, 0S8Cy - — 6 ns Ve =45V1055V Figure 141
time — — 10 Vee=27V1to55V
— — 25 Except the above Figure 141
X4 - — 550 ns
External clock fall  tcps 0SCq4 — — 6 ns Vee=45V10 55V Figure 14.1
time — — 10 Vee=27V1to55V
— — 25 Except the above Figure 141
X4 — — 550 ns
Pin RES low width g RES 10 — — teye Figure 14.2
Input pin high width ty IRQy, IRQ, 2 — — e Figure 14.3
IRQAEC, tsubeye
WKP, to WKP;
AEVL, AEVH 05 — — tose
Input pin low width IRQ;to IRQ;, 2 — —  tye Figure 14.3
IRQAEC, tsubeye
WKP, to WKP;
AEVL, AEVH 05 — — tose

Notes: 1.

Selected with SA1 and SAO of system clock control register 2 (SYSCR2).

elapsed.

HITACHI

. The figure in parentheses applies when an external clock is used.
. After powering on, hold V__ at 2.2 V to 5.5 V until the chip's oscillation settling time has
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Table 14.4 Serial Interface (SCI3) Timing

Vec=18V1t055V, AVee=18V 1055V, Vgg=AVgg=0.0V, T, =-20°C to +75°C
(including subactive mode) unless otherwise indicated.

Values Reference
Item Symbol Min Typ Max Unit Test Conditions Figure
Input clock  Asynchronous .. 4 — — teyc or Figure 14.4
cycle Synchronous 6 — — tsubeye
Input clock pulse width tscrkw 04 — 06  tyeye Figure 14.4
Transmit data delay time trxp — — 1 tyeor  Vec=40Vto55V Figure 14.5
(synchronous) — — "1 tsubeye  Except the above
Receive data setup time tRxs 2000 — — ns Vee=4.0V1to 55V Figure 145
(synchronous) 4000 — — Except the above Figure 145
Receive data hold time “tRXH -200_0 — — ns " Vee=40Vio b5V -Figure 145
(synchronous) 4000 — — Except the above Figure 145
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14.2.4  A/D Converter Characteristics
Table 14.5 shows the A/D converter characteristics of the H8/3802.
Table 14.5 A/D Converter Characteristics

Vee=18V 1055V, Vgg=AVgg=0.0V, T, =-20°C to +75°C unless otherwise indicated.

Applicable Values Reference
Item Symbol Pins Min Typ Max Unit Test Condition Figure
Analog power AVee AVee 18 — 55 vV .
supply voltage
Analog input  AVy ANgto AN —-0.3 — AVee +03 VW
voltage
Analog power Algpg AVee — — 15 mA  AVee =5V
supply current  Algtopr AVec — 600 — HA 2
Reference
value
Algtopz AVec — — 5 HA h
Analog input  Cpy ANpto AN — — 15.0 pF
capacitance
Allowable Ramn — — 10.0 kO
signal source
impedance
Resolution — — 10 bit
(data length)
Nonlinearity — — 25 LSB AVee=27V1io55V
error Vee=27V1o55V
— — 55 AVec=20V1io 55V
Ve =20Vio55V
— — 75 Except the above o4
Quantization — — +05 LSB
error
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Applicable Values Reference
Item Symbol Pins Min Typ Max Unit Test Condition Figure
Absolute — — 3.0 LSB AVpr=27V1i055V
accuracy Vee=27V1055V
— — 60 AVee =20V1055V
Vee=20Vto55V
— — 8.0 Except the above 4
Conversion 124 — 124 us AVep=27V10 55V
time Vee=27Vto55V
62 — 124 Except the above
Notes: 1. Set AVie = Ve when the A/D converter is not used.
2. Alg7op1 is the current in active and sleep modes while the A/D converter is idle.
3. Alg7op2 is the current at reset and in standby, watch, subactive, and subsleep modes
while the A/D converter is idle.
4. Conversion time 62 ps
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14.2.5 LCD Characteristics
Table 14.6 shows the LCD characteristics.
Table 14.6 LCD Characteristics

Vee=18V1055V, AVec=18V 1055V, Vgg=AVeg=0.0V, T, =-20°C to +75°C
(including subactive mode) unless otherwise specified.

Applicable Test Values Reference
Item Symbol Pins Conditions Min Typ Max Unit Figure
Segmentdriver  Vpg SEG; to Ip=2pA — — 06 V o
drop voltage SEGy5 V4=27Vtob5V
Common driver  Vpg¢ COM;to  Ip=2pA — — 03 V o
drop voltage COMy V4=27Vtob5V
LCD power supply Ricp BetweenV and 05 3.0 9.0 MQ
split-resistance Vss
Liquid crystal Vico V4 22 — 585V

display voltage

Notes: 1. The voltage drop from power supply pins V4, Vo, V3, and VSS to each segment pin or
common pin.

2. When the liquid crystal display voltage is supplied from an external power source,
ensure that the following relationship is maintained: Voo 2 V4 2 Vo 2 Vg 2 Vgg.
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14.3  Operation Timing

Figures 14.1 to 14.5 show timing diagrams.

tosc, tw

ViH

0SC1
X1 V||_
tcPH tepL
- L B e a——
= tcpr topf

Figure 14.1 Clock Input Timing

ViL

Figure 14.2 RES Low Width

RQy, IRQ,, —\
WKP,, to WKP7, Vi B I\
IRQAEC,
AEVL, AEVH ViL
Figure 14.3 Input Timing
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tsckw

SCKap
tscyc
Figure 14.4 SCK3 Input Clock Timing
- tECYC -—
V|H ar VOH‘ 7
SCKa VL orVpL * Z
§ 510
-
TXD33 Vou
(transmit data) VoL *
tRxs
tRxH
.-

e X () X

Mote: * Qutput timing reference levels
Output high Vou = 12Vec + 02V
Output low VoL=08V
Load conditions are shown in figure 14.6.

Figure 14.5 SCI3 Synchronous Mode Input/OQutput Timing
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14.4  Output Load Circuit

Vee

IA‘A‘

= 24kQ

Output pin @ I * H—"

Figure 14.6 Output Load Condition

14.5  Resonator Equivalent Circuit

Ls Cs Rs
oo || Ay
OSC1 = — OSCz2
Co
|
L
Crystal Resonator Parameter Ceramic Resonator Parameters
Freqguency Frequency
(MHz) 4.193 (MHz) 4
Rs (max) 100 Q Rs (max) 8.80Q
Co (max) 16 pF Co (max) 36 pF

Figure 14.7 Resonator Equivalent Circuit
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14.6  Usage Note

The ZTAT and mask ROM versions both satisfy the electrical characteristics shown in this
manual, but actual electrical characteristic values. operating margins, noise margins, and other
properties may vary due to differences in manufacturing process. on-chip ROM., layout patterns,
and so on.

When system evaluation testing is carried out using the ZTAT version, the same evaluation testing
should also be conducted for the mask ROM version when changing over to that version.
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Appendix A CPU Instruction Set

Al Instructions

Operation Notation

Rd8/16 General register (destination) (8 or 16 bits)
Rs8/16 General register (source) (8 or 16 bits)
Rn8/16 General register (8 or 16 bits)

CCR Condition code register

N N (negative) flag in CCR

z Z (zero) flag in CCR

\ V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#xx: 3/8/16 Immediate data (3, 8, or 16 bits)

d: 8/16 Displacement (8 or 16 bits)

@aa: 8/186 Absolute address (8 or 16 bits)

+ Addition

- Subtraction

Multiplication

Division

Logical AND

Logical OR

Exclusive logical OR

L@ <|=>

Move

— Logical complement

Condition Code Notation

Symbol

1 Modified according to the instruction result
#* Not fixed (value not guaranteed)

0 Always cleared to 0

— Not affected by the instruction execution result
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Table A.1 lists the H8/300L CPU instruction set.

Table A.1 Instruction Set
Addressing Mode/
Instruction Length (bytes)
3 T E |- g
° © ©&elQ s
g & C <l =3 -
5 ¥ c |5l sl 5 é, = | Condition Code | ©
- 5| operat ACEECE S
Mnemonic O | Operation £ =|1|H|IN|Z|V|C|Z
MOV B #xx'8 Rd B | #¢8 — Rd8 2 —|—[t|t|o]|—|2
MOV B Rs, Rd B | Rs8 — Rd8 2 —|—|1]tl0]|—|2
MOV.B @Rs, Rd B | @Rs16 — Rd8 2 —|—1111/0|—|4
MOV.B @(d:16, Rs), Rd | B | @(d:16, Rs16)— Rd8 4 —|—[tltlo|—|6
MOV.B @Rs+, Rd B | @Rs16 — Rd8 2 —|—[1|1|o|—|6
Rs16+1 — Rs16
MOV B @aa:8, Rd B | @aa:8 — Rd8 —|—[t|T|0]|—|4
MOV.B @aa:16, Rd B | @aa:16 — Rd8 4 —|—[t|t|o|—|6
MOV B Rs, @Rd B | Rs8 — @Rd16 2 —|—|t|t|o]—|4
MOV.B Rs, @(d:16, Rd) | B | Rs8 — @(d:16, Rd16) 4 N N )
MOV B Rs, @-Rd B | Rd16-1 — Rd16 2 —|—[tltlo|—|6
Rs8 — @Rd16
MOV B Rs, @aa:8 B | Rs8 — @aa8 2 —|—[t|T|0]|—|4
MOV B Rs, @aa: 16 B | Rs8 — @aa: 16 4 —|—|T|T|0|—|6
MOV W #0016, Rd W | #xx:16 — Rd 4 —|—1111/0|—|4
MOV W Rs, Rd W| Rs16 — Rd16 2 —|—|1|t|0]|—|2
MOV.W @Rs, Rd W| @Rs16 — Rd16 2 —|—1111/0|—|4
MOV.W @(d:16, Rs), Rd |W | @(d:16, Rs16) — Rd16 4 —|—[tltlo]|—|6
MOV.W @Rs+, Rd W| @Rs16 — Rd16 2 —|—[t|t|o|—|6
Rs16+2 — Rs16
MOV.W @aa:16,Rd  |W| @aa:16 — Rd16 4 —|—|t|t|o]|—|6
MOV.W Rs, @Rd W| Rs16 — @Rd16 2 —|—|t|t|o]|—|4
MOV.W Rs, @(d:16, Rd) | W | Rs16 — @(d:16, Rd16) 4 —|—|1]tl0]|—|8
MOV.W Rs, @-Rd W| Rd16-2 — Rd16 2 —|—|TT|lo|—|®6
Rs16 — @Rd16
MOV W Rs, @aa: 16 W| Rs16 — @aa:16 4 —|—[t|T|0|—|6
POP Rd W| @SP — Rd16 2 —|—|t|t|o|—
SP+2 — SP
PUSH Rs W| SP-2 — SP 2 —|—|t|t|o]|—|6
Rs16 — @SP
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Addressing Mode/
Instruction Length (bytes)

3 £glolo :

5 g | e9EE |3 s

s | AL ﬁ T é, = | Condition Code g
Mnemonic O | Operation £ é ® é) ®@@E|| HINz|lvic|z
ADD.B #xx:8, Rd B | Rd8+#xx:8 — Rd8 2 —(T(T|T|1|T|2
ADD.B Rs, Rd B | Rd8+Rs8 — Rd8 —(T(T|T|1|T|2
ADD.W Rs, Rd W/| Rd16+Rs16 — Rd16 2 ot L0 S B B
ADDX.B #xx:8, Rd B | Rd8+#xx8 +C — Rd8 2 —|I|t@1]1]2
ADDXBRs, Rd B | Rd8+Rs8 +C — Rd8 2 —|I1|t@1]1]2
ADDS.W #1, Rd W| Rd16+1 — Rd16 2 —|—|—==—]—] 2
ADDS.W #2, Rd W/| Rd16+2 — Rd16 2 —|—|—==—]—] 2
INC.B Rd B | Rd8+1 — Rd8 2 —|—T|1]|T]|—|2
DAA B Rd B | Rd8 decimal adjust — Rd8 2 —[*|{T T *(3)2
SUB.B Rs, Rd B | Rd8-Rs8 — Rd8 2 —|T|T|T|1]|T|2
SUB.W Rs, Rd W/| Rd16-Rs16 — Rd16 2 ot L0 S B B
SUBX.B #xx:8, Rd B | Rd8—#xx:8 —-C — Rd8 2 —|I|t@1]1]2
SUBX.B Rs, Rd B | Rd8-Rs8 —-C — Rd8 2 —lIf{ti@ 1112
SUBS.W #1, Rd W/| Rd16—-1 — Rd16 2 —|—|—==—]—] 2
SUBS.W #2, Rd W| Rd16-2 — Rd16 2 —|—|—==—]—] 2
DEC.BRd B | Rd8—1 — Rd8 2 —|—T|T|T|—|2
DAS.B Rd B | Rd8 decimal adjust — Rd8 2 —|*|{ T T *|—]2
NEG.B Rd B | 0-Rd — Rd 2 —|T|{T|T|T|T|2
CMP.B #xx:8, Rd B | Rd8—#xx:8 2 —(T(T|T|1|T|2
CMP.B Rs, Rd B | Rd8-Rs8 2 —(T(T|T|1|T|2
CMP.W Rs, Rd W| Rd16-Rs16 2 ot L0 S S B

HITACHI
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Addressing Mode/

Instruction Length (bytes)

8 =l @
17} s ) s
© 12 ©|o &
: R R
s | %E g) S _"9', S Condition Code i
Mnemonic O | Operation £ ®@®®I@E|| HINz|lVvic|Z
MULXU B Rs, Rd B | Rd8 - Rs8 — Rd16 2 —|—|—|—=|—]—]14
DIVXU.B Rs, Rd B | Rd16 |IRs8 — Rd16 2 —|—|53)[6) —|—[14
(RdH: remainder,
RdL: quotient)
AND.B #xx:8, Rd B | RdBA#xx:8 — Rd8 2 —|—|{?| T o|—|2
AND B Rs, Rd B | Rd8ARs8 — Rd8 2 —|—|1|tlo]|—|2
OR.B #xx:8, Rd B | Rd8vixx:8 — Rd8 2 —|—|1]1l0]|—|2
OR.BRs, Rd B | Rd8vRs8 — Rd8 2 ||t o|—|2
XOR.B #xx:8, Rd B | Rd8&#xx:8 — Rd8 2 —|—|T|T|0|—|2
XORB Rs, Rd B | Rd8&Rs8 — Rd8 —|—|T1I1|0[—|2
NOT.BRd B | Rd — Rd —|—|T11|0[|—]2
SHAL.B Rd B IIIIIIII 0 — =TT T]2
b7 by
SHAR.B Rd B I_IIIIIIII 2 —|—|tltlo|l]2
——
by by
SHLL.B Rd B IIIIIIII 0 2 —|—|T1Tlo|T]2
SHLR.B Rd Bl o IIIII.II 2 —|—|0|T|0|T|2
ROTXL.B Rd B IIIIIIII 2 —|—T|Tlo|T|2
by by
ROTXR.B Rd B ’__D]]]]]]:I__D_‘ 2 —|—|T1tlo|1]2
bs by C
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Addressing Mode/
Instruction Length (bytes)
N |+ @
(7] c ™ 2
T © Z5e D b
& & ©E|S 5|3 2
@ ¥ AR é) = | Condition Code | ©
Mnemonic § Operation £ 2|®®®e®&eE|l|H/NnzvcZ
ROTL B Rd B E IIIIIIII 2 —|—|T|T[0]|1]|2
by bo
ROTR.B Rd B 2 —— 0 2
LT HEHOE
b7 bo
BSET #x¢3, Rd B | (#¢3 of Rd8) — 1 2 — | — = === 2
BSET #x:3, @Rd B | (#xx:3 of @Rd16) — 1 4 —|—|—=—|—]|—]8
BSET #xx:3, @aa8 B | (#xx:3 of @aa8) — 1 4 —|—|—|—|—]—] 8
BSET Rn, Rd B | (Rn8 of Rd8) — 1 2 — | — = === 2
BSET Rn, @Rd B | (Rn8 of @Rd16) — 1 4 —|—|—=—|—]|—]8
BSET Rn, @aa:8 B | (Rn8 of @aa:8) — 1 4 — = ———]—8
BCLR #xx:3, Rd B | (#xx3 of Rd8) — 0 2 — | — = === 2
BCLR #xx:3, @Rd B | (#xx3 of @Rd16) — 0 4 — = ———]—8
BCLR #xx:3, @aa:8 B | (#xx3 of @aa8) — 0 4 — = ———]—8
BCLR Rn, Rd B | (Rn8 of Rd8) — 0 2 — | — = === 2
BCLR Rn, @Rd B | (Rn8 of @Rd16) — 0 4 —|—|—=—|—]|—]8
BCLR Rn, @aa:8 B | (Rn8 of @aa8) — 0 4 — = ———]—8
BNOT #0¢3, Rd B | (#x¢3 of Rd8) — 2 — | — = === 2
(#xx:3 of Rd8)
BNOT #0¢3, @Rd B | (#xx:3 of @Rd16) — 4 — = ———]—8
(#xx:3 of @Rd16)
BNOT #x:3, @aad B | (#xx3 of @aa8) — 4 — = ———]—8
(#xx:3 of @aa:8)
BNOT Rn, Rd B | (Rn8 of Rd8) — 2 — | — = === 2
(Rn8 of Rd8)
BNOT Rn, @Rd B | (Rn8 of @Rd16) — 4 —|—|—=—|—]|—]8
(Rn8 of @Rd16)
BNOT Rn, @aa:8 B | (Rn8 of @aa:8) — 4 — | — = —]—]—8
(Rn8 of @aa:8)
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Addressing Mode/

Instruction Length (bytes)

8 |+ @

@ £ %o T g

; ¢l | g88e | @

s 1 c ;i.. I ﬁ & é, = | Condition Code g
Mnemonic O | Operation - é@@@@@ﬁ I/HIN|Z V|C|Z
BTST #0¢3, Rd B | (#xx:30of Rd8) — Z 2 —|—|—T|—]—] 2
BTST #x3, @Rd B | (#xx:3 of @Rd16) — Z 4 —|—|—|1|—|—|6
BTST #0¢3, @aa:8 B | (#xx:3 of @aa:8) — Z 4 —|—|—|1|[—|—|6
BTST Rn, Rd B | (Rn8 of Rd8) — Z 2 —|—|— T |—]—] 2
BTST Rn, @Rd B | (Rn8 of @Rd16) — Z 4 —|—|—|1|[—|—|6
BTST Rn, @aa8 B | (Rn8 of @aa:8) — Z 4 —|—|—|1|[—|—|6
BLD #x0¢3, Rd B | (#xx30of Rd8) — C 2 —|—|—|—|—]1]2
BLD #xx:3, @Rd B | (#xx:3 of @Rd16) — C 4 —|—|—|—|—| 1|8
BLD #xx:3, @aa:8 B | (#xx3 of @aa8) — C 4 —|—|—|—|—|T |6
BILD #xx:3, Rd B | (#xx:30f Rd8) — C 2 —|—|—|—|—| 1|2
BILD #xx:3, @Rd B | (#xx:3 of @Rd16) — C 4 —|—|—|—|—| 1|8
BILD #xx:3, @aa:8 B | (#xx:3 of @aa:8) — C 4 —|—|—|—|—| 1|8
BST #0¢3, Rd B | C — (#xx:3 of Rd8) 2 —|—|—=—=—|—] 2
BST #003, @Rd B | C — (#xx:3 of @Rd16) 4 —|—|—=|——|—]8
BST #x:3, @aa8 B | C — (#0¢3 of @aa:8) 4 —|—|—|—|—|—1]8
BIST #xx:3, Rd B | C — (#xx:3 of Rd8) 2 —|—|—=—=—|—] 2
BIST #x3, @Rd B | C — (#xx:3 of @Rd16) 4 —|—|—=|——|—]8
BIST #xx:3, @aa:8 B | C — (#xx3 of @aa8) 4 —|—|—|—|—|—1]8
BAND #xx:3, Rd B | CA#Exx:30fRd8) — C 2 —|—|—|—|—]1]2
BAND #xx:3, @Rd B | CA(#xx:3 of @Rd16) — C 4 —|—|—|—|—| 1|8
BAND #x:3, @aad B | CA#Exx:3 of @aa8) — C 4 —|—|———tls
BIAND #xx:3, Rd B | CA(#xx:3 of Rd8) — C 2 —|—|—|—|—]1]2
BIAND #xx:3, @Rd B | CA(#xx:3 of @Rd16) — C 4 —|—|—|—|—| ¥ |8
BIAND #xx:3, @aa:8 B | CA(#xx:3 of @aa:8) — C 4 —|—|—|—|—| 1|8
BOR #xx:3, Rd B | Cv(#xx:30f Rd8) — C 2 —|—=|—|—|—| ¥ ]2
BOR #xx:3, @Rd B | Cv(#xx:3 of @Rd16) — C 4 —|—|—|—|—]1 |86
BOR &3, @aad B | Cv(#xx:3 of @aa8) — C 4 —|—|—|—|—|T |86
BIOR #xx:3, Rd B | Cv(#xx:3 of Rd8) — C 2 —|—|—=—|—]1]2
BIOR #xx:3, @Rd B | Cv(#xx:3 of @Rd16) — C 4 —|—|—|—|—| 1|86
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Addressing Mode/
Instruction Length (bytes)

2 |+ o
.(TJ c | E — 3
o © © é ©o g
E ) 2 a g8 2 . 5
g Branching | % c % 5 14 Sl5(@E Condition Code :
Mnemonic O | Operation | Condition & | |@|® é) ® @@ E|I|HINZ VI C|Z
BIOR #xx:3, @aa8 B | Cv(#xx:3 of @aa:8) — C 4 —|—|—|—|—I1]86
BXOR #xx:3, Rd B | CH(#oc3 of Rd8) — C 2 —|—|—]—|—l112
BXOR #xx:3, @Rd B | CEH(#xx:3 of @Rd16) — C 4 —|—|—|—|—] 116
BXOR #xx:3, @aa:8 B | CH(#Exx3 of @aa8) — C 4 —|—|—|—|—]116
BIXOR #xx:3, Rd B | CH(#xx:3 of Rd8) — C 2 —|—|—|—]—]112
BIXOR #xx:3, @Rd B | CH(#xx:3 of @Rd16) — C 4 —|—|—|—|—] 116
BIXOR #xx:3, @aa8 B | Ch(#xx:3 of @aa:8) — C 4 —|—|—|—|—] 116
BRA d:8 (BT d:8) —| PC — PC+d:8 2 — == —|—]|—] 4
BRN d:8 (BF d:8) —| PC « PC+2 2 — == —|—]|—] 4
BHI d:8 —| If CvzZ=0 2 — | ———]—]—] 4
BLS d-8 . pond|t|on CvZ=1 2 L I A
is true
BCC d:8 (BHS d:8) —| then Cc=0 2 — | ———]—]—] 4
BCS d:8 (BLO d:8) —| PC— C=1 2 = =] 4
] PC+d:8 a
BNE d'8 —| else next; =0 ‘ —|=|=|=|=|—4
BEQd:8 — Z=1 2 — | ———]—]—] 4
BVC d:8 — V=0 2 —|——|—|—|—] 4
BVS d:8 — V=1 2 —|——|—|—|—] 4
BPL d:8 — N=0 2 —|——|—|—|—] 4
BMI d:8 — N=1 2 —|——|—|—|—] 4
BGE d:8 — NGV =0 2 = === 4
BLT d:8 — NGV =1 2 = === 4
BGT d:8 — ZV(NEV)=0 2 — | ———|—]—] 4
BLE d:8 — Zv(NBV)=1 2 — | ———|—]—] 4
JMP @Rn —| PC «— Rn16 2 —|—|——|—]|—] 4
JMP @aa:16 —| PC < aa:16 4 —|—|—|—|—|—6
JMP @@aa:8 —| PC — @aab 2 — | — = ——]—8
BSR d:8 —| SP-2 — SP 2 — == —|—]—]6
PC — @SP
PC — PC+d:8
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Addressing Mode/
Instruction Length (bytes)
[:1]
N + w
n T|E —_ 2
< o AL =
g = O =@ |5 © 2 u—
= o el Qg2 P 5
g - é 5| 5ls|@3 Condition Code i
c Z Z
Mnemonic © | Operation éﬂf@@@@@@f I/[HIN|Z|V I C|Z
JSR @Rn —| SP-2 - SP 2 —|——|—=|—|—|86
PC — @SP
PC — Rn16
JSR @aa: 16 —| SP-2 - SP 4 —|—|—|—=|——8
PC — @SP
PC — aa 16
JSR @@aa8 —| SP-2 - SP 2 —|—|—|—=|——8
PC — @SP
PC «— @aa8
RTS —| PC — @SP 2 |—|—|—|—|—|—| 8
SP+2 — SP
RTE —| CCR — @SP 21ttt |10
SP+2 — SP
PC — @SP
SP+2 — SP
SLEEP — | Transit to sleep mode. 2 [—|—|—|—|—|—1]2
LDC #xx:8, CCR B | #xx:8 — CCR 2 B o o o o o
LDC Rs, CCR B | Rs8 — CCR S N I I I
STC CCR, Rd B | CCR — Rd8 — = —=|=]=— 2
ANDC #xx:8, CCR B | CCRa#xx:8 — CCR B I I
ORC #xx:8, CCR B | CCRv#xx:8 — CCR B I I
XORC #xx:8, CCR B | CCRE#xx:8 — CCR B o o o o o
NOP —| PC — PC+2 — = —=|=]=—] 2
EEPMOV — | if R4L£0 — = === —|(4)
Repeat @RS — @R6
R5+1 = R5
R6+1 — R6
R4L-1 — R4L
Until R4L=0
else next;

Notes: (1) Setto 1 when there is a carry or borrow from bit 11; otherwise cleared to 0.

(2) Ifthe result is zero, the previous value of the flag is retained; otherwise the flag is cleared to 0.
(3) Setto 1if decimal adjustment produces a carry; otherwise retains value prior to arithmetic operation.
(4) The number of states required for execution is 4n + 9 (n = value of R4L).
(5) Setto 1 if the divisor is negative; otherwise cleared to 0.

(6) Setto 1 if the divisor is zero; otherwise cleared to 0.
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A2 Operation Code Map

Table A.2 is an operation code map. It shows the operation codes contained in the first byte of the
instruction code (bits 15 to 8 of the first instruction word).

* Instruction when first bit of byte 2 (bit 7 of first instruction word) is 0.

l— Instruction when first bit of byte 2 (bit 7 of first instruction word) is 1.
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A3 Number of Execution States

The tables here can be used to calculate the number of states required for instruction execution.
Table A.4 indicates the number of states required for each cycle (instruction fetch, read/write,
etc.). and table A.3 indicates the number of cycles of each type occurring in each instruction. The
total number of states required for execution of an instruction can be calculated from these two
tables as follows:

Execution states=1 - S;+J - S;+K - Sg+L - Sp+M - Sjy+N - Sy
Examples: When instruction is fetched from on-chip ROM, and an on-chip RAM is accessed.

BSET #0, @FF00

From table A 4:

I=L=2, J=K=M=N=0

From table A.3:

S;=2, §p=2

Number of states required for execution=2 - 2+2 - 2=38

When instruction is fetched from on-chip ROM, branch address is read from on-chip ROM, and
on-chip RAM is used for stack area.

JSR @@ 30

From table A 4:

I=2, J=K=1, L=M=N=0

From table A.3:

SI = SJ = SK =2

Number of states required for execution=2 - 2+1-2+1-2=8
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Table A.3 Number of Cycles in Each Instruction

Execution Status Access Location

(instruction cycle) On-Chip Memory On-Chip Peripheral Module
Instruction fetch S 2 —

Branch address read " S,

Stack operation Sk

Byte data access Sp 2 or 3*

Word data access "SM —

Internal operation Sy 1

Note: * Depends on which on-chip module is accessed. See 2.9.1, Notes on Data Access for
details.
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Table A.4 Number of Cycles in Each Instruction

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction  Mnemonic I J K L M N
ADD ADD.B #xx:8, Rd
ADD.BRs, Rd
ADD.W Rs, Rd
ADDS ADDSW#1, Rd
ADDSW#2 Rd
ADDX ADDX.B #x:8, Rd
ADDX.B Rs, Rd
AND AND.B #xx:8, Rd
AND.BRs, Rd
ANDC ANDC #x:8, CCR
BAND BAND #xx:3, Rd

BAND #o03, @Rd
BAND #0¢3, @aa:8

Bee "BRAd8 (BT d8)
BRN d:8 (BF d:8)
BHI d:8
BLS d:8
BCC d:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8
BEQd:8
BVC d:8
BVS d:8
BPL d:8
BMI d:8
BGE d:8
BLT d:8
BGT d:8
BLE d:8

BCLR ) BCLR #xx:3, Rd
BCLR #o:3, @Rd
BCLR #0003, @aa8
BCLR Rn, Rd
BCLR Rn, @Rd
BCLR Rn, @aa:8

PORNORON N R R RN RN RN R NN R NN RN o ala ala ala ala a o

BIAND BIAND #xx:3, Rd
BIAND #xx:3, @Rd
BIAND #0033, @aa8

NN S NN s NN
X)
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Instruction

Mnemonic

Instruction Branch
Addr. Read Operation

Fetch
|

J K

Stack

Byte Data Word Data Internal
Access Access Operation
L M N

BILD

BILD #xx:3, Rd
BILD #0:3, @Rd
BILD #0c3, @aad

BIOR

BIOR #xx:3, Rd
BIOR #xx:3, @Rd
BIOR #oc3, @aad

BIST

BIST #xx:3, Rd
BIST #003, @Rd
BIST #0003, @aad

BIXOR

BIXOR #xx:3, Rd
BIXOR #0¢3, @Rd
BIXOR #0003, @aa8

BLD

BLD #xx:3, Rd
BLD #x:3, @Rd
BLD #0¢3, @aa8

BNOT

BNOT #xx:3, Rd
BNOT #003, @Rd
BNOT #0003, @aa8
BNOT Rn, Rd
BNOT Rn, @Rd
BNOT Rn, @aa:8

BOR

BOR #xx:3, Rd
BOR #0033, @Rd
BOR #0033, @aa 8

BSET

BSET #xx:3, Rd
BSET #x:3, @Rd
BSET #0033, @aa8
BSET Rn, Rd
BSET Rn, @Rd
BSET Rn, @aa:8

BSR

BSR d:8

BST

BST #xx:3, Rd
BST &3, @Rd
BST #0003, @aa8

BTST

BTST #xx:3, Rd
BTST #03, @Rd
BTST #0c3, @aa8
BTST Rn, Rd
BTST Rn, @Rd

[ T N T O T L L T T T I T T O e o T O e I o T L e N T S e B N T . e B N T O R L s e L = = TR B L T S B
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Instruction

Mnemonic

Instruction Branch
Addr. Read Operation

Fetch
1

J K

Stack

Byte Data  Word Data

Access Access

L

Internal
Operation

BTST

BTSTRn, @aa8

1

BXOR

BXOR #xx:3, Rd
BXOR #xx:3, @Rd
BXOR #0003, @aa 8

CMP

CMP. B #xx:8, Rd
CMP.BRs, Rd
CMP.WRs, Rd

DAA

DAAB Rd

DAS

DAS.BRd

DEC

DECBRd

O o I LS T - B

DIVXU

DIVXU.B Rs, Rd

12

EEPMOV

EEPMOV

2n+2*

INC

INC.B Rd

JMP

JMP @Rn
JMP @aa 16
JMP @@aa8

JSR

JSR @Rn
JSR @aa:16
JSR @@aa:8

LDC

LDC #mx:8, CCR
LDC Rs, CCR

MoV

MOV B #xx:8, Rd
MOV.B Rs, Rd

MOV.B @Rs, Rd
MOV.B @(d:16, Rs), Rd
MOV.B @Rs+, Rd
MOV.B @aa:8, Rd
MOV.B @aa: 16, Rd
MOV .B Rs, @Rd
MOV B Rs, @(d:16, Rd)
MOV B Rs, @-Rd
MOV.B Rs, @aa8
MOV B Rs, @aa: 16
MOV W #xx:16, Rd
MOV.W Rs, Rd

MOV.W @Rs, Rd
MOV W @(d:16, Rs), Rd
MOV W @Rs+, Rd
MOV W @aa:16, Rd

[ T S N TR S S O N T S Sy N A o (S B T T S T S T LS T S T N T ey

P

U G A S G Sy

[ A |y

MNote: * n: Initial value in R4L. The source and destination operands are accessed n + 1 times each.
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Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction  Mnemonic | J K L M N
MOV MOV.W Rs, @Rd 1 1
MOV.WRs, @(d:16, Rd) 2 1
MOV.W Rs, @-Rd 1 1 2
MOV. W Rs, @aa. 16 2 1
MULXU MULXU B Rs, Rd 1 12
NEG NEG.B Rd 1
NOP NOP 1
NOT NOT.B Rd 1
OR OR.B #xx:8, Rd 1
ORBRs,Rd 1
ORC ORC #0008, CCR 1
ROTL ROTL.B Rd 1
ROTR ROTR.BRd 1
ROTXL ROTXL.B Rd 1
ROTXR ROTXR.B Rd 1
RTE RTE 2 2
RTS RTS 2
SHAL SHALBRd 1
SHAR SHAR.B Rd 1
SHLL SHLLB Rd 1
SHLR SHLR.B Rd 1
SLEEP SLEEP 1
STC STC CCR, Rd 1
SUB SUB.BRs, Rd 1
SUB.WRs, Rd 1
SUBS SUBSW#1, Rd 1
SUBSW#2 Rd 1
POP POP Rd 1 1
PUSH PUSHRs 1 1
SUBX SUBX.B #xx:8, Rd 1
SUBX.BRs, Rd 1
XOR XOR.B #xx:8, Rd 1
XOR.BRs, Rd 1
XORC XORC #0¢8, CCR 1
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Appendix B Internal I/O Registers

B.1 Addresses

Bit Names Module

Lower Reg
Address Name

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

H80

H81

H82

H83

H84

H'85

H'86

H87

H88

H'89

HBA

H8B

H8C ECPWCRH

ECPWCRH7 ECPWCRH6 ECPWCRH5 ECPWCRH4 ECPWCRH3 ECPWCRH2 ECPWCRH1 ECPWCRHD Asynchronous

H8D ECPWCRL

ECPWCRL7 ECPWCRL6 ECPWCRL5 ECPWCRL4 ECPWCRL3 ECPWCRL2 ECPWCRL1 ECPWCRLp SYent counter

H8E ECPWDRH

ECPWDRH7 ECPWDRHG6 ECPWDRH5 ECPWDRH4 ECPWDRH3 ECPWDRH2 ECPWDRH1 ECPWDRHO

H8F ECPWDRL

ECPWDRL7 ECPWDRLS ECPWDRL5 ECPWDRL4 ECPWDRL3 ECPWDRL2 ECPWDRL1 ECPWDRLO

H'S0 WEGR

WKEGST WKEGS6 WKEGS5 WKEGS4 WKEGS3 WKEGS2 WKEGS1 WKEGSO  System control

H91 SPCR

— — SPC32 — SCINV3 SCINV2 — — SCl

H52 AEGSR

AHEGS1  AHEGS0  ALEGS1 ALEGS0  AIEGS1 AIEGS0 ECPWME — Asynchronous

HS93

event counter

H'54 ECCR

ACKH1 ACKHO ACKL1 ACKLO PWCK2 PWCK1 PWCKO0 —

H'85 ECCSR

OVH ovL — CHz2 CUEH CUEL CRCH CRCL

H'96 ECH

ECH7 ECHE ECH5 ECH4 ECH3 ECH2 ECH1 ECHO

HS7 ECL

ECL7 ECL6 ECLS ECL4 ECL3 ECL2 ECL1 ECLO

H'58

H'89

HSA

H'SB

HSC

H'SD

H'SE

HoF

HAD

HA1
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Bit Names

Lower  Regist Module
Address Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit0 Name
HA2

HA3

HAd

HAS

HAG

HAT

HA8  SMR CoM CHR PE PM sTOP MP CKS1 CKSD scl
HA9  BRR BRR7 BRR6G BRR5 BRR4 BRR3 BRR2 BRR1 BRRO

HAA  SCR3 TIE RIE TE RE MPIE TEIE CKE1 CKED

HAB  TDR TDR7 TDR6G TDR5 TDR4 TDR3 TDR2 TDR1 TDRO

HAC  SSR TDRE RDRF OER FER PER TEND MPBR MPBT

H'AD  RDR RDR7 RDR6G RDR5 RDR4 RDR3 RDR2 RDR1 RDRO

HAE

HAF

HBO  TMA — — — — TMA3 TMA2 TMAT TMAD Timer A
HB1 TCA TCAT TCAB TCAS TCA4 TCA3 TCA2 TCA1 TCAD

HB2

HB3

HB4

HB5

HB6  TCRF TOLH CKSH2  CKSH1  CKSHO  TOLL CKSL2  CKsLi CKSLO  TimerF
HB7  TCSRF  OVFH CMFH OVIEH CCLRH  OVFL CMFL OVIEL CCLRL

HB8  TCFH TCFH7 ~ TCFH  TCFH5  TCFH4  TCFH3  TCFH2  TCFH1  TCFHO

HB9  TCFL TCFL7  TCFLs  TCFLs  TCFL4  TCFL3  TCFL2  TCFLA TCFLO

HBA  OCRFH  OCRFH7 OCRFHS OCRFH5 OCRFH4 OCRFH3 OCRFH2 OCRFH1  OCRFHO

HBB  OCRFL  OCRFL7 OCRFL6 OCRFL5 OCRFL4 OCRFL3 OCRFL2 OCRFL1  OCRFLO

HBC

HEBD

HBE

HEBF

HCO  LPCR DTS DTS0 CMX — 5633 5Gs2 5GS1 5GS0 LCD controller/
HCA LCR — PSW ACT DISP CKs3 CKS2 CKS1 CKSD driver
HC2  LCR2 LCDAB  — — — — — — —

HC3

HC4  ADRRH  ADRY ADRS ADR7 ADRS ADRS5 ADRA4 ADR3 ADR2 AID converter
HC5  ADRRL  ADRI ADRO — — — — — —

HC6  AMR CKS — — — CH3 CH2 CH1 CHO

HC7  ADSR ADSF — - — — — _ _

HC8 110 port
HCY  PMR2 — — POF1 — — — — IRQO
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Bit Names

Lower Regist Module
Address Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 Name
HCA PMR3 AEVL AEVH — — — TMOFH TMOFL — /0 port
HCB

HCC PMR5 WKPT WKPE WKPS WEKP4 WKP3 WKP2 WEKP1 WKPO

HCD PWCR2 — — — — — — PWCR21  PWCR20 10 bit PWWM2
HCE PWDRUZ2 — — — — — — PWDRU21 PWDRUZ20

HCF PWDRL2 PWDRL27 PWDRL26 PWDRL2: PWDRL24 PWDRL23 PWDRL22 PWDRL21 PWDRL20

HDO PWCR1 — — — — — — PWCR11  PWCR10 10 bit PWWM1
HD1 PWDRU1 — — — — — — PWDRU11 PWDRU10

HD2 PWDRL1  PWDRL17 PWDRL16 PWDRL15: PWDRL14 PWDRL13 PWDRL12 PWDRL11 PWDRL10

HD3 /0 port
HD4

HD5

HD6 PDR3 P37 P36 P35 P34 P33 P32 P31 —

HD7 PDR4 — — — — P43 P42 P41 P40

HD8 PDR5 P57 P56 P55 P54 P53 P52 P51 P50

HD9 PDRG P67 P66 P65 P64 P63 P62 P61 P60

HDA PDRY P77 P76 P75 P74 P73 P72 P71 P70

HDB PDRS — — — — — — — P80

HDC PDRS — — P95 P94 P93 P32 P91 P30

HDD PDRA — — — — PA3 PAZ PA1 PAD

HDE FPDRB — — — — PB3 PB2 PB1 PBO

HDF

HED

HE1 PUCR3 PUCR37 PUCR36 PUCR35 PUCR34 PUCR33 PUCR32 PUCR31 —

HE2 PUCRS PUCR57T  PUCR56  PUCR55  PUCR54  PUCRS3  PUCR52  PUCRS1 PUCRS0D

HE3 PUCRE PUCR6T PUCRG6 PUCRG5 PUCRG4 PUCRGE3  PUCRG62  PUCRG1 PUCRED

HE4

HES

HES PCR3 PCR37 PCR36 PCR35 PCR34 PCR33 PCR32 PCR31 —

HET PCR4 — — — — — PCR42 PCR41 PCRA4D

HES PCR5 PCR5T PCR56 PCR55 PCR54 PCR53 PCR52 PCR51 PCR50

HES PCRE PCRET PCRE6 PCRE5 PCRG4 PCR6G3 PCRE2 PCRE1 PCRED

HEA PCR7 PCRTT PCR76 PCR75 PCR74 PCR73 PCR72 PCR71 PCRTOD

HEB PCRS — — — — — — — PCRSE0

HEC PMRS — — — — PIOFF — PWM2 PWM1

HED PCRA — — — — PCRA3 PCRAZ PCRA1 PCRAD

HEE PMRE — — — — IRQ1 — — —

HEF

HFOD SYSCR1  SSBY 5TS2 5TS1 STS0 LSON — MA1 MAD System control
HF1 SYSCR2 — — — NESEL DTON MSON SA1 SAD

HITACHI
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Bit Names

Lower  Regist Module
Address Name Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name

HF2 IEGR — — — — — — IEG1 IEGD System control
HF3 IENR1 IENTA — IENWP — — IENEC2 IENT1 IEND

HF4 IENR2 IENDT IENAD — — IENTFH IENTFL — IENEC

HF5

HF& IRR1 IRRTA — — — — IRREC2 IRRI1 IRRID

HF7 IRR2 IRRDT IRRAD — — IRRTFH IRRTFL — IRREC

HF&

HFS IWPR IWPFT IWPF& IWPF5 IWPF4 IWPF3 IWPF2 IWPF1 IWPFO System control
HFA CKSTPR1 — — S32CKSTP ADCKSTP — TFCKSTP  — TACKSTP

HFB CKSTPR2 — — — PW2CKSTP AECKSTP — PWACKSTP LDCKSTP

HFC

HFD

HFE

HFF

Legend

SCI: Serial Communication Interface
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B.2

Possible types of access —

Functions

Register name

Register acronym —\

Address to which the
register is mapped

Mame of on-chip

TCRF—Timer Control Register F

[H:Bﬁ |

Bit numbers ———

Initial bit values K

Dashes (—) indicate
undefined bits.

R

Read only

W

Write only

RW|

Read and write

See relevant register
description

Bit T 3}

5 4 3

2 1 0

TOLH |CKSH2|CKSH1 |CKSHU| TOLL |CKSL2 |CKSL1 |CKSLGI

upporting module

Initial value D o

RW W W
S

Q

ck select H

\

Names of the bits.
Dashes (—) indicate
reserved bits.

[} o 0 [} o 0
W W w W w
Clock select L
o | « | Counts on extemal event (TMIF) rising/
o falling edge
1{ 0] 0] Internsl clock: @/32
1] 0] 1] Internal clock: @/18
1] 1) 0] Internal clock: a/4
1] 1] 1) Internal clock: ew/4

Topgle cutput level L

Set to low level
Set to high level

16-bit mode. counts on TCFL overflow signal

Internal clock: /32

Internal clock: 2/18

1

Internal clock: a/4

.
0
0
1
1

1

[ Y P

Internal clock: awi4

Topgle cutput level H

* Don't care

0 [ Settolow level
Set to high level

\

Full name of bit

HITACHI

Descriptions of bit
zeftings
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ECPWCRH—Event Counter PWM Compare Register H H'S8C AEC
Bit 7 6 5 4 3 2 1 0
ECPWCRHT | ECPWCRHE | ECPWCRH5 | ECPWCRH4 | ECPWCRH3 | ECPWCRH2 | ECPWCRH1 | ECPWCRHO
Initial value 1 1 1 1 1 1 1 1
R/W R/IW R/W R/W R/W R/W R/W RIW R/W
Sets event counter PWM waveform conversion period
ECPWCRL—Event Counter PWM Compare Register L. H'S8D AEC
Bit 7 6 5 4 3 2 1 0
ECPWCRLT | ECPWCRLG | ECPWCRLS | ECPWCRL4 | ECPWCRL3 | ECPWCRL2 | ECPWCRL1 | ECPWCRLO
Initial value 1 1 1 1 1 1 1 1
RW R/W RIW R/W RIW R/W RIW R/W RIW
Sets event counter PWM waveform conversion period
ECPWDRH—Event Counter PWM Data Register H H'SE AEC
Bit 7 6 5 4 3 2 1 0
ECPWDRHT|ECPWDRH6|ECPWDRH5|ECPWDRH4|ECPWDRH3|ECPWDRH2|ECPWDRH1|ECPWDRHO
Initial value 0 0 0 0 0 0 0 0
RW W W W W W W W W
Controls event counter PWM waveform generator data
ECPWDRL—Event Counter PWM Data Register L H'SF AEC
Bit 7 6 5 4 3 2 1 0
ECPWDRLT|ECPWDRL6|ECPWDRLS|ECPWDRL4ECPWDRL3|ECPWDRL2|ECPWDRL1|ECPWDRLO
Initial value 0 0 0 0 0 0 0 0
RIW W w w w W W W W

354

Controls event counter PWM waveform generator data

HITACHI



WEGR—Wakeup Edge Select Register H'90 System control

Bit 7 6 5 4 3 2 1 0

| WKEGS? | WKEGSS| WKEGSS| WKEGS4| WKEGS3| WKEGS2 | WKEGSt | WKEGSO|
Initial value 0 0 0 0 0 0 0 0
ReadWite @~ RW RW RW RW RW RW RW RW

WHKPR edge selected

0 | WKPn pin falling edge detected |
1 | WKPn pin rising edge detected |

(n=71to0)

355
HITACHI



SCI

SPCR—Serial Port Control Register H'91
Bit 7 6 5 4 3 2 1 0

- — | — [spca2| — |sowva[somvz| — | — |
Initial value 1 1 0 — 0 0 — —
Read/Write — — R/W W R/W R/W W W

RXD,, pin input data inversion switch
0 | RXD,, input data is not inverted
1 | RXD,; input data is inverted

TXD., pin output data inversion switch
0 | TXD,, output data is not inverted
1| TXDs; output data is inverted

P4,/TXD,,pin function switch
0 | Function as P4, I/O pin
1| Function as TXD,, output pin

356
HITACHI



AEGSR—Input Pin Edge Selection Register H'92 AEC
Bit 7 6 5 4 3 2 1 0
AHEGS1|AHEGSO|ALEGS1 |[ALEGSO0 | AIEGS1T | AIEGS0 |[ECPWME —
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W RIW R/W R/IW R/W R/W R/W
Reserved bit
Event counter PWM enable/disable,
IRQAEC select/deselect
0 | AEC PWM halted, IRQAEC selected
1 | AEC PWM operation enabled, IRQAEC deselected
IRQAEC edge select
Bit 3 Bit 2 Description
AIEGS1|AIEGS0
0 0 Falling edge on IRQAEC pin is sensed
0 1 Rising edge on IRQAEC pin is sensed
1 0 Both edges on IRQAEC pin are sensed
1 1 Use prohibited

AEC edge select L

Bit 5

Bit4

Description

ALEGS1/ALEGS0O

0 0 Falling edge on AEVL pin is sensed
0 1 Rising edge on AEVL pin is sensed
1 0 Both edges on AEVL pin are sensed
1 1 Use prohibited
AEC edge selectH
Bit 7 Bit 6 Description
AHEGS1]AHEGS0
0 0 Falling edge on AEVH pin is sensed
0 1 Rising edge on AEVH pin is sensed
1 0 Both edges on AEVH pin are sensed
1 1 Use prohibited

HITACHI
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ECCR—Event Counter Control Register

358

Bit

Initial value
Read/Write

H'94 AEC

7 6 5 4 3 2 1 0
ACKH1|ACKHO | ACKL1 | ACKLO [PWCK2|PWCK1|PWCKO| —

0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W RW

Reserved bit
Event counter PWM clock select
Bit 3 Bit 2 Bit 1 Description
PWCK2 | PWCK1 | PWCKO
0 0 0 /2
0 0 1 o/4
0 1 0 /8
0 1 1 2/16
0 * 0 @/32
0 * 1 o/64
AEC clock select L
Bit 5 Bit 4 Description
ACKL1 | ACKLO
0 0 AEVL pin input
0 1 o/2
1 0 o/4
1 1 o/8
AEC clock select H
Bit 7 Bit 6 Description
ACKH1 | ACKHO
0 0 AEVH pin input
0 1 o/2
1 0 o/4
1 1 /8
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ECCSR—Event counter control/status register H'95 AEC

Bit 7 6 5 4 3 2 1 0
| ovi | ow | — | cH2z | cueH | CUEL | cReH | cReL |
Initial value 0 0 0 0 0 0 0 0

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

— ]

—

Counter reset control L
0| ECL is reset

1| ECL reset is cleared
and count-up function
is enabled

Counter reset control H
0| ECH is reset

1| ECH reset is cleared and
count-up function is enabled

Count-up enable L

0 | ECL event clock input is disabled.
ECL value is held

1| ECL event clock input is enabled

Count-up enable H

0| ECH event clock input is disabled.
ECH value is held

1| ECH event clock input is enabled

Channel select
0 | ECH and ECL are used together as a single-
channel 16-bit event counter

1| ECH and ECL are used as two independent
8-bit event counter channels

Counter overflow L
0| ECL has not overflowed
1| ECL has overflowed

Counter overflow H
0| ECH has not overflowed
1| ECH has overflowed
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ECH—Event counter H H'96 AEC

Bit 7 6 5 4 3 2 - 0

ECH7 ‘ ECHS6 ‘ ECH5 ‘ ECH4 ‘ ECH3 ‘ ECH2 ‘ ECH1 | ECHO
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
ECL—Event counter L H'97 AEC
Bit 7 6 5 4 3 2 1.0

ECL7 ‘ ECL6 [ ECL5 ] ECL4 [ ECL3 ] ECL2 | ECL1 | ECLO
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
360
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SCI3

SMR—Serial mode register H'AS
Bit 7 6 5 4 3 2 1 0
| com | cHrR | PE | Pm | sToP | MP | ckst | ckso |
Initial value 0 0 0 0 0 0 0 0
Read/Write RW R/W R/W RW R/W RW RW R/W
Clock select
0|0 @clock
01| ew/2 clock
10| /16 clock
11| @/64 clock
Multiprocessor mode
0| Multiprocessor communication
function disabled
1| Multiprocessor communication
function enabled
Stop bit length
0| 1 stop bit
1| 2 stop bits
Parity mode
0| Even parity
1| Odd parity

Parity enable

0

Parity bit addition and checking disabled

1

Parity bit addition and checking enabled

Character length

0| 8-bit data/5-bit data

1| 7-bit data/5-bit data

Communication mode

0| Asynchronous mode

1| Synchronous mode

HITACHI
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BRR—Bit rate register H'A9

SCI3
Bit 7 6 5 4 3 2 1 0

| BRR7 | BRR6 | BRRS | BRR4 | BRR3 | BRR2 | BRR1 | BRRO |
Initial value 1 1 1 1 1 1 1 1

Read/Write R/W R/W RW R/W RW R/W R/W RW
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SCR3—Serial control register3 H'AA SCI3

Bit 7 6 5 4 3 2 1 0
| TeE | RE | TE | RE | MPE | TEE | cKE1 | CKEO |
Initial value 0 0 0 0 0 0 0 0

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

Clock enable
Bit1 | Bit0 Description
CKE1 | CKEO | Communication Mode Clock Source SCK Pin Function
0 0 Asynchronous Internal clock 1/O port
Synchronous Internal clock Senal clock output
0 1 Asynchronous Internal clock Clock output
Synchronous Reserved (Do not specify this combination)
1 0 Asynchronous External clock Clock input
Synchronous External clock Senal clock input
1 1 Asynchronous Reserved (Do not specify this combination)
Synchronous Reserved (Do not specify this combination)
Transmit end interrupt enable
0 | Transmit end interrupt request (TEI) disabled
1 | Transmit end interrupt request (TEI) enabled

Multiprocessor interrupt enable

0 | Multiprocessor interrupt request disabled (normal receive operation)
[Clearing conditions]
When data is received in which the multiprocessor bit is set to 1

1 | Multiprocessor interrupt request enabled

The receive interrupt request (RX1), receive error interrupt request (ERI), and setting of the
RDRF, FER, and OER flags in the senal status register (SSR), are disabled until data with
the multiprocessor bit set to 1 is received.

Receive enable

0 | Receive operation disabled (RXD pin is /O port)

1 | Receive operation enabled (RXD pin is receive data pin)

Transmit enable

0 | Transmit operation disabled (TXD pin is transmit data pin)

1 | Transmit operation enabled (TXD pin is transmit data pin)

Receive interrupt enable

0 | Receive data full interrupt request (RXI) and receive error interrupt request (ERI) disabled

1 | Receive data full interrupt request (RXI) and receive error interrupt request (ERI) enabled ‘

Transmit interrupt enable
0 Transmit data empty interrupt request (TX!) disabled
1 Transmit data empty interrupt request (TXI) enabled
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TDR—Transmit data register H'AB

SCI3
Bit 7 6 5 4 3 2 1 0

| TOR7 | TDRé | TDR5 | TDR4 | TDR3 | TDR2 | TDR1 | TDRO |
Initial value 1 1 1 1 1 1 1 1

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

Data for transfer to TSR
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SSR—Serial status register H'AC SCI3

Bit 7 6 5 4 3 2 1 0
| TORE | RDRF | OER | FER | PER | TEND | MPBR | MPBT |
Initial value 1 0 0 0 0 1 0 0
ReadWrite  RIW)* RIW)* RIW)* R(W)* R(W)* R R RIW
| |

Multiprocessor bit transfer

0 | A0 multiprocessor bit is transmitted
1 | A1 multiprocessor bit is transmitted

Multiprocessor bit receive
0 | Datain which the multiprocessor bit is 0 has been received
1 | Datain which the multiprocessor bit is 1 has been received
Transmit end

0 | Transmission in progress
[Clearing conditions] - After reading TDRE = 1, cleared by writing 0 to TDRE
+ When data is written to TDR by an instruction

1 Transmission ended
[Setting conditions]  « When bit TE in serial control register3 (SCR3) is cleared to 0
+ When bit TDRE is set to 1 when the last bit of a transmit character is sent

Parity error

0 | Reception in progress or completed normally
[Clearing conditions] After reading PER =1, cleared by writing 0 to PER

1 | A parity error has occurred during reception
[Setting conditions] When the number of 1 bits in the receive data plus parity bit does not match the parity
designated by the parity mode bit (PM) in the serial mode register (SMR)

Framing error

0 | Reception in progress or completed normally
[Clearing conditions] After reading FER = 1, cleared by writing 0 to FER

1 | Aframing error has occurred during reception
[Setting conditions] When the stop bit at the end of the receive data is checked for a value of 1 at completion of
reception, and the stop bitis 0

Overrun error

0 | Receptionin progress or completed

[Clearing conditions] After reading OER = 1, cleared by writing 0 to OER

1 | Anoverrun error has occurred during reception

[Setting conditions] When the next serial reception is completed with RDRF setto 1

Receive data register full

0 | Thereis no receive data in RDR
[Clearing conditions] « After reading RDRF = 1, cleared by writing 0 to RDRF
+ When RDR data is read by an instruction
1 | Thereis receive data in RDR
[Setting conditions] When reception ends normally and receive data is transferred from RSR to RDR

Transmit data register empty

0 | Transmit data written in 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 Transmit data has not been written to TOR, or transmit data written in TOR has been transferred to TSR
[Setting conditions] + When bit TE in serial control register3 (SCR3)is cleared to 0
+ When data is transferred from TDR to TSR

Note: * Only a write of 0 for flag clearing is possible.
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RDR—Receive data register H'AD SCI3
Bit 7 6 5 4 3 2 1 0
| RDR7 | RDR6 | RDR5 | RDR4 | RDR3 | RDR2 | RDR1 | RDRO |
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
TMA—Timer mode register A H'B0 Timer A
Bit 7 6 5 4 3 2 1 0
- | =] = ] — | mas| a2 | TmA1 | TMao |
Initial value — — — 1 0 0 0 0
Read/Write w w W — R/W R/W R/W R/W
|
Internal clock select
Prescaler and Divider Ratio
TMA3 | TMAZ2 | TMA1 | TMAO | or Overflow Period Function
0 0 0 0 PSS 2/8192 Interval
1 | Pss /4096 timer
1 0 PSS ©/2048
1 PSS @/512
1 0 0 PSS o/256
1 PSS 2/128
1 0 PSS /32
1 PSS @/8
1 0 0 0 PSwW 1s Time
1 | Psw 05s ?‘;‘ﬁgn
1 0 PSW 0.256s using
1 PSW 0.03125 s 32.768 kHz)
1 0 0 PSW and TCA are reset
1
1 0
1
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TCA—Timer counter A

H'B1 Timer A
Bit 7 6 5 4 3 2 1 0
‘ TCA7 | TCA6 ‘ TCAS5 ‘ TCA4 ‘ TCA3 ‘ TCA2 ‘ TCA1 ‘ TCAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
Count value
367
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TCRF—Timer control register F H'B6 Timer F

Bit 7 6 5 4 3 2 1 0
| TOLH | CKsH2 | CKSH1 | CKsHO | TOLL | cKsL2 | cKsL1 | cKsLo |

Initial value 0 0 0 0 0 0 0 0

Read/Write w W W w W w w W

—

Clock select L

0|00 Non-operationl
0j0]|1 Use prohibited
0l1]0 Use prohibited
0111 Use prohibited
1/0]0 Internal clock 2/32
1101 Internal clock 2/16
1110 Internal clock o/4
1111 Internal clock ew/4

Toggle output level L

0| Low level

1 | High level
Clock selectH
0|0]|0 16-bit mode, counting on TCFL
olol1 overflow signal
0|1]0
0111 Use prohibited
110|0 Internal clock a/32
11011 Internal clock e/16
1110 Internal clock a/4
1111 Internal clock ew/4

Toggle output level H
0| Low level
1| High level
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TCSRF—Timer control/status register F H'B7 Timer F

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  RAW) R/(W) RW RW R(W) RW RW RW
— | |

Counter clear L
0 | TCFL clearing by compare match is disabled
1 | TCFL clearing by compare match is enabled

Timer overflow interrupt enable L
0 | TCFL overflow interrupt request is disabled
1 | TCFL overflow interrupt request is enabled

Compare match flag L

0 | Clearing conditions:
After reading CMFL = 1, cleared by writing 0 to CMFL

1 | Setting conditions:
Set when the TCFL value matches the OCRFL value
Timer overflow flag L

0 | Clearing conditions:
After reading OVFL =1, cleared by writing 0 to OVFL

1 | Setting conditions:
Set when TCFL overflows from HFF to H'00

Counter clear H

0 | 16-bit mode: TCF clearing by compare match is disabled
&-bit mode: TCFH clearing by compare match is disabled

1 16-bit mode: TCF clearing by compare match is enabled
8-bit mode: TCFH clearing by compare match is enabled

Timer overflow interrupt enable H

0 | TCFH overflow interrupt request is disabled

1 | TCFH overflow interrupt request is enabled

Compare match flag H

0 | Clearing conditions:
After reading CMFH = 1, cleared by writing 0 to CMFH

1 | Setting conditions:
Set when the TCFH value matches the OCRFH value

Timer overflow flag H

0 | Clearing conditions:
After reading OVFH = 1, cleared by writing 0 to OVFH

1 Setting conditions:
Set when TCFH overflows from HFF to H00

Note: *Bits 7, 6, 3, and 2 can only be written with 0, for flag clearing.
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TCFH—S8-bit timer counter FH H'B8 Timer F

Bit 7 6 5 4 3 2 1 0
| TCFHT | TCFH8 | TCFHS | TCFH4 | TCFH3 | TCFH2 | TCFH1 | TCFHO |
Initial value 0 0 0 0 0 0 0 0

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

Count value
TCFL—S8-bit timer counter FL H'B9 Timer F
Bit 7 6 5 4 3 2 - 0
‘ TCFL7 ‘ TCFL6 [ TCFL5 ] TCFL4 [ TCFL3 ] TCFL2 [ TCFL1 ] TCFLO ]
Initial value 0 0 0 0 0 0 0 0

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

Count value
OCRFH—Output compare register FH H'BA Timer F
Bit 7 6 5 4 3 2 1 0
‘OCRFHT‘OCRFHGIOCRFHS‘OCRFH4|OCRFH3‘OCRFH2‘ OCRFH1 ‘OCRFHO‘
Initial value 1 1 1 1 1 1 1 1

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

OCRFL—Output compare register FL. H'BB Timer F
Bit 7 6 5 4 3 2 - 0

‘OCRFLT‘ OCRFLS‘ OCRFLS‘ OCRFL4‘ OCRFL3 ‘OCRFL2 ‘ OCRFL1 ‘OCRFLO‘
Initial value 1 1 1 1 1 1 1 1

Read/Write R/W R/W RW R/W RW R/W R/W RW
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LPCR—LCD port control register H'CO LCD controller/driver

Bit 7 6 5 4 3 2 1 0

| DTS ‘ DTS0 ‘ CMX ‘ — ‘ SGS3 | SGS2 ‘ SGS1 ‘ SGS0 ‘
Initial value 0 0 0 — 0 0 0 0
Read/Write R/W R/W R/W w R/W R/W R/W R/W

|

Clock enable

Bit 3 Bit 2 Bit 1 Bit0 Function of Pins SEGzs to SEG+
SEGzs |SEGa to| SEGa to|SEGrs to| SEGr2 to| SEGs to |SEG«fo |  Notes
SGS3 | SGS2 | SGST | SGS0 SEGar | SEGw | SEGw: | SEG: | SEGs | SEG:
0 0 0 0 Port | Port | Port | Port | Port | Port | Port [{Initial value)
0 0 0 1 Port | Port | Port | Port | Port | Port | SEG
0 0 1 0 Port | Port | Port | Port | Port | SEG | SEG
0 0 1 1 Port | Port | Port | Port | SEG | SEG | SEG
0 1 0 0 Port | Port | Port | SEG | SEG | SEG | SEG
0 1 0 1 Port | Port | SEG | SEG | SEG | SEG | SEG
0 1 1 0 Port | SEG | SEG | SEG | SEG | SEG | SEG
0 1 1 1 SEG | SEG | SEG | SEG | SEG | SEG | SEG
1 0 0 0 SEG | SEG | SEG | SEG | SEG | SEG | SEG
1 0 0 1 SEG | SEG | SEG | SEG | SEG | SEG | Port
1 0 1 0 SEG | SEG | SEG | SEG | SEG | Port | Port
1 0 1 1 SEG | SEG | SEG | SEG | Port | Port | Port
1 1 0 0 SEG | SEG | SEG | Port | Port | Port | Port
1 1 0 1 SEG | SEG | Port | Port | Port | Port | Port
1 1 1 0 SEG | Port | Port | Port | Port | Port | Port
1 1 1 1 Port | Port | Port | Port | Port | Port | Port
Duty select, common function select
[?'II'LS}; [?'II'LSE;] S:‘DS( Duty Cycle |{Common Drivers| MNotes
0 0 0 Static COM,
1 COM; to COM; | COM. to COM: output the same waveform as COM;
0 1 0 112 duty COM; to COM,
1 COMs to COM; | COMs outputs the same waveform as COM; and COM; outputs the same waveform as COM;
1 0 0 113 duty COM; to COM,
1 COM; to COM; | COM. outputs a non-selected waveform
TS waauy | comto com -
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LCR—LCD control register H'C1 LCD controller/driver

Bit 7 6 5 4 3 2 1 0

‘ — ‘ PSW l ACT l DISP ‘ CKS3 l CKS2 ‘ CKS1 l CKS0 |
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

Frame frequency select

Bit3 |Bit2 | Bit1 | Bit1 Operating Clock
CKS3 |CKS2 |CKS1|CKS0
0 * 0 0 aw
0 * 0 1 ow/2
0 * 1 * ow/4
1 0 0 0 /2
1 0 0 1 /4
1 0 1 0 /8
1 0 1 1 0/16
1 1 0 0 /32
1 1 0 1 /64
1 1 1 0 9/128
1 1 1 1 0/256

* - Don't care
Display data control

0 | Blank data is displayed
1| LCD RAM data is displayed

Display function activate
0 | LCD controller/driver operation halted
1 | LCD controller/driver operates

LCD drive power supply on/off control

0 | LCD drive power supply off
1 | LCD drive power supply on
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LCR2—LCD control register 2 H'C2 LCD controller/driver

Bit 7 6 5 4 3 2 1 0
eoas| — | — | — | - | = | -]~ |

Initial value 0 1 1 — — — — _

Read/Write R/W — — w W w w W

A waveform/B waveform switching control

0 | Drive using A waveform
' 1| Drive using B waveform
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AMR—A/D mode register

Bit

Initial value
Read/Write

374

*: Operation is not guaranteed with a conversion time

of less than 12.4 «s.

Select a setting that gives a conversion time of at

least 12.4 «s.

HITACHI

H'Co6 A/D converter
7 6 5 4 3 2 1 0
coks | — | — | — | chs | cH2 | cH1 | cHo |
0 0 1 1 0 0 0 0
R/W R/W — — R/W R/W R/W R/W
|
Channel select
Bit3 | Bit2 | Bit1 | Bit0
CH3 | CH2 | CH1 | CHO | Analog Input Channel
0 0 * * No channel selected
1 0 0 ANg
1 AN 4
1 0 AN>
1 AN3
1 0 0 0 Use prohibited
1
1 0
1
*: Don't care
Clock select
Bit 7 Conversion Time
CKS | Conversion Period | @=1MHz | @ =5 MHz
0 62/a 62 «s 12.4 «s
1 31/e 31 «s *



ADRRH—A/D result register H H'C4 A/D converter
ADRRL—A/D result register L H'CS
ADRRH
Bit 7 6 5 4 3 2 1 0

| ADRO | ADRS | ADR7 | ADR6 | ADR5 | ADR4 | ADR3 | ADR2 |
Initial value Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed
Read/Write R R R R R R R R

A/D conversion result

ADRRL
Bit 7 6 5 4 3 2 1 0

| ADR1 | ADRO | — | — | — | — — | - |
Initial value Not fixed Not fixed — — — — — —
Read/Write R R — — — — — —

A/D conversion result
ADSR—A/D start register H'CT A/D converter
Bit 7 6 5 4 3 2 1 0

aosF | — | — | = | = | = | -] —-|
Initial value 0 1 1 1 1 1 1 1
Read/Write R/W — — — — — — —

j_
A/D status flag
0 | Read | Indicates completion of A/D conversion
Write | Stops A/D conversion
1| Read | Indicates A/D conversion in progress
Write | Starts A/D conversion

HITACHI
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PMR2—Port Mode Register 2 H'C9 I/O port

Bit T 6 5 4 3 2 1 0
— — POF1 — — — — IRQO

Initial value 1 1 0 1 1 — — 0

Read/Write — — R/W — — W W R/W

P4-/IRQO pin function switch
0 | Functions as P43 /O pin
1 | Functions as iGQg input pin

P35 pin output buffer PMOS on/off control
0 | CMOS output
1 | NMOS open-drain output
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PMR3—Port mode register 3 H'CA /O port

Bit 7 6 5 4 3 2 1 0
aev | AEvH | — | — | — [TmoFH|TmOFL| — |

Initial value 0 0 — — — 0 0 —

ReadWrite ~ RW RW W W W RW RW W

P34/TMOFL pin function switch

0 | Functions as P34 1/O pin
1 | Functions as TMOFL output pin

P3-/TMOFH pin function switch

0 | Functions as P32 I/O pin
1 | Functions as TMOFH output pin

P3g/AEVH pin function switch

0 | Functions as P35 /0O pin
1| Functions as AEVH input pin

P3;/AEVL pin function switch

0 | Functions as P37 1/O pin
1| Functions as AEVL input pin
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PMRS—Port mode register 5 H'CC I/O port

Bit 7 6 5 4 3 2 1 0
WKP; | WKPg | WKPs | WKP, | WKPs | wkp, | wkp, | wkeg
Initial value 0 0 0 0 0 0 0 0

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

P5,/WKP,/SEG+¢ pin function switch
0 | Functions as P5, I/O pin
1 | Functions as WKP,, input pin

PWCR2—PWM2 Control Register H'CD 10-bit PWM

Bit 7 6 5 4 3 2 1 0

— — — — — — |PWCR21|PWCR20

Initial value 1 1 1 1 1 1 0 0
Read/Write — — — — — — — W W
Cloxk select

0 | The input clock is @ (te* = 1/@) The conversion period is 512/@, with a minimum modulation width of 1/2 o

1 | The input clock is @/2 (te* = 2/@) The conversion period is 1,024/a, with a minimum maodulation width of 1/0
0 | The input clock is @/4 (te* = 4/@) The conversion period is 2 048/a, with a minimum modulation width of 2/a
1 | The input clock is @/§ (te* = 8/@) The conversion period is 4,096/@, with a minimum maodulation width of 4/

Note: * ta: Period of PWM2 input clock

0

1

PWDRU2—PWM?2 Data Register U H'CE 10-bit PWM

Bit 7 6 5 4 3 2 1 0

— — — — — — PWDRU21|PWDRU20

Initial value 1 1 1 1 1 1 0 0
Read/Write — — — — — — W W

Upper 2 bits of PWM2 waveform generation data
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PWDRL2—PWM2 Data Register L H'CF 10-bit PWM

Bit 7 6 5 4 3 2 1 0

PWDRL2T | PWDRL26 | PWDRL25 | PWDRL24 | PWDRL23 | PWDRL22 | PWDRL21 | PWDRL20

Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W W W W

Lower 8 bits of PWM2 waveform generation data

PWCR1—PWMI1 control register H'DO 10-bit PWM
Bit 7 6 5 4 3 2 1 0
— | — | — | — | — | — |PwCR1iPWCR1|
Initial value 1 1 1 1 1 1 0 0
Read/Write — — — — — — w w
Clock select

0 | The input clock is @ (te* = 1/@)

The conversion period is 512/g, with a minimum modulation width of 1/2¢
The input clock is /2 (te* = 2/g)

The conversion period is 1,024/@, with a minimum modulation width of 1/@
1| The input clock is g/4 (te* = 4/g)

The conversion period is 2,048/@, with a minimum modulation width of 2/@
The input clock is /8 (te* = 8/g)

The conversion period is 4,096/@, with a minimum modulation width of 4/@

Note: * t@: Period of PWM input clock
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PWDRU1—PWMI data register U H'D1 10-bit PWM

Bit 7 6 5 4 3 2 1 0
- | = -] - ] = | - [pwourt|pworutg)
Initial value 1 1 1 1 1 1 0 0
Read/Write — — — — — — W W
—T
Upper 2 bits of data for generating PWM1 waveform
PWDRL1—PWMI1 data register L H'D2 10-bit PWM
Bit 7 6 5 4 3 2 1 0
‘PWDRLh ‘ PWDRL1s ‘PWDRL15 ‘ PWDRL14‘ PWDRL13 ‘ PWDRL12 ‘ PWDRL14 ‘ PWDRL10‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w W W w W

Lower 8 bits of data for generating PWM1 waveform

PDR3—Port data register 3 H'D6 /O ports
Bit 7 6 5 4 3 2 1 0

‘ P3, | P3, ‘ P3, | P3, ‘ P3, | P3, ‘ P3, ‘ — ‘
Initial value 0 0 0 0 0 0 0 —

Read/Write RW RW R/W R/W RW R/W R/W —

Stores data of port 3 pins

PDR4—Port data register 4 H'D7 /O ports
Bit 7 6 5 4 3 2 1 0
B N T TN
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — R R/W R/W R/W

Stores data of port 4 pins

Reads P44 pin state

380
HITACHI



PDRS—Port data register 5 H'DS /O ports
Bit 7 6 5 4 3 2 1 0
P5, | Ps, | P5, | P5, | P5, | P5, | P5 | P5; |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W RW R/W R/W R/W R/W R/W R/W
Stores data of port 5 pins
PDR6—Port data register 6 H'D9 /O ports
Bit 7 6 5 4 3 2 1 0
P6; | Pe; | Pe; | Pe, | Pe, | Ps, | Pe, | Pe |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W RW R/W R/W R/W R/W R/W R/W
Stores data of port 6 pins
PDR7—Port data register 7 H'DA /O ports
Bit 7 6 5 4 3 2 1 0
Pr, | Prs | P7s | Pr, | Prs | P, | Py | Py |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W RW R/W R/W R/W R/W R/W R/W
Stores data of port 7 pins
PDR8—Port data register 8 H'DB /O ports
Bit 7 6 5 4 3 2 1 0
= e e N N O N
Initial value — — — — — — — 0
Read/Write — — — — — — — R/W

HITACHI
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Stores data of P8 pin
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PDR9—Port data register 9 H'DC /O ports
Bit 7 6 5 4 3 2 1 0
— — P9s P9, P9, P9, P9, P9,
Initial value 1 1 1 1 1 1 1 1
Read/Write  — — R/W RW R/W RW R/W RIW
Stores data of port 9 pins

PDRA—Port data register A H'DD /O ports
Bit 7T 6 5 4 3 2 1 0

— [ =1 = [ = TPs [Py [pa]ra]
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W

Stores data of port A pins

PDRB—Port data register B H'DE /O ports
Bit 7 6 5 4 3 2 1 0

— — | — | — | P8 | PB, | PB, | PBy |
Initial value
Read/Write — — — — R R R R

Reads states of port B pins
PUCR3—Port pull-up control register 3 H'E1l /O ports
Bit 7 6 5 4 3 2 1 0
PUCR3,| PUCR3;| PUCR35| PUCR3, |PUCR3; |PUCR3, | PUCR3;| — |

Initial value 0 0 0 0 0 0 0 —
Read/Write RW R/W RIW R/W R/W R/W R/W W
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PUCRS—Port pull-up control register 5 H'E2 /O ports

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

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

PUCR6—Port pull-up control register 6 H'E3 /O ports
Bit 7 6 5 4 3 2 1 0

PUCR6| PUCR6,| PUCRS5| PUCRS, | PUCR6, | PUCRS, | PUCRS, | PUCRS, |
Initial value 0 0 0 0 0 0 0 0

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

PCR3—Port control register 3 H'E6 /O ports
Bit 7 6 5 4 3 2 1 0

PCR3; | PCR3g | PCR35 | PCR3, | PCR3; | PCR3, | PCR3, —
Initial value 0 0 0 0 0 0 0 —
Read/Write W W W W W W W W

|
Port 3 input/output select

0 | Input pin
1 | Output pin
PCR4—Port control register 4 H'E7 /O ports
Bit 7 6 5 4 3 2 1 0
— | — | — | — | — |Pcra, | Pcra; | PeRry |
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — w w w

|
Port 4 input/output select

0 | Input pin
1 | Output pin
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PCR5—Port control register 5

H'ES /O ports
Bit 7 6 5 4 3 2 1 0

| PCRS, | PCRS, | PCRS; | PCRS, | PCRS, | PCR5, | PCRS, | PCRS |
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port 5 input/output select

0 | Input pin
1 | Output pin
PCR6—Port control register 6 H'E9 /O ports
Bit 7 6 5 4 3 2 1 0
| PCR6, | PCR6, | PCR65 | PCR6, | PCR6; | PCR6, | PCR6 ; | PCRS, |
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w W W w W
|
Port 6 input/output select
| 0 | Input pin
| 1 | Output pin
PCR7—Port control register 7 H'EA /O ports
Bit 7 6 5 4 3 2 1 0
| PCR7, | PCRT, | PCR7; | PCRY, | PCR7, | PCR7, | PCRY, | PCRY, |
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w W W w W

Port 7 input/output select
0 | Input pin
1 | Output pin
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/O ports

PCR8—Port control register 8 H'EB
Bit 7 6 5 4 3 2 1 0
s B e B N N 0
Initial value — — — — — — — 0
Read/Write W W W W W W W W
|
Port 8 input/output select
0 | Input pin
1 | Output pin
PMRY9—Port mode register 9 H'EC /O ports
Bit 7 6 5 4 3 2 1 0
— — — — PIOFF — PWM2 | PWM1
Initial value 1 1 1 1 0 — 0 0
— R/W W R/W R/W

Read/Write —

P90/PWM?1 pin function switch
0 | Functions as P90 output pin

1 | Functions as PWM1 output pin

P91/PWM2 pin function switch
0 | Functions as P91 output pin
1 | Functions as PWM2 output pin

P92 to P90 step-up circuit control
0 | Large-current port step-up circuit is turned on
1 | Large-current port step-up circuit is turned off
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PCRA—Port control register A H'ED

/O ports
Bit 7 6 5 4 3 2 1 0
. — | — | — | — |Pcra,|Pcra,|Pcra;|PCRA, |
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — W W w W
|
Port A input/output select
0 | Input pin
1 | Output pin
PMRB—Port mode register B H'EE /O ports
Bit 7 6 5 4 3 2 1 0
=l =l -] —Jwra| -] -] -]
Initial value 1 1 1 1 0 1 1 1
Read/Write — — — — R/W — — —
—T

PB4/AN4/IRQ4 pin function switch
0 | Functions as PB3/AN3 input pin
1| Functions as IRQ; input pin
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SYSCR1—System control register 1 H'FO System control

Bit 7 6 5 4 3 2 1 0
| ssBY | sts2 | sTs1 | stso | Lson | — | ma1 | mao |

Initial value 0 0 0 0 0 1 1 1

ReadWrite @~ RW RW RW RW RW  — RW  RW

e

Active (medium-speed)
mode clock select
00| @osc/16
1| @osc/32
10| @0sc/64
1| @0sc/128

Low speed on flag
0 | The CPU operates on the system clock ()
1| The CPU operates on the subclock (egg)

Standby timer select2to 0

00| 0| Waittime = 8,192 states
Wait time = 16,384 states
Wait time = 1,024 states
Wait time = 2,048 states
Wait time = 4,096 states
Wait time = 2 states
Wait time = 8 states
Wait time = 16 states

—
o
2O 2O a o -

Software standby

0 |« When a SLEEP instruction is executed in active mode, a transition is
made to sleep mode

* When a SLEEP instruction is executed in subactive mode, a transition
is made to subsleep mode

1 |» When a SLEEP instruction is executed in active mode, a transition is

made to standby mode or watch mode

When a SLEEP instruction is executed in subactive mode, a transition
is made to watch mode
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SYSCR2—System control register 2 H'F1 System control

Bit

Initial value
Read/Write

7 6 5 4 3 2 1 0
. — | — | — |neseL| pron | mson | sat | sao
] 1 1 ] 0 0 0 0

— — — RW RW R/W RW RW

] \ ‘

Subactive mode clock select
00| eyw/8
1] ew/d
1% | ow/2

Medium speed on flag + Don't care

0 | Operates in active (high-speed) mode
1 | Operates in active (medium-speed) mode

Direct transfer on flag

0

When a SLEEP instruction is executed in active mode, a transition is
made to standby mode, watch mode, or sleep mode

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

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

Noise elimination sampling frequency select

0

Sampling rate is epngc/16 ]

1

Sampling rate is epngc/4 |
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IEGR—IRQ edge select register H'F2 System control

Bit 7 6 5 4 3 2 1 0
=l - =] -1 -1 - [®oe] o
Initial value 1 1 1 — — — 0 0
Read/Write — — — W w w R/W R/W
1
IRQq edge select

0 | Falling edge of IRQq pin input is detected
1| Rising edge of IRQq pin input is detected

IRQ, edge select

0 | Falling edge of IRQ4 pin input is detected
1| Rising edge of IRQ4 pin input is detected
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IENR1—Interrupt enable register 1 H'F3 System control

Bit 7 6 5 4 3 2 1 0
‘IENTA‘ — ‘IENWPI — | — ‘IENEC2‘ IENA ‘ IENO ‘

Initial value 0 — 0 — — 0 0 0

ReadWrite  R/W w RW W w RW RW  RW

|
IRQ, to IRQq interrupt enable
0 | Disables IRQ4 to IRQyq interrupt, requests
1| Enables IRQ to IRQyq interrupt requests

IRQAEC interrupt enable
0 | Disables IRQAEC interrupt requests
1| Enables IRQAEC interrupt requests

Wakeup interrupt enable
0 | Disables WKP; to WKPy, interrupt requests
1 | Enables WKP; to WKPy, interrupt requests

Timer A interrupt enable
0 | Disables timer A interrupt requests
1 | Enables timer A interrupt requests
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IENR2—Interrupt enable register 2 H'F4

Bit

Initial value
Read/Write

System control

7 6 5 4 3 2 1 0
‘ IENDT ‘ IENAD ‘ — ‘ — ‘IENTFH ‘ IENTFL ‘ — IENEC
0 0 — — 0 0 — 0
R/W R/W W W RwW R/w W R/wW

Asynchronous event counter interrupt enable

0 | Disables asynchronous event counter
interrupt requests

1 | Enables asynchronous event counter
interrupt requests

Timer FL interrupt enable

0 | Disables timer FL interrupt requests
1 | Enables timer FL interrupt requests

Timer FH interrupt enable

0 | Disables timer FH interrupt requests
Enables timer FH interrupt requests

—

A/D converter interrupt enable

0

Disables A/D converter interrupt requests

1

Enables A/D converter interrupt requests

Direct transition interrupt enable

0

Disables direct transition interrupt requests

1

Enables direct transition interrupt requests
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IRR1—Interrupt request register 1 H'Fo6 System control

Bit 7 6 5 4 3 2 1 0
RRTA| — | — | — | — [iRREc2| RRit | IRRIO

Initial value 0 — 1 — — 0 0 0

ReadWrite ~ RW* W — w W ORW+  RW*+  RW*

|

IRQ1 to IRQO interrupt request flags

0 | Clearing conditions:
When IRRIn = 1, it is cleared by writing 0

1 | Setting conditions:
When pin IRQn is designated for interrupt
input and the designated signal edge is input

(n=10r0)

IRQAEC interrupt request flag

0 | Clearing conditions:
When IRREC2 = 1, it is cleared by writing 0

1 | Setting conditions:
When pin IRQAEC is designated for interrupt input and the

designated signal edge is input

Timer A interrupt request flag

0 | Clearing conditions:
When IRRTA = 1, it is cleared by writing 0

1 | Setting conditions:
When the timer A counter value overflows (from H'FF to H'00)

Note: * Bits 7 and 2 to 0 can only be written with O, for flag clearing.
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IRR2—Interrupt request register 2 H'F7
Bit 7 6 5 4 3 2 1 0
| IRRDT [ IRRAD ] — | — ]|RRTFH||RRTFL[ — ] IRREC |
Initial value 0 0 — — 0 0 — 0

ReadMWrite  RI(W)* RIW) W

W RIAW)* RIWY* W RIW)*

Asynchronous event counter interrupt request flag

0

Clearing conditions:
When IRREC =1, it is cleared by writing 0

iy

Setting conditions:
When the asynchronous event counter value overflows

Timer FL interrupt request flag

0 | Clearing conditions:
When IRRTFL =1, it is cleared by writing 0

1| Setting conditions:
When counter FL and output compare register FL
match in 8-bit timer mode

Timer FH interrupt request flag

0 | Clearing conditions:

When IRRTFH =1, it is cleared by writing 0

1 | Setting conditions:

When counter FH and output compare register FH match
in 8-bit timer mode, or when 16-bit counters FL and FH
and output compare registers FL and FH match in 16-bit timer mode

A/D converter interrupt request flag

0 | Clearing conditions:

When IRRAD = 1. itis cleared by writing 0

1 | Setting conditions:

ADSF Is reset

When the A/D converter completes conversion and

Direct transition interrupt request flag

0 | Clearing conditions:
When IRRDT =1, it is cleared by writing 0

1| Setting conditions:

setto 1, and a direct transition is made

When a SLEEP instruction is executed while DTON is

Note: * Bits 7, 6, 3, 2, and 0 can only be written with 0, for flag clearing.
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IWPR—Wakeup interrupt request register H'F9 System control

Bit 7 6 5 4 3 2 - 0
‘ IWPF7 ‘ IWPF6 ‘ IWPF5 ‘ IWPF4 ‘ IWPF3 ‘ IWPF2 ‘ IWPF1 | IWPFO
Initial value 0 0 0 0 0 0 0 0

ReadWrite  R/(W)* R/W)* R(W)* RI(W)* RIW)* R(W)* RI(W)* RI(W)*

Wakeup interrupt request register

0 | Clearing conditions:
When IWPFn = 1, it is cleared by writing 0

1 | Setting conditions:
When pin WKPn is designated for wakeup input and a
falling edge is input at that pin

(n=71t00)

Note: * All bits can only be written with 0, for flag clearing.
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CKSTPR1—Clock stop register 1 H'FA System control

Bit

Initial value
Read/Write

sC

7 6 5 4 3 2 1 0
‘ —_ ‘ — ‘S3ZCKSTP‘ ADCKSTP ‘ — ‘ TFCKSTP ‘ — ‘ TACKSTP ‘
1 1 1 1 1 1 1 1
— ~  RW RW -~ RW  —  RW

Timer A module standby mode control

0 | Timer A is set to module standby mode

1| Timer A module standby mode is cleared

Timer F module standby mode control

0

Timer F is set to module standby mode

1

Timer F module standby mode is cleared

AID converter module standby mode control

0

A/D converter is set to module standby mode

1

A/D converter module standby mode is cleared

13 module standby mode control

SCI3 is set to module standby mode

SCI3 module standby mode is cleared

HITACHI
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CKSTPR2—Clock stop register 2 H'FB System control

Bit

Initial value
Read/Write

396

7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘PWZCKSTP( AECKSTP ‘ — ‘PW‘]CKSTP LDCKSTP
1 1 1 1 1 1 1 1
- — RW RW -  RW RW

s R

LCD module standby mode control
0 | LCD is set to module standby mode

1| LCD module standby mode is cleared

PWM1 module standby mode control
0 | PWM1 is set to module standby mode
1| PWM1 module standby mode is cleared

Asynchronous event counter module standby mode control

0 | Asynchronous event counter is set to module standby mode

1 | Asynchronous event counter module standby mode is cleared

PWM2 module standby mode control

0

PWM2 is set to module standby mode

1

PWMZ2 module standby mode is cleared
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Appendix C T/O Port Block Diagrams

C.1 Block Diagrams of Port 3

SBY AN
Cil— PUCRS3,
Vee
Vee .
I¢ PMR3, a
| =
2
P3, —o<] PDR3, T
—C | — 8
c
Vss +— PCR3,
L
AEC modul
5 mogue.
—6‘ =N ! AEVH(P3,)
o ; 6
1= ! AEVL(P3;)
PDR3:  Port data register 3
PCR3:  Port control register 3
PMR3:  Port mode register 3
PUCR3: Port pull-up control register 3
n=7 or 6
Figure C.1 (a) Port 3 Block Diagram (Pins P3-; and P3g)
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P2;

PDR3:
PCR3:
PUCR3:
PMR2

SBY N
PUCR3;
b—Cﬁ' PMR2, g
O
lo— ko
(1]
=
+—o<] PDR3; =
—C— g
=
Vas PCR3,
|2l
N

Port data register 3

Port control register 3

Port pull-up control register 3
Port mode register 2
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Figure C.1 (b) Port 3 Block Diagram (Pin P35)
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b PUCR3 - >
VCC VCC
(1]
3
0
m
P3n »—o<l PDR3, ~ L
™
[
(]
=
— PCR3, .
VSS
L g
A4
PDR3: Port data register 3
PCR3: Port control register 3
n=4or3
Figure C.1 (c) Port 3 Block Diagram (Pins P3, and P33)
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w
m
=<

PDR3: Port data register 3

PCR3: Port control register 3

PMR3: Port mode register 3

PUCRS3: Port pull-up control register 3
n=2or1

~
CE PUCR3,
Vee
Ve | ( -
IO—<;Pi PMR3, [ 3
o
| 3
P3, 1 PDR3;, £
@
—C T/ E
Ve +— PCR3,
|
\/

Figure C.1 (d)

400

Port 3 Block Diagram (Pins P3; and P3;)
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C.2 Block Diagrams of Port 4

PMR3; < >

Internal data bus

P4, D

Y4

PMR3: Port mode register 3

Figure C.2 (a) Port 4 Block Diagram (Pin P43)
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[43]
m
<

AN

I SPC32 I >

S mode
—C (= ~iTXD32
P4, D— PDR4,

—  PCR4: 2

VSS E
L

AV4

PDR4: Port data register 4
PCRA4: Port control register 4

Figure C.2 (b) Port 4 Block Diagram (Pin P4,)
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Vee SCI3 module
| RE32
__ . RXD32
P4, I:li o< PDR4,
5
o
=
o
PCR4, i
g
Vss 3
5
|/
— D—D
SCINV2 .\/’
PDRA4: Port data register 4
PCR4: Port control register 4
Figure C.2 (¢) Port 4 Block Diagram (Pin P4,)
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SBY

SCI3 module
Voo | SCKIE32
| SCKOE22
[ A\ ;
| SCKO32
—> SCKI32
P4, D— PDR4, |«
2
o
jud
o]
=]
+— PCR4; [~—3
E
VSS E
l/
\Y4
(D)

PDRA4: Port data register 4
PCRA4: Port control register 4

Figure C.2 (d) Port 4 Block Diagram (Pin P4)
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C3 Block Diagram of Port S

SBY A
Cb PUCRS, |«
VCC
VCC '
—C ] PMRS,
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P5 °
n PDR5, =
—(C= :
o<l E
Ves +— PCR5, [ £
L
ﬁ |0 WKP,
PDRS5: Port data register 5 W,
PCRS: Port control register 5
PMR5: Port mode register 5
PUCRS: Port pull-up control register 5
n=7to0
Figure C.3 Port 5 Block Diagram
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C4 Block Diagram of Port 6

Vee
PDRG6
Vee ID_GJ_' n
|
+— PCRe, [
P6,
Vss

Internal data bus

PDRG6: Port data register 6

PCRG6: Port control register 6

PUCRG: Port pull-up control register 6
n=7t0

Figure C.4 Port 6 Block Diagram
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C.S Block Diagram of Port 7

SBY A
Vee
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PDRT7: Port data register 7
PCRT7: Port control register 7
n=7t0
Figure C.5 Port 7 Block Diagram
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C.6 Block Diagrams of Port 8

A

PDRS,

PCRS,

Vss

PDRE: Port data register 8
PCRE: Port control register 8

Internal data bus

Figure C.6 Port 8 Block Diagram (Pin P8;)
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C.7 Block Diagrams of Port 9

PWM module
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PDRS - Port data register 9
n=1or0
N
Figure C.7 (a) Port 9 Block Diagram (Pins P9, and P9)
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Vss
PDRS: Port data register 9
n=5to 2
N
Figure C.7 (b) Port 9 Block Diagram (Pins P95 to P9;)
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C.8 Block Diagram of Port A

SBY

PDRA, [<

— PCRA,

PDRA: Port data register A
PCRA: Port control register A
n=3t00

Internal data bus

Figure C.8 Port A Block Diagram
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C.9 Block Diagram of Port B

Internal
data bus

A/D module

g« — S G — | AMR3 to AMRO
o

n=3to0

Figure C.9 Port B Block Diagram
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Appendix D Port States in the Different Processing States

Table D.1 Port States Overview

Port Reset Sleep Subsleep Standby Watch Subactive Active
P3;to High Retained Retained  High Retained  Functions Functions
P34 impedance impedance*

P4;to High Retained Retained  High Retained  Functions Functions
P4q impedance impedance

P5;to High Retained Retained  High Retained  Functions Functions
P5q impedance impedance*

P67 to High Retained Retained  High Retained  Functions Functions
P6g impedance impedance

P7;to High Retained Retained  High Retained  Functions Functions
P7q impedance impedance

P8;to High Retained Retained  High Retained  Functions Functions
P8q impedance impedance

P9sto  High Retained Retained  High Retained  Functions Functions
P9q impedance impedance*

PA3to High Retained Retained  High Retained  Functions Functions
PAg impedance impedance

PB3to High High High High High High High

PBg impedance impedance impedance impedance impedance impedance impedance

Note: * High level output when MOS pull-up is in on state.
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Appendix E List of Product Codes

Table E.1 HS8/3802 Series Product Code Lineup
Product Package(Hitachi
Type Product Code Mark Code Package Code)
H8/3802 H8/3802 Mask ROM HD6433802H HDB433802 (***) H 64-pin QFP (FP-64A)
series Versions  11ng4433802FP  HD6433802 (***) FP 64-pin LQFP (FP-B4E)
HD6433802P HD6433802 (***) P 64-pin DILP (DP-64S)
ZTAT HD6473802H HD6473802H 64-pin QFP (FP-64A)
Versions  1ing473802FP  HDG473802FP 64-pin LQFP (FP-64E)
HD6473802P HD6473802P 64-pin DILP (DP-64S)
H8/3801 Mask ROM HD6433801H HD6433801 (***) H 64-pin QFP (FP-64A)
Versions 1 1ng433801FP  HD6433801 (***) FP 64-pin LQFP (FP-B4E)
HD6433801P HD6433801 (***) P 64-pin DILP (DP-64S)
H8/3800 Mask ROM HD6433800H HDB433800 (***) H 64-pin QFP (FP-64A)
Versions  1ng433800FP  HDB433800 (***) FP 64-pin LQFP (FP-B4E)
HD6433800P HDB433800 (***) P 64-pin DILP (DP-64S)
Note: For mask ROM versions, (***) is the ROM code.
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Appendix F Package Dimensions

Dimensional drawings of H8/3802 Series packages FP-64 A, FP-64E, and DP-64S are shown in

figures F.1, F.2. and F.3 below.
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Figure F.1 FP-64A Package Dimensions
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*Dimension including the plating thickness EIAJ Conforms
Base material dimension Weight (reference value)| 0.4 g

Figure F.2 FP-64E Package Dimensions
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Figure F.3 DP-64S Package Dimensions
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