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Introduction

The ML64168 is a high-performance single chip microcontroller that uses a 4-bit CPU core

(nX-4/30). This Oki-original CPU core architecture is combined with additional on-Chip
peripheral functions.

This manual explains hardware of the ML64168 and instruction set.
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Chapter 1

Overview

This chapter describes the features, block diagrams, pin configurations, pin descriptions and
basic operation timings.
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Chapter 1 Overview

1.1 Overview

The ML64168 is a CMOS 4-bit microcontroller that has built-in 512-nibble RAM, 20 1/O ports,
buzzer output, a serial port, a 2-channel RC oscillation type A/D converter and 34 LCD
segment drivers.

The ML64168 uses a high-performance 4-bit CPU core (nX-4/30) with byte processing
instructions and is best suited for applications such as thermometers, hygrometers and body
thermometers because of its compact chip layout and rich peripheral functions.

Note: See Chapter 17 for the overview of the OTP version (ML64P168).

1.2 Features

(1) Rich instruction set including byte operation instructions
e 148 instructions
» Byte addition/subtraction, byte transfer and byte comparison instructions
 Bit manipulation instructions
» Data exchange instructions

(2) Rich addressing modes
e Two kinds of indirect addressing modes using HL register and XY register
 Bit manipulation on entire data memory area
« Byte operation on entire data memory area

(3) Operating frequencies
e Low speed clock 32.768 kHz crystal oscillation (minimum instruction execution
time: 91 us)
e High speed clock 700 kHz RC oscillation

(4) Built-in program memory : 8160 hytes
(5) Built-in data memory . 512 nibbles
(6) /O ports ;20
e 4-bit input/output port (NMOS open drain output/CMOS output selectable,

input with pull-down/pull-up resistance or high-imped-
ance input selectable) x 3

e 4-bit input port (Input with pull-down/pull-up resistance selectable) x 1
 4-bit output port (NMOS open drain output/CMOS output selectable) x 1
(7) Buzzer output 1

e 4 output modes selectable

(8) Serial port 1

e Synchronous 8-bit transfer
» External clock/internal clock selectable
 MSB head/LSB head selectable
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(9) LCD driver . 34
e At 1/4 duty and 1/3 bias : 120 segments (30 x 4)
e At 1/3 duty and 1/3 bias : 93 segments (31 x 3)
e At 1/2 duty and 1/2 bias : 64 segments (32 x 2)
e Output port selectable by mask option for 8 drivers
« Externally supplied (from power supply voltage)/internally supplied (from built-
in regulator) reference voltage selectable by mask option

(10) RC oscillation method A/D converter : 2 channels
e Time dividing 2-channel method
e Acounter: 1/(10*x 8) x 1
e Bcounter:1/2¥x 1

(11) Capture circuit : 2 channels
e 256 Hz, 128 Hz, 64 Hz and 32 Hz

(12) Watchdog timer
(13) Interrupt causes: 10 causes
e 2 external causes, 5 time base causes, 1 serial port cause, 1 A/D converter
cause and 1 watchdog timer cause
(14) Power supply voltage
e 1.5V/3V selectable by mask option
e Low power consumption
(15) Battery check circuit
(16) Exterior

e Chip
e 80-pin flat package
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Figure 1-1 shows the block diagram of the ML64168.

1.3 Block Diagram
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Figure 1-1 ML64168 Block Diagram
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1.4 Pin Configuration

The pin configuration of the package of ML64168 and the chip exterior figure are shown in
Figures 1-2, 1-3, 1-4 and 1-5.

—
LLI
O e
II><|><
o
~

N
o o0 O
n u u
> O O
o||lo||r~|lo|]|w
o||lo||o||lo||w©

o[ 1 | | 64 | L33/P6.3
L1 [ 2 | | 63 | L32/Pe.2
12 [ 3 | | 62 | L3upe.1
13 [ 4 | | 61 | L30/P6.0
4 [ 5 | | 60 | L29/P5.3
15[ 6 | | 59 | L2g/Ps.2
6 [ 7 | | 58 | L27/P5.1
17 [ 8 | | 57 | L26/Ps.0
18 [ o | | 56 | L25
Lo [ 10 | | 55 | L24
110 | 11 | | 54 | L23
L11 [ 12 | | 53 | L2
L12 [ 13 | | 52 | 121
L13 [ 14 | | 51 ] L20
L14 [ 15 | | 50 | L19
L15 [ 16 | | 49 | L8
L16 [ 17 | | 48 | L17
P20 [ 18 |47 | c2
P21 [ 19 46 | c1
P22 [ 20 | 45 | vpps
P23 | 21 E VpD2
P3.0 | 22 | 43 | vpp
P31 [ 23 | 42 | vppy
P32 [ 24 a1 | RT1

Figure 1-2 ML64168 (GP) Pin Configuration
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Figure 1-3 ML64168 (GA) Pin Configuration
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RESET
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Figure 1-4 ML64168 (TB) Pin Configuration
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ML64168-xxx Chip size : 5.07 mm x 5.50 mm / Thickness : 350 um (Typ.)

60 4
61 40

80 21

Figure 1-5 ML64168 Chip Exterior Figure
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1.5 Pin Description

1.5.1 Description of Each Pin

The basic functions of each pin of the ML64168 are shown in Table 1-1 and their secondary
functions are shown in Table 1-2.

Table 1-1 (A) Description of Pin (Basic Function)

I . Pin No. Input/ .
Classification | Pin name Pad No.| o iput Function
GP GA,TB P
Power supply Vss 32 30 30 — 0V power supply
Vpp 67 65 65 — Positive side power supply
Vbp1 42 40 40 — Bias output for driving LCD
(1.2VIL5V)
Vpp2 44 42 42 — Bias output for driving LCD
(2.4 VI3.0V)
Vbp3 45 43 43 — Bias output for driving LCD (3.6 V/4.5 V)
Vppi 43 41 41 — Positive side power supply for input/
output port interface
C1 46 44 44 — Capacitor connection pins for LCD
c2 a7 45 45 _ driving bias generation

VppL 31 29 29 — Positive side power supply pin for
internal logic (internally generated
constant voltage)

Oscillation XT 69 67 67 Input | Low speed side clock oscillation input
pin:

Connects to the crystal oscillator
(32.768 kHz)

XT 68 66 66 Output | Low speed side clock oscillation output
pin:

Connects to the crystal oscillator
(32.768 kHz)

0SC1 66 64 64 Input | High speed side clock oscillation pins:
Connect to the external resistance of
0SC2 65 63 63 | Output | oscillation (Ros).
Test TSTH 71 69 69 Input | Input pins for test:
= 72 70 70 Input Pulled-up to Vpp inernally.
Reset RESET 70 68 68 Input | System reset input:

When this pin becomes "H" level from
"L" level, the internal state is initialized
and execution of an instruction starts
from address 000H. Pulled-up to Vpp
internally.
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Table 1-1 (B) Pin Description (Basic Functions)

e . Pin No. Input/ .
Classification | Pin name Pad No.| o tput Function
GP GA, TB p

Port P0.0 77 75 75 Input | 4-bit input port (PO):

Can select (1) input with pull-up
resistance, (2) input with pull-down
resistance or (3) input with high
impedance by the port 01 control
P0.2 79 77 77 | Input | register (POLCON).

As a secondary function, P0.0 to P0.3
are assigned external interrupt

PO.1 78 76 76 Input

P0.3 80 78 78 Input | functions and P0.0 and P0.1 are
assigned a capture trigger function.

P1.0 73 71 71 Output | 4-bit output port (P1):

P11 74 72 72 Output Can select NMOS open drain output or

CMOS output by the port 01 control
P1.2 75 73 73 Output | register (POLCON).
P13 76 74 74 Output P1.0is a large current drive output port.

P2.0 18 16 16 Input/ | 4-bit input/output port (P2):

Output | Can select (1) pull-up or pull-down
resistance input, (2) high impedance
P21 19 17 17 Input/ input, (3) NMOS open drain output or
Output (4) CMOS output by the port 2 control
p2.2 20 18 18 Input/ registers 0 to 3 (P20CON to P23CON).
Output | As secondary functions, P2.0 to P2.3
are assigned external interrupt

P2.3 21 19 19 Input/ | functions.
Output
P3.0 22 20 20 Input/ | 4-bit input/output port (P3):

Output | Can select (1) pull-up or pull-down
resistance input, (2) high impedance
P3.1 23 21 21 | Input’ | 00t (3) NMOS open drain output or
Output (4) CMOS output by the port 3 control
pP3.2 24 22 22 Input/ | registers 0 to 3 (P30CON to P33CON).
Output | As secondary functions, P3.0 to P3.3
are assigned external interrupt

P3.3 25 23 23 | Input/ | functions, and P3.3 is assigned a
Output | serial port function.
P4.0 26 24 24 Input/ | 4-bit input/output port (P4):

Output | Can select (1) pull-up or pull-down
resistance input, (2) high impedance
P4.1 27 25 25 Input/ | input, (3) NMOS open drain output or
Output | (4) CMOS output by the port 4 control
registers 0 to 3 (P40CON to 43CON).
P4.2 28 26 26 Input/ As seco_ndary function;, P4.0to P4.3
Output | @€ a_SS|gned external |nterrupt_
functions, P4.0 to P4.2 are assigned a
serial port function and P4.3 is assigned
a monitor function for the A/D converter
RC oscillation clock.

P4.3 29 27 27 Input/
Output
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Table 1-1 (C) Pin Description (Basic Functions)

o ) Pin No. Inout/ )
Classification | Pin name Pad No.| \NP Function
GP | GA,TB Output
Buzzer BD 30 28 28 Output | Output pin for the buzzer drive
A/D converter RTO 33 31 31 | Output | Resistance sensor connection pin for
measurement of Channel 0
CRTO 34 32 32 Output | Resistance/capacitance sensor
connection pin for measurement of
Channel 0.
RSO 35 33 33 Output | Reference resistance connection pin of
Channel 0
CSO 36 34 34 Output | Reference capacitance connection pin
of Channel 0
INO 37 35 35 Input | Input pin of RC oscillation circuit of
Channel 0
RT1 41 39 39 Output | Resistance sensor connection pin for
measurement of Channel 1
RS1 40 38 38 | Output | Reference resistance connection pin of
Channel 1
Ccs1 39 37 37 Output | Reference capacitance connection pin
of Channel 1
IN1 38 36 36 Input | Input pin of RC oscillation circuit of
Channel 1
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Table 1-1 (D) Pin Description (Basic Functions)

Pin No.

Classification | Pin name op GA.TB Pad No. (l)r:ﬁgblt Function
LCD driver LO 1 79 79 | Output | LCD segment/common signal output
L1 2 80 80 | output | P
L2 3 1 1 Output
L3 4 2 2 Output
L4 5 3 3 Output
L5 6 4 4 Output
L6 7 5 5 Output
L7 8 6 6 Output
L8 9 7 7 Output
L9 10 8 8 Output
L10 11 9 9 Output
L11 12 10 10 Output
L12 13 11 11 Output
L13 14 12 12 Output
L14 15 13 13 Output
L15 16 14 14 Output
L16 17 15 15 Output
L17 48 46 46 Output
L18 49 47 47 | Output
L19 50 48 48 Output
L20 51 49 49 Output
L21 52 50 50 Output
L22 53 51 51 Output
L23 54 52 52 Output
L24 55 53 53 Output
L25 56 54 54 Output
L26/P5.0 57 55 55 Output | LCD segment/common signal output
L27/P5.1 58 56 56 Output | pins.
L28/P5.2 59 57 57 | Output | Can function as output ports by the
L29/P5.3 60 58 58 Output | mask option.
L30/P6.0 61 59 59 Output
L31/P6.1 62 60 60 Output
L32/P6.2 63 61 61 | Output
L33/P6.3 64 62 62 | Output
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Table 1-2 Pin Description (Secondary Functions)

Classification | Pi Pin No. Pad No.| NPut/ Functi
assification in name ad No. unction
GP GA, TB Output
External P0.0 77 75 75 Input | Secondary function:
interrupt P0.1 78 76 76 An external interrupt input pin.
P0.2 79 77 77 Can receive interrupt by level change.
P0.3 80 78 78
P2.0 18 16 16 Input | Secondary function:
P2.1 19 17 17 An external interrupt input pin.
pP2.2 20 18 18 Can receive interrupt by level change.
P2.3 21 19 19
P3.0 22 20 20
P3.1 23 21 21
P3.2 24 22 22
P3.3 25 23 23
P4.0 26 24 24
P4.1 27 25 25
P4.2 28 26 26
P4.3 29 27 27
Capture P0.0 77 75 75 Input | Secondary function:
trigger PO.1 78 76 76 Trigger input pin of the capture circuit.
Serial port P3.3 25 23 23 Input | Secondary function:
Assigned to data input (SIN) of the
serial port.
P4.0 26 24 24 Output | Secondary function:
Assigned to data output (SOUT) of the
serial port.
P4.1 27 25 25 Output | Secondary function:
Assigned to ready output (SPR) of the
serial port.
P4.2 28 26 26 Input/ | Secondary function:
Output Assigned _to clock input/output (SCLK)
of the serial port.
RC oscillation P4.3 29 27 27 Input | Secondary function:
monitor Monitor output pin of the RC oscillation
clock for the system clock and the RC
oscillation clock for the A/D converter.
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1.5.2 Unused Pin Description

Table 1-3 shows processing of unused pins.

Table 1-3 Processing of Unused Pins

Pin Recommended pin connection
0OSsC1 Open
0sC2 Open
TST1, TST2 Open
P0.0 to P0.3 "L" level, "H" level or open (depends on input mode selection)
P1.0to P1.3 Open
P2.0to P2.3 At input: "L" level, "H" level or open (depends on input mode selection)
At output: Open
P3.0to P3.3 At input: "L" level, "H" level or open (depends on input mode selection)
At output: Open
P4.0to P4.3 At input: "L" level, "H" level or open (depends on input mode selection)
At output: Open
BD Open
RTO Open
CRTO Open
RSO Open
CS0 Open
INO Open
RT1 Open
RS1 Open
CS1 Open
IN1 Open
LO to L33 Open
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1.6 Basic Timing

The ML64168 generates a system clock (CLK) by one of two methods, a 32.768 kHz crystal
oscillator or a 700 kHz RC oscillator.

A phase of CLK correspondes with a phase of XT or OSC1.

Each instruction is processed/executed between one machine cycle (minimum) and five
machine cycles (maximum).

The S1 state of the first machine cycle (M1) of an instruction is M1S1.

Figure 1-6 shows the relationship among system clock (CLK), the three states (S1, S2 and
S3) and machine cycles.

M1 M2 M3

Machine cycles <

A 4
A
A 4

A
A 4

States 51|52|33 31|sz|53 31|sz|ss

- ey
M1l.S1 ,—l

Figure 1-6 Machine Cycle Definition
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Chapter 2 CPU

2.1 Overview

The instruction set of the ML64168 is composed of 148 different instructions that contain byte
operations. The address space of the ML64168 is divided into 8-bit width program memory
area and a 4-bit width data memory area.

Program data and 32-byte test data are assigned to the program memory area inside the chip.
The data memory area has 512-nibble RAM in Bank 7 and Bank 6 and the special function
registers (SFRs) in Bank 0.

Stacks for subroutines and interrupts are placed in the 128 nibbles from address 780H to
address 7FFH in Bank 7 by the stack pointer. Figure 2-1 shows each register and memory
space.

Data memory Program memory
7FFH =371 o 1FFFH
zR?em . : Testdaarea |)ppgy
BANK7 |...£291N . i ;
780H ; 1FDFH
oo [ ee ]
BANKE RAM Program ROM
256N ; ;
600H
~ I~
- [
.............. E1oo|-| 003EH
§ ‘ Interruptarea | 5550
BANKO :80H CZP area 0010H
SFR : :
00H ... i . 0000H
Figure 2-1 Registers and Memory Space
Notes:

(1) Banks in data memory can be specified by the contents of the bank select registers
(BSRO and BSR1) and the state of the bank control flags (BCF and BEF).

(2) The 32 bytes of address 1FEOH to 1FFFH in the program memory are for a factory test
data area and cannot be used for a program data area.
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2.2 Layout of Registers

Figure 2-2 shows the layout of registers of the ML64168.

A register

B register (accumulator)

Program counter (PC)

BA register pair

3 0 3 0 7 6 1 0
H register L register 1 Stack pointer 1
HL register pair f f
"1" fixed "1" fixed
3 0 3 0
X register Y register C | C (carry flag)

XY register pair

3 2 1 0 3 2 1 0

BEF BSR1 BCF BSRO

Bank select register (BSR)

Figure 2-2 Register Layout of ML64168
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2.2.1 Registers A, B, H, L, XandY

The A register (accumulator) is a central register of each operation processing. There are
five working registers of B, H, L, X and Y. The B register combined with the A register
plays a central role for processing byte data. Hand L registersand X and Y registers are used
forindirect addressing of data memory and for working registers of byte processing when they
are used in pair. Figure 2-3 shows the possible combination of data transfer among each
register and data memory.

(a) 4-bit transfer

nX-4/30
Data memory
//
H \ L // Md
N
B -~ A M (HL)
X Y \\\ M (XY)
(b) 8-bit transfer
nX-4/30
Data memory
| —
H L i Mbd
/:/
P —
B A Mb (HL)
\\\
X Y - Mb (XY)

Note: - , « : data transfer instruction
- . data exchange instruction

Figure 2-3 Combination of Data Transfer among Registers

Here, "M"refers to data memory, index "d" refers to direct addressing mode, "(HL)" and "(XY)"
refer to indirect addressing mode and "b" refers to byte data. The arrow indicates the data
transfer direction.

When an interrupt is generated, the register pairs of BA and HL are automatically saved to
the stack.
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2.2.2 Program Counter (PC)

This is a counter of 13 bits and can select a program area of internal 8K bytes.

2.2.3 Stack Pointer (SP)

The stack pointer (SP) is aregister to indicate the top address of the stack assigned from 7EH
to 7FH on data memory bank 0.

SP is a 6-bit byte-processing-only up/down counter in which the lowest and the highest bits
are fixed as "1". SP is counted down when data was saved to the stack and is counted up
when data was returned from the stack.

At system reset, SP becomes "OFFH" and the stack addresses become OFFH and OFEH in
Bank 7.

Please use a byte processing instruction for modification and read-out of the contents of SP.
4-bit processing instructions cannot read/write the contents of SP.

Bits 0 and 7 of SP are ignored at data write instructions and "1" is always read out by data
read instructions.

(BANKO) Stack
7FH 7EH Address  (BANK7)
SP 11111 ]0|1]1 OFFH
v { V OFEH
7 6 5 4 3 2 1 0 OFDH
Stackaddress | 1 |1 |1 |1 |1 1 OFCH

Figure 2-4 Relation between Stack Pointer (SP) and Stack Address

2.2.4 Carry Flag (C)
This is a one-bit flag and is loaded with a carry at the add instruction and is loaded with a

borrow at the subtraction instruction. When an interruptis generated, itis automatically saved
to a stack.
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2.3 Memory Space
2.3.1 Program Memory Space

The program memory space is a memory area for program data, the interrupt vector table,
the CZP area, the start address area and the test data area.

The data length is 8 bits and is assigned from address O to address 8191.

1FFFH Test data area I 32B 4
1FDFH
8192B

003EH

0020H | Interrupt vector table 30B

0010H CZP area 16B

0000H v

Note: "B" means 8 bits.
<+— 8 Bits —»

Figure 2-5 Program Memory Address Space

The address space of program memory is shown in Figure 2-5.

Address OH is the start address of the instruction execution at system reset. The "CZP area"
from address 10H to 1FH is the start address range of a CZP subroutine of one byte call
instruction and maximum of 8 instructions can be placed. The interrupt vector table is
assigned from address 020H to 03DH. 32 bytes from address 1FEOQ to 1FFF are a test data
area and cannot be used as a program memory area.

For details of interrupts, refer to Chapter 4 "Interrupt" and related chapters for peripheral
functions.
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2.3.2 Data Memory Space
2.3.2.1 Data Memory Space

The data memory space is assigned data memory and special function registers (SFRs) and
is located in a different address space from the program memory space. The data length is
4 bits. The data memory space uses two bank areas with 256 nibbles as one bank unit; one
for the SFR area of Bank 0; the other for the data/stack area from address 600H to address
7FF in Bank 6/Bank 7.

PR Data/stack
ata/stac
BANK 7 area 128N
RAM area
6FFH
BANK 6 512N
Data area
5FFH 3 384N
Access disabled area
A4FFH
(address) <Contents from address 000 to 07FH>
BANK 0
07FH
3FFH
Stack pointer 4
07EH
HALT
07DH
2FFH MIEFE
07CH
128N
1FFH Other SFR
areas
- BANKOQ -~ v
07FH
000H SFR area 000H Y
-—— 4 Bits —» — 4 Bits —»

Note: "N" means 4 bits.

Figure 2-6 Data Memory Address Space

Figure 2-6 shows the address space of datamemory. The "stack area" is a data-escape area
used by subroutines and interrupts and is valid up to a maximum of 128 N in the direction
toward lower addresses starting from the highest address of 7FFH of data memory.

Special function registers (SFRs) are assigned from address 07FH in Bank 0 in the direction
toward lower addresses. For addressing mode of the data memory space, the upper 3 bits
of the 11 bits of the data memory address can be determined by specifying the bank while
the lower 8 bits are determined by either the HL indirect addressing mode, the XY indirect
addressing mode or the direct addressing mode.

However, addresses OH to 7FH of Bank 0 are an exception and if this area is selected
by setting the bank common flag (BCF) to 1 in direct addressing mode, Bank 0 is always
selected unconditionally. Bank selection is ignored for this case.
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2.3.2.2 Bank Selection of Data Memory

Bank selection in data memory can be performed by the bank select registers (BSRO and
BSR1), the bank common flag (BCF) and the bank enable flag (BEF). These registers and
flags can be saved and resorted to the stack altogether by the "PUSH BSR" and "POP BSR"
instructions.

The HL indirect addressing mode, the XY indirect addressing mode, the direct addressing
mode and the stack indirect addressing mode are available for intra-bank addressing in data
memory. How each bank can be selected depends on the above mode.

Table 2-1 shows the functions of BCF and BEF. As shown in this table, the bank can be
selected by BCF, BEF and addressing mode. "BSR0" and "BSR1" in the table indicate that
a bank can be selected by BSR0O and BSR1, respectively. In direct addressing mode, Bank
0 can be selected unconditionally only when BCF = 1 and the addresses are specified as
0 to 7FH.

Table 2-2 shows the correspondence between the contents of BSR0 and BSR1 and the bank
number.

Table 2-1 Relation between BCF, BEF and Bank Specification by Addressing Mode

HL indirect XY indirect ) . SP indirect
BCF BEF ) . Direct addressing .
addressing | addressing addressing
0 0 BSRO BSRO BSRO <BANK7>
0 1 BSRO BSR1 BSR1
1 0 BSRO BSRO * When addresses in bank are

0 to 7FH:<BANKO>

* When addresses in bank are
80 to FFH:BSRO

1 1 BSRO BSR1 * When addresses in bank are
0 to 7FH:<BANKO>

* When addresses in bank are
80 to FFH:BSR1

Table 2-2 Correspondence between Contents of BSR0, BSR1 and Bank Number

BSRO, BSR1 Bank number BSRO, BSR1 Bank number
0 BANKO 4 BANK4
1 BANK1 5 BANK5
2 BANK2 6 BANK6
3 BANK3 7 BANK7

Note : BANK1 to BANK5 cannot be accessed.
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2.3.2.3 Addressing Modes of Data Memory

(1) HL indirect addressing mode

Addresses within a bank can be specified by the HL register pair.

H register L register
H3 H2 H1 HO L3 L2 L1 LO
Bank
l—lj\ specification i
10 9 8 7 6 5 4 3 2 1 0
Data
memory H3 H2 H1 HO L3 L2 L1 Lo
address
Figure 2-7 Data Memory Address of HL Indirect Addressing
(2) XY indirect addressing mode
Addresses within a bank can be specified by the XY register pair.
X register Y register
X3 X2 X1 X0 Y3 Y2 Y1 YO
Bank
,—‘:\ specification l
10 9 8 7 6 5 4 3 2 1 0
Data
memory X3 X2 X1 X0 Y3 Y2 Y1 YO
address

Figure 2-8 Data Memory Address of XY Indirect Addressing
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(3) Direct addressing mode

Addresses in a bank can be specified by 8-bitimmediate data contained in the instruction

code.

Immediate data

m7 mé m5 m4 m3 m2 ml mO
Bank
l—lj\ specification l
10 9 8 7 6 5 4 3 2 1 0
Data
memory m7 m6 m5 m4 m3 m2 ml mO
address

Figure 2-9 Data Memory Address of Direct Addressing

(4) Stack pointer indirect addressing mode

Addresses within Bank 7 can be specified by the stack pointer (SP). This mode is used
when manipulating stacks such as the "PUSH" and "POP" instructions and subroutine
call, return instructions and interrupts.

In this mode, Bit 0 of the address is not valid as data are always handled in 8 bits (two
nibbles). Although SP is an 8 bit register, the highest and the lowest bits always are fixed
as "1" and the remaining 6 bits function as an up/down counter.

Stack Pointer

1 SP6 SP5 SP4 SP3 SP2 SP1 1

10 9 8 7 6 5 4 3 2 1 0
Data 1
memory 1 1 1 1 SP6 SP5 SP4 SP3 SP2 SP1 0
address

Figure 2-10 Data Memory Address by Stack Pointer Indirect Addressing
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Chapter 3 CPU Control Functions

3.1 Overview
The ML64168 has halt mode besides operation mode. Operation status can be classified as
follows including system reset mode:

* Normal operation mode
» System reset mode
» Halt mode

Figure 3-1 shows transition among each state.

HLT ="1"

Normal
operation
mode

Halt mode

A

Interrupt generated

RESET ="L"

RESET = "L"

Power-on detected
Crystal oscillation halt detected

RESET = "H"

Figure 3-1 Operation Transition Diagram

Normal operation mode is a state that the CPU executes instructions successively. System
reset mode is a state starting when the CPU begins system reset processing until each
register and each pin are initialized to start execution of the instruction.

Halt mode is a state that the CPU repeats fetching the next instruction only and suspends the
execution of instruction. Count-up to the PC is not performed in halt mode. Although the
execution of the instruction is suspended in halt mode, internal peripheral functions continue
to operate. Transition to this state begins by setting the HLT flag to "1". Halt mode does not
influence the functions of ports and peripheral functions.
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3.2 System Reset Function

3.2.1 System Reset Operation by RESET Input Pin

System reset mode is started when either power is turned on, crystal oscillation stops or the
RESET pin becomes "L" level. In system reset mode, the following take place:

(1) The CPU is initialized.

(2) The power supply Vpp. for the crystal oscillation circuit and the logic circuit is set to the
Vpp Voltage level.

At 0.5 second after crystal oscillation starts, Vpp,_is switched to a constant voltage level
which is output of the power supply generation circuit for logic (VR).

(3) The power supply generation circuit for logic (VR) is activated.

(4) The output from the LCD driver is turned off at the Vgg level. At about 63 ms after the
crystal oscillation starts, waveforms are output to the LCD driver.

(5) Allthe special function registers (SFRs) are initialized. After the system reset process-
ing, the execution of an instruction is started from address O0O0H.

Figures 3-2 and 3-3 show the system reset generation circuit and each signal at system reset.

ReseT ()

Crystal
oscillation —»

output

Vbp
2 kQ (Typ.)
Vop
¢ jul ) RESETO
v ) > (Time base
P counter reset)
Power ON S Q+——» RESETS
detection 8 Hz IR (System reset)
—S QF——® CNT Vgs_
(Logic power
_ 1Hz—R supply
Detection of (from the time control)
oscillation halt base counter)

Figure 3-2 System Reset Generation Circuit
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RESET 0 J

(Time base counter reset)

Crystal
oscillation - 32.768 kHz
output

0.5 sec

Vbb
Logic J
power VppL 1.5Vor3.0V
supply

A
\j

1.3V level

VssL

RESETS J

(System reset)

Vop
/ \ (OFF) V ON waveform
LCD driver
output T

CPU start

Figure 3-3 Each Signal at System Reset Generation
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3.2.2 State at System Reset

Table 3-2 shows the state of the registers after system reset.

Table 3-2 (a) Initial Values at System Reset

Register/Flag valueat Note
system reset

Program counter (PC) 000H

A register (A) OH

B register (B) OH

Carry flag (C) 0

HL register pair (HL) 00H

XY register pair (XY) 00H

Stack pointer (SP) OFFH

Bank select register 0 (BSRO0) OH

Bank select register 1 (BSR1) OH

Bank common flag (BCF)

Bank enable flag (BEF)

Port 1 register (P1) OH

Port 2 register (P2) OH

Port 3 register (P3) OH

Port 4 register (P4) OH

Port 20 control register (P20CON) OH Input mode, input with pull-up/pull-down
resistance, 64 Hz sampling, interrupt disabled

Port 21 control register (P21CON) OH Input mode, input with pull-up/pull-down
resistance, 64 Hz sampling, interrupt disabled

Port 22 control register (P22CON) OH Input mode, input with pull-up/pull-down
resistance, 64 Hz sampling, interrupt disabled

Port 23 control register (P23CON) OH Input mode, input with pull-up/pull-down
resistance, 64 Hz sampling, interrupt disabled
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Table 3-2 (b) Initial Values at System Reset

Register/Flag

Value at

system reset

Note

Port 30 control register (P30CON) OH Input mode, input with pull-up/pull-down
resistance, 64 Hz sampling, interrupt disabled

Port 31 control register (P31CON) OH Input mode, input with pull-up/pull-down
resistance, 64 Hz sampling, interrupt disabled

Port 32 control register (P32CON) OH Input mode, input with pull-up/pull-down
resistance, 64 Hz sampling, interrupt disabled

Port 33 control register (P33CON) OH Input mode, input with pull-up/pull-down
resistance, interrupt disabled

Port 40 control register (P40CON) OH Input mode, input with pull-up/pull-down
resistance, interrupt disabled

Port 41 control register (P41CON) OH Input mode, input with pull-up/pull-down
resistance, interrupt disabled

Port 42 control register (P42CON) OH Input mode, input with pull-up/pull-down
resistance, interrupt disabled

Port 43 control register (P43CON) OH Input mode, input with pull-up/pull-down
resistance, interrupt disabled

Port 01 control register (POLCON) 8H P1 CMOS output mode, PO, P2, P3, P4 input
with pull-up resistance

Serial port control register (SCON) OH MSB head, internal clock, transfer disabled

Serial port buffer lower register (SBUFL) OH

Serial port buffer upper register (SBUFH) OH

Frequency control register (FCON) OEH Crystal oscillation clock

Buzzer driver control register (BDCON) OH Positive logic output, buzzer disabled, discon-
tinuous sound 1 output

Buzzer frequency control register (BFCON) OH Output halt

Capture control register (CAPCON) OH Capture 0,1 halt

Capture register 0 (CAPRO) OH

Capture register 1 (CAPR1) OH

Display control register (DSPCON) OCH 1/4 duty

Display registers 0 to 30 (DSPRO to 30) OH
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Table 3-2 (C) Initial Values at System Reset

Register/Flag Valueat Note
system reset
A/D converter control register 0 (ADCONO) OCH Counter A select, RC oscillation halt
A/D converter control register 1 (ADCON1) OH INO clock input mode
A/D converter counter A register 0 (CNTAOQ) OH
A/D converter counter A register 1 (CNTAL) OH
A/D converter counter A register 2 (CNTA2) OH
A/D converter counter A register 3 (CNTA3) OH
A/D converter counter A register 4 (CNTA4) 8H
A/D converter counter B register 0 (CNTBO) OH
AJID converter counter B register 1 (CNTB1) OH
A/D converter counter B register 2 (CNTB2) OH
A/D converter counter B register 3 (CNTB3) OCH
Watchdog timer control register (WDTCON) — Reset the watchdog timer counter
Backup control register (BUPCON) 8H 1.3V level
Interrupt request register 0 (IRQO) OH
Interrupt request register 1 (IRQ1) OH
Interrupt request register 2 (IRQ2) OCH
Interrupt enable register 0 (IE0) OH Interrupt disabled
Interrupt enable register 1 (IE1) OH Interrupt disabled
Interrupt enable register 2 (IE2) OEH Interrupt disabled
Helt mode register (HALT) OEH Normal operation mode
Master interrupt enable register (MIEF) OEH Interrupt disabled

Note: System reset has the highest priority over all other processing and all the processes
are suspended at system reset. Consequently, there is no guarantee for the contents
of RAM that is initialized at system reset.
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3.3 Halt Mode
3.3.1 Halt Mode Register (HALT)

This is a special function register (SFR) that controls transition to halt mode.

bs b, b, Po

HALT (7DH)
RW) | | T HLT

Halt mode transition selection flag
0: Normal operation mode (initial value)
1. Halt mode

*Reserved bit: "1" is always read out. Not valid for write.

Bit O: HLT

This is a flag to enter halt mode. By setting the HLT flag to "1", the CPU enters halt mode at
the first machine cycle of the next instruction.

3.3.2 Operation of Halt Mode

When executing an instruction to setthe HLT flag to "1", the CPU enters halt mode at the first
machine cycle of the next instruction. However, since the condition for the release of halt
mode is an interrupt request, the CPU does not enter halt mode in interrupt request state.

In halt mode, operation of oscillation and the time base counter is still continued and the CPU
halts at fetching state S1 for the next instruction.

System reset or an interrupt can release halt mode (reset of the HLT flag). To release halt
mode by an interrupt, it is necessary to set the interrupt enable flag to "1" before entering halt
mode. Figure 3-4 shows timing to enter halt mode and release timing of halt mode by an
interrupt.

Execution of instructions after the release of halt mode depends on the status of the master
interrupt enable flag (MI). When the Ml flag is "1", execution of instructions is resumed after
one dummy cycle by an interrupt process routine as shown in Figure 3-4. When the Ml flag
is"0", execution of instructions is resumed with adummy cycle after the following address that
the halt instruction is placed as shown in Figure 3-5.

Note: To release halt mode, it is necessary to set an individual interrupt enable flag to "1"
regardless of the state of the MI flag. When halt mode is released while the Ml flag is
"0", the individual interrupt request flag is set to "1".
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LMAD 7DH :
™ M(7DH) « A — ™
M1 M2 (A=1p)
System clock: Si S2 S3 SI S2 S3 S1 S1 Si i S1 S2 S3 S1 S2 S3 Sl

U HUUUUUUUUU U

HLT |
Interrupt request:

INT

| Halt instruction > Halt mode > < UMMy Interrupt
execution cycle routine

Figure 3-4 Timing of Halt Mode Set and Halt Mode Reset by Interrupt
(when the Ml flag = "1")

LMAD 7DH :

[ M(7DH) - A —™
M1 M2 (A=1p)
System clock: Sl S2 S3 Sl S2 S3 S1 S1 S1 i s1t s2 s3 s

w J U UUUUUU L

HLT |
Interrupt request:

0
N
n
w_
%2}

INT

' Halt instrl_Jction » Halt mode Dummy
execution cycle

- \ —
Execution of instruction at
next address of halt instruction

Figure 3-5 Timing of Halt Mode Set and Halt Mode Reset by Interrupt
(when the Ml flag = "0")
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Chapter 4 Interrupt (INTC)

4.1 Overview

The ML64168 has ten interrupt causes (10 vector addresses), two of which are external
interrupts from ports and 8 are internal interrupts.

Of the ten interrupt causes, only the watchdog interrupt cannot be disabled (non-maskable
interrupt) and other 9 interrupts are controlled by the master interrupt enable flag (MI) and
each interrupt enable register (IEO, IE1 and IE2) for enabling/disabling interrupts. When an
interrupt condition is met, CPU branches to a vector address corresponding to the interrupt
cause.

Table 4-1 shows the list of interrupt causes and vector addresses and Figure 4-1 shows the
interrupt control equivalent circuit.

Table 4-1 List of Interrupt Causes

No. Interrupt cause Mnemonic Vector address
1 Watchdog timer interrupt WDTINT 03BH
2 External O interrupt (P2, P3, P4) XIOINT 038H
3 Serial port interrupt SIOINT 035H
4 External 1 interrupt (PO) XIZINT 032H
5 A/D converter interrupt ADINT 02FH
6 256 Hz interrupt 256HzINT 02CH
7 32 Hz interrupt 32HzINT 029H
8 16 Hz interrupt 16HzINT 026H
9 1 Hz interrupt 1HzINT 023H
10 0.1 Hz interrupt 01HzINT 020H

When two interrupt causes are generated simultaneously, the interrupt with the higher vector
address (WDTINT has the highest priority) is given the priority and is executed accordingly.

For details of each interrupt operation, refer to Chapter 6 "Time Base Counter," Chapter 7
"Ports," Chapter 8 "Serial Port," and Chapter 12 "A/D Converter".

(Notes)
The interrupt requests which are generated in the following cases are temporarily held.
1) As aresult which executed an instruction with skip, when the skip condition is established.

(The skip action expends the same time as the executive machine cycle of the instruction to be skipped. For this
reason, the interrupt requests are held during the same as the executive machine cycle of the instruction to be
skipped.)

2) When LAI and LLI instructions (vertical stack instruction) are executed.
3) When ADCS and SUBCS instructions are executed.

The interrupt requests which are temporarily held in the abovementioned cases are received after the execution of
the instructions is finished if the next coming instructions are not fitted to the aforementioned conditions.
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XIOINT

SIOINT

XI1INT

ADINT

256HzINT

32HzINT

16HzINT

1HzINT

O1HzINT

WDTINT

Interrupt
vector
address

lapoaua Aluoud

IRQO IEO
IRQO.0 oxI0 |E0,0,§;,/0 EXIO
IRQO.1 0810 |E0,1,§);0 ESIO
IRQO.2 o1 |E0.2,§ﬁc EXIL
IRQO.3 0AD IE0.3 j,/c EAD

IRQ1 IE1
IRQL.0 Q2s6Hz IEl.OZC E256Hz
IRQL.1 - |E1.1;ﬁc E32Hz
IRQL.2 QL6Hz IEl.Z”?;c E16Hz
IRQL.3 QLHz IEl.3”§);,/c ElHz

IRQ2 IE2
IRQ2.0 Q01Hz |Ez.0?;C EO1Hz
IRQ2.1 owDT

Ml

1 -

) -

Figure 4-1 Interrupt Control Equivalent Circuit
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4.2 Interrupt Sequence

Transition to interrupt processing is performed by generating an individual interrupt cause

while the Ml flag is set to "1".

An interrupt transition cycle is equivalent to 5 machine cycles and the following are executed:
(1) The Ml flag is reset to "0".
(2) Thecontentsof PC, A, B,Hand Lregisters andthe carry flag (C) are saved to stack.
(3) The stack pointer (SP) is decremented by 4 (SP ~ SP-4).

(4) The program counter (PC) is loaded with the head address of the vector address.
At the same time, the interrupt request flag for that interrupt is reset.

Figure 4-1 shows the contents of the stack after the generation of an interrupt.

BANK 7
3 2 1 0
SP location —» —OFFH c PC14 PC13 PC12
before interrupt
'—OFEH | PC11 to PC8
— OFDH PC7 to PC4
-1
L OFCH PC3 to PCO
— OFBH B
-2
L OFAH A
— OF9H H
-3
L— OF8H L
SP location _ » [—OF7H
after interrupt 4
L OF6H

Figure 4-2 Contents of Stack after Interrupt Generation

Return from the interrupt routine is performed by the "RTI" instruction.
The return cycle is equivalent to 5 machine cycles and the following are carried out:

(1) Thecontents of PC, A, B, H and L registers and the carry flag (C) are restored from
the stack.

(2) The stack pointer (SP) is incremented by 4 (SP — SP+4).
(3) The Ml flag is set to "1".
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4.3 Interrupt Control Registers
4.3.1 Interrupt Request Registers (IRQO, IRQ1 and IRQ2)

Each interrupt request register (IRQO, IRQ1 and IRQ2) is composed of a 4-bit register. When
an interrupt request is generated, a corresponding bit is set to "1" in the S1 state of the first
machine cycle. When an interrupt is enabled by the interrupt enable register (IEO to 2), the
interrupt is requested to the CPU. The watchdog timer interrupt does not have an interrupt
mask function caused by the interrupt enable register. By writing "1" to the interrupt request
register, it is possible to generate a soft interrupt. When an interrupt is received, the
corresponding bits of IRQO, IRQ1 and IRQ2 are reset to "0" by hardware. IRQO, IRQ1 and
IRQ2 are initialized to OH at system reset.

bs b, b, by
IRQO (34H)
(RIW) QAD QXI1 QsIo QXI0

A/D converter interrupt request flag 4,

0: No request (initial value)
1: Request

External 1 interrupt request flag
0: No request (initial value)
1: Request

Serial port interrupt request flag
0: No request (initial value)
1: Request

External O interrupt request flag
0: No request (initial value)
1: Request

Bit 3: QAD
This bit is set to "1" by the counter overflow signal of the A/D converter.

Bit 2: QXI1
This bit is set to "1" by the change of input level of P0.0 to PO.3.

Bit 1: QSIO
This bit is set to "1" when data transfer of 8 bits of the serial port is finished.

Bit 0: QXIO
This bitis setto "1" by the change of input level of P2.0to P.2.3, P3.0to P3.3and P4.0to P4.3.
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b3 b2 bl bo

IRQ1 (35H)
(R/W) Q1Hz Q16Hz Q32Hz | Q256Hz

1 Hz interrupt request flag 4,

0: No request (initial value)
1. Request

16 Hz interrupt request flag
0: No request (initial value)
1: Request

32 Hz interrupt request flag
0: No request (initial value)
1: Request

256 Hz interrupt request flag
0: No request (initial value)
1. Request

Bit 3: Q1Hz
This bit is set to "1" by falling of the 1 Hz output of the time base counter.

Bit 2: Q16Hz
This bit is set to "1" by falling of the 16 Hz output of the time base counter.

Bit 1: Q32Hz
This bit is set to "1" by falling of the 32 Hz output of the time base counter.

Bit 0: Q256Hz
This bit is set to "1" by falling of the 256 Hz output of the time base counter.
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b3 b2 b]_ bO
L — * QWDT | QO1Hz

IRQ2 (33H)
RW) | T

Watchdog timer interrupt request flag
0: No request (initial value)
1. Request

0.1 Hz interrupt request flag
0: No request (initial value)
1. Request

*Reserved bit: "1" is always read out. Not valid for write.

Bit 1: QWDT
This bit is set to "1" by overflow of the watchdog timer. Interrupt disable cannot be allowed
by the interrupt enable register.

Bit 0: Q01Hz
This bit is set to "1" by falling of the 0.1 Hz output of the time base counter.
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4.3.2 Interrupt Enable Registers (IEO, IE1 and IE2)

Each interrupt enable register (IEO, IE1 and IE2) is composed of a 4-bit register and
determines whether a request is sent to the CPU or not by AND with a corresponding bit of
the interrupt request registers (IRQO, IRQ1 and IRQ2).

When multiple interrupts are requested to the CPU, those interrupts with higher priority
(higher vector address) as shown in Table 4-1 are processed first and the interrupts with lower
priority are held up during that time.

Although the master interrupt enable flag (MI) is cleared to "0" during an interrupt transition
cycle, each bit of IEO to IE2 is not cleared.

The interrupt enable registers (IEO to 2) can be rewritten only when the master interrupt
enable flag (MI) is reset to "0".

b3 b2 bl bO

IEO  (30H)
(RIW) EAD EXI1 ESIO EXIO

A/D converter interrupt enable flag 4,

0: Disabled (initial value)
1: Enabled

External 1 interrupt enable flag
0: Disabled (initial value)
1. Enabled

Serial port interrupt enable flag
0: Disabled (initial value)
1: Enabled

External O interrupt enable flag

0: Disabled (initial value)
1: Enabled
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I[E1  (31H)

(RIW)

1 Hz interrupt enable flag
0: Disabled (initial value)
1: Enabled

16 Hz interrupt enable flag
0: Disabled (initial value)
1: Enabled

32 Hz interrupt enable flag
0: Disabled (initial value)
1: Enabled

256 Hz interrupt enable flag
0: Disabled (initial value)
1: Enabled

by b, b, bo

El1Hz E16Hz E32Hz E256Hz

]

IE2  (32H)

(RIW)

0.1 Hz interrupt enable flag

bo

EO1Hz

0: Disabled (initial value)
1: Enabled

*Reserved bit: "1" is always read out. Not valid for write.
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4.3.3 Master Interrupt Enable Register (MIEF)

The Ml flag of the master interrupt enable register (MIEF) is to control disabling/enabling of
all the interrupts excepting watchdog timer interrupt. When setto "1", interruptis enabled and
when set to "0", interrupt is disabled.

When an interrupt is received, the Ml flag is reset to "0" during the interrupt transition cycle
and is setto "1" by executing the RTl instruction which is a return instruction from the interrupt

process routine.

It is also possible to do multiple interrupt processing by setting this flag to "1" during an
interrupt process routine.

bs b, b, by

MIEF (7CH) . . .
RwW) | Tt Mi

Master interrupt enable flag
0: Interrupt disabled (initial value)
1: Interrupt enabled

*Reserved bit: "1" is always read out. Not valid for write.

Table 4-2 shows the list of interrupt-related registers.

Table 4-2 List of Interrupt Related Registers

Register name Symbol | Address |Read/Write|Byte access Value at
system reset
Interrupt enable register 0 IEO 30H R/W Ves OH
Interrupt enable register 1 IE1 31H R/W OH
Interrupt enable register 2 IE2 32H R/W Ves OEH
Interrupt request register 2 IRQ2 33H R/W OCH
Interrupt request register 0 IRQO 34H R/W Yes OH
Interrupt request register 1 IRQ1 35H R/W OH
Master interrupt enable register| MIEF 7CH R/W No OEH
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Chapter 5 Clock Generation Circuit (2CLK)

5.1 Overview

The clock generation circuit (2CLK) of the ML64168 is composed of a 32.768 kHz crystal
oscillation circuit, a 700 kHz RC oscillation circuit and a clock control part. It generates the
system clock (CLK) and the time base clock (32.768 kHz).

The system clock is the basic operation clock of the CPU while the time base clock is the basic
operation clock of the time base counter and the buzzer driver.

By the contents of the frequency control register (FCON) the system clock can be switched
at between 32.768 kHz which is output of the crystal oscillation circuit and 700 kHz which is
output of the RC oscillation circuit.

Note: The oscillation frequency of the RC oscillation circuit varies depending on the value of
external resistance (Rps), operating power supply voltage (Vpp) and ambient temperatures
(Ta). In this manual, the output of the RC oscillation circuit is taken as 700 kHz for
convenience.

5.2 Layout of Clock Generation Circuit

Figure 5-1 shows layout of the clock generation circuit.

|
i ML64168
' v 32.768 kHz crystal
! SS oscillation circuit
L
| Ceo
i T Y
. Mask option VDDL
XT A i
IO ° * >—|> » Time base clock
i (32.768 kHz)
32.768 kHz i Vss
crystal ' Rs¢
s 32.768
P 5 System clock
stem cloc
700 kHz RC oscillation circuit 700kHz | = (gLK)
i
» 700 kHz: To port 4.3

Ros ' Cos Clock
i li switch
' control

A
osci] B [> '—[>

reon |
Write FCON

A
1

\d

Internal
data bus

Figure 5-1 Layout of Clock Generation Circuit
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5.3 Operation of Clock Generation Circuit

The 32.768 kHz crystal oscillation circuit oscillates by installing a 32.768 kHz crystal
externally. When micro-tuning the 32.768 kHz frequency by an external capacitor, the built-
in capacitance (Cg) can be cut off by selecting a mask option.

The 700 kHz oscillation circuit oscillates by installing a resistance (Rpg) externally. The RC
oscillation circuit operates only when the system clock is set to the 700 kHz RC oscillation
clock orwhenitis setto CPU clock output mode for high speed system clock by test functions.
Otherwise it halts oscillation. For details of the test functions, refer to Chapter 15 "Test
Circuit".

Selection of the system clock is performed by the frequency control register (FCON). When
Bit 0 of FCON (CPUCLK) is reset to "0", output of the crystal oscillation circuit (32.768 kHz)
becomes the system clock and when CPUCLK is setto "1", output of the RC oscillation circuit
(700 kHz) becomes the system clock. Even though the 700 kHz oscillation circuit is selected,
the crystal oscillation circuit is not halted.

When the crystal oscillation circuit is chosen as the system clock, oscillation of the RC
oscillation circuit is halted and power consumption of the RC oscillation circuit becomes "0".
Consequently, it is possible to lower power consumption by writing software in such a way
that output of the RC oscillation circuit is selected (CPUCLK = 1) only when high speed
operation is needed and that output of the crystal oscillation circuit (CPUCLK = 0) is selected
otherwise.

Since the OSC1 pinis pulled up to Vpp when the 700 kHz RC oscillation circuitis not selected,
leave OSC1/0OSC2 open when not using output from the RC oscillation circuit (700 kHz).

5.4 Frequency Control Register (FCON)

The frequency control register (FCON) is a 4-bit special function register (SFR) to select a
system clock.

b b b b

3 2 1 0

FCON (09H) . * N
RW) | T

System clock selection

0: Cyrstal oscillation output (initial value)
1: 700 kHz RC oscillation output

*Reserved bit; "1" is always read out. Not valid for write.

Bit 0: CPUCLK
This bit is to select a system clock. At system reset, it is reset to "0" and the crystal
oscillation output is selected.
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5.5 System Clock Switch Timing

When the CPUCLK bit of the frequency control register (FCON) is setto "1", the system clock
is switched from crystal oscillation output (32.768 kHz) to RC oscillation output (700 kHz) and
the internal logic power supply is switched from the Vpp,_ level to the applied power supply
voltage level (Vpp) simultaneously.

Figure 5-2 shows the system clock switch timing and the internal logic power supply.

CPUCLK
System clock 32.768 kHz \ / 700 kHz \ / 32.768 kHz
0 to 30 usec
i 0.5t0 1 clock of 700 kHz
Internal Vbp E
logic /
voltage  VppL 1 13V (Typ)
Vss

Figure 5-2 System Clock Switch Timing
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Table 5-1 shows the clock generation circuit related pins. Table 5-2 shows typical values of
oscillation frequencies of the RC oscillation circuit.

Table 5-1 Clock Generation Circuit-Related Pins

Pin name Pin No. Pad No. Input/ Note
GP |GA,TB Output
XT 69 67 67 Input | Low speed side clock oscillation input pin:

This pin is connected to the crystal oscillator
(32.768 kHz).

XT 68 66 66 Output | Low speed side clock oscillation output pin:
This pin is connected to the crystal oscillator
(32.768 kHz).

0osc1 66 64 64 Input High speed side clock oscillation pin:

This pin is connected to the external

0SC2 65 63 63 | Output | resjstance (Ros) for oscillation.

Table 5-2 Typical Values of Oscillating Frequencies of RC Oscillation Circuit

(Ta = 25°C)
Vobp (V) Ros (k) fosc (kHz)
3.0 60 700
1.5 160 280
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Chapter 6 Time Base Counter (TBC)

6.1 Overview

The ML64168 has a built-in time base counter (TBC) that generates clocks to be supplied to
internal peripheral circuits. The time base counter is composed of 15 binary counters and a
1/10frequency dividing circuit. The count clock of the time base is supplied with the oscillation
clock (32.768 kHz) of the crystal oscillation circuit. Output of the time base counter is used
for the buzzer driver, the system reset circuit, the watchdog timer, the time base interrupt,
sampling clocks of each port and the capture circuit.

6.2 Layout of Time Base Counter

Figure 6-1 shows the layout of the time base counter (TBC).

RESETO > <— Write TBCR
(from the system reset circuit) 6
v
R R | R
Time base clock 1/2" frequency 1/2* frequency 1/10 frequency
32.768 kHz +»—Q division r division |—>c division
001234567829 10 1112 13 14 | O
LCD q p
bias [1 KHZ -
circuit —— Read TBCR
N
Buzzer é:; D 5 1Hz
driver 16 Hz ll: 2 Hz | Internal
- |~ data
) 4 Hz | pus
System | | Hz = N
reset 8HZ - | ) 8 Hz
circuit
» 16 Hz watchdog timer

— 0.1Hz

1Hz Interrupt
> 16Hz | controller
» 32 Hz
» 256 Hz

Y

64 Hz input/output port

» 32 Hz

> 64Hz Capture
» 128 Hz | Gircyit
» 256 Hz

» 2 kHz

Figure 6-1 Layout of Timer Base Counter
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6.3 Operation of Time Base Counter

The time base counter (TBC) starts count-up from 0000H after system reset. Count-up is
started by falling of the time base clock (32.768 kHz).

256 Hz/32 Hz/16 Hz/1 Hz/0.1 Hz output of the time base counter is used as the timer base
interrupt and a time base interrupt request is generated at falling of each output.

The 16 Hz output of the time base counter is output to the watchdog timer. The output of
1 Hz/8 Hz/16 Hz is used by the buzzer driver and various buzzer sounds are output. The 64
Hz output is used as a sampling clock of input ports. The 1 Hz/8 Hz output is input to the
system reset circuit and is used to generate reset timing at system reset and to switch a logic
power supply. The output of 256 Hz/128 Hz/64 Hz/32 Hz becomes input data for the capture
circuit.

The output of 1 Hz/2 Hz/4 Hz/8 Hz of the time base counter can be read by the time base
counter register (TBCR). When a write operation is performed on TBCR, the counters
of 0.1 Hz/1 Hz/2 Hz/4 Hz/8 Hz are reset to "0".

Figure 6-2 shows interrupt timing of the time base counter and reset timing by writing to
TBCR.

Note: Output of 8 Hz to 1 Hz of the time base counter can be read by the time base counter
register (TBCR) and they are reset to "0" by writing to TBCR. In this write operation,
data to write have no significance. For example, writing by the "LMAD TBCR"
instruction does not depend on the contents of the A register at all. When writing to
TBCR and resetting 8 Hz to 1 Hz of the time base counter, a time base interrupt is
generated when each output is "1". For example, when the 1 Hz outputis "1",a 1 Hz
interruptrequestis generated. When aninterruptis invalidated, please write to TBCR
and reset the interrupt request flag (Q1Hz) to "0" after resetting the master interrupt
enable flag (MI) or the interrupt enable flag (E1Hz) to "0".

6.4 Time Base Counter Register (TBCR)

This register is a 4-bit special function register (SFR) to read 8 Hz to 1 Hz output of the time
base counter. When writing, it resets the 8 Hz to 1 Hz output and the 0.1 Hz output.

b3 b2 b]_ bO

TBCR (OFH)
(RIW) 1Hz 2Hz 4Hz 8Hz

Values of 8 Hz to 1 Hz of the time base counter
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256 vz LU AN
128 Hz |_’|_,|_||_||_||_||_,|_||_’|_,|_||_||_||_|

eavz | L L1 L I LI °01 °L_J /|
T P L S I S Y S N
16 Hz | | | L
Write
TBCR
4 Hz
L 7 7 L/ °L_I L

2 Hz _, 4, |—, |—, |—,
1Hz

|
0.1 Hz

+0

1 -116 seconds X

Reset by "Write TBCR".

Write
TBCR

£ T 1 (e Y e s A I

0.1Hz

+0
10 -1116 seconds

Note: L indicates interrupt timing.

Figure 6-2 Time Base Counter Interrupt Timing and Reset Timing by TBCR Writing
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Chapter 7 Ports (PO, P1, P2, P3 and P4)

7.1 Overview
The ML64168 has one 4-bit input port, three 4-bit input/output ports and one 4-bit output port
built-in.

Table 7-1 shows the list of functions of each port. For secondary functions of the capture timer,
the A/D converter and the serial port, refer to Chapter 10 "Capture Circuit", Chapter 12 "A/D
Converter", and Chapter 8 "Serial Port", respectively.

Table 7-1 List of Functions of Each Port

Pin No.
; Input/ ;
Pin name Pad No. Function
GP |GA, TB Output
P0.0 77 75 75 Input 4-bit input port (P0):

Can select (1) pull-up resistance input, (2) pull-down
Po.1 8 76 76 Input resistance input or (3) high-impedance input by the port
PO.2 79 77 77 Input 01 control register (PO1CON). As a secondary function,

P0.0 to P0.3 are assigned external interrupt functions and
P0.3 80 78 78 Input P0.0 and PO0.1 are assigned a capture trigger function.
P1.0 73 71 71 Output 4-bit output port (P1):

Can select NMOS open drain output or CMOS output by
P11 74 2 2 Output | the port 01 control register (PO1CON). P1.0 is a large
P1.2 75 73 73 Output | Current drive output port.

P1.3 76 74 74 Output
P2.0 18 16 16 |Input/Output| 4-bit input/output port (P2):

Selection of (1) pull-up/pull-down resistance input, (2)
p2.1 19 17 17 |Input/Output| high-impedance input, (3) NMOS open drain output and
P2.2 20 18 18 |Inout/Output| (4) CMOS output by the port 2 control registers 0 to 3

puvourpy (P20CON to P23CON) is possible. As a secondary
P2.3 21 19 19 |Input/Output| function, an external interrupt function is assigned.
P3.0 22 20 20 |Input/Output | 4-bit input/output port (P3): _ _

Selection of (1) pull-up/pull-down resistance input, (2)
P3.1 23 21 21 |Input/Output| high-impedance input, (3) NMOS open drain output and

(4) CMOS output by the port 3 control registers 0 to 3
P3.2 24 22 22 |Input/Output| (P30CON to P33CON) is possible. As a secondary

function, P3.0 to P3.3 are assigned an external interrupt

P3.3/SIN 25 23 23 |Input/Output| function and P3.3 is assigned a serial port function.
4-bit input/output port (P4):

P4.0/SOUT 26 24 24 | Input/Output Selection of (1) pull-up/pull-down resistance input, (2)
high-impedance input, (3) NMOS open drain output and

P4.1/SPR 27 25 25 |Input/Output| (4) CMOS output by the port 4 control registers 0 to 3
(P40CON to P43CON) is possible. As a secondary
function, P4.0 to P4.3 are assigned an external interrupt

P4.2/SCLK 28 26 26 | Input/Output function, P4.0 to P4.2 are assigned a serial port function
and P4.3 is assigned a monitor function of the RC

P4.3/MON 29 27 27 | Input/Output| oscillation clock for A/D conversion.
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7.2 Port 0 and Port 1 (P0.0 to P0.3 and P1.0 to P1.3)

7.2.1 Layout of Port 0 and Port 1

Port 0 is a 4-bit input only port. Port 0 can be switched to either pull-up resistance input, pull-
down resistance input or high-impedance input by the port 01 control register (POLCON). As
a secondary function, an external interrupt function is assigned by level change. P0.0 and
P0.1 are also assigned as trigger input pins of the capture circuit. For details of the capture

circuit, refer to Chapter 10 "Capture Circuit".

Port 1 is a 4-bit output only port. Port 1 can be switched to either CMOS output or NMOS open
drain output by the port 01 control register (POLCON).

Figure 7-1 shows the layout of Port 0 and Port 1.

— P0.3: To battery check circuit

<A>|<A>|<A>|<A> 4 P0.0 P0.3 : To AID . ) i
— ~—» PO. 3
Vss Vobi to o} conversion circuit
——e——» P0.0
To capture
o> » PO.1
oo o 0 Po.3 Level ch_ange
detection
XIZINT
(External interrupt 1)
P0.0 to 4
P03 O > 4
Read PO
Vool <B>
PLOto 4 g .
P1.3 0 535 N 4 | ppled
o o -
ICINS]
— &8 4
T
(D‘ Write P1
Vss c 4
<B>
c Read P1
<B>
—
c |
<B>
c | f—
POMOD
P1MOD | PO1 |_ 2
PUD CON|

To Ports2to 4

T
Write PO1CON

Figure 7-1 Layout of Port 0 and Port 1
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The power supply for the input circuit of Port 0 and the output circuit of Port 1 is at Vpp—Vss
level. When connecting Port 0 and Port 1 to equipment operated by a different power supply
externally, supply power to the external equipment between the Vpp—Vss pins is shown in
Figure 7-2.

When all the signal levels of all the ports of Port 0, Port 1 and Ports 2 to 4 can be the same
as the power supply voltage of the IC, connect the Vpp, pin to Vpp.

External equipment ML64168

\i

P0.0

\/

PO.1 Vob|

Vbb

\i

P0.2

Vbb

» P0.3
. —L_ IC power

suppl
- P1.0 PPy

- P11

Vss - P1.2

- P1.3

Vss

Figure 7-2 Connection of Port 0 and Port 1 to External Equipment with
Different Power Supply
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7.2.2 Registers Related to Port 0 and Port 1
(1) Port O register (P0)

The port 0 register is a 4-bit read only special function register (SFR) to read
out the level of each port of Port 0.

bs b, b, bo

PO (O3H)
R) P03 P02 PO1 P00

Pin level of each bit of Port O
0: "L" level
1: "H" level

(2) Port 1 register (P1)

The port 1 registeris a4-bit special function register (SFR) to setthe output value
of Port 1.

b3 b2 bl bO

P1L  (04H)
(RIW) P13 P12 P11 P10

At system reset, P1 is reset to "0".

When writing data to the port 1 register, actual timing of the change of the pin is the second
half of State 3 of the last machine cycle of the write instruction. Figure 7-3 shows an example
of varying timing of the port.

LMAD mg

i
. A

i M1 M2 i
s1 s2 s3 s1 s2 s3l s1 s2 s3 s1 s2  s3  s1

Port 1 Old Data New Data

Figure 7-3 Example of Writing to Port Data Register by "LMAD m 8" Instruction
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When data is read from the port, the data is taken in the accumulator (A Register) or the BA
register pair atthe latter half of the state 2 (S2) of the last machine cycle of the read instruction.

Figure 7-4 shows an example of timing.

LAMD mg

s1 s2 s3l s1 s2 s3 s1 s2 s3l s1 s2 s3 si

UL

Port 0,1 >< O\

\

A Register Old Data New Data

Figure 7-4 Example of Reading the Data from the Port by the "LAMD m 8" Instruction
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(3) Port 01 control register (PO1CON)

The Port 01 control register (POLCON) is a 4-bit special function register (SFR) to
controlinput mode of Port 0, output mode of Port 1 and pull-down/pull-up resistance
inputwhen Ports 2 to 4 are selected as input. Since POLCON is awrite-only register,
bit manipulation and increment/decrement instructions cannot be used.

PO1CON (1CH)
(RIW)

Selection of input mode of PO, P2, P3 and P4 4|

0: Pull-up resistance input (initial value)
1: Pull-down resistance input

----- * PUD P1IMOD | POMOD

Selection of output mode of P1

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

Selection of input mode of PO

0: Pull-down/pull-up resistance input (initial value)
1: High-impedance input

*Reserved bit: Not valid for write.

Bit 2: PUD

This bit is to select a pull-down/pull-up resistance when POMOD is reset to "0" and Port 0
is selected as pull-down/pull-up resistance input. When PUD is reset to "0", Port O
becomes pull-up resistance input and when PUD is set to "1", Port O becomes pull-down
resistance input. When Ports 2 to 4 are set as input and pull-down/pull-up resistance
input, PUD can select either pull-up resistance input or pull-down resistance input. At
system reset, PUD is reset to "0".

Note: Inputsetting of Ports 2 to 4 and selection of pull-down/pull-up resistance input can be
done by resetting the DIR bits and the MOD bits of the control registers of Ports 2 to
4 (P20CON to P23CON, P30CON to P33CON and P40CON to P43CON).

Itis not possible to specify pull-up resistance input and pull-down resistance input of
Port 0 and Ports 2 to 4 separately.

Bit 1: PIMOD

This bit is to select output mode of Port 1. By resetting P1IMOD to "0", Port 1 becomes
CMOS output and by setting PIMOD to "1", Port 1 becomes NMOS open drain output.
At system reset, PLMOD is reset to "0". (It is not possible to control P1.0 to P1.3 separately.)
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Bit 0: POMOD

This bit is to select input mode of Port 0. By resetting POMOD to "0", Port 0 becomes
pull-down/pull-up resistance input and by setting POMOD to "1", Port 0 becomes high-
impedance input. When selecting pull-down/pull-up resistance input, either pull-down
resistance input or pull-up resistance input is selected by the PUD bit. At system reset,
POMOD is reset to "0". (It is not possible to control P0.0 to P0.3 separately).

7.2.3 External Interrupt Generation Timing of Port 0

External interrupt generation of Port O is triggered by the falling of the 64 Hz output of the time
base counter which is the sampling clock.

Delay time until the External 1 interrupt request flag (QXI1) is set after the level of P0.n is
changed to output XI1INT signal is a maximum period of 64 Hz (15.625 ms). Since the
External 1 interrupt request flag (QXI1) is set by level change of OR signal of Port 0 ports,
which port the interrupt request comes from is judged by reading out Port 0.

The External 1 interrupt is generated by OR of P0.0 to P0.3. When the PUD bit is setto "1",
the External 1 interrupt is generated when (1) input to all the ports is set to the "L" level when
all the ports is in "H" and (2) input to any one of the ports is set to the "H" level when all the
ports is in "L".

When the PUD bit is reset to "0", the External 1 interrupt is generated when (1) input to any
one of the ports is set to the "L" level when all the ports is in "H" and (2) input to all the ports
is set to the "H" level when all the ports is in "L".

The interrupt vector address of the External 1 interrupt is address 032H.

Figure 7-5 shows the generation circuit of External 1 interrupt. Figure 7-6 and Figure 7-7
show generation timing of the External 1 interrupt according to the PUD bit.

P00

PO.1

P02 () | >— xiunt
P0.3 D Q D Q

’—¢> R —> R
PUD —» 64 Hz .

RESETS

\ /

Level change detection circuit

Figure 7-5 External 1 Interrupt Generation Circuit
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Manual

P0.0

N

HpNpliple

]

PO.1

—~
-

—~
-~

P0.2

PO0.3

—~
-~

XI1INT

QXI1

Figure 7-6 External 1 Interrupt Generation Timing (When PUD = "1")

P0.0 —I

al

sl

S

PO.1

—~
—~

—~
—~

P0.2

P0O.3

—~
—~

XI1INT

QXI1

Figure 7-7 External 1 Interrupt Generation Timing (When PUD ="0")
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7.3 Port 2, Port 3 and Port 4 (P2.0 to P2.3, P3.0 to P3.3 and P4.0 to P4.3)
7.3.1 Layout of Port 2, Port 3 and Port 4

Ports 2 to 4 are 4-bit input/output ports. Each bit can be switched to either pull-up resistance
input/pull-down resistance input, high-impedance input, CMOS output or NMOS open drain
output by the Control registers of Ports 2 to 4 (P20CON to P23CON, P30CON to P33CON
and P40CON to P43CON). Pull-up resistance input or pull-down resistance input can be
selected by the PUD bit of the Port 01 control register (POLCON).

These ports are assigned an external interrupt function by level change as a secondary
function. A serial port input/output function is assigned for P3.3, P4.0 to P4.2 and a monitor
function of the RC oscillation clock is assigned for P4.3. For details of the serial port input/
output functions and the monitor functions of the RC oscillation clock, refer to Chapter 8
"Serial Port", Chapter 12 "A/D Converter" and Chapter 15 "Test Circuit".

Figure 7-8 shows the layout of Port 2, Port 3 and Port 4.

Vss Vopi Bit manipulation,
increment and

Ij] <P 7 PUD (from PO1CON) <I: decrement

Pull-up/pull-down control Read P2 to P4

\'iri)fl Internal data bus
P2.n >
P3.n O IE/

P4.n Write P2 to P4
Vopi

\

;

Output data

Note)
1 n=0to3

Gate
{
MPX

P2,P3,P4 |
data register
]

i

control circuit

OUT mode

<

)

]
.

EINT

Mode
control
Y
P2nCON
P3nCON
P4nCON
3

N

FSMPL

|

«—— 700 kHz:from 2CLK
[—— OSCCLK:from ADC

«— SOUT
> SIN }from sioP

Port
selector

v l«—» SCLK
[N A ‘ SPR
Level Interrupt

change enable
detection circuit XIOINT .
5 64 H (External interrupt 0)
z 11 to interrupt controller
System clock
(CLK) From other input/output port

Y
\j

Figure 7-8 Layout of Port 2, Port 3 and Port 4
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The power supply of Port 2, Port 3and Port 4 is atthe Vpp—Vsslevel. When connecting Ports
2 to 4 to external equipment operated by a different power supply, please supply the power
of the external equipment to the Vpp—Vss pins, as shown in Figure 7-9.

External equipment ML64168
P2.0

A
\/

Vbb - » P2.1 Vppi

A
\i

P2.2 Voo

A
\i

P2.3
— p— IC power

P3.0 T supply

A
\/

- > P3.1

A
\i

P3.2

A
\i

P3.3

P4.0

A
\/

- > P4.1

A
\i

P4.2

A
\i

P4.3

Figure 7-9 Connection of Ports 2 to 4 to External Equipment of Different Power Supply

When the signal level of all the ports of Port 0, Port 1 and Ports 2 to 4 can be the power supply
voltage of the IC, connect the Vpp, pin to Vpp.
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7.3.2 Registers Related to Port 2, Port 3 and Port 4

1)

Port 2 register (P2)

The Port 2 register is a 4-bit special function register to set the output value of the port.
When bit 1 (P20DIR to P23DIR) of the Port 2 control register (P20CON to P23CON) is
setto "1" to select output mode, the contents of the Port 2 register are output to the port.

When reading out P2 while output mode is selected (P20DIR to P23DIR = 1), the
contents of the Port 2 register are read. However, when P2 is read while input mode is
selected (P20DIR to P23DIR = 0), the pin level of Port is read out.

P2 (00H)

P23 P22 P21

()

Port 3 register (P3)

The Port 3 register is a 4-bit special function register to set the output value of the port.
When bit 1 (P30DIR to P33DIR) of the Port 3 control register (P30CON to P33CON) is
setto "1" to select output mode, the contents of the Port 3 register are output to the port.

When reading out P3 while output mode is selected (P30DIR to P33DIR = 1), the
contents of the Port 3 register are read. However, when P3 is read while input mode is
selected (P30DIR to P33DIR = 0), the pin level of port is read out.

P3  (O1H)

P33 P32 P31

(3) Port 4 register (P4)

The Port 4 register is a 4-bit special function register to set the output value of the port.
When bit 1 (P40DIR to P43DIR) of the Port 4 control register (P40CON to P43CON) is
setto "1" to select output mode, the contents of the Port 4 register are output to the port.

When reading out P4 while output mode is selected (P40DIR to P43DIR = 1), the
contents of the Port 4 register are read. However, when P4 is read while input mode is
selected (P40DIR to P43DIR = 0), the pin level of port is read out.

P4 (02H)

(RIW) P40

P43 P42 P41
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Itis possible to specify input/output bitwise by each Port control register for Ports 2 to 4.
Consequently, depending on how each DIR bitis specified, contents of each register are
read for some bits while the level of each pin are read for other bits.

At system reset, the Port 2 to Port 4 register (P2 to P4) is reset to "0".

When writing data to each register, actual timing of each pin is the second half of State
3 of the last machine cycle of the write instruction. Figures 7-10 shows an example of
varying timing of the ports.

LMAD mg
M1 M2

E
Yo

s1 s2 s3 s1 s2 s3 s1 s2 s3 s1 s2 s3 sl

Port

2,3 Old Data New Data
and 4

Figure 7-10 Example of Writing of Port Data Register by the "LMAD m 8" Instruction

In case the data is read from the port, the data is taken in the accumulator (A Register) and
the BA register pair at the latter half of the state 2 (S2) of the last machine cycle of the read
instruction. Figure 7-11 shows an example of timing.

LAMD mg

WY

i M1 M2 i
s1 s2 s3} s1 s2 s3 s1 s2 sS3i s1 Ss2 s3 sS1

Uy pyyyyL

Port 2,3,4 >< Q

\

A Register Old Data New Data

Figure 7-11 Example of Reading the Data from the Port by the "LAMD m 8" Instruction

(4) Port 2 control registers (P20CON to P23CON)

The Port 2 control registers (P20CON to P23CON) are 4-bit special function registers
(SFRs) to perform selection of input/output mode, selection of pull-down/pull-up resist-
ance input or high impedance input in input mode, selection of CMOS output or NMOS
open drain output in output mode, selection of external interrupt disable or enable and
selection of sampling clocks of external interrupts. Since P20CON to P23CON are write-
only registers, it is not possible to use bit manipulation instructions and increment/
decrement instructions.
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b b b b

3 2 1 0

P20CON (10H)
w) P20IE P20F | P20DIR | P20MOD

Selection of P2.0 external interrupt disable/enable

0: Interrupt disabled (initial value)
1: Interrupt enabled

Selection of P2.0 external interrupt sampling clock

0: 64 Hz (initial value)
1: System clock

Selection of P2.0 input/output mode

0: Input mode (initial value)
1: Output mode

Selection of P2.0 pull-down/pull-up resistance input/
high-impedance input (in input mode)
0: Pull-down/pull-up resistance input (initial value)
1: High-impedance input

Selection of P2.0 CMOS output/NMOS open drain
output (in output mode)

0: CMOS output (initial value)
1: NMOS open drain output
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b b

3 2

b

1

b

0

P21CON (11H) P21IE P21F
(W)

P21DIR

P21MOD

Selection of P2.1 external interrupt disable/enable

0: Interrupt disabled (initial value)
1: Interrupt enabled

Selection of P2.1 external interrupt sampling clock

0: 64 Hz (initial value)
1: System clock

Selection of P2.1 input/output mode

0: Input mode (initial value)
1: Output mode

Selection of P2.1 pull-down/pull-up resistance input/

high-impedance input (in input mode)
0: Pull-down/pull-up resistance input (initial value)
1: High-impedance input

Selection of P2.1 CMOS output/NMOS open drain
output (in output mode)

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

7-14




ML64168/P168 User's Manual
Chapter 7 Ports (PO, P1, P2, P3 and P4)

b b b b

3 2 1 0

P22CON (12H)
w) P22IE P22F | P22DIR | P22MOD

Selection of P2.2 external interrupt disable/enable

0: Interrupt disabled (initial value)
1: Interrupt enabled

Selection of P2.2 external interrupt sampling clock

0: 64 Hz (initial value)
1: System clock

Selection of P2.2 input/output mode

0: Input mode (initial value)
1: Output mode

Selection of P2.2 pull-down/pull-up resistance input/
high-impedance input (in input mode)
0: Pull-down/pull-up resistance input (initial value)
1: High-impedance input

Selection of P2.2 CMOS output/NMOS open drain
output (in output mode)

0: CMOS output (initial value)
1: NMOS open drain output
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b b

3 2

b

1

b

0

P23CON (13H) P23IE P23F
(W)

P23DIR

P23MOD

Selection of P2.3 external interrupt disable/enable

0: Interrupt disabled (initial value)
1: Interrupt enabled

Selection of P2.3 external interrupt sampling clock

0: 64 Hz (initial value)
1: System clock

Selection of P2.3 input/output mode

0: Input mode (initial value)
1: Output mode

Selection of P2.3 pull-down/pull-up resistance input/

high-impedance input (in input mode)
0: Pull-down/pull-up resistance input (initial value)
1: High-impedance input

Selection of P2.3 CMOS output/NMOS open drain
output (in output mode)

0: CMOS output (initial value)
1: NMOS open drain output
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(5) Port 3 control registers (P30CON to P33CON)

The Port 3 control registers (P30CON to P33CON) are 4-hit special function registers
(SFRs) to perform selection of input/output mode, selection of pull-down/pull-up resist-
ance input or high impedance input in input mode, selection of CMOS output or NMOS
open drain output in output mode, selection of external interrupt disable or enable and
selection of sampling clocks of external interrupts. There is no selection bit of sampling
clock of an external interrupt for Port 3.3 and selection of the SIN function is assigned
whichis asecondary function of the serial port. Since P30CON to P33CON are write-only
registers, itis not possible to use bit manipulation instructions and increment/decrement
instructions.

b b b b

3 2 1 0

P30CON (14H)
W) P30IE P30F | P30DIR | P30MOD

Selection of P3.0 external interrupt disable/enable

0: Interrupt disabled (initial value)
1: Interrupt enabled

Selection of P3.0 external interrupt sampling clock

0: 64 Hz (initial value)
1: System clock

Selection of P3.0 input/output mode

0: Input mode (initial value)
1: Output mode

Selection of P3.0 pull-down/pull-up resistance input/
high-impedance input (in input mode)
0: Pull-down/pull-up resistance input (initial value)
1: High-impedance input

Selection of P3.0 CMOS output/NMOS open drain
output (in output mode)

0: CMOS output (initial value)
1: NMOS open drain output
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b b

3 2

b

1

b

0

P31CON (15H) P31IE P31F
(W)

P31DIR

P31MOD

Selection of P3.1 external interrupt disable/enable

0: Interrupt disabled (initial value)
1: Interrupt enabled

Selection of P3.1 external interrupt sampling clock

0: 64 Hz (initial value)
1: System clock

Selection of P3.1 input/output mode

0: Input mode (initial value)
1: Output mode

Selection of P3.1 pull-down/pull-up resistance input/

high-impedance input (in input mode)
0: Pull-down/pull-up resistance input (initial value)
1: High-impedance input

Selection of P3.1 CMOS output/NMOS open drain
output (in output mode)

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

7-18




ML64168/P168 User's Manual
Chapter 7 Ports (PO, P1, P2, P3 and P4)

b b b b

3 2 1 0

P32CON (16H)
W) P32IE P32F | P32DIR | P32MOD

Selection of P3.2 external interrupt disable/enable

0: Interrupt disabled (initial value)
1: Interrupt enabled

Selection of P3.2 external interrupt sampling clock

0: 64 Hz (initial value)
1: System clock

Selection of P3.2 input/output mode

0: Input mode (initial value)
1: Output mode

Selection of P3.2 pull-down/pull-up resistance input/
high-impedance input (in input mode)
0: Pull-down/pull-up resistance input (initial value)
1: High-impedance input

Selection of P3.2 CMOS output/NMOS open drain
output (in output mode)

0: CMOS output (initial value)
1: NMOS open drain output
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b b b b

3 2 1 0

P33CON (17H)
w) P33IE SIN P33DIR | P33MOD

Selection of P3.3 external interrupt disable/enable

0: Interrupt disabled (initial value)
1: Interrupt enabled

Switching of P3.3/SIN pin functions
0: Input/output port function (initial value)
1: Serial port data input function
(P3.3 is selected to input mode in disregard of P33DIR)

Selection of P3.3 input/output mode

0: Input mode (initial value)
1: Output mode

Selection of P3.3 pull-down/pull-up resistance input/
high-impedance input (in input mode)
0: Pull-down/pull-up resistance input (initial value)
1: High-impedance input

Selection of P3.3 CMOS output/NMOS open drain
output (in output mode)

0: CMOS output (initial value)
1: NMOS open drain output
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(6) Port 4 control registers (P40CON to P43CON)

The port 4 control registers (P40CON to P43CON) are 4-bit special function registers
(SFRs) to perform selection of input/output mode, selection of pull-down/pull-up resist-
ance input or high impedance input in input mode, selection of CMOS output or NMOS
open drain output in output mode, selection of external interrupt disable or enable and
selection of SOUT, SPR, SCLK functions of the serial port or RC oscillation monitor
functions which are a secondary function. Since P4A0CON to P43CON are write-only
registers, itis not possible to use bit manipulation instructions and increment/decrement
instructions.

b b b b

3 2 1 0

P40CON (18H)
W) P40IE | SOUT | P40DIR | PAOMOD

Selection of P4.0 external interrupt disable/enable

0: Interrupt disabled (initial value)
1: Interrupt enabled

Switching of P4.0/SOUT pin functions
0: Input/output port function (initial value)

1: Serial port data output function
(P4.0 is selected to output mode in disregard of P40DIR)

Selection of P4.0 input/output mode

0: Input mode (initial value)
1: Output mode

Selection of P4.0 pull-down/pull-up resistance input/
high-impedance input (in input mode)
0: Pull-down/pull-up resistance input (initial value)
1: High-impedance input

Selection of P4.0 CMOS output/NMOS open drain
output (in output mode)

0: CMOS output (initial value)
1: NMOS open drain output
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b b

3 2

b

1

b

0

P41CON (19H) ALl PR
(W)

P41DIR

P41MOD

Selection of P4.1 external interrupt disable/enable

0: Interrupt disabled (initial value)
1: Interrupt enabled

Switching of P4.1/SPR pin functions
0: Input/output port function (initial value)
1: Serial port data ready signal output function
(P4.1 is selected to output mode in disregard of P41DIR)

Selection of P4.1 input/output mode

0: Input mode (initial value)
1: Output mode

Selection of P4.1 pull-down/pull-up resistance input/
high-impedance input (in input mode)
0: Pull-down/pull-up resistance input (initial value)
1: High-impedance input

Selection of P4.1 CMOS output/NMOS open drain
output (in output mode)

0: CMOS output (initial value)
1: NMOS open drain output
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b b b b

3 2 1 0

P42CON (1AH)
W) P42IE SCLK | P42DIR | P42MOD

Selection of P4.2 external interrupt disable/enable

0: Interrupt disabled (initial value)
1: Interrupt enabled

Switching of P4.2/SCLK pin functions
0: Input/output port function (initial value)
1: Serial port clock input/output function
(P4.2 input/output mode is selected by EXSC of
Serial port control register (SCON))

Selection of P4.2 input/output mode

0: Input mode (initial value)
1: Output mode

Selection of P4.2 pull-down/pull-up resistance input/
high-impedance input (in input mode)
0: Pull-down/pull-up resistance input (initial value)
1: High-impedance input

Selection of P4.2 CMOS output/NMOS open drain
output (in output mode)

0: CMOS output (initial value)
1: NMOS open drain output
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b b

3 2

b

1

b

0

P43CON (1BH) A VON
(W)

P43DIR

P43MOD

Selection of P4.3 external interrupt disable/enable

0: Interrupt disabled (initial value)
1: Interrupt enabled

Switching of P4.3/MON pin functions

0: Input/output port function (initial value)
1: RC oscillation clock monitor output function

(P4.3 is selected to output mode in disregard of P43DIR)

Selection of P4.3 input/output mode

0: Input mode (initial value)
1: Output mode

Selection of P4.3 pull-down/pull-up resistance input/
high-impedance input (in input mode)
0: Pull-down/pull-up resistance input (initial value)
1: High-impedance input

Selection of P4.3 CMOS output/NMOS open drain
output (in output mode)

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

Bit 3: P20IE to P23IE, P30IE to P33IE and P40IE to P43IE

This bit is to select disabling/enabling external interrupts. When each IE bit is reset to "0",
external interrupts are disabled and when each IE bitis setto "1", the external O interrupt
requestis generated by detecting the change of input level of the pin if the corresponding

port is in input mode. At system reset, each IE bit is reset to "0".

Bit 2: P20F to P23F and P30F to P32F

This bit is to select a sampling clock of an external interrupt. When each F bit is reset
to "0", the 64 Hz output of the time base counter is selected as the sampling clock and
when each F bitis setto "1", the system clock (32.768 kHz or 700 kHz) is chosen as the
sampling clock. At system reset, each F bit is reset to "0". There is no selection function of
the sampling clock of external interrupts for P3.3 and P4.0 to P4.3 and it is fixed at 64 Hz.
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Bit 2: SIN (P33CON)

This bit selects data input (SIN) of the serial port which is a secondary function of Port
3.3. When SIN is reset to "0", P3.3 becomes a normal port function and when SIN is set
to "1", the data input function of the serial port is assigned. When SIN is set to "1", P3.3 is
automatically set to input mode. At system reset, SIN is reset to "0".

Bit 2: SOUT (P40CON)

This bit sets data output (SOUT) of the serial port which is a secondary function of Port
4.0. When SOUT is reset to "0", P4.0 becomes a normal port function and when it is set
to "1", the data output function of the serial port is assigned. When SOUT is set to "1",
P4.0 is set to output mode automatically. At system reset, SOUT is reset to "0".

Bit 2: SPR (P41CON)

This bit sets data ready signal (SPR) of the serial port which is a secondary function of
Port 4.1. When SPR is reset to "0", P4.1 becomes a normal port function and when it is
set to "1", the data ready signal output function of the serial port is assigned. When SPR
is set to "1", P4.1 is set to output mode automatically. At system reset, SPR is reset to
"0".

Bit 2: SCLK (P42CON)

This bit sets transfer clock input/output (SCLK) of the serial port which is a secondary
function of Port 4.2. When SCLK is reset to "0", P4.2 becomes a normal port function and
when it is set to "1", the transfer clock input/output function of the serial port is assigned.
When SCLK is set to "1", P4.2 is set to output mode automatically in the mode where the
system clock is set as the transfer clock after resetting the EXSC bit of the serial port
control register (SCON) to "0". P4.2 is set to input mode in the mode where the EXSC bit
is set to "1". At system reset, SCLK is reset to "0".

Bit 2: MON (P43CON)

This bit sets output of the RC oscillation clock (MON) which is a secondary function of
Port 4.3. When MON is reset to "0", P4.3 becomes a normal port function and when it is
set to "1", the output function of the A/D converter RC oscillation clock is assigned. When
MON is set to "1", P4.3 is set to output mode automatically. At system reset, MON is
reset to "0".

Bit 1: P20DIR to P23DIR, P30DIR to P33DIR and P40DIR to P43DIR

This bit selects input/output of each port. When each DIR bit is reset to "0", each port
becomes input mode and when each DIR bit is set to "1", each port becomes output
mode. At system reset, each DIR bit is reset to "0".

Bit 0: P20MOD to P23MOD, P30MOD to P33MOD and P40MOD to P43MOD

When each DIR bit is reset to "0" to select input mode, pull-down/pull-up resistance input
or high-impedance input is selected.
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When each DIR bhit is set to "1" to select output mode, CMOS output or NMOS open drain
output is selected.

When each MOD bit is reset to "0", pull-down/pull-up resistance input is selected in input
mode and CMOS output mode is selected in output mode. When each MOD bit is set to "1",
high-impedance input is selected in input mode and NMOS open drain output mode is
selected in output mode. Selection of pull-down/pull-up inputis done by bit 2 (PUD) of the Port
01 control register (POLCON). When PUD is reset to "0", it becomes pull-up resistance input
and when PUD is set to "1", it becomes pull-down resistance input.

At system reset, each MOD bit is reset to "0".
Table 7-2 shows the relationship among each DIR bit, each MOD bit and each PUD bit.

Table 7-2 Relation among Each DIR Bit, Each MOD Bit and Each PUD Bit

Each DIR Each MOD PUD State of input/output
0 0 0 Pull-up resistance input selected
0 0 1 Pull-down resistance input selected
0 1 — High-impedance input selected
1 0 — CMOS output selected
1 1 — NMOS open drain output selected
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7.3.3 External Interrupt Generation Timing of Port 2, Port 3 and Port 4

External interrupt of Ports 2 to 4 is generated when each IE bit (P20IE to P23IE, P30IE to
P33IE and P40IE to P43IE) of P2.0 to P2.3, P3.0 to P3.3 and P4.0 to P4.3 are setto "1" and
by the change of an input level of those ports for which each DIR bit (P20DIR to P23DIR,
P30DIR to P33DIR and P40DIR to P43DIR) is set to "0" (set for interrupt enable and input
mode). The External O interrupt (XIOINT) is generated by OR signal of each level change
detection signal.

Change of input level can be sampled by 64 Hz output of the time base counter which is the
sampling clock or by falling of the system clock (32.768 kHz or 700 kHz). Selection of the
sampling clock is performed by Bit 2 (P20F to P23F, P30F to P32F) of each port control
register and when the F bit is reset to "0", the sampling clock becomes 64 Hz and when the
F bitissetto"1", the sampling clock changes to the system clock. There is no function to select
the sampling clock for P3.3 and P4.0 to P4.3 and they are fixed at 64 Hz output of the time
base counter.

Delay time until the External 0 interrupt request flag (QXIO) is set after the level of Port 2 to
Port 4 is changed to output XIOINT signal is one period of the sampling clock or less. Since
the External O interrupt request flag (QXI0) is set by input level change of one of Port 2 to Port
4, which port the interrupt request comes from should be judged by checking the signal level
after reading out each port.

The interrupt vector address of External interrupt XIOINT is address 038H.

Figures 7-12 and 7-13 show the External O interrupt generation circuit and timing.

P2nDIR P2nlE

P3nDIR P3nIE

P4nDIR P4niE

XIOINT
P2.n H ) (to interrupt
P3.n D Q D Q controller)
. 11
Pa.n > R —ad> R
| From other I/O ports
64 Hz

System clock
(32 kHz/

Sampling clock

RESETS
700 kHz) (n=0103)
P2nF
P30F Level change detection circuit
P31F
P32F

Figure 7-12 External O Interrupt Generation Circuit (one bit)
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64 Hz or
system clock

P2.n
P3.n
P4.n

P2.nlE
P3.nlE
P4.nlE

XIOINT

QXI0

~
—

—
~
—

~
—~

Figure 7-13 External O Interrupt Generation Timing
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Table 7-3 shows the list of port-related registers.

Table 7-3 List of Port-Related Registers

Register name Symbol | Address | Read/Write | Byte access valueat
system reset
Port 2 register P2 00H R/W Ves OH
Port 3 register P3 01H R/W OH
Port 4 register P4 02H R/W Ves OH
Port O register PO 03H R Depends on input value
Port 1 register P1 04H R/W No OH
Port 20 control register P20CON 10H W OH
Port 21 control register P21CON 11H W ves OH
Port 22 control register P22CON 12H W OH
Port 23 control register P23CON 13H W ves OH
Port 30 control register P30CON 14H W OH
Port 31 control register P31CON 15H W ves OH
Port 32 control register P32CON 16H W OH
Port 33 control register P33CON 17H W ves OH
Port 40 control register P40CON 18H W OH
Port 41 control register P41CON 19H W ves OH
Port 42 control register P42CON 1AH W OH
Port 43 control register P43CON 1BH W ves OH
Port 01 control register PO1CON 1CH W No 8H
Interrupt enable register O IEO 30H R/W Yes OH
Interrupt request register 0 IRQO 34H R/W Yes OH
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Chapter 8 Serial Port (SIOP)

8.1 Overview

The ML64168 has an 8-bit synchronous serial port.

Receive/transmit operation of the serial port is performed simultaneously and the serial
transfer clock can select either internal or external mode. Direction of transfer data can be
either MSB as a head or LSB as a head.

Each pin ofthe serial portis assigned as secondary functions of P3.3 and P4.0to P4.2. Setting
each bit of SIN, SOUT, SPR and SCLK of P33CON and P40CON to P42CON to "1" makes
each pin valid.
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8.2 Layout of Serial Port

Figure 8-1 shows the layout of the serial port.

In Figure 8-1, P3.3 is the data receive pin, P4.0 is the data transmit pin, P4.1 is the serial port
ready pin and P4.2 is the transfer clock pin.

(O P3.3/SIN

> »D Ql——()Pa0/souT

8-bit shift register

u_tliﬂ
ENTR
P4.2/SCLK
A Ci>
8
System clock | geyig) port controller
32.768 kHz/700 kHz
_ | Internal clock
generation
EXSC OPa.1sPrR
SIOINT SEND ]
interrupt
request ENTR Y Y
SIDR
> LSB/MSB switch

3 L 4 A A 44

A YYYVYVYVYVYY

SCON SBUFH SBUFL

i 4 ] ] L £ A 4 & 2

3Y2Y1Y0Y YYyvYYvYYYY Internal
data bus

Figure 8-1 Layout of Serial Port
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8.3 Operation of Serial Port

By setting the ENTR bit of the Serial port control register (SCON) to "1" after writing send data
to the Serial port buffers (SBUFH and SBUFL), serial transfer begins. When serial transfer
is finished, the SEND bit of SCON is set to "1" and the Serial port interrupt request SIOINT
is generated. The vector address of the Serial port interrupt request is at address 035H.

When serial transfer is finished, receive data is written to SBUFH and SBUFL. It is not
necessary to write send data if only the receive operation is performed.

The SDIR bit of SCON is used to select the direction of transfer data and if SDIR is reset to
"0", MSB of SBUFH and SBUFL becomes head data and if SDIR is set to "1", LSB becomes
head data.

The EXSC bit of SCON is used to select transfer clocks. When EXSC is reset to "0", the
system clock is selected as the transfer clock and the system clock is output to the P4.2/SCLK
pin. By setting EXSC to "1", the external clock can be selected as the transfer clock and those
clocks input from the P4.2/SCLK pin become the transfer clocks.

Figure 8-2 shows the operation time chart of the serial port.

@ @

Y - ® >
P4.1/SPR —M8M
toLk [« — When internal clock generated
P4.2/SCLK v//_
N | 1/2 tCLK
172 terk L \ L N \i
P4.0/SOUT 0 1 2 3 2 5 6 7
A A
P3.3/SIN 0 1 2 3 4 5 6 7
- > 1/2 tCLK
Set by software Reset by
l._. hardware
1/2 tCLK /
SBUFH, X Send data Receive data
SBUFL : ; ; ; ; - ; 15
©y | ]
SR X XXX XXX XX o
SIOINT —| +@7
tcuk : period of system clock Interrupt request

Figure 8-2 Serial Port Operation Time Chart
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As shown in Figure 8-2, when serial transfer is started by setting the ENTR bitto "1", the P4.1/
SPR pin of the transfer ready pin becomes "L" level. After the other side of the communication
detects "L" level of the P4.1/SPR pin, sending data is triggered at the falling of the transfer
clock of P4.2/SCLK and receiving data is gotten at the rising. When the external clock is
selected, it is necessary to input transfer clocks after detecting "L" level of P4.1/SPR.

Internal operation when the transfer is started by setting the ENTR bit to "1" is shown below:
(D The contents of SBUFH and SBUFL are written to the 8-bit shift register (SR).
(2 "L"level is output to the P4.1/SPR pin.

(3 Withthe falling of the transfer clock of the P4.2/SCLK pin, data in SR is output to the P4.0/
SOUT pin and with the rising of the transfer clock, input data of the P3.3/SIN pin are
received by SR.

When the 8-bit transfer is finished, "H" level is output to the P4.1/SPR pin.
The contents of SR are written to SBUFH and SBUFL.

@ © &

The ENTR bitis reset to "0", the SEND bitis setto "1" and a Serial port interrupt request
(SIOINT) is generated.

When transmission and reception are not made simultaneously, it is possible to do the data
signal lines to a single line by connecting SIN and SOUT terminals at external. In this case,
we recommend you respectively to set the SOUT terminal to a NMOS open drain mode
(P40MOD bit of P4A0CON is made to "1") and to set the SIN terminal to a pull-up resistance
mode. (PUD bit of POLCON is made to "0".) If the PUD bit of POLCON can not be set to "0"
for using a pull-down mode in other, do the SIN terminal to a high impedance mode (P33MOD
bit of P33CON is made to "1") and pull-up to Vpp, at external.
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8.4 Registers Related to Serial Port

(1) Serial Port Control Register (SCON)

The Serial port control register (SCON) is a 4-bit special function register (SFR) to control
the Serial port.

b b

3 2 1 0

SCON (08H)
(RIW) SDIR | EXSC | SEND | ENTR

Selection of transfer data direction 4,

0: MSB (SD7) head (initial value)
1: LSB (SDO0) head

Selection of serial clock

0: Internal clock (initial value)
1: External clock

Serial transfer finish flag

0: Transfer not finished (initial value)
1: Transfer finished

Serial transfer enable flag

0: Transfer halted (initial value)
1: Transfer started

Bit 3: SDIR

This bitis used to select the direction of serial transfer data. When resetto "0", MSB becomes
the head transfer data and when set to "1", LSB becomes the head transfer data. At system
reset, it is reset to "0" and is in MSB head mode.

Bit 2: EXSC

This bit is used to select the transfer clock of serial transfer. When reset to "0", the system
clockis selected as the transfer clock and when set to "1", the external clock that is input from
P4.2/SCLK is selected. At system reset, it is reset to "0" and the system clock is selected as
the transfer clock.

Bit 1: SEND
This bitis used to indicate the completion of serial transfer. When serial transfer is completed,
the SEND bit is set to "1" and the Serial port interrupt request (SIOINT) is generated.

When reading or writing from/to the serial port control register (SCON), the SEND bit is reset
to "0". The SEND bit is a read-only bit and is reset to "0" at system reset.

Bit 0: ENTR

This bit specifies whether serial transfer is enabled or not. When reset to "0", serial transfer
is halted and is started when this bit is set to "1". At system reset, it is reset to "0" and serial
transfer is halted. When ENTR is set to "1", this bit is automatically reset after serial transfer
is completed.

Writing "0" to ENTR during serial transfer (when ENTR = 1) interrupts serial transfer. At that
time, the serial port interrupt request (SIOINT) is not generated.
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(2) Serial Port Buffer Registers (SBUFH, SBUFL)

The Serial port buffer registers are 4-bit special function registers (SFRs) to write send
data or to read receive data.

b3 b2 b1 bO
SBUFL (06H)
(RIW) SD3 SD2 SD1 SDO
(LSB)
Value of lower bits of the serial port buffer
b, b, b, b,
SBUFH (07H)
(RIW) SD7 SD6 SD5 SD4
(MSB)
Value of upper bits of the serial port buffer

Bit 0 of SBUFL(SDO) is LSB and Bit 3 of SBUFH(SD7) is MSB.

Byte processing is possible for these two registers.
When SBUFL and SBUFH are read after the completion of serial transfer, the contents
become receive data.

Figure 8-3 shows the bit composition of serial data output from the SOUT pin as well as input
to the SIN pin and the contents of SBUFL and SBUFH.

a) When SIR ="0" (MSB as head)

—

SDO | SD1 | SD2 | SD3 | SD4 | SD5 | SD6 | SD7 Transfer direction

(Head)

b) When SDIR ="1" (LSB as head)

—

SD7 | SD6 | SD5 | SD4 | SD3 | SD2 | SD1 | SDO Transfer direction

(Head)

Figure 8-3 Bit Composition of Transfer Data
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Tables 8-1 and 8-2 show the list of serial port-related registers and pins.

Table 8-1 List of Serial Port-Related Registers

. ) Value at
Register name Symbol | Address | Read/Write | Byte access
system reset
Serial port buffer lower register SBUFL 06H R/W v OH
es
Serial port buffer upper register SBUFH 07H R/W OH
Serial port control register SCON 08H R/W No OH
Interrupt enable register 0 IEO 30H R/W Yes OH
Interrupt request register O IRQO 34H R/W Yes OH

Table 8-2 List of Serial Port-Related Pins

Pin name sz zoA B Pad No. Cl)rllﬂghlt Note
P3.3 25 23 23 Input Serial port data input (SIN)
P4.0 26 24 24 Output Serial port data output (SOUT)
P4.1 27 25 25 Output Serial port ready output (SPR)
P4.2 28 26 26 |Input/Output| Serial port transfer clock input/output (SCLK)
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Chapter 9 Buzzer Driver (BD)

9.1 Overview
The ML64168 has a built-in buzzer driver with 15 buzzer output frequencies and 4 buzzer

output modes. Each buzzer output is selected by the Buzzer control register (BDCON) and
the Buzzer frequency control register (BFCON).

9.2 Layout of Buzzer Driver

Figure 9-1 shows the layout of the buzzer driver.

From time base counter
[ 16Hz 8Hz 1Hz |

l l l VDD
Time base clock o _
32.768 kHz —» Frequer)cy _d|V|S|on > Buzzgr d_nver .
cireuit circuit )

A A A A
o — LL
2l @ o ® S| s| 8 m
53] 53] o m o 5 w )
BFCON BDCON
A A A A A A A A
Internal oY 1Y 2Y 3Y oY 1Y 2y 3Y

data bus

Figure 9-1 Layout of Buzzer Driver

9.3 Operation of Buzzer Driver

When Bit 2 (EBD) of the Buzzer control register (BDCON) is set to "1", buzzer drive signals
are output at the buzzer driver pin (BD). The Buzzer frequency control register (BFCON) can
select 15 buzzer output frequencies. In buzzer output mode, two kinds of discontinuous
sounds, a single sound and a continuous sound can be selected by Bit 1/0 (BM1/BMO0) of
BDCON. Bit 3 (SELF) of BDCON can select output logic of the BD pin. When the SELF bit
is reset to "0", positive logic output ("L" level output at halt) is selected and negative logic
output ("H" level output at halt) is selected when it is set to "1". The duty of buzzer output
frequencies is 50%.
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In (a) discontinuous sound 1 mode, waveforms which are synchronized with 8 Hz output of
the time base counter are output. In (b) discontinuous 2 mode, waveforms that are
synchronized to the logical AND of 8 Hz signal output and a "L" level of 1 Hz signal are output.
In (c) single sound mode, output begins synchronizing with the rising of EBD and stops at the
falling of 16 Hz output of the time base counter. In (d) continuous sound mode, output is
continued while EBD is "1".

Figure 9-2 shows output waveforms in each output mode. Shaded area in the figure indicates
the buzzer output frequency signal.

EBD |
8 Hz _ M rrree e rrerrrrr rrr

BD ON
Outpt ops 1 P

(a) BM1 =0, BMO = 0 (Discontinuous sound 1)

EBD
8 Hz _ oy rereer e r e r e rrer
1Hz [ | [

BD ON
Output oy 0 = NENENE Y-

(b) BM1 =0, BMO = 1 (Discontinuous sound 2)

EBD | L
16 Hz e

BD ON
Output e

(c) BM1 = 1, BMO = 0 (Single sound)

EBD I_

Output oer

(d) BM1 =1, BMO = 1 (Continuous sound)

Figure 9-2 Buzzer Driver Output Waveforms in Each Output Mode

9-2



ML64168/P168 User's Manual
Chapter 9 Buzzer Driver (BD)

9.4 Registers Related to Buzzer Driver

(1) Buzzer control register (BDCON)

The Buzzer control register (BDCON) is a 4-bit special function register (SFR) that
controls outputlogic of the BD pin, 4 types of buzzer output modes and ON/OFF of buzzer
output.

b b b b

3 2 1 0

BDCON (0AH)
(RIW) SELF EBD BM1 BMO

Selection of buzzer output logic 4,

0: Positive logic output (initial value)
1: Negative logic output

Selection of buzzer enable/disable

0: Buzzer stop (initial value)
1. Buzzer output

Selection of buzzer frequency output

BM1 BMO
0 0: Discontinuous sound 1 output (initial value)
0 1: Discontinuous sound 2 output
1 0: Single sound output
1 1: Continuous sound output

Bit 3: SELF
This bit selects output logic of the BD pin. When reset to "0", positive logic output is selected
("L"level output when outputis halted) and negative logic output ("H" level output when output
is halted) is selected when setto "1". At system reset, itis reset to "0" and positive logic output
is selected.

Bit 2:EBD
This bit selects ON/OFF of the buzzer driver output. At system reset, it is reset to "0" so that
no buzzer is output.

Bits 1 and 0: BM1 and BMO

This bit selects output mode of the buzzer driver. It can select two types of discontinuous
sounds, a single sound and a continuous sound. At system reset, BM1 and BMO are reset
to "0" so that discontinuous sound 1 output is selected.
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(2) Buzzer frequency control register (BFCON)

The buzzer frequency control register (BFCON) is a 4-bit special function register (SFR)
to control output frequencies of the buzzer.

BFCON (0BH)
(RIW) BF3 BF2 BF1 BFO

Selection of buzzer output frequencies |

BF3 BF2 BF1 BFO

o
o
o
o

: Output stop (initial value)
:5.461 kHz
: 4.096 kHz
: 3.277 kHz
: 2.730 kHz
: 2.341 kHz
: 2.048 kHz
:1.820 kHz
:1.638 kHz
:1.489 kHz
:1.365 kHz
:1.260 kHz
:1.170 kHz
:1.092 kHz
:1.024 kHz
: 0.964 kHz

P P PP R PR PR OOOOOOO
B P PR P OO OOUR PR RFEPRPRFER OO O
P P OO R P OORFR PFPR OOLRFR L O
P O P OFRP OFP OF OF OFP O P

Bits 3to 0: BF3to 0
These bits select buzzer output frequency. At system reset, all are reset to "0" so that output
is halted.

Each output frequency is output with 50% duty.
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Tables 9-1 and 9-2 show the lists of buzzer driver-related registers and related pins.

Table 9-1 Buzzer Driver-Related Registers

_ ) Value at
Register name Symbol | Address | Read/Write | Byte access
system reset
Buzzer driver control register BDCON 0AH R/W v OH
es
Buzzer frequency control register | BFCON 0BH R/W OH

Table 9-2 Buzzer Driver-Related Pins

Pin No.
Pin name PadNo.| Input/ Note
GP |[GA,TB Output
BD 30 28 28 Output Buzzer driver pin

9.5 BD Output Waveform and External Circuit

Figure 9-3 shows the output waveform of the output pin of the buzzer driver. Output level of
Vpp—Vss is output at the BD pin.

Positive logic output Negative logic output

A
A

SELF bit

ﬂ—r— Output frequency (selected by BFCON)

Vbp
BD
output

Vss

Sound output state No sound state Sound output state

Figure 9-3 Waveform at BD Pin
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Figure 9-4 shows a circuit example of a buzzer driver mounted outside. As illustrated blow,
the buzzer must be driven through a transistor mounted outside and do not drive the buzzer
directly at the BD terminal.

Buzzer J— %
—J

Vbp

ML64168

npn transistor

Vss

(a) In the case of SELF bit ="0"

Vbb

ML64168

T BD -
J pnp transistor
Buzzer
v —J
i T =

(b) In the case of SELF bit ="1"

Figure 9-4 Circuit Example of a Buzzer Driver Mounted Outside
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Chapter 10 Capture Circuit (CAPR)

10.1 Overview

The ML64168 has a capture circuit that fetches 32 Hz to 256 Hz output of the time base
counter at the falling of Port 0.0 or 0.1 (P0.0 or P0.1) to "L" level when the pull-up resistance
inputis chosen or atthe rising to "H" level when the pull-down resistance inputis chosen. The
capture circuit is composed of the Capture control register (CAPCON) and the Capture
registers (CAPRO, CAPR1) that fetch output from the time base counter.

10.2 Layout of Capture Circuit
Figure 10-1 shows the layout of the capture circuit.

CAPCON

s

é —
P0.1 input ’_QDj[jL_D‘D S g
signal ' L CRF1 _G_

CAPR1 defay] | —DJ
READ-»_D : §

5 j ! % b2
P0.0 input "_°|>‘:]D:=—I—_D'D S q 5

signal > . |CRFO —G_
delay :
CAPRO  » | : »—DJ ;
READ : :
PUD »—! 1 IO i[t
E ECAP1 o ol —l bl

2kHz »—

m
0O
>
0
o
s}
o

Internal data bus

o

RESETS »—¢

CAPCON WRITE :
CAPCON READ

3 D | CAPRO
o
2| 32Hz » t —p——> 13
o
g 64 Hz -» ) Q—E—» b2
2 128 Hz » —&—> bl
c | 256 Hz » —[|>:—> bo
(=]
T L —T » | CAPR1
— g
—[E > b2
> Q—[E » bl
b0
CAPR1 READ
CAPRO READ —

Figure 10-1 Layout of Capture Circuit
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10.3 Operation of Capture Circuit

Figure 10-2 shows data latch timing of the Capture data register 0 (CAPRO).

In Figure 10-1, CRFO is set to "1" at the rising edge of 2 kHz output of the time base counter
either when P0.0 input signal becomes "L" level selecting pull-up resistance input or when it
becomes "H" level selecting pull-down resistance input while ECAPO is set to "1" (D in
Figure10-2). When CRFOis setto "1", the latch signal of the Capture data register 0 (CAPRO)
becomes "L" level and 32 Hz to 256 Hz of the time base counter is latched to CAPRO ().
When CAPRO is read out, CRFO is reset to "0" (3).

A similar operation is performed when "1" is written to CRFO even though P0.0 input signal
is neither at "L" level nor at "H" level (4).

When ECAPO is reset to "0" during the latching state, latch operation of CAPRO is cancelled

(®).

If the latch signal of CAPRO is at "H" level (i.e. CRFO or ECAPO is reset to "0"), when CAPRO
is read out, 32 Hz to 256 Hz of the time base counter then is read out.

In Figure 10-1, CRF1 is set to "1" at the rising edge of 2 kHz output of the time base counter
eitherwhen P1.1 ofthe input port becomes "L" level selecting pull-up resistance input or when
it becomes "H" level selecting pull-down resistance input while ECAPL1 is set to "1". When
CRF1lissetto"1", the latch signal of the Capture data register 1 (CAPR1) becomes "L" level
and 32 Hz to 256 Hz of the time base counter is latched to CAPR1. When CAPR1 is read out,
CRF1 is reset to "0".

A similar operation is performed when "1" is written to CRF1 even though P0.1 input signal
is neither in "L" level nor in "H" level.

If the latch signal of CAPR1 is at "H" level (i.e. CRF1 or ECAP1l s resetto "0"), when CAPR1
is read, 32 Hz to 256 Hz of the time base counter then is read out.

= | 256 Hz | | | | | | | | | | | | |
o
S | 128 hz O e O N B
[]
g 64 Hz
o]
° | |
S
| 32Hz
L |

caprooutput £ X F X o 1 2 X 3 6 K8 X o X a8 )c

/'y . i
% @Latch * Latch
Ao : : 5 :
PUD Pull-down resistance input:mode : . :@
ECAPO ——— Z ; '
P0.0 ]
| ]
CRFO ] .
10 fo @ 4

Data latch CAPRO Data latch CAPRO
(P0.0 =1) read-out (CRFO =1) read

Figure 10-2 Data Latch Timing of Capture Data Register 0 (CAPRO)
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10.4 Registers Related to Capture Circuit

(1) Capture control register (CAPCON)

The Capture control register (CAPCON) is a 4-bit special function register (SFR) to
control the capture circuit.

b b

3 2 1 0

CAPCON (OEH)
(RIW) CRF1 | CRFO | ECAP1 | ECAPO

Selection of capture 1 data latch 4,

0: Does not do capture 1 data latch (initial value)
1: Does capture 1 data latch

Selection of capture 0 data latch

0: Does not do capture 0 data latch (initial value)
1: Does capture 0 data latch

Selection of capture 1 enable/disable

0: Capture 1 disable (initial value)
1: Capture 1 enable

Selection of capture 0 enable/disable

0: Capture 0 disable (initial value)
1: Capture 0 enable

Bit 3: CRF1

This bit is the capture flag for the Capture register 1 (CAPR1). CRF1 is setto "1" when P0.1
of the input port detects "L" level selecting pull-up resistance input or when it detects "H" level
selecting pull-down resistance input. When CRF1 is setto "1" while ECAP1 is setto "1",
32 Hz to 256 Hz output of the time base counter is latched to CAPR1. When "1" is written to
CRF1, a similar operation to the detection of "H" level or "L" level by P0.1 is performed.

CRF1 is reset to "0" when reading out CAPR1. At system reset, CRF1 is reset to "0".

Bit 2: CRFO

This bit is the capture flag for the Capture register 0 (CAPRO0). CRFO is set to "1" when P0.0
of the input port detects "L" level selecting pull-up resistance input or when it detects "H" level
selecting pull-down resistance input. When CRFO is set to "1" while ECAPOQ is setto "1",
32 Hz to 256 Hz output of the time base counter is latched to CAPRO. When "1" is written to
CRFO, a similar operation to the detection of "H" level or "L" level by P0.0 is performed.

CRFO is reset to "0" when reading out CAPRO. At system reset, CRFO is reset to "0".
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Bit 1: ECAP1

This bit enables or disables latch of output of the time base counter by the Capture register
1 (CAPR1). When ECAP1 is reset to "0", output of the time base counter is not latched and
when CAPR1 is read out, the time base counter value at that time is read out.

When CRF1 is setto "1" while ECAP1 is setto "1", 32 Hz to 256 Hz of the time base counter
is latched by CAPR1 and when CAPRL is read out, the value of latched time base counter
is read out.

At system reset, ECAP1 is reset to "0".

Bit 0: ECAPO

This bit enables/disables latch of output of the time base counter by the Capture register
0 (CAPRO0). When ECAPO is reset to "0", output of the time base counter is not latched
and when CAPRO is read out, the time base counter value at that time is read out.

When CRFO is set to "1" while ECAPO is set to "1", 32 Hz to 256 Hz of the time base counter
is latched by CAPRO and when CAPRO is read out, the value of latched time base counter
is read out.

At system reset, ECAPO is reset to "0".

(2) Capture registers (CAPRO, CAPR1)
The capture registers (CAPRO, CAPR1) are 4-bit special function registers (SFRs) to
read out latch data of 32 Hz to 256 Hz of the time base counter.

b3 b2 bl bO
CAPRO (OCH)
(R) 32Hz 64Hz 128Hz 256Hz
Value of 32 Hz to 256 Hz of time base counter
b, b, b, b,
CAPR1 (ODH)
(R) 32Hz 64Hz 128Hz 256Hz
Value of 32 Hz to 256 Hz of time base counter
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Tables 10-1 and 10-2 show the list of capture circuit-related registers and pins.

Table 10-1 List of Capture Circuit-Related Registers

. . Value at
Register name Symbol | Address | Read/Write | Byte access
system reset
Capture control register CAPCON OEH R/W No OH
Capture register 0 CAPRO OCH R v OH
es
Capture register 1 CAPR1 ODH R OH
Table 10-2 Capture Circuit-Related Pins
Pin No.
Pin name Pad No. Input/ Note
GP |[GA,TB Output
P0.0 77 75 75 Input Trigger input of CAPRO
PO.1 78 76 76 Input Trigger input of CAPR1
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Chapter 11 Watchdog Timer (WDT)

11.1 Overview

The ML64168 has a built-in watchdog timer to prevent the CPU from crashing. The watchdog
timer is composed of a 6-bit watchdog timer (WDT) and a watchdog timer control register
(WDTCON) to reset WDT.

11.2 Layout of Watchdog Timer

Figure 11-1 shows the layout of the watchdog timer.

WDTCON

Internal pointer

=

Y

Detection of "5H"

. T Q
Write —» >
WDTCON: —
: R Q)
; L
P4 -
Internal
data bus

and latch

v oy

.| Detection of "AH"

QWDACK
(interrupt
acknowledge
signal)

RESETS

1/2°
Timer counter

—» WDTINT
(interrupt
request)

WDTC
16 Hz

(from timer base counter)

Figure 11-1 Layout of Watchdog Timer
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11.3 Operation of Watchdog Timer

When the system reset is released, the Watchdog timer (WDT) is automatically started and
the Watchdog timer counter (WDTC) begins count-up. WDTC reset can be performed by
writing "5H" and "0AH" alternatively to the Watchdog timer control register (WDTCON).

If WDTC is not reset, WDTC overflows after 1.9 to 2.0 seconds and the Watchdog timer
interrupt request (WDTINT) is generated. WDINT is an interrupt that software cannot disable
(non-maskable interrupt) and has the highest priority over other interrupts. Normally WDTC
is to be programmed to be reset every one second by software. When reset of WDTC is not
performed normally by a CPU crash, WDTC overflows and WDTINT is generated. In the
watchdog timerinterrupt routine, the return operation to a normal routine should be performed
from an abnormal state.

Note: The watchdog timer cannot detect all abnormal operations. If WDTC is in reset state,
error cannot be detected even if the CPU crashes.

Figure 11-2 shows the reset flowchart of the watchdog timer. As shown in the figure, WDT
is reset by writing "5H" when the internal pointer is "0" and writing "OAH" when it is "1" to
WDTCON. The internal pointer is reset to "0" at system reset and by WDTC overflow and is
reversed each time WDTCON is written.

System reset - WDTC is reset

Processing

\

A

5H is written )
to WDTCON Internal pointer: 0 — 1

Processing

AH is written
to WDTCON

Processing

Processing time within 1.9 seconds

Internal pointer: 1 - 0

Figure 11-2 Flowchart of Watchdog Timer
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Figure 11-3 shows the operation time chart of the watchdog timer.

O Trouble occurs.
RESETS L
P @ ® @ ©® ®
Data : 5 A 5 A 5 5
Write signal
to WDTCON
@
Internal
pointer A
/ Overflow
Contents of
wDTC 3/

A
\ 4

i J

WDTINT 1.9 to 2 seconds r|
(interrupt
signal) Interrupt request

Figure 11-3 Operation Time Chart of the Watchdog Timer

The operation of the watchdog timer is as follows:

CHONCERCONONORINS

The contents of the internal pointer and the Watchdog timer counter (WDTC) are reset
by the system reset (RESETS).

"5H" is written to WDTCON (internal pointer 0 - 1).
"0AH" is written to WDTCON and the watchdog timer is reset (internal pointer 1 - 0).
"5H" is written to WDTCON (internal pointer 0 - 1).
"OAH" is written to WDTCON and the watchdog timer is reset (internal pointer 1 - 0).
"5H" is written to WDTCON (internal pointer 0 - 1).

When "0AH" is not written to WDTCON while the internal pointer is "1" (i.e. the CPU
crashes and the watchdog timer is not reset), the watchdog timer interrupt (WDTINT) is
generated by WDTC overflow. The internal pointer becomes "0" then.

11.4 Watchdog Timer Control Register (WDTCON)

The watchdog timer control register (WDTCON) is a 4-bit special function register (SFR) to
reset the watchdog timer.

WDTCON (36H) 0 & a1 "
(W)
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Chapter 12 A/D Converter (ADC)

12.1 Overview

The ML64168 has a built-in 2-channel RC oscillation method A/D converter. The A/D
converter is composed of a 2-channel oscillation circuit, Counter A (CNTAO to 4) which is a
4.8-digit decade counter, Counter B (CNTBO to 3) which is a 14-bit binary counter and A/D
converter control registers 0 and 1 (ADCONO, ADCONL1).

By counting oscillation frequencies due to resistance or capacitance connected to the RC
oscillation circuit, the A/D converter converts resistance values or capacitance values to
corresponding digital values. By using a thermistor or a humidity sensor as a resistance, a
thermometer or a hygrometer can be constructed. By applying sensors to the 2-channel RC
oscillation circuit, it is also possible to extend measurement ranges or measurement at two
places.

12.2 Layout of A/D Converter

Figure 12-1 shows the layout of the A/D converter.

12.3 Operation of A/D Converter

As shown in Figure 12-1, the RC oscillation circuit can be made by connecting resistors and
capacitors to each pin.

Counter A (CNTAO to 4) is a 4.8-digit decade counter (1/10* x 8) to count the system clock
(CLK) which is the time reference and can count up to a maximum of 79,999.

Counter B (CNTBO to 3) is a 14-stage binary counter to count the oscillation clock (OSCCLK)
of the RC oscillation circuit and can count up to a maximum of 16,383.

Both Counter Aand Counter B have the overflow flags (OVFA and OVFB) and overflow output
generates the A/D converter interrupt request (ADINT). ADINT due to overflow of either
Counter A or Counter B is selected by Bit 1 (SADI) of the A/D converter control register O
(ADCONO). By resetting SADI to "0", overflow of Counter A is selected and by setting SADI
to "1", overflow of Counter B is selected. The vector address of ADINT is at address 02FH.

Bit 0 (EADC) of ADCONO is a bit to select operation/halt of the A/D conversion. By resetting
EADC to "0", the RC oscillation is halted and no counting is performed. By setting EADC to
"1", the RC oscillation is begun and counting of the RC oscillation clock and the system clock
is started.

Various oscillation mode of the RC oscillation part is performed by the A/D converter control
register 1 (ADCONZ1). The RC oscillation clock can be monitored by outputting to P4.3 in test
function. For details of the test functions, refer to Chapter 15 "Test Circuit".
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<CNTB> 14-stage binary counter

BO B1L ! B2 B3
OSCCLK 1/014 Differ- | OVFB
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a0-3 ad-7 | ag11 | al2-13 1
4 4 4 2 CLK
<CNTA> 4.8-digit decade counter Interrunt request
System clock (CLK) AO Al i A2 | A3 Al - AD|NTp a
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(32,768 kHiz tD_C> 1/(104 X 8) entiation
/700 kHz) a0-3 | a4-7 | ag-1l | al2-15} al6-18 b
2 t
o 4 4 4 4 3 CLK
x
(@]
EADC
*— 1
oo | From :j SADI R RESETS
P0.0 to PO.Z_’?—
PR — RESETS
t ToT, 7572 —— 1
CLK P03 N 0 c
O 3 z EADC R \bcono>
; 8 e 8 <4+> -----------------------
~1&|om |2
Oto3 | v Internal data bus 8
OSCCLK
TST1, TST2 |
MON I
i
|
i
|
!
CROSC |
Monitor |
!
. |
Inside IC |
......... o
P4.3
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Figure 12-1 Layout of A/D Converter
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12.3.1 RC Oscillation Circuit

The A/D converter of the RC oscillation method performs A/D conversion by digitizing the ratio
of a reference resistance (or capacitance) to a resistanc sensor, such as thermistor sensor
(or capacitance sensor).

By taking the ratio of oscillation frequencies of the reference to the sensor, it is possible to A/
D convert the characteristics of a sensor itself by canceling error factors intrinsic to the RC
oscillation circuit. Consequently, itis necessary to oscillate the reference side and the sensor
side with the same oscillation circuit and a pair of the reference side and the sensor side is
usually used.

Table 12-1 shows the oscillation mode by Bits 3to 0 (OM3 to OMO) of the A/D converter control
register (ADCON1). Figures 12-2 to 12-5 show the layout and values of the OM3 to 0 bits.

Table 12-1 Oscillation Mode by OM3 to OMO Bits

. CROSC1
ADCON1 CROSCO output pins )
Mode output pins
No Mode
" | OM3 | OM2 | OM1 | OMO | RSO | RTO |[CRTO| CSO | RS1 | RT1

INO external clock

0 0 0 0 0 Z 4 Z z Z Z |.
input mode
RS0-CS0

1 0 0 0 1 1/0 z V4 0/1 V4 Z o
oscillation
RTO-CSO

2 0 0 1 0 4 1/0 V4 0/1 z z . | CROSCO
oscillation o

oscillation

RTp.1-CSO

3 0 0 1 1 4 V4 1/0 0/1 V4 z = | mode
oscillation
RSO0-CTO

4 0 1 0 0 1/0 V4 0/1 V4 z z o
oscillation
RS1-CS1

5 0 1 0 1 Z Z Z Z 1/0 VA .. |CROSC1
oscillation o

oscillation

RT1-CS1

6 0 1 1 0 Z V4 V4 V4 Z 1/0 | mode
oscillation
IN1 external clock

7 0 1 1 1 Z Z Z Z Z Z )
input mode

8 1 — — — Z z z z z z —

Note: Z: High-impedance output
1/0, 0/1: Active output
—: Arbitrary
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Modes No.0 and No.7 in Table 12-1 measure the external clock which is input to the INO pin
or the IN1 pin by halting the operation of the RC oscillation circuit.

As shown in Table 12-1, no two oscillation circuits can operate simultaneously. This prevents
interference to the oscillation operation when two are operated simultaneously.

An equation between oscillation frequency (fosccLk), capacitance value (C) and resistance
value (R).

1
= toscclk = koscclk *C°*R
fosccLk

where tosccrk is the period of the oscillation frequency, koscclk is @ proportionality constant
and C ¢ Ris product of Cg or Crand Rgor Rt. The value of kgscck varies slightly depending
on Vpp (power supply voltage), RI, C and R and its standard values are listed in Table 12-
2.

Table 12-2 Standard Value of k gsccLk of RC Oscillation Circuit

Vpp (V) RIn (kQ) CSn, CTn (pF) RSn, RTn (kQ) kosccLk (Typ.)
820 100 2.2
3 10
820 10 2.5
820 100 2.2
15 10
820 10 2.4

Note: n=0,1,0-1
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RSO

CcSO &— ——

RIO

RSO

RTO 0—@—
RSO-1 $—— AR ——
cso &— —

RIO

RSO

RSO

RTO

CSO0

INO

OM3 [OM2 | OM1 | OMO Oscillation mode
0 0 0 1 Oscillation with reference resistance RSO
0 0 1 0 Oscillation with sensor RTO

Figure 12-2 Measurement of CROSCO by a Resistance Sensor

AR

RSO

RTO

CRTO

Cso

INO

OM3 |OM2 | OM1 | OMO Oscillation mode
0 0 0 1 | Oscillation with reference resistance RSO
0 0 1 0 Oscillation with sensor RTO
0 0 1 1 |Oscillation with reference resistance RSg.1|

Figure 12-3

Measurement of CROSCO by a Resistance Sensor
(when two-point adjustment with two reference resistances)

AR

CTO ¢

CSO ¢

O
VSN

RIO

RSO

CRTO

Cso0

INO

OM3 [OM2 | OM1 | OMO Oscillation mode
0 0 0 1 | Oscillation with reference capacitance CS0O
0 1 0 0 Oscillation with sensor CTO

Figure 12-4 Measurement of CROSCO by a Capacitance Sensor
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CS1 ¢

AR
S v -
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RI1

Note: Unused pins should be left open.

RS1

RT1

Cs1

IN1

OM3 [OM2 | OM1 | OMO Oscillation mode
0 1 0 1 Oscillation with reference resistance RS1
0 1 1 0 Oscillation with sensor RT1

Figure 12-5 Measurement of CROSCL1 by a Resistance Sensor
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12.3.2 Counter A/B Reference Mode

The conversion operation of the A/D converter is performed by one of the following two modes.

Counter A Reference Mode (SADI bit of ADCONO = 0)

This is the mode to set gate time by the system clock (CLK) and Counter A, to count the
RC oscillation clock (OSCCLK) by Counter B with the gate time and to output contents of
Counter B as a digital value.

The digital value is proportional to the RC oscillation frequency.

Counter B Reference Mode (SADI bit of ADCONO = 1)

This is the mode to set gate time by the RC oscillation clock (OSCCLK) and Counter B,
to count the system clock (CLK) by Counter A with the gate time and to output contents
of Counter A as a digital value.

The digital value is inverse proportional to the RC oscillation frequency.

(1) Operation of Counter A Reference Mode

Figure 12-6 shows the operating timing of Counter A reference mode.
Counter A reference mode is performed by the following procedure: (refer to Figure 12-6)

[1] Subtract "nAQ" (the count value) from the maximum value + 1 (80,000) and set that
value to Counter A (CNTA4 to 0). The count value, "nAQ", indicates the gate time.

Counter A — 80,000 — nAO

[2] Clear Counter B (CNTB3 to 0) to 0000H.
Counter B —~ 0000H

[3] Setthe OM 3 to 0 bits of ADCON1 to a necessary oscillation mode
(refer to Table12-1).

[4] Write "1H" to ADCONO (SADI = 0, EADC = 1).

Note: The order of [1] to [3] is arbitrary.

By [4], A/D conversion starts.

Counter A starts counting the system clock (CLK) when EADC is set to "1" and the CRON
signal that synchronizes with the falling of the system clock is set to "1". When Counter A
overflows, [5] the EADC bit is automatically reset and the counting is finished. At the same
time, [6] the A/D converter interrupt request signal (ADINT) becomes "1"to generate the
A/D converter interrupt request.

Whenthe CRON signalis setto"1", the RC oscillation is started and Counter B starts counting
the RC oscillation clock (OSCCLK). When Counter A overflows and the EADC bit is
automatically reset, the counting of counter B is finished.
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The last count value of "nB0" at Counter B is the count value of OSCCLK during the gate time
"nAO  tgyscLk" and is expressed by

_ tsyscLk
nBO = nA0 « ——— Ufoscclk
tosccLk

where tsyscik is the period of CLK and tosccik is the period of OSCCLK.

In other words, "nB0" is directly proportional to the RC oscillation frequency (fosccLk)-

(4

EADC J . |[5]—

tsyscLk A

[

CLK

CRON o

> Overflow

Counter A (80000-nA0) | (+1) | (+2) | (+3) Sg 79996 | 79997 | 79998 |79999 00000

Gate time
NAO * tsysciLk >

tosccLk

e

RC oscillation
circuit input
waveform .

INO/IN1

0SCCLK |l|l|{_ﬂ|l|l|l

Counter B 0000H 0001H | 0002H 88 nB0-2 nBO-1 nBO

- nBO * tosccLk >

(6]

Interrupt request

ADINT

5
nAO: reference count value
nBO: measured count value

Figure 12-6 Operating Timing of Counter A Reference Mode
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(2) Operation of Counter B Reference Mode
Figure 12-7 shows the operating timing of Counter B reference mode.
Counter B reference mode is performed by the following procedure: (refer to Figure 12-7)

[1] Subtract "nB1" (the count value) from the maximum value + 1 (4000H) and set the
result to Counter B (CNTB3 to 0). The count value, "nB1", denotes the gate time.

Counter B — 4000 — nB1

[2] Clear Counter A (CNTAA4 to 0) to 0000H.
Counter A —~ 0000H

[3] Setthe OM 3 to O bits of ADCONL1 to a hecessary oscillation mode
(refer to Table 12-1).

[4] Write "3H" to ADCONO (SADI = 1, EADC =1).

Note: The order of [1] to [3] is arbitrary.

By [4], A/D conversion starts.

Counter B starts counting the RC oscillation clock (OSCCLK) when the EADC bit is setto "1"
and the CRON signal (signal that synchronizes with the falling of the system clock) is set to
"1". When Counter B overflows, [5] the EADC bit is automatically reset and the conversion
is finished. Atthe same time, [6] the A/D converter interrupt request signal (ADINT) becomes
"1" to generate the A/D converter interrupt request.

When the CRON signal is setto "1", Counter A starts counting the system clock (CLK). When
Counter B overflows and the EADC bit is automatically reset, the counting of counter A is
finished.

The last count value of "nAl1" at Counter A is the count value of SYSCLK during the gate time
"NBle tosccLk” and is expressed by

t 1
OSCCLK 0

nAl = nB1 -
tsyscik  foscclk

In other words, "nAl" is inversely proportional to the RC oscillation frequency (fosc).
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Note: n=0,1,0-1

4

EADC J .

tsyscLk A

[5]

Counter A 00000 | 00001 | 00002 | 00003 | SS | nAl1-3 | nAl-2 | nAl-1 |

NAl  tsyscLk

nAl \
tosccik
RC oscillation |<—’|
circuit input
waveform
INO/IN1

OSCCLK n | l | l | L,«, | l | 4 |
l /’ overflow

Counter B (4000-nB1) | (+1) | +2) | SS 3FFDH |3FFEH | 3FFFH | 0000H

- nB1 « tosccLk »
Gate time

ADINT 45 T\—

Interrupt request

nAl: measured count value
nB1: reference count value

Figure 12-7 Operating Timing of Counter B Reference Mode
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12.3.3 Example of Usage of A/D Converter

The method to perform A/D conversion of sensor values by using Counter A reference mode
and Counter B reference mode is explained by taking temperature measurement with a
thermistor as an example.

Figure 12-8 shows the layout of RC oscillation circuit.

Reference ML64168
resistance

RSO RSO

Thermistor ¢ 6 E 9 RTO
RTO

cso &—— —— cso

RIO INO

Figure 12-8 Layout of RC Oscillation Circuit of a Thermistor Using CROSCO

Figure 12-9 shows the temperature characteristics of the resistance value, RTO, of the
thermistor.

o

'_

@

2

s RTO = f(T) =

R [}

7] =]

o ©

= >

S 3

9 g

E a nTO =K « RTO

|5 =K «f(T)

'_
Temperature T RTO

Figure 12-9 Temperature Characteristics Figure 12-10 A/D Conversion
of Thermistor Characteristics

RTO is expressed as a function of temperature T as
RTO =f (T)

Figure 12-10 shows the ideal characteristics of A/D conversion taking RTO as an analog
quantity and the A/D conversion value nTO is completely proportional to RTO. The value of
nTO is expressed by temperature T and the proportionality factor K as
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NnNT0=KeRTO=Kef(T) === equation (a)

Consequently, by performing conversion processing corresponding to the characteristics
shown by Figure 12-9 to nTO, it is possible to express temperatures by digital values.

The conversion method from an analog value of RTO to a digital value of n'TO is now explained.

To convert RTO to a digital value, the ratio of oscillation frequencies of RTO to RSO (ideal if
independent of temperature) is used. This is to cancel the error factors of the oscillation
characteristics.

As shown in Figures 12-9 and 12-11, RTO depends on temperature T and RSO is always
constant regardless of temperature T. The oscillation characteristics, fosc-T, using these
resistances is ideal if the solid lines of Figures 12-12 and 12-13 can be realized. However,
in reality, the dotted lines are obtained due to error factors of the temperature characteristics
of the IC and others. Since the conditions of fogc(RT0) and fosc(RS0) are about the same
except the resistance, their error should be similar each other and consequently, if the ratio
of one to the other is taken, the error should be canceled.

The ratio of fogc(RTO) to fosc(RS0) corresponds to the A/D conversion value of nTO which,
ideally, depends solely on RTO.

With error due to factors
fosc other than RTO

(RTO) \

Ideal

1

Reference resistance value RSO

fosc (RSO) =y ocerx = CS0+ RTO
Temperature T Temperature T
Figure 12-11 Temperature Characteristics Figure 12-12 Oscillation Character-
of Thermistor istics of Thermistor
fosc With error due to factors other than RSO
(RS0)
f RS0) = S S—
Ideal fosc(RSO) = KosccLk ® CS0 » RSO

Temperature T

Figure 12-13 Oscillation Characteristics of Reference Resistance
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Figure 12-14 shows the conversion to digital values from the RTO values, i.e. one cycle time
chart of temperature measurement.

One cycle of A/D conversion needs to be composed of two steps shown in Figure 12-14
because the reference resistance and the thermistor must be oscillated independently when
taking the ratio of them.

In this example, those two steps are taken by the following combination:
[ First step = RC oscillation by RS0 with A counter reference

Second step = RC oscillation by RTO with B counter reference

Various other methods are possible besides the one above.

In the above method, the operating time by the second step varies by the value of thermistor
RTO. However, if it is necessary to avoid such variation, the following combination is
recommended:

[ First step = RC oscillation by RS0 with B counter reference

Second step = RC oscillation by RTO with A counter reference

In the following, the procedure of A/D conversion will be explained taking Figure 12-14 as an
example.
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System
clock(CLK)

ADCON1
(Bits 2 to 0)

ADCONO
(Bits 1, 0)

RC oscillation
state
(CROSCO)

CNTA4t0 0

CNTB3t0 0

ADC
interrupt
request
ADINT

HLT

[o]

(1]
v <First step> <Second step>
700 kHz 32.768 kHz
s [4] s (8]
1H 2H
s [5] f[c] s [9] s U
1H (SADI =0, EADC = 1) OH 3H (SADI =1, EADC =1) 2H
NAO « tsyscik = NBO * tosccik (RSO) nBO « tosccLk (RTO) = NAL « tsyscik
< | | |
0.366 second
Stop Oscillates at RSO Stop Oscillates at RTO Stop
(A counter reference) (B counter reference)
K[Z] —a Overflow
68,000 (Count-up by CLK) 00000 — 00000 (Count-up by CLK) nAl
s [3] ~—= Overflow
(Count-up by (Count-up by
0000H OSCCLK (RS0)) nBO N OSCCLK (RTO)) 0000H
A
4000H-nBO
@ 10 ©
—I INT generation —I INT generation -
12

6] > 1101 >

Notes: nAO = 12,000, tsyscLk = 1/32768 Hz, [1] to [10]: processing by software, [a] to [f] :
processing by hardware

Figure 12-14 Time Chart of One Cycle of Temperature Measurement
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<First Step>

[1] Setthe system clockto 32.768 kHz (Write OH to FCON), if using 400 kHz clock as system
clock.
[2] Set"80,000-nAQ0" to Counter A.

Note: nAO is taken as 12,000 in order to set the gate time nAO ¢ tsysc g Of oscillation
mode of the reference resistance RSO as 0.366 second. The value of nAO
depends on the size of quantum error of A/D conversion and the larger nAO, the
smaller the error.

[3] Clear Counter B to "0000H".

[4] Write "1H" to ADCONL1 and set it to oscillation mode with reference resistance RSO.
Note: The order of [1] to [4] is arbitrary.

[5] Write "1H" to ADCONO and start A/D conversion in Counter A reference mode.

[6] Setthe HLT bit of HALT register to "1" for halt mode.

Note: By selecting halt mode, noise to the RC oscillation circuit may be reduced. In
regular usage, halt mode is recommended during RC oscillation operation.

The RC oscillation circuit (CROSCO) continues oscillation with reference resistance RSO for
about 0.366 second at this time and when Counter A overflows, [a] the ADINT signal is set
to "1" and the A/D converter interrupt request is generated. By the generation of the interrupt
request, [b] halt mode is released and [c] the A/D conversion operation is stopped (the EADC
bit = 0). At this moment, Counter A is in 00000 state.

The contents of Counter B are expressed as
tsyscLk

nBO=nAQ ¢ —8MM— """ °" equation (b)
tOSCCLK(RSO)

<Second Step>

[7] Calculate "4000H-nB0O" by the contents "nB0" of Counter B and set that value to
Counter B.

Note: Although clearing of Counter A is needed, additional processing is not necessary
as it is already in "00000" state.

[8] Write "2H" to ADCONZ1 and start oscillation mode with thermistor RTO.

[9] Write "3H" to ADCONO and start A/D conversion in Counter B reference mode.

[10] Set the HLT bit of HALT register to "1" to start halt mode.
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The RC oscillation circuit (CROSCO) oscillates with thermistor RTO from this time until
overflow of Counter B. This period is equivalent to product of "nB0" from first step and

tOSCCLK(RTO) due to RTO.

When Counter B overflows, [d] the ADINT signal is set to "1" and the A/D converter interrupt
requestis generated. By the generation of the interrupt request, [e] halt mode is released and
[f] the A/D conversion operation is stopped (the EADC bit = "0").The contents of Counter A
becomes the A/D conversion value of nAl and is expressed by the following:

tOSCCLK(RTO) _
nAl=nBO e ——  ----- equation (c)
tsyscLk

By equations (b) and (c), nAl is expressed as

tOSCCLK(RTO) ,
nAl=nA0 e —mMmmmm™  ----- equation (d)
tOSCCLK(RS0)

where tosccLk (rso) is the period of the oscillation clock by reference resistance RSO and
tosccLk (RT0) is the period of the oscillation clock by thermistor RTO.

The oscillation period is expressed ideally as

tosccLk (rso) = KosccLk ¢ CSO ¢ RSO ion @
----- equation (e

tosccLk rT0) = KosccLk ¢ CSO ¢ RTO

By substituting equation (e) to equation (d), nAl is expressed as

RTO

nAl = nAO - W

As"nA0" (12,000 inthis example) and RSO0 are fixed constants, "nA1" becomes a digital value
proportional to RTO. This "nAl" is equivalent to "nTQ" in equation (a).

The obtained "nA1" must be further converted to a temperature display value depending on
the temperature-resistance characteristics of the thermistor in a program.

12-15



ML64168/P168 User's Manual
Chapter 12 A/D Converter (ADC)

12.3.4 RC Oscillation Monitor

By setting Bit 2 (MON) of the Port 43 control register (P43CON) to "1", the RC oscillation clock
(OSCCLK) can be output to P4.3.

By using the test functions, the RC oscillation clock can be output at P4.3 without using
software. For details of the test functions, refer to Chapter 15 "Test Circuit".

The RC oscillation monitor is useful when checking the characteristics of the RC oscillation
circuit. For instance, it is possible to measure the relationship between sensors such as a
thermistor and an oscillation frequency. For example, by examining the relationship between
ambient temperature of a thermistor built-in RC oscillation circuit and oscillation frequencies
ofthe thermistor RTO and the reference resistance RSO0, itis possible to obtain the conversion
coefficient from the value of nAl to the temperature display values.
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12.4 Registers Related to A/D Converter

(1) AJD converter control register 0 (ADCONO)

The A/D converter control register 0 (ADCONQO) is a 4-bit special function register (SFR)
that selects start/stop of RC oscillation of the A/D converter and the A/D converter
interrupt by Counter A or Counter B.

ADCONO (2AH) R N SADI EADC
RW) | T | T

Selection of A/D interrupt

0: Interrupt request by Counter A overflow (initial value)
1: Interrupt request by Counter B overflow

Selection of A/D conversion start/stop

0: Stop of RC oscillation (initial value)
1: RC oscillation start

*Reserved hit: "1" is always read. Not valid for write.

Bit 1: SADI

This bit selects the A/D converter interrupt request (ADINT) by overflow of either Counter A
or Counter B. By resetting SADI to "0", the interrupt request by overflow of Counter A is

selected and by setting SADI to "1", the interrupt request by overflow of Counter B is selected.

At system reset, SADI is reset to "0".

Bit 0: EADC

This bit selects start/stop of conversion of the A/D converter. When setto "1", A/D conversion
is started and whenresetto "0", A/D conversionis stopped. When either Counter A or Counter
B overflows while EADC is set to "1" to start counting, the EADC bit is set to "0" automaticaly.
Consequently, EADC indicates that the measurement is in progress. At system reset, the
EADC hit is reset to "0" and the system is in stop state.
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(2) AJD converter control register 1 (ADCON1)

The A/D converter control register 1 (ADCONL1) is a 4-bit special function register (SFR)
to select oscillation mode of the RC oscillation circuit.

ADCON1  (2BH)
(RIW) oM3 om2 oM1 OMO

Selection of oscillation mode |

OMO OM1 OM2 OM3
0 0 0  0:INO pin external clock input mode (initial value)
: RS0-CSO0 oscillation mode
: RTO-CSO oscillation mode
: RT(0-1)-CS0 oscillation mode
: RSO-CTO oscillation mode
: RS1-CS1 oscillation mode
: RT1-CS1 oscillation mode
: IN1 pin external clock input mode

P O O 0O O O o o
B P P P O O O
B P O O R KL O
B O R, O R O Bk

: Unavailable
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(3) A/D converter counter A registers (CNTAO to 4)

The A/D converter counter A registers (CNTAO to 4) are 4-bit special function registers
(SFRs) to read/write the Counter A.

Note: CNTAO to CNTAS3 are decimal counters and can handle only data from OH to 9H.

b3 b2 bl b0
CNTAO (20H)
(RIW) a3 a2 al a0
Bits 0 to 3 of Counter A
b, b, b, b,
CNTAL (21H)
(RIW) a7 s6 ab a4
Bits 4 to 7 of Counter A
b3 b2 bl b0
CNTA2 (22H
ER,W)) all a10 a9 a8
Bits 8 to 11 of Counter A
b3 b2 bl bo
CNTA3 (23H)
(R/W) als ald al3 al2
Bits 12 to 15 of Counter A
b3 b2 bl bo
CNTA4 (24H) N
(R/W) """ al8 al7 al6
Bits 16 to 18 of Counter A
*Reserved bit: "1" is always read. Not valid for write.
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(4) AJD converter counter B registers (CNTBO to 3)

The A/D converter counter B registers (CNTBO to 3) are 4-bit special function registers
(SFRs) to read/write the Counter B.

b3 b2 bl bO
CNTBO (26H)
(RIW) b3 b2 bl b0
Bits 0 to 3 of Counter B
b3 b2 bl bO
CNTB1 (27H)
(RIW) b7 b6 b5 b4
Bits 4 to 7 of Counter B
b3 b2 bl b0
CNTB2 (28H)
(RIW) b11 b10 b9 b8
Bits 8 to 11 of Counter B
b3 b2 bl b0
CNTB3 (29H) . .
(R/W) """""" b13 b12

Bits 12 and 13 of Counter B

*Reserved bit: "1" is always read. Not valid for write.
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Tables 12-3 and 12-4 list A/D converter-related registers and pins.

Table 12-3 List of A/D Converter-Related Registers

. . J; Value at
Register name Symbol Address  Read/Write yte access system reset
A/D converter control register 0 ADCONO 2AH R/W OCH
Yes
A/D converter control register 1 ADCON1 2BH R/W OH
A/D converter counter A register O CNTAO 20H R/W OH
Yes
A/D converter counter A register 1 CNTA1 21H R/W OH
A/D converter counter A register 2 CNTA2 22H R/W OH
Yes
A/D converter counter A register 3 CNTA3 23H R/W OH
A/D converter counter A register 4 CNTA4 24H R/W No 8H
A/D converter counter B register O CNTBO 26H R/W OH
Yes
A/D converter counter B register 1 CNTB1 27H R/W OH
A/D converter counter B register 2 CNTB2 28H R/W OH
Yes
A/D converter counter B register 3 CNTB3 29H R/W OCH
Table 12-4 List of A/D Converter-Related Pins
. Pin No.
Pin name ad No. |nput/Output Note
GP |GA, TB
RTO 33 31 31 Output Resistance sensor connection pin to measure
Channel 0
CRTO 34 32 32 Output Resistance/capacitance sensor connection pin to
measure Channel 0
RSO 35 33 33 Output Reference resistance connection pin for
Channel 0
CS0 36 34 34 Output Reference capacitance connection pin for
Channel 0
INO 37 35 35 Input Oscillation input pin for Channel O
RT1 41 39 39 Output Resistance sensor connection pin to measure
Channel 1
RS1 40 38 38 Output Reference resistance connection pin for
Channel 1
Cs1 39 37 37 Output Reference capacitance connection pin for
Channel 1
IN1 38 36 36 Input Oscillation input pin for Channel 1
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Chapter 13 LCD Driver (LCD)

13.1 Overview

The ML64168 has a built-in LCD driver.

There are three types of driving methods, i.e. 1/4 duty, 1/3 duty and 1/2 duty. Maximum of
120 segments can be driven for 1/4 duty, 93 segments for 1/3 duty and 64 segments for 1/
2 duty, respectively.

The mask option can select either a common driver or a segment driver for each LCD driver.
The mask option can also specify assignment of each bit of the display register to each
segment.

On the one hand, all the display resisters to be used must be selected by the mask option.
If not, note that the display registers can not be used.

Refer to Appendix F on the mask options.

L26 to L33 of the LCD driver can become output ports by the mask option.

The following is the relation among the duty, the bias method and the maximum segment
number.

1/4 duty 1/3 bias method - 120 segments
1/3 duty 1/3 bias method - 93 segments
1/2 duty 1/2 bias method - 64 segments

13.2 Layout of LCD Driver

The layout of the LCD driver is shown in Figure 13-1. Figures 13-2 and 13-3 show the LCD
driver and its peripheral circuits.

A
A4

Internal data bus

Mask option circuit DPSCON
i A4 v
Display register (DSPRO to 30) Timing generation circuit
31 nibbles

] ‘ Constant voltage
circuit for LCD
LCD driver circuit (34) <: Bias gerz;lrzt;n eireutt

LO L33 Cl1 C2 Vpp:1 Vop2 Vops

Figure 13-1 Layout of LCD Driver
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Internal data bus

Data memory address bus

Vops
Vb2

Vop1
Vss

PLCD

LO (segment output)

ouT
LCD driver -
D COM/SEG

(Frame clock)

Common timing signals
CM4

CM3

CM2

CM1

Display register DSPR

|
O
Le]
|

|
O
Lo}

-

RESETS

— =
— =1

— =1
— =1

Common output select "1"

(Mask option) "0"

o
w
p

b—é
=
-

b4
b5

b6

e AN A

b7

Write

Read

BANKO —
RA7 —

RAG —
RA5 ]

RA4

RA3

RA2

6 input

RA1

o —® —¢& —¢

AND

YIYIYY

RAO

BYTE

)

to commons 1 and 2 of LO

Bits 0 and 1 of DSPRO are assigned Bits 3 and 4 of DSPR1 are assigned

to commons 3 and 4 of LO

Figure 13-2 LCD Driver and Display Register (Circuit layout of LO to L25: One output)

13-2

Display register bit select
(mask option)

Display register address select
(mask option)
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&Dos ouT
Vggi LCD driver
Vas D COM/SEG

L26 (Common output)

[

®LCD
(Frame clock)

(mask option)
Common timing signals
CM4

C
*
e
Output port select i%/o ° %
g °

CM3

CM2

CM1

—D Q—e —D Q—¢ —D Q—e —D
Display register DSPR
e py| fued oyl e ey fur sy
RESETS . i i i -
Common output select "1"
(Mask option) "0"
b0
bl
b2
) b3 *
g —{>O—ﬁ 1] Cigg o
8 is
§ ét gf FT selected.
]
s b4 y 0 .
= b5 a5
b6 ——TC3
b7 —3 - -
Write * o * ®
Read
BANKO —
RA7 —
g RA6 —
o
P RA5 — ]
g RA4 —T®
E ——
RA3 A4
§ RA2 I >O
g L >O 6 input
g RALTTT AND
8 o
RAO —1—4
BYTE ——
Common 1 is assigned to L26
Figure 13-3 LCD Driver and Display Register (Circuit layout of L26 to L33: One output)
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13.3 Operation of LCD Driver

The LCD driver outputs LCD square waveforms based on data written to the display registers.

The mask option can select the address of the display register, bit assignment and a segment
driver/a common driver.

4 segmentdisplay registers per one segmentdriver are assigned. Allthe 4 segments are used
for 1/4 duty, 3 segments for 1/3 duty and 2 segments for 1/2 duty, respectively.

In Figure 13-2, the LO output is the segment driver. Bits 0 and 1 of DSPRO are assigned to
the segment corresponding to Commons 1 and 2 and Bits 2 and 3 of DSPR1 are assigned
to the segment corresponding to Commons 3 and 4. In Figure 13-3, the L26 output is the
common 1 driver. Thus, it is possible to assign arbitrary display registers and bits to arbitrary
segment by the mask option.

Duty of the LCD driver is selected by the display control register (DSPCON).

13.4 Display Control Register (DSPCON)

The display control register (DSPCON) is a 4-bit special function register (SFR) to control the
duty ratio of the LCD driver.

DSPCON (1EH) * * DUTY1 DUTYO
(RW) | T T

Duty selection

DUTY1 DUTYO
0 0:1/4 duty (initial value)

0 1:1/3duty
1 0:1/2duty
1 1:disabled

*Reserved bit: "1" is always read out. Not valid for write.

Bits 1 and 0: DUTY1, DUTYO

DUTY1 and DUTYO are bits to select the duty ratio of the LCD driver. They are reset to "0"
at system reset and 1/4 duty is selected. Setting both DUTY1 and DUTYO to "1" is disabled.
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13.5 Display Registers 0 to 30 (DSPRO to 30)

The display registers 0 to 30 (DSPRO to 30) are data registers for segment output of the LCD
driver. They are assigned to addresses 40H to 5EH of Bank 0.

b3 b2 bl bO
DSPR30 (5EH)
(RIW) d ¢ b a
| | | Segment output data
b, b, b, b,
DSPR29 (5DH)
(RIW) d ¢ P 2
| | | Segment output data
b3 bz bl bo
DSPRO  (40H)
(RIW) d ¢ P 2
| | Segment output data

Itis possible to assign an arbitrary bit of the display register to an arbitrary segment driver by
the mask option. Atsystem reset, all the display registers are resetto "0" and LCD segments
are all off. Those bits setto "1" in the display register are in on state on the LCD segment while
those bits reset to "0" are in off state.

For details of assignment of each bit of the display register for the display segment, refer to
"List of LCD Driver Mask Option" in "Appendix F: Mask Options".
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13.6 Output Port Selection by Mask Option

Each of the 8 pins of L26 to L33 of the LCD driver can be selected as an output port by the
mask option. When these pins are selected as output ports, one port pin is assigned to one
bit of the display register. Figure 13-4 shows an example of assigning DSPRO to L26 to L29
as an output port using an equivalent circuit. The output voltage level at this time is atthe Vpp
level at "H" output and is at the Vgg level when outputting "L".

Internal data bus

4
0 N
-t > L26/P5.0
i ©
1 M
<«——————» DSPRO (O L27/P5.1
!
<2 - '\: O L28/P5.2
p
<3 > '\: (O L29/P5.3
p

Read/Write Vss
DSPRO

Figure 13-4 Equivalent Circuitwhen DSPROis Assignedto L26 to L29 as an Output Port

Only DSPRO and DSPR1 can be used as output ports. Other registers cannot be used as
output ports.

For bit assignment of the display register for output pins and selection of output ports, refer
to "List of LCD Driver Mask Options" in "Appendix F: Mask Options".
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13.7 Bias Generation Circuit for LCD Driver (BIAS)

The bias generation circuit for LCD driver (BIAS) generates bias voltages.

Either power supply voltage or built-in regulator output voltage can be selected by mask
option as the bias reference voltage for LCD driver.

Table 13-1 lists the bias output voltages according to LCD reference voltages.

Table 13-1 Bias Output Voltages

Power suppl
voltage (VDD{ 1.5V 3.0V
Built-in Power Built-in Power
Mask option regulator supply regulator supply
output voltage output voltage
LCDreference | 4,5y 15V 12V 3.0V
voltage
VpD3 36V 45V 3.6V 45V
3.0V
Vpp2 24V 3.0V 24V (LCD reference
voltage)
1.2V 15V 12V
Vbp1 (LCD reference|(LCD reference|(LCD reference 15V
voltage) voltage) voltage) '
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Built-in regulator

for LCD driver

I ML64168
Vob ;1 (1.5 V/3.0V)
L T
1.5V/3.0V —2 ; 2V
< Cb | VDD3,_L| (36 V) .
l
Ca; | Vop2/t (24V)
— | o Bias
Coi Vooil (12V)
0—| I 0 gener-
Cl ¢ ation
Co’— c21 circuit
e
Vss |

(&) When built-in regulator output is selected
(common to the 1.5 V and 3.0 V power supply voltages)

| ML64168
Voo 1
1 T
LSV e i 15V
o Cby Vops L (45V) :
[ 5
o Cay Vool (30V) _
' [ T (15V) Bias
Vpp1 [}——— gener-
C1 i ation
Co’~ c2_1 circuit
T
Vss |
—m

(b) When power supply voltage (1.5V)is
selected (built-in regulator not used)

Figure 13.5 Bias Generation Circuit Configuration (C

30V

| ML64168
Voo &
1 T
- ! 3.0V
Co; |  Vops!l (45V)
 ——
! T @30V
c 3“2 @1s5v) | Bias
— | DDipy -~ gener-
[ ol
Cl ¢ ation
Co— c2_1 circuit
5
Vgs |

(c) When power supply voltage (3.0V) s
selected (built-in regulator not used)

a Cp, C¢, C12=0.1 YUF)

Notes: Capacitors C,, Cp, C¢, and Cq, are not required unless the LCD driver is used. If the

LCD driver is not used, leave the C1, C2, Vpp1, Vpp2, and Vpps pins open.

When the LCD driver is used with 1/2 duty, a capacitor Cy, is not required. Leave the

Vpp3 pin open then.
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13.8 LCD Driver Output Waveforms

Figures 13-6 (a) to (c) show 1/4 duty of output waveforms of the LCD driver and Figures 13-
7 (a) and (b) show 1/3 duty and Figures 13-8 (a) and (b) show 1/2 duty.

Frame frequency 32 Hz

A
\

Vbp3

Vbb2

COoM1

Vbb1

Vss

Vbbs

Vbp2

COM2

Vbb1
Vss

Vbbs

Vbb2

COM3

Vbp1

Vss

--------- e

--------- :‘""""-.:""""- ---------: H H T VDD2

COM4

R froeees A R Vop1

.....................................................................

Vss

Figure 13-6 (a) 1/4 Duty Common Driving Waveforms (1/3 bias)
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Figure 13-6 (c) 1/4 Duty Common Driving Waveforms (1/3 bias)
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Figure 13-7 (a) 1/3 Duty Common Driving Waveforms (1/3 bias)
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Frame frequency 32 Hz
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Figure 13-8 (a) 1/2 Duty Common Driving Waveforms (1/2 bias)
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Figure 13-8 (b) 1/2 Duty Common Driving Waveforms (1/2 bias)
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Tables 13-1 and 13-2 show the list of LCD driver-related registers and pins.

Table 13-1 (a) List of LCD Driver-Related Registers

Register name Symbol Address Read/Write  Byte access sygiglrﬁer:stet
Display control register DSPCON 1EH R/W No OCH
Display register 0 DSPRO 40H R/W Yes OH
Display register 1 DSPR1 41H R/W OH
Display register 2 DSPR2 42H R/W Yes OH
Display register 3 DSPR3 43H R/W OH
Display register 4 DSPR4 44H R/W Yes OH
Display register 5 DSPR5 45H R/W OH
Display register 6 DSPR6 46H R/W Yes OH
Display register 7 DSPR7 47H R/W OH
Display register 8 DSPR8 48H R/W Yes OH
Display register 9 DSPR9 49H R/W OH
Display register 10 DSPR10 4AH R/W Yes OH
Display register 11 DSPR11 4BH R/W OH
Display register 12 DSPR12 4CH R/W Yes OH
Display register 13 DSPR13 4DH R/W OH
Display register 14 DSPR14 4EH R/W Yes OH
Display register 15 DSPR15 4FH R/W OH
Display register 16 DSPR16 50H R/W Yes OH
Display register 17 DSPR17 51H R/W OH
Display register 18 DSPR18 52H R/W Yes OH
Display register 19 DSPR19 53H R/W OH
Display register 20 DSPR20 54H R/W Yes OH
Display register 21 DSPR21 55H R/W OH
Display register 22 DSPR22 56H R/W Yes OH
Display register 23 DSPR23 57H R/W OH
Display register 24 DSPR24 58H R/W Yes OH
Display register 25 DSPR25 59H R/W OH
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Table 13-1 (b) List of LCD Driver-Related Registers

Register name Symbol Address Read/Write  Byte access Value at
system reset

Display register 26 DSPR26 5AH R/W OH

Yes
Display register 27 DSPR27 5BH R/W OH
Display register 28 DSPR28 5CH R/W OH

Yes
Display register 29 DSPR29 5DH R/W OH
Display register 30 DSPR30 5EH R/W No OH

Note : The display registers 0 through 30 are registers that can not be used without selection
by the mask option.
All the display registers to be used must be allocated on the LCD driver mask option
table per bit. (Refer to Appendix F on the mask options.)
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Table 13-2 (a) List of LCD Driver-Related Pins

Pin No.

Pin name Pad No. |nput/Output Function
GP GA, TB
Vpp1 42 40 40 e Bias output for driving LCD (1.2 V/1.5 V)
Vpp2 44 42 42 e Bias output for driving LCD (2.4 V/3.0 V)
Vpp3 45 43 43 —_— Bias output for driving LCD (3.6 V/4.5V)
C1l 46 44 44 e Capacitor connection pin for LCD driving bias
co 47 45 45 _ generation
LO 1 79 79 Output LCD segment/common signal output pins
L1 2 80 80 Output
L2 3 1 1 Output
L3 4 2 2 Output
L4 5 3 3 Output
L5 6 4 4 Output
L6 7 5 5 Output
L7 8 6 6 Output
L8 9 7 7 Output
L9 10 8 8 Output
L10 11 9 9 Output
L11 12 10 10 Output
L12 13 11 11 Output
L13 14 12 12 Output
L14 15 13 13 Output
L15 16 14 14 Output
L16 17 15 15 Output
L17 48 46 46 Output
L18 49 47 47 Output
L19 50 48 48 Output
L20 51 49 49 Output
L21 52 50 50 Output
L22 53 51 51 Output
L23 54 52 52 Output
L24 55 53 53 Output
L25 56 54 54 Output
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Table 13-2 (b) List of LCD Driver-Related Pins

Pin No.

Pin name Pad No. [nput/Output Function
GP GA, TB
L26/P5.0 57 55 55 Output LCD driver output pins.
L27/P5.1 58 56 56 Output Can become output ports by the mask option.
L28/P5.2 59 57 57 Output
L29/P5.3 60 58 58 Output
L30/P6.0 61 59 59 Output
L31/P6.1 62 60 60 Output
L32/P6.2 63 61 61 Output
L33/P6.3 64 62 62 Output
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Chapter 14 Constant Voltage Circuit for Logic Power Supply (VR)
14.1 Overview

The ML64168 has a built-in constant voltage circuit for the logic power supply (VR).

14.2 Layout of Constant Voltage Circuit for Logic Power Supply

Figure 14-1 shows the layout of the constant voltage circuit for the logic power supply.

i
i
. VoD
l 7
|
SW1é ON !
- -— |
¢ OFF i
I
I S
== (Typ. .
v
/|\ DDL
b
i p— 1.5V/3.0V
|
VooL RESETS 4%\ !

* CPUCLK [ — 7
Logic * f/ !
circuit BUPF :

i
v
NG
N
i

* BUPF indicates output of the backup flag.
CPUCLK indicates output of the system clock selection bit.

Figure 14-1 Constant Voltage Circuit for Logic Power Supply

In Figure 14-1, the "C " capacitor is a noise smoothening condenser on the Vpp,_ line of the
logic circuit and it is necessary to install the capacitor of 0.05 pF to 0.2 pF for C . SW1in the
Figure becomes ON state when (1) the system clock selection bit (CPUCLK) is setto "1", (2)
in system reset mode or (3) the backup flag (BUPF) is set to "1".

When developing an application in which CPUCLK or BUPF is set to "1" in the 3.0 V
specifications, install the capacitor of 0.47 uF +30% for C, . Inother cases, install the capacitor
of 0.05 uF to 0.2 uF for C,..
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14.3 Operation of Constant Voltage Circuit for Logic Power Supply

The constant voltage for the logic power supply (VR) outputs a constant voltage of 1.3
V (Typ.) to the Vpp, pin and supplies Vpp, level as the power supply of the logic circuit.

Atsystemresetor when selecting 700 kHz RC oscillation output as the system clock, the Vpp.
output is forced to be switched to Vpp.

In normal operation mode, the Vpp, output is switched to Vpp when Bit 0 (BUPF) of the
backup control register (BUPCON) is set to "1" while the crystal oscillation output is the
system clock. When resetting BUPF to "0", the Vpp, output becomes approximately 1.3 V.

In system reset mode, BUPF is reset to "0" but as shown in Figure 14-2, the Vpp, output

becomes either Vpp level for 0.5 second after crystal oscillation started.

Table 14-1 shows output state of Vpp by the CPUCLK bit, BUPF flag and system reset mode
and Figure 14-2 shows output status of Vpp, in system reset mode.

Table 14-1 Output State of V ggi

System reset mode CPUCLK flag BUPF flag V  ppL output level
0.5 sec duration —_— —_— Vbb
—_— 0 0 about 1.3V
e 0 1 Vbp
e 1  — Vbp
RESETO
(Internal reset signal)
Crystal
oscillation output w 32.768 kHz /
(XT)
0.5 sec
Vop
. \%
Logic power supply J SS 1.5Vor3.0V Y S ——
VooL l I about 1.3V

Figure 14-2 V gg| Output State in System Reset Mode
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14.4 Backup Control Register (BUPCON)

The backup control register (BUPCON) is a 4-bit special function register (SFR) to control the
output voltage level of Vpp, which is output of the constant voltage circuit for logic.

BUPCON (37H) N
RW) | T CMPF | ECMP | BUPF

Battery check flag
0: Input voltage level of P0.3 is higher than reference voltage
(initial value)
1: Input voltage level of P0.3 is lower than reference voltage

Battery check enable

0: Battery check disabled (initial value)
1: Battery check abled

VDDL level

0: 1.3V level (initial value)
1: Vpp level

*Reserved bit: "1" is always read. Not valid for write.

Bit 0: BUPF

This bitis a flag to select output voltage level of Vpp which is output of the constant voltage
circuit for logic (VR). By resetting BUPF to "0", the Vpp, output becomes 1.3V and by setting
BUPF to "1", the Vpp, output becomes Vpp level. At system reset, itis reset to "0". For 0.5
second after the system reset, the Vpp output is forced to be switched to Vpp level.

Table 14-2 shows those pins related to the constant voltage circuit for logic.

Table 14-2 Pins Related to Constant Voltage Circuit for Logic

) Pin No.
Pin name ad No. Input/Output Note
GP |GA,TB
Vbp 67 65 65 e Positive side power supply pin
VppL 31 29 29 e Positive side power supply pin for internal
logic (internally generated voltage)
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Chapter 15 Test Circuit (TST)

15.1 Overview

The ML64168 can output RC oscillation clock of the A/D converter or 700 kHz RC oscillation
clock of the system clock to Port 4.3 using TST1 and TST2, which are test pins.

By monitoring each RC oscillation clock, it is possible to measure the conversion character-
istics of the A/D converter and the frequency of the RC oscillation side system clock.

15.2 Operation of Test Circuit
When releasing system reset mode by inputting "H" to the RESET pin after selecting system

reset mode by inputting "L" to the RESET pin while both TST1 and TST2 are in "L" level, the
test mode is selected.

To return from test mode to normal mode, both TST1 and TST2 must be left open or in a state
where "H" level is input and the system reset must be input after that. When both TST1 and
TST2 are open, test mode is released. However, normal operation mode is not restored until
the system reset is input.

Figure 15-1 shows the relation among the TST1, TST2 pins and the RESET pin.

TST1 Open state (internally pulled up)

Y

TST2

RESET

Test mode Normal operation mode

Figure 15-1 Relation among the TST1, TST2 pins and the RESET pin

Depending the state of Ports 0.0 to 0.3, various RC oscillation signals are output to Port 4.3
after moving to test mode.

Tables 15-1 and 15-2 show the list of test modes and test circuit related pins. Figure 15-2
shows an example of connection in test mode.

Notes:

Please note that there is no guarantee of normal operation if both TST1 and TST2 are not
simultaneously open or at "H" level or "L" level.
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Table 15-1 List of Test Modes

TST1 | TST2 | PO.3 | PO.2 | PO.1 | PO.O P4.3 output mode
0 0 1 0 0 0 CROSCO oscillation stop (P4.3 = INO input)
0 0 1 0 0 1 RS0-CS0 oscillation clock
CROSCO
0 0 1 0 1 0 RTO0-CSO oscillation clock oscillation
mode
0 0 1 0 1 1 RT0-1-CSO0 oscillation clock
0 0 1 1 0 0 CTO0-1-RS0 oscillation clock
0 0 1 1 0 1 RS1-CS1 oscillation clock
CROSC1
0 0 1 1 1 0 RT1-CS1 oscillation clock oscillation
mode
0 0 1 1 1 1 CROSC1 oscillation stop (P4.3 = IN1 input)
0 0 0 — — — 700 kHz RC oscillation clock output
Notes: 0: "L"level input
1: "H" level input
—: Arbitrary
Table 15-2 Test Circuit-Related Pins
. Pin No.
Pin name in ™o Pad No. |nput/Output Notes
GP GA, TB
TSTH 71 69 69 Input Test input
TST2 72 70 70 Input Test input
RESET 70 68 68 Input Reset input
P0.0 e 75 75 Input Test mode selection
P0.1 78 76 76 Input Test mode selection
P0.2 79 i i Input Test mode selection
P0.3 80 78 78 Input Test mode selection
P4.3 29 27 27 Output RC oscillation clock monitor output

15-2




ML64168/P168 User's Manual
Chapter 15 Test Circuit (TST)

ML64168
3
_l_i XT P0.0 o~ O
XTAL
] b
32.768 kHz O—9
] XT PO.1 O
'
0osc1 P0.2 ogiNe!
Ros %E
0sc2 P0.3 o~ O
VDDI P4.3 » RC oscillation
clock monitor
* Vbp
0.1 pF RIO
. 30V VooL INO VWV
. 1— Vss CSOf——A F——
_ RSO
RTO
S N 5 RTO AN
o~ 0 RESET CRTO —
RI1
IN1 VWV
cst
csi——F———s
RS1
RS1 —""""\\N—®
RT1
RTL—— QWD

Figure 15-2 Connection Example of Test Mode (3.0 V operation mode)
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Chapter 16 Battery Check Circuit (BC)

16.1 Overview
The battery check circuit applies current to the external IC load equalizing resistor (Rg p) and

detects the level down of current voltage by comparing the voltage with the internal reference
voltage (Vrb).

16.2 Layout of Battery Check Circuit

The battery check circuit is composed of a comparator and reference voltage generation
circuit. The comparator input is assigned P0.3 port (also used as input port).

Battery check circuit (BC)

Vbb | Vo
| |
! Off
I
i
| Internal data bus
»—lp-- to Port 0
!
! P T m e ——m s i
I : Comparator |
' I
I
| (Specified output of NMOS; S CMPF I
~ I open drain) ! E D>O—f—>
./ - RESETS :
Output Port l Read |
BUPCON
R | 1
Q Di¢ .
L l
T I
I
Write ECMP :
I
{:P 11
ECMP |
Read :
BUPCON :
I
I
I
I
I
I
I
I
I
I
I

Figure 16-1 Layout of Battery Check Circuit
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Figure 16-1 shows the layout of the battery check circuit.

Since the P0.3 is also used as the input port as shown in Figure 16-1, cut off the pull-up or
pull-down resistor for the battery check. By controlling ON/OFF of the external resistor
(RgLp) with the NMOS open drain of output port, a simple battery check circuit is available.
The reference voltage Vrb is approx. 0.6 V.

16.3 Operation of Battery Check Circuit
The battery check circuit is controlled and checked by the ECMP and CMPF assigned to the
Back-up control register BUPCON (refer to chapter 14).

The ECMP is an enable bit of comparator. When ECMP is set to "1", the reference voltage
is generated and comparator is started and when it is set to "0", the comparator is halted.

The CMPF is an output of comparator. When CMPF is "1", the input voltage level is lower
than the reference voltage level, and when it is "0", the input voltage is higher than the
reference voltage. The value of CMPF is not valid when the ECMP is "0".

Figure 16-2 shows operation timing of the battery check operation.

BUPCON

ECMP J

> 2
Read wﬂJ

BUPCON

Write ? ?
v v

Vib —Vss
CMPF
1" or 0"

Figure 16-2 Battery Check Timing
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16.4 Registers Related to Battery Check Circuit

The battery check circuit is controlled by the ECMP and CMPF assigned to the Back-up
control register (BUPCON).

b3 b2 b1 bo
BUPCON (37H)
RW) | * CMPF | ECMP BUPF
Battery check flag
0: Input voltage level of P0.3 is higher than reference voltage
(initial value)

1: Input voltage level of P0.3 is lower than reference voltage
(battery low being detected)

Battery check enable

0: Battery check disabled (initial value)
1. Battery check enabled

VbpL level

0: 1.3V level (initial value)
1: Vpp level

* Reserved bit: "1" is always read out. Not valid for write.

For details of BUPF at bit O, refer to Chapter 14 "Constant Voltage Circuit for Logic Power
Supply (VR)".
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Chapter 17 ML64P168 (OTP Version)

17.1 Overview

The ML64P168 is a program memory (ROM) chip built into the ML64168(mask ROM chip)
which is converted to a one time PROM (OTP) chip.

In addition, this chip that differs from the mask ROM chip has no supply.

For these reasons, this OTP version of the ML64P168 should be used mainly for verification
of application program functions.

The ML64P168 has two operating modes of a microcontroller operating mode and PROM
mode. The microcontroller operating mode is a mode to make the same operation as a mask
ROM chip and the PROM mode is a mode to write/read PROM.

This chapter explains different specifications from the mask ROM chip.

17.2 Features

Following shows the features of the ML64P168 that are different from the ML64168.
1) Built-In Program Memory: 8160 bytes (PROM)
2) LCD Driver: 34 drivers

e 1/4 duty, during 1/3 bias: 120 segments (30 x 4)

e 1/3 duty, during 1/3 bias: 93 segments (31 x 3)

e 1/2 duty, during 1/2 bias: 64 segments (32 x 2)

« Output ports selectable by mask options on 8 drivers

» Externally supplied (from power supply voltage)/internally supplied (from built-
in ragulator) reference voltage selectable by mask option

e Preparation for several kinds of standard mask option products
3) External Appearance

e 80-pin flat package (QFP) only

* Other features are the same as the ML64168.
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17.3 Block Diagram

Figure 17-1 shows the block diagram of the ML64P168.

nx—4/30 Vpp
o MweBO
; DATA BUS (8) '
‘ T
| BSR [TR2| |TRO| |TR1]
1 — PROM
3 ['pcH | [Pem] pet | 81608
‘ \ m
LR el A :
; ‘ ] | ’ | }
iHALT BIA [H]L] [x]Y]
: I U U
! DATA BUS (8)
|
1 TIMING —
! |CONTROLLER| | SP
| — - A4 Lo
BC [ ] ) RAM
‘ \ 512N
INT ’
0SC1— }5 SIoP | e - - Vpp1
0SC2 - \ 4 / \ — Vpp2
7| 2CLK == TBC INT~— ~ /BIAS — Vb3
YT ~— 7] / —cl
w — C2
[ %j
RST —{ RSTC BD-— BD | / \ T tg
: \ 1 LcD :
TST1 — / ' L33
2 TST
I —{r2 037
( ‘ 1 p3 :
INTC | ) P4 lev pas
; INT=—
( ) Voo
WDT | . P10
\ . P11
INT=— (Pl [ Ipi2
NG / . P13
CS0O ~— , Vppi
RSO ~— ( ) \
CRTO : / \ <~— P0.0
RTO-~—| ADC ) po [~— PO.1
H : <~ P02
IN1
CS1~— T <~ P03
RS1 |NT<—1
RT1~—
INT<—

Figure 17-1 ML64P168 Block Diagram
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17.4 Pin Configuration

Figures 17-2 and 17-3 show the layout of package pins of the ML64P168.

L7 6 55 L26
L8 7 54 L25
L9 8 53 L24

L12 11 50 L21
L13 12 49 L20
L14 13 48 L19

~llollollo
MG
o o
zZ Z

N
= |
(= |
o]
= |

vep [ 29 |
ER

RTO [ 31 |
CrTO [ 32 |
RSO [ 33 |
Cso C

Figure 17-2 ML64P168 (GA) Pin Configuration
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o[ 1 | | 64 | L33P6.3
e[ 2 | | 63 | L32/Pe.2
L2 [ 3 | | 62 | L3wpel
3 [ 4 | | 61 | L30/P6.0
4 [ 5 | | 60 | L20/P5.3
15 [ 6 | | 59 | L2g/Ps.2
e [ 7 | | 58 | L27/P5.1
L7 | 8 | | 57 | L26/P5.0
e [ 9 | | 56 | L25
Lo [ 10 | | 55 | L2
L10 [ 11 | | 54 | 123
L11 [ 12 | | 53 | 122
L12 [ 13 | | 52 | L2t
L13 [ 14 | | 51 | 120
L14 [ 15 | | 50 | L19
L15 [ 16 | | 49 | L8
L16 [ 17 | |48 | L17
P20 | 18 |47 | c2
P21 [ 19 |46 | c1
P22 | 20 E VpD3
P23 | 21 E VpD2
P3.0 | 22 E VppI
P3.1 | 23 E VpD1
P32 [ 24 41 | RT1

Figure 17-3 ML64P168 (GP) Pin Configuration
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17.5 Pin Description

17.5.1 Changes in the OTP Version

Table 17-1 lists the pin changes that have been made in the OTP version.

Table 17-1 Pin Changes in the OTP Version

Pin No.
Classification |Pin name Input/Output Function
GP | GA
Power supply Vv 31 | 29 Positive power supply for writing to PROM
PP - (+12.5V)
Vppi 43 | 41 — Positive power supply for I/0O port interface.

When 1.5 V power supply is used, a voltage
of 2.7 V or more needs to be supplied to this
pin. (Power supply for PROM)

Note:  The OTP version (ML64P168) has the Vpp pin (positive power supply for writing to
PROM : +12.5 V) instead of the Vpp, pin.

When using a 1.5V power supply, be sure to apply a voltage of 2.7 V or more to the
Vppy pin. (Not required when using a 3.0 V power supply.)
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17.5.2 PROM Related Pins

Table 17-2 shows pins used to write program data to the ML64P168.

Table 17-2 Explanation of Pins (PROM Functions)

Classification| Pin name GPF:n N: A CI)':J‘::L/t Function
Vss 32 30 — 0 V power supply
Vpp* 67 65 — Positive power supply pin (+5 V supplied)
Vool 43 | 41 — | Positive power supply pin (+5 V supplied)
Vpp 31 29 — PROM write power supply (+12.5 V supplied)
RESET 70 | 68 | Input | PROM write setting pin
TSTH 71 69 | Input | PROM mode is set by "L" level input
TST2 72 70 | Input
DO (LO) 1 79 I/0 | Pin for writing and reading of program data
D1 (L1) 2 | 80 | I/O
D2 (L2) 3 1 1/0
D3 (L3) 4 2 | 10
D4 (L4) 5 3 | 10
LCD D5 (L5) 6 4 I/0
Driver D6 (L6) 7 | 5 | 10
D7 (L7) 8 6 | 110
CE (L8) 9 7 I/0 | PROM chip enable pin
OE (L9) 10 8 I/0 | PROM output enable signal
A0 (L10) 11 9 | Input | Program address input pin
A1 (L11) | 12 | 10 | Input
A2 (L12) | 13 | 11 | Input
A3(L13) | 14 | 12 | Input
A4 (L14) | 15 | 13 | Input
A5 (L15) | 16 | 14 | Input
A6 (L16) | 17 | 15 | Input
A7 (L17) | 48 | 46 | Input
A8 (L18) | 49 | 47 | Input
A9 (L19) | 50 | 48 | Input
A10(L20) | 51 | 49 | Input
A11(L21) | 52 | 50 | Input
A12(L22) | 53 | 51 | Input
L23 54 52 | Input | Input "H" level

* PROM mode should be supplied with 5 V both to Vpp and Vpp.

OTP Version
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17.6 Logic Power Supply

The ML64P168 is not equipped with the Constant Voltage Circuit for Logic Power Supply
(VR). The ML64P168 logic circuit is therefore driven by the power supply voltage.

For this reason, the LSB (b0) of the backup control register (BUPCON) is disabled in the

ML64P168.
bs b, by by
BUPCON (37H)
RW) | * CMPF ECMP | ---- *
Battery check flag
0: Input voltage level of P0O.3 is higher than reference voltage
(initial value)

1: Input voltage level of P0.3 is lower than reference voltage
(battery low being detected)

Battery check enable

0: Battery check disabled (initial value)
1: Battery check enabled

*Reserved bit: Always reads "1". Write is disabled.

17-7
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17.7 Power Supply Circuit Configuration for IC

Figures 17-4 and 17-5 show the circuit configuration of the power supply for IC including the
differences between the ML64P168 and the mask ROM chip ML64168.

(1.5 Viwith LCD-VR) (1.5 Viwithout LCD-VR)
( When 5 V interface ) When 5 V interface
ML641 not used ML641 not used
64168 Vo ‘ 64168 Voo ;
% %
Vbb Vbb
(15V) p.1pF (1.5V) p.1pF
Vop3 _| Vbb3 _|
@6V) 01F|  Lsvlsoy @5V) DIWFl hsyisov
Vbp2 _| [ Vbp2 _| [
LeD.vr 24 V) 0.1 pF (3.0V)
Vbp1 _| &—— Vpp1 Open
Logic-vR@:2 V) [0.1 pF Logic-yR@-5 V) 0.1 pF
1.5V > Voo H 15V Voou H
Analog 1.3V) Analog (1.3Vv)
Vss A Vss b
777 777
(3.0 V/with LCD-VR) (3.0 V/without LCD-VR)
( When 5 V interface ) When 5 V interface
ML64168 not used ML64168 not used
Voo ‘ Voo ;
% 2
Vbb Vbb
(3.0V) p.1pF (3.0V) p.1pF
Vbp3 _| Vbb3
6V) P1LF| loylsoy (4.5V) _Bovlsov
Vbp2 _| —_— — o Vbb2 —Open —_— —
Leb.vr 24 V) 0.1 pF (3.0V) [0.1pF
Vbp1 _| Vbbp1 _|
Logic-vR@-2 V) [0.1 pF Logic-vR(@-5 V) 01 pF
3.0 V VoL _| 3.0V VppL _|
Analog 1.3V) Analog (1.3Vv)
Vss hd Vss b
777 777

Figure 17-4 Configuration of Power Supply System (Mask ROM Version)
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(1.5 Viwith LCD-VR) (2.5 Viwithout LCD-VR)
ML64P168 ML64P168
Vool Vbp
* Vop Vbp
(1.5V) 0.1 uF (1.5V) 0.1 uF
VDD3 _| VDD3
(3.6V) [0.1 uF _hsvlsov (4.5V) 0.1 uF _hsvlsov
Vbp2 _— - Vbb2 _| _— -
Lep.yr 24V) P1pF (3.0V)
Vbbp1 _| — Vpp; Open|
1.2V) (1.5V)
1.5V 15V  Vpp ~Open 1.5V 15V Vpp —Open
Analog Logic Analog| [Logic
Vss et Vss bt
777 777
Requires a voltage of 2.7 V Requires a voltage of 2.7 V
or more to be applied or more to be applied
(3.0 V/with LCD-VR) (3.0 V/without LCD-VR)
( When 5V interface > ( When 5 V interface >
ML64P168 not used ML64P168 not used
Vool % Vool %
* Vop | Vb |
(3.0V) 0.1 uF (3.0V) 0.1 uF
VDD3 _| VDD3
(36V) 0.IWF| - 3ovisov (“.5V) 3.0V[5.0V
Vbp2 S — o—Vpp2 —Open S —
LCD-VR (24V) 0.1 uF (3.0V) [0.1puF
VDDl _| VDD1
1.2Vv) (1.5V)
3.0V 3.0V  Vpp ~Open 3.0V 3.0V  Vpp ~Open
Analog Logic Analog Logic
Vss hd Vss bt
777 777

Figure 17-5 Configuration of Power Supply System (OTP Version)
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17.8 PROM

The ML64P168 uses built-in PROM as program memory. The capacity of this PROM is 8160
bytes, and the capacity that omitted 32 bytes from the 1FEOH address to the 1FFFH address,
forming the test data area of the mask ROM chip.

In order to write the program data to this PROM, the ML64P168 uses a special adapter (OTP
64168 BOARD) which is connected to the general EPROM writer for writing. See also the
manual of this special adapter for further reference.

17.8.1 Explanation of Pins

Table 17-3 shows PROM related pins of the ML64P168.

Table 17-3 (a) List of PROM Related Pins

Pin No.
Pin name GP GA C';:E;L/t Remarks

Vss 32 30 — 0V power supply

Vpp 67 65 — Positive power supply pin (+5 V supplied)

Vb 43 41 — Positive power supply pin (+5 V supplied)

Vpp 31 29 — Power supply for PROM writing (+12.5 V supplied)
RESET 70 68 Input PROM mode setting pin

TST1 71 69 Input PROM mode is activated when the "L" level is input
ISP 72 70 Input for 3 common pins

OTP Version 17-10



ML64168/P168 User's Manual
Chapter 17 ML64P168 (OTP Version)

Table 17-3 (b) List of PROM Related Pins

Pin name GPPln NOéA c';:ﬁgh/t Function
DO (LO) 1 79 110 Program data write and read pins
D1 (L1) 2 80 /0
D2 (L2) 3 1 110
D3 (L3) 4 2 10
D4 (L4) 5 3 110
D5 (L5) 6 4 e
D6 (L6) 7 5 e
D7 (L7) 8 6 /0
CE (L8) 9 7 Input PROM chip enable pin
OE (L9) 10 8 Input PROM output enable signal
A0 (L10) 11 9 Input Program address input pins
Al (L11) 12 10 Input
A2 (L12) 13 11 Input
A3 (L13) 14 12 Input
A4 (L14) 15 13 Input
A5 (L15) 16 14 Input
A6 (L16) 17 15 Input
A7 (L17) 48 46 Input
A8 (L18) 49 47 Input
A9 (L19) 50 48 Input

A10 (L20) | 51 49 Input

All(L21) | 52 50 Input

A12 (L22) | 53 51 Input

L23 54 52 Input Input "H" level
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17.8.2 PROM Mode

The ML64P168 is capable of two separate modes, a PROM mode, which is used to write to
PROM and read from PROM, and a computer operating mode, which is used to execute
programs written to PROM. When ML64P168 is in the PROM mode, it simply operates as
PROM. These operations are explained under PROM mode.

17.8.3 Setting the PROM Mode

Setting of the PROM mode is done with RESET, TST1, and TST2, listed in Table 17-4. When
the PROM mode is set, LCD pins become PROM related pins.

Table 17-4 PROM Mode Setting

RESET TST1 TST2 Mode
L L L PROM Mode

17.8.4 PROM Mode Functions

PROM Mode functions are shown in Table 17-5.

Table 17-5 List of PROM Mode Functions

CE OE Vbb D7 to DO

Mode (L8) (L9) Vep Voo (L7 to LO)

Read L L 5V 5V Program data output
Program L H 125V 5V Program data input

Program verify L L 125V 5V Program data output
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17.8.5 Connection to the EPROM Writer

Figure 17-6 shows how to connect the EPROM writer to the ML64P168.

EPROM Writer ML64P168
AO0-A12 > L10-L22/A0-A12
DO-D7 LO-L7/D0O-D7

Vep » Vep
CE p L8/CE
OE » L9/OE
‘D'<£ SWi*
L23
=~ <‘>
C: Vbp
Vce VoI
GND | —e————P»| Vss
RESET
TST1
TST2

Figure 17-6 Connection to the EPROM Writer

*:In SW1, 'D'is a normally closed contact.
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Chapter 18 Instruction Set

18.1 Overview
Allinstructions are configured in byte (8-bit) units. By instruction word length, instructions are
classified into three types: 1-byte length, 2-byte length, and 3-byte length.

There are 148 types of instructions, however if HL indirect addressing and XY indirect
addressing instruction pairs in data memory addressing mode are regarded as 1 type, then
there are 121 types of basic instructions.

These 148 types of instructions are classified by instruction word length as follows:
e 1-byte instruction..... 81types
* 2-byte instruction..... 64types (of these, 26 types are XY indirect addressing instructions)

« 3-byte instruction..... 3 types (of these, 1 type is an XY indirect addressing instruction)

Total 148 types

Instruction features are explained below. In this document, "Data Memory" refers to RAM and
various special function registers (SFRs) laid out in data memory space.

(1) Instructions frequently used are allocated to a 1-byte instruction.

(2) The HL and XY register pairs allow two indirect addressing modes to be used for data
memory.

(3) Bytetransfer, byte addition/subtraction, and byte comparison are possible for the entire
data memory area. However, a byte instruction cannot be used for some of the SFRs.

(4) Bit operation is possible for the entire data memory area.
(5) A conditional branch is performed by a skip and jump instruction combination.

(6) The ROM table reference instruction (LMTB a4) allows a data table to be created in
program memory (ROM).

(7) The vertical stack instructions (LAl ng4, LLI ng) allow efficient programming such as
multientry of subroutines.

Because of the above features, instruction sets are easy to program and very efficient to use.

Since all SFRs are laid out in the data memory address space, SFRs can be operated and
referred to just like data memory. Some SFRs, however, have limited functions, such as write
only, or read only.

The instruction execution time is from 1 to 5 machine cycles (3 times the CPU clock cycle is
one machine cycle.)
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By machine cycle, instructions are classified as follows:

1 machine cycle ......
2 machine cycles ....
3 machine cycles ....
4 machine cycles ....

5 machine cycles ....

55 types

75types (of these, 18 types are XY indirect addressing instructions)
13 types (of these, 9 types are XY indirect addressing instructions)
2 types

3 types

By function, instructions are classified as follows:

1)

)

®3)

(4)

(%)

(6)

()

4-Bit Transfer Instruction

This type of instruction transfers data in the accumulator (A), working registers (B, H, L,
X, Y), and in data memory. It loads immediate data to working registers, data memory,
bank select registers (BSR0, BSR1), etc. in 4-bit units.

8-Bit Transfer Instruction

This type of instruction transfers data in the accumulator (A), B register pair (BA) and
other working register pairs, and in HL and XY working register pairs. It loads immediate
data to each register pair and data memory in 8-bit units.

Exchange Instruction

This type of instruction exchanges data in the accumulator (A), B register, and data
memory in 4-bit units. It also exchanges data in the accumulator (A), B register pair, and
data memory in 8-bit units.

4-Bit Operation Instruction

This type of instruction performs addition, subtraction, AND, OR and exclusive OR
operations on data memory content and on immediate data for the accumulator (A), and
performs rotation and inversion (complementary operation of 1).

8-Bit Operation Instruction

This type of instruction performs addition and subtraction on data memory content for
the accumulator (A) and B register pair in 8-bit units.

Bit Operation Instruction

This type of instruction sets, resets and tests any bit of the carry flag (C), bank common
flag (BCF), bank enable flag (BEF), and data memory.

Increment-Decrement Instruction

This type of instruction increments and decrements the accumulator (A), each of H, L,
X and Y registers, and data memory.
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(8) Comparison Instruction

This type of instruction compares the accumulator (A), L register, data memory and
immediate data, and compares the accumulator (A), B register, and data memory in 4-
bit units. It also compares the accumulator (A), B register pair (BA), and data memory
in 8-bit units.

(9) Stack Instruction

Thistype instruction pushes (adds) and pops (removes) information from the accumulator
(A), each of B, H, and L registers, and the bank select registers.

(10) Branch Instruction
This is a jump instruction.

(11) Subroutine Instruction
This is a call/return instruction.

(12) NOP Instruction.

The HLT flag, master interrupt enable flag MI, and the stack pointer SP are allocated in data
memory space as follows.

BANKO 7Cy address bit 0 . Milflag
BANKO 7Dy address bit 0 . HLT flag
BANKO 7Fy, 7Ey addresses bits 1to7 : SP

These flags and registers can be read and written by the same control instructions as used
for data memory.

To convert to halt mode, for example, write "1" to BANKO 7Dy address bit O (HLT).
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[Explanation of Symbols]

The meanings of the symbols used in the following sections are explained below.

A Accumulator
® C o Carry flag
e B,H, L, X, Y oo, Working registers
e BA Indicates 8-bit data of the content of B registers (B3 to B0),
and accumulators (A3 to A0), with B register at the MSB side.
7 6 5 4 3 2 1 0
BA:| B3 | B2 [ B1 | Bo | A3 | A2 [ A1 [ A0 |
e HL oo, Indicates 8-bit data of the content of H, L registers, with H
register at the MSB side.
7 6 5 4 3 2 1 0
H| H3 | H2 [ W1 [ HO | 18 | 2 [ 11 | Lo |
¢ XY i Indicates 8-bit data of the content of X, Y registers, with X
register at the MSB side.
7 6 5 4 3 2 1 0
xv:| x3 | x2 | xt | xo | va|v2]v1i] vo|
L =] = Indicates bank selectregisters (BSR1, BSR0), bank common
flag (BCF) and bank enable flag (BEF).
7 6 5 4 3 2 1 0
BSR: | BEF | BSR1 | BeF | BSRO |
® M (Y) o Indicates 4-bit data memory content in address indicated by
y.
3 2 1 0
M(y): | M(y)
¢ MB (V) eveeeiiiiiiieiee Indicates 8-bit data memory content in address indicated by
y. The data configuration is shown below. The LSB side is
always an even address.
7 6 5 4 3 2 1 0
Mb(y): | M (y+1) || M () |
(Odd Address) (Even Address)
LI I () I Indicates 8-bit program memory (ROM) content in address

indicated by y (for ROM table data).
7 6 5 4 3 2 1 0

T(y): | T (y) |
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PC e, Indicates content of program counter (max. 12 bits). The PC
value is the program memory address.

SP o Indicates content of stack pointer (8-bit). SP value is the stack
addressindatamemory. SPisallocatedto 7Fy, 7TE addresses
of data memory banko.

7 6 5 4 3 2 1 o0
sP: | 1 [sp6|sPs|spP4|sP3|spP2|sP1| 1 |
(07FH Address) (O7ER Address)
ST Indicates 8-bit stack content. This is 8-bit data indicated by

SP in data memory. The configuration is shown below.

7 6 5 4 3 2 1 0

ST: | (SP) | (SP-1)
(Odd Address) (Even Address)
MI e Indicates the master interrupt enable flag. Ml is allocated to

7Cy address, bit 0 of data memory bankO.

(@0, ST Indicates XY indirectaddressing mode instruction. Anindirect
address mode instruction without this symbol is HL indirect
addressing.

DIy e Indicates x bits of immediate data.

N Indicates immediate data at bitn. (n =0, 1,2 ¢ ¢ )

By e Indicates immediate data to be loaded to PC as an x-bit

program memory (ROM) address. x-bit is usually from bit O,
but in the table address it is from bit 8.

MG oo Indicates immediate data to be the low order 8-bit address for
direct addressing to data memory.

FIN2] e, Indicates value of bit shown as n, (see figure below) in
content of r (data memory, working registers, accumulators,
etc.).

ny: 11/10/01/00
Lo

r[r3[r2[r1[r0|

N/ cerrerrnetee e Indicates OR.

/N e Indicates AND.

O e Indicates exclusive-OR (EOR).

XH cveeereneeereeeeeeesnnnreeeeens "H" indicates that "X" is a hexadecimal value.
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o SKIpIf i The next instruction is skipped if the condition is met, that is,
the machine cycle time of the next instruction is spent and the
next instruction is not executed.

® CalTY e Indicates the carry of an operation result.

® BOIMOW ..oovvveeeeeiiiiiiiiiiee, Indicates the borrow after an operation result.

18-6



ML64168/P168 User's Manual
Chapter 18 Instruction Set

18.2 Instruction List

"B" indicates the byte length of an instruction.

l/ "C" indicates the number of execution machine cycles of an
l_ instruction.
Mnemonic Op-code B C Operation
ADC 1 1 |[AAC~A+MHL)+C
ADC @XY 2 2 |[AAC—A+MXY)+C
ADCB 1 2 |BA,C«<BA+Mp(HL) +C
ADCB @XY 2 3 |BA,C«<BA+Mp(XY)+C
ADCS 1 1 |AC—~A+M(HL)+C,SkipifCarry =1
ADCS @XY 2 2 |[AAC—A+M(XY)+C,SkipifCarry =1
ADS 1 1 |A«<A+M(HL), Skipif Carry =1
ADS @XxY 2 2 |[A=A+M(XY), SkipifCarry =1
ADSB 1 2 | BA« BA + Mp (HL), Skip if Carry =1
ADSB @XY 2 3 | BA« BA + Mp (XY), Skip if Carry = 1
AIS n4 1 1 |A«< A+ng, SkipifCarry=1
AND 1 1 |[A«AAM(HL)
AND @XY 2 2 |A<AAM(KXY)
ANDI n4 2 2 |A—AAng
CAB 1 1 |SkipifA=B
CAl n4 2 2 |SkipifA=n4
CAL a1l 2 4 |ST«PC+2,PC10to0« a11, SP« SP-2
CAM 1 1 |Skipif A=M (HL)
CAM @XY 2 2 | Skip if A=M (XY)
CAMB 1 2 | Skip if BA = Mp (HL)
CAMB @XY 2 3 | Skip if BA = Mp (XY)
CAMD msg 2 2 | Skip if A=M (mg)
CLI n4 2 2 |SkipifL=ng
CMA 2 2 |A<A
CMI n4 2 2 |SkipifM (HL)=n4
CzZP a5 1 4 |ST«PC+1,PC4to0« a5 PC11to5« 0
SP « SP - 2 (a5 indicates the even number between 10H
and 1EH.)
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Mnemonic Op-code B C Operation
DCA 1 1 |A«<A-1,Skipif A=0FH
DCH 1 1 |H«H-1, SkipifH=0FH
DCL 1 1 |L«L-1,SkipifL=0FH
DCM 1 1 |M(HL) « M (HL) — 1, Skip if M (HL) = OFH
DCM @XY 2 2 | M (XY) & M (XY) — 1, Skip if M (XY) = OFH
DCMD mg 2 2 |M(mg) « M (mg)— 1, Skip if M (m8) = OFH
DCX 1 1 | X« X-=1,Skipif X=0FH
DCY 1 1 |Y«Y-—1,Skipif Y =0FH
EOR 1 1 |A<AVYM(HL)
EOR @XY 2 2 A< AYM(XY)
EORI n4 2 2 |A<AVng
INA 1 1 |A«<A+1 SkipifA=0
INH 1 1 |HeH+1, SkipifH=0
INL 1 1 |L«L+1,SkipifL=0
INM 1 1 |M(HL) « M (HL) + 1, Skip if M (HL) = 0
INM @XY 2 2 | M (XY) & M (XY) + 1, Skip if M (XY) =0
INMD mg 2 2 [ M(mg) <« M (mg) + 1, Skip if M (mg) =0
INX 1 1 | X« X+1,SkipifX=0
INY 1 1 |Ye<VY+1,Skipify=0
JA 1 1 | PCs5to 0 « BA (bit O to bit 5)
JCP ag 1 1 |PC5t00¢« a6
IM 1 3 |PC11to 0« Mp (HL), BA
JP all 2 2 |PC10to 0« a11
LAB 2 2 |A«<B
LAH 1 1 |A«<H
LAI n4 1 1 | A« ng (Vertical Stack Instruction)
LAL 1 1 |A«<L
LALB 2 2 |BA«HL
LAM 1 1 |A«M(HL)
LAM @XY 2 2 |AeM(XY)
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Mnemonic Op-code B C Operation
LAMB 1 2 |BA« Mp (HL)
LAMB @XY 2 3 | BA « Mp (XY)
LAMD mg 2 2 |[A<M(mg)
LAMDB mg 2 2 |BA « Mp (mg)
LAMM n2 1 1 |[A«MMHL),H«<HVnN2
LAM+ 1 2 |A«<M(HL),L«L+1, SkipifL=0
LAM— 1 2 |Ae—M(HL), L« L-1,SkipifL=0FH
LAX 1 1 [A«X
LAY 1 1 |AeY
LAYB 2 2 |BA &« XY
LBA 2 2 |B«A
LBAI ng 2 2 |BA«ng
LBSOI n3 2 2 |BSRO« n3
LBS1I n3 2 2 |BSR1«n3
LCAL a1z 3 5 |ST«PC+3,PC«aj2, SP«SP-2
LHA 1 1 |[H«A
LHI n4 2 2 |Heng
LHLI ng 2 2 |HL<«ng
LIP ai2 3 5 [PC11to0 <« ai2
LLA 1 1 |[L«<A
LLAB 2 2 |HL<« BA
LLI n4 1 1 | L « ng4 (Vertical Stack Instruction)
LMA 1 1 [MMHL) <A
LMA @XY 2 2 IMXY)«<A
LMAB 1 2 |Mp (HL) « BA
LMAB @XY 2 3 | Mp (XY) « BA
LMAD mg 2 2 |[M(mg)« A
LMADB mg 2 2 | Mp (mg) « BA
LMA+ 1 2 |M(HL)« AL«L+1,SkipifL=0
LMA- 1 2 |MHL)« A L«L-1,SkipifL=0FH
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Mnemonic Op-code B C Operation
LMBI ng 2 2 |Mp (HL) « ng
LMBI @XY, ng 3 3 | Mp (XY) < ng
LMI n4 2 2 |M(HL)«ng
LMTB a4 2 3 |Mp (HL) « T (a4, XY)
LXA 1 1 [X«A
LXI n4 2 2 | X«ng
LXYI ng 2 2 | XY« ng
LYA 1 1 |[Y«A
LYAB 2 2 | XY« BA
LYI n4 2 2 |[Y«<n4q
NOP 1 1 | No operation
OR 1 1 |[A«AvVvM(HL)
OR @XY 2 2 |A<AVM(KXY)
ORI n4 2 2 |A<Avng
POP BA 1 2 |SP«SP+1,BA«ST
POP HL 1 2 |SP«SP+1,HL« ST
POP BSR 1 2 |SP«SP+1,BSR« ST
PUSH BA 1 2 |ST«<BA SP«SP-1
PUSH HL 1 2 |ST«HL SP«SP-1
PUSH BSR 1 2 |ST«BSR,SP«SP-1
RAL 1 1 |C« A3, A3 A2, A2« A1,A1 < A0, A0« C
RAR 1 1 |C«—AQ A0« A1, A1« A2, A2« A3,A3«<C
RBC 1 1 |BCF«O0
RBE 1 1 |BEF«O0
RC 1 1 |[C«O0
RMB n2 1 1 |[M((HL)[n2] <O
RMB @XY, n2 2 2 |MXY)[n2]«0
RMBD mg, n2 2 2 [M(mg)[n2] « 0
RT 1 3 |PC11to 0« ST,SP« SP +2
RTI 1 5 |PC11t00°*C*HL*BA« ST,SP« SP+4, Ml « 1
RTS 1 3 |PC11to 0« ST, SP « SP + 2, Then skip
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Mnemonic Op-code B C Operation
SBC 1 1 |BCF«1
SBE 1 1 |BEF«1
SC 1 1 |C«1
SMB n2 1 1 |[M(HL)[n2] «1
SMB @XY, n2 2 2 IMXY)[n2] «1
SMBD mg, n2 2 2 [M(mg)[n2] «1
SUBC 1 1 |AC<~A-M(HL)-C
SUBC @XY 2 2 |[AAC~A-M(XY)-C
SUBCB 1 2 |BA,C«~BA-Mp(HL)-C
SUBCB @XY 2 3 |BA,C«~BA-Mp(XY)-C
SUBCS 1 1 |A,C«<A-M(HL)-C, Skip if Borrow =0
SUBCS @XY 2 2 |A,C«—A-M(XY)-C, Skip if Borrow =0
SUBS 1 1 |A« A-M(HL), Skip if Borrow = 1
SUBS @XxY 2 2 |A« A-M(XY), Skip if Borrow = 1
SUBSB 1 2 | BA « BA - Mp (HL), Skip if Borrow = 1
SUBSB @XxY 2 3 | BA « BA— Mp (XY), Skip if Borrow = 1
TAB n2 1 1 |SkipifA[n2]l=1
TC 1 1 |[SkipifC=1
TMB n2 1 1 |Skipif M (HL)[n2]=1
T™MB @XY, n2 2 2 | Skipif M (XY)[n2]=1
TMBD mg, n2 2 2 | Skipif M (mg) [n2]=1
XAB 1 2 |A&B
XAM 1 1 |AeM(HL)
XAM @XY 2 2 |AeMKXY)
XAMB 1 2 |BA & Mp (HL)
XAMB @XY 2 3 | BA & Mp (XY)
XAMD mg 2 2 |Ao M(mg)
XAMDB mg 2 2 |BA & Mp (mg)
XAMM n2 1 1 |[AoMHL),H«HVYN2
XAM+ 1 2 |[AoM(HL),L«L+1, SkipifL=0
XAM- 1 2 |AoMHL),L«L-1,SkipifL=0FH
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18.3 Instruction Code Table

(1) 1st Byte

JCP

0 NOP | INA AIS

1 CzP | RBC | CzP | SBC | CzP |RBE | CzP |SBE | CzP | RC | czP | sc |czp | Tc | czP | DcA
2 TMBD RMBD SMBD tavp|map | AN | LA
3 TAB LAM+ | LAM= | LMA+ | LMA— | XAM+ | XAM-| LBAI |CAMD|XAMD XS‘BM INMD [DCMD
4 LAL | LAH | LAY | LAX | LLA | LHA | LYA | LXA | INL | INH | INY | INX | DCL | DCH | DcY | Dex
5 LHLI | LXYI | XAB | CAB | RAR | RAL |XAMB|LMBI | ADCB|ADSB SéJBB SSUBB CAM |CAMB |LAMB|LMAB
6 T™MB RMB SMB AND | OR | EOR | LMA
7 LAM LAMM XAM XAMM ADC | ADS |SUBC|SUBS|ADCS SéJSB INM | DCM
8 LLI

9 LAI

A CAL JP

B Plé;S\H PE'EH P;SSRH JA Pé): PSLP gg; LMTB| RT |RTS| aM | RTI | LP |LcAL

C

D

E

F
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(2) 2nd Byte (other than @XY [XY indirect addressing] instruction)

H Lil o 1 21 3|4 |5 |6 |7 8| 9 A/ B|C|D]|E]|F

LHI

LYI

LXI

LMI

CAl

CLI

CMmI

ANDI

ORI

EORI CMA

LBSOI LBS1I

LAB | LBA LALB | LAYB | LLAB | LYAB

MM O|O0O|@|>P|lo|lw|N|lo|la|lbd|lw|N|FR,| O

18-13



ML64168/P168 User's Manual

Chapter 18 Instruction Set

(3) 2nd Byte (for @XY [XY indirect addressing] instruction)

H 0 1 2 4 5 6 7 8 9 A B | C D E F
0
1
2
3
4
5 XAMB | LMBI |ADCB| ADSB SCUBB SSUBB CAM |CAMB|LAMB |LMAB
6 TMB RMB SMB AND | OR | EOR | LMA
7 | Lam XAM ADC | ADS |sUBC|suBs|ADCs| ST | INM | DeM
8
9
A
B
C
D
E
F
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Appendix A (ML64168)
[ML64168]
Appendix A:
List of Special Function Registers
Value at
Register name Symbol Address | b3 b2 bl b0 R/W Byte system
access | oget
Port 2 register P2 OOH P23 P22 P21 P20 R/W yes OH
Port 3 register P3 01H P33 P32 P31 P30 R/W OH
Port 4 register P4 02H P43 P42 P41 P40 R/W OH
. yes Depends on
Port O register PO 03H P03 P02 PO1 P0OO R input value
Port 1 register P1 04H P13 P12 P11 P10 R/W no OH
Serial port buffer | SBUFL 06H SD3 SD2 SD1 SDO R/W OH
lower register
yes
Serial port buffer | SBUFH 07H SD7 SD6 SD5 SD4 R/W OH
upper register
Serial port SCON 08H SDIR EXSC |SEND ENTR R/W no OH
control register
Frequency FCON 09H *— *— *— CPUCLK | R/IW no OEH
control register
Buzzer driver BDCON OAH SELF EBD BM1 BMO R/W OH
control register
yes
Buzzer frequency | BFCON 0BH BF3 BF2 BF1 BFO R/W OH
control register
Capture register 0 | CAPRO OCH 32Hz 64Hz | 128Hz | 256Hz R OH
yes
Capture register 1 | CAPR1 ODH 32Hz 64Hz | 128Hz 256Hz R OH
Capture control CAPCON OEH CRF1 | CRFO |ECAP1 | ECAPO R/W no OH
register
Time base TBCR OFH 1Hz 2Hz 4Hz 8Hz R/W no OH
counter register
Port 20 control P20CON 10H P20IE | P20F |P20DIR | P20MOD | W OH
register
yes
Port 21 control P21CON 11H P21IE | P21F |P21DIR | P21IMOD | W OH
register
Port 22 control P22CON 12H P22IE | P22F |P22DIR | P21IMOD | W OH
register
yes
Port 23 control P23CON 13H P23IE | P23F |P23DIR | P23MOD | W OH
register
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Value at
Register name Symbol Address | b3 b2 bl b0 /W Byte system
access
reset

Port 30 control P30CON 14H P30IE | P30F |[P30DIR | P3OMOD W OH
register

yes
Port 31 control P31CON 15H P31IE | P31F |[P31DIR | P31MOD W OH
register
Port 32 control P32CON 16H P32IE | P32F |P32DIR | P32MOD W OH
register

yes
Port 33 control P33CON 17H P33IE | SIN P33DIR | P33MOD W OH
register
Port 40 control P40CON 18H P40IE | SOUT |P40DIR | PAOMOD W OH
register

yes
Port 41 control P41CON 19H P41IE | SPR P41DIR | P41IMOD w OH
register
Port 42 control P42CON 1AH P42IE | SCLK |[P42DIR | P42MOD W OH

ist

register ves
Port 43 control P43CON 1BH P43IE | MON |P43DIR | P43MOD W OH
register
Port 01 control PO1CON 1CH *— PUD P1MOD | POMOD w no 8H
register
Display control DSPCON 1EH *— *— DUTY1 | DUTYO R/W no OCH
register
A/D converter CNTAO 20H a3 a2 al a0 R/W OH
counter A register 0

yes
A/D converter CNTAl 21H a7 a6 a5 a4 R/W OH
counter A register 1
A/D converter CNTA2 22H all alo a9 a8 R/W OH
counter A register 2

yes
A/D converter CNTA3 23H als al4 al3 al2 R/W OH
counter A register 3
A/D converter CNTA4 24H *— als al7 al6 R/W no 8H
counter A register 4
A/D converter CNTBO 26H b3 b2 bl b0 R/W OH
counter B register 0

yes
A/D converter CNTB1 27H b7 b6 b5 b4 R/W OH
counter B register 1
A/D converter CNTB2 28H b1l b10 b9 b8 R/W | vyes OH

counter B register 2
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Bvte Value at
Register name Symbol Address | b3 b2 bl b0 R/W y system
access
reset
A/D converter CNTB3 29H *— *— b13 b12 R/W | vyes OCH
counter B register 3
A/D converter ADCONO 2AH *— *— SADI EADC R/W 0CH
control register O
yes
A/D converter ADCON1 2BH OM3 om2 OomM1 OMO R/W OH
control register 1
Interrupt enable IEO 30H EAD EXI1 ESIO EXIO R/W OH
register 0
yes
Interrupt enable IE1 31H E1Hz E16Hz | E32Hz | E256Hz R/W OH
register 1
Interrupt enable IE2 32H *— *— *— EO1Hz R/W OEH
register 2
yes
Interrupt request IRQ2 33H *— *— QWDT QO01Hz R/IW OCH
register 2
Interrupt request IRQO 34H QAD QXI1 QsSIO QXIO R/W OH
register 0
yes
Interrupt request IRQ1 35H Q1Hz Q16Hz | Q32Hz | Q256Hz R/W OH
register 1
Watchdog timer WDTCON| 36H d3 d2 dl do W no OH
control register
Backup control | BUPCON| 37H | *— | CMPF | ECMP | "'BUPF | RW | no | 08H
register
Display register 0 | DSPRO 40H d c b a R/W OH
yes
Display register 1 | DSPR1 41H d c b a R/W OH
Display register 2 | DSPR2 42H d c b a R/W OH
yes
Display register 3 | DSPR3 43H d c b a R/W OH
Display register 4 | DSPR4 44H d c b a R/W OH
yes
Display register 5 | DSPR5 45H d c b a R/W OH
Display register 6 | DSPR6 46H d c b a R/W OH
yes
Display register 7 | DSPR7 47H d c b a R/W OH
Display register 8 | DSPR8 48H d c b a R/W OH
yes
Display register 9 | DSPR9 49H d c b a R/W OH
Display register 10 | DSPR10 4AH d c b a R/W | vyes OH

*1: The OTP version has different specifications. See page 17-7.
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_ Byte Value at
Register name Symbol Address | b3 b2 bl b0 R/W accesS) stem
reset
Display register 11| DSPR11 4BH d c b a R/W | vyes OH
Display register 12| DSPR12 4CH d c b a R/W os OH
Display register 13| DSPR13 4DH d c b a R/W g OH
Display register 14| DSPR14 4EH d c b a R/W os OH
Display register 15| DSPR15 4FH d c b a R/W ’ OH
Display register 16 | DSPR16 50H d c b a R/W OH
Display register 17| DSPR17 51H d c b a R/W yes OH
Display register 18| DSPR18 52H d c b a R/W os OH
Display register 19| DSPR19 53H d c b a R/W ’ OH
Display register 20| DSPR20 54H d c b a R/W os OH
Display register 21| DSPR21 55H d c b a R/W ’ OH
Display register 22| DSPR22 56H d c b a R/W os OH
Display register 23| DSPR23 57H d c b a R/W ’ OH
Display register 24| DSPR24 58H d c b a R/W os OH
Display register 25| DSPR25 59H d c b a R/W ’ OH
Display register 26 | DSPR26 5AH d c b a R/W os OH
Display register 27| DSPR27 5BH d c b a R/W ’ OH
Display register 28| DSPR28 5CH d c b a R/W os OH
Display register 29| DSPR29 5DH d c b a R/W ’ OH
Display register 30| DSPR30 5EH d c b a R/W no OH
Master interrupt MIEF 7CH *— *— *— Ml R/W no OEH
enable register
Halt mode register | HALT 7DH *— *— *— HLT R/W no OEH
7EH SP3 SP2 SP1 *—
Stack pointer SP RW | yes | OFFH
7FH — SP6 | SP5 SP4

Notes:
(1) Only byte access is possible for the Stack pointer.
(2) ™—"in the table is a reserved bit. "1" is always read out. Not valid for write.

(3) The display registers 0 through 30 are registers that cannot be used without selection by
the mask option.
All the display registers to be used must be allocated on the LCD driver mask option table
per bit. (Refer to Appendix F on the mask options.)
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Appendix B:

Description of Special Function Registers

Register name Symbol Address Read/Write Value at system reset
Port 2 register P2 00H R/W OH
Port 20 control register P20CON 10H W OH
Port 21 control register P21CON 11H W OH
Port 22 control register P22CON 12H W OH
Port 23 control register P23CON 13H W OH
ba bz b1 bo
P2 é(F)z(/)leg P23 P22 P21 P20
ba bz b1 bo

P20CON  (10H)
W) P20IE P20F | P20DIR | P20MOD

P2.0 Selection of external interrupt disable/enable
0: Interrupt disable (initial value)
1: Interrupt enable

P2.0 Selection of external interrupt sampling clock
0: 64 Hz (initial value)
1: System clock

P2.0 Selection of input/output mode
0: Input mode (initial value)
1: Output mode

P2.0 Selection of pull-down/pull-up resistance input or high impedance
input (in input mode)

0: Pull-down/pull-up resistance input (initial value)

1: High impedance input

P2.0 Selection of CMOS output/NMOS open drain output (in output mode)
0: CMOS output (initial value)
1: NMOS open drain output
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b b

3 2

b

1

b

0

Pat (L) P21IE P21F
(W)

P21DIR

P21MOD

P2.1 Selection of external interrupt disable (initial value)
0: Interrupt disable (initial value)

1: Interrupt enable

P2.1 Selection of external interrupt sampling clock
0: 64 Hz (initial value)
1: System clock

P2.1 Selection of input/output mode
0: Input mode (initial value)
1: Output mode

P2.1 Selection of pull-down/pull-up resistance input or high impedance input —

(in input mode)
0: Pull-down/pull-up resistance input (initial value)
1: High impedance input

P2.1 Selection of CMOS output/NMOS open drain output (in output mode) ——

0: CMOS output (initial value)
1: NMOS open drain output
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b b b b

3 2 1 0

P22CON  (12H)
w) P22IE P22F | P22DIR | P22MOD

P2.2 Selection of external interrupt disable/enable
0: Interrupt disable (initial value)
1: Interrupt enable

P2.2 Selection of external interrupt sampling clock
0: 64 Hz (initial value)
1. System clock

P2.2 Selection of input/output mode
0: Input mode (initial value)
1: Output mode

P2.2 Selection of pull-down/pull-up resistance input or high impedance input —
(in input mode)

0: Pull-down/pull-up resistance input (initial value)

1: High impedance input

P2.2 Selection of CMOS output/NMOS open drain output (in output mode) ——
0: CMOS output (initial value)
1: NMOS open drain output
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b b b b

3 2 1 0

P23CON (13H)
W) P23IE P23F | P23DIR | P23MOD

P2.3 Selection of external interrupt disable/enable
0: Interrupt disable (initial value)

1: Interrupt enable

P2.3 Selection of external interrupt sampling clock
0: 64 Hz (initial value)
1: System clock

P2.3 Selection of input/output mode
0: Input mode (initial value)
1: Output mode

P2.3 Selection of pull-down/pull-up resistance input or
high impedance input (in input mode)
0: Pull-down/pull-up resistance input (initial value)
1: High impedance input

P2.3 Selection of CMOS output/NMOS open drain output (in output mode) ——
0: CMOS output (initial value)
1: NMOS open drain output

Description |

The Port 2 register (P2) is a data register to output to Port 2. When P2 is read out while
Bit 1 (each DIR bhit) of P20CON to P23CON is reset to "0" in input mode, the pin level of
each bit is read out for those bits where input mode is selected.

The Port 20 to 23 control registers (P20CON, P21CON, P22CON and P23CON) perform
selection of input/output mode, selection of pull-down/pull-up resistance input/
high-impedance input in input mode, selection of CMOS/NMQOS open drain output in
output mode, selection of sampling clocks when used as external interrupt input and
selection of external interrupt enable/disable for Port 2. Selection of pull-down/pull-up
resistance input is performed by Bit 2 (PUD) of the Port 01 control register (PO1CON).

Appendix-8



ML64168/P168 User's Manual
Appendix B (ML64168)

Register name Symbol Address Read/Write Value at system reset
Port 3 register P3 01H R/W OH
Port 30 control register P30CON 14H W OH
Port 31 control register P31CON 15H W OH
Port 32 control register P32CON 16H W OH
Port 33 control register P33CON 17H W OH
b, b, b, b,
P3  (01H)
(RIW) P33 P32 P31 P30
ba bz b1 bo

P30CON  (14H)
W) P30IE P30F | P30DIR | P30MOD

P3.0 Selection of external interrupt disable/enable

0: Interrupt disable (initial value)
1: Interrupt enable

P3.0 Selection of external interrupt sampling clock

0: 64 Hz (initial value)
1. System clock

P3.0 Selection of input/output mode

0: Input mode (initial value)
1: Output mode

P3.0 Selection of pull-down/pull-up resistance input or
high impedance input (in input mode)
0: Pull-down/pull-up resistance input (initial value)
1: High impedance input

P3.0 Selection of CMOS output/NMOS open drain output
(in output mode)

0: CMOS output (initial value)
1: NMOS open drain output
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b

3

b

1

b

0

P31CON  (15H) I
(W)

P31F

P31DIR

P31MOD

P3.1 Selection of external interrupt disable/enable

0: Interrupt disable (initial value)
1: Interrupt enable

P3.1 Selection of external interrupt sampling clock

0: 64 Hz (initial value)
1: System clock

P3.1 Selection of input/output mode

0: Input mode (initial value)
1: Output mode

P3.1 Selection of pull-down/pull-up resistance input or high impedance input

(in input mode)
0: Pull-down/pull-up resistance input (initial value)
1: High impedance input

P3.1 Selection of CMOS output/NMOS open drain output (in output mode) ——

0: CMOS output (initial value)
1: NMOS open drain output
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b b b b

3 2 1 0

P32CON  (16H)
W) P32IE P32F | P32DIR | P32MOD

P3.2 Selection of external interrupt disable/enable

0: Interrupt disable (initial value)
1: Interrupt enable

P3.2 Selection of external interrupt sampling clock

0: 64 Hz (initial value)
1: System clock

P3.2 Selection of input/output mode

0: Input mode (initial value)
1: Output mode

P3.2 Selection of pull-down/pull-up resistance input or high impedance input

(in input mode)
0: Pull-down/pull-up resistance input (initial value)
1: High impedance input

P3.2 Selection of CMOS output/NMOS open drain output (in output mode) ——

0: CMOS output (initial value)
1: NMOS open drain output
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b b b b

3 2 1 0

P33CON  (17H)
w) P33IE SIN P33DIR | P33MOD

P3.3 Selection of external interrupt disable/enable

0: Interrupt disable (initial value)
1: Interrupt enable

P3.3 Switching of SIN pin function

0: Input/output port function (initial value)
1: Serial port data input function

P3.3 Selection of input/output mode

0: Input mode (initial value)
1: Output mode

P3.3 Selection of pull-down/pull-up resistance input or high impedance input
(in input mode)

0: Pull-down/pull-up resistance input (initial value)

1: High impedance input

P3.3 Selection of CMOS output/NMOS open drain output (in output mode)

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

Description

The Port 3 register (P3) is a data register to output to Port 3. When P3 is read out while
Bit 1 (each DIR hit) of P30CON to P33CON is reset to "0" in input mode, the pin level of
each bit is read out for those bits where input mode is selected.

The Port 30 to 33 control registers (P30CON, P31CON, P32CON and P33CON) perform
selection of input/output mode, selection of pull-down/pull-up resistance input/
high-impedance input in input mode, selection of CMOS/NMOS open drain output in
output mode, selection of sampling clocks when used as external interrupt input and
selection of external interrupt enable/disable for Port 3. There is no selection function of
sampling clocks for P3.3. Selection of pull-down/pull-up resistance input is performed by
Bit 2 (PUD) of the Port 01 control register (PO1CON).
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Register name Symbol Address Read/Write Value at system reset

Port 4 register P4 02H R/W OH
Port 40 control register P40CON 18H W OH
Port 41 control register P41CON 19H W OH
Port 42 control register P42CON 1AH W OH
Port 43 control register P43CON 1BH W OH

b3 bz b1 bo

P4 (02H)
(RIW) P43 P42 P41 P40
b3 bz b1 bo

P4OCON  (18H)
W) P40IE | SOUT | P40DIR | P4OMOD

P4.0 Selection of external interrupt disable/enable

0: Interrupt disable (initial value)
1: Interrupt enable

P4.0 Switching of SOUT pin function

0: Input/output port function (initial value)
1: Serial port data output function

P4.0 Selection of input/output mode

0: Input mode (initial value)
1: Output mode

P4.0 Selection of pull-down/pull-up resistance input or high impedance input
(in input mode)

0: Pull-down/pull-up resistance input (initial value)

1: High impedance input

P4.0 Selection of CMOS output/NMOS open drain output (in output mode)

0: CMOS output (initial value)
1: NMOS open drain output
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b

3

b

1

b

0

P41CON  (19H) -
(W)

SPR

P41DIR

P41MOD

P4.1 Selection of external interrupt disable/enable

0: Interrupt disable (initial value)
1: Interrupt enable

P4.1 Switching of /SPR pin function

0: Input/output port function (initial value)
1: Serial port ready signal output function

P4.1 Selection of input/output mode

0: Input mode (initial value)
1: Output mode

P4.1 Selection of pull-down/pull-up resistance input or high impedance input

(in input mode)
0: Pull-down/pull-up resistance input (initial value)
1: High impedance input

P4.1 Selection of CMOS output/NMOS open drain output (in output mode)

0: CMOS output (initial value)
1: NMOS open drain output
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b b b b

3 2 1 0

P42CON  (1AH)
W) P42IE SCLK | P42DIR | P42MOD

P4.2 Selection of external interrupt disable/enable

0: Interrupt disable (initial value)
1: Interrupt enable

P4.2 Switching of SCLK pin function

0: Input/output port function (initial value)
1: Serial port clock input/output function

P4.2 Selection of input/output mode

0: Input mode (initial value)
1: Output mode

P4.2 Selection of pull-down/pull-up resistance input or high impedance input

(in input mode)
0: Pull-down/pull-up resistance input (initial value)
1: High impedance input

P4.2 Selection of CMOS output/NMOS open drain output (in output mode)

0: CMOS output (initial value)
1: NMOS open drain output
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b b b b

3 2 1 0

P43CON  (1BH)
w) P43IE MON | P43DIR | P43MOD

P4.3 Selection of external interrupt disable/enable

0: Interrupt disable (initial value)
1: Interrupt enable

P4.3 Switching of MON pin function

0: Input/output port function (initial value)
1: RC oscillation clock output function

P4.3 Selection of input/output mode

0: Input mode (initial value)
1: Output mode

P4.3 Selection of pull-down/pull-up resistance input or high impedance input
(in input mode)

0: Pull-down/pull-up resistance input (initial value)

1: High impedance input

P4.3 Selection of CMOS output/NMOS open drain output (in output mode)

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

Description

The Port 4 register (P4) is a data register to output to Port 4. When P4 is read out while
Bit 1 (each DIR bit) of PAOCON to P43CON is reset to "0" in input mode, the pin level of
each bit is read out for those bits where input mode is selected.

The Port 40 to 43 control registers (P40CON, P41CON, P42CON and P43CON) perform
selection of input/output mode, selection of pull-down/pull-up resistance input/
high-impedance input in input mode, selection of CMOS/NMOS open drain output in
output mode and selection of external interrupt enable/disable for Port 4. P4.1 can select
input/output port functions/serial port data ready output functions. P4.2 can select input/
output port functions or serial port clock input/output functions. P4.3 can select input/
output port functions or clock monitor functions of the RC oscillation circuit. Selection of
pull-down/pull-up resistance input is performed by Bit 2 (PUD) of the Port 01 control
register (POLCON).
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Register name Symbol Address Read/Write Value at system reset
Port O register PO 03H R Depen\;j;uoen nput
Port 1 register P1 04H R/W OH
Port 01 control register P01CON 1CH W 8H

b3 bz b1 bo
PO (03H)
(R) P03 P02 PO1 POO

Pin level of each bit of Port O
0: "L" level
1: "H" level

Description

The Port O register (PO) is a read-only port and each pin level of Port O is read out.

P1  (04H)

(RIW) P13 P12 P11 P10

Description

The Port 1 register (P1) is a data register to output data to Port 1.
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b b b b

3 2 1 0

POICON  (1CH)
(W)

Selection of PO, P2, P3 and P4 input mode 4,

0: Pull-up resistance input (initial value)
1: Pull-down resistance input

----- * PUD P1IMOD | POMOD

Selection of P1 output mode

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

Selection of PO input mode

0: Pull-down/pull-up resistance input (initial value)
1: High-impedance input

*Reserved bit: Not valid for write.

Description

Bit 2 (PUD) of the Port 01 control register (POLCON) selects pull-down resistance input
or pull-up resistance input when pull-down/pull-up resistance input is selected at PO, P2,
P3 and P4.

Bit 1 (P1MOD) of PO1CON selects CMOS output or NMOS open drain output of Port 1.

Bit 0 (POMOD) of PO1CON selects pull-down/pull-up resistance input or high impedance
input of Port 0.
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Register name Symbol Address Read/Write Value at system reset
Serial port buffer lower register SBUFL 06H R/W OH
Serial port buffer upper register SBUFH 07H R/W OH
Serial port control register SCON 08H R/W OH
b, b, b, b,
SBUFL (06H)
(RIW) SD3 SD2 SD1 SDO
(LSB)
Value of lower 4 bits of the serial port buffer
bs bz b1 bo
SBUFH (07H)
(RIW) SD7 SD6 SD5 SD4
(MSB)
Value of upper 4 bits of the serial port buffer
ba bz b1 bo
SCON (08H)
(RIW) SDIR EXSC SEND ENTR

Selection of transfer data

0: MSB (SD7) head (initial value)
1: LSB (SDO0) head

Selection of serial clock

0: Internal clock (initial value)
1: External clock

Serial transfer completion flag

0: Transfer not completed (initial value)
1: Transfer completed

Serial transfer enable flag

0: Transfer halted (initial value)
1. Transfer started
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Description

The Serial port buffer lower register (SBUFL) and the Serial port buffer upper register
(SBUFH) are used to write send data and to read receive data.

The Serial port control register (SCON) selects the direction of serial transfer data,
selection of the internal or the external system clock and confirms the start and the end
of serial transfer. Bit 1 (SEND) of SCON is a read only bit.

Selection of system clock

Register name Symbol Address Read/Write Value at system reset
Frequency control register FCON 09H R/W OEH
b, b, b, b,
FCON  (09H) ) . N
®RW) | | CPUCLK

0: Crystal oscillation output (initial value)
1: 700 kHz RC oscillation output

*Reserved bit: "1" is always read out. Not valid for write.

Description

output is selected.

The Frequency control register (FCON) selects system clocks. When reset to "0", the
crystal oscillation output (32.768 kHz) is selected and when setto "1", the RC oscillation
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Register name Symbol Address Read/Write Value at system reset
Buzzer driver control register BDCON O0AH R/W OH
Buzzer frequency control register BFCON 0BH R/W OH
b3 bz b1 bo

BDCON  (OAH)
(RIW) SELF EBD BM1 BMO

Selection of buzzer output logic 4, —

0: Positive logic output (initial value)
1: Negative logic output

Selection of buzzer enable/disable

0: Buzzer stop (initial value)
1: Buzzer output

Selection of buzzer mode
bl b0
0 0: Discontinuous sound 1 output (initial value)
0 1: Discontinuous sound 2 output
1 0: Single sound output
1 1: Continuous sound output
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BFCON  (OBH)
(RIW) BF3 BF2 BF1 BFO

Selection of buzzer output frequency
b3 b2 bl bO

Output stops (initial value)
5.461 kHz
4.096 kHz
3.277 kHz
2.730 kHz
2.341 kHz
2.048 kHz
1.820 kHz
1.638 kHz
1.489 kHz
1.365 kHz
1.260 kHz
1.170 kHz
1.092 kHz
1.024 kHz
0.964 kHz

P PP PR RPRPRLRELOOOOOOORO
P PP R OOOORRREREROOORO
PP OORRPROORREROORLEROO
PORORORORORORORO

Description

The Buzzer driver control register (BDCON) is a register to select buzzer output logic,
buzzer output enable/disable and buzzer sound mode.

The Buzzer frequency control register (BFCON) is a register to select output frequencies
of buzzer.
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Register name Symbol Address Read/Write Value at system reset
Capture control register CAPCON OEH R/W OH
Capture register 0 CAPRO OCH R OH
Capture register 1 CAPR1 ODH R OH

b3 b2 bl bo
CAPCON  (OEH)
(RIW) CRF1 CRFO ECAP1 ECAPO
Selection of capture 1 data latch 4,
0: Does not do capture 1 data latch (initial value)
1: Does capture 1 data latch
Selection of capture 0 data latch
0: Does not do capture 0 data latch (initial value)
1: Does capture 0 data latch
Selection of capture 1 enable/disable
0: Capture 1 disable (initial value)
1: Capture 1 enable
Selection of capture 0 enable/disable
0: Capture 0 disable (initial value)
1. Capture 0 enable
b3 b2 bl bO
CAPRO (0OCH)
(R) 32Hz 64Hz 128Hz 256Hz

Values of 32 Hz to 256 Hz of the time base counter
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CAPR1 (ODH)

(R)

b

3

32Hz

64Hz 128Hz 256Hz

Values of 32 Hz to 256 Hz of the time base counter

Description

The capture control register (CAPCON) is used to select latch and enable/disable of time
base counter output data (32 to 256 Hz) of Capture 0 and Capture 1.

The capture register 0 (CAPRO0) and the capture register 1 (CAPR1) are used to read time
base counter output latch data of Capture 0 and Capture 1.

Register name Symbol Address Read/Write Value at system reset
Time base counter register TBCR OFH R/W OH
b, b, b, b,
TBCR (OFH)
(RIW) 1Hz 2Hz 4Hz 8Hz

Values of 1 Hz to 8 Hz of the time base counter

Description

The time base counter register (TBCR) outputs the contents of the time base counter
when reading. When writing, 8 Hz, 4 Hz, 2 Hz, 1 Hz and 0.1 Hz output of the time base

counter are reset to "0".
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Register name Symbol Address Read/Write Value at system reset
Display control register DSPCON 1EH R/W OCH
Display registers 0 to 30 | DSPRO to DSPR30 40H to 5EH R/W OH

b3 bz bl bo
DSPCON (1EH) N .
®RW) | | DUTY1 | DUTYO
Duty selection

bl boO

0  0:1/4 duty (initial value)

0 1:1/3 duty

1 0:1/2 duty

1 1: Disabled

*Reserved bhit: "1" is always read. Not valid for write.
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3 2 1 0
DSPR30 (5EH)
(RIW) d ¢ ° 2
| | Segment output data
b, b, b, by
DSPR29 (5DH)
(RIW) d ¢ b 2
| | Segment output data
b, b, b, by
DSPRO (40H)
(RIW) d ¢ b 2
| | | Segment output data
Description

The Display control register (DSPCON) is a register to select duty of the LCD driver.

The Display registers (DSPRO to 30) are data registers for segment output of the LCD
driver and can output to each LCD driver by specifying the mask option of the LCD part.
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Register name Symbol Address  [Read/Write Value at system reset
A/D converter control register O ADCONO 2AH R/W OCH
A/D converter control register 1 ADCON1 2BH R/W OH
A/D converter counter A register O CNTAO 20H R/W OH
A/D converter counter A register 1 CNTAl1 21H R/W OH
A/D converter counter A register 2 CNTA2 22H R/W OH
A/D converter counter A register 3 CNTA3 23H R/W OH
A/D converter counter A register 4 CNTA4 24H R/W 8H
A/D converter counter B register O CNTBO 26H R/W OH
A/D converter counter B register 1 CNTB1 27H R/W OH
A/D converter counter B register 2 CNTB2 28H R/W OH
A/D converter counter B register 3 CNTB3 29H R/W OCH
b, b, b, b,

ADCONO  (2AH) [ . | N <7D EADG
(RIW)

Selection of A/D interrupt request

0: Counter A overflow (initial value)

1: Counter B overflow

Selection of A/D conversion start/stop

0: RC oscillation stop (initial value)

1: RC oscillation start

*Reserved bit; "1" is always read out. Not valid for write.
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b3 b2 bl bO
ADCON1 (2BH)
(RIW) OM3 Oom2 om1 OMO
[ | | |
Selection of oscillation mode |
b3 b2 b1l b0
0 0 0 0: INO pin external clock input mode (initial value)
0 0 0 1: RS0-CSO0 oscillation mode
0 0 1 0: RTO-CSO0 oscillation mode
0 0 1 1: RT0-1-CS0 oscillation mode
0 1 0 0: RSO-CTO oscillation mode
0 1 0 1: RS1-CS1 oscillation mode
0 1 1 0: RT1-CS1 oscillation mode
0 1 1 1: IN1 pin external clock input mode
b3 b2 bl bO
CNTAO (20H)
(RIW) a3 a2 al a0
Value of Bits 0 to 3 of Counter A
b3 b2 bl bO
CNTA1 (21H)
(RIW) a7’ a6 ab a4

Value of Bits 4 to 7 of Counter A
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b, b, b, b,
CNTA2 (22H)
(R/W) all al0 a9 a8
Value of Bits 8 to 11 of Counter A
b3 b2 bl bO
CNTA3 (23H)
(R/W) als ald al3 al2
Value of Bits 12 to 15 of Counter A
b3 b2 bl bO
CNTA4 (24H)
(R/W) """ * al8 al7 al6
Value of Bits 16 to 18 of Counter A
*Reserved bit: "1" is always read out. Not valid for write.
b3 b2 bl bO
CNTBO (26H)
(RIW) b3 b2 bl b0
Value of Bits 0 to 3 of Counter B
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(RIW)

Value of Bits 12, 13 of Counter B

b, b, b, b,
CNTB1 (27H)
(RIW) b7 b6 b5 b4
Value of Bits 4 to 7 of Counter B
b3 b2 bl bO
CNTB2 (28H)
(RIW) b11 b10 b9 b8
Value of Bits 8 to 11 of Counter B
b3 b2 bl bO
CNTB3 (29H)
----- * -—-e b13 b12

*Reserved hit: "1" is always read out. Not valid for write.

Description

The A/D converter control register 0 (ADCONO) selects interrupt by overflow of either
Counter A or Counter B and selects operation or stop of A/D conversion. The A/D
converter control register 1 (ADCON1) is a register to select various RC oscillation
modes. The A/D converter counter A registers 0to 4 (CNTAO to 4) are registers to read/
write the contents of Counter A. The A/D converter counter B registers 0 to 3 (CNTBO
to 3) are registers to read/write the contents of Counter B.
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Register name Symbol Address Read/Write Value at system reset

Watchdog timer WDTCON 36H W OH
control register

WDTCON  (36H)

w) d3 d2 d1 do

Description

The Watchdog timer control register \WWDTCON) is aregister to reset the watchdog timer.
WDTCON is a write-only register.

Register name Symbol Address Read/Write Value at system reset
Backup control register BUPCON 37H R/W 08H
b, b, b, b,

BUPCON (37H)

RW) | * CMPF | ECMP | BUPF

Battery check flag
0: Input voltage level of P0.3 is higher than reference voltage

(initial value)
1: Input voltage level of P0.3 is lower than reference voltage

Battery check enable

0: Battery check disabled (initial value)
1: Battery check enabled

VbpL level

0: 1.3V level (initial value)
1. Vpp level

*Reserved bit: "1" is always read out. Not valid for write.7.
Note: The OTP version has different specifications. See Page 17-7.

Description

The Backup control register is a register to select the voltage level of Vpp, .
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Register name Symbol Address Read/Write Value at system reset
Interrupt enable register 0 IEO 30H R/W OH
Interrupt enable register 1 IE1 31H R/W OH
Interrupt enable register 2 IE2 32H R/W OEH

b, b, b, b,
IEO  (30H)
(RIW) EAD EXI1 ESIO EXIO

A/D converter external interrupt enable flag —

0: Disabled (initial value)
1: Enabled

External 1 interrupt enable flag

0: Disabled (initial value)
1: Enabled

Serial port interrupt enable flag

0: Disabled (initial value)
1: Enabled

External O interrupt enable flag

0: Disabled (initial value)
1: Enabled

Appendix-32




ML64168/P168 User's Manual
Appendix B (ML64168)

IE1  (31H)
(RIW)

1 Hz interrupt enable flag

b b

2 1 0

ElHz

E16Hz E32Hz E256Hz

0: Disabled (initial value)
1: Enabled

16 Hz interrupt enable flag

0: Disabled (initial value)
1: Enabled

32 Hz interrupt enable flag

0: Disabled (initial value)
1: Enabled

256 Hz interrupt enable flag

0: Disabled (initial value)
1: Enabled

IE2  (32H)
(RIW)

0.1 Hz interrupt enable flag

EO1Hz

0: Disabled (initial value)
1: Enabled

*Reserved bit: "1" is always read out. Not valid for write.

Description

These are registers to set disable/enable of each interrupt.
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1: Requested

External 1 interrupt request flag

1: Requested

0: No request (initial value)

Serial port interrupt request flag

1: Requested

0: No request (initial value)

External O interrupt request flag

1: Requested

0: No request (initial value)

Register name Symbol Address Read/Write Value at system reset
Interrupt request register O IRQO 34H R/W OH
Interrupt request register 1 IRQ1 35H R/W OH
Interrupt request register 2 IRQ2 33H R/Q OCH

bs bz b1 bo
IRQO (34H)
(RIW) QAD QX1 QSsIO QXI0

A/D converter interrupt request flag 4,

0: No request (initial value)
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IRQL (35H)
(RIW) Q1Hz Q16Hz | Q32Hz | Q256Hz

1 Hz interrupt request flag

0: No request (initial value)
1. Requested

16 Hz interrupt request flag

0: No request (initial value)
1. Requested

32 Hz interrupt request flag

0: No request (initial value)
1. Requested

256 Hz interrupt request flag

0: No request (initial value)
1. Requested

IRQ2 (33H) N N
RW | | QWDT | QO1Hz

Watchdog timer interrupt request flag

0: No request (initial value)
1. Requested

0.1 Hz interrupt request flag

0: No request (initial value)
1. Requested

*Reserved bit; "1" is always read out. Not valid for write.

Description

These bits are set by each interrupt request. When interrupt is enabled by IEO, IE1 and
IE2, the CPU receives interrupts only when the master interrupt enable flag (Ml) is set
to "1" and the execution is advanced to the vector address of each interrupt. The
watchdog timer interrupt does not have interrupt mask functions by the IE register and
the Ml flag.
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Master interrupt enable flag

Register name Symbol Address Read/Write Value at system reset
Master interrupt enable register MIEF 7CH R/W OEH
bs bz b1 bo
MIEF (7CH)
_____ * I P MI
(R/IW)

1: Interrupt enabled

0: Interrupt disabled (initial value)

*Reserved hit: "1" is always read out. Not valid for write.

Description

received by the CPU.

When Mlis setto"1", interruptis enabled and interrupts by the interrupt enable registers
(IEQ, IE1 and IE2) and the interrupt request registers (IRQO, IRQ1 and IRQ2) are

Halt mode transition selection flag

Register name Symbol Address Read/Write Value at system reset
Halt mode register HALT 7DH R/W OEH
bs bz b1 bo
HALT (7DH)
----- * ceeec¥ R HLT
(RIW)

1: Halt mode

0: Normal operation (initial value)

*Reserved bit: "1" is always read out. Not valid for write.

Description

A flag to enter halt mode. When the HLT flag is set to "1", the CPU enters halt mode at
the first machine cycle of the next instruction.
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Register name Symbol Address Read/Write Value at system reset

Stack pointer SP 7EH R/W OFFH

SP (TEH) N .
RW) | SP6 | SP5 | SP4 | SP3 | SP2 |SP1 |-

Contents of the stack pointer

*Reserved bit; "1" is always read out. Not valid for write.

Description

This is a pointer to indicate a stack address. At reset, it becomes "OFFH" and addresses
OFFH and OFEH on the data memory of Bank 7 are selected.

An access to the stack pointer is valid only for byte access instructions as 8-bit transfer
instructions and 8-bit arithmetic instructions.
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Appendix C:

Package Dimension Diagrams and Pad Coordinates
ML64168-xxxGP

(Unit: mm)
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Figure C-1 80-Pin QFP: GP Package Dimension Diagram
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Figure C-2 80-Pin QFP: GA Package Dimension Diagram
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ML64168-xxxTB

(Unit: mm)
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Figure C-3 80-Pin TQFP: TB Package Dimension Diagram
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Table C-1 Pad Coordinates

ML64168-xxx Center of chip:x=0, y=0

Pad No. Pad Name X (um) Y (um) Pad No. Pad Name X (um) Y (pm)
1 L2 —-2115.0 | —2555.0 41 Vbl 2110.0 | 2555.0
2 L3 -1843.5 | —2555.0 42 Vbp2 1845.0 | 2555.0
3 L4 -1575.0 | —2555.0 43 Vpp3 1575.0 | 2555.0
4 L5 —-1365.0 | —2555.0 44 c1 1365.0 | 2555.0
5 L6 —-1155.0 | —2555.0 45 c2 1155.0 | 2555.0
6 L7 —945.0 | —2555.0 46 L17 945.0 | 2555.0
7 L8 —-735.0 | —2555.0 47 L18 765.0 | 2555.0
8 L9 -525.0 | —2555.0 48 L19 585.0 | 2555.0
9 L10 —-315.0 | —2555.0 49 L20 405.0 | 2555.0
10 L11 -105.0 | —2555.0 50 L21 225.0 | 2555.0
11 L12 105.0 | —2555.0 51 L22 45.0 | 2555.0
12 L13 315.0 | —2555.0 52 L23 -135.0 | 2555.0
13 L14 525.0 | —2555.0 53 L24 —-315.0 | 2555.0
14 L15 735.0 | —2555.0 54 L25 —-667.0 | 2508.0
15 L16 945.0 | —2555.0 55 L26 -987.0 | 2508.0
16 P2.0 1155.0 | —2555.0 56 L27 -1307.0 | 2508.0
17 P2.1 1365.0 | —2555.0 57 L28 -1487.0 | 2508.0
18 P2.2 1575.0 | —2555.0 58 L29 -1697.0 | 2508.0
19 P2.3 1819.5 | —2555.0 59 L30 -1907.0 | 2508.0
20 P3.0 2110.0 | —2555.0 60 L31 -2117.0 | 2508.0
21 P3.1 2390.0 | —2285.0 61 L32 —2390.0 | 2285.0
22 P3.2 2390.0 | —2005.0 62 L33 —2390.0 | 2005.0
23 P3.3 2390.0 | —1725.0 63 0SC2 -2390.0 | 1725.0
24 P4.0 2390.0 | -1495.0 64 0SC1 —2390.0 | 1495.0
25 P4.1 2390.0 | -1265.0 65 Vbp —2390.0 | 1265.0
26 P4.2 2390.0 | -1035.0 66 XT —2390.0 | 1035.0
27 P4.3 2390.0 | -805.0 67 XT —-2390.0 805.0
28 BD 2390.0 | -575.0 68 RESET —-2390.0 575.0
29 VppL 2390.0 | —345.0 69 TST1 —-2390.0 345.0
30 Vss 2390.0 | -115.0 70 TST2 —-2390.0 115.0
31 RTO 2390.0 115.0 71 P1.0 -2390.0 | -115.0
32 CRTO 2390.0 345.0 72 P1.1 —2390.0 | -345.0
33 RSO 2390.0 575.0 73 P1.2 —-2390.0 | -575.0
34 CSo 2390.0 805.0 74 P1.3 -2390.0 | -805.0
35 INO 2390.0 | 1035.0 75 P0.0 —-2390.0 | —1035.0
36 IN1 2390.0 | 1265.0 76 PO.1 —2390.0 | —1265.0
37 Ccs1 2390.0 | 1495.0 77 P0.2 —2390.0 | —1495.0
38 RS1 2390.0 | 1725.0 78 P0.3 —2390.0 | -1725.0
39 RT1 2390.0 | 2005.0 79 Lo —2390.0 | —2005.0
40 Vpp1 2390.0 | 2285.0 80 L1 —-2390.0 | —2285.0

Bonding pad size : 110 pum x 110 pm
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Appendix D:

Layout of Input/Output Circuits

A. Input/output ports (P2.0 to P2.3, P3.0 to P3.3, P4.0 to P4.3)

Vss Vool
] Pull-up/pull-down control
Vopi -
S
e
|— ks)
le} . 5
$ § [« Outputdata
O o

VDDIL Output control
T » nput data

Vss

Schmitt trigger input />

B. Input ports (P0.0 to P0.3)

Vss Vool

- ] Pull-up/pull-down control

Schmitt trigger input

\» Vool

° T »|nput data

\

O

C. Output ports (P1.0 to P1.3)

Vool -
=]
e
|— S
o S
O - g S f«—— Outputdata
O o
Vss L Output control
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D. Output port (L26/P5.0 to L29/P5.3, L30/P6.0 to L33/P6.3 pins at the mask option)

Voo

O
O - | -

E. BD and CS1 outputs

f

(0]
(O

F. RSO, RS1, RTO, RT1, CSO and CRTO outputs

Output enable

Vbb

o [F

-t
it

G. INO and IN1 inputs

| Vbb

» Input

{ o<l—<— A/D converter enable

Vss
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H. Crystal oscillation circuit

Mask option
VooL

XT p—» 32.768 kHz clock

I. 400 kHz RC oscillation circuit

osc2 ()

Vbb

I - Oscillation start

osc1 ()= jo_lﬁo_‘._%.—» RC Oscillation clock

J. RESET, TST1, and TST2 inputs

Vbb

2 kQ (Typ.)

Schmitt trigger input

R

O_

\
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Appendix E:

Examples of Application Circuits
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Figure E-1 Example of 3 V Spec. Applied Circuit
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Figure E-2 Example of 1.5 V Spec. Applied Circuit
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Appendix F:

Mask Options

e Table of power supply voltage and C g selection mask options

Iltem Mask specification Selection

Power supply voltage

15V

30V

Cg of crystal oscillator

Built-in

External

LCD-VR

Used

Not used

e Table of LCD driver mask options

[Description of LCD driver mask options]

SEG
SIGNAL
C/S/P

DATA

DSPR

Notes:

LCD driver pin name
Write the name of each segment corresponding each common signal.

Indicates whether LO to L33 of the LCD driver are selected as segment driver
or common driver or output port. When selected as segment driver, "S" is
written. When selected as common driver, "C" is written and when used as
output port,"P" is written. When not used, blank is written.

Writes the bit name of the display register corresponding to the signal name
(atod).

Writes the number of the display register (0 to 30). When not used, blank is
written.

(1) There is no need to use all 0 to 30 of the display registers.

(2) The same name (i.e. the same display register number and the same bit name) can be
used for 2 or more segments.

(3) When "P" is selected, DSPR becomes either "0" or "1". DATA and DSPR are assigned
to COM1 when "P"is selected. Selection of "P" is possible only for the LCD drivers of L26

to L33.

(4) Tomake atable of the mask options, use the MASK 164 mask option generator. For details
of input, refer to "MASK164 Mask Option Generator User’'s Manual”.

(5) When the display registers are used as the data register and flag, not for indication, the
display registers must be assigned per bit by using the empty segments in the LCD driver
mask option table.

When the empty segments do not exist on the LCD driver mask option table, the display
register cannot be used as the data register and flag.
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[Example of how to make a LCD driver mask options]

(1) When LO is assigned to Common 2, L1 to segment and L2 as unused (1/4 duty)

COM1 COM2 COM3 COM4

SEG SIGNAL C/s/IP
DATA|DSPR| DATA| DSPR | DATA |DSPR | DATA |DSPR

LO / COM2/ / C
L1 | ALARM /MODE/ 4f [4g S b 5 d 6 b 14 c 14
L2 / / /

(2) When L27 is assigned to Common 1, L28 to segment and L29 as an output port (1/4 duty)

com1 COoMm2 COM3 COM4

SEG SIGNAL C/s/IP
DATA|DSPR| DATA| DSPR | DATA |DSPR | DATA |DSPR

L27| com1 / / / C
L28 la / 1b [/ 1c /DP1 S a 2 b 2 [ 2 d 2
L29 | OuT / / / P a 0
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Table of LCD Driver Mask Options (1/4 duty)

COoM1 COoM2 COM3 COM4
SEG SIGNAL CISIP
DATA |DSPR| DATA| DSPR | DATA | DSPR | DATA [DSPR
LO / / /
L1 / / /
L2 / / /
L3 / / /
L4 / / /
L5 / / /
L6 / / /
L7 / / /
L8 / / /
L9 / / /
L10 / / /
L11 / / /
L12 / / /
L13 / / /
L14 / / /
L15 / / /
L16 / / /
L17 / / /
L18 / / /
L19 / / /
L20 / / /
L21 / / /
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Table of LCD Driver Mask Options (1/4 duty) (continued)

COM1 COM2 COM3 COM4
SEG SIGNAL CISIP
DATA |DSPR| DATA| DSPR | DATA |DSPR | DATA |DSPR
L22 / / /
L23 / / /
L24 / / /
L25 / / /
L26 / / /
L27 / / /
L28 / / /
L29 / / /
L30 / / /
L31 / / /
L32 / / /
L33 / / /
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Table of LCD Driver Mask Options (1/3 duty)

SEG

SIGNAL

C/sIP

COM1

COoMm2

COM3

DATA

DSPR

DATA |DSPR

DATA

DSPR

LO

L1

L2

L3

L4

LS

L6

L7

L8

L9

L10

L11

L12

L13

L14

L15

L16

L17

L18

L19

L20

L21
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Table of LCD Driver Mask Options (1/3 duty) (continued)

com1 Ccom2 COMm3
SEG SIGNAL CISP o aTA psPR| DATA [DsPR [DATA [DSPR
L22 / /
L23 / /
L24 ! !
L25 / /
L26 / /
L27 / /
L28 / /
L29 / /
L30 / /
L31 / /
L32 / /
L33 / /
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Table of LCD Driver Mask Options (1/2 duty)

COoM1 COoM2
SEG SIGNAL C/SIP
DATA DSPR DATA DSPR
LO /
L1 /
L2 /
L3 /
L4 /
LS /
L6 /
L7 /
L8 /
L9 /
L10 /
L11 /
L12 /
L13 /
L14 /
L15 /
L16 /
L17 /
L18 /
L19 /
L20 /
L21 /
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Table of LCD Driver Mask Options (1/2 duty) (continued)

SEG

SIGNAL

C/sip

COM1

COM2

DATA

DSPR

DATA

DSPR

L22

L23

L24

L25

L26

L27

L28

L29

L30

L31

L32

L33
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[ML64P168]
Appendix G:

Package Dimension Diagrams
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Figure G-1 80-Pin QFP: GA Package Dimension

ML64P168-xxxGP

AR
o | % O %%
I 111

:,

2.5MAX.

Diagram

C

25TYP.

N

o

P
o Q

o o

&

<

o

Figure G-2 80-Pin QFP: GP Package Dimension Diagram
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Appendix H:

Examples of Application Circuits
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Appendix I:

Mask Options

For the method of setting mask options, see "Appendix F (ML64168)" because it is the same
as the mask ROM chip.

Oki provides standard mask option products provided for the OTP version. To each of their
product names is added a code number for identification, as shown in the Table below.

Table I-1 Line-up of Standard Mask Option Products

Code No.|Power supply voltage |Built-in Cg| LCD-VR LCD allocation
001 15V No No See Mask Option Allocation Table 1.
002 3V Yes No See Mask Option Allocation Table 1.
003 15V No Yes See Mask Option Allocation Table 2.
004 3V Yes Yes See Mask Option Allocation Table 2.
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e LCD Driver Mask Option Allocation Table 1 (1/4 duty)

SEG SIGNAL c/s/p COoM1 COoM2 COM3 COM4
DATA |DSPR|DATA |DSPR|DATA|DSPR|DATA|DSPR
LO | COM1 / / / C - - =] = = = = | =
L1 /COM2 / / C - - = == = | — | —
L2 / COM3 / C e e e B i B B
L3 / / /COM4 | C - - =] = = = = | =
L4 | SG1 /sG2 [/SG3 /SG4 S a 0 b 0 c 0 d 0
L5 | SG5 /SG6 [/SG7 /SG8 S a 1 b 1 c 1 d 1
L6 | SG9 /SG10 /SG1ll /sG12 S a 2 b 2 c 2 d 2
L7 | SG13 /SG14 /SG15 /SG1l6 S a 3 b 3 c 3 d 3
L8 | SG17 /SG18 /SG19 /SG20 S a 4 b 4 c 4 d 4
L9 | SG21 /SG22 /SG23 /SG24 S a 5 b 5 c 5 d 5
L10 | SG25 /SG26 /SG27 [/SG28 S a 6 b 6 c 6 d 6
L11 | SG29 /SG30 /SG31l /SG32 S a 7 b 7 c 7 d 7
L12 | SG33 /SG34 /SG35 /SG36 S a 8 b 8 c 8 d 8
L13 | SG37 /SG38 /SG39 /SG40 S a 9 b 9 c 9 d 9
L14 | SG41 /SG42 [/SG43 [/SG44 S a 10 b 10 c 10 d 10
L15 | SG45 /SG46 [/SG47 /SG48 S a 11 b 11 c 11 d 11
L16 | SG49 /SG50 /SG51 /SG52 S a 12 b 12 c 12 d 12
L17 | SG53 /SG54 /SG55 /SG56 S a 13 b 13 c 13 d 13
L18 | SG57 /SG58 /SG59 /SG60 S a 14 b 14 c 14 d 14
L19 | SG61 /SG62 /SG63 /SG64 S a 15 b 15 c 15 d 15
L20 | SG65 /SG66 [/SG67 /SG68 S a 16 b 16 c 16 d 16
L21 | SG69 /SG70 /SG71 /SGT72 S a 17 b 17 c 17 d 17
L22 | SG73 [/SG74 [/SGT75 [SG76 S a 18 b 18 c 18 d 18
L23 | SG77 /SG78 [/SG79 /SG80 S a 19 b 19 c 19 d 19
L24 | SG81 /SG82 /SG83 /SG84 S a 20 b 20 c 20 d 20
L25 | SG85 /SG86 /SG87 /SG88 S a 21 b 21 c 21 d 21
L26 | SG89 /SG90 /SG91 /SG92 S a 22 b 22 c 22 d 22
L27 | SG93 /SG94 /SG95 /SG96 S a 23 b 23 c 23 d 23
L28 | SG97 /SG98 /SG99 /SG100| S a 24 b 24 c 24 d 24
L29 | SG101 /SG102 /SG103 /SG104| S a 25 b 25 c 25 d 25
L30 | SG105 /SG106 /SG107 /SG108| S a 26 b 26 c 26 d 26
L31 | SG109 /SG110 /SG111/SG112| S a 27 b 27 c 27 d 27
L32 | SG113 /SG114 /SG115/SG116| S a 28 b 28 c 28 d 28
L33 | SG117 /SG118 /SG119 /SG120| S a 29 b 29 c 29 d 29
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LCD Driver Mask Option Allocation Table 2 (1/4 duty)

SEG SIGNAL c/s/p CcomM1 COM2 COMS3 COM4
DATA|DSPR|DATA|DSPR|DATA|DSPR|DATA|DSPR
LO | COM1 [/ / / C - - = = = = | = | =
L1 /ICOM2 | / C - - =] = = | = = | —
L2 / COoM3 / C - - = = = =] = | =
L3 / / /COM4 C el e et e e Bt e B
L4 | SG1 /SG2 [/SG3 /SG4 S a 2 b 2 c 2 d 2
L5 | SG5 /SG6 /SG7 /SG8 S a 3 b 3 c 3 d 3
L6 | SG9 /SG10 /SG1l1 /SG12 S a 4 b 4 c 4 d 4
L7 | SG13 /SG14 /SG15 /SG16 S a 5 b 5 c 5 d 5
L8 | SG17 /SG18 /SG19 /SG20 S a 6 b 6 c 6 d 6
L9 | SG21 /SG22 /SG23 /SG24 S a 7 b 7 c 7 d 7
L10 | SG25 /SG26 [/SG27 /SG28 S a 8 b 8 c 8 d 8
L11 | SG29 /SG30 /SG31 /SG32 S a 9 b 9 c 9 d 9
L12 | SG33 /SG34 /SG35 /SG36 S a 10 b 10 c 10 d 10
L13 | SG37 /SG38 /SG39 /SG40 S a 11 b 11 c 11 d 11
L14 | SG41 /SG42 [/SG43 /SG44 S a 12 b 12 c 12 d 12
L15 | SG45 /SG46 /SG47 /SG48 S a 13 b 13 c 13 d 13
L16 | SG49 /SG50 /SG51 /SG52 S a 14 b 14 c 14 d 14
L17 | SG53 /SG54 /SG55 /SG56 S a 15 b 15 c 15 d 15
L18 | SG57 /SG58 /SG59 /SG60 S a 16 b 16 c 16 d 16
L19 | SG61 /SG62 /SG63 /SG64 S a 17 b 17 c 17 d 17
L20 | SG65 /SG66 [/SG67 /SG68 S a 18 b 18 c 18 d 18
L21 | SG69 /SG70 /SG71 /SG72 S a 19 b 19 c 19 d 19
L22 | SG73 [/SG74 [SG75 /SG76 S a 20 b 20 c 20 d 20
L23 | SG77 [/SG78 [/SG79 /SG80 S a 21 b 21 c 21 d 21
L24 | SG81 /SG82 /SG83 /SG84 S a 22 b 22 c 22 d 22
L25 | SG85 /SG86 /SG87 /SG88 S a 23 b 23 c 23 d 23
L26 | PO / / / P a 0 —-— - = = | = | —
L27 | P1 / / / P b 0 — | - | = — | =
L28 | P2 / / / P c 0 —_- = = = | = | —
L29 | P3 / / / P d 0 —-— = = = | = | —
L30 | P4 / / / P a 1 - - | =] — | —
L31 | P5 / / / P b 1 — | = = = = | =
L32 | P6 / / / P c 1 —-— - = = | = | —
L33 | P7 / / / P d 1 - - | =] — | —
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