TOSHIBA TC9318AFAG/AFBG

TOSHIBA CMOS Digital Integrated Circuit  Silicon Monolithic

TC9318AFAG, TC9318AFBG

Single Chip DTS Microcontroller (DTS-21)

The TC9318AFAG and TC9318AFBG are a 4 bit CMOS
microcontroller for signal chip digital tuning systems. It is TC9318AFAG
capable of functioning at a low voltage of 3 V and features a
built-in prescaler of operating 230 MHz, PLL and LCD drivers.

The CPU has 4 bit parallel addition and subtraction
instructions (e.g., Al, SI), logic operation instructions (e.g., OR,
AN), composite judging and compare instructions (e.g., TM, SL),
and time-base functions.

The package is an pin 64, 0.5/0.65-mm-pitch quad flat pack
package. In addition to various input/output ports and a
dedicated key-input port, which are controlled by powerful
input/output instructions (IN 1, 2, OUT 1, 2), there are many
dedicated LCD pins, a buzzer port, a 6 bit A/D converter, an IF
counter, and other pins.

Low-voltage and low-current consumption make this
microcontroller suitable for portable DTS equipment.

P-LQFP64-1010-0.50E
TC9318AFBG

Features
e 4 bit microcontroller for digital tuning systems. P-LQFP64-1212-0.65A
e Operating voltage VDD = 1.8~3.6 V, with low current -
. L . Weight
consumption because of CMOS circuitry (with only CPU P-LQFP64-1010-0.50E: 0.32 g (typ.)
operating, when VDD =3 V, IDD = 80 pA max) P-LQFP64-1212-0:65A; 0:45 g (typ:)

Built-in prescaler (1/2 fixed divider +2 modulus prescaler:
fmax > 230 MHz)

Features built-in 1/3-duty, 1/2-bias LCD drivers and a built-in 3 V booster circuit for the display.
Data memory (RAM) and ports are easily backed up.

Program memory (ROM): 16 bit x 4096 steps

Data memory (RAM): 4 bit X 256 words

60-instruction set (all one-word instructions)

Instruction execution time: 40 ps (with 75 kHz crystal) (MVGS, DAL instructions: 80 us)
Many addition and subtraction instructions (12 types addition, 12 types subtraction)
Powerful composite judging instructions (TMTR, TMFR, TMT, TMF, TMTN, TMFN)
Data can be transmitted between addresses on the same row. (MVSR instruction)
Register indirect transfer available (MVGD, MVGS instruction).

16 powerful general registers (located in RAM)

Stack levels: 2

JUMP or CAL instruction can be used anywhere in the 4096 steps of program memory (ROM) as there are no
pages or fields.

16 bit of any address in the 1024 steps in program memory (ROM) can be referenced (DAL instruction).

Features independent frequency input pins (FMIN and AMIN) and two (DO1 and DO2) phase comparison
outputs for FM/VHF and AM.

Seven reference frequencies can be selected by program.
Powerful input/output instructions IN 1, 2, OUT 1, 2)
Dedicated input ports (Ko~K3) for key input. 26 LCD drive pins (69 segments maximum) available.

17 I/O ports: 10 with input/output programmable in 1 bit units, and 7 output-only port. The 2 IFIN, and DO1
pins can be switched by instruction to IN (input-only) or OT (output-only).

Three back-up modes available by instruction: Only CPU operation, crystal oscillation only, clock stop.
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TC9318AFAG/AFBG

Pin Assignment (top view)
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Features a built-in 2-channel, 6 bit A/D converter.
To prevent CPU malfunctions, a built-in supply voltage drop detection circuit shuts down the CPU when voltage
falls below 1.5 V.
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Features a built-in 2 Hz timer F/F and a built-in 10/100 Hz interval pulse output (internal port for time base).
Allows PLL lock status detection.
8 of the LCD segment outputs (S16~S23) can also operate as key return timing outputs (KRo~KR7). The I/0
ports are not dedicated key return timing outputs but can have other uses as well.
Built-in 20 bit, general-purpose IF counter can detect stations during auto-tuning by counting the intermediate
frequencies of each band.
Built-in 8 bit buzzer output circuit can produce 254 different tone signals.

523/KRg
$22/KRq
S21/KR2
$20/KR3
S19/KRg
S18/KRs

S17/KRg
S16/KR7

S15
s14
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TC9318AFAG/AFBG

Block Diagram
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TC9318AFAG/AFBG

Explanation of Function

Pin No. Symbol

Pin Name

Function and Operation

Remarks

1 COoM1

2 COM2

3 COM3

LCD common output

Output common signals to the LCD panel.
Through a matrix with pins S1~S»3, a maximum of
69 segments can be displayed.

Three levels, V| cp, VEg, and GND, are output at
83 Hz every 2 ms.

VEE is output after SYSTEM RESET and CLOCK
STOP are released, and a common signal is
output after the DISP OFF bit is set to “0".

4~18 |S1~S1s5

LCD segment output

S16/KR7~

19-26 | 1%, o

LCD segment
output/Key return
timing output

Segment signal output pins for the LCD panel.
Together with COM1, COM2, and COM3, a matrix
is formed that can display a maximum of 69
segments.

The signals for the key matrix and the segment

signals from pins S16/KR7~S23/KRg are output on
a time division basis. 4 x 8 = 32 key matrix can be
created in conjunction with key input ports Kg~Ks.

Vicp

+

27~30 |Kp~K3

Key input ports

4 bit input ports for key matrix input.

Combined in a matrix with key return timing
outputs of the LCD segment pins, data from a
maximum of 4 x 8 = 32 keys can be input and pins
are pulled up. On the key seteutining output pins,
data from 4 x 6 = 24 keys can be input and pins
are pulled down. The WAIT mode is released
when high level is applied to key input ports set to
pull-down.

31~36 |To~Ts

Key return timing
output port

These ports output the timing signal for key
matrix. To form the key matrix, load resistance
has been built-in the N-channel side. When the
key matrix combined with push-key, that does not
need a key matrix diode.

RON

37~40 |P1-0~P1-3

1/0 port 1

The input and output of these 4 bit I/O ports can
be programmed in 1 bit units.

By altering the input to 1/O ports set to input, the
CLOCK STOP and WAIT modes can be released,
and the MUTE bit of the MUTE pin can be set to
“1".
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Pin No.

Symbol

Pin Name

Function and Operation

Remarks

41~-44

P2-0
P2-1/ADiN1

P2-2/ADjn2

P2-3/
DC-REF

1/0 port 2

/AD analog voltage
input

/AD analog voltage
input

/Reference voltage
input

4 bit I/O ports.

Input and output may be programmed in 1 bit
units.

Pins P2-1 through P2-2 can also be used for
analog input to the built-in 6 bit, 2-channel A/D
converter.

Conversion time of the built-in A/D converter using
the successive comparison method is 280 pus. The
necessary pin can be programmed to AD analog
input in 1 bit units, and P2-3 can be set to the
reference voltage input. Internal power supply
(Vpp) or constant voltage (Vgg) can be used as
the reference voltage. In addition, constant
voltage (Vgg) can be input to the AD analog input
so battery voltage, etc., can be easily detected.
The reference voltage input, for which a built-in
operational amp is used, has high impedance.

The A/D converter, and their control are all
executed by program.

To A/D converter
(P2-0 pin is excluded)

45~46

P3-0
P3-1/BUZR

1/0 port 3

/Buzzer output

2 bit I/0 ports, whose input/output can be
programmed in 1 bit units.

The P3-1 pin also functions as the output for the
built-in buzzer circuit. The buzzer sound can be
output in 254 different tones between 18.75 kHz
and 147 Hz, and at a duty of 50%.

The buzzer output, and all associated controls can
be programmed.

T

47

MUTE

Muting output port

1 bit output port. Normally, this port is used for
muting control signal output.

This pin can set the internal MUTE bit to “1”
according to a change in the input of I/O port 1.
MUTE bit output logic can be changed; PLL phase
difference can also be output using this pin.

48

TEST

TEST mode control
input

Input pin used for controlling TEST mode. High
level indicates TEST mode, while low level
indicates normal operation. The pin is normally
used at low level or no-connection (NC). (a
pull-down resistor is built-in).

RIN2
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Pin No.

Symbol

Pin Name

Function and Operation

Remarks

49

HOLD

HOLD mode control

input

Input pin for request/release HOLD mode.

Normally, this pin is used to input radio mode
selection signals or battery detection signals.
HOLD mode includes CLOCK STOP mode (stops
crystal oscillation) and WAIT mode (halts CPU).
Setting is implemented with the CKSTP instruction
or the WAIT instruction. When the CKSTP
instruction is executed, request/release of the
HOLD mode depends on the internal MODE bit. If
the MODE bit is “0" (MODE-0), executing the
CKSTP instruction while the HOLD pin is at low
level stops the clock generator and the CPU and
changes to memory back-up mode. If the MODE
bit is “1” (MODE-1), executing the CKSTP
instruction enters memory back-up mode

regardless of the level of the HOLD pin. Memory
back-up is released when the HOLD pin goes
high in MODE-0, or when the level of the HOLD
pin level in MODE-1.

When memory back-up mode is entered by
executing a WAIT instruction, any change in the
HOLD pin input releases the mode.

In memory back-up mode, current consumption is
low (below 10 pA), and all the output pins (e.g.,
display output, output ports) are automatically set
to low level.

50

IFN/IN

IF signal input/Input

port

IF counter’s IF signal input pin for counting the IF
signals of the FM and AM bands and detecting the
automatic stop position.

The input frequency is between 0.35~12 MHz (0.2
Vpp (Min)). A built-in input amp and C coupling
allow operation at low-level input.

The IF counter is a 20 bit counter with optional
gate times of 1, 4, 16, and 64 ms. 20 bits of data
can be readily stored in memory.

This input pin can be programmed for use as an
input port (IN port). CMOS input is used when the
pin is set as an IN port.

RfIN2

51

52

DO1/0T

DO2

Phase comparison
output/Output port

Phase comparison

output

PLL'’s phase comparison tri-state output pins.

When the programmable counter’s prescaler
output is higher than the reference frequency,
output is at high level. When output is lower than
the reference frequency, output is at low level.
When output equals the reference frequency, high
impedance output is obtained.

Because DO1 and DO2 are output in parallel,
optimal filter constants can be designed for the
FM/VHF and AM bands.

Pin DO1 can be programmed to high impedance
or programmed as an output port (OT). Thus, the
pins can be used to improve lock-up time or used
as output ports.

T
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Pin No.

Symbol

Pin Name

Function and Operation

Remarks

56

Vbbp

53

GND

Power-supply pins

Pins to which power is applied.
Normally, Vpp = 1.8~3.6 V (3.0 V typ.) is applied.

In back-up mode (when CKSTP instructions are
being executed), voltage can be lowered to 1.0 V.
If voltage falls below 1.5 V while the CPU is
operating, the CPU stops to prevent malfunction
(STOP mode). When the voltage rises above 1.5
V, the CPU restarts.

STOP mode can be detected by checking the
STOP F/F bit. If necessary, execute initialization
or adjust clock by program. When detecting or
preventing CPU malfunctions using an external
circuit, STOP mode can be invalidated and
rendered non-operative by program. In that case,
all four bits of the internal TEST port should be set
to “1”.

If more than 1.8 V is applied when the pin voltage
is 0, the device's system is reset and the program
starts from address “0”. (power on reset)

Note: To operate the power on reset, the power
supply should start up in 10~100 ms.

T/ Vbp

54

FM|N

FM programmable
counter input

Programmable counter input pin for FM, VHF
band.

The 1/2 + pulse swallow system (VHF mode) and
the pulse swallow system (FM mode) are
selectable freely by program.

At the VHF mode, local oscillation output (VCO
output) of 50~230 MHz (0.2V,, (min)) is input and
FM mode, 40~130 MHz (0.2V,., (min)) is input.

A built-in input amp and C coupling allow
operation at low-level input.

Note: When in the PLL OFF mode or when set to
AM)y input, the input is pulled down.

RfIN1

55

AM|N

AM local oscillator
signal input

Programmable counter input pin for AM band.

The pulse swallow system (HF mode) and direct
dividing system (LF mode) are freely selectable by
program. At the HF mode, local oscillation output
(VCO output) of 1~45 MHz (0.2 V., (min)) is input
and LF mode, 0.5~12 MHz (0.2 V,,, (min)) is input.
Built-in input amp operates with low-level input
using a C coupling.

Note: When in PLL OFF mode or when set to
FMn input, the input is pulled down.

RfIN1

57

RESET

Reset input

Input pin for system reset signals.

RESET takes place while at low level; at high
level, the program starts from address “0".

Normally, if more than 1.8 V is supplied to Vpp
when the voltage is 0, the system is reset (power
on reset).

Accordingly, this pin should be set to high level
during operation.
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Pin No. Symbol Pin Name Function and Operation Remarks
58 XouT Crystal oscillator pins. O Rout
A reference 75 kHz crystal oscillator is connected Xoutr  Rext
to the Xy and XpouyT pins. VT
59 X Crystal oscillator The oscillator stops oscillating during CKSTP o
pins instruction execution. N &
The VT pin is the power supply for the crystal
oscillator. A stabilizing capacitor (0.47 pF typ.) is -
60 VT connected.
Voltage doubler boosting pin for driving the LCD.
61 Vico A capacitor (0.1 pF typ.) is connected to boost the
voltage.
The V| cp pin outputs voltage (3.0 V), which has
been doubled from the constant voltage (Vgg: 1.5
Voltage doubler V) using the capacitors connected between Cq Vico
62 C1 boosting pin and C». That potential is supplied to the LCD
drivers. If the internal V| cp OFF bit is set to “1” by
program, an external power supply can be input
through the V| ¢p pin to drive the LCD.
63 Co At this time, the V| cp/2 potential, whose V| cp
voltage is divided using registers, is output from
the C5 pin.
1.5 V constant voltage supply pin for driving the
LCD.
64 |Vee Constant voltage A stabilizing capacitor (0.1 pF typ.) is connected. _
supply pin This is a reference voltage for the A/D converter,
key input, and the LCD common output’s bias
potential.

Note 1: When the device is reset (voltage higher than 1.8 V, or when RESET = low — high) I/O ports are set to
input, the pins for 1/0 ports and additional functions (e.g., A/D converter) are set to I/O port input pins, while
the IF|N/IN pins become IF input pins.

Note 2: When in PLL OFF mode (when the three bits in the internal reference ports all show “17), the IFjN and FM),
AM|N pins are pulled down, and DO1 and DO2 are at high impedance.

Note 3: When in CLOCK STOP mode (during execution of CKSTP instruction), the output ports and the LCD output
pins are all at low level, while the constant voltage circuit (VEg), the voltage doubler circuit (V| _cp), and the
power supply for the crystal oscillator (VxT) are all off.

Note 4: When the device is being reset, the contents of the output ports and internal ports are undefined and

initialization by program is necessary.
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TOSHIBA TC9318AFAG/AFBG

Explanation of Operation

CPU

CPU is composed of program counter, stack register, ALU, program memory, data memory, G-register, carry

F/F and judging circuit.

1.

Program Counter (PC)

Program Counter is a block to designate the address of program memory (ROM), and is composed of 12
bits binary up counter. This is cleared by system reset, and the program starts from zero address.

Usually, it’s increment is made one by one everytime the one instruction is executed, but when JUMP
instruction or CAL instruction is executed, the address designated at operand part of that instruction is
loaded.

Further, when the instruction (AIS, SLTI, TMT, RNS instructions, etc.) having skip function is executed,
two increments of program counter is made if the result is the condition to be skipped, and the succeeding
instruction is skipped.

MSB LSB

PC] PC11 PC10 PC9 PC8 PC7 PC6 PC5 PCa PC3 PC2 PC1 PCO

12bit

Stack Register (STACK)

This is a register composed of 2 x 12 bits during the execution of subroutine call instruction, the value
obtained by adding +1 to the content of program counter, namely return address, is housed. The content of
stack register is loaded on the program counter by the execution of return instruction. (RN, RNS
instructions)

This stack level is 2 level, and nesting is 2 level.

ALU

ALU has binary 4 bits parallel addition and subtraction, logical operation, comparison and plural bit
judge functions.
This CPU has no accumulator, and all operations directly treat the contents of data memory.

Program Memory (ROM)

Program memory is composed of 16 bit x 4096 steps and is the address of 000H~FFFH.

Program memory has no concept of page or field, so JUMP instruction and CAL instruction can be freely
used among 4096 steps.

Further, it is possible to use optional address of program memory as data area, and its content, 16 bits,
can be loaded to the data register by executing DAL instruction.

Note 5: Provide the data area at the address outside the program loop in the program memory.
Note 6: In DAL instruction, the address of program memory can be designated as the data area becomes 1024

steps of 000H~3FFH.

FFFH 000H

ROM 16bitx 4096 steps

4096 steps
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5. Data Memory (RAM)

Data memory is composed of 4 bit x 256 words and used for storing data.

This 256 words are expressed with row address (4 bits) and column address (4 bits).

192 words (row address = 4H~FH) among the data memory are indirect addressing by G-register. For
this reason, when carrying out data processing within this territory, it is necessary to designate row
address by G-register beforehand Area of 00H~0FH address in data memory is called general register, and
can be used only by designating column address (4 bits). These 16 general registers can be used for
operation and transfer between data memories. Further, it can also be used as ordinary data memory.

Note 7: The column address (4 bits) to designate general register becomes register number of the general
register.

Note 8: It is also possible to indirectly designate all of row address (= OH~FH) by G-register.

Column Address : D¢

0 1 2 3 45 6 7 8 9 A B C D E F

= BT
& * E 0 %%%%%%%%// ﬂ%%%%%% General register
" N (One of 00H~OFH address)
£l 2
B 1
< o3
g —
< 4
5
6
7
Indirectly designate 8
row address (4H~FH)
by G-register. 9
%: Indirect designation A
of row address (OH~FH) B
is also possible
C
D
E
| . F

RAM (4bitx 256 words)

6. G-Register (G-REG.)

G-register is a 4 bits register for addressing row address (DR = 4H~FH) of 192 words in data memory.

Content of this register is effective during executing MVGD instruction, MVGS instruction, and is not
related with the execution of other instructions.

This register is treated as one of the port, and its content is set by the execution of OUT1 instruction
among input and output instructions.

(refer to register port item 1)

7. Data Register (DATA REG.)

This is a register composed of 1 x 16 bits. In this register, 16 bits data of optional address among the
program memory in 000H~3FFH is loaded during executing of DAL instruction. This register is treated as
one of the port, and when IN1 instruction among input and output instruction is executed, it’s content is
read in the data memory in 4 bits unit.

(refer to register port item 2)
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8. Carry F/IF (C-F/F)

This is set when carry or borrow is produced as a result of executing operational instruction, and is reset
when it is not produced. Content of carry F/F changes only when addition and subtraction instruction is

executed, and does not change during the execution of other instructions.

9. Judging Circuit (J)

When a instruction with skip function is executed, this circuit judges it’s skip condition. When skip

condition is satisfied, this circuit makes two increments of program counter, and skips the succeeding

instruction.
It is provided with 29 kinds of instructions having abundant skip function.

(refer to item 11, explanation list of function and operation of instructions, * marked instruction)

10. List of Instruction Set

60 kinds of instruction set are included, all of which consisting of one word instruction.
These instructions are expressed with 6 bits instruction code.

Higher Rank 2 Bits 00 01 10 11
Lower Rank 4 Bits 0 1 2 3
0000 0o Al M, | AD LM TMTR M SLTI M, I
0001 1 |AIS M, | ADS LM TMFR 1M SGEI M, I
0010 2 |AN M, | ADN LM SEQ LM SEQI M, |
0011 3 |Aic M, | AC LM SNE nM SNEI M, I
0100 4 |Aics M, | ACS nM LD LM TMTN M, N
0101 5 |AICN M, | ACN LM ST M, r ™T M, N
0110 6 [ORM M1 ORR nM MVGD M TMFN M, N
0111 7 |ANIM M, | ANDR 1, M MVGS M, r T™F M, N
1000 8 |sI M, | su nM INL M, C
1001 9 |sIs M, | Sus M IN2 M, C
CALL ADDR;
1010 A |sSIN M, | SUN nM —
1011 B |siB M, | SB LM ouT1 c,M
1100 c |siBS M, | SBS M OUT2 c,M
1101 D |SIBN M, | SBN nM -
1110 E |xORI M, | XORR 1M JUMP ADDRy DAL ADDRy, r
1111 F oMM M1 MVSR My, My Eﬂéw‘sﬁ\ggg
11 2006-07-27
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11. Explanation List of Function and Operation of Instructions (explanation of symbols)

M: Data memory address
Normally, one of 00H~3FH address of data memory.

r: General register

One of 00H~0FH address of data memory.
PC: Program counter (12 bit)
STACK: Stack register (12 bit)
G: G-register (4 bit)
DATA: Data register (16 bit)
I: Immediate data (4 bit)
N: Bit position (4 bit)
— Al “0”
C: Code No. of port (4 bit)
CN: Code No. of port (4 bit)
RN: General register No. (4 bit)
ADDR1: Program memory address in page 0 or 1 (12 bit)
ADDR2: Higher rank 6 bit of program memory address in page 0
Ca: Carry
b: Borrow
IN1~IN2: Port treated during the execution of IN1~IN2 instruction
OUT1~0UT2: Port treated during the execution of OUT1~OUT2 instruction
() Register or data memory content
[ 1 ¢: Content of port indicated by code No. C (4 bit)
[ ]: Content of data memory indicated by the content of register or data memory
[ 1p: Content of program memory (16 bit)
IC: Instruction code (6 bit)
*: Instruction having skip function
Dc: Data memory column address (4 bit)
DR: Data memory row address (2 bit)
P: Wait condition
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5 a § Machine Language (16 bit)
7 Mnemonic g) ‘g Explanation of Function | Explanation of Operation o) A B C
= i Gbit) | @bity | @bty | (@biy
Add immediate data to
Al M, | memory M« (M) +1 000000 Dr D¢ |
AIS M1 + | Add immediate data to M (M) +1 000001 D D |
! memory, then skip if carry Skip if carry R c
Add immediate data to M <« (M) + |
AIN M, | * | memory, then skip if not 000010 Dr Dc |
carry Skip if not carry
Add immediate data to
AlC M, | memory with carry M« (M)+1+ca 000011 DR Dc I
Add immediate data to M« (M) +1+ca
AICS M, | * | memory with carry, then o 000100 Dr Dc |
% skip if carry Skip if carry
5 Add immediate data to M« (M) +1+ca
a AICN M, | * | memory with carry, then o 000101 Dr Dc |
5 skip if not carry Skip if not carry
£ Add memory to general
y
S AD LM register r<« (N + (M) 010000 DRr Dc RN
=
3 ADS FM . | Add memory to general | < (1) + (M) 010001 b b R
< ' register, then skip if carry | syip if carry R c N
Add memory to general | r « (r) + (M)
ADN LM * | register, then skip if not 010010 DRr Dc RN
carry Skip if not carry
Add memory to general
AC M register with carry r<« () + (M) +ca 010011 Dr D¢ RN
Add memory to general r< (@ +(M)+ca
ACS LM * | register with carry, then o 010100 Dr Dc RN
skip if carry Skip if carry
Add memory to general r<(@+(M)+ca
ACN nM * | register with carry, then o 010101 Dr Dc RN
skip if not carry Skip if not carry
13 2006-07-27



5 a § Machine Language (16 bit)
7 Mnemonic g) g Explanation of Function | Explanation of Operation o) A B C
= s (6hiy | (2bit)y | @bty | (4bit)
sl M, I ﬁgﬂﬁ‘gﬂ'ﬂ%@ed'me data | py vy -1 001000 | Dg Dc |
Subtract immediate data | M « (M) — |
SIS M, I * [ from memory, then skip if o 001001 Dr Dc |
borrow Skip if borrow
Subtract immediate data | M « (M) — |
SIN M, | * | from memory, then skip if 001010 Dr Dc |
not borrow Skip if not borrow
siB M Subtract immediate data |, M-1-b 001011 D D |
! from memory with borrow R c
Subtract immediate data M e (M)—1—b
from memory with -
SIBS M, | * S 001100 D D |
borrow, then skip if Skip if borrow R c
% borrow
5 Subtract immediate data
Z |siN M, 1 + | from memory with MeM-1-b 001101 | Dg Dc |
& ' gg:gw then skip if not Skip if not borrow
4
< Subtract memory from
g SuU M general registerry r« () — (M) 011000 DR D¢ RN
(®]
z Subtract memory from re (1) - (M)
5 SuUs M * | general register, then o 011001 Dr D¢ RN
3 skip if borrow Skip if borrow
n
Subtract memory from I« () — (M)
SUN LM * | general register, then o 011010 DRr Dc RN
skip if not borrow Skip if not borrow
Subtract memory from
SB LM general register with r<mM-M)-b 011011 Dr Dc RN
borrow
Subtract memory from
SBS LM » | general register with re-M-b 011100 | Dg Dc RN
' Bg;:ng then skip if Skip if borrow
Subtract memory from
SBN "M « | general register with re<m-m-b 011101 DR De Ry
' Bg:;gx then skip if not Skip if not borrow
SLTI M, I * ﬁl':ﬁ :Lq”%eergi‘;'é'z:js Skip if (M) < | 110000 | Dgr D¢ |
z
®) Skip if memory is greater
5 SGEI M, | * | than or equal to Skip if (M) 2 | 110001 Dr Dc |
a immediate data
'J) Skip if memory is equal to
2 |sEQ M, | * imnﬁ’e dinte da?’a q Skip if (M) = | 110010 | Dgr D¢ [
=z
9 Skip if memory is not S
Q| SNEl M, | * eun;I o immgjiate Nata | SKIPf (M) 1 110011 | Dg D¢ [
<
Skip if general register is Lo
= * =
3 SEQ r,M equal to memory Skip if (r) = (M) 100010 DR D¢ RN
SNE "M * fg;‘;gf;qgrﬂg;%ife’ IS | skip if (1) = (M) 100011 | Dg Dc RN
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5 a § Machine Language (16 bit)
7 Mnemonic & § Explanation of Function | Explanation of Operation o) A B C
£ T (6bit)y | (@bity | (4bit) | (4bit)
Load memory to general
LD M register r« (M) 100100 Dr D¢ RN
Store general register to
S ST M, r memory M« (1) 100101 DR Dc RN
(@]
= Move memory to memory
8 MVSR M1, M2 in the same row (DR, Dc1) < (DR, Dc2) 011111 Dr Dc1 Dc2
x
= Move immediate data to
0
z MVIM M, 1 memory M« 001111 Dr Dc |
14
E Move memory to
0 destination memory
z MVGD LM referring to G-register [(G), ()] « (M) 100110 DR Dc RN
E and general register
Move source memory
referring to G-register
MVGS M, r and general register to M « [(G), (] 100111 Dr D¢ RN
memory
Input IN1 port data to
§ IN1 M, C memory M «[IN1] ¢ 111000 DR Dc CN
z
5o
590 Output contents of
g 5 OuUT1 C,M memory to OUTL port [OUT1] ¢ « (M) 111011 DR Dc CN
-]
Zr
< [IN2 M, C Input IN2 port data to M « [IN2] ¢ 111001 | DR Dc Cn
=9 memory
o2
% - Output contents of
= OouT2 C,M memory to OUT2 port [OUT2] ¢ « (M) 111100 Dr D¢ CN
Logical OR of general
% ORR M register and memory r« (r)v (M) 010110 Dr D¢ RN
= -
9 [ANDR 1M Logical AND of general |y =y 010111 | DR Dc RN
2 register and memory
'_
(2] Logical OR of memory
§ ORIM M, | and immediate data M« M)v I 000110 Dr D¢ |
@) .
= Logical AND of memory
5 ANIM M, | and immediate data M« (M)A | 000111 DR Dc I
& Logical exclusive OR of
8 XORIM M, | memory and immediate M M)DI 001110 Dr Dc |
< data
Q
O] Logical exclusive OR of
9 XORR nM general register and r« (@ Mm) 011110 Dr Dc RN
memory
Test general register bits
by memory bits, then skip L oy uqn
TMTR LM * it al bits specified are Skip if r [N (M)] = all “1 100000 DR Dc RN
true
Test general register bits
by memory bits, then skip o upyp
* -
5 TMFR LM it all bits specified are Skip if r [N (M)] = all “0 100001 DR Dc RN
g false
x Test memory bits, then
'J) T™MT M, N * | skip if all bits specified Skip if M (N) = all “1" 110101 Dr Dc N
=z are true
L
8 Test memory bits, then
S | TMF M, N * | skip if all bits specified Skip if M (N) = all “0” 110111 Dr Dc N
e are false
@ Test memory bits, then
TMTN M, N * | not skip if all bits Skip if M (N) = not all “1" 110100 Dr Dc N
specified are true
Test memory bits, then
TMFN M, N * | not skip if all bits Skip if M (N) = not all “0” 110110 DRr Dc N
specified are false
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5 a § Machine Language (16 bit)
7 Mnemonic 5) g Explanation of Function | Explanation of Operation o) A B C
= s (6hiy | (2bit)y | @bty | (4bit)
. STACK « (PC) + 1 and .
% (Z) CALL ADDRq Call subroutine PC < ADDR; 1010 ADDR1 (12 bit)
55
o E RN Return to main routine PC « (STACK) 111111 00 — —
55
?Z |rns « |Return tomain routine |\ oo gTACK) and skip | 111111 | 01 — —
and skip unconditionally
[
= Jump to the address .
= p
= 2 JUMP ADDR; specified PC « ADDR; 1011 ADDR; (12 bit)
Load program memory in | DATA < [ADDR> + ()] p
DAL ADDR2, 1 page 0 to DATA register |in page 0 111110 RN
% At P = “0” H, the condition
= is CPU waiting (soft wait
g mode)
& WAIT P AtP = 1" H, except for Wait at condition P 111111 10 0000 P
% clock generator, all
@ function is waiting (hard
w wait mode)
T
'6 Stop clock generator at
CKSTP Clock generator stop MODE condition 111111 10 1000 —
NOOP No operation — 111111 11 — —
Note 9: Among 10 bits of the program memory address assigned by DAL instruction, the lower rank of 4 bits
become indirect addressing based on the content of general register.
DAL instruction executing time is 80 ps (2 machine cycles).
Note 10: MVGS instruction executing time is 80 us (2 machine cycles).
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I/0 Map

All ports in the device are expressed by matrix of four input and output instruction (OUT1~2 instructions,
IN1~2 instructions) and 4 bits of code No. C. Assignment of these ports is indicated previously as I/O map. In
the I/O map, port names treated in the execution of each input and output instruction are assigned horizontally,
while code No. of port are assigned vertically. G-register and data register are also treated as port.

The OUT1~2 instructions are assigned to output port, and IN1~2 instructions are assigned to input port.

Note 11: The port indicated with oblique line on 1/0O map is a port not existing in the device. In the execution of output
instruction, when data is output to the non-existing output port, no effect is given to the content of other port
or data memory. When non-existing input port is designated during the execution of input instruction, the
content read into the data memory becomes “1”.

Note 12: Among the output ports on I/O map, * marked port is unused port. The data output here becomes “don’t
care”.

Note 13: Regarding the content of port expressed in 4 bits, Y1 corresponds to the least significant of the data of data
memory, and Y8 to the most significant bit.

Each port assigned by four input and output instruction and code No. C is coded as follows:

¢IK/L] m n

T—————Contents of het selected port

(Indirectly specified data, 0~F [HEX])

4 kinds of input and output instruction are described in No. 1~2

Input and Output | oyT1 | QUT2 | INT | IN2
Instruction

m 1 2 1 2

Expresses input/output port (K : input port, L : output port)
K : input port (INT~IN2 instructions)
L : output port (OUT1~0UT2 instructions)

(example)  The G-register is set by OUT1 instruction wite code “F”.
Therefore, the notation is “¢L1F”.
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1/0 Map
0| ¢L1 oL2 oK1 K2
ouUT1 oUT2 IN1 IN2
Code \]Y1 Y2 [v4 Y8 Y1 [v2 [v4 [vs Y1 [v2 [v4 Y8 Y1 [v2 [v4 Y8
. e IF OFFSET o AID CONTROL IF CONTROL ] AID DATA
+1 | -1 AD SELO | AD SEL1 I REF SELO I REF SEL1 BUSY I MANUAL I OVER ADO | AD1 | AD2 AD3
1 PROGRAMMABLE COUNTER A/D CONTROL IF DATA A/D DATA 1
PO | P1 | P2 | P3 STA | ocreFon [ apion | Apzon P | [ ke [ Fs apa | aps | susy
, PROGRAMMABLE COUNTER /0-1 DATA IF DATA 1/0-1 DATA
P4 | P5 | P6 | P7 -0 | -1 | -2 | -3 F4 | F5 | F6 | F7 -0 | -1 | -2 | -3
, PROGRAMMABLE COUNTER 110-2 DATA IF DATA 1/0-2 DATA
P8 | P9 | P10 | P11 -0 | -1 -2 | -3 F8 | F9 | F10 | F11 -0 | -1 -2 | -3
4 PROGRAMMABLE COUNTER 1/0-3 DATA N IF DATA 1/0-3 DATA 1
P12 | P13 | P14 P15 0 | 1 F2 [ Fs | P4 F15 o [ 1
PROGURAMMABLE
s REFERENCE SELECT COUNTER 1/0-1 CONTROL IF DATA
RO | R1 | R2 P16 0 | 1 | 2 | -3 F6 | F7 | Fs F19
] IF COUNTER CONTROL 1/0-2 CONTROL KEY INPUT DATA
IF/IN | * | * | * -0 | -1 | -2 | -3 KO | K1 | K2 K3
, IF COUNTER CONTROL 1/0-3 CONTROL UNLOCK IN PORT KEY SCAN DIGIT ]
CN STA/STP MANUAL | GO | G1 -0 | -1 | * | * FIF ENABLE IN 1 KS0 | KS1 | KS2
s MUTE MUTE CONTROL KEY RETURN TIMING KEY SCAN INPUT DATA-0
o | POL | UNLOCK T0 | 1 T2 | e ksoo | ksor | kso2 | sos
9 UNLOCK DO1 CONTROL KEY RETURN TIMING N KEY SCAN INPUT DATA-1
RESET oTc ot | Hz Ta | 5 KS10 | Ks11 | Ks12 | Ks13
TIMER RESET TEST DATA TIMER KEY SCAN INPUT DATA-2
A STOP FIF
2Hz FIF | TIMER #4 | #5 2Hz FIF 10 Hz 100 Hz KS20 | KS21 | KS22 | KS23
. BUZR DATA — . KEY SCAN INPUT DATA-3
BO | B1 | B2 | B3 KS30 | Ks31 | Ks32 | Ks33
c BUZR DATA DATA-reg KEY SCAN INPUT DATA-4
B4 | B5 | B6 | B7 o | a [ @ d3 Kse0 | Kksa1 | kse2 | Kse3
b TEST DATA SEG DATA SELECT DATA-reg KEY SCAN INPUT DATA-5
#0 #1 # #3 s1 | s2 | sS4 | S8 da | d5 | d7 ksso | Kkss1 | kss2 | kss3
SEG-1 DATA DATA-eg KEY SCAN INPUT DATA-6
E * BUZR ON * CKSTP MODE
com [ coma | coms | « @ | aw [ awo d11 kseo | kset | kse2 | Kse3
. G REGISTER SEG-2 DATA DATA-eg KEY SCAN INPUT DATA-7
Go G1 G2 G3 com1 | com2 I coms I « d12 I 13 I d14 d15 KS70 | Ks71 | Ks72 | Ks73
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Connecting Crystal Oscillator

The following diagram shows the connection of the 75 kHz crystal oscillator to the device’s crystal oscillator
pins (XIN, X0oUD.

The oscillation signal is supplied to the clock generator, reference frequency divider, and other sub-systems to
generate the various CPU timing signals, reference frequency, and other signals. The power supply for the
crystal oscillator circuit is the voltage (VXT = 1.4 V typ.) supplied by the built-in constant voltage circuit. This
stabilizes the crystal oscillation and reduces the current consumption.

) XouT) (XiN) (VxT)

13 A S
SRS (:sa? 3 @f
CL; CL; Cx X'tal = 75kHz

Note 14: Use a crystal oscillator with a low CI value and with good startup characteristics.

System Reset

The system is reset when a low level is applied to the RESET pin, or when the voltage supplied to the VDD
pin goes from 0 V to 1.8 V or more (a power on reset). Following a system reset, the program starts from address
0 after a standby period of 100 ms.

As the power on reset function is typically used, fix the RESET pin to the high level.

Note 15: During a system reset and during the standby period following the reset, the LCD common and segment
outputs are fixed at the low level.

Note 16: After a system reset, the internal ports shown in the following table are fixed at the specified levels. The
states of the other ports after a reset are undefined. Therefore, initialize the ports in the program when
necessary.

Fixed Internal Ports

Ports Set to “0” Ports Set to “1”
MANUAL bit (¢L17) REFERENCE PORT (¢L15)
10, POL, UNLOCK bit (¢L18) MUTE bit (¢L18)
DO1 CONTROL PORT (¢L19) IF/IN bit (oL16)
BUZR ON bit (¢L1E) DISP OFF bit (¢L2FF)

TEST PORT (4L1A, ¢L1D)

CKSTP MODE bhit (¢L1E)

AD CONTROL PORT ($L20, ¢L21)

TIMER PORT (¢K1A)

KEY RETURN SELECT bit (§L2FF)
I0-1~10-3 10 CONTROL PORT ($L25~¢L27)
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Backup Modes
To enter the three backup modes, execute the CKSTP or WAIT instruction.

1. Clock Stop Mode

Clock stop mode halts the system and maintains the internal state of the system immediately prior to
halting. During a halt, the system is maintained with low current consumption (10 pA or below, at VDD =
3.0 V). In clock stop mode, the crystal oscillator halts and the output ports and LCD display output pins are
all automatically set to the low level or the off state. The supply voltage can be reduced to 1.0 V.

When the CKSTP instruction is executed, execution halts at the address of the CKSTP instruction.
Therefore, execution starts again from the next instruction when clock stop mode is released (after a
standby period of around 100 ms).

ey

2

Setting clock stop mode
Clock stop mode can be set to one of two modes. The CKSTP bit determines which of the two modes
is set. Use the OUT2 instruction with the operand [CN = 7H] to access this bit.

$L27

1)

2)

Y1 Y2 Y4 Y8

CKSTP
Mode
] ) 0 : MODE-0
CKSTP Mode Settings
1 : MODE-1
MODE-0

In mode 0, executing the CKSTP instruction when the HOLD pin is low enters clock stop
mode. Executing the CKSTP instruction when the HOLD pin is high is equivalent to executing
a NOOP instruction.

MODE-1
In mode 1, executing the CKSTP instruction enters clock stop mode regardless of the level of
the HOLD pin.

Note 17: The PLL turns off during execution of the CKSTP instruction.

Releasing clock stop mode

1)

2)

MODE-0
In mode 0, clock stop mode is released when the HOLD pin goes to high, or by a change in
the input state of any I/O port 1 pin (P1-0~P1-3) set as an input port.

MODE-1
In mode 1, clock stop mode is released by a change in the input state of the HOLD pin or in
the input state of any I/O port 1 pin (P1-0~P1-3) set as an input port.
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(8)  Clock stop mode timing

1) MODE-0
HOLD Pin \, u 1
1 )
! D) H
] : i 1
CPU Operation —+*+— Clock Stop - Standby e CPU Operation
1

\_ H
(Clock stop mode release)
CKSTP Instruction —m o 9\_

NOOP Operation CKSTP Instruction Execution NOOP Operation

(executing the CKSTP instruction while the HOLD pin input is low sets the device to clock
stop mode.)

2)  MODE-1

14

'HOLD Pin j x
a |

1
vour#n I 11
: 1

: Clock Stop
————————

]
| |
CPU Operation — 1+ Clock Stop ————— Standby ——#ye— CPU.
H ' v Operation !
] \ ]
; o
CKSTP Instruction 3 a * ~7

\'— (Clock stop mode released by input change)

(executing the CKSTP instruction always sets the device to clock stop mode.)

(4) Circuit example (MODE-0)

Example of Backup Circuit Using Battery Example of Backup Circuit Using
Capacitor
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2.

Wait Mode

Wait mode halts the system and maintains, with reduced current consumption, the internal state of the
system immediately prior to halting. Two wait modes are available: “soft wait” and “hard wait”. When the
WAIT instruction is executed, execution halts at the address of the WAIT instruction. Therefore, when wait
mode is released, execution starts again from the next instruction without delaying for the standby time.

ey

2

(3

4

Soft wait mode
Executing the WAIT instruction with the operand [P = OH] stops only the CPU inside the device. In
this mode, the crystal oscillator, display circuit, and other circuitry continue to operate normally.
Using soft wait mode in the program for clock functions reduces the current consumed during clock
operation.

Note 18: The current consumption depends on the program.

Hard wait mode

Executing the WAIT instruction with the operand [P = 1H] stops all operation other than the
crystal oscillator. This reduces current consumption still further than soft wait mode. In this state,
the CPU and display circuits are halted, and the LCD display output pins are all automatically fixed
at the low level. (15 pA typ. at VDD =3 V)

Setting wait mode
Executing the WAIT instruction always sets wait mode.

Note 19: In hard wait mode, the PLL turns off, while in soft wait mode, the PLL does not turn off.
Accordingly, before setting a soft wait, turn the PLL off by software.

Wait mode release conditions
Wait mode is released by the following conditions.
1) At achange in the input state of the HOLD pin
2)  When a high level is input to a key input pin (KO~K3)

(Note 20: depends on the key input mode)

3)  When the 2 Hz timer flip-flop is set to “1”. (in soft wait mode only)
4) At a change in the input state of an I/0O-1 port (P1-0~P1-3) set as an input port

HOLD Input Port

Y1 Y2 Y4 Y8

¢K1B| HOLD 1 1 1

The HOLD pin can be used as an input port. Executing the IN1 instruction with the operand [CN =
BH] reads the data input from this bit to data memory.

When setting clock stop mode, always access this port prior to executing the CKSTP instruction.

Note that if the CKSTP instruction is executed without first accessing this port, the device may not enter
clock stop mode.
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Programmable Counter

The programmable counter block consists of a 2-modulus prescaler, 4 bit and 13 bit programmable counters,
and the ports used to control the block.
The programmable counters can be turned on and off by the contents of the reference ports.

1. Programmable Counter Control Ports
These ports control the divisor, division method, and the IF correction (IF offset) for the FM band.

Y1 Y2 Y4 Y8

$L10 HE | +1 | -1 | ™

B

IF Offset

Division Method Setting

Programmable Counter Data
(LSB) Y1 Y2 Y4 Y8

FIRE

#LI2 | ps P5 P6 P7
#LI3| ps P9 P10 | P11

#L14 | P12 P13 P14 | P15
¢L15 | REFERENCE SELECT P16 | (MSB)

Access the division method and the IF offset using the OUT1 instruction with the operand [CN = OH].
Access the divisor settings using the OUT1 instruction with the operands [CN = 1H~5H]. Set the divisor
by writing to bits PO~P16. When the programmable counter data (P16) is set, all the data from PO to P16
are updated. Therefore, always access P16 to set the data, even when changing only a portion of the data.
And the reference frequency is set at the same time.

2. Setting Division Method

The HF and FM bits select the pulse swallow or direct division method.
As the following table shows, there are four methods. Select the appropriate method in accordance with
the frequency band used.

Operating L
Mode | HF | FM Division Method Example of Frequency Input Pin Divisior
Reception Band Ran (Note 20)
ge
LF 0] O Direct division method MW/LW 0.5~12 MHz AM
IN
HF 1 0 (1/15 or 1/16) SW 1.0~45 MHz n
FM 0 1 Pulse swallow method FM 40~130 MHz
1/2 x (1/15 or 1/16) FMiN
VHF | 1 [ 1 VHF 50~230 MHz 2n
Pulse swallow method

Note 21: n indicates the programmed divisor.
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3. IF Correction Function for FM Band

When the pulse swallow method is selected, the AIF + 1 ports allow the actual divisor to be varied by +1

without changing the programmed divisor. This can be used for IF offset in FM.

When the direct division method is selected, the IF offset function does not operate.

AIF+1 | AIF-1 Divisor (at FMp) Divisor (at FM|, HF)
0 0 2:n n
0 1 2-(n-1) n-1
1 0 2:(n+1) n+1
1 1 Prohibited Prohibited

4. Setting Divisor

Set the divisor of the programmable counter as a binary value in bits PO~P16.

e Pulse swallow method (17 bits)

MsB LSB
P16 P15 P14 P13 P12 P11 P10 P9 P8 P7 P6 P5 P4 P3 P2 P1 PO
216 I
Divisor setting range (pulse swallow method) n=210H~1FFFFH (528~131071)
e Direct division method (13 bits)
MSB LSB
7
P16 | P1 P14 | P13 | P12 | PN P1 P P P7 P /// 5 / /
212 20 A\ J
Divisor setting range (direct division method) n=10H~1FFFH (16~8191) don‘;rcare

Note 22: In case of direct dividing mode, P¢~P3 (¢L11) data be comes unrelated and P4 port becomes LSB.

Note 23: In VHF mode, the divisor is double the programmed divisor.

5. Programmable Counter Circuit Structure

e Pulse swallow method circuit structure

The programmable counter circuit is made up of a 1/15 or 1/16 2-modulus prescaler, a 4 bit swallow

counter, and a 13 bit binary programmable counter. In FMH mode, a 1/2 divider is inserted before the

prescaler.
PO~P3
L
T J 5
1 abit ]
6 Swallow Counter
r'VYWA—O l
oo Preset
FMN @‘H.—[Q— 172 f—o \o—-%/% res
]’ 13bit To Phase Comparator
} %5 Programmable Counter
{,__, }
I P4~P16
AM|N é‘/ b {>°
i
he
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e Direct division method circuit structure

This circuit bypasses the prescaler and uses the 13 bit programmable counter.

Preset

AM—G
AM|N 65>—j 13bit Programmable Counter J—- To Phase Comparator

: A
,& P4~P16

Note 24: The FM|N and AM|N pins incorporate amps. Connecting a capacitor permits low-amplitude
operation. The input pins not selected by the division method are pulled down. In PLL off mode (set
by the reference port), the inputs are also pulled down.

Reference Frequency Divider

The reference frequency divider divides the frequency of the external 75 kHz crystal oscillator to generate
seven PLL reference frequency signals: 1 kHz, 3 kHz, 3.125 kHz, 5 kHz, 6.25 kHz, 12.5 kHz, and 25 kHz. The
frequency signal is selected by the reference port data.

The selected signal is supplied as the reference frequency for the phase comparator, which is described next.

The PLL is turned on or off by the reference port setting.

1. Reference Port

The reference port is an internal port used to select the reference frequency signal (from the seven
frequencies). Use the OUT1 instruction with the operand [CN = 5H] (¢L.15) to access this port. When the
contents of the reference port are all “1”, the programmable counter, IF counter, and reference counter are
halted, and the PLL is turned off.

When the reference port are set, the frequency division data of the programmable counter are updated.
Therefore, in case of setting reference port, it is neccesary to set the frequency division data of the
programmable counter.

Y1 Y2 Y4 Y8
#L15 rRo | r1 | R

—— R2|RT|RO FREUENCY

Reference Frequency Select Code 0jJ]0|0}0O 1kHz
ofO0|1]1 3kHz
0]1(0]2 3.125kHz
oj]111]|3 5kHz
110(01{ 4 6.25kHz
110115 12.5kHz
111(101]6 25kHz
111 (1] 7 |PLLOFF MODE
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Phase Comparator, Clock Detection Port

The phase comparator compares the reference frequency signal supplied by the reference frequency divider
with the divided signal output by the programmable counter, and outputs the phase difference. The output of
the phase comparator is used to control the VCO via the low pass filter so as to eliminate the frequency and
phase difference between the two signals.

Data are output from the phase comparator to the tristate buffered DO1 and DO2 pins in parallel. This
enables the optimal filter constants to be designed for both FM and AM bands.

Also, the DO1 pin can be set for general-purpose output by the DO1 control port. The DO1 pin can also be set
to high impedance. By using the DO1 and DO2 pins, PLL loop characteristics, such as the lockup time, can be

improved.

The lock detection port can be used to detect the PLL lock state.

1. DO2 Control Port, Unlock Detection Port

$L19

$K17

0 : DO1 phase difference output
: DO1 high impedance

0 : OT output low
1 : OT output high

0 : DO1 phase difference output
1 : OT data output

Setting “1" resets the unlock flip-flop bit and unlock enable bit.

Y1 Y2 Y4 Y8
UNLOCK DO2 Control
RESET orc | or Hz
" Set DO1 output to high impedance {
1
b————— 0T output data bit
Note 25: Invalid when Hz set to 1
OT output control bit
Note 25: Invalid when Hz set to 1
RESET
Y1 Y2 Y4 Y8
UNLOCK
F/F ENABLE

1:
Unlock enable bit {

0:

1:
Unlock detect bit

0

: PLL locked

PLL unlock detect enabled

PLL unlock detect wait state

PLL unlocked

26
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The OTC, OT, and Hz control bits of the DO1 control port set the DO1 output pin as a general-purpose
output port, and control whether DO1 goes to high impedance instead of outputting the phase difference.

Set these bits to the required values by program.

When the phase is approximately 180°, the unlock flip-flop bit detects the phase difference between the
divided output of the programmable counter and the reference frequency. If the phase difference does not
match, that is, if the PLL is unlocked, the unlock flip-flop is set. Also, setting the unlock reset bit to “1”
resets the unlock flip-flop.

To detect the phase difference during the reference voltage period, reset the unlock flip-flop, then access
the unlock flip-flop after waiting for a time longer than the reference frequency period. An enable bit is
supplied for this purpose. After confirming that the unlock enable bit is set to “1”, access the unlock
flip-flop.

Setting the unlock reset bit to “1” resets the unlock enable bit.

Use the OUT1 and IN1 instructions with the operand [CN = 7 or 9H] to control these ports, and to load
data.

Note 26: When the PLL is off, the DO output is set to high impedance. However, when DO1 is set as an output
port (OT output), the data are output from the port without change.

2. Phase Comparator, Unlock Port Timing

Reference Frequency I 1 Ii I

-

Programmable
Counter Output

“H” Level

.—..-_....___

£

I
>
3

°
@
a
o
El
[a)
o

DO Output **

—

.
.

.

) .

.

’_f .
s .
.

o .
< B
o .
.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Phase Difference

Unlock Detect Strobe

.

Unlock Reset Execution €3

i

Unlock Flip-Flop

9____
A
——

d

Y

[

I

Unlock Enable
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3. Phase Comparator, Unlock Port Circuit Structure

Reference Frequency Signal Vpp
—J
PHASE 2
Programmable _| |COMPARATOR DO2
Counter Output 7’

Sel ctor

VoD
-
s~—=G po1 /07
|,

UNLOCK | UNLOCK
ENABLE F/F

OTC OT2
UNLOCK Hz J

RESET

po2 (2

C1 R3

R2
po1/01 G1) | >0

LPF

When Setting Different Filter Constants When Using the Same Low Pass Filter
for Each Band for Both Bands
(set DO1 to high impedance to switch the
filter constant)

DC-DC Ve 3V)
CONVERTER
Cs 0.014F
3 1
To VCO . A
Varactor diode b uF 4.7k) 2.2k}
Y3
of 2 DO
b= 25K209Y
o

]

Note 27: The filter circuit shown in the above figure is an example for reference, and the actual circuit should be
investigated and designed conforming to the system band construction and the required
characteristics.
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IF Counter

This is a 20 bit general-purpose intermediate frequency (IF) counter used for such purposes as counting the
FM or AM intermediate frequency during auto-tuning or detecting the auto-stop signal.

The IF counter block consists of a 20 bit binary counter and a control port.

1. IF Counter Control Port, Data Port
Y1 Y2 Y4 Y8

¢|_15 IF/IN

IF/IN switching bit

{ 1 : set to IF input
0 : set as general-purpose input port

Y1 Y2 Y4 Y8

Frequency measuring gate time selection (measuring time)

#L17 | sTA/STP | maNuAL | Go | &1
— G1 | GO | GATE TIME
0 0 Tms
0 1 4ms
1 0 16ms
1 1 64ms
Frequency measuring auto/manual mode switching bit

0 : Auto mode

(Auto mode uses the above gate times for measuring)
1 : Manual mode

(The STA/STP bit is used to start and stop measuring)

IF counter start/stop control bit

{ 0 : Stops counter
1 : Starts counter (Setting the timer/counter resets the counter)
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Y1 Y2 Y4 Y8

0 : IF counter value<2%-1

Overflow detection
K10
¢ BUSY MANUAL OVER ! | {1 : IF counter value= 2%° (overflow state)

Operating mode {0 : IF counter auto mode

1 : IF counter manual mode

Operation monitor {0 : IF counter count-up complete

1 : IF counter count-up in progress

$K1 $K12 $K13 $K14 $K15
Y1 Y2 Y4 Y8
FO |F1 | F2 | F3 F4 | F5 |F6 | F7 F8 F9 | F10 | F11 F12 | F13 | F14 | F15 F16 | F17 | F18 | F19
20 219
1 ]
LSB IF Counter Data MsB

Note 28: When the PLL is off, the IF counter is disabled.

(1) IF counter auto mode (frequency measuring)

To use IF counter auto mode, use the IF/IN switching bit to set the IF pin to IF input.

Set the gate time based on the IF input frequency band. Set the MANUAL bit to “0” and the
STA/STP bit to “1” to start the IF counter.

As a result, the clock for the 20 bit binary counter is input from the IF pin for the specified gate
time. The IF counter counts the number of input pulses. To determine when the IF counter has
finished counting, check the BUSY bit. When the count equals or exceeds 220 input pulses, the OVER
bit is set to “1”.

To measure the frequency input to the IF input pin, load the FO~F19 IF data when the BUSY and
OVER bits are both “0”.

(2) IF counter manual mode (frequency measuring)
Use manual mode to measure the frequency using the IF frequency by controlling the gate time
using an internal time base (eg, 10 Hz).
Perform the same IF counter input settings as for auto mode, and set the GO and G1 bits to other
than “1”. Set the MANUAL bit to “1” and the STA/STP bit to “1” to start the count. Setting the
STA/STP bit to “0” terminates the count and loads the data in binary format.
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2.

IF Counter Circuit Structure

FO~F19 OVER
—AW—0 P
Fn/in GO—% 20bit Binary Counter |-+ OVER]
\ N le— MANUAL .
} Gate Tumg =G0
Control Circuit o G4

Gate Clock —-l

1kHz STA/STP

The IF counter block consists of an input amp, a gate timer control circuit, and a 20 bit binary counter.
When the PLL is turned off, the IF counter is off. However, the block can still operate when set as a
timer/counter.

Note 29: The IF|N1 pins incorporate amps. Connecting the pins via a capacitor permits low-amplitude operation.

oFn) - TN

1

Set Data in STA/STP Bit

susy Bit —i____l_

Gate clock =4 LI LALLM - 1khz
Gate mmm——

Binary Counter Input —m——

Frequency Measuring Auto Mode
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LCD Driver

The LCD driver has a 1/3 duty and 1/2 bias drive (frame frequency is 83 Hz).
The common outputs are at three voltages: VL.CD, VLCD/2VEE, and GND. The segment outputs are at two

voltages: VL.CD and GND.

The combination of three common outputs and 23 segment outputs enables the LCD driver to drive a

maximum of 69 segments.

LCD driver segment output pins S16~S23 are also used for the key return timing signals for loading key

matrix data.

The LCD driver incorporates a constant voltage circuit (VEE = 1.5 V) and voltage double boosting circuit
(VLcD = 3.0 V) for the display. This maintains an even LCD contrast regardless of fluctuations in the supply

voltage.

1. LCD Driver Port

Y1 Y2 Y4 Y8

gL2p | s1|s2]safss

\——V————‘
Segment Data Select

Segment Data 2

Segment Data 1

Y1 v2 \Z 8 Y1 Y2 va )
¢L2F | comr | com2 | coms * #L2e| comr | com2 | coms *
— o $17 0 $1
1| 518 1] 52
2| 519 2| 53
3| 520 3| sa
a| 521 | s5
5 L S22 : : :
| 523 : i :
] 1 )
! ! ! com | comz | coms *
] 1 ]
KEY F s16
el osP | RS | TEST .
OFF SELECT DATA — v J
Segment Data 1: Light on
0 : Light off
*: Don'’t care

Note 30: The segment data control whether or not the segments corresponding to the common and segment

outputs are lit.

Note 31: The DISP OFF bit is set to “1” at a system reset and at release of clock stop mode.
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The LCD driver control ports consist of a segment data selection port and segment data ports. Use the
OUT2 instruction with the operand [CN = DH~FH] to access these ports.

Set the LCD driver segment data using the segment data ports ()L2E, ¢L2F). Set the segment data port
to “0” to turn the LCD display off and set “1” to turn the LCD display on. When FH is specified for the
segment data select port, the DISP OFF and KEY RETURN SELECT bits are selected as segment-2 data
(¢L2FF). The DISP OFF bit can turn the whole LCD display off without setting segment data.

Setting this bit to “1” outputs the de-selected waveform from the common outputs and turns off the entire
LCD display. The segment contents are preserved. Setting the DISP OFF bit back to “0” displays the
previous LCD screen.

Segment data can be rewritten during DISP OFF. After a reset, and after CKSTP execution, the DISP
OFF bit is set to “1”.

The KEY RETURN SELECT bit allows an external power supply to be used. This is useful for changing
the LCD drive voltage.

The data are set according to the segment data select port (pL.2D). Segment output pins S16~S23 are also
used for the key return timing signals for loading key matrix data. At the timing for loading the key matrix
data, the segment output is set to the GND level.

2. LCD Driver Circuit Structure

~ o wn < - o

-4 o o o o o

- ~ Po Y4 4 4 X 4 X

g g g - ~ ™ e = ® o N Q

o o ) w w w (%] w %] %) w w
O~~~ -

gl:: "’lCommon Output Circuit E} Segment Driver/Segment Data |

500 Hz —1 t bt P

I Key Return Control Circuit I

1.5V Constant Voltage
Voltage Circuit Doubler Circuit
VEE C2 C1 VLD
b 6)— 63X62 ), 1
hd <1
-X 0.1 uf -x
o o
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3.

LCD Driver Timing Chart
The following chart shows the timing for the COM1~COM3 output waveforms and the eight types of

segment output waveform.

]

L
C

1

|

T 1
CcomMm1 [
1
Pt
com2 II:
-
e
com3 :"
]
coo
]
1
1
1

Segment Output

(51~523)

=

|

83Hz

R P — R

LCD Segment
A

COoM1
Group

com2
Group

55

com3
Group

=

OFF

Lon |

Lo |

E(I)FFa

555,

[on |

FOFFZ

Lo |

FOFFZ

Lo |

Lo |

[on |

Lon |

Lon |
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4. Example of Timing Chart for LCD Driver Output Data and Loading Key Data

The following chart shows the output waveform timing and key return data loading timing when the
common and segment outputs are allocated as shown.

——— Display Data
o i (Output data example)
), L)
Segment data select (#L2D)
s3 s1 comi SL2E
Y1 Y2 YA Y8
ol o 1 o] * |Ist
com2 N : ; s
="9 =’ o e[l o T o+ ss
CoM3 oM 1 2 3
' 6ms ]
| ! I
DISP OFF ¢ }
! ]
! 1
| —V
com1 : i 1 LcD
E L J — e
1
_:_,_| 1 — Vieo
1
Ccom2 ;
" |- — GND
"
I — v
i l—l 1 LCD
coms H
i | | e
[N
! — Vieo
S1 !
| — GND
|
i —— — Vico
52 |
— GND
ll
i — VLo
s3 H
; — GND
i re— 80us
— — Vicp
S16/KRy
| — GND
Key Data Loading——
| — Vo
COM1-52
(ON Waveform) I — GND
— -Vico
COM2-$3 — Vicp
vy BN e B -~
— -Viep

The voltages output in the LCD driver waveform are VL,CD, GND, and an intermediate voltage halfway
between the two. Pins S16~S23 output the key return signals at the timing for switching between these
levels. During key return data loading, the segment outputs are at the VI.CD level for 80 ps.

Note 32: At CKSTP instruction execution or at a system reset, the common and segment pins go to the low

level.
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Key Input, Key Scan Timing

The following are the two basic methods of loading key data.
Select the appropriate method for the system.

1. Key Control Port, Key Scan Data

Y1 Y2 Y4 Y8
SEG-2 DATA
SL2FF
KEY TEST 0 : Output the Key Return Signal by software
DISP OFF RETURN * > .
SELECT DATA 1 : Output the Key Return Signal by changing the LCD
‘ output

Key Return Select Bit

In case of setting data “1” to the key Return Select bit, the segment output is the output timing as shown
below.

V \")
Segment output Lco (3V)
GND

1

1
80ps fo—

i

1

Vi 3V]
“ GND

When the key Return output, the level is "L".

-

In case of setting “0” to the bit, The key Return signal don’t outputted.

Key Scan Digit Port Key Scan Input Data Port
YI_ Y2 Y3 Y4 Yi_ Y2 Y3 va
KEY SCAN DIGIT k28 |  KEY scaN INPUT DATA0
4
K27
¢ kso | kst | ks2 | 1 ksoo | kso1 | ksoz | ksos

$K29 KEY SCAN INPUT DATA-1
ks10 | ks11 | ks12 | ks13
$K2A KEY SCAN INPUT DATA-2
ks20 | ks21 | ks22 | ks23
gk28 | KEY scaN INPUT DATA-3
ks30 | ks31 | ks32 | ks33
gkac | KEY SCAN INPUT DATA-4
ksa0 | ksa1 | ksaz | ksa3
¢K2D KEY SCAN INPUT DATA-5
ksso | kss1 | kss2 | kss3
#k2e | KEY sCAN INPUT DATA6
kseo | kse1 | kse62 | kse3
$K2F KEY SCAN INPUT DATA-Q7
ks70 | ks71 | ks72 | ks73

The key Return Select bit is the bit of setting the loading key method.

The data is loading by the digit timing of the key Return Signals from the key scan digit Port.

The key data by key scan is input to the key scan input data port. By accessing this port, the key data is
loading to the data memory.
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2. Key Scan Circuit Structure

15 (6) KEY SCAN INPUT DATA
K3 K2 K1 KO
T4 (35) - — ”
3 (39 § 0
KR1q
= h : 27) Ko
T2 33) a i -
3 ! 3
i !
¢ i & @9 «i1
1 (9]
10 37) - -
— ; & 6
I i = @9 «2
1 >
] w
523 (KRO) (26) - E “
w 30) K3
1]
522 (KR1) (5) § ___> !
¢ |8 5 1
w
$21 (KR2) > e ! _
@ = i KSSTP
[a} 1
. £ H
S - '
w ]
: s !
. ] H
w ]
: w ]
: o '
v ]
- 1
$17 (KR6) (0) :
KR
516 (kr7) (19) &
KR7

KO K1 K2 K3

LCD

Timing COUNTER

The key input block of the key scan circuit consist of key input circuit, latch circuit for loading key data.
The key return timing output block consist of LCD segment driver, decoder and counter block.
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3. Key Matrix Structure

The key matrix can have one of the following two structures.

(1) Key data loading by software

. o1

5 —>0— 36
m I I
L——
T2 I I
3 I I
\Mf\ D oD oD oD
LI ATE\Y AN "4 AN "4 V A 4
DD DD - 1
VNP . . N W
LI ATEY A\ 74 AN "4 A" 74 WV
K0<} j DA D—D—0—O—O s 1
Key Data
Loading B B—D iy i D-
Push Key Diode Jumper l

When loading key data by software, use a key matrix with the above structure. For this method, set
to high the key timing output port data ($L28, $L.29) for the key line to be loaded. Then to determine
which keys are pressed, load the key input port ($K26) data to memory. At this timing, set the other
key timing output ports to low. If the corresponding key is pressed, the key input port data are “17; if
not pressed, “0”. This structure allows up to 24 (4 x (6)) keys to be used. The key data can be loaded at
high speed. Also, as the structure has a high resistance in the N channel FETSs of pins TO~T5, there is
no need to use a diode to prevent reverse current flow caused by, for example, multiple keys being
pressed.

When loading key data by software, set to “0” to the key return select bit.

Note 33: In case of structuring a diode jumper, the key input voltage is input/ow voltage of VF ( ~ 0.6 V)
voltage of diode. It's necessary the diode for diode jumper malfunction prevention to structure of
double push of a key.

The diode is unnecessary when there is no diode jumper necessity. Therefore, key input
thre-shold level is set up low.

In the mode structure, when executing a wait instruction (in WAIT mode), applying a high level to
a key input pin releases WAIT mode and restarts the CPU.
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2

Key data loading by LCD segment output (hardware scan)

Vpp
-
To Key Scan . :30["3 $-db—bo 4 oD% |
Data Latch f \
29 K2 P Fa N oD Py o
AN 24 AN 4 WV WV V
8 K1 oD o oD $ $ -
AN 74 A 74 A "4 V 3V
Yy ¥ y--—-- Yy X
> KON N/
/4 . W AN . W Au . Y A Wy An .Y
s23 _
KR @
26( 0) H
S 522 (KR1) o
a
521 (KR2) . .8
] ] °
: : pF
. ] ]
Viep . H i
$17 (KR6) ! !
- % $16 (KR7)
19
-

Note 34: A key matrix to 4 x 8 = 32 can be created.

Note 35: The same key line cannot contain both push keys and diode jumpers or alternate switches. Place
diode jumpers or alternate switches on the key return signal output side.

e 2ms u3048,
1 [] []
\
oo VAT W~ T4 VAT VLS
1 ) 1 1
Viep
= 7 0 T~ 7 v v

Vieo
$23 (KR7)
7 GND
Key Data Latch
40
Key Scan Data _uj-r_ ,usa n TN n a I ;
Loading Timing — /

Key Input Pulled Up Key Loading Signal

(8045)

When loading key data by LCD segment output, use a key matrix with the above structure. In this
structure, it’s necessary for a diode to prevent reverse current flow and be careful the direction of
diode and diode jumper.

The VLCD and GND potential are outputted from a segment pin at the timing of changing LCD
output.

When loading key data, loading of segment signal becomes to the GND potential and key input pin
is pulled up to the VDD potential at changing LCD output.

At this timing, if key is not pressed (or without diode jumper), key input pin is inputted VDD
potential; if key is pressed (or with diode jumper), key input pin is inputted one diode potential (=~ 0.6
V) from GND potential.

Therefore, key input threshold level is set up high.

Inputted key data is load key scan data port corresponding to segment output line of loading the
key. If a key is pressed, the key data is “1”; if not pressed, “0”.

The key data loading time for each one line is 2 ms. Referring the key scan action monitor, key scan
data (¢K26) is loaded to the data memory.
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Key Return Timing Output Port (TO~T5)

TO0~T5 are exclusive output port of 6 bits with N-channel load resostors. Normally, TO~T5 is used as output of
key return timing Signal for Key matrix.

This output port is made access by OUT2 instruction designated the operand part [CN = 8 or 9] ($L.28 or
¢L29).

Note 36: During the clock stop mode (excusing CKSTP instruction), TO~T3 and OTO, OT1 output is fixed at “L” level
automatically, but the content of port is held on the previous data.

Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8

$L4a6 T0 T T2 T3 $L47 T4 T5

Buzzer Output (BUZR)

The buzzer output is used for such purposes as audible alarms or to issue confirmation beeps for key-presses
or tuning scan mode. The buzzer frequency can be set as desired. 50% duty waveform is output.

1. BUZR Data Port

Yi_ Y2 Y4 v8 Yi_vy2 v4 v8 — Controls the BUZR output frequency and BUZR output on/off.

g8 | so |1 |e2]es] #LC |ea)es || o7

\ 2° 2} Select of 1/0 port-3 (P3-1) and BUZR output.
LSB BUZR Data MsB {0 : 1/0 port-3 (P3-1) selection
Vi v2 va v8 1 : BUZR output selection
BUZR
PLIE ON

The BUZR output can also be used as the P3-1 I/O port. To switch the P3-1 output to BUZR output, set
“1” to BUZR ON bit.

It is necessary to set of the BUZR data before setting the BUZRON bit to “1”.

Setting the data to BUZR data port ($L.1C), the BUZR data is transferred to the BUZR data Latch, and
then changed BUZR frequency.

The BUZR output has a frequency of 75 kHz divided by 2 x n (n = BO~B7). The BO~B7 setting range and
frequency range is 2 = n < 255. This can be expressed as a formula as follows.

75 kHz 75 kHz

=18.75 kHz = S = —147Hz
2x 2 fBUZR 2 x 255

Set BO~B7 to 1 or 0 to use the pin for OT1 output. The output states are as follows.

B7 | B6 | B5 | B4 | B3 | B2 | Bl | BO OT1 Output
0 0 0 0 0 0 0 0 Low level output
0 0 0 0 0 0 0 1 High level output

To set the above data, use the OUT1 instruction with the operand [CN = BH~EH].

Note 37: After a system reset, the BUZR data port is reset to “0”.
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2. BUZR Circuit Structure

75kHz—-[ Programmable Counter

Data “1”

S

172

Counter

R

‘% OT1/BUZR

ALL "0

Shift

|t

[ BUZR Data Latch

]

1T

il

&

l BO~B3 lr84~87 IJ

~
BUZR Data Port

The buzzer circuit consists of an 8 bit programmable counter, a 1/2 counter, a buzzer latch, and a buzzer

data port.

3. BUZR Output Timing (BUZR ON bit is “1”)

BUZR Output l l I l I l I

1 I
] ]

LI L L

R M N, e
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A/D Converter

The 2 channel/6 bit resolution A/D converter is used for such purposes as measuring field intensity and
battery voltage.

1. A/D Converter Control Port, Dare Port

Y1 Y2 Y4 Y8
AD AD REF REF
$L20| seLo SEL1 SELO SEL1
< Rp— N X —J [—-DC-REF Select
SEL1 | SELO DC-REF VOLTAGE
0 0 |Supply from DC-REF pin
0 1 |Vpp (Power Supply Voltage)
1 0 |VEg(1.5V constant voltage)
1 1 |Prohibited
AD Input Select
SEL1|SELO A/D INPUT
0 0 |AD|N1
0 1 |AD|N2
1 0 |VEgg(1.5V constant voltage)
1 1 |Prohibited
Y1 Y2 Y4 Y8
BN EIEE
A/D Input and 1/0 port Select
| l {0 : 1/0 Port
1: A/D Input
DC-REF Input and 1/0 port Select
{0 : 1/0 Port
1 : DC-REF
A /D Converter Start bit
Setting “1” Starts A/D Comparison
¢K20 Y1 Y2 Y4 Y8 $K21 Y1 Y2 Y4 Y8
ADO AD1 AD2 AD3 AD4 ADS BUSY 1
L J I . .
LSB A/D comparison data MSB A/D OPeratmg monitor

{0 : finished A/D comparison
1 : operating A/D comparison
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The A/D converter is a 6 bit resolution. The reference voltage of A/D conversion can select the external
voltage (DC-REF terminal), supply voltage and 1.5 V constant voltage (VEE). The A/D conversion input is a
multiplex method of 2-channel external input terminal (ADIN1, ADIN2 terminal) and also switchable to 1.5
V constant voltage (VEE) as well.

Normally field strength and volume level are measured by selecting external voltage or supply voltage as
reference voltage and A/D converting the external input level.

The A/D converter can also measure battery and supply voltages. It outputs a battery singal or performes
control for backup mode when battery voltage or supply voltage drop.

The A/D converter does A/D conversion whenever setting “1” to STA bit and the conversion will complete
after 7 machine cycles (280 us). Whether A/D conversion is completed can be judged by referring to BUSY
bit. After A/D conversion is completed, the data will be loaded into data memory.

These controls are accessed when OUT2/IN2 instruction designated [CN = 0H, 1H] in the operand is

executed.

2. A/D Converter Circuit Configuration

AD 9 (a) AD
Comparator Sample SEL1 N\ 9 °
+ hold
VbD ]
REF Amplifier (43 Ao,
SELO \
DO A/D 44) DC-REF
A/D data { ; conversion 1
port ADS data latch
Control _(
ontre 1.5v
Circuit | | R constant @ VEE
f l Decoder Y voltage
STA  BUSY circuit
R
1/2R
-

6bit D/A converter

The A/D converter consists of: 6 bit D/A converter, comparator, A/D conversion latch, control circuit, A/D

data port and 1.5 V constant voltage circuit (supply for LCD driver).
The A/D converter will latch the data to A/D conversion data latch sequentially by means of the 6 bit

sequential comparison method.
Note 38: The DC-REF terminal is built-in an amplifier and is high impedance input.

Note 39: During A/D conversion, a proper data is not obtainable even if referring to the A/D conversion data.
Therefore, make sure to confirm that the conversion has finished by referring to the A/D operation

monitor.
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Input and Output Port

1. 1/O Port P1-0~P1-3 (¢§KL22), P2-0~P2-3 (§KL23), P3-0~P3-1 ($KL24)

1/0 port (P1-0~P1-3, P2-0~P2-3) are 4 bits and (P3-0~P3-1) are 2 bits CMOS type, and is capable of
making input and output setting with each bit.

Input and output setting of I/O port is made by the content of I/O control internal port.

Setting to input port can be made by setting “0” to the bit of I/O control port corresponding to I/0 port,
while setting to output port can be made by setting “1” in the same.

In case of input port setting, the present data input I/O port is read into the data memory by the
execution of IN2 instruction designated the operand part [CN = 2~4] (0K22, $K23, $K24).

In case of output port setting, output condition of I/O port is controlled execution of OUT2 instruction
designated the operand part [CN = 2~4] ($L.22, $¢L.23, ¢L.24).

1/0 port 2~3 are also used for A/D converter and BUZR output.

After system reset, these ports are set to I/O port.

Note 40: 1/0 control port is made access by OUT2 instruction designated the operand part [CN = 5~7].

Note 41: During the clock stop mode (executing CKSTP instruction), output condition of 1/O port set at output
mode is all fixed at “L” level automatically, but each output latch holds on the data just before the clock
stop mode.

Note 42: At the time of changing input condition of P1-0~P1-3 port set at input mode, it cancels the execution of
WAIT and CKSTP instructions and makes the operation restart. In case of setting “1” to 1/O bit of
MUTE control port, MUTE port is made to set to “1” compulsorily by the same condition.

Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8
#KL22 P1-0 P1-1 P1-2 P1-3 $L25 P1-0 P1-1 P1-2 P1-3

Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8
gkL23 | P20 | P21 | P22 | P23 gr2e| P20 | P21 | P22 | P23

Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8
$KL24 P3-0 P3-1 * * $L27 P3-0 P3-1 1 1

A J A\ J
g v
1/0 PORT Set up input and output of I/0 PORT
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Register Port

The G-register (mentioned in the CPU description) and the data register are treated as internal ports.

1. G-Register (¢L1F)

This register sets the row address (DR = 4H~FH) in data memory for the MVGD and MVGS instructions.
To access this register, execute the OUT1 instruction with the operand [CN = FH].

Note 43: The register value is only used when the MVGD or MVGS instructions are executed.

The register is ignored for other instructions.

$LIF

Y1 Y2 Y4 Y8

#0 | #1 | #2 | #3

\_—_Y__J
Specifies data memory
row address

#0 | #1 | #2 | #3 | DR
0 0 1 0 | 4H
1 0 1 0 | 5H
0 1 1 0 | 6H
§ S ) § S
0 1 1 1 EH
1 1 1 1 FH

Note 44: Setting data OH~FH in the G register allows all the data memory row addresses to be specified
indirectly. (Dr = OH~FH)

2. Data Register (¢K1C~9pK1F)

This is a 16 bit register to load the program memory data when the DAL instruction is executed. The
contents of the register are read to data memory in units of 4 bits by the IN1 instruction with the operands

[CN = CH~FH].

This register can be used for such purposes as LCD segment decoding, radio band edge data, or for

coefficient data for binary-to-BCD conversion.

Y8 Y4 Y2 Y1 -— -—
d d d d d d d d d d d d
15 14 13 12 " 10 7 6 5 4 3 0
BKIF $KIE #KI1D #K1C
MsB Program Memory 16bit Data LsB
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Timer and CPU Stop Function

The timer has 100 Hz, 10 Hz, and 2 Hz flip-flop bits. These are used for counting operations, such as for a
clock or tuning scan mode.

The CPU stop function uses a voltage detector circuit to shut down the CPU when the VDD voltage applied to
the CPU falls below 1.5 V. This prevents CPU malfunction.

1. Timer Port, STOP Flip-Flop Bit

Set to “1”
Reset Port | Timer Port I I {when Vpp falls below 1.5V.
Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8
2Hz 2Hz STOP
L1A Ti K1A 10H 100H
¢ FIF imer ¢ FIF OHz 00Hz FIF
L ] 1 ]
| I I
%_J

Setting “1” resets the 2Hz F/F, the STOP F/F, and the 10Hz and 100Hz bits.

To access the timer port and the STOP flip-flop bit, execute the OUT1/IN1 instruction with the operand
[CN = AH].

2. Timer Port Timing

The 2 Hz timer flip-flop is set by the 2 Hz (500 ms) signal, and reset by setting the RESET port 2 Hz
flip-flop to “1”. This bit can normally be used for the clock count.

The 2 Hz timer flip-flop is only reset by the 2 Hz flip-flop in the RESET port. Therefore, if the flip-flop is
not reset within 500 ms, the next count is missed and the correct time is not obtained.

2Hz Timer
Flip-Flop Output

2Hz Flip-Flop
Reset Execution

?

2Hz Clock

t <500 ms

The 10 Hz and 100 Hz timers are output to the 10 Hz and 100 Hz bits with a cycle of 100 ms and 10 ms,
respectively, and a pulse duty of 50%. Whenever the RESET port timer bit is set to “1”, counters below 1
kHz are reset.

10Hz 50ms I I I
100ms

100Hz =——] 5Ms I l I
10ms
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3.

CPU Stop Function, STOP Flip-Flop Bit

The STOP flip-flop bit is set to “1” when the VDD voltage applied to the CPU falls below 1.5 V.

This prevents CPU malfunction by shutting down the CPU. When a voltage of 1.5 V or less is applied to
the VDD pin, the program counter stops and instruction execution ceases in the CPU.

When a voltage higher than 1.5V is again applied to the VDD pin, the CPU starts up again. As the CPU
was shut down, the clock and other timings are no longer valid. Use the STOP flip-flop to test whether the
CPU stop function operated. Perform initialization or clock correction if required.

The STOP flip-flop bit is reset to “0” whenever the RESET port 2 Hz flip-flop is set to “1”.

3v
Vpp Operation 1.5V
GND
2Hz Flip-Flop CPUin | CPU Stopped!  CPU in
Reset Execution Operation | | Operation
:
! H

STOP F/F

A

Note 45: After a system reset or execution of the CKSTP instruction, the timer port and the STOP flip-flop are
reset to “0".

Note 46: If the Vpp voltage falls below 1.5 V when clock-stop mode is set, the CKSTP instruction cannot be
executed. Be careful with the supply voltage timing, for example, when the radio is off.

Note 47: The key scan input data immediately after restarting the CPU are undefined.

Note 48: If the interal Test port from #0 to #3 bit ($L1D) is set to “1”, the CPU stop function is inhibited.
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MUTE Output

This is a 1 bit CMOS-format output-only port for muting control.

1. MUTE Port
Y1 v2 \Z Y8
gL1s]| mute | 1o poL | UNLOCK

—* Phase comparator phase difference output select
{0 : Does not output phase difference
1 : Outputs phase difference
MUTE output polarity control
{0 : Positive logic -~ Outputs MUTE bit
1 : Negative logic --- Inverts MUTE bit output

Note 49: The phase difference output is also controlled at the same time

Selection of control operation when input state of 1/0 port 1 changes
{0 : Even if 1/0 port 1 input state changes, do not change MUTE output

1 : Change in 1/0 port 1 input state sets MUTE bit to “1"

MUTE output setting

0 : MUTE output is low when positive logic is set, and high when negative

logic is set

1 : MUTE output is high when positive logic is set, and low when negative

logic is set

Access the MUTE port by executing the OUT1 instruction with the operand [CN = 8H]. The MUTE
output is used for muting control. At such times as switching bands using the I/O port 1 input, the MUTE

bit can be set to “1”.

When using the I/O port 1 input to switch bands (using a slide switch, for example), this function

prevents linear circuit switching noise. This control is based on I/O bit values.
The POL bit sets the MUTE output logic.

The mute output can also control muting using the phase difference output. A pulse is output to indicate

when the PLL is not locked. By connecting an external low-pass filter to the MUTE output, the output can

be used as a MUTE signal. Use the UNLOCK bit to perform selection.
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2. MUTE Output Structure and Timing

High Level
High Impedence

. . .. A oeiannn e
POL Bit DO Output I—'. l_—l- !—i\ i

- Low Level }
MUTE bit phase pitference [~ | [T || [ _
™ @ MUTE ase Difference s

S . ! 11 1
UNLOCK Bit T ™ T
UNLOCK : : : : !
Bit ! ! b :
. ) —-I i
l7oBit Phase Comparator MUTE Bit ! =t 4
1/0 Port 1 Phase Difference |
Input Change Signal MUTE Output

- Phase Difference Input
Note 50: When POL bit=0

Note 51: When using the phase difference output by the phase comparator, externally connect a low-pass filter
to the MUTE output.

Test Ports

These are internal ports for testing the device’s functions. Access the ports by executing the OUT1 instruction
with the operand [CN = AH] or [CN = DHI, or the OUT2 instruction with the operands [CN = FFH]. The ports
are normally set to “0” by software.

If the data “1” is set to Test port bit from #0 to #3, the CPU stop function is inhibited and the data “0” is set,
the CPU function is operating.

In case of using supply voltage detection externally, set CPU stop function as inhibition.

Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8
gLiD| #0 | #1 | #2 | #3 $LIA #4 | #5 L2FF #6
— —— —
Test Port Test Port Test Port

Note 52: The ports are reset to “0” after a system reset.
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Absolute Maximum Ratings (Ta = 25°C)

Characteristics Symbol Rating Unit
Supply voltage VpD -0.3~4.0
Input voltage VIN -0.3~Vpp + 0.3 \%
Power dissipation Pp 100 mw
Operating temperature Topr -10~60 °C
Storage temperature Tstg -55~125 °C

Electrical Characteristics (unless otherwise noted, Ta = 25°C, Vpp = 3.0 V)

Characteristics

Symbol

Test

Circuit Test Condition

Min

Typ.

Max Unit

Range of operating supply voltage

Vbbp

1.8

3.0

3.6 \%

Range of memory retention voltage

VHD

Crystal ocillation stopped
(CKSTP instruction executed) *

1.0

3.6 \%

Operating current

IpD1

Under ordinary
operation and
PLL on
operation, no
output load

FMn = 230 MHz
input

Vpp=3.0V

7.0

12

mA

Under ordinary
operation and
PLL on
operation, no
output load

FM|y = 130 MHz
input

Vpp=3.0V

6.0

10

IpD2

Under CPU
operation only
— Vpp=3.0V
(PLL off, display
turned on)

40

80

IpD3

Soft Wait mode

— | (crystal oscllator, display circuit
operating, CPU stopped, PLL
off)

25

50 KA

IpD4

Hard Wait mode

(crystal oscillator operating
only)

15

30

Memory retention current

IHD

Crystal oscillation stopped

(CKSTP instruction executed)

0.1

10 pA

Crystal oscillation frequency

fxT

*

75

— kHz

Crystal oscillation startup time

tsT

— | Crystal oscillation fxt = 75 kHz

1.0 s

Note 53: For conditions marked by an asterisk (*), guaranteed when Vpp = 1.8~3.6 V, Ta =-10~60°C.

Voltage Doubler Circuit

- Test - . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
Voltage doubler reference voltage VEE — | GND reference (VEg) 1.3 15 1.7 Y
Constant voltage temperature o
characteristics Dy — | GND reference (VEg) — -5 — [ mv/eC
Voltage doubler boosting voltage VLcD — | GND reference (VL.cp) 2.6 3.0 3.4 \%
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Operating Frequency Ranges for Programmable Counter and IF Counter

Characteristics Symbol C-Ii—risutit Test Condition Min Typ. Max Unit
Sine wave input when _
FMin (VHF mode) fvHE — |vn=02 Vpp 50 230 MHz
FMiy (FM mode) fem — \S/’::e:"‘(’)"’_‘;f/ﬂfj’“t when 40 | - | 130 | MHz
AM (HF mode) L — \S;::e:"g‘;ev;)”_g“t when 1 ~ | 45 | MHz
AMy (LF mode) fLr — \S/:ze:"‘(’)f_‘;ev'p“_g“t when 05 ~ 12 | MHz
Sine wave input when _
IFin fir — [Vin=02Vpyp 0.35 12 | MHz
Input amplitude VIN —  [FMin, AMy, IFyN input 0.2 ~ VB%_ Vp-p

Note 53: For conditions marked by an asterisk (*), guaranteed when Vpp = 1.8~3.6 V, Ta =-10~60°C.

LCD Common Output/Segment Output (COM1~COM3, S1~S23)

Characteristics Symbol C-Ii-risutit Test Condition Min Typ. Max Unit
“H” level loH1 — |Viep=3V,Vou=27V -0.5 —1.0 —
Output current mA
“L" level loL1 — |Viep=3V, VoL =03V 0.5 1.0 —
Output voltage 1/2 level Vgs — |[Noload 1.3 15 17 \%
HOLD Input Port
. Test . . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
Input leak current Il — |Vig=30V,V|L=0V — — +1.0 pA
“H” level ViH1 — — 2.4 ~ 3.0
Input voltage v
“L” level Vi — — 0 ~ 12

A/D Converter (A/Djn1, A/DiN2, DC-REF)

Characteristics Symbol C-Ii—recsutit Test Condition Min Typ. Max Unit
Analog input voltage range VaD — | AD|n1, ADiN2 0 ~ VpD \%
Analog reference voltage range VREE — | DC-REF, Vpp = 2.0~3.6 V 1.0 ~ Vg% v
Resolution VRES — — — 6.0 — bit

Conversion total error

Vpp = 2.0-3.6 V

— +1.0 +4.0 LSB

Analog input leak

Vig=3.0V, V| =0V
(AD|N1, AD|N2, DC-REF)
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Key Input Port (Kg~K3)
. Test . . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
N-ch/P-ch input resistance RiN1 — — 75 150 300 kQ
wp When input with pull-down _
H” level VIH2 — | resistance 1.8 3.0
Input voltage \%
W » When input with pull-down ~
L” level ViL2 — | resistance 0 0.3
“H” level Via o Wh'en input with pull-up 27 _ 3.0
resistance
Input voltage \%
o When input with pull-up _
L" level Vi | resistance 0 1.2
When input resistance off,
Input leak current I — |Vy=30V,V -0V — — +1.0 pA
Timing Output Port (TO~T5)
. Test . . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
“H" level loH1 — |Von=27V -05 | -1.0 —
Output current mA
W » VoL=0.3V,
L" level loL1 | use LCD key-return mode 05 1.0 —
N-ch load resistance Ron — | No used LCD key-return mode 75 150 300 kQ
DO1/0OT, DO2 Output; MUTE Output
. Test . . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
“H” level loH1 — |Vonu=27V -0.5 -1.0 —
Output current mA
“L” level loL1 — |VoL=03V 0.5 1.0 —
V=30V, V1 =0V
Output off leak current I — | (001, DO2) — — +100 nA
General-Purpose 1/0O Ports (P1-0~P3-1)
. Test . . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
“H" level loH1 — |Von=27V -05 | -1.0 —
Output current mA
“L” level loL1 — |VoL=03V 0.5 1.0 —
Input leak current Il — |Vig=3.0V,V|L=0V — — +1.0 pA
“H” level VIHa — — 2.4 ~ 3.0
Input voltage v
“L” level ViLa — — 0 ~ 0.6
IN, RESET Input Port
- Test - . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
Input leak current Il — |Vig=3.0V,V|L=0V — — +1.0 pA
“H" level ViHa — — 2.4 ~ 3.0
Input voltage \%
“L” level ViLa — — 0 ~ 0.6
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Others
Characteristics Symbol C-Ii—recsutit Test Condition Min Typ. Max Unit
Input pull-down resistance Rin2 — [ (TEST) 25 50 100 kQ
Xin amp feedback resistance RixT — [ XIN-XouT) — 20 — MQ
XouT output resistance RouT — [ XouT) — 3 — kQ
. RN — (FMiN, AM|N) 150 300 600
Input amp feedback resistance kQ
Rfin2 — [UFN) 500 1000 2000
zi/rcg:)age used to detect supply voltage Vstp — | vop) 1.35 155 1.75 v
Supply voltage drop detection B o
temperature characteristics Ds — | (oD) - 2 — | mvre
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Package Dimensions

P-LQFP64-1010-0.50E Unit: mm
12.0+0.2
o 10.0%0.1
|_
'é‘\l)I 48 33
- RAAAAAAAARAAARAH
49 | :n:|32
| — 1
| — |
| - — —— |
| - - |
i E - «
= — I 3
— — S| o
| —— o |
| —— — |
] — |
o — —— |
64EI:|= =D17
L
16
1.25TYP 0.2*3% 008

510.08 8| 8 x
Sl g =
H < 5
ol ~| ~

O~10°_Wt

2R 10

3s N

=< (05) N
0.45~0.75

0.125 %!

Note: Pd-plated leads.

Weight: 0.32 g (typ.)
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Package Dimensions

P-LQFP64-1212-0.65A

14.040.2

12.020.2

48 33
ARRAFARAARAFRARR

*1— 49 €=

1.1257yP

| 12.040.2

1T

14.0£0.2

16
0.340.1

HHHHTEHHH_HHHHHH

1.125TYP

1.85MAX

Note: Pd-plated leads.

Weight: 0.45 g (typ.)

Unit : mm
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RESTRICTIONS ON PRODUCT USE

060116EBA

e The information contained herein is subject to change without notice. 021023 D

e TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of
safety in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of
such TOSHIBA products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc. 021023_A

e The TOSHIBA products listed in this document are intended for usage in general electronics applications
(computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances,
etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires
extraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss of human life or
bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments,
medical instruments, all types of safety devices, etc. Unintended Usage of TOSHIBA products listed in this
document shall be made at the customer’s own risk. 021023_B

e The products described in this document shall not be used or embedded to any downstream products of which
manufacture, use and/or sale are prohibited under any applicable laws and regulations. 060106_Q

e The information contained herein is presented only as a guide for the applications of our products. No
responsibility is assumed by TOSHIBA for any infringements of patents or other rights of the third parties which
may result from its use. No license is granted by implication or otherwise under any patent or patent rights of
TOSHIBA or others. 021023_C

e The products described in this document are subject to the foreign exchange and foreign trade laws. 021023_g

About solderability, following conditions were confirmed
o Solderability

(1) Use of Sn-37Pb solder Bath
- solder bath temperature = 230°C
- dipping time = 5 seconds
- the number of times = once
- use of R-type flux

(2) Use of Sn-3.0Ag-0.5Cu solder Bath
- solder bath temperature = 245°C
- dipping time = 5 seconds
- the number of times = once
- use of R-type flux
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