TOSHIBA TC9317F

TOSHIBA CMOS Digital Integrated Circuit  Silicon Monolithic

DTS Microcontroller (DTS-21)

The TC9317F is a 4 bit CMOS microcontroller for digital tuning
systems. It is capable of functioning at a low voltage of 3V and
features a built-in PLL and LCD drivers.

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

The package is an pin 80, 0.5-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 LQFPB0-P-1212-0.50A
instructions (IN 1 to 3, OUT 1 to 3), there are many dedicated
LCD pins, a PWM output port, a buzzer port, a 6 bit A/D Weight: 0.45 g (typ.)

converter, a serial interface, an IF counter, and other pins. A
digital tuning system (DTS) is formed in conjunction with
prescalers TD6134AF, TD7101F, or TD7103F.
Low-voltage and low-current consumption make this microcontroller suitable for portable DTS equipment.

Features

e 4 bit microcontroller for digital tuning systems.

e Operating voltage VDD = 1.8 to 3.6 V, with low current consumption because of CMOS circuitry
(with only CPU operating, when VDD =3 V, IDD = 100 pA max)

e Features built-in 1/3-duty, 1/2-bias LCD drivers and a built-in 3 V booster circuit for the display.

e Data memory (RAM) and ports are easily backed up.

e Program memory (ROM): 16 bit x 4096 steps

e Data memory (RAM): 4 bit X 256 words

e 62-instruction set (all one-word instructions)

e Instruction execution time: 40 us (with 75 kHz crystal) (MVGS, DAL instructions: 80 ps)

e Many addition and subtraction instructions (12 types addition, 12 types subtraction)

e Powerful composite judging instructions (TMTR, TMFR, TMT, TMF, TMTN, TMFN)

¢ Data can be transmitted between addresses on the same row.

o Register indirect transfer available MVGD, MVGS).

e 16 powerful general registers (located in RAM)

e Stack levels: 2

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

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

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

e In FM or TV mode, a swallow counter is formed with prescalers TD6134AF, TD7101F or TD7103F, and signals
of up to 250 MHz can be received.

e Seven reference frequencies can be selected by program.
e Powerful input/output instructions IN 1 to 3, OUT 1 to 3)
e Dedicated input ports (Ko to K3) for key input. 33 LCD drive pins (90 segments maximum) available.

e 25 1/0 ports: 24 with input/output programmable in 1 bit units, and one output-only port. The three IFIN1,
IFIN2, and DO1 pins can be switched by instruction to IN1 (input-only) or OT (output-only). All
LCD output pins can be switched in 1 bit units to I/O ports. (the S30 pin switches to an IN port).
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e Three back-up modes available by instruction: Only CPU operation, crystal oscillation only, clock stop.
e Features a built-in 2 Hz timer F/F and a built-in 10/100 Hz interval pulse output (internal port for time base).

e Allows PLL lock status detection.

e 12 of the LCD segment outputs (S19t to S30) can also operate as key return timing outputs (KRO to KR11). The
I/O ports are not dedicated key return timing outputs but can have other uses as well.

e Built-in 20 bit, general-purpose IF counter can detect stations during auto-tuning by counting the intermediate

frequencies of each band.

e Built-in 8 bit buzzer output circuit can produce 254 different tone signals.
e Built-in 12 bit PWM circuit can be used as a simple DA converter.
e Features a built-in 2-channel, 6 bit AD converter.

e 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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Block Diagram
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Pin Function

Pin No.

Symbol

Pin Name

Function and Operation

Remarks

COM1/P7-0

COM2/P7-1

COM3/P7-2

LCD common
output/input-output
ports

Output common signals to the LCD panel. Through a
matrix with pins S1 to S30, a maximum of 90 segments
can be displayed.

Three levels, V| cp, VEE, 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”.

These pins can also be programmed as |/O ports.

O

Vicp

[
VEE|
-

Vico
—
—

4~21

S1/P7-3~
S$18/P12-0

LCD segment
output/input-output
ports

22~33

S$19/P12-1
/KR11~
S30/IN2/KRO

LCD segment
output/input-output
ports (IN port)/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 90 segments.
These pins can also be programmed as 1/O ports. (port
S30, however, can only be programmed as an input
pin).

The signals for the key matrix and the segment signals
from pins S19/KR11 to S30/KRO are output on a time

division basis. 4 x 12 = 48 key matrix can be created in
conjunction with key input ports Kg to Ka.

Vieo

'
[

Vico
[ o |
L

34~37

KO0~K3

Key input ports

4 bit input ports for key matrix input. When the key
return timing outputs (KRO to KR11) of the LCD
segment pins are combined in a matrix with the key
return timing outputs (KR12 to KR15) I/O port 1 (P1-0
to P1-3) pins, data from a maximum of 4 x 16 = 64
keys can be input. An A/D comparator with a
programmable 3 bit threshold level is used as the input
circuit.

Input is selectable between pull-down, pull-up, or high
impedance, making it possible to construct different
types of key matrices. These key input ports may also
be used as a sequential compare method 4-channel, 3
bit A/D converter. The WAIT mode is released when
high level is applied to key input ports set to pull-down.

RiNt

Comparator

Reference
voltage

38~41

P1-0/KR12~
P1-3/KR15

Input/output port
1/Key return timing
output port

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

Can be programmed to output key matrix timing
signals. To form the key matrix, load resistance has
been built into both the N-channel and P-channel
sides. A key matrix combined with the LCD segment
output can be formed, as well as a push-key matrix
that does not need a key matrix diode.

By altering the input to I/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

P2-0/AD|N1

P2-1/AD|N2
42~45
pP2-2

/DC-REF

P2 -3/PWM

I/O port 2/A/D
analog voltage input

/A/D analog voltage
input

/Reference voltage
input

/PWM output

4 bit 1/0O ports.
Input and output may be programmed in 1 bit units.

Pins P2-0 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 A/D analog input
in 1 bit units, and P2-2 can be set to the reference
voltage input. Internal power supply (Vpp) or constant
voltage (VEg) can be used as the reference voltage. In
addition, constant voltage (Vgg) can be input to the
A/D 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.

Pin P2-3 can also take over the output of the built-in 12
bit PWM. The PWM output is a continuous 73.26 Hz
pulse, whose duty is converted in 256 steps (8 bit). In
addition, a further 4 bit are output every 16 PWM pulse
cycles (218.5 ms).

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

to A/D converter
{P2-3 pin is excluded)

P3-0/8I
P3-1/SO
P3-2/SCK

46~49

P3-3/BUZR

I/0 port 3
/Serial data input
/Serial data output

/Serial clock
input-output

/Buzzer output

4 bit I/O ports, whose input/output can be programmed
in 1 bit units.

Pins P3-0 through P3-2 also function as input/output
pins for the serial interface circuit (SIO).

The SIO serially inputs 4 bit or 8 bit data from the Sl
pin at the SCK pin’s clock edge, and serially outputs
data from the SO pin. For the serial operation clock
(ﬁ ) there is an internal/external option, and a
rising/falling shift option. Moreover, because the SO
pin can be switched to serial input (Sl), LS| control and
communication between controllers is simple. All SIO
input pins use built-in Schmitt circuits.

The P3-3 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 SIO, the buzzer output, and all associated controls
can be programmed.

50~61 |P4-0~P6-3

1/0 port 4~1/0O port 6

The input and output of these 16 bit I/O ports can be
programmed in 1bit units.

62 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
1/0 port 1. MUTE bit output logic can be changed; PPL
phase difference can also be output using this pin.

63 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

64

IF|N/IN
/ISCIN

IF signal input/Input
port

/Frequency
measuring input

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 to 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.

The IF counter can also be used as a timer when not
being used as an IF counter.

This input pin can be programmed for use as an input
port (IN port). It can also be used to measure the
frequency with the IF counter (SCjN). CMOS input is
used when the pin is set as an IN port.

Note: When the pin is set for SCIN, use DC coupling
and input a square wave.

ReiN1

VW

65

66

DO1/0T

DO2

Phase comparison
output

/QOutput 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.

67

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-O0,
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 1 pA), and all the output pins (e.g., display
output, output ports) are automatically set to low level.
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Pin No.

Symbol

Pin Name

Function and Operation

Remarks

68

PSC

Prescaler control
output

Output pin that controls the switching of two modulus
prescaler ratios between 1/15 and 1/16.

When the programmable counter is used in pulse
swallow frequency division mode, this output pin
controls the external prescaler ratio.

High: 1/16, Low: 1/15

F

72

Vbbp

69

GND

Power-supply pins

Pins to which power is applied.
Normally, Vpp =1.8t0 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 1.5V, 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 0O,
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 to 100 ms.

j Vpp

70

FM|N

FM programmable
counter input

Programmable counter input pin for the 16 bit pulse
swallow frequency division method.

This pin inputs the external prescaler output signals.

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
AMIN input, the input is pulled down.

RfIN1

71

AM|N

AM local oscillator
signal input

Programmable counter input pin when using the 12 bit
direct dividing method. Normally, the pin inputs AM
band local oscillation signals.

Built-in input amp operates with low-level input using a
C coupling.

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

RfINA

NS

VWA

73

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
74 Xout Crystal oscillator pins O_R%__
A reference 75 kHz crystal oscillator is connected to Xoutr _ Rixt
the X|n and XouT pins. VxT
75 | XN Crystal oscillator The oscillator stops oscillating during CKSTP v
pins instruction execution. IN g
The VxT pin is the power supply for the crystal L.
oscillator. A stabilizing capacitor (0.1 pF typ.) is -
76 Vit connected.
Voltage doubler boosting pin for driving the LCD.
L Vico A capacitor (0.1 to 3.3 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 V) using VicD
78 C1 Voltage doubler the capacitors connected between C4 and Co. That
boosting pin potential is supplied to the LCD drivers. If the internal
VLcp OFF bit is set to “1” by program, an external
power supply can be input through the VLCD pin to
drive the LCD.
79 Ca At this time, the V| cp/2 potential, whose V| ¢p voltage
is divided using registers, is output from the Co pin.
1.5 V constant voltage supply pin for driving the LCD.
80 |Vee Consltan_t voltage A stabilizing capacitor (0.47 pF typ.) is connected. This _
supply pin 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 LCD output and I/O ports are set to LCD output, the pins for I/0 ports and additional
functions (e.g., SIO, A/D converter) are set to I/O port input pins, while the IF|N/IN1/SCiN pins become IF
input pins.

Note 2: When in PLL OFF mode (when the four bits in the internal reference ports all show “1”), the IF|N/SCiN and
FMiN/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.

Note 5: If the pins for LCD output and I/O ports are set to I/O ports, because the V| cp potential is used as the

power supply for their input and output, attention must be paid to the input potential when the ports are set
to input, and to the high-level output current when set to output.
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Description of Operation

CPU

The CPU consists of: program counter, stack register, ALU, program memory, data memory, G-register, data

register, carry F/F and judge circuit.

1. Program Counter (PC)

This counter consists of a 12 bit binary up-counter and is for addressing program memory (ROM). It is

cleared by system reset and a program starts from address 0.

Normally, when one instruction is executed, it is incremented by one.

However, when JUMP or CAL instruction is executed, the address designated in the operand of the
instruction will be loaded.
When an instruction having the skip function (AIS, SLTI, TMT, RNS instruction, etc.) is executed and, if

the result is a condition to be skipped it is incremented by two and skips next instruction.

MSB

LS8

PC

PC11 I PC10 | PC9

PC8 I PC7 I PC6 I PC5 I PC4 I PC3

PC2

PC1

PCO

1

12bit

2. Stack Register (STACK)

It is a register consisting of 2 x 12 bits.
When subroutine call instruction is executed, a value of the contents of program counter + 1, that is,
return address is stored in this register.
The contents of this register is loaded into program counter when return instruction (RN, RNS

instruction) is executed.

This stack level is 2 levels and the nesting also is 2 levels.

3. ALU

It has the following functions: binary 4 bit parallel add-subtraction, logical operation, comparison,
multiple bit judge.
The contents of data memory are directly treated in every operation because this CPU has no
accumulator.

4. Program Memory (ROM)

It consists of 16 bits x 4096 steps and stores programs. The usable address range is 4096 steps from

address 000H to FFFH.

There is no concept of page and field in program memory, JUMP and CAL instructions are freely usable
in 4096 steps. Any address in program memory can be used as data area. When DAL instruction is
executed, the contents of 16 bits are loaded into data register.

Note 6: Set the data area in program memory to an address outside the program loop.

Note 7: When DAL instruction is executed, the address of program memory designat able as data area is
within 1024 steps from 000H to 3FFH.

FFFH

000H

ROM

16bit x 4096 steps

4096 steps
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5.

Data Memory (RAM)

It consists of 4 bit x 256 words and is used for data storage. These 256 words are expressed by the row
address (4 bits) and column address (4 bits). 192-words in data memory (row address = 4H to FH address)
are indirectly addressed by G-register. For this reason, when processing data within this area, it is
necessary to process after the row address is designated by G-register in advance.

The address 00H to OFH in data memory is called general register. This is also usable for designating
only the column address (4 bits). These 16 general registers are used for operation and transfer with the
data memory and are also usable as ordinary data memories.

Note 8: The column address (4 bits) designating general register become the register number of general
register.

Note 9: It is possible to designate all row addresses (OH to FH address) indirectly by G-register.

COLUMN ADDRESS : D¢

0 1 2 3 45 6 7 8 9 A B C D E F
(Note 10) ™™ o P77 Vi .
- ) ///A % // ///// /// ///////,// //"— General register
o ! 1 (One of the 00H~0FH address)
2 i
o 1 2
o 1
a !
< —
2 4
[o]
= 5
6
7
8
To designate row 9
addresses (4H-FH)
indirectly by G-register A
B
C
D
E
F
i

RAM (4bitx 256 words)
Note 10: Designating row address = OH-FH indirectly is possible.

G-Register (G-REG)

It is a 4 bit register for addressing row addresses (DR = 4H to FH address) of 192 words of data memory.
The contents of this register are valid when MVGD/MVGS instruction is executed and have nothing to do
when other instructions are executed. This register is used as one port and the contents are set when OUT1
instruction of I/O instructions is executed. (refer to register port, item 1.)

Data Register (DATA REG)

It is a register consisting of 1 x 16 bit. When DAL instruction is executed, the 16 bit data of any address
between 000H to 3FFH in program memory is loaded. This register is treated as one of port and when IN1
instruction of I/O instructions is executed, it’s contents are loaded into data memory by 4 bits unit. (refer to
register port, item 2.)

Carry F/IF (CFIF)

This is set if carry or borrow is generated as a result of execution of the calculation instruction and reset

if neither is generated.
The contents of carry F/F changes only when addition/subtraction instruction is executed and remain
unchanged when other instructions are executed.
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9. Judge Circuit (J)

When an instruction with the skip function is executed, it judges the skip condition. When the skip
condition is satisfied, the program counter is incremented by two and the subsequent instruction is

skipped.

There are 29 instructions having the skip function. (refer to item 11, instruction function, table of

operational instruction marked “*’.)

10. Table of Instruction Set

Total 62 kinds of instruction sets are available, and instructions are all one word.

These instructions are expressed in a 6bit instruction code.

High Order 2 Bit 00 01 10 11
Low Order 4 Bit 0 1 2 3
0000 0 |Al M, | AD nM TMTR nM SLTI M, I
0001 1 |AIS M, | ADS nM TMFR rM SGEI M, I
0010 2 |AN M, | ADN nM SEQ M SEQl M, |
0011 3 |AIC M, | AC rM SNE nM SNEI M, I
0100 4 |AICs M, | ACS nM LD nM TMTN M, N
0101 5 |AICN M, | ACN nM ST M, r T™T  M,N
0110 6 |ORIM M, | ORR nM MVGD M TMFN M, N
0111 7 |ANIM M, | ANDR M MVGS M, r T™MF M, N
1000 8 |sl M, | Su nM IN1 M, C
1001 9 |sIs M, | SuS rM IN2 M, C
CALL ADDR{
1010 A [sIN M, | SUN nM IN3 M, C
1011 B |sIB M, | SB rM ouT1 C/M
1100 c |siBS M, | SBS rM OUT2 C,M
1101 D |[SIBN M, | SBN nM OUT3 C,M
1110 E |[XORI M, | XORR M JUMP ADDR¢ DAL ADDRy, r
1111 F o |MVIM M, | MVSR My, Mo RN, RS, WAIT
CKSTP, NOOP
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11. Table of Functions and Operation of Instruction

(explanation of symbols in the table)
M: Data memory address
Generally one of data memory addresses 00H to 3FH
r: General register
One of data memory addresses 00H to OFH
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)
— ALL “0”
C: Port code No. (4 bit)
CN: Port code No. (4 bit)
RN: General register No. (4 bit)
ADDR1: Program memory address (12 bit)
ADDR2: High order 6 bit of program memory address in page 0
Ca: Carry
b: Borrow
IN1 to IN3: Port treated by execution of IN1 to IN3 instruction
OUT1 to OUTS3: Port treated by execution of OUT1 to OUTS instruction
(' ): Contents of register or data memory
[ 1 Contents of port indicated by Code No. C
[ ] Contents of data memory shown by the contents of register or data memory
[ 1p: Contents of program memory (16 bit)
IC: Instruction code (6 bit)
*! Instruction with skip function
Dc: Data memory column address (4 bit)
DRr: Data memory row address (2 bit)
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& o8 Machine Language (16 bit)
. Mnemonic U_EJ ‘g Explanation of Function | Explanation of Operation IC A B C
£ r 6bit | 2bit | 4bit | 4bit
Add immediate data to
Al M, | memory M« (M) + | 000000 DR Dc |
AIS M1 . |Addimmediate datato  |M < (M)+1 000001 D D
: memory, then skip if carry | syip if carry R C
Add immediate data to M« (M) +1
AIN M, | * | memory, then skip if not o 000010 DRr Dc
carry Skip if not carry
AlC M, | Add immediate datato |y ()4 |4 ca 000011 | Dg Dc
memory with carry
Add immediate data to M« (M) +1+ca
AICS M, | * | memory with carry, then o 000100 Dr D¢
skip if carry Skip if carry
.§ Add immediate data to M« (M) +1+ca
S | AICN M, | * | memory with carry, then o 000101 Dr Dc
£ skip if not carry Skip if not carry
c
S Add memory to general
% AD r, M register r<« (r)+ (M) 010000 DR D¢ RN
e
<
ADS M « |Add memory to general | < (1) +(M) 010001 | Dg Dc RN
register, then skip if carry Skip if carry
Add memory to general r« (r)+ (M)
ADN r, M * | register, then skip if not o 010010 Dr Dc RN
carry Skip if not carry
Add memory to general
AC r, M register with carry r<(r)+(M)+ca 010011 Dr D¢ RN
Add memory to general r« (r)+(M)+ca
ACS r,M * | register with carry, then o 010100 Dr D¢ RN
skip if carry Skip if carry
Add memory to general r<(r)+(M)+ca
ACN r,M * | register with carry, then o 010101 Dr Dc RN
skip if not carry Skip if not carry
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& o8 Machine Language (16 bit)
. Mnemonic U_EJ ‘g Explanation of Function | Explanation of Operation IC A B C
= 2 6 bit 2 bit 4 bit 4 bit
Subtract immediate data
Sl M, | from memory M« (M) -1 001000 DR D¢ |
Subtract immediate data | M « (M) - |
SIS M, | * | 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 D¢
not borrow Skip if not borrow
Subtract immediate data
SIB M, | from memory with borrow M« M)-I1-b 001011 DR D¢
Subtract immediate data M (M)-1-b
. « -
SIBS M, | + | from memory with 001100 | Dg Dc
borrow, then skip if Skip if borrow
borrow
5 Subtract immediate data M (M)—1-b
9 ; «— -1-
Z |siBN M, | + | from memory with 001101 | Dg Dc
= borrow, then skip if not Skip if not borrow
iz borrow
c
S |su r,M Subtract memory from |y _ 011000 | DR Dc RN
S general register
é Subtract memory from r< (r)—(M)
» | SUS r,M * | general register, then o 011001 Dr Dc RN
skip if borrow Skip if borrow
Subtract memory from r<« (r)— (M)
SUN r, M * | general register, then o 011010 Dr Dc RN
skip if not borrow Skip if not borrow
Subtract memory from
SB r, M general register with r()-mM)-b 011011 Dr D¢ RN
borrow
Subtract memory from
SBS FM « |general register with re(n-M)-b 011100 DR De R
’ borrow, then skip if Skip if borrow
borrow
Subtract memory from
SBN ‘M « |general register with re(-M)-b 011101 D De R
’ borrow, then skip if not Skip if not borrow R N
borrow
Skip if memory is less L
*
SLTI M, | than immediate data Skip if (M) < | 110000 DR D¢
é Skip if memory is greater
S |[SGEI M, | * [than or equal to Skip if (M) 21 110001 Dr Dc
2 immediate data
£
c Skip if memory is equal to L _
_§ SEQI M, | * immediate data Skip if (M) =1 110010 Dr D¢
@®
c « | Skip if memory is not o
3 SNEI M, | equal to immediate data Skip if (M) = | 110011 Dr D¢
Skip if general register is . _
SEQ r,M * equal to memory Skip if (r) = (M) 100010 Dr D¢ RN
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& o8 Machine Language (16 bit)
. Mnemonic U_EJ ?‘%J Explanation of Function | Explanation of Operation IC A B C
= [ 6 bit 2 bit 4 bit 4 bit
SNE rM * fg{igfﬂﬁﬂ;ﬂf}fer 'S | Skip if (r) = (M) 100011 | DR Dc RN
LD M 'r'e";gtg"remory togeneral | ) 100100 | DR Dc RN
ST M, r itg;fo%e”era' registerto v () 100101 | DR Dc RN
c
o
5 Move memory to memo
S [MVSR Mg, M N the some 1o Y |(Dr. Dc1) < (DR, Dc2) | 011111 | DR Dc1 | De2
3
[
= Move immediate data to
& MVIM M, | memory M« | 001111 DR D¢ [
c
E Move memory to
destination memo
MVGD M referring to G_regig’er [(G), (N] « (M) 100110 | DR D¢ RN
and general register
Move source memory
referring to G-register
MVGS  M,r and ger?eral reggter RN (O 100111 DR D¢ RN
memory
IN1 M, C 'm”g“mtc::“y1 portdatato 1y pN1j 111000 | DR Do CN
&
B Output contents of
g |ouTt Cc,M merﬁory o oUT port | 1OUTMc (M) 111011 DR D¢ CN
z
2 |[In2 M, C ImngumtOIE:IZ portdatato |\ N2 ¢ 111001 | DR Dc N
>
o
©
€ lout2  c,M %tnp]‘;tr;?gtgﬁ?;;o L |outzic e m 111100 | DR Dc N
5
o
£ |IN3 M, C 'mngumto'r:;? portdatato |\ N3¢ 111010 | DR Dc N
ouUT3 G M 2:&?1‘;&;??83%920 L |ouTsic e m 111101 | DR Dc N
Logical OR of general
ORR nM regster and mgmory e () v (M) 010110 | DR D¢ RN
5 |ANDR M rLé’;'s“;gL/;’r\]‘dDrgfergneO”;ra' F e () A (M) 010111 | DR D RN
B
=} .
% |[ORM M, Logical OR of memory |y v | 000110 | DR Dc |
c
S -
S | AN M, | 'égg'fnime"é%g memon M« (M)l 000111 | DR Do
[oN
% Logical exclusive OR of
© [XORIM M, | memory and immediate |M <« (M) @ | 001110 Dr D¢
by data
—
Logical exclusive OR of
XORR r,M general register and r<«(r)® (M) 011110 DRr Dc RN
memory
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& o8 Machine Language (16 bit)
- Mnemonic & § Explanation of Function | Explanation of Operation IC A B C
= [ 6 bit 2 bit 4 bit 4 bit
Test general register bits
by memory bits, then skip o wqn
* —
TMTR r,M if all bits specified are Skip if r [N (M)] = all “1 100000 Dr D¢ RN
true
Test general register bits
by memory bits, then skip . Al
TMFR r,M * if all bits specified are Skip if r [N (M)] = all “0 100001 DR D¢ RN
S false
§ Test memory bits, then
‘g TMT M, N * | skip if all bits specified Skip if M (N) = all “1” 110101 DR D¢ N
© are true
(o]
3 Test memory bits, then
= TMF M, N * | skip if all bits specified Skip if M (N) = all “0” 110111 Dr D¢ N
are false
Test memory bits, then
TMTN M, N * | not skip if all bits Skip if M (N) =not all “1” | 110100 DR D¢ N
specified are true
Test memory bits, then
TMFN M, N * | not skip if all bits Skip if M (N)= not all “0” 110110 Dr D¢ N
specified are false
. STACK « (PC) + 1 and .
o o CALL ADDR¢ Call subroutine PC « ADDRj 1010 ADDR1 (12 bit)
£5
5 § RN Return to main routine PC « (STACK) 111111 00 — —
=R
s Return to main routine
RNS x| Return ou PC « (STACK) and skip | 111111 01 — —
and skip unconditionally
c
o5 Jump to the add
£0 ump to the address .
E E JUMP ADDR1 specified PC « ADDR1 1011 ADDR1 (12 bit)
k=
Load program memory in | DATA « [ADDRy + (r)] p .
DAL ADDRy, r page 0 to DATA register |in page 0 111110 ADDRg?, (6 bit) RN
At P =“0" H, the condition
is CPU waiting (soft wait
IS mode)
g WAIT P AtP = “1” H, except for Wait at condition P 111111 10 0000 P
@ clock generator all
= function is waiting (hard
2 wait mode)
© Stop clock tor i
CKSTP Clock generator stop op clock generatorin | 144111 | 10 1000 —
HOLD =“0"
NOOP No operation — 111111 11 — —
Note 11: Low order 4 bits out of the program memory address 10 bits designated by DAL instruction are to be
indirectly address according to contents of the general register.
DAL instruction execution time is 80 us (2 machine cycles).
Note 12: MVGS instruction execution time is 80 us (2 machine cycles).
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1/0 Map

All ports within the device are expressed by a matrix of 6 I/O instructions (OUT1 to 3 instruction, IN1 to 3
instruction) and a 4 bit code number.

The allocation of these ports is described as I/O map in the following page. In this I/O map, port names
treated in execution of I/O instructions are assigned on the axis of ordinates and port code numbers on the axis
of abscissas. The G-register and data register are treated also as ports.

The OUT1 to 3 instruction and IN1 to 3 instruction are designated at an output port and input port,
respectively.

Note 13:

Note 14:

Note 15:

The oblique lined ports shown on the I/O map are actually not existed in the device.

If data are outputted to a non-existing output port when an output instruction is executed, other ports or the
contents of data memory are not especially affected.

If a non-existing input port is specified when an input instruction is executed, the contents loaded to data
memory is all “1”.

Ports with *mark out of output ports on the 1/0 map are unused ports. Data outputted to these ports will
become “don’t care”.

The contents of the ports expressed by 4 bits, Y1 corresponds to LSB of data of the data memory and Y8
correspond to MSB.

Ports that are designated by 6 I/O instructions and No. C are expressed in coding as follows.

¢ [K/L] m n (o)

’ l——— The contents of select port (indirectly specified data, 0~F[HEX])
170 instructions operand CN (0~F[HEX])

Describing & kinds of 1/0 instructions with 1~3.

|70 Instruction |OUT1|OUT2{OUT3} IN1 IN2 IN3
m 1 2 3 1 2 3

Describes |/0O port.
K : Input port (IN1~IN3 instructions)
L : Output port {OUT1~OUT3 instructions)

(example)  The G-register setting is allotted in the code “F” of OUT1 instruction. At this time the encoded

expression is “pL1F”.
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1/0 Map
110 oL1 oL2 L3 oK1 oK2 oK3
OUT1 Instruction OUT2 Instruction OUT3 Instruction IN1 Instruction IN2 Instruction IN3 Instruction
Code Y1 Y2 Y4 Y8 vio [ va ] va | va vi [ va [ va | ve vi | va | va [vs vio [ va [ va [ve]vi[va]va]vs
o . IF offset M A/D control 1/0-1 data IF control data 4 A/D data 1/0-1 data
“ 1 apselo | apseut [ReFsewo [ReFsett| o | 4 [ 2 [ -3 [ Busy | Manual [ over a0 | apt [ ap2 [ap3|-of-1]-2]-
] Programmable counter select . A/D control 1/0-2 data IF data A/D data y 1/0-2 data
# | #2 STA | DCREF ON | AD1 ON | AD2 ON 0 | 1 | 2 | 3 fo | f1 | f2 | 3 AD4 | AD5 | BUSY 0 | 1 | 2 | 3
Programmable counter SIO control 1/0-3 data IF data 1/0-3 data
2 PA | PB | PC | PD edge | SCK -INV | SCK-110 | SIOON 0 | 1 | 2 | 3 4 | f5 | f6 | 7 -0 | 1 | 2 | 3
3 Reference port SI0 control . 1/0-4 data IF data SIO contorl data ; 1/0-4 data
RO | R1 | R [ ms stA | so-5 | 4Bt FERERE 8 | 1o | ro [n1] Busy [ count| sioFrF BDEIEIE
IF counter control SIO output data 1/0-5 data IF data SIO input data 1/0-5 data
4 * | SCon IEEHEE so | st | s2 | s FENERE m2 | m3 [ ma [nms so | st [ s2 [ss|o]1]2]
5 IF counter control SIO output data 1/0-6 data IF data Sl input data 1/0-6 data
STA/STP | Manual | GO | 61 s4 | S5 6 | s7 0 | 1 | 2 | 3 f16 | 17 | 18 | 19 sS4 | S5 | 6 s7 | 0 | 1 | 2 | 3
6 MUTE OUT Timer reset TEST data 1/0-7 data Timer STOP 1/0-7 data
MUTE 110 | oL [ unwock | 2HzFF | Timer M| s o [ 4] 2] 2HzFF | 1oHz [ t00mz | FF [ o] 4] 2]
DO1 control Key scan start 1/0-8 data UNLOCK Key scan digit 1/0-8 data
7 UNLOCK RESET INT | 1
oTc | oT | Hz Ks1 | KS2 | Ks4 | Ks8 i) | 1 | 2 | 3 FIF | ENABLE KR4 | KRy | KR4 | KRg | -0 | 1 | 2 | 3
s PWM/BUZR data Key scan end 1/0-9 data UNLOCK data ) Key input data 1/0-9 data
PWq/BO | PW4/B1 | PW,/B2 | PW4/B3 KEA | KE2 | KE4 | KES 0 | 1 | 2 | 3 UN1 | UN2 UN3 Ko | K1 | K2 | K3 | -o | 1 | 2 | 3
PWM/BUZR data Key scan control 1/0-10 data Key scan data 1/0-10 data
° PW4/B4 | PW5/B5 | PWg/B6 | PW/B7 KCo | Kci | KC2 | KC3 ) | 1 | 2 | 3 Ko | K1 | K2 | K3 | -0 | 1 | 2 | 3
PWM data Key scan data select 1/0-11 data 1/0-11 data
A PWs PWo PW1o PW11 KSD1 | KSD2 | KSD4 | KSD8 0 | 1 | 2 | 3 0 | 1 | 2 | 3
B PWM ON BUZR ON o Duffer o J:mT dai = HoOLD 1 1 1 77 V?:T dlta E
TEST data 1/0-13 data DATA-reg 1/0-13 data
¢ #0 # #2 #3 o | A [ 2] o | a1 [ @ [ o[1]2]=
SEG data select 1/0-14 data DATA-reg 1/0-14 data
P s1 | s2 | sS4 | S8 0 | 1 | 2 | 3 d4 | 5 | d6 | 47 o] 1] 2]-3
£ CKSTP SEG-1 data 1/0 control select DATA-reg N3 1 ] )
MODE comt | com2 | coms [ seG o1 | woz [ woa | wos g | a0 [ at0 [ant
E G-reg SEG-2 data 1/0 control data DATA-reg
#0 # #2 #3 comt | com2z | coms [ sec 10-0 | 101 [ 102 [ 103 | a2 | a3 [ a4 [ats
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Connection of Crystal Resonator

Connect a 75 kHz crystal resonator to crystal oscillator terminal of the device (XIN, XOUT) as shown below.

This oscillation signal is supplied to clock pulse generator, reference frequency divider and generates various
CPU timing signals and reference frequency signals. The crystal circuit uses voltage (VXT = 1.3 V typ.) supplied
from a built-in regular voltage circuit as power supply. Because of this, it can stabilizes the crystal resonator
and reduces the consumption current.

R Xour in) (vxT) s

Y@ @ @ @ 9 @
I
CLl CL'I Cx X'tal =75kHz

C=15pF Typ. Cx=0.47uF Typ.

Note 16: Use a crystal oscillator of good starting characteristic such as low ClI value.

System Reset

When “L” level signal is input to the RESET terminal or more than 0 to 1.8 V is supplied to the VDD
terminal (power on reset), system reset is applied to a device. After standby period of 100 ms has passed after

system reset, a program will start from address 0.
Since it normally uses POWER ON RESET function, fix RESET terminal at “H” level.

Note 17: During system reset and the subsequent stand-by period, LCD common and segment outputs are fixed at
“L” level.

Note 18: The internal ports shown in the following table are fixed after system reset, but the other ports are not fixed.
Accordingly it is necessary to initialize them by program.

Fixed Internal Ports

Port Fixed to “0” Port Fixed to “1”
SCon bit (¢L14), Manual bit ($L15) Reference port (¢L13)
10, POL, UNLOCK bit (¢L16) MUTE bit (¢L16)
DO1 control port ($L17) IF/INT (4L14)
PWMpn, BUZRoN, PWM/BUZR, Transfer bit

(¢L1B)

Test port (¢L1C, ¢L26)
CKSTP MODE bit (¢L1E)
AD control port (¢L20, ¢L21)
SIO control port (pL22, $L23)
Timer port ($K26)

Key scan start, control port (¢L27, $L290 to $L295) | Key scan end port (¢L28)
VLcp OFF bit (§L2FF)
|0-1 to 10-6 10 control port ($L3FO to ¢L3F5) DISP OFF bit (¢L2FF)

SEG bit (LCD/IO switching bit; $L2EO to
OL2EF, 9L2FO to gL2FE)
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Backup Mode
When CKSTP or WAIT instruction is executed, the following three kinds of backup modes are selected.

1. Clock Stop Mode

It is a function to stop operating system and holds the operation state of device just before stop with low
current consumption (below 1 pA at VDD = 3.0 V). At this time the crystal oscillation stops and the LCD
display driver terminal and output ports are all fixed at “L” level or OFF state automatically. The supply
voltage can be reduced to 1.0 V in this clock stop mode.

Program stops at the address of executing CKSTP instruction when CKSTP instruction is executed. If
clock stop mode is released, the next address is executed after lapse of stand-by time of 100 ms.

0

(2

Clock stop mode setting
The clock stop mode setting has two kinds of mode. The setting is selected by CKSTP MODE bit.

$LIE

1)

2)

This bit is accessed when OUT1 instruction designated [CN = EH] in the operand is executed.

Y1 Y2 Y4 Y8

* * * CKSTP
MODE

0 : MODE-0

CKSTP mode setting
1 : MODE

MODE-0

In this mode, CKSTP instruction is executed while HOLD terminal is “L” level, it becomes
clock stop mode. If CKSTP instruction is executed while HOLD terminal is “H” level, it does
the same operation as that of NOOP instruction.

MODE-1
In this mode, CKSTP instruction is executed regardless of the level of HOLD terminal, it
becomes clock stop mode.

Note 19: The PLL will be off state while CKSTP instruction is executed.

Released condition of clock stop mode

1)

2)

MODE-0
When clock stop mode is set by this mode, the clock stop mode is released when HOLD
terminal is “H” level or changing the input condition of I/O port (P1-0 to 3) set at input port.

MODE-1
When clock stop mode is set by this mode, the clock stop mode is released by HOLD
terminal or changing the input condition of I/O port (P1-0 to 3) set at input port.
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(3)  Clock stop mode timing

1) MODE-0

'HOLD terminal :\ a, j
%

vaur v TTIT] QI

'
1]
CPU operation —+*r*—Clock stop " Stand-by

i O |

(Clock stop mode release)
F Y

CKSTP instruction —t—& s \_

NOOP operation CKSTP execution NOOP operation

CPU operation

It sets to clock stop mode when CKSTP instruction is executed while HOLD terminal is “L”

level.
2)  MODE-1
HOLD terminal R X a
@ , ¢
a ]
XouTt terminal ||”””””||”
1
] [} ] 1
| - 1 - 1 1 Clock stop
CPU operation T Clock stop »re atand-by—’r—opecrpa%on '
i N !
CKSTP instruction O a * O

N

(Release clock stop mode by changing the input condition)

(it sets to clock stop mode whenever CKSTP instruction is executed.)

(4) Example of circuit (example of MODE-0 circuit)

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

Wait Mode

This mode stops system and holds the operation state of a device just before stop and therefore reduces
current consumption. In this mode there are two kinds as follows:
o HARD WAIT mode
e SOFT WAIT mode

Program stops at the address of executing WAIT instruction when WAIT instruction is executed.
If WAIT mode is released, the next address will be executed without stand-by time.

(1)  SOFT WAIT mode
It stops only CPU operation internal a device when WAIT instruction is executed at designated
operand port [P = OH]. At this time others such as crystal oscillator and display circuit, etc. operate
properly. SOFT WAIT mode is efficient in reducing current consumption for use in the program of
clock function at clock operation.

Note 20: Current consumption differs depending on the program.

(2) HARD WAIT mode
It stops all operations except crystal oscillation circuit when WAIT instruction is executed at
designated operand port [p = 1H]. For this reason, this mode can reduce further current consumption
than SOFT WAIT mode. At this time, CPU and display circuit stop operation and LCD display output
terminals are all fixed at “L.” level automatically.
(10 pA typ. at VDD =3 V)

(3)  WAIT mode setting
It will be in waiting condition whenever WAIT instruction is executed.

Note 21: It will be PLL off condition during HARD WAIT mode but not during SOFT WAIT mode. Therefore,
it is necessary to set PLL off condition by program before SOFT WAIT mode is executed.

(4)  Released condition of WAIT mode
The WAIT mode is released under one of following conditions;
1) When the input level of HOLD terminal changes,
2)  When “H” level is inputted to key input terminal (KO to K3) (only when key input mode)
3)  When 2 Hz timer F/F is set to “1”, (only SOFT WAIT mode)
4)  When input level of I/O port (P1-0 to 3) set in input port is changed,

HOLD Input Port

Y1 Y2 Y4 Y8

$K1B HOLD 1 1 1

The HOLD terminal is used as an input port. Data is read in the data memory when IN1 instruction
designated [CN = BH] in the operand.

When this clock stop mode is set, it is necessary to access to this port before CKSTP instruction is
executed. It may not be clock stop mode when CKSTP instruction is executed without accessing to this port.
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Programmable Counter

It consists of external 2-modulus prescaler, 4 bit + 12 bit programmable counter and port to control these.

Programmable counter controls ON/OFF according to the contents of reference port.

1.

Programmable Counter Control Port

It is a port to control frequency division number, frequency division system and IF correction (IF offset)
at FM band.

Y1 Y2 Y4 Y8
$L1D * +1 -1 FM
—
IF offset L
Dividing method setting
Y1 Y2 Ya Y8
L1 # )2 - .
~

Programmable counter select

Programmable counter data

(LsB) Y1 Y2 Y4 Y8
$L12 (PA) | (PB) 1 (PQ) | (PD)
L .| PO P P2 P3
;] Pa P5 P6 p7

o pa | po | pro ] pn

3| Pz P3| oPia | P15 |msg

Note 22: Whenever accessing to ¢L12, the ¢L11 data is +1 incremented.

The frequency division system and IF offset are accesse by OUT1 instruction designated [CN = OH] in the
operand.

The frequency division number setting is accessed by OUT1 instruction designated [CN = 1H, 2H] in the
operand and write to PA to PD bit (§L.12).

This port is divided by the programmable counter select port (pL.11) and the programmable counter data
corresponding to the select port is set by setting data to them.

After the programmable data select is set to “3”, set the programmable counter data (P12 to P15) and all
of PO to P15 data are updated. Because of this, make sure to access to P12 to P15 port and set the P12 to
P15 port data at last even if changing only partially.

The programmable counter select is +1 incremented whenever accessing to the programmable counter
data (¢L.12). Normally the setting can easily be done by setting “0” to the programmable counter select port
and accessing to the programmable counter data successively.
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2.

Setting of Frequency Division System

The pulse swallow system or the direct frequency division system are selected according to FM port.

At AM band mode, the direct frequency division system is selected. When SW band, FM band or VHF/TV
band mode, it selects the pulse swallow system which combines with external 2-modulas prescalers of
TD6134AF, TD7101F and TD7103F.

Frequency Division Example of Operation Input Frequency Division
FM - . Number Prescaler
System Receiving Band | Frequency Range | Terminal (Note 24)
o |Direct frequency division MW/LW 0.5 t0 12 MHz AM n None
system : IN
(1/15 or 1/16) (Note 23)
Sw n TD7101F
Pulse swallow system 1.5 to 35 MHz
TD6134AF
1/4 x (1/15 or 1/16) (Note 23)
1 FM FMIN 4-n TD7101F
Pulse swallow system 50 to 150 MHz
TD7103F
1/8 x (1/15 or 1/16) (Note 23) TD6134AF
VHF/TV 8-n
Pulse swallow system 50 to 250 MHz TD7103F

Note 23: It indicates the input frequency range for each prescaler of TD6134F, TD7101F and TD7103F.

Note 24: The “n” denotes a programmed divided frequency value.

IF Correction Function at FM Band

In the pulse swallow system, the actual frequency division number can be +1 variable without changing
programmable frequency division value by AIF + 1 port and AIF — 1 port.
This is used for IF offset condition at FM band.
At the direct division system, the IF offset function does not operate.

AIF + 1 AIF — 1 Frequency(l\)/igi;i)on Number Frequenz:glvlil)ic\)/:s;an)Number
0 0 2:n n
0 1 2:(n-1) n-1
1 0 2-(n+1) n+1
1 1 Inhibit Inhibit

Setting of Frequency Division Number

Set frequency division number of the program counter in binary number to PO to P15 bit.

o The pulse swallow system (16 bits)

MSB

LSB

P15 P14 P13 P12

P11 P10 P9

P8 P7 Pé

PS

P4

P3 P2

P1

PO

215

The range of frequency division number setting (The pulse swallow system) n=210H~FFFFH (528~65535)

20

24
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o The direct frequency division system (12 bits)

MsB LSB

P15 P14 P13 P12 P11 P10 P9 P8 P7 P6 PS P4 A/

N

21 0~ ]
The range of frequency division number setting (The direct dividing system) n = 10H~FFFH (16~4095) 4on‘t care

Note 25: Since offset is not provided to the program counter, a programmed division number will become an
actual division number. However when a prescaler is used, the actual dividing value will become 4
times of the programmed value in case of FM band mode and 8 times at VHS/TV band mode.

Note 26: In the direct frequency division system, the PO to P3 ports data (¢L11) become unconcerned and P4
port are used as LSB.

5. Programmable Counter Circuit Configuration

e (Circuit configuration of the pulse swallow system
The circuit consists of: 2-modulus prescaler (TD6134AF, TD7101F, TD7103F), 4 bit swallow counter
and 12 bit binary counter. At FM band, 1/4 divider is added to the front stage of the prescaler and 1/8
divider is added at VHF/TV band. The diagram with prescaler (TD6134AF) as shown below.

V,
cC 104F O VHF/FM
o
0.1 uF
I
)
0.001 uF
1 AMP Ol
0.001 4F
1 /4 [7) n
@+ i H—ta
9 PSC
0.001 uF +7s 16 PO~P3
'—@ owioer [ 1O [ |
0.014F ;
abit
r—@ BUF. :5>_"‘—(70: swallow counter
FM|N
Preset
TD6134AF i
12bit
programmable counter To phase comparator

P4~P15

TC9317F

e (Circuit configuration of direct frequency division system

In this case, the external prescaler is unnecessary and a 12 bit programmable counter is used.

Preset

|

12bit programmable counter } TO phase comparator

i ()4

AAA

Yoo

A P4~P15

Note 27: Both FM|N and AM|N terminals have built-in an amplifier respectively, and are operable at small
amplitude with coupled capacitors. When the input terminal not selected according to the
frequency division system and PLL off mode (setting be reference port) the input is pull-down.

25 2003-06-27



TOSHIBA

TC9317F

Reference Frequency Divider

This frequency divider generates 7 kinds of PLL reference frequency signals 1, 3, 3.125, 5, 6.25, 12.5 and 25
kHz by dividing external 75 kHz crystal oscillation signal.

This frequency selection is executed by the contents of reference port. The selected signal is used as reference
frequency of the phase comparator as described below. According to the contents of the reference port, PLL
ON/OFF is performed.

1. Reference Port

It is an internal port to select the 7 kinds of reference frequency signals. This port is accessed when
OUT1 instruction designated [CN = 8H] in the operand (¢L.13) is executed. When the contents of reference
port are all “1”, the programmable counter, IF counter and reference counter will stop and be in PLL off

mode.

$LI13

Y1 Y2 Y4 Y8

RO R1 R2 R3

" J
h 4

Reference frequency select code

R3|R2|R1[RO FRREEFSBE'I\\II((::EY
0ojlololo]|o 1kHz
olofo[1]1 3kHz
0o|lo|1]0]2 3.125kHz
0l0]1]1]3 5kHz
0|l1]/0]0]a4 6.25kHz
0l1]/0]|1]5 12.5kHz
0ol1[1]0]86 25kHz
Lol (7 Inhibit |
Til1]1]0]E Inhibit |
11111111 F]| PLL off mode

26
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Phase Comparator&Lock Detection Port

The phase comparator compares the phase between reference frequency signal supplied from reference
frequency divider and programmable counter dividing output to output the difference. It controls VCO through
a low pass filter so that the frequency and phase difference of these two signals can be equivalent.

Because two tri-state buffers DO1 and DO2 terminals are outputted from the phase comparator, the filter
constant can be optimally designed for each FM/VHF band and AM band.

The DO1 terminal is usable as general output terminal by means of DO1 control port. This terminal is
capable of setting to high impedance. By using two terminals of DO1&DO2, it is possible to improve the
characteristics of PLL loop lock-up type, etc.

The lock detection port is capable of detecting the lock state of PLL circuit.

1. DO1 Control Port and Unlock Detection Port

gL17

$K17

Y1 Y2 Y4 Y8
UNLOCK DO1 CONTROL
RESET otc ot Hz
0 : DO1 phase difference output
=————" D01 output impedance setup
1 : DO1 high impedance
) 0 : OT output “L”
" OT output data bit
. X 1 : OT output “H”
Note 28: Invalid when setting Hz=1.
0 : DO1 ph i
OT output control bit phase difference output
. . 1 : OT data output
Note 28: Invalid when setting Hz =1.
Whenever setting data to *1”, it resets the unlock F/F and unlock enable.
RESET
Y1 Y2 Ya Y8
UNLOCK
F/F ENABLE

1 : PLL unlock detection possibie
Unlock enable
0 : PLL unlock detection in waiting

1 : PLL unlock state detected
Unlock detection bit
0 : PLL normal operating (Unlock not detected)
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Y1 Y2 Y4 Y8

#K18 | unt | unz | un3 0

v | UN3 | UN2 PHASE DIFFERENCE

Unlock data

[
2
—t

0us~ +6.66us

- 13.3p5~0us, +6.66us~ +20us

- 13.3pus~-26.6ps, +20us~ +33.3us
~26.645~—-40us, +33.3u5~ +46.64s
—40pus~ -53.3us, +46.6u5~ +60us
-53.3us~-66.6us, +60us~+73.3us
- 66.625~-80us, +73.3us~ +86.6us
under —80us, Over +86.6us

als|alalololaele
—lalole|=a|=|lo|o
~lo|a|el=|ol=|e
Nlo|un|ajw|n|s]o

Each OTC, OT and Hz bit of DO1 control port is a control bit as below condition.
e DO1 output terminal is used as general output port.

e DO1 output terminal is set to high-inspendance state without outputting DO1 output phase difference.

These are set by program according to the specification.

The UNLOCK F/F bit detects the phase difference between the programmable counter divider output and the
reference frequency when the phase is about 180° shift. If the phase difference does not accord at this time, that
is, if in unlock state, UNLOCK F/F will be set.

UNLOCK F/F will be reset whenever setting “1” to UNLOCK RESET bit.

DO output detects the phase difference at the cycle of reference frequency. It’s necessary to access the
UNLOCK F/F that its has more time than a cycle of reference frequency after resetting the UNLOCK F/F.
Because ENABLE bit is prepared. After confirm that UNLOCK enable bit sets to “1”, UNLOCK F/F is accessed.

UNLOCK enable bit is reset whenever setting “1” to UNLOCK RESET bit.

UNLOCK F/F detects when the phase is about 180° shift. It has the unlock data port that uses at more
accurate detection of the phase difference. This port detects the phase difference as shown before table and is
capable of detecting between —80 ps to +86.6 us. However if setting to high reference frequency (at 25, 12.5 kHz
setting), it can’t detect under the half cycle of the reference frequency.

UNLOCK data port detects data constantly in the phase width between —180° to 180° of the reference
frequency cycle. Normally after it is detected by UNLOCK F/F, the UNLOCK data will be referred.

Control of each port and data loading are performed when OUT1/IN1 instruction designated [CN = 7H or 8H]
in the operand is executed.

Note 28: When PLL OFF mode, the DO output becomes high impedance. However when DO1 is set as output port
(OT output), the output data will be outputted directly.

28 2003-06-27



TC9317F

TOSHIBA

2. Phase Comparator and Unlock Port Timing

Reference frequency

Programmable

counter output
DO output -

Phase difference

Lock detection strobe

Execute unlock reset ) & >

lllll

Unlock F/F —J

— 1

Unlock enable

U, M, N . Y

Unlock data

+ Count phase

difference

2003-06-27
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3. Phase Comparator and Unlock Port Circuit Construction

Reference frequency signal

Programmable _|

counter output

UNLOCK
RESET

VDD

—

Selector

p—om
Phase
comparator

Uniock
binary
counter

UNLOCK | UNLOCK

ENABLE F/F

I XiN

In Case of Setting the Filter Constant
for Each Band

DC-DC
VCC (3V)
converter
G¢ 0.014F
o<
= it
To VCO variable DT A

capacitor [

01 uF

]

Example of Active Low Pass Filter Circuit

>

> 1 uF 4.7k}

25C4116GR

(for reference)

25K209Y

otc  oT
Hz
Rq
po2 (€6
R2
po1/0T (65)

VbD
=
~o—=(5) pO1/0T
Ly

GQ DO2

C1 R3

LPF

D> (5 )

In Case of Using LPF in Common

(switching of filter constant is done by

DO

2.2k}

setting DO1 to high impedance.)

Note 30: Since the above filter circuit is just an example, the actual circuit should be examined and designed in
accordance with the system band construction and desired characteristics.

30
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IF Counter

It is a 20 bit general IF counter for counting FM/AM intermediate frequency (IF) and can be used for
detecting the auto stop signal, etc. It also has a function to measure the cycle of a low frequency pilot signal.
When not counting IF, this general IF counter can be used as a timer. The IF counter consists of 20 bit binary
counter and control port.

1. IF Counter Control Port, Data Port

Y1 Y2 Y4 Y8
— * . - t
L1 * SCON IF/IN1 IF/IN switching bit { 1 Set to IF inpu
l—— 0 : Set to general input port
Cycle measurement/frequency measurement switching bit
{0 : Set to frequency measurement
1 : Set to cycle measurement
Y1 Y2 Y4 Y8
Selection of gate time for frequency measurement (measurement time)
$LIS | STA/STP Manual Gg Gy
— G1 | Gp | GATE TIME
] 0 ms
0 1 4ms
1 0 16ms
1 1 64ms

L ~IMANUAL| G1 | Gg

Auto/manual mode switching bit for frequency measurement

0 : Auto mode
(When auto mode, it performs measurement
in the gate time described above.)
1 : Manual mode
(it performs start/stop of measurement by STA/STP bit.)

It functions as a binary timer

counter.

(The timer counter is reset if setting "1" to STA/STP bit.)

IF counter start/stop control bit

{0 : Count stop
1 : Count start (the counter is reset when timer counter setting.)
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$K10 Y3 Y2 Y4 Y8

0: IF counter count value< 220 -1

Overflow detection {
BUSY Manual OVER ! 1: IF counter value= 2%
] (Overflow state)

. 0 : IF counter auto mode
Operation mode

1 : IF counter manual mode

0 : IF counter finishes counting

Operation monitor {
1 : IF counter still counting

$K1 $K12 $K13 $K14 $K15
Y1 Y2 Y4 Y8

to Jf1 |2 |13 fa |15 1fe |17 fg | f9 | f10 ] f11 f12 f fiz | f1a 115 t16 | 17 | f1s | f19

20 219

75kHz 75kHz =— Frequency at
20 the timer
L 1 counter mode

LsB IF counter data MsB

Note 31: The IF counter becomes disable at PLL off mode.

(it becomes enable at timer counter.)

(1) IF counter auto mode (frequency measurement)

The method to use IF counter auto mode is to set IF terminal to IF input by means of IF/IN
switching bit and set SCON bit to “0”.

To set the gate time for IF input frequency bandwidth and STA/STP bit to “1” while manual bit
“0”, then the IF counter is operated.

During the set gate time, the 20 bit binary counter is inputted a clock pulse from IF terminal,
counted the inputted pulse and finished. Whether IF counter counting has finished or not, it can be
judged by referring to BUSY bit. The OVER bit becomes “1” when a pulse number of more than 20
count value is inputted.

The frequency inputted to IF input terminal can be measured by loading fo to f19 IF data after
judging that both BUSY bit and OVER bit are “0”.

(2) IF counter manual mode (frequency measurement)
When the IF frequency is measured by the gate time which controlled by an internal time base (10
Hz, etc.), the manual mode is used.
In this mode, the setting IF counter input is set the same as auto mode. The GO/G1 bit data should
be set except “1”. Counting starts if setting Manual and STA/STP bits to “1”. Counting stops if
setting “0” to STA/STP bit and data will be loaded in binary.

(3) IF counter cycle mode (cycle measurement)

It is used for measuring the low frequency when it couldn’t be measured by the frequency
measurement.

In the cycle measurement, the cycle can be measured by judging this pulse number during the
inputting reference clock (75 kHz) to the 20 bit binary counter.

As this input terminal, it uses as the IF input terminal, it switches to SCIN terminal if setting
SCON bit to “1”.

It sets Manual, GO and G1 bits to “0” when SCIN setting.

The start of the cycle measurement is as same as the frequency measurement, the counting data is
loaded after confirming the operation state by BUSY bit.

Note 32: Input rectang waveform by means of DC coupling when SC input.

Note 33: The BUSY bit will not be “0” unless inputting a clock pulse to SC|N bit.
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(4) Timer counter mode
When not using IF counter, it can be used as a timer binary counter.
If setting each Manual, GO and G1 bit to “1”, it will start counting a 75 kHz clock in binary as
reference clock.
This counter will be reset whenever setting STA/STP bit to “1”.

2. IF Counter Circuit Configuration

XouT (75kHz) fo~f19 OVER

i

i /INT /SN @ t 20bit blna{y counter HOVER]
3 ’
)

} IN1 | Gate time j«— Manual

control circuit :: 8‘1’

Gate clock
N

STA/STP

1kHz

The IF counter consists of input amplifier, gate time control circuit and 20 bit binary counter.
The IF counter becomes OFF state when PLL OFF mode, but when timer counter is setting, the IF
counter can be operatable.

Note 34: As an amplifier is built-in at IF|N terminal, small amplitude operation is possible in coupling with

capacitor.
(i sCv) - IO S L I U
“y- ‘I~ [} :
Data set to STA/STP bit < Q : :
] ] ] 1
Busy bit —  L— —_—T L
1
Gate clock LALLM = 1kHz J]]Il]]]II]]]iI]IﬂII[IIIIIII]]IE*— 75kHz
t [} I
Gate 1 —_—
s s
Binary counter input — [TTTTITIIIOIONNN] T
Frequency Measurement Auto Mode Cycle Measurement Mode
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LCD Driver

The LCD driver is of 1/3 duty and 1/2 bias drive (167 Hz frame frequency) method.

The common output outputs three voltage potentials of VL.CD, VLCD/2 (VEE) and GND. The segment output
outputs two voltage potentials of VL,CD and GND.

It is possible to display maximum 90 segments by combining three common outputs and 30 segment outputs.

The LCD driver segment output of S19 to S30 is used both as the key return output for loading key matrix
data.

As the LCD driver is built-in a constant voltage circuit for display (VEE = 1.5 V) and voltage circuit to double
(VLCD = 3.0 V), the contrast of LCD display will not change even if supply voltage varies.

The LCD driver is capable of switching to I/O port in a unit of 1 bit and can be programmed according to the
system.

(in this case, set VL,cD OFF bit to “1” and connect VL,CD terminal to VDD terminal to use.)

1. LCD Driver Port

Y1 Y2 Y4 Y8

$L2D $1 S2 Sq Sg

\. J

v SEG/10
Segmentldata select Switching bit
{1 : Segment output
Segment-2 data Segment-1 data 0:1/0 port
Y1 Y2 Y4 Y8 Y1 Y2 Ya Y8
$L2F COM1 com2 COomM3 SEG SL2E com com2 coms3 SEG
— 0 $17 0 S1
| 518 1] 52
2| 519 2] 53
3 [ $20 - COM/IO 3 sa o
Switching bit
| $21 af 55

{1 : Common output:

Y1 Y2 Y4 Y8

0:1/0 port
COM1 Ccom2 COM3 SEG
COM1 COM2 COM3 SEG segment data
F $16
B S28 { 1: Turn on
A v J
CI $29 Y 0 : Ture off
DI S30

CcoM1 I COM2 | com3 I *

E COM /IO switching port -
DISP Ve . .
F JOFF OFF

*: Don’t care

Note 35: The segment data controls segment ON/OFF corresponding to the common and segment outputs.
Note 36: When system reset and clock stop mode cancellation, the DISP OFF bit is set to “1”.

Note 37: When system reset, the contents of V| cp OFF bit is set to “0”.

Note 38: The S30 terminal becomes the input port (IN3) by switching to an 1/0 port.
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The LCD driver control port consists of segment data select port and segment data port. These ports are
accessed when OUT2 instruction designated [CN = DH-FH] in the operand is executed. The LCD driver can
uses both as I/O port and this control is done by SEG/IO control bit (L.2E, ¢L2F). It will be segment output
if setting “1” to this bit and I/O port if “0”.

The LCD driver segment data is set at the segment data port (pL.2E, $L.2F). The LCD display turns off if
setting “0” to the segment data port and turns on if setting “1”. The segment -2 data (pL.2FF) designated
FH at the segment select port are DISP OFF bit and VL.cD OFF bit. The DISP OFF bit can turns off LCD
display completely without setting segment data.

If setting “1” to this bit, the common output will be non-selected waveform and the LCD display will be
completely OFF. The contents of the segment is held at this time and the preceding display will appear as
it is if setting “0” to DISP OFF bit.

The segment data is rewritable during DISP OFF state. The DISP OFF bit be set to “1” after reset or
after CKSTP instruction is executed.

In case of using LCD terminal as I/O port, avoid LCD drive voltage supply booster (VL,CD terminal) as
much as possible. The reason is that current consumption may increase dramatically by supply voltage (the
relation between VLCD and VDD levels). In this case, the doubler voltage circuit is off state by setting “1” to
VLCD OFF bit and used as external input, then used connect VL.CD terminal to VDD. At this time, LCD
display contrast changes by supply voltage change, it’s necessary to stabilize of supply voltage.

Further it can use the external supply which is efficient in changing the liquid crystal drive voltage by
means of VL.,cD OFF bit.

These data are outputted after they were divided by the segment data select port (pL.2D). The segment
output S19 to S30 terminal also uses both as the key return timing signal to load key matrix data. The
segment output becomes the GND level by the timing as loaded a key data.

2. LCD Driver Circuit Configuration

— o
- — — (=]
o 4 o o«
- ~ - v ¥4 3 ¥
~ =~ ~ <
g g g ~ - ~ © o = o o
- - - - ~ ~ ]
o o O (%] wr %] wv (%23 v w (%23 (%]
DISP—™ Common output i
OFSF circuit Segment driver/Segment data
M B : i — 1
OFF Key return control circuit I
OFF VoFF <
o
o
wn
1.5V constant Doubler ?“
voltage circuit voltage circuit b4
o n
OFF Ti OFF ; Vi cp OFF signal
OFF
" o~ VEE C1 C2 AVLCD
o e
B ES
- 0.1 uF -
5% 2 !
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S2

]__

6ms

(Example of output data)
Segment data select (4L2D)
SL2E
Y1 Y2 Y4 Y8

1 0 1 S1
1 1 §s2

0 1 §s3

3 SEG/IO control

-
I DI R PO

]
0
2

DISP OFF

— Vicp

com

-— GND
— Vicp

CoOM2

— GND

— VicD

COoM3

]

— GND

S1

— Viep

— GND

S2

S3
ro— 80us

$19/KR11

L

COM1-S2 L

(ON waveform)

T LA

N

Key data loading

U

— GND

— Vicp

— GND

— Ve

T — GND

LJ

— Vico

| — GND

— ~Vicp
— Vico

COM1-S2 Y
o wa“"f”’m_L___J_r—_‘_l_l_'— — ano

— -Vico

The LCD driver wave voltage potential outputs VL,CD and GND voltage potentials and half the
intermediate level of these voltage potentials. A key return signal is outputted from S19 to S30 when this
switching is performed. When loading key data, it becomes “L” level during 80 us.

Note 39: When CKSTP instruction or initialization is executed, the common and segment terminal will be “L”

level.

36

2003-06-27



TOSHIBA

TC9317F

Key Input&Key Return Timing

Since there are four kinds of the key loading method, please design according to the system.

1. Key Control Port and Key Scan Data Port

Y1 Y2

Y4

Y8

$L2ZA ] KSD4 KSD3

KSDg

KSDg

.

Key scan contro! port

i
Key scan data select 4129 A&l Y2 Y4 Y8
(KCo) | (k1) | (ke2y f (ke3y L Key input level control
0} DAq DA DA3 VEE |-
| kR12 | KRz | KRig | KRy 170 key return control @

2| KTq12 I KT13J KT14 I KTqs :——IIO key return control @

d

4

Kop I K1p I Kop K3p | Key input pull down control
KOHz K1Hz K2Hz K3Hz Key input high impedance control
STA/ * * * Key scan start/stop
5 STP
6 don't care
\ A
\\ v .
\
‘E don't care

Key scan control port

When a key pressed, the data will be “1”.
When a key not presed, the data will be “0”.

hd| Y2 Y4 Y8
$K29 KO K1 K2 K3
0 KRo

I KR1

2 I KR2
N KR3

KO K1 K2 K3
F KR1sg

The key scan control port is a port to excute the input level setting control key scan start/stop, setting of
I/0 port output form (P1-0 to P1-3) and key input form.

The key scanned key data are inputted to the key scan data port (}K29), and loaded into data memory by
accessing to this port.

These ports are divided by the key scan data select port (pL.2A), and by setting data to this port data
corresponding to this data are accessed. When accessing to the key scan control port (¢L.29) or key scan
data port, the key scan data select port (pL.2A) is +1 incremented.

37
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Y1 Y2 Y4 Y8
$L290 DA4 DA> DA4 VEE
- Y Switching bit of reference voltage of key input level
~
Key input level setup | ‘ “0" : Reference supply Vpp terminal

“1” : Reference supply Vgg terminal

DA3 | DA> | DA1 | KEY INPUT LEVEL (VKREF)
0 0 0 1/9xV

0 0 1 2/9xV

0 1 0 3/9xV

0 1 1 4/9xV

1 0 0 5/9%xV

1 0 1 6/9xV

1 1 0 7/9xV

1 1 1 8/9xV

V: When VEE bit is “1”; 1.5 constant voltage (VEE)
When VEE bit is “0”; supply voltage (Vpp)

It is a port to perform the key input level setting. The reference level of key input supply can be switched
to VEE terminal or supply voltage (VDD terminal) by means of VEE bit. By comparing the level that divides
the reference supply by means of DA bit to the key input terminal level as shown in the above table, the
result will be outputted to the key scan data port and key input data port.

Y1 Y2 Y4 Y8
$L291 KRq2 KR13 KR14 KRqg 0: 170 port
. > .
v 1 : Output the key return signal when the LCD output changes.
170 port-1

Key return control (1)

If setting “1” to this port, it becomes the output form as described below.

VbD v
s Lcp (3V)
Segment output V
A ' / 4 GND
1

]
]
P1-0 (KR12) —-EBO/ASi‘—
i
1

P1-0 (KR12) e VoD

it becomes “L” level when key scanning.

[output circuit and timing when setting KR12 bit to “1”]

The KR12 to KR15 bits correspond to P1-0 to P1-3 terminal, respectively. If setting “0” to this bit, it
becomes an I/0 port.
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Y1 Y2 Y4 Y8
$L292 | KT12 | KTy3 | KTia | KT1s {o : 1/0 port
- Y - 1 : Qutput a key return signal by software
170 port-1
Key return control (2)
Y1 Y2 Y4 Y8

$L30 P1-0 P1-1 P1-2 P1-3

: Output “L” level

- {0
4,_.
1 : Output “H” level
1/0 port 1 data utpy eve

If setting “1” to the port of I/O port-1 key return control (2), it becomes the output form as described
below. The “H” and “L” level settings of this output are controlled by the I/O port-1 data.

VbD

P1-0(KR12)

170 port data —»—{>0—<

[output circuit when setting KT 12 bit to “1”]

Each KT12 to KT15 bit corresponds to P1-0 to P1-3, respectively. If setting “0” to this bit, it becomes an
1/0 port.

When operating a key scan by means of the I/O port-1 key scan control port (1)&(2), the contents of I/0-1
control port is necessary to set the bit corresponding to the port to make key scan operate (the output port
state [L3FO]) to “1”. In case of setting “1” to each of KR and KT bit, the KT bit is given priority.

Y1 Y2 Y4 Y8

$L293 KoP K1p K2p K3p Key input pull down }

{0 :
- A ~ l 1 : Key input pull up

Key input pull down setting

Y1 Y2 Y4 Y8

$1294 KoHz | KiHz | K2Hz | K3Hz Key input pull down or pull up

0:
~ g g I {1 : Key input high impedance

Key input high impedance setting
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These ports perform the input form setting of key input. The input form is set under the condition as

below.
KO Hz | KOP Input Form
0 0 Pull down
0 1 VEEg pull up
1 0 |Vpppullup
1 1 High impedance
Q VEp (1.5V)
Comparator
(39 ko
Comparison voltage (VKREF) Comparison voltage (VKREF) Comparison voltage (VKREF) Comparison voitage (VKREF)

[pull down] [Veg pull upl [Vpp pull up] [high impedacne]

It will always be pull-down at pull down setting. At pull up setting, it will be pull-up only when LCD
segment changes, otherwise it becomes high impedance.

At pull-down or pull-up setting, the key input terminal configures a key matrix in combination with the
key return output signal. At high impedance setting, it can be used as a 3 bit A/D converter of the
sequential comparison method by software.

Each of KOP to K3P bits and KO Hz to K3 Hz bits correspond to KO to K3 terminal. The key input
terminal at pull-down setting, if “H” level (VDD x 0.6 V or more) is applied when WAIT mode, it cancels to
execute WAIT instruction and it’s possible to restart CPU operation. The CPU operation restarts only at
“H” level setting and not at pull-up or high impedance setting.

Y1 Y2 Y4 Y8 Key scan start/stop bit
$L295| STA/STP * * * {0 : key scan stops
1 : key scan starts

Whenever setting “1” to STA/STP bit, it starts scanning from the key scan start port data. If setting “0”
to this bit, it stops key scanning. When changing the key return control port or the contents of key scan
start/end port described the following, to change after the key scan stopped and restart by setting “1” to
STA/STP bit afterwards. If not set like this, a key except the ones between scan start data and scan end
data may be loaded or key data within a cycle of scan may not be loaded.

Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8
$L27 K$q KS2 KSg KSg $L28] KEq KE) KEg KEg $K27 KR4 KR3 KRg KRg
\. v / . - J \. v i,
Key scan start Key scan end Key scan operation monitor

gka9 KO K1 K2 K3

0 KRo % Scan within this range
1 KRq
2 KR
Set up "0100" H
; |
14 KR14 Set up "0100"
15 KR15
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The key scan start and end ports are ports to set up the range in which a key scan is performed and they
perform scanning within the range between start data and end data.

Set the data of these ports to be

“start data value = end data value”.

Which key line is loaded during scan operation can be judged by referring to the key scan operation
monitor.

The key scan data ($K29) outputs “1” when a key pressed, and “0” when not.

Note 40: When supply voltage is less than 1.5 V by CPU stop function, the CPU stopped. And just after
restarted, the key scan data is unknown. Due to this load key scan data into data memory after judging
that key scan scanned one cycle by referring to STOP F/F.

Y1 Y2 Y4 Y8

$K28F ko K1 K2 K3

v
Key input data

From the key input data port, the key input data is loaded into data memory directly. If this is higher

than comparison voltage, it becomes “1” and “0” if lower. These ports are accessed when OUT2/IN2
instructions designated [CN = 7H to AH] in the operand is executed.

2. Key Scan Circuit Configuration

P1-0 ~ 3
KT12~15
KR12~15 Key scan data
O {} K3 K2 K1 KO
KRg
P1-3 (KR15) (1) KRr A 30 Ko
P1-2(KR14) (30) Output | 4 : y \l_
setting :
P1-1(KR13) (39 circuit | N ; / -——(3? K1
]
P1-0(KR12) (9 - : ~ smi‘:]tg
1
H + circuit 6‘? K2
]
: IS
$30 (KRg) (33) ' 7 37) k3
Decoder !
$29(kR7) (2 :> ] _
! 11
s G ! KOP ~K3P
1 ~
; ! i KOHz~K3Hz
1 segment| A1__| '
: driver C___ :
! ]
! !
' ! Selector DA;~3
KR10) @ ' VDD . -
$20 (KR '
10 KR /_Q\Hv‘-‘v A oo WL
14 o—o
$19(kry1) Q2 ¢ ver \VEE
KR1s
KO Kt K2 K3
Lco .
Timing——J“'{ Counter I-— STA/STP

ir i

Start No. Stop No.

The key input of key scan circuit consists of input setting circuit, 3 bit D/A converter, comparator and
latch circuit for loading key data. The key return timing output consists of output setting circuit of I/O port,
LCD segment driver and counter/decoder to control I/O port output unit.
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3. Key Matrix Configuration

The key matrix can be configured in the following four ways.

»

Key data loading by software

Vpp T
— P1-0 l I
P1-3 D | )13
data 24 lﬁ
P1-1
S
P1-2 L
P1-3 I L
K DD
71— P
loading ke
A O—D—G— O *—0—0—0&
data
NP N -
AR o BN 74 A\ 74 37
NP . . N
21— —p
KO
4

¢ OR] A 0N

Comparison Push key

voltage

When loading key data by program, it configures the key matrix as above.

The I/0 port-1 data ($K30) which you want to load the key line is “H” level, is pressed load. The key
input port ($L.28) data into the data memory and judge whether the key or not. At this time, the I/O
port -1 data not to be loaded should be set to “L” level.

If a key is pressed, the key input port data “1” is loaded into data memory and “0” if not pressed.

Only 4 x 4 = 16 key matrices are usable in this method. However, since data is loaded at high speed
and the structure of high resistance is in N channel FET part of P1-0 to P1-3, it is unnecessary to
have a diode for preventing reverse current owing to double key press.

As to the method for loading data by software, set the data to the port as described below.

DA1toDA3 | Veg | KR12toKRy5 | KT12toKT15 | KOPtoK3P | KO Hz to K3 Hz

With jumper 4/9 Vpp 0 All “0” All “1” All “0” All “0”

Without jumper 3/9 Vpp 0 All “0” All “1” All “0” All “0”

Note 41: In case of using as I/O output of I/O port -1, set the bit corresponding to KT12 to KT15 to “0”.

Note 42: When configuring a diode jumper, voltage of diode VF (-0.6 V) lower than supply voltage is
applied to the key input voltage. For this reason, the key input threshold value should be set low.
As shown the above diagram, a diode for preventing reverse current owing to double key press is
necessary. When configuring without a diode jumper, this diode is unnecessary.

In such mode, adding “H” level (VDD x 0.6 V or above) at WAIT mode, WAIT instruction execution
is canceled and CPU operation is restarted. (the “H” level at this time is not related to DA1 to DA3
bits.)
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(2

Key data loading by LLCD segment output

VEg (1.5V)
-
{ & &4 4 o
To key scan i i
data latch g
o o
AN~ 4 A4 AN "4
Comparison A 4 h _$_ E>
voltage 3 Y
Y - Yy x
Vi /NN
A=y /4% . Jr 4R . ¥
1 1
1 ]
Vico : : To LCD pane!
1 1
L 1

_'é' észo (KR1g)
53 519 (KRq1)

=5 1

Note 43: Maximum 4 x 12 = 48 key matrices can be configured.

Note 44: A push key and diode jumper cannot be mixed in the same key line. The position of diode jumper
should be on the side of key return signal output.

1 t 1
v
i | ' GND
Vv
529 (KRy) %_ N %—W GLCD
1 y ND
Vico

1 1
i :
$19(KRq1) V%’%% V7, —~— o
Key data
Key scan data u I } 40“5& n n R rr latch
i 7

. 2ms 8Os,
|

latch signal

Key loadi ignal
Key pull up ey loading signa

In case of key data loading by means of LCD segment output, the key matrix as described in the
preceding diagram is configured. A diode for preventing reverse current is necessary for this key
matrix, therefore be careful for this diode and the diode jumper direction.

In this case, VL,cD (3 V) and GND voltage potentials are outputted from segment terminal when
LCD output changes. When key data loading, the segment signal to load will be GND voltage
potential at LCD output change and the key input terminal is pulled up to VEE voltage potential. At
this time, if a key is not pressed (or without diode jumper), VEE level is inputted to the key input
terminal and voltage worth of one diode voltage (-0.6 V) is inputted from GND voltage potential if a
key is pressed (or with diode jumper).

The voltage potential inputted is compared with the D/A output level of which VEE voltage
potential is divided into nine and latches the signal comparated to the key scan data port
corresponding to the segment output line of key loading.

This key data becomes “1” when a key is pressed and “0” when not.

As to the method for key loading by means of LCD segment output, set up the data described below
to the port.

DA4 to DA3 VEe | KR12t0 KR15 [ KT12to KT15 KOP to K3P | KO Hz to K3 Hz

6/9 VEg 1 All “0” All “0” All “1” All “0”
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If setting the range in which key scan is performed to the key scan start (¢L.27) and key scan end
(¢L28) and setting “1” to STA/STP bit after the above setting, key scan will load key data one after
another within the setting range.

The time required to load one line key data takes 2 ms. Due to this the key scan data ($pL29) will be
loaded into data memory during referring to the key scan operation monitor.

In case of changing the range in which key scan is performed, there are two ways as follows:

e Restart by setting “1” to STA/STP bit again after change.
e After stop the scan operation by setting “0” to STA/STP bit, change the range. Then start key
scan again.

Note 45: Because the diode jumper data is stored in the latch, the data memory space can be utilized
efficiently by referring to the contents of stored latch without loading into data memory, as needed.
After CPU operation has stopped by CPU stop function and just after CPU restart, the contents of
this latch will be unknown.

Note 46: The range in which key scan is performed is between KRg to  KR11.
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(3) Key data loading by means of LCD segment output and I/O port (1)

IP‘I~3 KR
31 (KRy5)

% P1-2 (KR
V| 40, { 14)
EE P1-1 (KR 3
39 ¢ 1 )
-4 38,

VbDp

P1-0 (KR12)

To key scan ' K2
data latch z 36

NN
Wy
Wi
NSNS
Wi w

YYyr»y
—--D-h
- DD
O
oD

w§
INDSNINTS
il
NSNS
Wi
INDN DN N
NN\
L. . ..
NN LY
NN U

Comparison 34
voltage

s3o0 | | |------

KR
33( 0)
529 (KR1)

(528 (KR2)

(3v)

Viep i
' 520 (KR1p)
53 10

S19 (KR
55 (KR11)

To LCD panel

1 I )

s 7000 O VO VA Y .o

H H | 1
v T Vpp
L P o P
P1-0 (KR12) H i H H ; v GND
] 1 1 1
I' I * " : ] VpD
1 1
P1-1(KRq3) b i TGN
1 i
] L ] ]
r r v
I l T T DD
P1-2 (KR14) H 1 — GND
1 1
Voo
P1-3 (KR15} — GND

The method to load key data by LCD segment output and I/O port is the same as that for loading
key data by LCD segment output (3-(2)) except the following setting.

KR12to KR15 | KT12t0o KT15

All “1” All “0”

Note 47: In case of using as I/O output of I/O ports (P1-0 to P1-3), set the bit corresponding to KR12 to
KR15 to “0”.

Note 48: Maximum 4 x 16 = 64 key matrices can be configured.

Note 49: The configuration equivalent to the item 3-(2), [key data loading by means of LCD segment
output] is possible at KRg to KR1s5.
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(4) Key data loading by LCD segment output and I/O port (2)

P1-3 _[>°_‘F'

data

K3

<
-

To key —<l:
data latch

conparison
valtage

-

(3v)
Viep

Note 50:

Note 51:

A 74
FanY
A4

A ”4
Fan
~N

It is a usage method combining the key loading
method by software and LCD segment output. (refer
to 3-(1), (2).)

The characteristics of this method are below.

e It perform key loading on the I/O port side at high
speed.

e It’s possible to expand keys by allocating the keys
which need not to load at high speed on the LCD
segment output side.

As to key loading, the I/0 port side performs it at
input data port (§K28) and the segment output side
at key scan data port (pK29).

Accessing to the key input data port can be done by

VEE
switching comparison voltage of key input.
The setting of this method is performed as
La L 11 I 1 described below.
35, P—p—P—p PP
VEE Setting of I/0 Port Side
Yy ¥y y¥yy¥y-» >y
KR12 | KR13 | KR14 [ KR15 | KT12 | KT13 | KT14 | KT15
A

I
21520 (KR10)

$19 (KR
5 (KR11)

0 0 0 0 1 1 1 1

Key Input Setting

KOP | K1P | K2P | K3P KO Hz[K1 Hz|K2 Hz|K3 Hz

1 1 0 0 0 0 0 0

The key input settings on the I/O port side and on
the LCD segment output side can be done in a unit of
1 bit.

In WAIT mode, supplying “H” level (Vpp x 0.6 V or more) to the key input terminal whose key
input is set to pull down (K2 and K3 terminal in the above diagram), WAIT instruction execution is
cancelled and CPU operation is restarted.

Key data on the segment side is loaded when LCD segment changes. Therefore, if at the same
time loading data on the I/O port, the key input threshold level will be different and data on the
segment side will be loaded by mistake. For this reason, control by key scan operation monitor

will be required.

Note 52: Set the contents of I/0 port -1 control port (¢L3FO0) to all “1” (output setting).
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Serial Interface

The serial interface is a serial I/0 port to send/receive synchronously 4 or 8 bit data with an internal/external
serial chock. By means of SI, SO and SCK terminals, it performs sending/receiving data of LSI (for expansion)
and microcomputer, etc.

1. Serial Interface Control Port and Data Port

Y1 y2 Ya Y8 Selection between 1/0 port -3 and serial interface
#L22 | edge SCK-INV SCK-1/0 SI0-ON {0 : select 1/ /0 port -3 (P3-0~P3-2)
1 : select serial interface function

Selection of an external/internal of SCK clock
{0 : External SCK clock
1 : Internal SCK clock

Inversion of SCK clock signal (valid only when the internal clock setting)
{0 : Outputﬁ clock from “H” level
1 : Output SCK clock from "L level

Logical selection of serial data shift operation
{0 : Shift at rising edge of SCK
1 : shift at falling edge of SCK_

v Y2 ya Y8 Selection between serial data 4bit and 8bit
#L23 | s1a $O-1/0 4/8bit * 0 : 4bit data

l 1 : 8bit data

Switching between SO output and S| input of SO terminal
! {0 : SO output
1: Stinput

Serial operation start and internal port reset

0 : don't care
1 : COUNT bit and SIO F/F bit are reset and the serial output data is set to shift

register. The serial operation will start when selecting the internal SCK clock.

LS8 Y1 Y2 Y4 Y8 Y1 Y2 Ya Y8 MsB
#L24 1 so0 SO1 SO2 SO3 $L25 | soa SO5 S0O6 so7
\.. J
g
Serial output data ...... The data which set to this port is outputted in serial.
Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8
$K24§ si0 sn SI2 SI3 ¢K25 } si4 SI5 SI6 S17
- v ~
Serial input data ....... The data which is inputted in serial can be loaded into the data memory.

Note 53: As for the serial input data, the contents of shift register is directly acceessed.

Note 54: After system reset, the contents of serial interface control port ($L22, $L23) is reset to “0”.
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v Y2 Y4 Y8 SIO start flag

$K23 BUSY COUNT SIO F/F 1 {0 : SIO operation not performed
1 : SIO operation performed

The judge bit of SCK clock
{0 : clock count correct (The SCK clock count is 4 times as much.)

1 : clock count incorrect {The SCK clock count is not 4 times as much.)

SIO operation monitor
{0 : $IO operation finished
1 : SIO operation underway

The serial interface control and serial data are accessed when OUT2/IN2 instruction designated [CN =
2H-5H] in the operand is executed. The serial interface terminal is combined with P3-0, P3-1, P3-2 of I/O
port and if setting “1” to SIO ON bit, each I/0 port-3 terminal is switched to SI, SO and SCK terminal,
respectively.

(1) SCK-INW, SCK-T/O bit

The SCK-INV and SCK-1/O bits are bits to set the input and output form of SCK terminal.
By means of this bit data, the condition as described following will be set.

SCK Terminal State

SCK Clock

INV | /O Input/Output Waveform

0 0 Output ””””

1 0 Output I”“III

* 1 Input —

(2) Edge bit
The edge bit sets the shift logic of serial data. By means of this data, data will be shifted as shown
below.

e When edge = “0”

Set STA bit “1”
ﬁterminal:lflflgli {I’I’lf'
i
l

1 1 1) ] [} ] I 1
] ] I 1 ] I ] ]
SO operation % s00 X SOt s02 X so3 500 X SO1 S02 SO3
P ) € € €D 7 %,E23 €3 €1 {
] ] 1 I ] ] 1 i
S S
SI operattion SI0 SI SI2 Si3 SI0 s SI2 SI3

When setting the edge bit to “0”, the SO output is outputted at rising edge of SCK clock, and
the SI input, as well as the SO output, is inputted to shift register at rising edge of clock.
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e When edge =“1”

Set “1* to STA bit

SCK terminal !Illllll _Illll‘ll
1 f 1

1 H [} 1 1 1
i i 1 1 1 i

SO operation /%: SO0 * SO IXsoz X s03 % SO0 X SO1 X 502 X $s03 :W
] 1 1 ] ] 1 1

-

S| operation Si0 S Si2 SI3 SI(;’ S S12 SI3

When setting edge bit to “1”7, SO output is outputted at falling edge of SCK clock, and SI input
as well as SO output is inputted to shift register at falling edge of clock.

(3)  4/8 bit
The 4/8 bit is a bit to select the serial data length. When this bit is “0”, it becomes 4 bit length and

8 bit length when “1”. If selecting the 4 bit at an internal clock, SCK clock outputs 4 clocks and 8
clocks if 8 bit.

e When 4/8 bitis “0”, (in case of edge = “0”, SCK-INV = “0”)

SCK terminal l { I { l ! I ‘

Set "1“ to STA bit

SO operation SO0 X 01 X 502 X 503 .W
1 1 ] ]

S| operation SI0 Sh Si2 Si3

e When 4/8 bitis “1”, (in case of edge = “0”, SCK-INV = “0”)

SCK terminal
Set *1” to STA bit
SO operation %oo X o1 X s02 X 503 X s04 X SO5 X 506 X so7 W/

A
SI operation Sl5 SI6

(4 80-TO bit _
The SO-1/0O bitis a bit to set the serial input/output of SO terminal.
When setting SO-1/0 bit to “0”, SO terminal outputs the serial data. When setting this bit to “17,

it becomes the serial data input.
By means of controlled this bit, LST of serial bus system such as T-BUS which conducts data

input/output by one terminal can easily be controlled.

SCK terminal ll{l!lll I{I{l{l}

: H ! ' 1 —Floating
\
SO operation Xso Xist Xis2 X s 2K so X s1 X sz X s3
. v
T—SO—II-C->="0" set SO-1/0="1" set Input data by LSi to control

Note 55: In this case, it is necessary to pull up SO terminal for the floating timing.

In this system, when transmit mode, it performs SIO operation by setting data to the serial output
data port. When receiving, it performs SIO operation after SO terminal is set to input and loads the
contents of the serial input data port into the data memory. Also when selecting the serial interface,
SI terminal is controllable as I/0 port (P3-0). The I/0 output (P3-0) can be used as strobe pulse
terminal in T-BUS, etc.

Note 56: When Sl terminal is use as serial data input mode, P3-0 bit of I/O control port which
corresponding to 1/O port-3 should be set to “0”.
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6))

(6)

Serial interface operation monitor

The operational state of serial interface can be judged by referring to BUSY, COUNT or SIO F/F
bit.

Since BUSY bit will be “1” during SIO operation, control data switching and serial data access will
be done when BUSY bit is “0”.

The COUNT bit is a bit to judge whether data transmitting/receiving was performed in a unit of 4
bit. In case shift operation is performed by multiple of 4, this bit outputs “0” and in case shift
operation is not performed by multiple of 4, it outputs “1”.

The SIO F/F bit is set to “1” when SCK terminal starts clock operation.

The COUNT bit and SIO bit are all reset to “0” if setting “1” to STA bit. These two bits are mainly
used when SCK terminal is set to an external clock. It can be judged that information that an
external clock was inputted and serial data was transfered/received and if operation was properly

performed.

STA bit

Whenever setting “1” to STA bit during SCK internal clock setting, serial output data will be set
to shift register and clock pulse will be outputted from SCK terminal to start shift operation. At the
same time COUNT bit and SIO F/F bit will also be reset to “0”.

2. Serial Interface Configuration

SI0~

BUSY
SIO F/F  COUNT

SCK-INV D> SCK-1/0
|

48) 5CK (P3-2)

STA Control circuit

@7) so (P3-1)

<J

l I edge °
o -l L

Shift register Shift register

— 7 i

i

@) s1 (P3-0)

500[s01[s02[s03[s0as0s]s06[s07] I_3|_2[_1]-°| [_3|_2|_1I_°|
170 port 3 data 170 port 3 1/0O control

i3 Serial output data S14~$17

Serial input data

The serial interface consists of: control circuit, shift register and I/O port.

Note 57: The Sl terminal can directly be used as I/O port-3 (P3-0).

Note 58: The contents of data set to serial output data do not accord with the contents of serial input data.

Note 59: The Sl terminal set as Sl input, SCK terminal set as SCK input and SO terminal set at input will be

all Schmitt inputs.
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3. Serial Interface Timing

When setting SCK clock to an internal clock, the clock frequency outputted from SCK terminal is
37.5 kHz (duty 50%).
The example of serial interface timing is as shown below.

—] 26,65 }o—

SCK terminal H |1{ lzf |3[ |4’
I

| I ] 1
1 1 I 1
SO operation s00 X so1 X soz X so3
Aot Aso2 X
i I i
A

S| operation

Serial input
data port

(g K24) X Invalid

uqu

STA bit

BUSY bit

COUNT bit

SIO F/F

L

(SCK-1/0 =1, SCK-INV =0, edge=1, SO-1/0 =0, 4/8bit=0)

[example of serial interface timing]
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D/A Converter (pulse-width modulation: PWM) Output

The pulse-width modulation output (PWM) can obtain D/A conversion output easily by external low-pass filter.
The PWM output is a 12 bit resolution and has one-channel output.

1. PWM Control Port and Data Port

Yt Y2 Y4 Y8 Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8
$L18 | pwy PW1 PW> PW3 $L19 | pw, PW5 PWg PW7 LA 1 pwy pwg | Pwio | Pwig
2° oM
\ /
LSB PWM data MSB
Y1 Y2 Y4 Y8
$LIB WM PWM Buffer Buffer transfer bit
/BUZR t fe . .
on renser {0 : PWM output remains unchanged even if changing PWM data
1 : Transfer PWM data

Selection between PWM data and BUZR data
0 : Select BUZR data
{1 : Select PWM data
Note 60: The PWM data and the internal port which performs the BUZR data setting
are identical. The data port is accessed by selecting PWM data or BUZR data

by means of this bit.

Selection between 1/0 port -2 P2-3 and PWM output
{o : Select 1/0 port-2 (P2-3)
1 : Select PWM output

The PWM output combines the P2-3 I/0 port. When the setting of PWM output, the P2-3 switches to
PWM output by setting PWM ON bit to “1”.

The PWM data setting is done after setting PWM/BUZR bit to “1” and buffer transfer bit to “0”. If setting
“1” to buffer transfer bit after PWM data setting, the PWM data will be transferred to PWM data latch.
After setting “1” to buffer transfer bit, maximum times of 109 ms is required. The PWM output would not
chnage if this bit is set to “0” before transferring to PWM data latch.

In PWM data, PWO is LSB and PW22 is MSB. The high 8 bit (PW4-11) data controls the pulse-width of
pulse output. The low 4 bit (PW0-3) data controls the position to output the pulse that was added during
one cycle of PWM output.

These data settings are performed when OUT1 instruction designated [CN = 8H to BH] in the operand is

executed.

2. PWM Output Circuit Configuration

N . A —d
37_5kHz—-l 12bit binary counter '—
r PW11 {}
§
PWg Additional
pulse
generation
J PW7 PWM circuit
PMW data port s #) data
ata p PW5 latch p——— ALL "0"
Compa- c
rison F/F 1 R
AT & L o L
§ S R R
= YTy Simple D/A
H—=45) PWM
“ PWo =~ T Accordance signal Q ) output
Latch R
signal
PWM/BUZR Buffer
transfer id

The PWM output circuit consists of: 12 bit binary counter, PWM latch and comparison circuit.
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3. PWM Output Waveform

TS =6.83ms (TM/16)
!

l—Pulse width= (n+1) xto

| ! to=2b7m . to : . .
= ! i i e i [ i ] ] i

PWM I ' I | I ' I l I—I n: i I_] r] n
TS(I5)! TS(0) | TS(1) ' TS(2) ! TS{3) 1 TS E IO ITs(12) 1 Ts(13) | TS(14) | TS(15) | TS(0) !
1 1 ' ' ) . . 1 » ' N 1

" TM = 109.2ms (4096 / 37.5kHz) o

*. Pulse width n x to
n: PW4 to PW11 data value (0 to 255)
to: 26.7 us

Example of PWM Output Timing (there are additional pulses in TS (4), TS (12): PW1 bit “1”)

PW Data The Range in which an Additional Pulse is Outputted (o marks the position to be added).
Bit ol 1|23 |4a|5 |67 |89 |1w0]11|12|13]14]1s
PWg o
PW4 o o
PW> o o o o
PW3 o o o o o o o o

Note 61: The above numbers indicate the i value of TS (i). When PW data bit is “1”, the additional pulse is
outputted to the above o position.

One wave cycle of PWM output is TM = 212/37.5 kHz = 109.2 ms and it outputs a pulse of 12 bit
resolution. The high-order 8 bits, PW4 to PW11 of PWM data controls the pulse-width of pulse output
whose cycle is TS (TS = TM/16 = 6.834 ms). When the value of PW4 to PW11 isn (n = 0 to 255), the low
level pulse width whose cycle is TS will be n x to (to = 1/37.5 kHz).

The low-order 4 bits, PW0-3 controls the position to output the additinal pulse of “to” width in TS (1) (=0
to 15) between 16 sections within TM cycle. In the section where an additional pulse is outputted, the low
level pulse-width will be (n + 1) x to.

When the low-order bit data are m (m = 0 to 15), an additional pulse is outputted at m point within TS (i)
section. The section where this additional pulse is outputted is shown in the preceding table. (however, the
additional pulse is not outputted within TS (0) section.)
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Buzzer Output (BUZR)

The buzzer output is usable for outputting the confirmation and alarm sounds when key operation or tuning
scan mode. The buzzer frequency can freely be set and outputs a 50% duty waveform.

1. BUZR Control Port and Data Port

$L18

$L1B

1 ! BUZR data are transferred

il Y2 ya Y8 $L13 A& Y2 YA V8 —*It controls the BUZR output frequency and BUZR output off.
BO B1 B2 B3 B4 BS B6 B7
2° 2’
\ /
LSB BUZR data MSB
Y1 Y2 Y4 Y8
BUZR PWM Buffer ™ Buffer transfer bit
ON /BUZR transfer {0 : BUZR output not varies even if changing BUZR data.

Selection between PWM data and BUZR data
E>"0" should be set before setting BUZR data.

Selection between 1/0 port-3 P3-3 and BUZR output
{0 : Select 1/0 port-3 (P3-3)
1 : Select BUZR output

The BUZR output combines the P3-3 I/O port. When BUZR output setting, the BUZR on bit is set to “1”,

then the P3-3 output switches to BUZR output.

The BUZR data setting will be done after setting both PWM/BUZR bit and buffer transfer bit to “0”. If

setting “1” to buffer transfer bit after BUZR data setting, the BUZR data will be transferred to the BUZR
data latch and the BUZR frequency will change.

The frequency of dividing 75 kHz into 2 x n (n: B0 to B7 value) is outputted to BUZR output and the B0

to B7 setting and frequency ranges are:

2=n<=<255

L k}éz -18.75kHz < fBUZR <

X

T5kHe
2x 255

=147Hz

If the BO to 7 setting is lower than 1, it will be the condition as described below.

B7 | B6 (B5| B4 | B3 |B2|B1]| B0 BUZR Output
0 0 0 0 0 0 0 0 |Fixed at “L” level
0 0 0 0 0 0 0 1 | Fixed at “H” level

These data settings are performed when OUT1 instruction designated [CN = 8H to BH] in the operand is
executed.

Note 62: The BUZR ON bit will be reset to “0” after system reset.
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2. BUZR Circuit Configuration

3.

75kHz—-l Programmable counter 4}

Data “1”

S

172

counter

R

‘g BUZR

ALL “0”

Shift

|t

[ BuzR data laten

1

|-—Buffer transfer

b

\[ BO~B3 H B4~B7 |J-—G;l°<]-PWM/Bu2R

Latch signal

~
BUZR data port

The BUZR circuit consists of: 8 bit programmable counter, 1/2 counter, BUZR latch and BUZR port.

BUZR Output Timing

BUZR output I I I | I ‘ I

LML L

Data port W///;ly/

770K

Transfer

Data latch / / M/ // %//

2

Transfer bit 2

*7

“1" se
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A/D Converter

The A/D converter is a 2-channel, 6 bit resolution and usable for measuring field strength and battery voltage.

1. A/D Converter Control Port and Data Port

Y1 Y2 Y4 Y8
¢L20 AD AD REF REF
SELO SEL1 SELO SEL1
< - yAw > I DC-REF select
SEL1 | SELO DC-REF VOLTAGE
0 0 |Supply from DC-REF terminal
(4] 1 |Vpp (Supply voltage)
1 0 ([VEgg (1.5V constant voltage)
1 1 |Inhibit
AD input select
SEL1 | SELO A/D INPUT
0 0 |ADINT
0 1 |ADIN2
1 0 |Vgg (1.5V constant voltage)
1 1 |Inhibit
Y1 Y2 Y4 Y8
DC-REF AD1 AD2
pLa STA ON ON ON
Selection between A/D input and |/O port
| I {0 : 1/0 port
1: A/D input
DC-REF input and 1/0 port
{0 : 1/0 port
1 : DC-REF
A /D converter start bit
It performs A/D conversion whenever setting “1*.
$K20 Y1 Y2 Y4 Y8 $K21 Y1 Y2 Y4 Y8
ADO AD1 AD2 AD3 AD4 ADS BUSY 1
| J l
LSB A/D conversion data MSB A/D operation monitor

{0 : A/D conversion finished

1 : During A/D conversion

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 signal or performes
control for backup mode when battery voltage or supply voltage drop. Following is the description as to this

method.
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1.5V constant 1.5V constant
voltage

Analog p—(A

comparator

D/A converter
DC-DC
Reference voltage Vpp(72
(DC-REF) converter

(when battery direct driving) (when battery boosting drive)

data comparator data

voltage
1.5V
AID Q: Analog AID

The VDD supply voltage application system has two methods:
e Method to drive directly from battery.

e Method to drive LSI by boosting low voltage battery using DC-DC converter.

In the case of direct-driving from battery, by setting the reference voltage of A/D converter to supply
voltage (VDD) and A/D converting the internal 1.5 V constant voltage, battery voltage is judged. If, for
example, A/D converting when VDD = 3 V, the A/D bit data will be about 20H (32) and about 30H (48) when
Vbp=2V.

In case of boosting battery of low voltage, the battery voltage level can be judged by inputting battery
voltage (battery voltage at this time must be £ 1.5 V) to A/DIN terminal and setting the internal 1.5 V
constant voltage (VEE) to reference voltage for A/D conversion. For example, the A/D data when battery
voltage = 1.5 V will be about 3FH (63) and about 2BH (43) when 1.0 V.

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 @ AD
Comparator IN1
P Sample SEL1 N o
+ hold v
DD
REF Amplifier (239 ADiN2
SELD N\
AID 44) DC-REF
A/D data [ ADO conversion 1 3/2R +
s REF v
port data latch S
ADS5 R SEL1
control
[ PRSI 1.5v
circuit L R constant 8@ VEE
f l Decoder : voltage
STA  BUSY R cirucit
R
1/2R
L
\_Y__J

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 63: The DC-REF terminal is built-in an amplifier and is high impedance input.

Note 64: 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/Output Port (/O port)

The I/O port consists of 56 ports (I/O port-1 to I/O port-14), which are usable as control signal input/output.
Within the 56 I/O ports, the I/0 port-1, I/O port-2, I/O port-3 and I/O port-7 to I/O port to I/O port-14 combines a
key return signal, A/D converter and PWM output, serial interface and buzzer output and LCD driver output,

respectively.

The I/0 port-7 to I/O port-14 are normally used as LCD driver output.

1. 1/0 Port Control and I/O Port Data

Y1 Y2 Y4 Y8
$L3E 101 J 102 | 104 ] 108
\. A
v
1/0 port control select
Y1 Y2 Y4 Y8
g3 | o] -1]-2]-3 N
0 1/0-1
1 I 110-2 N
N
\\
2 I 1/0-3 AN 170 control data
N
-\\ \\\ \\\\ 1
\\ AN N 170 port in/output setting
N
\\ o 1 2 3 {0 : 1/0 port input
(Yn (v2) (va (v8) . 1:1/0 port output
N
-0 -1t -2 -3 ™ 1/0 port No. b 1/0-14
E I don’t care
#KL30 17041 3\
E I don’t care 7
$KL31 110-2
$KL32 1/0-3
1
]
:In/output pin “L* level
: r 170 port data { 0 output pi eve
] . ey g
H 1 : In/output pin “"H” level
I
I
:
$KL3D 1/0-14
$K3E 1PN BT B B

Note 65: After system reset, the contents of I/O-1 to I/O-6 of the 1/O control data will be set to “0” (input port).

Note 66: The I/0-1, 1/0-2- - -1/0-14 correspond to the terminal names of P1-0 to 3, P-20 to 3- - -P14-0 to 3,

respectively.

Note 67: The S30 terminal will be the input port (IN2) when I/O port switching.
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The I/0 port in/output will be set by the contents of I/O control data port. If setting to an input port, the
bit of I/O control data port corresponding to the port should be set to “0” and “1” if output port.

The I/O control data port is divided by the I/O control select port (pL.3E). The I/O control data port should
be accessed by setting data corresponding to the port you wish to set to I/O control select port. Normally
whenever accessing to I/O control data port, the I/0 control select data will be +1 incremented. Therefore,
the I/0 control data will be set successively after “OH” is set to the I/O control select.

When output port setting, the output state of I/O port is controlled when OUT3 instruction corresponding
to each I/0 port is executed. The contents of data just outputted will be loaded into data memory when IN3
instruction is executed.

When input port setting, the input state of I/O port is controlled when IN3 instruction corresponding to
each I/0 port is executed. At this time the contents of latch on the output side will never affect the input
data.

The I/O port-7 to 14 combines the LCD driver output. In case of using even one terminal of LCD driver
for I/0 port, it is recommended to use after setting “1” to VL.,cD OFF bit and connecting VL,CD terminal to
VDD terminal. (refer to item of LCD driver)

1/0 port-1 to 3 combines A/D converter and BUZR output. After system reset, these ports will be set to
1/0 port. Furthermore, after system reset, I/O port will be set to input port and combination terminal of
LCD driver and I/O port will be set to LCD driver output.

In the I/0 port-1, when the input state of I/O port designated at input port is changed, execution of
WAIT/CKSTP instruction is cancelled and CPU operation is restarted. Likewise, when I/O bit of MUTE
port is “1”, MUTE bit of MUTE port will forcibly be set to “1” by changing of the input state.

Note 68: In the combined terminal of LCD driver and 1/O port, the 1/O port input/output and 1/O port data will be
“don’t care” when LCD driver setting.

Register Port

The G-register and data register mentioned in the description of CPU are used also as internal ports.

1. G Register ($L1F)

It is a register for addressing data memory row addresses (DR = 4H-FH) when MVGD/MVGS instruction
is executed. This register is accessed when OUT1 instruction designated [CN = FH] in the operand is
executed.

Note 69: The contents of this register is valid only when MVGD/MVGS instruction is executed and not valid
when other instructions are executed.

Y1 Y2 Ya Y8

gtiF Laof o1 ) #2 ] #3 #3 | #2 | #1 | #0 | DR
Specify the ’r,ow address 0 1 0 0 4H

of data memory 0 1 0 1 5H

0 1 1 0 | 6H

-
-
-~
-
-

Note 70: Also all the row addresses of data memory can indirectly be specified by setting data OH to FH to
G-register. (DR = 0H to FH)
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2. Data Register (¢K1C to ¢K1F)

It is a 16 bit register for loading program memory data when DAL instruction is executed.
The contents of this register is loaded into data memory in a unit of 4 bits when IN1 instruction

designated [CN = CH to FH] in the operand is executed.

This register can be used for loading LCD segment decoding operation, radio band egde data and

coefficient data at “binary to BCD” conversion, etc.

Y8 Y4 Y2 Y1 -— -—
d d d d d d d d d d d d d d
15 14 ) 13 | 12 11 10 9 8 7 5 4 3 1

#KIF $KIE $K1D $KIC

MSB Program Memory 16bit Data

Timer&CPU Stop Function

LSB

The timer has 100 Hz, 10 Hz and 2 Hz F/F bits. It is used for counting clock operation and tuning scan mode,

etc.

The CPU STOP function is a function to stop CPU by voltage detection circuit when VDD supply voltage drops

lower than 1.5 V, in order to prevent CPU miss-operation.

1. Timer Port and STOP F/F Bit

Reset port Timer port
[ ] | 1

Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8

$L26 2Hz . $K26 2Hz STOP
Timer 10Hz 100Hz
F/F F/F F/F
1 [] 3 ¥
I i : J

%—J

Wenever setting “1*, the 2Hz F/F, STOP F/F, 10Hz and 100Hz will be reset.

{lt is set to "1” if less than
Vpp = 1.5V

The timer port and STOP F/F bit are accessed when OUT2/IN2 instruction deisgnated [CN = 6H] in the

operand is executed.
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2. Timer Port Timing

The 2 Hz timer F/F is set by 2 Hz (500 ms) signal. It is reset by setting “1” to 2 Hz F/F of reset port. This

bit can normally be used for clock counting.
Since the 2 Hz timer F/F is reset only by 2 Hz F/F of reset port, count error will occur and correct time

can not be obtained unless resetting within 500 ms cycles.

2Hz timer F/F output

i
2Hz F/F reset execution H

1
2Hz clock _kl

t <500 ms

The 10 Hz and 100 Hz timers are outputted to 10 Hz and 100 Hz each by 50% duty pulse of 100 ms and
10 ms cycle. Wenever setting “1” to the timer bit of reset port, a counter lower than 1 kHz will be reset.

10Hz 50ms L l I
100ms

p— L1 |
10ms

3. CPU Stop Function and STOP F/F Bit

In order to prevent miss-function of CPU operation, the STOP F/F bit is set to “1” when VDD voltage
lower than 1.5 V is supplied, and the CPU operation stops. The CPU operation stops program counter at a
timing of which voltage lower than 1.5 V is supplied to VDD terminal, and the execution of instruction
stops.

If voltage more than 1.5 V is supplied to VDD terminal again, the CPU operation will restart. Since the
CPU operation, during this period, is not performed, the clock timing, etc. will be not correct. Whether such
condition occurred can be judged by the contents of STOP F/F. Initialization and clock correction should be

done as necessary.
The STOP F/F bit will be reset to “0” whenever setting “1” to the 2 Hz F/F of reset port.

3v
Vpp operation 1.5V -—------—
]
GND ---=~=~=-~ { ¥ SR

H 1

CPU | CPUstop H CcPU

ion | ;

2Hz F/F reset operation ' ! operation

execution ; .
1
! 1

|

STOP F/F m

Note 71: The contents of timer port and STOP F/F will be reset to “0” after system reset or CKSTP instruction is
executed.

Note 72: When clock stop mode setting, the CKSTP instruction will not be executed if Vpp voltage is below 1.5
V. Execute the CKSTP instruction when Vpp voltage is above 1.5V at the timing of radio off, etc.

Note 73: The key scan data just after CPU operation is restarted will be unknown.
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MUTE Output
It is a 1 bit CMOS type output port exclusive for muting control.

1. MUTE Port
Y1 Y2 Ya Y8
$L16 MUTE 170 POL UNLOCK Selection of phase difference output of phase comparator
{0 : phase difference not outputted
1 : phase difference outputted

Control of polarity of MUTE output
{0 : positive logic--- MUTE bit outputted as it is
1 : negative logic--- MUTE bit outputted inversely
Note 74: Also the phase difference output is controiled simultaneously.

Selection of control by means of 1/0 port input condition variation
0 : MUTE output does not change even if 1/0 port-1 input condition
changes.

1: MUTE bit is set to “1* by means of 1/0 port input state variation.

MUTE output setting
0 : The MUTE output becomes "L” level at positive logic and “H” level at
negative logic.
1 : The MUTE output becomes “H” level at positive logic and “L’ level at

negative logic.

This port is accessed when OUT1 operation designated [CN = 6H] in the operand is executed. The MUTE
output is used for muting control. This has a function to set MUTE bit to “1” at band switching by means of
1/0 port-1 input, etc.

This function is to prevent noises which occur at the time of linear circuit switching, in case of band
switching by I/O port-1 input with a slide switch, etc. This control is done by the contents of /0 bit.

The POL bit sets up the MUTE output logic.

The MUTE output is also capable of performing muting control by means of the phase difference output.
The unlock state (when PLL system is not in lock state) is outputted as pulse. In this case, with an external
low-pass filter this output is used for MUTE output. This selection can be done by UNLOCK bit.

2. MUTE Output Configuration and Timing

High Level
High Impedance

. . T S | [...
POL Bit “rv DO Output I l I I I ' :
[ [

- Low Level |
MUTE bit Phase Difference } ow Leve
‘ D—-@a} MUTE | L-I. L—' '——' |
S 1
UNLOCK Bit '
UNLOCK

Bit
170 Bit MUTE Bit 1

Phase Comparator
170 Port 1 Phase Difference

Input Change Signal

| SN N
[ S

1
m

M

1
MUTE Output I

i
— Phase Difference Input

Note 75: When POL bit = “0”

Note 76: When using the phase difference output of phase comparator, MUTE output should be externally
affixed with low-pass filter.
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Test Port

It is an internal port to test the function of a device.
It is accessed when OUT1 instruction designated [CN = CH] in the operand and OUT2 instruction designated
[CN = 6H] in the operand are executed. In normal program it should be set to “0”.

Y1 Y2 Ya Y8 Y1 Y2 Y4 Y8

gLicl #o | #1 ] #2 | #3 $L26 #4 | #s
= A g —

Test port Test port

Note 77: These contents will be reset to “0” after system reset.

Application for Evaluator Chip

If “H” level is supplied to TEST terminal (test mode), the device will operate as evaluator chip.

Three kinds of the test modes are prepared. The software development tool is configured by means of three
devices.

By connecting this software development tool to a tuner IC, confirming the radio operation while proceeding
software development can be done.

As to the development tool specifications, please refer to the specifications of TC9317F software development
tool.
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Maximum Ratings (Ta = 25°C)

Characteristics Symbol Rating Unit
Supply voltage Vbp -0.3t04.0 \
Input voltage VIN -0.3toVpp +0.3 \%
Power dissipation Pp 400 mwW
Operating temperature Topr -10 to 60 °C
Storage temperature Tstg -55to 125 °C

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

Test

Characteristics Symbol Circuit

Test Condition Min Typ. Max Unit

Range of operating supply voltage Vpp — * 1.8 3.0 3.6 \%

Crystal ocillation stopped *
Range of memory retention voltage VHD — 1.0 — 3.6 \%
(CKSTP instruction executed)

Under ordinary operation and
Operating current IbD1 — | PLL on operation, no output — 0.5 1.5 mA
load

CPU only operating
IbD2 — — 50 100
(PLL off, display lit)

In stand-by mode
Memory retention current IpD3 — — 10 20 pA
(PLL off, crystal oscillator only)

Crystal oscillation stopped
IHD — — 0.1 1.0
(CKSTP instruction executed)

Crystal oscillation frequency fxT — * — 75 — kHz

Crystal oscillation startup time tsT — | Crystal oscillation fxT = 75 kHz — — 1.0 s

Note 78: For conditions marked by an asterisk (*), guaranteed when Vpp = 1.8 t0 3.6 V, Ta = 10 to 60°C.

Voltage Doubler Circuit

Characteristics Symbol CT;C?“ Test Condition Min Typ. Max Unit
Voltage doubler reference voltage VEE — | GND reference (VEE) 1.3 1.5 1.7 \%
Constant voltage temperature o
characteristics Dv — | GND reference (VEg) — -5 — [mvrc
Voltage doubler boosting voltage \o) — | GND reference (VLcD) 2.6 3.0 3.4 \
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Operating Frequency Ranges for Programmable Counter and if Counter

Characteristics Symbol C-Ii-s:sutit Test Condition Min Typ. Max Unit

EM f __ | Sine wave input when 05 . 25 MHz

N M ViN = 0.2 Vp-p ' '
AM f __ | Sine wave input when 05 . 12 MHz

IN AM ViN = 0.2 Vp-p :

Sine wave input when

IFiN fiF — |Vin=02Vpp 035 | — 12 MHz
Input amplitude ViN — | FMN, AMy, IF)N input 0.2 — Vg%‘ Vo-p
FM|N-PSC transmission delay time tpd — |PSC — — 400 ns

Note 78: For conditions marked by an asterisk (*), guaranteed when Vpp = 1.8 to 3.6 V, Ta = 10 to 60°C.

LCD Common Output/Segment Output, General-Purpose I/O Ports

(COM1/P7-0 to COM3/P7-2, S1/P7-3 to S30/IN2)

Characteristics Symbol C-Ii-recsutit Test Condition Min Typ. Max Unit
“H” level I — |V =3V,Voy=27V -300 | -600 —
Output current Sl LCD oH pA
“L” level loL1 — |Viep=3V,VoL=0.3V 300 600 —
Output voltage 1/2 level VBs — | Noload 1.3 15 1.7 \%
VIH=VLcD, VIL=0V
Input leak current I — — — +1.0 pA
(when 1/O port or IN port)
“H” level ViH2 — | (when I/O port or IN port) \X/Loc_g — | Viep
Input voltage \%
“L” level ViL2 — | (when 1/0 port or IN port) 0 — \X/LOC?

1/0 Port 1 (P1-0/KR12 to P1-3/KR15)

Characteristics Symbol CTirec‘:i[it Test Condition Min Typ. Max Unit
“H” level | — |Vou=27V -300 | -600 —
Output current OH2 oH A
“L” level loL2 — |VoL=03V 300 600 —
ViH=3.0V,ViL=0V
Input leak current 1Ll — — — +1.0 pA
(when 1/O port)
“H” level VIH2 — [ (when I/O port) 2.4 — 3.0
Input voltage \%
“L” level VL2 — | (when I/O port) 0 — 0.6
VoL=3.0V,Vog=0V
N-ch/P-ch load resistance RoN — 50 100 200 kQ
(when key return output)
HOLD Input Port
- Test " . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
Input leak current I — |Vg=3.0V,VL=0V — — +1.0 A
“H” level VIH3 — — 2.4 — 3.0
Input voltage \%
“L” level VL3 — — 0 — 1.2
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A/D Converter (A/D|n1, A/D|N2, DC-REF)

Characteristics Symbol C-Ii-s:sutit Test Condition Min Typ. Max Unit
Analog input voltage range VaD — | AD|N1, ADIN2 0 — Vbp \%
Analog reference voltage range VREF — |DC-REF, Vpp=2.0t0 3.6 V 1.0 — Vg% X \%
Resolution VRES — — — 6 — bit
Conversion total error — — |Vpp=20to3.6V — +1.0 +4.0 LSB
ViH=3.0V,V| =0V
Analog input leak I — — — +1.0 pA
(ADN1, ADN2, DC-REF)
Key Input Ports (KO0 to K3)
- Test . . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
Key input voltage range VK| — — 0 — Vpp \%
A/D conversion resolution VRES — — — 3 — bit
Vpp=1.8to2.0V — — +1.5
A/D conversion combined error — — LSB
Vpp=2.0t0 3.6V — — +0.5
N-ch/P-ch input resistance RIN1 — — 50 100 200 kQ
wyr When WAIT instruction
H” level ViH1 — | released 1.8 — 3.0
Output current : : V
“" level Vi1 | When WAIT instruction 0 o 03
released
When input resistance OFF,
Input leak current 1Ll — |v=30V,vy =0V — — +1.0 pA
DO1/0T, DO2 Output; MUTE, PSC Output
i Test . . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
“H” level | — |Vop=27V -300 | -600 —
Output current Sl oH pA
“L” level loL1 — |VoL=03V 300 600 —
VTLH=3.0V,VrL=0V
Output off leak current ITL — — — +100 nA
(D01, DO2)
General-Purpose 1/0 Ports (P2-0 to P6-3)
- Test - . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
“H” level | — |Von=27V -300 | -600 —
Output current oH oH A
“L” level loL1 — |VoL=03V 300 600 —
Input leak current Ll — |Vg=3.0V,VL=0V — — +1.0 pA
“H” level ViH2 — — 2.4 — 3.0
Input voltage \%
“L” level VL2 — — 0 — 0.6
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IN1/SCIN, RESET Input Port

Test

Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
ViH=3.0V,VL=0V
Input leak current L) — — — +1.0 LA
(excluding SCyy input)
“H” level ViH2 — — 2.4 — 3.0
Input voltage \
“L” level VL2 — — 0 — 0.6
Others
- Test - . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
Input pull-down resistance Rin2 — | (TEST) 15 30 60 kQ
XN amp feedback resistance RexT — | (XiN-XouT) — 20 — MQ
XouT output resistance Rout — [ XouT) — 4 — kQ
Input amp feedback resistance RfIN1 — | (FM|N, AM|N, IFIN/SCIN) 500 1000 | 2000 kQ
Zi/r%I:)age used to detect supply voltage VsTp — | (vpp) 1.35 15 16 v
Supply voltage drop detection _ o
temperature characteristics Ds — |(Vop) - 3 — |mVrC

67 2003-06-27



TOSHIBA

TC9317F

Package Dimensions

LQFP80-P-1212-0.50A

Weight: 0.45 g (typ.)

1.257TYP

14.010.2

12.010.2

14.0:0.2

13.010.2

Unit : mm
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TOSHIBA TC9317F

RESTRICTIONS ON PRODUCT USE

030619EBA

o The information contained herein is subject to change without notice.

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.

o 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..

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.

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

o TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced
and sold, under any law and regulations.
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