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DTS MICRO CONTROLLER CONTAINING LCD DRIVER.

The TC9302AF is.4 bit CHOS micro
controller for digital tuning system use
having built-in LCD driver.

CPU has 4 bit parallel addition and
subtraction (AI, SI instructioms, etc.),
logical operation (OR, AN instructions,
ete.), plural bit Judge and comparison
instruction (TM, SL instructions, etc.),
and timer function. :

The equipment tonsists of 60 pin,
mini-flat package, and has abundant I/0
port and exclusive key input port con-~
trolled by powerful input and output
instruction (IO, KEY instruction, etc.),
and serial bus control function' (SIO
instruction) to control forcibly ex-
ternal PLL LSI and peripheral ICs.
Further, it contains 4 bit A/D converter,
and is capable of measuring electric
field strength by inputting signal meter
ouput.

Also, it has abundant exclusive LGD
output terminal of 1/2 duty, 1/2 bias

driving, and exclusive terminal to output eight kinds of reference frequency 51gnal to

be supplied to PLL LSI
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Weight: 0.67g

« 4 bit micro controller for digital tuning system use.

e Built-in LCD driver (1/2 duty, 1/2 bias driving, driving frequency: 50 Hz)

* 5V +10%7 single power supply. CMOS structure and low power dissipation.

+ Back-up of data memory (RAM) and each port is easily made (by INH terminal).

e Program memory (ROM)
* Data memory (RAM

* Powetful insttruction
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* Powerful compound judge statement (TIMIR,

L EG A TS S i e A R R T A

: 16 bit X 1024 steps
: 4 bit X 128 words

set of 62 kinds (all one word instruction).

* 1Instruction executing time 44.4 us (7.2 MHz crystal connection).

—776—.

TMFR, TMT, TMF instructionms).

«  Abundant addition and subtraction instructions (addition instructions 12 kinds,
subtraction instructions 12 kinds).
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Indirect transfer of register is possible. (MVRD, MVRS, MVGD, MVGS instructions)

Data transfer in same low address is possible.

16 powerful general registers (arranged in RAM).
Stock level : 1 level

Program memory (ROM) has no conception of page, field, and JUMP and CAL instruc-
tion can be freely made among 1024 steps.

It is possible to freely refer to the content,16 bits,of optional address within
1024 steps in program memory (ROM), (DAL instruction).’

Contains powerful exclusive serial bus control function.
Powerful input and output instruction (IO, KEY, SIO instructions).

Exclusive input port (KO v K3) for key input use, and abundant 29 exclusive LCD
driving terminals.

Abundant 14 I1/0 port (port capable of setting input ot output in 1 bit
unit : 6, exclusive output port : 8).

Clock stop is possible by 1nstruct10n. (During CKSTP instruction : Supply
current, 1 YA or below). .

2 Hz timer F/F and 10 Hz interval pulse output are contained (Internal port for
time base use).

Built-in 4 bit A/D converter

Reference frequencies of eight kinds to be supplied to PLL LSI can be selected
depending upon program. (1 KHz, 5 Kz, 9 KHz, 10 KHz, 12.5 KHz, 60 KHz, 100KHz).

—-777—
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MAXIMUM RATINGS

ISERFIIRN

_ (Ta = 25°C)
CHARACTERISTIC SYMBOL RATING UNIT ’
Supply Voltage VDD -0.3 v 6.0 v
Input Voltage ' VIN -0.3 ~ Vpp+0.3 \'
Power Dissipation Pp 200 mW
Operating Temperature Topr -30 v 75 °C
Storage Temperature Tstg =55 v 125 °c

TERMINAL CONNECTION DIAGRAM
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BLOCK DIAGRAM
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ELECTRICAL CHARACTERISTICS {Except otherwise specified, Ta=25°C, Vpp=5V)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. |UNIT
Supply Voltage Range VoD ® 4,5 5.0 5.5 v
Memory Holding Voltage Range Vap g:z;zal Oscillation. , 2.0 v . 5,5 v
. | Normal Operation
Operating Supply Current Ipp | (Encluding output 1.0 3.0 | mA
- . current)
Vpp=5V
Igp1 | Crystal Oscillation - 0.07| 1.0 | pa
- | stops

Memory Holding Supply Current Vpp=2V

Iyps | Crystal Oscillation - - 0.5 | uA

stops

Crystal Oscillation Frequency fxy * - 7.2 - MHz
LCD Common Output (COM1, COM2)
High Level Output Current Ton1 | Vou=4.5V =200 | =500 - HA
Low Level Qutput Current Ion1 | Vor=0.5V 200 500 - HA
1/2 Bias Voltage Vs 2.40 |2.50 |2.60 v
LCD Segment Output (S1 v §27)
High Level Qutput Current Ton2 |Vou=4.5V =50 | -160 = |spA
Low Level Output Current Ion2 |Vor=0.5V 50 160 - HA
MUTE, TO ~ Té Port )
High Level Qutput Current IoH3 |[VoH=4.5V -0.7 | -1.7 - mA
Low Level Output Current Ior.3 |VorL=0.5V 0.5 1.2 - mA
REF Output, P2-1 4, P3-1 “-2 Port
High Level Output Current Ionus |Vou=4.0V -0.6 |-1.4 - mA
Low Level Output Current Ions |Vor=1.0V 0.6 1.4 - mA
S0, CK, STB Output )
High Level Output Current Iogs {Vog=4.0V ~1.0 |-2.0 - mA
Low Level Outéut Current Iors (Vor=1.0V 1.0 2.0 - mA
Key Input Port (KO v K3)
High Level Input Voltage V1inq 3.5 v 5.0
Low Level Input Voltage V19 0 n 1.5
Pulldown Resistance RIN1 50 100 150 | k@




VTOSHIBA1

ELECTRONIC e

L ¥

T-49-19-57

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX.
st, INH, INT, P2-1 ~ -4, P3-1 =2 Port
High Level Input Voltage(INH) | Viyp 4.3 4y 5.0 v
Low Level Input Voltage (INH) | Vi 0 ~ 2.7 Y
High Level Input Voltage(Others) Vigj 3.5 “ 5.0 v
Low Level Input Voltage(Others) V4 0 N 1.5 v
High Level Input Leak Current | Iyy [Vip=5.0V - - 1.0} uA
Low Level Input Leak Current | Iy, [Vyp=0V - - -1.0} uA
A/D Converter (DC - REF, A/D IN) '
DC-REF Built=-in Ladder A 30 50 80 K0
Resistance
DC-REF Input Voltage Range VREF 1.0 0 3.0 v
. VREF
Resolution VRES - /16 - v
Others
XT Input Feedback Resistance | Rg 250 500 1000 | kQ
Test Input Pulldown Resistance | Ryya 15 30 60 kQ
-30 v 75°C

Note: *Marked items are guaranteed within a range of Vpp = 4.5 v 5.5V, Ta
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FUNCTIONS OF EACH TERMINAL -

%ION symBoL| | ih VAL FUNCTION AND OPERATION
This is a common signal output terminal to LCD. . Indi-
cation of maximum 54 segments is possible with matrix
LCD made with 81V827. To this terminal are outputted three
22 | comt value levels of Vpp, 1/2Vpp, GND, at intervals of
Common
54 | coM2 Output 50 Hz.
4 (Note) During system reset and CKSTP instruction
execution, output is automatically fixed at
‘L' level.
This is a segment signal output terminal to LCD. Indi-
55 s1 cation of maximum 54 segments is possible with matrix
mode with COM1,COM2. Datais outputted to these terminals
¢ e by the execution of SEG instruction (COM1 system) and
60 S6 'LCD MARK instruction (COM2 system). .
s7 gﬁ%:izt Decoding of segment can be done by making that decode
pattern within ROM territory and executing it by using
° DAL instruction.
21 527 (Note) During system reset and CKST? instrugtion
execution, output is automatically fixed
at 'L' level.
This is a 4 bit input port for inputting key matrix.
24 KO Key By executing KEY instruction des%gnati?g this port at
> o I operand port, data of these terminals is read in RAM.
nput | )
27 K3 Port All terminals contain pull-down resistance.
Usually, output port of TOVI6 is used for key return
timing signal output.
28 T07 Key This is an output port of 4 bit (TO~T3) and 3 bit
> > Timing (T4vT6). Usually, it is used as key return timing
Output | signal output of key matrix. 0——**:}—
34 T6
Port
I/0 Port| This is a two bit I/O port. This port is capable of
P3-2 3 making input and output assignment for each bit, and
35 |/ A/D-{ A-D the assignment is made with the content of internal
IN /Analog | port called PORT-3 I/0 CONTROL.
Voltage This terminal combines analog input of built—in 4 bit
Input A/D Converter. Changeé-over to A/D Converter input is
P31 /Refer- aggg controlled by the content of PORT-3 I/0 CONTROL
36 DC. ;nce %he built-in A/D converter is of successive comparison
REF Voltage system by program, P3-1 being referencé voltage input,
Inqu and P3-2 analog comparison voltage input.
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PIN SYMBOI,TERMINAL FUNCTION AND OPERATION REMARKS
No. NAME
37 | po-s4 This is a 4 bit I/0 port. This port is capable of
> > 1/0 designating input and output of each bit, and the desig-
- 40 | p2-1 Port 2 | nation is performed with the content of internal port
called PORT-2 I/0 CONTROL. our 4
) Muting | This is a 1 bit output port. It is usually used as a
Signal | muting control 0l signal output.
|41 | MUTE Output | (Note) When INH input is changing as 'H' <+ 'L', the o—o<}-
Port output is automatically set at 'H' level.
Strobe Serial interface.
42 STB gﬁ%;ﬁt By executing SIO 1nstruct10n external PLL, LSI and
Serial peripheral optional ICs can be controlled powerfully.
43 CK S&OCR As for serial transfer system, two kinds of NCD/NCD .
' tput | mode can be selected by program, o—o<]
S§r1a1 &
44 so
Qutput
45 - Sgréal .
ata o—: E>o
Input
Refer— This is an output terminal of reference frequency sig-
ence nal supplied to PLL, LSI.
Fre- It is possible to select eight kinds of reference fre- )
46 REF quency signal, 1 KHz, 5 KHz, 9 KHz, 10 KHz, 12.5 KHz,
ggeZZ{ 25 KHz, 50 KHz, 100 KHz, depending upon the program. CL-——O<3-
Ou% ut (Note) When INH input is at 'L' level, output is auto-
pu et matlcally fixed at 'L' level.
This is a system reset signal input terminal of the
device. While INT is at 'L' level, reset is applied,
and when it becomes 'H' level, the program starts from
Initia—| zero address. When the voltage, OV + 4.5V, is supplied
47 | INT lizing | to Vpp terminal, system reset is applied (power on 0 E>°
Input reset), and so ‘this terminal usually is fixed at 'H'
. level when used,
(Note) After system reset, I/0 port is set at 1nput
mode, but the output port must be initialized by
program according to your use, as its output
condition is indefinite. -
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FUNCTION AND OPERATION

REMARKS

48 | INH

Inhibit
Input

This is a pulsing signal input port of radio mode.

It judges as radio on mode at 'H' level input and radio
off mode at 'L' level input.

When this terminal is at 'L' level, REF output 1s auto-
matically fixed at 'L' level.

Further, if CKSTP instruction is used in the program
and this CKSTP instruction is executed while INH is at
'L' level, the internal clock generator and CPU stop
their operations, and memory back up condition can be
realized at low current consumption (less than 1 pA).
At this time, all output terminals (indicated output,
output port, etc.) are fixed to 'L' level, automati-
cally,
(Note) CKSTP instruction is effective when INH is at
'L' level, and makes the same operation as NOOP
instruction if executed when INH is at 'H'level.

49 TEST

Test

Mode
Control

Input

This is an input terminal for-a test mode control.

It is brought to test mode with 'H' level input and
normal operation with 'L' level or NC condition., It
contains pull down resistance, and usually fixed at NC
or 'L' level when used.

In the test mode, the device operates as evaluator
chip, and program evaluation at EPROM base is possible
when combined with external simulation board.

Rrnz

50 XT
51 XT

Crystal
Oscilla-
tion
Terminal

This is a connectlng terminal of crystal oscxllator.
7.2 MHz crystal is connected.

Oscillation is automatically stoppes during the execu~
tion of CKSTP instruction.

52 GND

Ground
Terminal

This is a device ground terminal.

23 |
53 DD

Power

Supply
Terminal

This is a power supply terminal of the device.

Voltage of 5V #107 is impressed in the normal operation.
Under back up condition (during the execution of CKSTP
instruction), voltage can be lowered down to 2V,

When voltage, OV > 4,5V, is supplied to this terminal,

‘system reset is applied to the dévice, and the program

starts from zero address. (power on reset).
(Note) Carry out power on reset from the condition
of INH='L' level.

(Note) As the content of each port (output port, inter-
nal port, etc.) is indefinite at the time of
+ closing of supply power, initialization by pro-
gram must be made, according to your use.

TOSHIB
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(Supplement)

LRTTE TR AT AT - AW

o__.Do_ CMOS input

Built-in pulldown resistance
~ CMOS input

0—04_ CMOS output

O__M__ Clocked 'gate type

CMOS output
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EXPLANATION OF OPERATION

o CPU

CPU is composed of program counter, stack register, ALU, program memory, data
memory, G-register, data register, carry F/F and judging circuit.

1.

Program Counter (PC)

Program counter is a device to address program memory (ROM), and is
composed of 10 bits binary up counter, This is cleared by system reset, and

the program starts from zero address.

Usually, increment is made one by one everytime the ome instruction is
executed, but when JUMP instruction, or CAL instruction is executed, the address

designated at operand port of that instruction is loaded.

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

skipped. .
MSB - LSB

PC PCg. PCg |PC7 {PCq [PCs5 |PCy |PC3 PCy PC1 PCp

10 bit

Stack Register (STACK)

This is a register composed of 1 X 10 bits.
During the execution of sub-routine call instruction, the value obtained by
adding +1 to the content of program counter, namely return address, is housed.
The content of stack register is loaded on the program counter by the execu-—

tion of return instruction (RN, RNS instructions).

This stack level is 1 level, and nesting is 1 level.

ALU

ALU has binary 4 bit parallel addition and subtraction, logical operationm,
comparison and plural bit judge functions. This CPU has no accumulator, and
all operations directly treat the content of data memory.
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Prograﬁ Memory (ROM)

Program memory is composed of 16 bit % 1024 steps, of O00H ~ 3FFH address.
Program memory has no concept of page or field, and JUMP instruction and CAL
instruction can be freely used among 1024 steps.

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

DAL instruction.

(Note) Provide the data area in the program memory at the address outside the
program loop.
3FFH 000H

ROM 16 bits x 1024 steps

1024 steps

- Data Memory (RAM)

Data memory is composed of 4 bit X 128 words and used for storing data.
This 128 words are expressed with row address (3 bit) and column address (4
bit). 64 words (row address = 4H v 7H address) among the data memory are
indirect addressing by G-register. For this reason, when carrying out data
processing within this territory, it is necessary to designate row address by
G-register beforehand.

00H v OFH address in the data memory is called general register, and can
be used only by designating column address (4 bit). These 16 general registers
can be used for operation and transfer between data memories. Further, it can
also be used as ordinary data memory.

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

(Note) It is also possible to indirectly de51gnate all (OH ~ 7H address)
'row address by G—reglster.

J«
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COLUMN ADDRESS :DC

0 1 2 3 45 6 789 ABCDUBHETF

-
=) o GENERAL
8 /A REGISTER
al | (ONE OF 00H~0QFH
% I N ADDRESS)
al |
A
cI
Bl I R
(]
[ |

I3

I

1]

.

4

INDIRECTLY DESIGNATE
HOW ADDRESS (4H~7H) 5
BY G-REGISTER
;IN DIRECT DESIGNATION )]::)

OF ROW ADDRESS (OH~ 7H)
IN ALSO POSSIBLE

RAM(4BIT X 128 WORDS)

6. G-register (G-REG.)

G-register is a 3 bit register for addressing 64 word row address (DR=
4H ~ 7H address) of data memory. Content of this register is effective when
executing MVGD instruction, MVGS instruction, and is not related with the
execution of other instructions.

This register is treated as one of the port, and its content is set by the
execution of IO instruction among 1nput and output instructions.

(refer to register port item 1)

7. Data Register (DATA REG) ’ . .

This is a register composed of 1 X 16 bits., 1In this register, 16 bit data
of optional address among the program memory is loaded during executing of’
DAL instruction. This register is treated as one of the port, and when key
instruction among input and output instructions is executed, its content is
read in the data memory in 4 bit unit.

(refer to register port item 2)
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10.

Carry F/F (C.F/F)

This is set when carry or borrow is produced as a result of executing
operational instruction, and is reset when it is not produced. Content of
carry F/F changes only when addition and subtraction instruction is executed,
and does not change during the execution c¢f other instructions.

Judge Circuit (J)

When skip function instruction is executed, this circuit judges its skip
condition. When skip condition is satisfied, this circuit makes increment of
two program counters, and skips the succeeding instruction.

It is provided with 29 kings of instructions having abundant .skip func-

tion. (Refer to Item, 11, list of explanations of instruction function and
operations, * marked instruction).

Instruction Set List

62 kinds of instruction set are included, all of which consisting of one

word instruction. These instructions are expressed with 6 bit instruction code.

Higher .| oo ~ 01 10 11

Lo N [ z ;

4 bits
0000 | O |AT M,I |[AD r,M | LD. r,M SLTI M,T .
0001 { 1 [&1s M,1 |ADS r,M | ST .M,¥ SGEL M,I .
0010 | 2 |AIN M,1 |ADN r,M | MVRD r,M SEQIL M,L
0011 | 3 |sT M,I |SU r,M | MVRS M,r SNEI M,I
0100 4 SIS M,I SUS r,M. MVSR M{,My SLT r,M
0101 | 5 |SIN M,I |SUN r,M | MVIM M,T SGE r,M
0110 | 6 |[CAL ADDR1 | ORR r,M | MVGD r,M SEQ r,M
o111 | 7 — ANDR r,M | MVGS M,r SNE r,M
1000 | 8 |AIC M,I |AC «r,M | PLL M,C TMTR ,M
1001 | 9 [aics M, [acs r,M | sEG M,C TMFR r,M
1010 | A |aten M, Aoy r,M | aMRe M,C TMT M,N
1011 | B [s1B M,I [SB M | IO M,C ™F M,N
1106 | ¢ [siBS M,I |SBS r,M | KEY M,C DAL ADDRy,t
1101 | p [siBNM,T |SBN r,M | SI0O M,C WAIT
1110 E JUMP ADDR1 | ORIM M,I RN CKSTP
1111 F —_— ANIM M,I RNS NOOP

s AUDIO DIGITAL 1C:3::

1LY L e prergner e o
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CONNECTION OF CRYSTAL OSCILLATOR

Connect 7.2 MHz crystal oscillator with the crystal oscillator terminals(Xp,
XT terminal) of the device as shown below. . This oscillation signal is supplied
to clock generator and reference frequency divider, and produces each timing sig-
nal of CPU and reference frequency signal.

i Adjust the crystal oscillation frequency while monitoring reference frequency
output terminal or LCD segment output terminal.

(XT)(ET)
4849 50 51 52 53

X' tal= 72 MHz

DX 'tal
Cp,=10~ 50pF(30pF TYP,)

cLl ch

(Note) Use crystal oscillator of low CI value and satisfactory starting
characteristics.

SYSTEM RESET

System reset is applied to the device when 'L' level is given to INT terminal,
or when the voltage, OV + 4,5V, is supplied to VDD terminal (power on reset).
After the lapse of 10 mS stand—by time succeeding to the system reset, program starts
from zero address.

As power on reset function if imployed usually, INT terminal is fixed at 'H'
level.

(Note 1) During the system reset time and the succeeding stand-by time, LCD common
output and segment output are fixed at 'L' level.

(Note 2) After the system reset, 1/0 port 2 and 3 are both set at input mode, but
initialization of output port and internal port (G-register, etc.) is
) not carried out. Especially, at the initial power on stage, content
of these ports is indefinite, and therefore it is necessary to make
initialization with program according to your use.

(Note 3) Carry out power on reset after establishing INH = 'L' level condition.

BACK UP MODE

If CKSTP instruction is executed when INH terminal is at 'L' level, clock
generator and CPU internal of the device stop operation completely, and memory back up
state can be realized at low consumption current (1 pA MAX at Vpp = 5V).

At this time, LCD indicating output terminals and output ports are all fixed at LY
level automatically, and therefore processing of output terminal by program is
not required.

TOSHIBA ...........
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With this back up mode, supply voltage can be lowered down to 2v.
In the back up mode, program stops at the execution address of CKSTP instruction,
back up mode is released at INH = 'H' level, and the next address is executed

after the lapse of stand-by time of 10 mS.

(Note 1) In the back-up mode, the condition of output terminals is all fixed at
'L' level, but the content of output port is held in the data just before

back up mode.

(Note 2) When CKSTP instruction is executed when INH is at 'H' level, the same ope-
ration as NOOP instruction is made : (Back up mode is not entered).

EXAMPLE OF BACKUP CIRCUIT

(INT)( INH) (GND) (Vpp) (INT) (INH)* (@ND) (Vpp)
47 48 49 50 61 62 53 54 47 48 49 50 651 R 55 54
A‘A‘A'
100kQ)
Py K'—‘
§__ § + I l'xc_l_ :g +
T £F- - i Sz
[ * - [0
= ] B
,.l Y . T it ¥
4 o
r J; nr
+B VoD +B Vop
BACKUP BY BATTERY BACKUP BY CAPACITOR

+B shall be connected to a fast fall power supply when the power switch

of a set turned off.
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1/0 MAP

All ports in the device are expressed by six imput and output instructions
(PLL instruction, SEG instruction, MARK instruction, IO instruction, KEY
instruction, SIO instruction) and 4 bit matrix of code No. C. Assignment of these
ports is indicated previously as I/0 map. In the 1/0 map, port names treated in
the execution of each input and output instruction are assigned horizontally, while
code Nos. of port are assigned vertically. G-register and data register are also

treated as port.

Basically, the data is treated at each port as 4 bit unit, and code No.(C)=
OH v 7H are assigned to input ports, while code No.(C)= 8H ~ FH are assigned to
output ports.

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

(Note 2) Among the output ports on I/0 map, * marked port is unused port. The
data outputted here becomes "don't care'.

(Note 3) Regarding the content of port expressed in 4 bit, Y1 corresponds to the
) lowest ranking bit of the data of data memory, and Y8 to the highest
ranking bit. Data of each port is all treated with positive logic.

(Note 4) Each port assigned by six input and output instructions and code No. C
is coded as follows:

H{K/LImn

Operand port CN of input and output instruction
(Lower 3 bit value of code No. of port : 0 v 7)

Input and output instructions of 6 kinds are described in 1 v 6.

Input and Output| o7 | ope |MARK | 10 |KEY | SIO
Instruction

m - 1 2 3 4 5 6

Expresses input/output port (K : input port, L : output port)
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REFERENCE FREQUENCY DIVIDER

This unit divides oscillating frequency of external 7.2 MHz crystal, and
produces eight kinds of PLL reference frequency signal, t KHz, 5 KHz, 9 KHz, 10 KHz,
12.5 KHz, 25 KHz, 50 KHz, 100 KHz. Such selection is carried out with the data of
RET select port. .

The selected signal is supplled to PLL LSI from REF output terminal. The
reference frequency divider is reset with INH = 'L,' level input, and REF output
is fixed at 'L' level.

1. REF Select Port ($KL15)

This is an internal port to select eight kinds of reference frequency
signal. Normally, this port is accessed by PLL output instruction designated
[Cy = 5] at the operand part.(¢L15) By the execution of PLL input instruction
designating [Cy = 5] at the operand part, the content of the data presently
outputted is read into the data memory. (¢K15)

YI Y2 Y% Y8 Code Table
dL15 #2 1 #1 | #9 Reference Frequency
#0 1 #1 | #2 | *

R p— 0 [,0 0 0 1 KHz
Reference Don't care oo |1 1 50 KHz
frequency . .
select code 0]1]0}2 5 KHz

0 1 1 3 100 KHz
1 0 0 4 9. KHz
1 0 1 5 10 KHz
1 1 0 6 12.5 KHz
1 1 1 7 25 KHz

LCD DRIVER

The TC9302AF contains LCD driver of 1/2 duty, and 1/2 bias driving(frame frequency

= 50 Hz)

Two common outputs (COM1, COM2) output three potentials of voltage, Vpn,1/2 Vpp,GND
level respectively, at 1/4 phase difference. 54 segments can be lighted by the
combination of this common output and 27 segment output (S1 ~v 827). That is to
say, both COM1 system segment and COM2 system segment can be lighted by one
segment output, what is called dynamic display method.

LCD driver does not contain segment decoder, so 54 segments can be freely
used by program for 7 segment indication or mark segment indication.

COM1 system segment output is controlled by execution of SEG instruction and
COM2 system segment output is by execution MARK instruction.

et i e A
T S B A s T S S S
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1.

SEGMENT OUTFUT

Timing Chart of LCD Driver

Below are shown the timing of COM1, COM2 output wave form and four kinds
of segment output wave form.

20ms l

! LOD BEGMENT
i
——
1 .
| : coM1  coMR
SYSTEM GYSTEM

@ND

., @
-

] L

(Note) During system reset and back up mode (CKSTP instruction executing time)
common output and segment output are all fixed at 'L' level, auto—
matically.

N
=
N

N
S EI
\E
N II

COM1 System Segment Port ($120 v $126)

Thls is a port group to output 27 segment data of COM1 system. It is

accessed by SEG output instruction.

Segment data is treated with 4 bit unit,

and COM1 system

segment turns "ON" when data 'l' is outputted whlle CoM1

system segment turns "OFF" when data '0' is outputted.

Y1 Y2Y4 Y8

$L20 $L21 $L22 $L23

Y1Y2 Y4 Y8
s|s[s|s||s|sis|s||s|s|s{s||s|s|s|s||s|s|s|s||s|{s{sis||s|s|s|«
112)31ai{l5]6]7]8{]9lt0]11]12]]13}14|15|16] {17}18]19|20]| |2 1]22123]24] |25)26{27

don't

$L24 $L25 $L26

care
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COM2 System Segment Port ($L30 " ¢L36)

This is a port group to output 27 segment data of COM2 system. It is
accessed by MARK output instruction. Segment data is treated with 4 bit umit,
and COM2 system segment turns "ON" when data '1' is outputted, while COM2
segment turns "OFF" when data '0' is outputted.

Y1 Y2 ¥4 Y8 - - - Y1Y2Y4Y8

s|islis|s|{sis|sis|{s{si{s{s|{Ss|S|SIs||S|S|S|S||S|S|S|S{|S]|S]S %
1l2)3lalls|e|7]8|]9]10lt1|12|{13|14]1s}16] [17]18]io]20]|21|22|23]24 ||25|26|27

L
$L30 9L31 9132 OL33. . ¢L34 9135 DET

(Note) Names of each port of COM! system and COM2 system correspond to the
names of segment output terminals, respectively.

(Note) Decoding of ‘segment can be made by providing the segment decode
pattern in the program memory and reading it into the data memory
by using DAL instruction. Hence, LCD driver does not contain
segment decoder. As DAL instruction refers to the data in the
program memory with 16 bit unit, assignment of segment port
appropriated to the 7 segment indication is continuously performed
with 8 bit unit (7 segment + 1. mark) for example port S1VS4, port S5 VS8
both in COM! system and COM2 system in common.

I/0 PORT 2, I/0 PORT 3

1/0 Port 2, 1/0 Port 3

I/0 port 2 is 4 bit and I/0 port 3 is 2 bit port, both of which
are capable of making input and output setting with 1 bit
unit. 1In the case of I/0 port 2, input and output setting are made by the
content of port-2 I/0 control internal port, while in the case of I/0 port 3,
it is made by the content of port-3 I/0 control internal port. Setting to
input port can be made by setting '0' to the bit of corresponding I/0 control
port while setting to output port can be made by setting '1' to the same.

I/O port 3 combines analog input of 4 b1t A/D converter.

At the time of 1nput port setting, the data 1nputted to I/0 port at
present is read into the data memory by the execution of I0 input instruction
designating [CN 1 or 2 ] at the operand part. (pK41 or ¢K42). At this time,
content of output side latch (¢L41, ¢L42) gives not effect to the input data.

(Note) Data of output side latch P3-3, P3-4 is inputted from input port
P3-3, P3-4, respectively.

. During the output port setting, output condition of I/O port is
controlled by the execution of IO output instruction assigning [CN =1 or 2]
at operand part. (¢L41 or ¢L42).
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_ Further, by the execution of I0 input instruction, the content of currently

outputted data is read into the.data memory (¢K41, ¢K42).

(Note) Data of P3-3, P3-4 of output side latch becomes effective only during
the operatlon of A/D converter, -

(Note) IO control port is accessed by KEY output instruction de51gnat1ng
[CN = 1 or 2] at the operand part. After system reset, the content of
this port is all reset to '0', and I/O port is all set at input mode.
(Note) During back up mode, the output condition of I/0 port set at output

mode is all fixed at 'L' level automatically, but the preceding data
is held in the content of each output latch just before the back-up

mode.
Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8
LA IO N N WLt [y [ p2-2 | p2-3| p2-4
1/o | 1/0 {"1/0 | T/0
~ . A w3
I/0 port 2 Input and output of I/0
i - port 2 islset
Y1t Y2 Y4 Y8 Y1 Y2 Y4 Y8
SKL42 $L52
_ _ _ _ p3-1|p3-2[am |
P3-1{ P3-2| P3-3| P3-4 1/0 | 1/0 | on
— < n — [u—
I/0 port 3 Input and out- don't care
put of I/0 port
3 is set
1

« A/D ON bit

This bit controls enable/disenable of built-in 4 bit A/D converter
operation and the transfer to A/D converter input of I/0 port three
terminals,

) 1/0 port 3 terminal combines analog input of built-in 4 bit A/D
converter. When '0' is set at A/D ON bit, I/0 port 3 becomes ordinary *
input and output port and when '1' is set, A/D converter operates and
I/0 port 3 termlnal is connected to A/D converter input (See A/D converter
1tem) T -.

Rey Timing Output Port (TO v T6)
TO & T6 is exclusive output port of 7 bit, CMOS type. Normally, it is

used as an output of key return timing signal of key matrix. It is accessed
by IO output instruction designating [CN = 6 or 7 lat operand part.

(pL46 or QL&T).

Further, by the execution of I0 input instruction de51gnat1ng

6 or 7] to operand part, content of the presently outputted data is

read into the memory.

(¢K46, ¢KA4T).

=AUDIO DIGITAL IC:=::
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(Note) During the back up mode, TO v T6 output is automatically fixed at 'L‘'
level, but the content of port remains to be former data.

Y1 Y2 Y4 Y8 Yi Y2 Y4 Y8
¢ra6 10t Jr2 [23]  gra7 [m4 |os [oe [+ |

1
don't care

3. MUTE Port (dKL4O)

This is 1 bit CMOS type exclusive output port for muting control use.
Normally, it is accessed by 10 output instruction de51gnat1ng Cy =0 at
operand part. (¢L40) Further, by the execution of IO input instruction
designating [C = 0]l at operand part, content of presently outputted data is
read into data memory. (¢K40). .

(Note) When INH input has changed to 'H'<> 'L' level, content of MUTE port
is automatléally set at '1'. In this case, '0' data setting by
program cannot be applled to the content of MUTE port until the
changed INH input data is read into INH input latch by program
(INH STB bit set of ¢$L45). Especially at power on time, be sure to -
make access of MUTE port after setting '1' at INH STB b1t by program.

(Note) During the back up mode, MUTE output is automatically fixed at 'L'
level, but content of port is set at '1' by the change of INH input.

Yi Y2 Y4 Y8
¢r40 |mute| * | «| * |

don't care

REGISTER PORT

G-register and data reglster stated in the explanatlon of CPU are also treated
as one of internal ports.

. 1. G-register (¢L4&4)

This is a register to make addressing of low address (D, = 4H " 7H) of
data memory durlng the execution of MVGD instruction and MVGS instruction.
This register is accessed by IO output instruction designating [ Cy = 4] at the
operand part.

(Note) Content of this register is effective only during the execution of
MVGD instruction and MVGS instruction, and gives no effect during the
execution of other imstructions. :

e e e
TR RR AR R
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Yi Y2 Y4 Y8 #2( #1| #0| Dy
¢L44|#o|#1|#2|7| 1{ 0] ofan
——————t—tem—— T
Low address don't care ! 0 1| o
of data memory 1 1] 0 6H
is designated 1 1 1 1 7x

(Note) It is possible to indirectly designate
all low addresses of data memory by
setting data OH v 7H on G-register.

2. Data Register ($K54 "~ ¢K57)

This is a 16 bit register on which the data of program memory is loaded
during the execution of DAL instruction. Content of this register is read
into the data memory in 4 bit unit by the execution of key input instruction

" designating [Cy = 4 ~ 7] at the operand part.

This register can be used for the decoding of LCD segment, or for the

taking of band edge data of radio and of coefficient data during binary to
BCD conversion. < -

Y8 Y4 Y2 Y1

did|d]d djd|d|ld Jd|dfd]d d|ld|dl d
15}14] 13112 111019 8] [7]6]5] 4 312]1{0

(9K57 dK56 K55 , OKS4

MSB Program memory 16 bit data LSB

KEY INPUT

Exclusive 4 bit key input terminal for key matrix inputting is pro@ided.
Four terminals contain pulldown resistance.

1. Kéy inpuf Port (&KSZ) Lo

In this exclusive key input port of 4 bit, the data of key input terminal
is read into the data memory by the execution of key input instruction
designating [Cy = 217at operand part.

Y1 Y2 Y4 y8 Y1 Y2 Y4 v8
952 ol w1 ] x2 [ x3 TBKAS K0 %E;
——

Key status bit

N .
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2.- Key Status Bit (¢K45) -- -

Key status bit (KO KEY ON) is provided for the purpose of knowing the
outline of the present key input status. Content of these bits is read into
data memory by the execution of IO input instruction deslgnatlng [C = 5] at
operant part.

¢ KO bit :
Status of KO input terminal is outputted. (Same data as KO bit of key
input port).

* KEY ON bit _
*  Logical OR of four input data of KO " K3 terminals is outputted.
This can be used for judging existence of key input.

INTERNAL CONTROL PORT

Internal control port is used for reading into data memory the inside condi-
tion of device which must be known in the execution of program, or for resetting
the inside condition of device.

Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8
oK4h T oK45 [ 2Hz
) INE [0 [0 [0 o /o 10Hz
—————

Timer Interval pulse
F/F  output -

Y1 Y2 Y4 Y8

9LA4S 2HzF/F|CLOCK | KEY | INH

RESET | RESET [RESET| STB

1. 1INH Input Port (¢K44) .

This is an 1nput port having latch mode for 1nputt1ng the data of INH .
input terminal, Content of this port is read into the data memory by executing
I0 input instruction in which [CN 4] is designated at operand part. Data
'1' and '0' represent radio"ON"mode and radio"OFF"mode, respectively.

ThlS input port has 1nput latch and by the execution of IO output
instruction designating [C = 5] at operand part, the status of INH terminal
is taken into the port every time data '1' is set in INH STB bit.

. - B
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IN INH

INH

2.

e o 4 et g
eIt o -y et -1

INH TERMINAL

D D
2Hz TIMER F/F OUTPUT - B
i - SET RESETI ( ' |
(SETTING “1” AT +<500m3
2Hz E/F RESET BIT. .
2Hz GLOCK D P : P

STB BIT

(SETTING DADA “1") ——.@ i : !

INPUT PORT

1
—_——

2 Hz Timer F/F (¢K45)

2 Hz timer F/F is reset by 2 Hz (500 mS) signal. By the execution of IO output
instruction designating [Cy = 5] at operand part, this timer is reset by set-—
ting data '1' at 2 Hz F/F RESET bit. This FF output is read into the data
memory by the execution of IO input instruction designating [Cy = 5] at operand
part.

As timer F/F is automatlcally set every 500mS, it is usually used for
counting of watch. -

Since timer F/F is reset only with 2 Hz F/F RESET bit, count error takes
place unless data '1' is set.at 2 Hz F/F RESET bit within 500 mS cycle, and
correct times is not obtainable.

(Note) Condition of timer F/F output becomes uncertain at power on time
or after the execution of CKSTP instruction.

- I 500m8 I

10 Hz Interval Pulse (¢K45)

10 Hz interval pulse is outputted to 10 Hz bit with 100 mS period duty
507 pulée. This is read into the data memory by the execution of I0 input
instruction designating [Cy = 5] at operand part. This output has no flip
flop and can be used for countlng muting time. . -

»
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10Hz INTERVAL PULSE OUTPUT |

S50me

100ms

4. Other Control Bit (¢L45) : -

« Clock reset bit

Fach time data '1' is set in this bit, clock of below 50 Hz is reset.
(10 Hz interval pulse is also reset). This bit is used for adjusting time of
clock. Accuracy of clock at this time is i8.002 second.

¢ 4

« KEY RESET bit

When data '1' is set in this bit, KEY ON signal to break WAIT mode is reset.
This is effective when executing WAIT instruction immediately after key
inputting. Beside the above, it is necessary to set data '1' at INH STB
bit.and 2 Hz F/F reset bit before executing WAIT instruction. This is for
resetting each condition to break WALT mode.

The above bit is also accessed by IO output imstruction in which [cy = 5]
is designated at operand part. - ’

5. T Port (¢L57)
This is an internal port for testing function of device. It is accessed

by KEY output instruction designating [Cy = 71 at operand part.

Never fail to set data '0' in ordinary program.

A/D CONVERTER® .

The TC9302AF has built-in 4 bit A/D converter of successive comparison system
by program. As analog input terminal I/0 port 3 (P2-1, P3-2) terminal is used.
Transfer control of these terminals can be made with program.

This A/D converter can be used for measuring electric field intensity or
judging stop level during auto tuning by inputting signal meter output.
Further, A/D IN (P3-2) terminal can also be used as one bit input port which can
freély set threshold level with program.

Operation of A/D converter and analog input transfer control of I/0 port 3
¥ are carried out with A/D ON bit of PORT-3 I/0 CONIR internal port.
(Refer to Input output port Item ). - ’

i et st pagse e s e L3 14 e L 4O e ST L BT L g T A ST O T e T e ARSI S T S 1 BT re et e seisgyis
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When data '1' is set at A/D ON bit, P3-1 is transferred to reference
voltage input and P3-2 is transferred to analog voltage input, and A/D converter
operates. At this time, 4 bit data of output side latch (PL42) of I/0 port 3
becomes bit control data of A/D converter. Bit control data of present A/C
converter can be read from input port ($K&42) I/0 port 3.

Y1 1 ¥4 Y8 Y1 Y2 Y& 18
2 L5R i
K14 (P3-1)[(P3-2)|(P3-3)|(P3-4) ¢ A/D
#0 #1 #2 #3 o N
-~ T 4
BIT CONTROL DATA A/D CONTROL A/D
CONVERTER CONVERTER
N
1SB uSB Y1 Y2 Y& Y8
DC -REF #Ke3 | ap
(P3-1) O]  SWITCHING CIRCUIT : our | © 0 0
VREp=1~3V
_ . ep—
’ < ) L - COMPARATER
$ %R S2R $2R 3SR COMPARISON VOLTAGE OUTPUT
) ! AAA A AN {'\ J
2R R R ? COMPARATER
R=50K), TYP
A/D-IN O~ ¢
(®3-3)

ANALOG VOLTAGE

Construction of A/D converter

Construction of A/D converter is indicated above.” A/D tonverter produces
16 kinds of comparison voltage obtained by dividing reference voltage (VRgr)
from bit control data value of 4 bit by means of R-2R type resistance ladder
network system. This comparison voltage and analog voltage are inputted to
comparator and compared. Result of comparison is outputted to A/D OUT port :
($K43). The data of this port is read into the data memory by the execution of :
I0 input instruction designating [Cy = 3] at operand part.

The following data is outputted to A/D OUT port:

. Data '1' ... When analog voltage > comparison voltage

Data '0' ... When analog voltage < comparisbn voltage

" Value of comparison voltage is calculated by the following formula.

Comparison voltage = VREF * —%%— (Note) N value is bit control
: data value (Decimal number)
152N21
T R S S R S S s s AU DIO. DIGITAL 1C:::
' —811—
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(Note) During A/D converter operating time (when setting data '{" at A/D ON bit),
P3-1, P3-2 I/0 control bits of PORT-3 I/0 control port are automatically
reset at '0'. o : : .

(Note) After system resetting, A/D ON bit is reset at '0'.

SERIAL INTERFACE

This is exclusive serial 1/0 for strongly controlling external PLL LSI and
peripheral option IC group: Serial I/0 terminals are four terminals of §0, SI, CK,
STB. Data transfer is conducted by connecting these terminals and external devices
with four serial bus lines. Extension of function can easily be made by freely
connecting peripheral optional ICs on this bus line, depending upon the system.
External devices comprises abundant items including PLL LSI, I/0 port extending IC,
and static indicating driver. :

Serial transfer is conducted by the execution of SIO instruction, and transfer
of all data is completed during the execution time of this instruction (88.8 uS).
In this way, port having each external device can simply be treated like the
port treated by the execution of other input and output instructions. Further, two
kinds of serial transfer format can be selected by program.

;——
SERIAL BUS LINE (S0/81/CK/STB) ,
SERIAL INTERFACE [(‘, 7 — ~—— e >
4

<> J 4 ) hd Fom————— =
DTS GONTROLLER - P > E p— L !
s ) PLL 1/0 DRIVER p :
TCOB02AF . . O I

: T09171P 10917 3P TCOL7EN 1C9189F

TC9172P TC9174P 7091808 TC9190N

T09191P

1. Chip:Select

As shown above,

TC9182P

many external devices can be freely connected with serial

_bus line.

Hence, when conducting serial transfer, first of all it is

necessary to select the device of opposite transfer party. Address of opposite
party expressed with 4 bit data called chip select code is assigned to each

of external device on serial bus line. By assigning this chip select code,
data transfer is carried out with the external device corresponding to that
code number. ’

" Chip select port (¢L67) is an internal port for designating this chip
select code, and is accessed by SIO output instruction designating [Cy = 7]
at operand part. Maximum 16 kinds of external device can be selected by 4
- bit code. (In actual case, some device has more than two chip select code
* numbers. Example : TC9171P ... 2, TC9189F ... 3) .

- e T —
e 0 L ] = N ———

-1
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Yt Y2 Y4 ¥8
¢L67 - - . -
#O | #1 | #2 | #3 #3| #2{ $#1j #o0| \JProducts Name: Functions
Chip select code of 0fo
ger%al transfer end 1 TC9171P/82P PLL *
eviee 0ol2] wTco172p '

(Note)

(Note)

(Note)

(Note).

I1/0 port extension
use

olol1] 13 TC9173P

ol1loloia TC9174P Output port extension

use

0[1{010{5 TC9175N giijzitlc indication

0| 1]11]10]6

o1 111117 TC9 180N ngeyal.pur?ose s?a-

ilololols tic indication driver
(LED/LC)

10]0j1)9 TCO189F Dynamic indication

1} 0] 1]0]A TC9190N . driver %

1o [ 1]B| Tcor91p (LCD/LED)

111l0]0}C

\____—__/

(Note) Chip select code No. of * marked products
is same in all cases.

When executing SIO instruction, firstly designate chip select code
of the opposite party device by SIO output instruction. Chip select
code number once set maintains that code unless designated otherwise,
and so, select code need not be designated at each execution of SIO
instruction.- - ’

It is impossible to simultaneously. connect the devices of same chip
select code on the serial bus line.

After the designation of chip select code number, data is outputted to
the port of external device corresponding to the code number desig-
nated at operand part, by the execution of SIO output instruction.
Then, by the execution of SIO input instruction, content of external
device port is read into the data memory.

It is prohibited to program .SI0O input instruction for the instruction
to be executed next to SIO output instruction.
When programming SIO input instruction after SIO output instructiom,

insert a instruction, for example NOOP ihstruction, between them.

= AUDIO IDIC3I17QJ. IC::s




2, Serial Transfer Format

Two kinds of serial transfer format can be selected depending upon the
content of SIO NCD port. This internal port is accessed by KEY output inst-—

ruction designating [CN 31 at operand part. By the execution of KEY input
instruction, content of this port is read into data memory.

When data '0' is set at | SIO NCD port, serial transfer type of NCD mode is
realized. In the case of NCD mode, code No. of the port designated at the
operand part of SIO instruction is serial transferred together with the data.
When data '1' is set, NCD mode is realized. In NCD mode, code No. is not
transferred and data alone is sent and received. (CN value of operand part of
810 instruction becomes (don't care)). .

(Note) Serial transfer with the previously denoted external device is all
conducted with NCD mode.

Yt Y2 Y4 Y8

(Note) In the serial transfer during NCD

¢L33 SI0| % % mode,- designation of chip select
NCD code is meaningless. That is to say,
— don't care transferring address cannot be
selected.

Designation of
serial transfer
type

3. Serial Input and Output Timing Chart

¢ NCD mode output timing
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In the above indicated t1m1ng, code No. (C1 v C8 : 4 bit) of the desti-

nation device port and data (Y1 v Y8 : 4 bit) are serially outputted from LSB
by the trailing of CK signal.
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(Note) During the execution of SIO output instruction (NCD mode), C8 bit of
Code No., is fixed '1' continually.

¢ NCD mode output timing
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Serial output of NCD mode becomes 4 bit data alone. STB output is continually
fixed at 'L' level. '

= NCD mode input timing . - : _
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In the above timing, when Code No. (C1 v C8 : 4 bit) of input port of
destination device is outputted from SO terminal, content of that input port
(Y1 ~ Y8 : 4 bit) is serially inputted from LSB to SI terminal. SO data is
outputted with trailing of CK signal, while SI data is inputted with trailing
of the same signal.

(Note) During the execution of SIO input instruction (NCD mode), C8 bit of
Code No.is fixed '0' at all times.
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* NCD mode input timing
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During serial inputting of NCD mode, STB output and SO output are always
fixed at 'L' level. SI data is inputted by the trailing of CK signal.

Serial Timing Pulse Width

Pulse width of each timing signal is shown below.
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"APPLICATION TO EVALUATOR CHIP

When 'H' level is supplied to TEST terminal (Test mode), device operates as
evaluator chip, and function evaluation of developing program can be made by
utilizing external simulation board and EPROM. In the test mode, the device
operates by the program written in EPROM, 1rrespect1ve of the content of program
memory in the device. At this time, key timing output port (TO v T6) is
transferred to the controlllng input and output terminal of simulation board,
actual TO v T6 port output is outputted from the simulation board side.

For the system reset in test mode, INT input is employed.

Below is shown connection diagram of the device and simmulation board when
the unit is used as evaluator chip.’ ’
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(Note) Select the device TC9302AF by a dip switch on the simulation board.
(Note) Inpress 5V #10% voltage on the device and simulation board even during
- back-up mode. In the test mode, it is 1mp0551ble to reduce the supply
voltage of the device to 2V.

(Note) In the case of back-up mode (execution of CKSTP instruction), operating
monitor LED on the simulation board turns off.

(Nope) Each terminal of the device other than that indicated above can be used
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