TOSHIBA

TC9316F/FA/FB

TOSHIBA CMOS DIGITAL INTEGRATED CIRCUIT SILICON MONOLITHIC

TC9316F, TC9316FA, TC9316FB

DTS MICRO CONTROLLER CONTAINING PLL, LCD DRIVER (DTS-11)

TC9316F/FA/FB are a 4bit CMOS microcontroller for
digital tuning system capable of making 3V low voltage
operation, and containing PLL circuit, LCD driver.

CPU has 4bit parallel addition and substruction (Al/SI
instructions, etc.), logical operation (OR and AN
instructions, etc.), plural bit judge, comparison
instructions (TM, SL instructions, etc.) and time base
function.

The package is 60 pin mini-flat type (TC9316F), 64 pin
mini-flat type (TC9316FA, TC9316FB) and has abundant
/0 ports and exclusive key-input ports controlled by the
powerful input/output instructions (10, KEY instructions),
besides containing PLL circuit.

By combining with the prescaler TD6134AF or TD7101F or
TD7103F, it permits the configuration of DTS that
receives FM/AM and TV (VHF) bands.

FEATURES

4bit micro controller for digital tuning system use

It is operated with 3V single power supply.

(Vpp = 1.8~3.6V)

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

Built-in LCD driver (1/3 duty, 1/2 bias driving, driving
frequency : 52Hz), and boosting circuit for display

Program memory (ROM): 16bitx 2048 steps

Data memory (RAM) : 4bitx 128 words

TC9316F

QFP60-P-1414-0.80E
TC9316FA

LQFP64-P-1010-0.50
TC9316FB

QFP64-P-1212-0.65

Weight

QFP60-P-1414-0.80E : 0.85g (Typ.)
LQFP64-P-1010-0.50 : 0.32g (Typ.)
QFP64-P-1212-0.65 : 0.45g (Typ.)

Powerful instruction set of 65 kinds. (all single word instruction)
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TOSHIBA TC9316F/FA/FB

® Instruction executing time 80us. (75kHz crystal connection)

® Abundant addition and substruction instructions.
(addition instructions 12 kinds, substraction instructions 12 kinds)

® Powerful compound judge instructions. (TMTR, TMFR, TMT, TMF, TMTN, TMFN instructions)
® Data transfer in same low address is possible.

® Indirect transfer of register is possible. (MVRD, MVRS, MVGD, MVGS instructions)

® 16 powerful general registers. (arranged in RAM)

® Stack level : 1 level

® Program memory (ROM) has no conception of page, field, and JUMP and CAL instruction can be
freely made among 2048 steps.

® At the FM or TV band, swallow counter is composed by combining with prescaler TD6134AF or
TD7103F, and is able to receive TV VHF band. At the AM or FM band, swallow counter is composed
by combining with prescaler TD7101F, and is able to receive SW, AM, FM band.

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

® Independent frequency input terminal at FM and AM (FM|y, AM|N), and two phase-comparator
outputs. (DO1, DO2)

® 7 kinds of reference frequency can be selected with program.
® Powerful input/output instructions, (10, KEY instructions)
® Exclusive input port (KO~K3) for key input use and abundant 23 exclusive LCD driving terminals.

® Abundant 15 1/0 ports (ports for which input and output can be assigned for each bit: 8, exclusive
output ports: 7)
IFiNy port and DO1 port are able to use IN port (exclusive input port) and OT2 port (exclusive
output port) by changing instruction.

® 3 kinds of back-up mode (only CPU operating, crystal oscillation and clock stop) are possible by
instructions.

® 2Hz timer F/F and 10Hz interval pulse output are contained. (Internal port for time base use)
® Locked condition of PLL can be detected.
® Universal-type IF counter is built in.

® 38 output ports in LCD segment ports (S13~5S20) are able to use as Key Return Timing output ports.
Exclusive output ports are not only use Key Return Timing output ports but use the others.

® 16bit universal-type IF counter is built in, it is able to detect the auto stop signal at auto-tuning
mode with counting intermediate frequency of each band.

® Built-in 3V voltage regulation circuit for driving LCD.
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PIN CONNECTION
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TOSHIBA TC9316F/FA/FB

BLOCK DIAGRAM
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TOSHIBA TC9316F/FA/FB
PIN FUNCTION
(Data in parenthesises are for TC9316FA, TC9316FB)
PIN No.| SYMBOL PIN NAME EXPLANATION OF TUNCTION AND REMARKS
58 . . .
COM1 This is a common signal output terminal
(61) Vpp
to LCD.
Indication of maximum 60 segments is -
(Zg) com2 Ic_)Culsz:mmon possible with matrix made with $1~520. VeE
To this terminal, three value levels of —
60 VpD. VEE, VLcD are output with 3.2ms Vico
COM3 interval and 52Hz cycle.
(63)
This is a segment signal output terminal
to LCD.
Indication of maximum 60 segments is
1~12 | s1~s12 |LCP Segment possible with matrix made with COM1,
Output COM2 and COMS3. Von
The data for these terminals are output
by the execution of SEG instruction and
MARK instruction. :|>
$13/KR7~S20/KR0 are able to output
LCD segment signal and Key Return Vico
13~20 $13/KR7 LCD Segment Timing signal at same time by program.
(13“‘1?) ~$20/KRo | Output/Key Maximum 32 (=8x4) Key input be able
17~2 Return Output  |t5 combine with matrix made with Key
input ports KO~K3 without the other
output port.
This is a 4bit input port for key matrix
input. VbD
It is able to input data of maximum total
21, 22 56 key, maximum 24 key (=6x4) with
24, 25 KO~K3 |Key Input Port matrix made with Key Return Timing —

(22, 22)
25, 2

output port, besides maximum 32 key

(8 x4) with matrix made with LCD
Segment Output S13/KR7~520/KRO.

All these terminals are built in pull down
resistances.

RiN1 L
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TOSHIBA TC9316F/FA/FB
EXPLANATION OF FUNCTION AND
PIN No.[ SYMBOL PIN NAME OPERATION REMARKS
This is a 6bit output port for General VDD
26~29 Purpose / Key Return Timing output.
TO~T3 ;
(27~30) General Purpose [Besides use for general purpose output
/Key Return port, it is able to output the timing
Timing Output signal for key matrix by program. RoN
30, 31 OTO0. OT1 Port For making the key matrix, it is built in
(31, 33) ! load resistance at N-ch FET side, useless
the diode when uses Push key.
32~35 This is a 8bit general purpose |/0 Port.
P1-0~P1-3 |1/0O Port
(34~37) It is possible to assign input and output o Yoo
36 I/0O Port/Buzzer |for each bit by program. -
(38) P2-0/BUZR |Pulse Output P2-0 is able to use as the beep sound
Port pulse output port by program. -
37~39 P2-1~pP2-3 110 Port It is able to output 3 kinds of the beep
(34~41) © i ° sound pulse signal by program.
VbD
- 1bi _
40 Muting Output Th!s !s a 1bit output port .
MUTE This is usually used as muting control
(42) Port _
signal output.
This is an If signal input terminal of ReIN
16bit general purpose IF counter. )
This terminal has built-in amplifiers, and po
41 If Counter Input ) .
ISTNAL operates with C-connection and small
(43) Port/Input Port . r
amplitude. o |_.
It is able to use as a 1bit general f-— %’
purpose input port by program.
Phase This is a phase comparator output
is i utpu
42 Comparator
DO1/0T2 P terminal of PLL. e
(44) Output/Output
port DO1 and DO2 are parallel outputs. -
Therefore, optimum filter constant can
43 Phase be set for each band of FM/AM. .
DO2 Comparator DO1 is able to use as a 1bit general
(45)
Output purpose output port by program.

2001-06-19




TOSHIBA

TC9316F/FA/FB

PIN No.[ SYMBOL

PIN NAME

EXPLANATION OF FUNCTION AND
OPERATION

REMARKS

44

(46) AM|N

AM
Programmable
Counter Input

This is a programmable counter input
terminal at 12bit direct frequency-divider
mode.

Usually the local oscillator signal at AM
band is input to this terminal.

This terminal has built-in amplifiers, and
operated with C-connection and small
amplitude.

(e,

RiN

: %

!

45

(47) PSC

Prescaler Control
Output

This is an output terminal which controls
1/15 or 1/16 frequency-dividing mode of
two modulus prescaler.

This output signal controls two
frequency-dividing mode of external
prescaler as using programmable counter
for pluse-swallow counter.

“H" :1/16, "L : 1/15

VbD

46

(49) FMIN

FM Programable
Counter Input

This is an input terminal of
programmable counter at 16bit swallow-
counter mode.

This terminal is input the divided
frequency output signal of external
prescaler, and has built-in input amplifiers
and operates with C-connection and small
amplitude.

48
(51

Inhibit Input

This is a signal input terminal for
selecting radio mode.

"H" : radio ON, “L" : radio OFF

49

(52) TEST

Test Input

This is an input terminal for controlling
test mode control.

At “H” level, test mode is made, and at
“L" level, normal operation is carried out.
In the test mode, the device operates as
evaluator chip, and program evaluation is
made possible on EPROM base through
combination with external simulation
board.

This terminal is built in a pull-down
resistance.

Vbp

RiN2
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TOSHIBA TC9316F/FA/FB
PIN No.| SYMBOL PIN NAME XA AT O o ON AND REMARKS
BT
50 X7 This is a connecting terminal of crystal XU e
(53) Crystal resonator. . Voo
1 Reference crystal of 75kHz is connected.
Oscillation . .
Terminal During the execution of CKSTP r%(
51 instruction, oscillation is automatically o
(54) al stopped. xT Ind L%L
This is a system reset signal input Vbp
52 o terminal_oj the device.
(55) INI Initializing Input [During INT is at “L" level, reset is D—E
applied, and when it becomes “H"” level,
it is normal operation mode.
54 (57) VLcD Voltage Double Thesg are volta.g_e double boosting
55 (58) c1 Boosting termlr.mal for dr!v_mg LCD. .
. Boosting capacitiors are connected to
56 (59) C2 Terminal these terminals. (Typ. 0.14F~3.34F)
Reference
Voltage The stabilizing capacitor of Reference
57 c3 Stabilizing Voltage is connected to this terminal for .
(60) Capacitor LCD driving.
Connecting (Typ. 0.014F~0.14F)
Terminal
53 (56) VDD Power Supply Power supply voltage is applied.
47(50)] GND |Terminal Vpp = 1.8~3.6V (Typ. 3.0V) B
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TOSHIBA TC9316F/FA/FB

EXPLANATION OF OPERATION
O cpPU

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

1.

Program counter (PC)

Program Counter is a block to designate the address of program memory (ROM), and is
composed of 11 bits binary up counter. This is cleared by system reset, and the program starts
from zero address.

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

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

MSB LSB

PC | PC10 PC9 PC8 PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO

11bit

. Stack register (STACK)

This is a register composed of 1x 11 bits during the execution of subroutine call instruction, the
value obtained by adding +1 to the content of program counter, namely return address, is
housed. The content of stack register is loaded on the program counter by the execution of
return instruction. (RN, RNS instructions)

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

ALU

ALU has binary 4 bits parallel addition and subtraction, logical operation, comparison and plural
bit judge functions.
This CPU has no accumulator, and all operations directly treat the contents of data memory.
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TOSHIBA TC9316F/FA/FB

4. Program memory (ROM)

Program memory is composed of 16bitx 2048 steps and is the address of 000H~7FFH.

Program memory has no concept of page or field, so JUMP instruction and CAL instruction can
be freely used among 2048 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 at the address outside the program loop in the program
memory.

7FFH 000H

ROM 16bit x 2048 steps

2048 steps

(Note) In DAL instruction, the address of program memory can be designated as the data area
becomes 1024 steps of 000H~3FFH.

5. Data memory (RAM)

Data memory is composed of 4bitx 128 words and used for storing data.

This 128 words are expressed with row address (3 bits) and column address (4 bits).

64 words (row address=4H~7H) among the data memory are indirect addressing by G-register.
For this reason, when carrying out data processing within this territory, it is necessary to
designate row address by G-register beforehand Area of 00H~0FH address in data memory is
called general register, and can be used only by designating column address (4 bits). These 16
general registers can be used for operation and transfer between data memories. Further, it can
also be used as ordinary data memory.

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

(Note) It is also possible to indirectly designate all of row address (=0H~7H) by G-register.
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TOSHIBA TC9316F/FA/FB

Column Address : D¢

0O 1 2 3 45 6 7 8 9 A B C D E F
g H) l*— General register
- H (One of 00H~O0FH address)
“ 1
o 1
3 Lo
- 1
g 1
z i
2 o2
]
1
]
i3
1
—
4
Indirectly designate 5
row address (AH~7H)
by G-register.
X Indirect designation 6
of row address (OH~7H)
is also possible 7
—

RAM (4bitx 128 words)

6. G-register (G-REG.)

G-register is a 3 bits register for addressing row address (DR =4H~7H) of 64 words in data
memory.

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

This register is treated as one of the port, and its content is set by the execution of 10
instruction among input and output instructions.

(refer to register port item 1 page 39)

7. Data register (DATA REG.)

This is a register composed of 1x 16 bits. In this register, 16 bits 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 instruction is executed, it's
content is read in the data memory in 4 bits unit.

(refer to register port item 2 page 39)

8. 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 of other
instructions.
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9. Judging circuit (J)

When a instruction with skip function is executed, this circuit judges it's skip condition. When
skip condition is satisfied, this circuit makes two increments of program counter, and skips the
succeeding instruction.

It is provided with 31 kinds of instructions having abundant skip function.

(refer to Item 11, explanation list of function and operation of instructions, * marked
instruction page 13~19)

10.List of instruction set

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

Higher Rank 00 01 10 11

Lower 2 bits

Rank 4 bits 0 1 2 3
0000 0 Al M, | AD r, M LD r, M SLTI M, |
0001 1 AlS M, | ADS r, M ST M, r SGEI M, |
0010 2 AIN M, | ADN r, M MVRD r, M SEQI M, |
0011 3 S| M, | SsuU r, M MVRS M, r SNEI M, |
0100 4 | sIs M, SUS r, M MVSR Mq, M> SLT r, M
0101 5 SIN M, | SUN r, M MVIM M, | SGE r, M
0110 6 ORR r, M MVGD r, M SEQ r, M
0111 7 CAL  ADDRq ANDR r, M MVGS M, r SNE r, M
1000 8 AlC M, | AC r, M PLL M, C TMTR r, M
1001 9 AICS M, | ACS r M SEG M, C TMFR r, M
1010 A AICN M, | ACN r, M MARK M, C TMT M, N
1011 B SIB M, | SB r, M 10 M, C TMF M, N
1100 C SIBS M, | SBS r, M KEY M, C TMTN M, N
1101 D SIBN M, | SBN r, M WAIT P TMFN M, N
1110 E JUMP ADDR; ORIM M, | XORIM M, | DAL ADDRj, r
1111 F ANIM M, | XORR r, M RN, RNS, CKSTP, NOOP
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11.Explanation list of function and operation of instructions (Explanation of symbols)

M : Data memory address
Normally, one of 00H~3FH address of data memory.
r : General register
One of 00H~0FH address of data memory.
PC : Program counter (11bit)
STACK . Stack register (11bit)
G . G-register (3bit)

DATA : Data register (16bit)
I : Immediate data (4bit)

N . Bit position (4bit)

— : All "0"

C : Code No. of port (4bit)

CN : Lower rank 3bit of port code No.
RN : General register No. (4bit)

ADDR1 : Program memory address in page 0 or 1 (10bit)
ADDRy : Higher rank 6bit of program memory address in page 0

Ca : Carry

b : Borrow

PLL : Port treated during the execution of PLL instruction
SEG . Port treated during the execution of SEG instruction
MARK : Port treated during the execution of MARK instruction
10 . Port treated during the execution of 10 instruction
KEY : Port treated during the execution of KEY instruction
() : Register or data memory content

[ Ic : Content of port indicated by code No. C (4bit)

[ 1 : Content of data memory indicated by the content of register or data memory
[ Ip : Content of program memory (16bit)

IC . Instruction code (6bit)

X : Instruction having skip function

D¢ : Data memory column address (4bit)

DR : Data memory row address (2bit)

P : Wait condition select bit at WAIT instruction

(Note) Address 000H~3FFH of program memory address : Page 0 area
Address 400H~7FFH of program memory address : Page 1 area

13 2001-06-19



TOSHIBA

TC9316F/FA/FB

z
. o MACHINE LANGUAGE (16bit)
= EXPLANATION OF EXPLANATION OF
l_
2 5 MNEMONIC o ; FUNCTION OPERATION IC A B C
X (6bit) | (2bit) | (4bit) | (4bit)
Al M, | Add immediate data |\, | 000000| DR | D¢ |
to memory
Add immediate data
AlS M, 1 |3 |to memory, then skip |M< (M) +! 000001| Dg | D¢ |
. Skip if carry
if carry
Add immediate data
AIN M, 1 |3 |to memory, then skip |M< (M) +! 000010| Dg | D¢ |
. Skip if not carry
if not carry
AIC M, | Add immediate data |\ ) )4 ca 001000/ DR | Dc | |
to memory with carry
Add immediate data
z
S| aics M, 1 | % |to memory with carry, |M< (M) +1+ca 001001 DR | D¢ |
— . Skip if carry
- then skip if carry
) . -
S Add immediate data
Z | AICNM, 1 |3 |to memory with carry, | M< (M) !+ ca 001010| Dg | D¢ |
. Skip if not carry
v then skip if not carry
z dd to
AD , M Add memory re=(r) + (M) 010000 Dg | Dc | RN
pd general register
° Add memory to re(r) + (M)
P | ADS r, M | ¥ |general register, then | _ .\ " 010001| DR Dc RN
a L Skip if carry
a skip if carry
< Add memory to
ADN r, M % | general register, then r<—.(r)_+(M) 010010| DR D¢ RN
L Skip if not carry
skip if not carry
Add memory to
AC r, M general register with | r<—(r) + (M) +ca 011000| DR D¢ RN
carry
Add memory to
. | 9eneral register with | re(r) +(M) +ca
ACS M e carry, then skip if Skip if carry 011001 DR Dc RN
carry
Add memory to
. | 9eneral register with |re(r) +(M) +ca
ACN 1, M e carry, then skip if not | Skip if not carry 011010 DR Dc RN
carry

14
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=
. o MACHINE LANGUAGE (16bit)
= EXPLANATION OF EXPLANATION OF
l_
2 o MNEMONIC 9 FUNCTION OPERATION IC A B C
X (6bit) | (2bit) | (4bit) | (4bit)
Subtract immediate
| M, | Me«(M) - | 11 D
> data from memory (M) 0000 R Dc !
Subtract immediate
Sis M, 1 | |data from memory, |M< M -! 000100| DR | D¢ |
- Skip if borrow
then skip if borrow
Subtract immediate
« |data from memory, M<«—(M) -1
SIN- M, 1 x then skip if not Skip if not borrow 000107)  Dr Dc !
borrow
Subtract immediate
SIB M, I data from memory, Me—(M) -1-b 001011| DR D¢ I
=z with borrow
© Subtract immediate
= v |data from memory Me(M)-1-b
S SIBS M, | X with borrow, then Skip if borrow 0011001 DR Dc I
e skip if borrow
2 Subtract immediate
- .. |data from memory Me(M) -1-b
= SIBN M, | X with borrow, then Skip if not borrow 001107} DRr Dc !
o skip if not borrow
— Subtract memory from
SU -
:{, r, M general register re—(r) — (M) 010011| DR D¢ RN
e Subtract memory from
[ -
o SUS r, M ¥ | general register, then r<—.(r)_ (M) 010100| DR D¢ RN
-] L Skip if borrow
I skip if borrow
Subtract memory from
SUN r, M ¥ | general register, then r<—.(r)' (M) 010101 DR D¢ RN
N Skip if not borrow
skip if not borrow
Subtract memory from
SB r, M general register with [re(r)-(M)-b 011011 DR D¢ RN
borrow
Subtract memory from
« |general register with |re(r)-(M)-b
SBS . M e borrow, then skip if |[Skip if borrow 011100 DR Dc RN
borrow
Subtract memory from
« | general register with |re{r)-(M)-b
SBN r. M x borrow, then skip if |Skip if not borrow 011107} Dr Dc RN
not borrow
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INST.
GR.

MNEMONIC

FUNCTION

SKIP

EXPLANATION OF
FUNCTION

EXPLANATION OF
OPERATION

MACHINE LANGUAGE (16bit)

IC
(6bit)

A B C
(2bit) | (4bit) | (4bit)

INSTRUCTION

COMPARISON

SLTI

Skip if memory is less
than immediate data

skip if (M)<I

110000

DR D¢ |

SGEI

Skip if memory is
greater than or equal
to immediate data

Skip if (M)=1

110001

DR D¢ |

SEQI

Skip if memory is
equal to immediate
data

Skip if (M) =1

110010

DR D¢ |

SNEI

Skip if memory is not
equal to immediate
data

Skip if (M)#1

110011

DR D¢ I

SLT

Skip if general
register is less than
memory

Skip if (r)<(M)

110100

Dr Dc RN

SGE

Skip if general
register is greater
than or equal to
memory

Skip if (r)=(M)

110101

Dr Dc RN

SEQ

Skip if general
register is equal to
memory

skip if (r) = (M)

110110

SNE

Skip if general
register is not equal
to memory

Skip if (r)# (M)

110111

INSTRUCTION

TRANSFER

LD

Load memory to
general register

re—(M)

100000

ST

Store general register
to memory

Me(r)

100001

MVRD

r, M

Move memory to
destination memory
referring to general
register in the same
row

[DR. (N]« (M)

100010

MVRS

M, r

Move source memory
referring to general
register to memory in
the same row

M«I[DR, (1]

100011

Dr Dc RN

16
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z
. <_3 MACHINE LANGUAGE (16bit)
— EXPLANATION OF EXPLANATION OF
l_
2 < MNEMONIC 9 FUNCTION OPERATION IC A B C
X2 (6bit) | (2bit) | (4bit) | (4bit)
> Move memory to
O |MVSR M1, M2 memory in the same |(DR, Dc1)<(DRr, Dc2) |100100| DR Dc1 Dc2
— row
U . -
S [MVIM M, | Move immediate data |\, | 100101| DR | Dc | |
IG_C to memory
wv Move memory to
= destination memory
_ MVGD r, M referring to G-register [(G), (N]«<(M) 100110 DR D¢ RN
w and general register
- Move source memory
= referring to G-register
< [MVGS M, r and general register M<I[(G), (1] 100111| DR Dc | RN
3 to memory
Input PLL port data Me[PLL] b D ol ¢
z [PLL M, C fo memory < 101000 — ‘ "
o ! Output contents of [PLLIc—(M) b b 1l ¢
— memory to PLL port c R c N
)
Output contents of
o)
'E SEG M, C memory to SEG port [SEG]ce (M) 101001 DR Dc |1]| CN
) Input MARK port data
= M<«[MARK D D
- to memory <l Ic R c |O|CN
~ |MARK M, C Output contents of 101010
. memory to MARK [MARK] (M) DR Dc |1|¢cn
5 port
o Input IO port data to
% 10 M, C memory Mol 101011 >R el b
< ! Output contents of [10]c<~(M) b D 1l ¢
— memory to 10 port c R C N
2 Input KEY port data Me[KEY] b b ol ¢
= KEY M, C to memory - ¢ 101100 " ¢ N
! Output contents of [KEY] (M) b D 1l ¢
memory to KEY port c R S N
17 2001-06-19
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INST.
GR.

MNEMONIC

SKIP

FUNCTION

EXPLANATION OF
FUNCTION

EXPLANATION OF
OPERATION

MACHINE LANGUAGE (16bit)

IC
(6bit)

A
(2bit)

B
(4bit)

C
(4bit)

LOGICAL OPERATION
INSTRUCTION

ORR r M

Logical OR of general
register and memory

re=(r)v(M)

010110

Dr

RN

ANDR r, M

Logical AND of
general register and
memory

r<—(r)/\(M)

010111

DR

RN

ORIM M, |

Logical OR of memory
and immediate data

Me(M)\/1

011110

Dr

ANIM M, |

Logical AND of
memory and
immediate data

Me(M)AI

011111

Dr

XORIM M, |

Logical exclusive OR
of memory and
immediate data

M«(M) DI

101110

XORR r, M

Logical exclusive OR
of general register
and memory

re(r)@ (M)

101111

INSTRUCTION

BIT JUDGE

TMTR r, M

Test general register
bits by memory bits,
then skip if all bits
specified are true

Skip if r [N (M)]
=all “1”

111000

Dr

Dc

RN

TMFR r, M

Test general register
bits by memory bits,
then skip if all bits
specified are false

if r [N (M)]
=all “0"

Skip

111001

Dr

Dc

RN

TMT

Test memory bits,
then skip if all bits
specified are true

Skip if M (N)=all *1”

111010

TMF

Test memory bits,
then skip if all bits
specified are false

Skip if M (N) =all “0"

111011

TMTN

M, N

Test memory bits,
then not skip if all
bits specified are true

Skip if M (N)

=not all "1"

111100

TMFN

M, N

Test memory bits,
then not skip if all
bits specified are false

Skip if M (N)

=not all “0"

111101

Dr

Dc

18
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=
. <_3 MACHINE LANGUAGE (16bit)
= EXPLANATION OF EXPLANATION OF
l_
2 | MNEMONIC g 9 FUNCTION OPERATION IC A B C
-0 -
X (6bit) | (2bit) | (4bit) | (4bit)
C:”:‘:)bm“t'”e n STACK« (PC)+1 and  |000110

Zz| CALL ADDR; il a— PC<ADDR1 in page 0 ADDR/ (10bit)
we Call subroutine in

z= or 1 000111

— page 1

) -

32|RN Return to main PC(STACK) | o0 | — | —

X routine

§£ Return to main

w Z[RNS X |routine and skip PC«(STACK) and skip 111111 01 — —

unconditionally
Jump to the address

el specified in page 0 PC<—ADDR{ in page 0 001110

= w| JUMP ADDR1 ADDR1 (10bit)

) Jump to the address |or 1

-_ i . 001111

specified in page 1
At P="0"H, the
condition is CPU
> waiting
© |warrp (Soft wait mode) Wait at condition P [101101| P
- At P="1" H, except
S for clock generator,
e all function is waiting
2 (Hard wait mode)
- Load program
« |DAL ADDRj r memory in page 0 to i[:]AT::[SDDRz"(r)]P 111110 A(EESZ RN
L DATA register Pag
'_ .
O |cKksTP Clock generator stop %%p_f,lgﬁk generator if | gl 10 | — | —
NOOP No operation — 111111 11 — —
(Note 1) During the execution of input and output instruction, control of input/output
instruction is automatically carried out at the most significant bit in Code No. (C)
of port.
e MSB="1" of Code No. (C) : Output instruction
® MSB="0" of Code No. (C) : Input instruction

(Note 2) In the TC9316F, TC9316FA, TC9316FB, only the SEG instruction is carried out output
instruction in spite of Code No. (C) of MSB.

(Note 3) Among 10 bits of the program memory address assigned by DAL instruction, the

lower rank of 4 bits become indirect addressing based on the content of general
register.
DAL instruction executing time is 160.us.
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O Connection of crystal resonator

Connect 75kHz crystal resonator with the crystal oscillator terminals (XT, X7 terminal) of the device
as shown below. This oscillation signal is supplied to clock generator and reference frequency
divider, and produced each timing signal of CPU and reference frequency signal.

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

t X1 X7 ¢
Ok xtal X'tal = 75kHz
dl > CL=30pF Typ.

% In TC9316FA, TC9316FB, XT = pin 53, XT = pin 54.

(Note) Use crystal resonator of low Cl value and satisfactory starting characteristics.

O System reset

System reset is applied to the device when “L” level is given to INI terminal, or when the voltage,
0V—>1.8V~3.6V is supplied to Vpp terminal (power on reset).

After the lapse of 100ms stand-by time succeeding to the system reset, program starts from zero
address.

As power on reset function is employed usually, INI 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 system reset, all of I/0 ports are 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.
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O Back up mode

If CKSTP instruction or WAIT instruction is executed when INH terminal is at “L” level, it can select
for the three kinds of back up mode.

1. Clock stop 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 current consumption (1A MAX. at Vpp =3V).

At this time, LCD display driver terminals and output ports are all fixed at “L" level or off
condition. During this clock stop mode, supply voltage can be reduced down to 1.2V and used
for exchange of battery.

So this mode is available when the battery is changed in the radio set.

In clock stop mode, program stops at the execution address of CKSTP instruction.

The clock stop mode is released at INH="H" level or changing the input condition of 1/0 port
(100~103) set at input mode, and the next address is executed after the lapse of stand-by time
of 100ms.

(Note 1) In the clock stop mode, the condition of output terminal is all fixed at “L" level or off
but output port holds on the data just before clock stop mode.

(Note 2) When CKSTP instruction is executed during INH="H" level, the same operation as
NOOP instruction is made (Clock stop mode is not entered).

(GND) (INH) (IN) (Vpp)
DB DO 6 . ¥ In TC9316FA, TC9316FB
! M ! change Pin No. changes
% » as below.
u:iJ. u:il e oL 47-50
“-'[ “.I 8T. T 48—51
° °l - §
1 52555
Radio ON/OFF signal To radio 5356

supply

Example of the memory back up circuit using capacitor at clock stop mode
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2. Waiting mode

If WAIT instruction is executed when INH terminal is at “L” level, it can select the hardware
waiting mode or the software waiting mode.

1)

2)

3)

Software waiting mode

If WAIT instruction is executed at designated operand port [P =0H], only CPU internal of the
device stop operation, and software waiting mode can be realized at low current
consumption. Since the other part of clock generator and display circuit operate normally, at
the time of using the program of clock function, the software waiting mode is effective to
realize at low current consumption during the clock operation.

Hardware waiting mode

If WAIT instruction is executed at designated operand part [P =1H], all the function without
crystal oscillator are stopped and hardware waiting mode can be realized at lower current
consumption than software waiting mode (under 1004A at Vpp =3.0V). At this time, CPU and
display circuit stop operation, output terminal for LCD display is fixed at “L"” level
automatically.

In these waiting mode, program stops at the execution address of WAIT instruction, and
waiting is released in following condition, so next address is executed.

Released condition of waiting mode

® Changing to INH="H" level

® Key input terminal (KO~K3) is set at “"H" level.

® 2Hz timer F/F is set at "1".

® Changing the input condition of I/0O port (I00~103) set at input mode
® MUTE port is set at "1".

(Note) In waiting mode, each of output terminal is held on the condition just before
waiting mode.
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O 1/0 map

All ports in the device are expressed by matrix of five input and output instruction (PLL instruction,
SEG instruction, MARK instruction, 10 instruction, KEY instruction) and 4 bits of code No.C.
Assignment of these ports is indicated previously as 1/0 map. In the 1/0 map, port names treated
in the execution of each input and output instruction are assigned horizontally, while code No. of
port are assigned vertically. G-register and data register are also treated as port.

Basically, the data is treated at each port as 4 bits unit, and code No. (C) =0H~7H are assigned to
input port, while code No. (C) =8H~FH are assigned to output port.

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

(Note 2) Among the output ports on |/0O map, * marked port is unused port. The data output
here becomes “don’t care”.

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

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

$IK/L] m n

T—Operand part Cy of input and output instruction
(Lower 3bit value of code No. of port : 0~7)

5 kinds of input and output instruction are described in No. 1~5

Input and Output | p| | sgg |MARK| 10 KEY
Instruction

m 1 2 3 4 5

Expresses input/output port (K : input port, L : output port)
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O Programmable counter

Programmable counter block is composed of external two modulus prescaler TD6134AF, 4 bits + 12
bits programmable binary counter, and PLL output ports to control them.

1. PLL output port (4L10~¢L14)

The exclusive PLL port is used to control the division number and the dividing mode and made
access by PLL output instruction designated operand part [Cy=0~4].

1) Structure of PLL port

$L10 $L11 $LI2 $LI13 $L14
FM Po | p1 | P2 | P3 Pa | ps | P6 | P7 P8 | Po | P10 | P1 P12 | P13 | P14 | P15
Y8 YT Y2 YA Y8 YT Y2 YA VY8 YI Y2 YA VY8 YT Y2 YA VY8
LSB MSB

Setting of programmable counter division number of 16 bits

Setting of deviding mode

2) Setting of dividing mode

Pulse swallow mode or direct dividing mode are selected by FM port. In AM band, it selects
the direct dividing mode. In SW, FM, VHF or TV band, it selects pulse swallow mode
combined with external two modulus prescaler, TD6134AF, TD7101F, TD7103F.

EXAMPLE OF OPERATING INPUT__|DIVISION
FM|  DIVIDING MODE  |ar F\VING BAND|FREQUENCY RANGE | TERMINAL [NUMBER| PRESCALER
0 |Direct diving mode MW /LW 0.2~5.0MHz AM|N n —
(1/15 or 1/16) (Note 1)
Pulse swallow mode SW 1.5~35MHz n TD7101F
1/4(1/15 or 1/16) (Note 1) TDBT34AF
1| pulse swallow mode FM 50~150MH FMIN 4n TD7101F
ulse swallow mo z TD7103F
1/8(1/15 or 1/16) (Note 1) TD6134F
Pulse swallow mode VHF/TV 50~250MHz 8n TD7103F

(Note 1) This shows the input frequency range to TD6134AF, TD7101F, TD7103F.
(Note 2) “n” shows the programmed division number.
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3) Setting of frequency division number

Division number of programmable counter is set on PO~P15 ports with binary.

® Pulse-swallow mode (16bit)

MSB LSB

P15 P14 P13 P12 P11 P10 P9 P8 P7 P6 P5 P4 P3 P2 P1 PO

215 20

*  Frequency division number setting range (pulse swallow mode)

n=210H~FFFFH (528~65535)

® Direct dividing mode (12bit)

MSB LSB

P15 P14 P13 P12 P11 P10 P9 P8 P7 P6 PS5 P4 P3 P2 P1 PO

X 20\ ~ J
Unrelated

*  Frequency division number setting range (Direct dividing mode)

n=10H~FFFH (16~4095)

(Note 1) As the programmable counter is not provided with dividing offset, the
programmabled number becomes the actual frequency division number.
However, in the case of FM band, the actual frequency division number
becomes four times of programmed value, and in VHF/TV band, the actual
frequency division number becomes eight times of programmed value in
combination with prescaler TD6134AF, TD7101F and TD7103F.

(Note 2) In case of direct dividing mode, PO~P3 port ($L11) data becomes unrelated
and P4 port becomes LSB.

(Note 3) Frequency division number is entirely renewed at the time of data setting
of MSB port (4L14).
So this prevents wrong influence from giving to the lock up time.
For this reason, the data of MSB port (¢L14) must be set at the end of
division number. Even when the data setting is considered unnecessary
(when the data is same as the previous one), the data setting of MSB port
(#L41) must be executed.
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2. Circuit construction of external prescaler and programmable counter

1) Circuit construction of pulse swallow dividing mode

The circuit is composed of (1/4 or 1/8x1/15, 1/16) 2-modulous prescaler TD6134AF,
TD7101F, TD7103F and swallow counter of 4 bits and binary programmable counter of 12
bits. In the case of FM band, it selects 1/4 divider to the front stage of 2-modulous prescaler,
and in VHF/TV band, it selects 1/8 divider to the front stage of 2-modulous prescaler.

The block diagram including prescaler is shown as follows.

Vee VHF/FM
10 uF Q
n ;g
0.1 uF
<
)
0.001 uF
1 o=
0.001uF
1 W @
=20 [EYEE 0 @
1 PSC
0.001luF + 1516
'_@ DIVIDER @
AMP.
0.01uF
b~ N 4 BITS
r@ BUF. (5) i @_| > SWALLOW COUNTER
FMiN
PRESET
TD6134AF
12 BITS TO PHASE
PROGRAMMABLE
COUNTER COMPARATOr
A P4~P15
TC9316F

27
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2) Circuit construction of direct dividing mode

In this case, it is unnecessary to use the external prescaler, 12 bits programmable counter is
only used.

PRESET

0.014F | TO PHASE
—@3 12BIT PROGRAMMABLE COUNTER |—e—
COMPARATOR

P4~P15

-~

(Note) Both FM|y and AM|N have built-in amplifiers, and the small amplitude operation
is possible through the capacitor coupling.
% In TC9316FA, TC9316FB, THE PIN No. changes as below.
44—46
4547
46—49

O Reference frequency divider

This block divides oscillating frequency of external 75kHz crystal, and produces seven kinds of PLL
reference signal, 1kHz, 3kHz, 3.125kHz, 5kHz, 6.25kHz, 12.5kHz, 25kHz. Selection of reference signal
is carried out with the data of REF select port.

The selected signal is supplied to the phase comparator as the reference frequency.

1. REF select port ($L10)

This is an internal port to select seven kinds of reference frequency signal.
Normally, this port is made access by PLL instruction designated the operand part [Cy=0] (4L10).

Y1 Y2 Y4 Y8
$L10 #0 | #1 | #2 REF. output code table
h M ’ #2 | #1 | #0 REFERENCE FREQUENCY
Reference frequency
selection code 0 0 0 0 1kHz
oo 1] 3kHz
o[1]o]2 3.125kHz
0 1 1 3 5kHz
1 0 0] 4 6.25kHz
1 0 1 5 12.5kHz
1 1 0 6 25kHz
1|1 1| 1| 7 | REF. output is stopped
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O Phase comparator

The phase comparator outputs the error amount comparing the phase difference between the
reference frequency signal supplied from the reference frequency divider and the programmable
counter dividing output. VCO is controlled through low-pass filter so that the frequencies and the
phase-difference of these two signals may coincide.

Since two tri-state buffer DO1 and DO2 terminals are parallel output from the phase comparator,
the filter constant can be optimumly designed for each band of FM/VHF and AM.

A o
Reference frequency signal
R VbDp
DO1
Programmable s PHASE D > o
counter output —™ COMPARATOR 1 LP.E
VbD
L DO2
43, O
> %
L.P.F.
-~

¥ In TC9316FA, TC9316FB, THE pin No. changes as below.
4244, 4345

oI L I L bC-oC
! i i CONVERTER Vee BV
s 1M M H [ = cc 3V)
1o [ I 1 /High level 3
04 o B, S
- ————— _—
Floating To VCO 15F 4.7k
Low level Varactor 9 Vv
diode
v i 2.2k
oF 2SC4116GR 2SK209Y DO
(=]

”

DO output timing chart Example of active low-pass filter circuit (for reference)

DO output timing chart and example of active low-pass filter circuit structured by darlington
connection of FET and transistor are shown in the above figures.

The filter circuit shown in the above figure is an example for reference, and the actual circuit
should be investigated and designed conforming to the system band construction and the required
characteristics.
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O Unlock detection bit ($LK16)

This is the bit for detecting the locked state of PLL system. When PLL system is unlocked state,
namely, in the state in which the reference signal and the dividing frequency of programmable
counter do not coincide, the pulse is output from the phase comparator to the unlock F/F with the
cycle of the reference frequency.

By this pulse, the unlock F/F is set. At every time when the unlock-reset bit is set to “1” by PLL
output instruction designated the operand part [CN =6], the unlock F/F is reset (¢4L16).

After the unlock F/F is reset, the locked condition can be detected by access the unlock detection
bit with PLL input instruction (¢K16). Since the pulse is input with the cycle of the reference
frequency, after the unlock F/F is reset, it is necessary to make access the unlock detection bit after
the time exceeding the cycle of the reference frequency. If the time is shorter than the cycle, the
correct locked condition can not be detected.

So the test enable F/F is prepared. Every time when the unlock reset bit is set to “1", the test
enable F/F is reset and set to “1” with the unlock detection timing. In short, it is able to detect
the unlock condition correctly at “1” state of the test enable bit ($K16).

—

Reference frequency J

| |
| |

counter output

[}
[}
1
i
DO output | I

O O)
unlock reset / (“' ("
Unlock detection bit J W \q|>

1 1

~~—]

Phase error i ' ~ I-I
! ' ~
T
]
]
1
1
1
i
]
]
]
|
i
]

Lock detection strobe !
1
1
1
Execution of PN rS i
i
1
1
|
T
1
1

Test enable bit
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Y1 Y2 Y4 Y8
UNLOCK "
¢L16 RESET ® ® #
‘I At every time when the unlock reset bit is set
] to “1”, the unlock F/F and the test enable F/F
| is reset.
UNLOCK TEST 0 0
¢K’IG RESET ENABLE
I Test enable
Unlock d . 1 : Possible to detect PLL unlock condition
nlock detection 0 : Waiting for the detection of PLL unlock

{; Detected PLL unlock condition condition

PLL normal operation (Undetected unlock)

DO1 terminal is able to general output (OT2) by setting general output port ($L47).

Y1 v2 va 8
oT2
* x oT2
pLaz CONTROL

L}
L DO1/0T2 selectable bit

0 : DO1
\1 : OT2

OT2 output data bit
0 : OT2 output “L"

1 - OT) autnt 717
A | » N1 a UUI.'JUI. L
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O General IF counter

16 bits general IF counter is able to detect the auto-stop signal with counting intermediate
frequency (IF) of FM or AM band at auto-tuning mode. The general IF counter is available for auto
tuning function of IF counting type easily in combination with TA8132F, a AM/FM IF + MPX IC

corresponding to DTS. IF counter block is composed of 16 bits binary counter and the port for IF
counter control.

1. IF counter data port (¢K11~¢K15)

This is the data input port for input the counted data of IF counter and operating condition.
The data is read into data memory by PLL input instruction designated the operand part

[CN=1~5].
K11 K12 K13 K14
¢ Y1 Y2 Y4 Y8 ¢ —— ¢ E—— ¢ ———
FO F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 | F11 F12 | F13 | F14 | F15
20 215
[ |
LSB IF counter data input MSB

The counted data of IF counter is inputted with binary from the input port, FO~F15.

#K15
Y1 Y2 Y4 Y8

BUSY MANUAL OVFLOW 0 Overflow detection
’ {0 : IF counter Value=2'6-1
1

: IF counter Valuez=2'¢ (Overflow condition)
Operation mode
0 : IF counter auto mode
{1 : IF counter manual mode
Operation monitor
0 : Ended of IF counting
{1 : During IF counting

This is the input port for detecting operation condition of IF counter (¢K15).
In case of using IF counter, the counted data (FO~F15) should be calculated after confirming “0”
of BUSY bit (end of IF counting) and OVFLOW bit (not overflow condition).
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2. IF counter control port (4$L15)

This is the data output port controlled for IF counter operation. This port is made access by PLL
output instruction designated the operand part [Cy = 5].

$LI5

Y1 Y2 Y4 Y8 Selection bits of IF counter Gate-time
STA/STP MANUAL #0 #1 #0 | #1| Gate-Time [ms]
h "I ToTo 1
1 0 4
0| 1 8
1 1 16

Change the mode (AUTO/MANUAL) of IF counter
1 : Manual mode
0 : Auto mode

Control start or stop of IF counter
{1 : IF counter starts
0 : IF counter stops

At the auto mode (MANUAL bit is set to “0”), the STA/STP bit is set to “1” every time, IF
counter starts. IF counter counts during the gate time selected by #0, #1 bits, and it ends
automatically.

At manual mode, when the STA/STP bit is set to “1”, IF counter counts continuously until the
STA/STP bit is set to “0”.

(Note) At INH="0", IF counter is reset by compulsorily.
3. Circuit construction of IF counter

IF counter is composed of input Amp., gate-time control circuit, 16 bits binary counter.

FO~F15 OVFLOW
~~
Y gUCTOUNT . 'Amp. A f
@—"—’ﬂ@ 16 BITS BINARY COUNTER | OVERFLOW
0.014F DETECTION
GATE
SIGNAL
TA8132AF
ATE TIME CONTROL CIRCUIT
etc. UTE MUTE G CONTROL CIRCU
@—._@ f f BUSY MANUAL
v
o FM 1/8 TF] ' CC START MANUAL
2 ~
g TC9316F

¥ In TC9316FA, TC9316FB, Pin No. changes as below.
4143, 4042

(Note) IF|N terminal has built-in amplifier, and the small amplitude operation is possible
through the capacitor coupluing.
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O LCD driver

The TC9316F/FA/FB contains LCD driver of 1/3 duty and 1/2 bias driving (frame

frequency = 104Hz). Three common terminals (COM1, COM2, COM3) output three potentials of
voltage, Vpp., VEE, VLcD level respectively with 1/6 phase difference.

60 segments can be displayed by the combination of these common outputs and 20 segment
outputs (S1~520). That is to say, COM1 system segment COM2 segment system and COM3 system
segment can be displayed by one segment output, what is called dynamic display method.

LCD driver does not contain segment decoder, so 60 segments can be freely used by program for 7
segment display or mark segment display.

$1~S16 segment output is controlled by execution of SEG instruction and $17~520 segment output
is by execution of MARK instruction.

1. Timing Chart of LCD Driver

Below are shown the timing chart of COM1~COM3 output wave form and four kinds of
segment output wave form.

1
1
- H LCD Segment
coM3 —l—|, '—‘—', ! |—|, I_I I— , A N
1 : : 1 COM1 com2 com3
- 1 VpD System System System
1o I_ EOFFa FOFFa EOFFZ
|
1
1
1
1

| on | Forr] ForrAg

11, 2 o 2

[ on ] | on ] EorrAg
Eorrd Forr] | on |

SEGMENT
OUTPUT <
(51~520)

Forr] [on | | on |

[ on | [on ] [ on]

—

(Note) During system reset and back up mode (CKSTP instruction executing), common
output and segment output are all fiexd at “L” lavel automatically.
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2. Segment port ($K20~¢K27, $L20~4L27, $L30~¢L33)

This is a port group to output segment data. $L20~$L27 ports are made access by SEG
instruction and corresponded to S1~16.

$L30~¢L33 ports are made access by MARK output instruction and corresponded to S17~S20.
At each port, Y1, Y2 and Y4 are corresponded to COM1, COM2 and COM3 system in order from
LSB. MSB (Y8) port don't care. Selected port, designated segment and COM system segment
turns “ON” when setted to data “1”, COM system segment turns “OFF” when setted to data

”O"_
Y1 Y2 Y4 Y8 —_— ——
= ElvElmE
S el &l | ~ ~ ~
v W) eIV
$K20(51) ~ $K27(s8) $120(59) ~ $L27(516) $130(517) ~ $L33(520)

® DISP OFF bit (¢L35)

This bit controls turning on or off of LC display. When data is set to this bit, common
outputs and segment outputs are all fixed at “L” level, all dlsplay becomes turned off. When
data "0” is set to this bit, display becomes normal action. And this bit is reset to “0" after
system reset.

II "

(Note) The name of segment port corresponds to the name of segment output terminal,
respectively. And as the content of each port don’t accept DISP OFF bit's influence,
even display off made by DISP OFF bit, it is able to output the data to each
segment port normally.

(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.
Therefore LCD driver doesn’t have built-in segment decoder especially.

Y1 Y2 Y4 Y8
DisP 1 : All LC display is turned off
#L35 ] oFF 0 : LC display normal operation
1

3. Voltage boosting circuit for LC display

TC9316F has built-in voltage boosting circuit for LC display, it is able to stabilize LC display
driving at the low voltage operation. This circuit is composed with 1.5V reference voltage circuit
(Veg) and voltage double boosting circuit (V| cp), be connected the boosting capacitor as
follows.

ViCD

S % N A

Vpp=18~36V C
3.0V Typ.

¥ In TC9316FA, TC9316FB, the pin No. changes as below.
53556, 5457, 55558, 56—>59, 57—-60
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O Input and output port

1.

/0O Port P1-0~P1-3 (¢KL41), P2-0~P2-3 ($KL42)

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

Input and output setting of 1/0O port is made by the content of 1/0 control internal port.
Setting to input port can be made by setting “0” to the bit of /0 control port corresponding
to |/0 port, while setting to output port can be made by setting “1" in the same.

In case of input port setting, the present data input I/0O port is read into the data memory by
the execution of 10 input instruction designated the operand part [Cy=1, 2] (K41, $K42). At
this time, input data is set to output latch of 1/0 port (¢L41, ¢L42) in the same.

In case of output port setting, output condition of |/0O port is controlled execution of 10 output
instruction designated the operand part [Cy =1, 2]. And the present output data of |/O port is
read into the data memory by the execution of |0 input instruction (¢K41, ¢L42).

(Note) 1/0 control port is made access by KEY instruction designated the operand part [CN=1,
2]. After system reset, the content of this port is all reset to “0”, and |/O port is all
set up input mode.

(Note) During the clock stop mode (executing CKSTP instruction), output condition of I/0O port
set at output mode is all fixed at “L” level automatically, but each output latch holds
on the data just before the clock stop mode.

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

Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8
$KLA P1-0 P1-1 P1-2 P1-3 #L51 P1-0 P11 P1-2 P1-3
Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8
$KLA2 P2-0 P2-1 P2-2 P2-3 $L52 P2-0 P2-1 P2-2 P2-3
A\ J A\ J
A A
1/0 PORT Set up input and output of 1/0 PORT
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2. General output port TO~T3 (¢$L46), OTO, OT1 ($L47)

TO~T3 and OTO, OT1 are exclusive output port of 4 bits and 2 bits.

In case of using LCD segment output for key matrix and be short for key functions. It is used as
output of key return timing signal for key matrix. So the resister is built-in at N-ch transistor
side and sink current is decreased.

Therefore, of using push key, the diode can be omitted on the key matrix. Output port is made
access by 10 output instruction designated the operated part [C\=6, 7] ($L46, $L47). In case of
using for normal output port, take care to make the external circuit because of output
impedance of “L” level increased.

(Note) During the clock stop mode (excusing CKSTP instruction), TO~T3 and OT0, OT1 output is
fixed at “L” level automatically, but the content of port is held on the previous data.

Y1 Y2 Y4 Y8 Y1 Y2 Ya Y8

$L46 TO T T2 T3 $L47| OTO oT1

3. MUTE port ($KL40)

This is a 1bit CMOS type exclusive output for muting control. Normally, it is made access by 10
output instruction designated operand part [Cy =0] (¢4 L40).

Further, by the execution of 10 input instruction designated operand part [CN =0], content of
present output data is read into data memory (¢K40).

And according to the data of MUTE control port ($L50), MUTE port is controlled.

Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8
$L40 | MUTE P ¥ P gL50 | TNH 170 POL
A\ J A\ J
A
don’t care T

® INH bit
In case of setting “1” to this bit, MUTE port is set to “1” compulsorily by changing of INH
input level ("L"—>"H" or "H"—"L").

® |/0O bit

In case of setting “1” to this bit, MUTE port is set to “L"” compulsorily by input level
changing of 1/0 port set at input mode.

® POL bit

The bit controls output polarity of MUTE port. In case of setting “0” to this bit, the data of
MUTE port is output with positive logic. In case of setting “1” to the bit, the data of MUTE
port is output with negative logic.

(Note) After system reset, the content of INH, I/0, POL each bit is reset to “0".
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QO Buzzer port

Buzzer output is available as beep sound for confirmation of key operation, and as alarm sound. It
uses as 1bit general output port. The buzzer output condition is controlled by buzzer control port
(¢4L43) as follows. Buzzer control port is made access by 10 output instruction designated the

operand part [CN=3].

= LCEEL RN Selection bits of buzzer port output mode
gLaz| #0 | #1 #2 | #3
— ) — #2 | #3 BUZZER OUTPUT MODE
0 | 0 |Single output (Mode A)
1 | 0 |Continuous output (Mode B)
ol 1 Continuous output for 100ms period
(At intervals of 50ms) (Mode Q)
111 Continuous output for 100ms period and
at intervals of 500ms (Mode D)
Selection bits of buzzer frequency
#0 | #1 BUZZER FREQUENCY [kHz]
0|0 Don't use
1 0 1
01 1.5
1 1 3
Y1 Y2 Y4 Y8
BUZR
CONTROL

$L50

L I /O PORT-2, P2-0/BUZR output selectable
{0 : 1/0 PORT-2 (P2-0)
1

: BUZR output

It is able to use both as BUZR output and 1/0O PORT (P2-0).

If BUZR CONTROL bit is setted to “1”, the terminal changes from P2-0 output to BUZR output.

(Note) In case of using as general output port, output is fixed at “L" level by executing CKSTP
instruction, but the content of this port is held on.

Below are shown the timing chart of buzzer signal output and buzzer frequency wave form.

Mode A

Mode B
Mode C

Mode D

,[ Buzzer frequency output
(1kHz /1.5kHz /3kHz)

1kHz l l l

1 1
50ms 1.5kHz ] l [
| il ) l 1
sz L L

[T i ----- Outout Condit
I._+_. utpu onaition
50ms 50m of Mode C 200445133 s

~
L1l Iiij-----
500ms500ms
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O Register port

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

1.

G-register (¢$L44)

This is a register to make addressing of low address (DR =4H~7H) of data memory during the
execution of MVGD instruction and MVGS instruction. This register is made access by 10 output
instruction designated the operand part [CN =4].

(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 instructions.

Y1 Y2 Y4 Y8
gLas] #0 | #1 #2 P #2 | #1 | #0 | DR
) o ’dW-’ 1 [ 0] o0 [a4H
L t ‘t
ow a r-ess o- ata on‘t care 1 0 1 5H
memory is designated
\ 1 1 0 | 6H
1 1 1 7H

(Note) It is possible to indirectly designate all low address of data memory by setting data
OH~7H on G-register. (DR =0H~7H)

. Data register (¢K54~¢K57)

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

of KEY input instruction designated the operand part [Cy=4~7].

This register is available for the decoding of LCD segment, or for the taking of band edge data
of radio and coefficient data during binary to BCD conversion.

Y8 Y4 Y2 Y1
DID|D]D DIDJD]D DID|D|D DID|D]D
15014113112 11§10191]8 716]15]4 31211160
$K57 $K56 $K55 $K54
| J
MSB Program memory 16bit data LSB
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O Key input

The three basic key scanning methods are listed below.

® The general-purpose output ports (TO~T3, OT0 and OT1) function as the key source and are
scanned by software.

@ The general-purpose output ports (TO~T3, OT0 and OT1) function as the key source and are
scanned by hardware.

@ The LCD segment output (520/KR0~S13/KR7) functions as the key source and is scanned by
hardware.

The advantages and disadvantages of these methods are listed below.

Advantages Disadvantages

® The general-purpose output ports are
used for key scanning only.

® Configuration of a large number of keys
is impossible.

@ | e Allows rapid key scanning.

® Allows configuration of the largest
number of keys when the general-

@ | purpose output ports are used together
with the LCD segment output to
construct a key matrix.

® The general-purpose output ports need

® not be used for key scanning.

® Allows configuration of a relatively large
number of keys.

® The general-purpose output ports are
used for key scanning only.

® Slow (could be faster than @ depending
on configuration).

® Slow.

Four different key matrices can be configured by combining these three methods. Select one
which suits your system.

1. Key input port ($K52)

A 4bit dedicated input port whose primary use is to scan keys by software scanning. When a key
input instruction specifying (CN =2) as an operand is executed, the key input pin data are loaded
to data memory. When this happens, the data set in the key return control port ($L53) bits for
use in hardware scanning become undefined.

Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8
5 KEY
$#K52 KO K1 K. K3 $KA45 ON 0
\_V_J

Key status bit

2. Key status bit ($K45)

The key status bit (“key on”) indicates the present key input status.

When an |/0 input instruction specifying (CN =5) as an operand is executed, the contents of this

bit are loaded to data memory.

® Key on bit
This bit outputs the results of logically OR the data from pins KO~K3.
Pins set for use in hardware scanning by the key return control port (¢L53), however, are not
logically OR.
This bit can be used to determine whether or not there is any key input.
When the key on bit is 1 (when high level is input to key input pins KO~K3), execution of
the wait instruction is cancelled and operation restarts.
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3. Key return control port

This port sets the key input port (KO~K3).

$L53

Y1

Y2

S

Y8

#0

#1

Pull-down

Enable

h—

E—

L Hardware scan enable bit

(1 : Enables output of key return signals from the LCD
segment output and the general-purpose output
ports (S20/KR0~S13/KR7, T0~T3, OT0 and OT1) at
the LCD output change timing.

{ 0 : Disables, by hardware, output of key return signals
output from the LCD segments and the general-
purpose output ports. In this state, all key inputs
(KO~K3) remain pulled down, and the #0, #1 and
L key input pull-down bits are invalid.

Key input pull-down bit

1 : All key inputs (KO~K3) remain pulled down.

0 : Key input corresponding to bits #0 and #1 are used
9 in hardware scanning (dynamically pulled down). All
other key inputs remain pulled down.

~  This setting is usually used for hardware scanning.

Key input hardware scan setting bits
The setting of these bits determines which key inputs
are used in hardware scanning.

#1|#0| K0 |K1|[K2]|K3
oo |O[O[C|C
01101010
110 ]|O[OO]|C
111100100

O : Dynamically pulled down at the LCD output change

timing and the key input data are input to the key
return ports (¢ K30~ ¢K37). Bits corresponding to the
key input port (¢K52) become undefined. (hardware
scanning)

<> : Remain pulled down and data input from the key

input port ($K52) are loaded to RAM (software
scanning)

(Note) During execution of the wait instruction, when high level is applied to key input pins
which are continuously pulled down, wait is cancelled. Wait is not cancelled, however,
for other pins (pins set for hardware scanning) even when high level is applied.
(Note) When power is turned on, the hardware scan enable bit is set to 0 and the other bits
are set to 1 (hardware scanning disabled).
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4. LCD key return control port

This port sets hardware scanning using output from the LCD segments. It determines which LCD
segment output pins output key return signals for hardware scanning.

Y1 Y2 Y4 Y8

$L54 #0 #1 #2 Enable

L LCD hardware scan enable bit
1 : Key return signals are output from KRO~KR7
{ (520~S13) at the LCD output change timing.
0 : Key return signals are not output from LCD
segment output pins.
LCD hardware scan setting bits
These bits specify which LCD segment output pins
output key return signals.

KEY RETURN CONCEPTUAL DIAGRAM OF
#2 | #1 | #0 SIGNAL OUTPUT WAVEFORMS

OUTPUT PINS (Numbers signify “n” in “"KRn")

ojojo]oO KRO A 22ms ﬁ ﬁ
0 51133 < 0 1 0

1(10]0]|1 KRO, KR1 ”—-ﬂ-—/‘ |'| |'| |'|
0 1 2 0 1 2 0

2 0 1 0 KRO~KR2 |'| |'| |’| |‘| |’| |'| |’|
0 1 2 3 0 1 2 3 0

31011 KRO~KR3 |'| H |'| |'| |'| |'| |'| |'| |'|
0 1 2 3 4 0

4 1 0 0 KRO~KR4 |'| |'| |'| |'| |'| |’|
0 1 2 3 4 5 0

5 1 0 1 KRO~KR5 |'| |‘| |'| |'| |‘| |'| |'|
0 1 2 3 4 5 6 0

6 1 1 0 KRO~KR6 |'| I‘l |'| |'| |'| |'| |'| |’|
0 1 2 3 4 5 6 7 0

711011 KRO~KR7 |'| |'| |'| |'| |'| |'| |'| |'| |'|
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(Note)

$20/KRO (ON)

$19/KR1 (ON)

When bits #0, #1 and #2 are set to 1, 0 and 0, respectively (setting 1),
the actual output waveforms are as shown below.

OFF

OFF

OFF OFF OFF OFF OFF
OFF OFF OFF OFF OFF

(Note)

(Note)

(Note)

(Note)

: Key return output is on and data are latched in the key return port.
OFF : Key return output is OFF

% : Segment output data

When power is turned on, only the LCD hardware scan enable bit is reset
to 0.

When bits #0~#2 are set according to settings 0~3, key scanning is
completed in 12.8ms. When these bits are set according to settings 4~7,
key scanning is completed in 25.6ms.

Off waveforms are output by all LCD segment output pins (S13~S20) which
are not set for key return output.

The key return control port is disabled when the hardware scan enable bit
is set to 0.
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5. Output port key return control port

Sets hardware scanning using the output ports. This port determines which output port pins
output key return signals for hardware scanning. The output ports are usually used together
with the LCD output for hardware scanning when a large number of keys is required.

Y1 Y2 Y4 Y8

$LSS #0 #1 #2 Enable

f—Output port hardware scan enable bit
1 : Key return signals are output by output ports at
{ the LCD output change timing.
0 : Output ports can be used as general-purpose
output ports.
Output port hardware scan setting bits
These bits specify which output port pins output key
return signals.

KEY RETURN
#2|#1|#0| SIGNAL OUTPUT | CONCEPTUAL DIAGRAM OF OUTPUT
PINS
of[ofo]o T0 gt n
11001 T0, T1 Tﬂt’_.ﬁ._&é” 13345 ﬁﬁ I3
T0O T1 T2 T0 T1 T2 T0
2|10(1]0 TO~T2 |'| |'| |'| |'|

31011 TO~T3 H””H””H”

TO T1 T2 T3 OTO TO
4 |1 010 TO~T3, OTO |'| |'| |'| |'| |'|
5/ 1]0 1 |To~T3, OTO, OT1 THO ﬁ ﬁ [t ﬁ
6 1 1 0
Disabled —_
7 1 1 1
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(Note) When bits #0, #1 and #2 are set to 0, 1 and 0, respectively (setting 2), the
actual output waveforms are as shown below.

KEY ON(TO or T2 line)

OFF OFF OFF OFF OFF
T0 (data “1") ss ss 85 I | “ “
OFF OFF OFF OFF OFF OFF OFF
T1(data “0") : rea ra

: ———t5 £ £ i
OFF OFF OFF OFF OFF
T2 (data “1") _l_“ 4 " % £ gg_l

T3, OTO, OT1 : Output port data are output unchanged.

When the output port hardware scan enable bit is set to 1, the output ports continue to output
data unchanged. In this state, if the line key of an output port pin which is outputting 1 is
pressed, key scanning begins, key return signals are output according to the timing shown above,
and the key data are latched. Only pins which are set to 1 output key return signals. There is no
output from pins set to 0 (pin T1 in the above example).

(Note) When power is turned on, only the output port hardware scan enable bit is reset to
0.

(Note) When bits #0~#2 are set according to settings 0~3, key scanning is completed in
12.8ms. When these bits are set according to settings 4 or 5, key scanning is
completed in 25.6ms.

(Note) This port is enabled only when the key return control port hardware scan enable bit
is 1 and the LCD key return control port LCD hardware scan enable bit is 0.
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6. Key return digit No. port, SCAN BUSY bit

The scan busy bit detects whether keys are being scanned by key return output in sync with LCD
output.

Y1 Y2 Y4 Y8

SCAN
BUSY

h g [1 : Key scanning during operation

T 0 : Key scanning when stopped
These bits contain monitoring data indicating
which keys are currently being scanned.

#K51 | SCAN1 SCAN2 SCAN4

SCAN4 [SCAN2 |SCAN1| SCAN DIGIT OUTPUT

0 0 0 0 KRO or TO

1 0 0 KR1or T1

2 0 1 0 KR2 or T2

3 0 1 1 KR3 or T3

4 1 0 0 KR4 or OTO

5 1 0 1 KR5 or OT1

6 1 1 0 KR6

7 1 1 1 KR7

(Note) When the output ports are set for key return signal output but no keys are being
pressed, the SCAN BUSY bit becomes 0 and the SCAN1~SCAN4 bits all become 1.

(Note) When the operation is cancelled by clock stop or hard wait, the SCAN1~SCAN4 bits
start from 0.

7. Key return data ports

The ¢K30 to ¢37 ports store the data which result from key scanning by key return output in
sync with LCD output.

Y1 2 va Y8 (0 Push key
K30
#K ‘o 3 s < 1: Key pressed
pk37 L - 0 : Key not pressed

[ O Jumper
Key data < 1 : With jumper

0 : Without jumper
O Alternate switch

1 : Switch on

0 : Switch off

.

These ports are all set to 0 when the key return control port, the LCD key return control port,
and the output port key return control port ($L53~¢4L55) are set.

When one cycle of SCAN1~SCAN4 is completed, the data in these ports are loaded to RAM.

46 2001-06-19



TOSHIBA

TC9316F/FA/FB

8. Key matrix configurations

The following four key matrices can be configured.

(1) Key data scanning by software (software scanning)

T o _11
. T 1
| 5\ OT1
OT1 data —Do— 32) 2 |_|
60210
3 (|
L @TZS
T2
@7 oT0 1
T1
D ori
0 M
D"
Key data
scanning
K3 °<} G A ePD—PD—D—D N
SR = =10 ANV AN VAN VRN AN -
2 N D —D—D—D—D [> o Push ke
Continuously on —=\ &~ SO\ U U \(\ y
o)< DM M M M
==L ANV AN VARAN VRN ¥ AN 3
VO AN geD—D— DD
g ==y ) ANV VAN ¥ AN ¥ SN Diode jumper
-~ or

E Alternate switch

|

% Pin numbers apply to TC9316F.

A key matrix like the one shown above is configured when key data are scanned by

software.

This configuration limits key use to 4x 6 =24, but it allows fast key data scanning. Since
TO~T3, OTO and OT1 have built-in high resistance in their n-channel FETs, no diodes are
needed to prevent reverse current when multiple keys are pressed simultaneously.

With this method, the general-purpose output port data (4146, ¢L47) for the key lines to be
scanned are set to high level. The key input port ($K52) data are then loaded to memory to
determine whether a key is pressed.
General-purpose output port data which are set to low level are not scanned at this time.
When a key is pressed, key input port data=1 is loaded to data memory; when a key is not
pressed, key input port data=0 is loaded to data memory.

O Port settings for software scanning

PORT NAME SYMBOL | BIT (s) SETTING / USE
Hardware Scan Enable Bit $L53 Y8 |[”0" : Disables hardware scanning.
General-Purpose (T0~T3) $L46 | Y1~Y8 Sets scanning data
Output Ports (OTO, OT1)| ¢#L4A7 |Y1, Y2 (only for ports used in scanning).
Key Input Port (K0~K3) $K52 [Y1~Y8|Reads input data.

(Note) When high level is applied to the key input pins during execution of a wait
instruction (ie, during wait mode), wait is cancelled and the CPU is restarted.
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(2) Key data scanning by LCD segment output (LCD hardware scanning)

3.2ms
A o

. i 133 us

K3 Ay AN N P
k3 °<} ) ANV AN VA I $20/KRO V’ ,\,% V

, G2 DN N N P
On during —= o4 U\ \V
X X X x

scanning only
$19/KR1 ~2 F
K1
I~ 7 ~x7] §

22)
o= - amm y
f—\ KO )
VA7 - S13/KR2 «,% E
S20/ 53318
- L =
=
LCD segment data f 50)- R0 i Key data latch
or key return signal | @ $19/KR1 Key scan data latch signal ~ I |
b=\ S18/KR2 1 ' 18
4 ; > To LCD panel - 1160
Vico i '
1 | Key pull-down
1 1 L
y 1
® $13/KR7 i |:> §\ Push key

- A DN
Diode jumper
or
E Alternate switch

|

¥ Pin numbers apply to TC9316F.

A key matrix like the one shown above is configured when key data are loaded according to
the LCD segment output. This key matrix requires diodes to prevent reverse current so be
sure these diodes and the diode jumpers are connected pointing in the right direction.

This configuration is used when the general-purpose ports are otherwise employed and are
therefore not available for key data sacnning and when fast key data scanning is unnecessary.
This configuration features a maximum of 4 x8 =32 keys.

With this method, the key data are scanned at the LCD output change timing. Normally,
Vpp potential and the V| ¢cp (Vpp -3V) potential are updated and output every 3.2ms from
the LCD segment output in accordance with the segment setting. At the output change
timing, the segment signal used to load the key data is set to Vpp potential (active), thus
pulling the key input pin down to GND. If a key is pressed (or if a diode jumper is
connected) at this time, voltage for one diode (Vpp —about 0.6V) is input from Vpp potential
to the key input pin. If a key is not pressed (or if a diode jumper is not connected), GND
potential is input to the key input pins.The potential input is latched in the key return data
ports ($K30~¢K37) corresponding to the active LCD segment output lines. At this time,

data =1 when keys are pressed and 0 when not pressed.
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O Port settings for LCD hardware scanning

PORT NAME SYMBOL| BITS SETTING / USE
ISB % Enables hardware scanning.
Key Return Control $L53 |Y1~Y8 ,,1101,,° Specifies dynamic pull-down; K0O~K3 all
used for hardware scanning.

Enables LCD hardware scanning.

LSB Y1, Y2 and Y4 bit settings specify

"x x x1"{ which LCD segment output is used for
hardware scanning.

LCD Key Return Control $L54 |Y1~Y8

LCD Segment Output

(520 / KRO~$13 / KR7) — — | Outputs key return signals.

$K30
~ $K37

¥ : The number of key input pins used for LCD hardware scanning can be switched
arbitrarily by setting other data in Y1 and Y2. (Except KO, which must always be
hardware scanned).

Key Return Data Y1~Y8 | Latches key data.

(Note) Since hardware scanning is not synchronous with CPU operation, check the key
return digit number port and scan busy bit (¢L51) to determine the status of key
data scanning.

(Note) Since key data are stored in port latches, the data can be used without first loading
them to data memory if necessary, by referencing the ports where the data are
stored.

(Note) Key data are stored in port latches. Thus, key data can be used without loading
them to memory just by referencing the ports where key data are stored as
necessary. Of LCD segment output $S1~S20, only S13~S20 can be used in LCD hard
ware scanning.
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(3) Key data scanning by LCD segment output and general-purpose outputports @
(LCD/ output port hardware scanning)

L 4

T3 B
T3 data or _| >o 29) i
key return signal ;j\ ™ |::> \c\ Push key
28,
o4
b\ T1
5 B A 5]
>N Diode jumper
o P
[ ] or
K3 °<} LS e DD M N -
l S/ = myamyanymnyyy b AN VAN VAN VAN ¥/
52 K2 w DD MDD Alternate switch
ON during —= SApanyanysnysngy ) SN VAN VAN YA
: 5y K1 DA A A ™
scanning only R)— 7~y 1o
57)-K0 le—D-D- D N
W =nyany=nyangy Sy VNVANVANY
a $20/ ’ o
LCD segment data 50)- RO
or key return time = $19/KR1
$18/KR2 To LCD panel
O P
Vicp b~ S17/KR3
&

~

¥ Pin numbers apply to TC9316F.

KEY ON 3.2ms

® J_|—\s - — Ly——
— Lyt TL
k _l—ss—ssJﬂ—ss 4 %
g - i Ly

53. 3,us
Key scan data Key data latch
,_n_‘,_n_‘,_n_‘, I
60,us

The LCD side output waveforms are the same as those in section 8-(2), LCD hardware
scanning.

There are two ways to scan key data by the LCD segment output and general-purpose
output ports. One is to construct a key matrix like the one shown above, the other is to
construct a key matrix as described in the following section.

The key matrix shown above uses time division switching to utilize both the LCD segment
output and general-purpose output ports for key data scanning by hardware scanning. In
the above key matrix, key data are loaded using hardware scanning by switching the
scanning of LCD segment output and general-purpose port by time division.
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This method is used when many keys are required or when LCD hardware scanning alone is
too slow. This configuration features a maximum of 4x 14 =56 keys. It usually features
jumpers or alternate switches on the LCD side and push keys on the output port side.

When the jumpers are scanned by the initialization routine, they rarely need to be re-
scanned by the main routine, too. Here, they are scanned by initialization routine LCD
hardware scanning.

The main routine switches the system to output port hardware scanning, and the push-key
data are scanned. If there are fewer than 16 push keys, that is, the same number as in the
example in section 8-(2) (OTO and OT1 are not used), one cycle of hardware scanning takes
12.8ms. This is half the time required (25.6ms) for LCD hardware scanning alone.

For a description of LCD hardware scanning, see 8-2 below.

As with LCD hardware scanning, the key data are scanned at the LCD output change timing
when the general-purpose output ports are used for hardware scanning. If the general-
purpose output port data ($L46 and $L47) used for hardware scanning are set to high level,
scanning begins when a key is pressed. While the key is being pressed, TO outputs a sequence
of Vpp potential (active) in sync with the 3.2ms LCD output change timing. At the same
time, the key input pin is pulled down to GND. When a key is pressed at this time, voltage
for one diode (Vpp minus approx. 0.6V) is input from Vpp potential to the key input pin.
When a key is not pressed, GND potential is input to the key input pin.

The input potential is latched in the key return data ports ($K30~¢K37) corresponding to
the active general-purpose output port lines.

At this time, data=1 when a key is pressed; 0 when a key is not pressed.

When the key is released, key scanning stops after completion of the scan operation currently
underway. The general-purpose output ports used for hardware scanning revert to high level.
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O Port settings for LCD/output port hardware scanning

PORT NAME SYMBOL| BITS SETTING / USE
LSB }Enables hardware scanning.

Key return control $L53 |Y1~Y8 Specifies dynamic pull-down; K0 to
K3 all used for hardware scanning.

) Y8: 1 during LCD hardware scanning

Y8 : 0 during output port hardware

LSB scanning

"x x x1 /0">Y1, Y2 and Y4 bit settings specify

which LCD segment output is used

) for hardware scanning.

) Enables output port hardware

scanning.

Output port key return LSB

contﬁol P y $K55 |Y1~Y8 wyx x17 Y1 Y2 and Y4 bit settings specify
which general- purpose output port

J pins are used for hardware scanning.

“1101"

LCD key return control $L54 |Y1~Y8

LCD m .
CD segment output — — | Outputs key return signal

(520 /KR0O~S13/KR7)

General-purpose (T0O~T3) $L46 |Y1~Y8 }Output port pins used for hardware scanning
output ports  (OT0, OT1) | $L47 |Y1, Y2 |foutput key return signals when they are set to 1.
Key return data ~¢ ¢KK3§7 Y1~Y8 | Latches key data

¥ The number of key input pins used for LCD hardware scanning can be switched
arbitrarily by setting other data in Y1 and Y2. (Except KO, which must always be
hardware scanned).

(Note) Since hardware scanning is not synchronous with CPU operation, check the key
return digit number port and SCAN BUSY bit (¢L51) to determine the status of
key data scanning.

(Note) Key data are stored in port latches. Thus, key data can be used without loading
them to memory just by referencing the ports where key data are stored as
necessary.
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(4) Key data scanning by LCD segment output port and general-purpose output ports @
(Software + LCD hardware scanning)

A >3

D D oo
‘45‘ E>?_ Diode jumper

Continuously ON B
Alternate switch

T3 data —|><>

NY (N
@) (&
— |~
NO|W

N
>~
3

—
o

&)

~
w

D K3 D DD
K3 S— o |
K2 G2y (DY D N ,
4 \NVZRN VAN VRNV The output port side output waveforms

are the same as those in section 8-(1),
software scanning.

@ K1L4 AN The LCD side output waveforms are the
L~ KO same as those in section 8-(2), LCD
RV)— O~ ~7~7 g~ hardware scanning.
S16/
KRO
ON during key scanning only @
b~ S19/KR1
&
b=\ S18/KR2 To LCD panel
- 18)
LCD segment data (15) 317 /KR3
or key return signal A N~
~

VLcD

% Pin numbers apply to TC9316F

This is the second kind of key matrix which can be used to scan key data by the LCD
segment output and general- purpose output ports. The key matrix is configured as shown
above.

This configuration uses software scanning on the output port side and hardware scanning
on the LCD side. Key data can be scanned simultaneously by both sides since dedicated key
input pins are assigned to each side. As the above configuration shows, two key input pins
each are assigned to the output port side and the LCD side. This allows a maximum of
2x6+2x8=28 keys. This configuration is used when fast key data scanning is required;
also, when jumpers are required.

For a description of software scanning, see section 8-(1); for LCD hardware scanning, see
section 8-(2).
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O Port settings for software + LCD hardware scanning

PORT NAME SYMBOL| BITS SETTING / USE
Enables hardware scanning.
LSB Specifies dynamic pull-down.
Key Return Control $L53 |Y1~Y8]|, " Y1 and Y2 bit settings specify which
x X 01 . .
key input pins are used for hardware
scanning.
Enables LCD hardware scanning.
LCD Key Return Control #L54 |Y1~Y8 LSB L Y1, Y2 and Y4 bit settings specify
X X X1 which LCD segment output is used
for hardware scanning.
LCD Segment Output . .
(520 / KRO~S13 / KR7) — — | Outputs key return signal (LCD side).
$K30 .
Key Return Data ~ $K37 Y1~? |Latches key data (LCD side).
General-Purpose Output $L46 |Y1~Y8 } Sets scanning (only sets ports used for )
Ports (TO~T3) $LA7 Y1, Y2 data \ scanning on output port side
Key Input Port (?~K3) $K52 | ?~Y8 |Reads input data (output port side).

(Note) Since hardware scanning is not synchronous with CPU operation, check the key
return digit number port and SCAN BUSY bit (¢L51) to determine the status of

key data scanning.

(Note) When high level is applied to the key input pins assigned to the output port
side (software scanning) during execution of a wait instruction, wait is
cancelled and the CPU is restarted.
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O Internal control port

Internal control port is used for reading into data memory the inside condition 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
- 2Hz
K44l TNH 0 0 0 $Ka5 i 10Hz
Timer Interval
F/F pulse output
Y1 Y2 Y4 Y8
ﬁ';'; cLOCK » »
#LAS ) ceerr | RESET : :

1. INH input port ($K44)

This is an input port for inputting the data of INH input terminal. Content of this port is read
into the data memory by 10 instruction designated the operand part [C\n=4]. Data “1” and "0”
represent radio “ON” mode and "OFF" mode, respectively.

At radio off mode, it stops operating of PLL and IF counter block. When INH bit of MUTE
control port is “1”, MUTE port is set to “1” compulsorily by changing the data of INH input
port. At INH input port is “1”, it releases execution of CKSTP instruction and the operation is
removed. By changing the condition of INH input port, execution of WAIT instruction is released.

2. 2Hz timer F/F ($K45)

2Hz timer F/F is set by 2Hz (500ms) signal. With the execution of 10 output instruction
designated the operand part [Cn=5] this timer is reset by setting data “1” to 2Hz F/F RESET
bit. This F/F output is read into the data memory by execution of 10 input instruction
designated the operand part [CN=5].

As 2Hz timer F/F is automatically set every 500ms, it is usually available for counting of clock.
Since 2Hz timer F/F is reset only by 2Hz F/F RESET bit, count error takes place unless data “1"
is set to 2Hz F/F RESET bit within 500ms period, and correct times is not obtainable.
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(Note) Condition of 2Hz timer F/F output becomes “0” at power on reset or after execution
of CKSTP instruction.

2Hz timer F/F output 7%,( ; §l—‘—rl—
Setting “1” to reset
(ZHZ F/F reset bit s t<500ms
2Hz clock EI

[

500ms

3. 10Hz interval pulse (¢K45)

10Hz interval pulse is output to 10Hz bit with 100ms period, duty 50% pulse. This is read into
the data memory by the execution of 10 input instruction designated the operand part [Cy =5].
This output has no flip flop and is available for mute time counting etc.

10Hz Interval
pulse output

50ms

100ms

4. Other control bit (4L45)
® Clock reset bit

Every time data "1" is set to this bit, clock of under 50Hz is reset (10Hz interval pulse is also
reset). This bit is used for adjusting time of clock.
Accuracy of clock at this time is -0, +0.02 second.

5. TEST port (¢L57)

This is an internal port for testing function of device. It is made access by KEY output instruction
designated the operand part [C\=7]. Never fail to set data “"0” in ordinary program.

Y1 Y2 YA Y8

gL57| #0 | #1 #2 %

|
LSe‘c the data “0“ surely.
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O Application to evaluator chip

When “H” level is supplied to TEST terminal (Test mode), device operates as evaluator chip, and
functional evaluation of developing program can be made by utilizing external simulation board
and EPROM. In the test mode, the device operates with the program written in EPROM, irrespective
of the content of program memory in the device.

As key timing output port (TO~T3) and output port (OTO, OT1) are transferred to the input and
output terminal for control of simulation board at this time, actual T0~T3 and OTO, OT1 port signal
are output from the simulation board side.

Below is shown connection diagram of the device and simulation board in case that it is used as
evaluator chip.

256K EPROM
Vee | 5V+10% supplied
Vpp | 3V+10% supplied
GND — (’
Tout T0
SCK TC9316F
. " TC9316FA
DATA T3 TC9316FB
SIMULATION BOAD  AcgR oT0 E oA
—_— - »n [a)
Smw om |z L LB,
TOT )
; -
T31 % Power supply of
oT0 =4 device 3V+10%
T supplied
@ OoT1T |_
/ l \System reset switch
%K_J

Actual TO~T3
OTO0, OT1 port output

Operating monitor LED
(Note) Supply 3V+10% voltage to the device and 5V *10% voltage to the simulation board
even during back-up mode.
(Note) Each terminal of the device except that shown above can be used normally.
(Note) In case of back-up mode (execution of CKSTP instruction), operating monitor LED on
the simulation board turns off.
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MAXIMUM RATINGS (Ta=25°C)

CHARACTERISTIC SYMBOL RATING UNIT
Power Supply Voltage VDD -0.3~4.0 \
Input Voltage VIN -03~Vpp+0.3| V
Power Dissipation PD 100 mwW
Operating Temperature Topr -10~60 °C
Storage Temperature Tstg -55~125 °C

ELECTRICAL CHARACTERISTICS (Unless otherwise specified, Ta=25°C, Vpp =3.0V)

TEST
CHARACTERISTIC SYMBOL (CIR- TEST CONDITION MIN. | TYP. | MAX. | UNIT
CUIT
Operating Power Supply
Voltage Range VDD — 1.8 3.0 3.6 \Y
. Crystal oscillation stops
Memory Holding Voltage Vup | — |(Excuting CKSTP x| 12| ~ 36| Vv
Range .
Instruction)
Normal operation,
'DD1 | output No-load _ 0.7.1 20} mA
At only CPU operation
Operating Power Supply IDD2 — [(Radio off, lighting — 60 150
Current display)
MA
At stand-by mode
IDD3 — | (Radio off, only crystal — 50 100
oscillation)
. Crystal oscillation stop
memfr%:r‘:g':g Power IHD — |(Excuting CKSTP — | 01| 10| pA
pply instruction)
Crystal Oscillation Frequency xT — X — 75 — kHz
C.rystal Oscillation Starting tsT Crystal oscillation =75kHz | — — 1.0 3
Time
Voltage double boosting circuit
Voltage Double Reference
Voltage VEE — | Vpp Reference (C3) -12 | -15|-1.8 y
Voltage Double Boosting
\ — |V Ref \) -24 | -3. -3.
Voltage LCD DD Reference (V| cp) 3.0 3.6
VLcD Pull-down Resistance RIN3 — | (VLeD) 0.75 1.5 3.0 | MQ

3 Marked items are guaranteed by all conditions of Vpp =1.8~3.6V, Ta= - 10~60°C
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TEST
CHARACTERISTIC SYMBOL |CIR- TEST CONDITION MIN. | TYP. [MAX. | UNIT
CUIT
Programmable counter, IF counter
VIN =0.3Vp.
f — PP | 02| ~ 5.0
Operating Frequency Range IN1 (FM|N, AM|N) MHz
fiN2 — |VIN=0.3Vpp (IF|N) x| 0.35 ~ 12.0
fiN=0.2~5.0MHz . VDD
V — X[ 0.3 ~
Operating Input Amplitude IN1 (FMiN, AM|N) -0.3 Y
Range fiN = 0.35~12.0MHz ] VDD PP
VIN2 — | (FN) ¥| 03 o3
Programmable counter, IF counter
FM|N-PSC Transfer Delay VN = 0.3Vp-p,
— | — —_ 200 ns
Time tpd C = 15pF (FM|N) >'<
PSC Maximum Load Capacity CL — | (PSQ) X — — 15 pF
LCD common output (COM1~COM3)
"H" Level IOH1 — [VLep =0V, VoH=2.7V -100 [ =200 | —
A
Output Current 5 el loL1 | — |Vicp=0V, VoL =03V 100 | 200 | — |~
LCD segment output (51~520)
"H" Level I — |V =0V, Vo =2.7V -051|-1.0 — mA
Output Current —; v OH2 LCD OH
L” Level loL2 — [VLep =0V, VoL =0.3V 50 100 —_ MA
Key return output port, general purpose output port (TO~T3, OT0~OT1)
"H" Level Output Current IOH3 — [VoH=2.7V(T0~T3) -05|-10 — mA
N-ch FET Side Load
R — |VoL=3.0V(TO~T3 75 150 kQ
Resistance ON oL ( ) 300
Mute, psc output
"H" Level IOH4 — |VoH=2.7V -300 ( -600 | —
Output Current 5o el loLa | — |VoL=03V 300 | 600 | — | “A
DO1/0T2, DO2 output
"H” Level IOH4 — |VoH=2.7V -300 [ -600 | —
A
Output Current 5 Vel loLa | — |VoL=03V 300 | 600 | — | *
Output off-Leakage Current ITL — [VTLH=3.0V, VT L=0V — — |[x100| nA

% Marked items are guaranteed by all conditions of Vpp =1.8~3.6V, Ta= - 10~60°C
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TEST
CHARACTERISTIC SYMBOL |CIR- TEST CONDITION MIN. | TYP. [MAX. | UNIT
CUIT
General purpose 1/0 port (P1-0~P1-3, P2-0~P2-3)
"H" Level I — |VoH=2.7V -300 (-600| —
Output Current |5—; OH4 OH
L" Level loLa — |voL=03V 300 | 600 | — | pA
Input Leakage Current I — [VIg=3.0V, V|L=0V — — 1.0
nout Volt “H" level VIH1 — — 24 | ~ 30 [
nput Voltage v evel Vil — — 0| ~ 0.6
INI input, IFjN/IN port (When using in port)
Input Leakage Current I — [VIH=3.0V, V| =0V — — [ 1.0 | rA
“H" Level VIH2 — [ (NI, INO~IN3) 24 | ~ 3.0
Input Voltage 55 Vila | — |(INI, INO~IN3) 0| ~ 06 | V
Key input port (KO~K3)
Input Pull-down Resistance RIN1 — — 75 | 150 | 300 | k{Q
| t Volt “H" Level VIH2 — — 1.8 ~ 3.0 y
nput Voltage i evel ViL2 — — 0| ~ 0.3
INH input port
Input Leakage Current I — |VIg=3.0v, V|L=0V — — | £1.0 | A
| t Volt "H" Level VIH3 — — 2.6 ~ 3.0 y
nput Voltage  F v evel Vis | — — 0| ~ 12
Others
Input Pull-down Resistance RiN2 — | (TEST) 25 50 100 | kO
XT Input Feedback Resistance REXT — [ X7~X7) 3.75 7.5 | 150 | MQ
XT Output Resistance Rour | — [(XT) 50 | 100 | 200 Q)
Input Pull-down Resistance RfIN — [ (FMiNn, AM|N, TFIND 375 | 750 | 1500

* Marked items are guaranteed by all conditions of Vpp =1.8~3.6V, Ta= - 10~60°C
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EXAMPLE OF CONNECTION TO PRESCALER TD6134AF

Vee
10 uF

9

i}
0.14F

Vecd

VHF/FM
Q

e

—d O

TD6134AF

0.001 uF

Qe

fT

@

0.01uF

r@

EXAMPLE OF CONNECTION TO PRESCALER TD7107F

SW/FM

Vee
Q 10 uF
+H_
ik
0.1uF »
7 O
TD7101F

0.001 /AF
. 0. 047 uF

0.022 uF

BE®GE

) @d @) @)
L4

TC9316F

Qe

fT

@%@@ 3

(\01

0.047 uF

._C
J,_C

EXAMPLE OF CONNECTION TO PRESCALER TD7103F

Vee
(e}

-
o

®
8

Stand-by TV/FM

. 00144
. 0.014F -
=

o

o +
© Q) (& E‘_ Iﬂ

&

Ry

@ ].iw)

O

TD7103F

0

BE®GE

TC9316F

0.01uF

D24

45 @) @) @) ,
?

Gg}
@)
@g}
D

TC9316F

% TC9316FA, TC9316FB : Pin No. 45, 46 and 47 is change 47, 49 and 50.
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PACKAGE DIMENSIONS

QFP60-P-1414-0.80E Unit : mm
. 16.210.3 .
’ 14.0+0.2 i
45 31

2 HHBHEHHAHEBHHAHAA f

[~

jjl 465 T 30
[T |
(i nm|
i nim|
I nim;
jmin ID ol on
1] 1 > (=}
O ] ﬁ &
1] ] o ©
(i ] -~ ~
(i 111
CIC i)
I am|
I 1

60 OO 11 16
N
HEHEEHEAEHEEREE !
1 15
1.4TYP | |1 0.35%0.1
»—le »f-fe

A

B

-

o
10
-
£
Te}
-

Oy
v

0.73+0.2

Weight : 0.85g (Typ.)
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TOSHIBA
PACKAGE DIMENSIONS
LQFP64-P-1010-0.50 Unit : mm
. 12.040.2
) 10.0+0.2

1.25TYP

10.0+0.2
12.010.2

Weight : 0.32g (Typ.)
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TOSHIBA TC9316F/FA/FB
PACKAGE DIMENSIONS
QFP64-P-1212-0.65 Unit : mm
. 14.010.2
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TOSHIBA TC9316F/FA/FB

RESTRICTIONS ON PRODUCT USE

000707EBA

@ 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..

@® 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.

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

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

@® The information contained herein is subject to change without notice.
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