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TOSHIBA CMOS Digital Integrated Circuit Silicon Monolithic

TC9349AFG

Single-Chip DTS Microcontroller (DTS-21)

The TC9349AFG is asingle-chip DTS microcontroller for portable audio
incorporating a30 MHz prescaler, PLL, and LCD driver. In addition to an
IF counter, serial interface and buzzer function, the device incorporates an
interrupt function, timer counter, pulse counter, €l ectronic volume function

and A/D converter

The device also supports selection of 1/4-duty 1/2 bias or 1/4-duty 1/3
biasfor the LCD driver, while a built-in 3V voltage doubler boosting
circuit implements stable operation of the LCD monitor.

The power supply voltage ranges from 0.9V to 1.8 V. Dueto its
low-current consumption, the deviceis suitable for usein digital tuning

LQFP64-P-1010-0.50E
Weight: 0.32 g (typ.)

systems in portable equipment such as headphone stereos.

Features

CMOS DTS microcontroller LS| with built-in prescaler PLL and LCD driver

Operating voltage range:
Current dissipation:

Operating temperature range:

Program memory (ROM):
Datamemory (RAM):
Oscillator frequency:

Instruction execution time:

Interrupt:

Interrupt stack:
Address stack:
1/0O port:

LCD driver:
Serial Interface:

Buzzer:

Timer counter:

Pulse counter:
Electronic volume:

A/D converter:
Amplifier for LPF:
DC/DC converter of VT:

VDD =0.9t0 1.8V (typ.: 1L.5V)

With CPU in operation: IDD = 150 pA (typ.)

With PLL in operation: IDD = 1 mA (typ. At inputting OSCin = 30 MHz)
Ta=-10t0 60°C

16-bit x 8192 steps

4-bit x 512 words

Crystal oscillator: 75 kHz (crystal oscillator)
High-speed oscillator: 300 to 600 kHz (ceramic oscillator or crystal oscillator)

Crystal oscillator: 40 pus
High-speed oscillator: 5to 10 ps

External: 2 system (INTR1, INTR2 pin)

Internal: 4 system (serial-interface, timer-port, timer-counter, decreased voltage
detection)

4 level x 26 bit G-register, Data select, Carry flag, Data register

16 level x 13 bit (program counter)

CMOS1/O port: 36 (max)

N-ch open-drain I/O port: 9 (max)

Exclusive output port: 2 (max), exclusive input port: 1 (max)

1/4 duty, 1/2 bias or 1/4 duty, 1/3 bias: 72 segments (max)

1 system, 2 channel (N-ch open-drain, CMOS I/O port), 3 kinds (3-wired, 2-wired,

UART)

4 kinds of frequency (1 kHz, 1.56 kHz, 2.08 kHz, 3 kHz),

4 modes (continuous, single-shot, 10 Hz intermittent, 10 Hz intermittent 1 Hz interval)

8 hit, 2 kinds of timer clock (25 kHz, 1 kHz),

2 modes (timer counter, pulse width measure (INTR1 pin))

8 bit up/down counter

2 channel, 32 step (0 dB to —78 dB, —odB)

6 bit, 4 channel, conversion time: 240 us

5.5V output max. (Tout, Tin)

2 stage (0.75 V, 1.0 V) voltage detected (VDET)

15 kinds of doubler clock, 2 types of doubler clock output
(CMOS output: DDCK2, N-ch output: DDCK 1)
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e DC/DC converter for CPU:

e Programmable counter:

o Reference frequency:

e Phase comparator:

e General-purpose IF counter:
e Backup function:

e Reset function:
o Decreased voltage detection function:

e Package:
e EEPROM product:

Charge-pump type

Two kinds of doubler clock: 75 kHz crystal oscillator,

high-speed oscillator clock (300 to 600 kHz),

setting doubler voltage for 3 stages (2.0V, 25V, 3.0V)

16-bit HF mode: 1/15 or 16-pulse swallow-type (1 to 30 MHz, Vin = 0.1Vp-p (min))
LF mode: 12 bit direct divider type (0.5 to 4 MHz, Vin = 0.1Vp-p (min))

10 kinds (1 kHz, 1.3889 kHz, 1.5625 kHz, 2.7778 kHz, 3 kHz, 3.125 kHz, 5 kHz, 6.25
kHz, 12.5 kHz, 25 kHz)

2 (max), setting for “H"/“L” level, High-impedance and built-in output resistor by
program. two units (max); “H”"/“L" level-setting, high-impedance setting, and built-in
output resistor setting (0 kQ2, 5 kQ2, 50 kQ2, 100 kQ2) possible through programming
(DOV/DO02); automatic change of output resistor according to phase differenceis possible
through programming. (DO2)

20 hits, 0.03 to 12 MHz, Vin=0.1Vp-p (min)

three modes: clock stop (stoppage of crystal oscillator); hard wait, (crystal oscillator
operation only); soft wait (CPU intermittent operation)

Built-in power-on reset circuit

Voltage detection is possible in 25 mV stepsin therange VDD = 0.850 V to 1.225 V.
Decreased voltage detection enables selection of the CPU stop function.

QFP-64 (0.5 mm in pitch, 1.4 mm thick)

TCO3E49FG

Note:  This product is sensitive to electrostatic discharge. Handle with care.
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Pin Assignment

IFin/IN

VpLL

OSCin

GND (PLL)

DO1/0T1/P
DO2/0OT2/N/Tin

P9-0/Tout

MUTE/P9-1
P9-2/DDCK2/TEST
P8-0/VDET (BRK13)
P8-1/S12/DDCK1 (BRK14)
P8-2/SCK2/RX2 (BRK15)
P8-3/SDIO2/TX2 (BRK16)
RESET

GND

Xinl

50
51
52
53
54
55

4

P5-3/VRout2

P5-2/VRin2

P5-1/VRcom

P5-0/VRinl

P4-3/VRoutl (BRKS)
P4-2/BUZR (BRK7)
P4-1/INTR2/INH (BRKS)
P4-0/INTR1 (BRK5)
P3-3/PCTRIn (BRK4)
P3-2/SI1 (BRK3)

P3-1/SDIOL/TX1 (BRK2)
P3-0/SCK1/RX1 (BRK1)
P16-3/S18/Xout2
P16-2/S17/Xin2

P16-1/S16

P16-0/S15

48

47

46

45

44 39

38

Electronic volume

SIo1

Pull-up/pull-down

CMOSI/O port (2)

N-ch open drain
1/0 port (4)

Oscillation

CMOS I/O port (34)

N-ch open drain
_ /O port (1)

SVFP64
(0.5 mm pitch)
Top - view

N-ch open drain
1/0 port (4)

e  —

LCD driver (1/4 duty, 1/3 or 1/2 bias: 72 segments max)

4

64 |circuit Doubler/regular circuit
{

A/D (4ch)
[
11 12 13

Xoutl

5 6 7 8 10
> >

P6-0/ADin1 (BRKO)
P6-1/ADin2 (BRK10)
P6-2/ADin3 (BRK11)
P6-3/ADin4 (BRK12)

P10-0/COM1

P10-1/COM2

P15-1/S14
P15-0/S13
P14-3/S12
P14-2/S11
P14-1/S10
P14-0/S9
P13-3/S8
P13-2/S7
P13-1/S6
P13-0/S5
P12-3/S4
P12-2/S3
P12-1/S2
P12-0/S1
P10-3/COM4
P10-2/COM3
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Block Diagram
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Description of Pin Functions

PIN No.

Symbol

Pin Name

Function and Operation

Remarks

64

Xinl

Xoutl

Crystal oscillator pin

Crystal oscillator pins.
A reference 75 kHz crystal resonator is
connected to the Xinl and Xoutl pins.

Xin1
o—6

-

(Xin1, Xout1)

68

GND

VDD

Power-supply pins

Power supply pin for the crystal oscillator
and doubler circuit for the CPU (Vpg).
Normally, Vpp = 0.9 to 1.8 V is applied.

Vpp potential is detected in the 0.850 V to
1.225 V range in 25 mV steps using the
decreased voltage detection circuit. If Vpp
potential falls below the voltage being set,
the CPU can be stopped to prevent
incorrect operation.

Note: After reset, the voltage set for the
decreased voltage detection is Vpp
=0.85 V. CPU stop function is
enabled.

)

GND

C1

Cc2

VDB

Doubler output pins for
CPU

Doubler output pins for CPU.

The doubler system is the charge-pump
system.

When a doubler clamp is permitted, a
voltage of 2.0 V, 2.5 V or 3.0 V can be
selected. A doubler clock can select either
one of 75 kHz, 37.5 kHz or high-speed
oscillator clock.

Usually, the Vpg pin connected to the
capacitor for stabilization (0.1 uF, 10 pF
typ.) supplies voltage for the power supply
of the CPU only ( Vcpy). The Vpg potential
is supplied to the power supply of the A/D
converter, and a 1.5 V constant-voltage
circuit ( Vee).

The voltage is doubled by the doubler
capacitor between C1 and C2 (0.47 pF
typ.). When the doubler clamp is enabled,
the voltage is doubled below the voltage
being set.

Note: During reset or execution of the
clock stop instruction, the Vpg pin is
set to Vpp level. The LX pinis L
level for CMOS output, and at high
impedance for open-drain output.

Vpe
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PIN No.

Symbol

Pin Name

Function and Operation

Remarks

C3

Cc4

VLCD

Doubler output pin for
LCD driver

Doubler output pin for the LCD driver.
The VLCD pin doubles the VEE pin
voltage to 3 V using the voltage doubler
capacitance between C3 and C4.

The doubled VLCD voltage is supplied to
the 1/0 port, the power supply of the LCD
driver, and the electronic volume power
supply.

Usually, the stabilizing capacitor (0.1 puF
typ.) is connected between the VLCD pin
and GND. The voltage doubler capacitor
(0.1 uF typ.) is connected between C3 and
C4.

Note: During reset or execution of a clock
stop instruction, the VLCD pin is set
to the VCPU power supply level.

Vicp

L

VEE

Constant-voltage output
pin

Constant-voltage output pin.

The VEE pin outputs 1.5 V (typ.)
constant-voltage power supply.

The VEE potential is used for the voltage
doubler for the CPU, the clamp function of
the DC/DC converter and the reference
voltage of the A/D converter.

The stabilizing capacitor (0.47 pF typ.) is
connected to the VEE pin.

Note: During reset or execution of the

clock stop instruction, the VEE pin
is at high impedance.

10

VCPU

CPU power supply pin

CPU power supply pin.

Normally, 1.2 to 3.6 V is applied. When
memory backup is required, VDB potential
is applied to this pin and this pin’s potential
is held.

In backup state (at execution of the
CKSTP instruction), current dissipation
drops (0.5 pA or less), and the power
supply voltage can be reduced to 0.75 V.
If voltage is applied to this pin, the device
system is reset and the program starts
from address “0” (power-on reset).

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

Note: To be used with VCPU < VLCD.

Vcpu

R

11-14

P6-0/ADInl
(BRKO)
]

P6-3/ADin4
(BRK12)

1/0 port 6
/AD analog input

4-bit N-ch open-drain 1/O ports, allowing
input and output to be programmed in 1-bit
units.

If the ports are set as the input state of an
1/0 port, these can be set to break pins.
The backup mode can be released by
changing the input state of the break pin in
the backup mode.

1/0O ports are N-ch open-drain output. Up to
the Vpg voltage can be applied to the AD
input pins.

Pins P6-0 to P6-3 can also be used for
analog input to the built-in 6-bit, 4-channel
A/D converter.

The conversion time of the built-in A/D
converter using the successive
comparison method is 240 ps.

The necessary pin can be programmed to
A/D analog input in 1-bit units.

Up to the doubled voltage VDB (VDD x 2)
can be input as the A/D input voltage.

Eg To A/D
converter

Vbp

ey

Input instruction
Release enables
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PIN No.

Symbol

Pin Name

Function and Operation

Remarks

15~18

P10-0/COM1
1

P10-3/COM4

1/0 port 10
/LCD common output

19~22

P12-0/S1
1

P12-3/S4

1/0 port 12
/LCD segment output

23~26

P13-0/S6
i

P13-3/S8

1/0 port 13
/LCD segment output

27 ~30

P14-0/S9
i

P14-3/S12

1/0 port 14
/LCD segment output

31-~32

P15-0/S13
/
P15-1/S14

1/0 port 15
/LCD segment output

33~36

P16-0/S15
/Xin2
1
P16-3/S18
/Xout2

1/0 port 16
/LCD segment output
/High speed oscillator

22-bit CMOS 1/0 ports, allowing input and
output to be programmed in 1-bit units.

It can be set as LCD driver output through
programming.

Through a matrix with pins COM1 to
COM4 and S1 to S18, a maximum of 72
segments can be displayed.

When the LCD OFF bit is set to “0”, all of 8
pins of P10-0 to P12-3 become the LCD
output of COM1 to COM4 and S1 to S4.
Other LCD driver pins (S5 to S18) can be
set to the LCD driver output for every pin.

Either of two drive systems can be
selected: 1/4 duty1/2 bias system (frame
frequency: 62.5 kHz) or 1/4 duty 1/3 bias
system (frame frequency: 125 kHz).
When 1/2 bias system is set, common
output is VLCD, 1/2 VLCD and GND, and
segment output is VLCD and GND. When
1/3 bias system is set, common output and
segment output are VLCD, 1/3 VLCD, 2/3
VLCD and GND.

If “1” is set to DISP OFF bit, common
output is non-selected waveform and LCD
display are all switched off.

Pins P16-2 and P16-3 can be set to the
high-speed oscillation pins Xin2 and Xout2
through programming.

A 300-600 kHz ceramic or crystal oscillator
is connected to Xin2 and Xout2 pins.

This oscillation clock can be changed to
CPU operation clock for high-speed CPU
operation. During execution of the clock
stop instruction, oscillation stops.

Note: When changing the CPU clock to a
high-speed oscillator clock, do so
100 ms or more after the
high-speed oscillator is enabled.

gﬁ LCD
potential

Vbbp

Vbp

Input instruction

Xout2 Rout2

RixT2

WA—

Vbp

Xin2
o—4¢

p—

(Xin2, Xout2)
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PIN No.

Symbol

Pin Name

Function and Operation

Remarks

37

38

39

40

P3-0/SCK1
IRX1
(BRK1)

P3-1/SDIO1
ITX1
(BRK2)

P3-2/SI1
(BRK3)

P3-3/PCTin
(BRKA)

1/0 port 3
/Serial clock input/
output 1/UART input 1
/Serial data input/
output 1/UART output 1

/Serial data input 1

/Pulse counter input

4-bit CMOS /O Port, allowing input and
output to be programmed in 1-bit units.

When the I/O port is set as input, the
pull-up/pull-down state can be
programmed in 1-bit units.

If set as the input state of an 1/O port and
a backup release enable state, the backup
state can be released by changing input
state in the clock stop and the wait modes.

Pins P3-0 to P3-2 are used as input/output
pins of a serial interface circuit.

The serial interface circuit corresponds to
2-wired, 3-wired and UART types. Serial
clock edge, serial clock input/output and
clock frequency are selectable, facilitating
the control of various LSIs and
communication between controllers.

When interruption of a serial interface
circuit is permitted, interruption occurs and
a program is jumped to the 3rd address
after the serial interface operation is
completed.

The P3-3 pin is used as 8-bit pulse
counter input PCTRIin. Since it is possible
to select either or both of the rising edge
and falling edge of the input pin, as well as
count-up or count-down, the pin can be
used as an input to a tape count.

Input instruction
Release enables
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PIN No. Symbol Pin Name Function and Operation Remarks
Vbbp
8-bit CMOS 1/O Port, allowing input and
output to be programmed in 1-bit units. |>
41 P4-0/INTR1 1/0 port 4 o—4
(BRK5) /External interrupt When P4-0 to P4-3 ports are set as the |>
input 1 input and backup release enable states,
42 P4-1/INTR2 /External interrupt the backup state in the clock stop and wait
o input 2 modes can be released by changing input Vpp
INH (BRK6) /PLL inhibit input state.
43 P4-2/BUZR /Buzzer output | | g |nput instruction
(BRK7) Pins P4-0 and P4-1 are also used as
external interrupt input INTR1 and INTR2. R:Fl’iagfoegjbgs
When external interrupt is enabled and a
3-clock pulse of CPU (40 ps: using 75 kHz
oscillator) or longer is input to the INTR1
or INTR2 pin, an interrupt is generated and .
a program jumps to the 1st or 2nd i Electronic
address. volume signal
Vbbp
For input interrupt, input logic or t
rising/falling edge can be selected for each ¢‘F
pin. The signal input from the INTR1 pin
can measure the pulse width using the O_"—{
110 port 4 8-bit internal timer. The signal can be used »H—
44 P4-3/VRoutl /Electronic volume to detect a remote control signal. /Jj
(BRK8) out
putl v
DD
The P4-1 pin is used as the PLL inhibit % r
input INH .
Ifthe INH pinis set to the PLL inhibit Input instruction
enable state, the PLL is stopped during “L” Release enables
level of the INH pin. (P4-3)
The P4-2 pin is used as the buzzer output.
For the buzzer output it is possible to
select 4 frequencies, 1/1.56/2.08/3 kHz, .
with 4 modes: continuous output, %Eledrom(‘:
45 P5-0/VRin1 I/ port 5 single-shot output, 10-Hz intermittent volume signal
/Electronic volume output, and 10-Hz intermittent 1-Hz Vbbp
inputl interval output. t
. <t
46 P5-1/VRcom /Electronic volume
reference voltage input O_"—E
Pins P4-3 and P5-0 to P5-3 are used as +H‘
input/output pins for electronic volume. /Jj
47 P5-2/VRin2 /Electronic volume | There are two electronic volume channels.
input 2 An 1/0 port or electronic volume is Vbp
selectable for every channel. Attenuation
can be controlled from 0 dB to —78 dB and
48 P5-3/VRout2 /Electronic volume o dB in 32 steps.
output 2 Input instruction
(P5-0 to P5-3)
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PIN No. Symbol Pin Name Function and Operation Remarks

IF signal input pin.

The input frequency is between 0.03 and
12 MHz. A built-in input amp and C
coupling allow small-amplitude operation.

The IF counter can store 20-bit data in Rfin2
memory. In Manual mode, gate On/Off
control can be performed using an
instruction.

VPLL

IF signal input

49 IFin/IN /input port

The input pin is used as an input port (IN
port). In this case, the pin is for CMOS o—4¢
input, so that input clocks can be counted VpLL

using the IF counter.

o

Note: When a pin is set to IF input, the
input is at high impedance in
PLL-off mode.

B

Input instruction

Note: Since the Vp . power supply is used
in this circuit, an input state cannot
be read when the Vp power
supply is in the OFF state.

Pin to which power is applied for the PLL

prescaler.

50 VPLL

Normally, the supply voltage to be applied
PLL is from0.9t0 1.8 V.

Power supply pin

Current dissipation becomes low in PLL-off
mode.

52 GND (PLL)

Ik

Usually, the pin is connected to the VDD

Programmable counter input pin.

It is possible to select the pulse-swallow
type (HF mode) or the direct divide type

R .
(LF mode) through programming. fin1

VpLL
Local oscillation signal The local oscillation output of 1 to 30 MHz

input is input in the HF mode; 0.5 to 4 MHz in
the LF mode. o—4¢

51 OSCin

Y

A built-in input amp and C coupling allow
small-amplitude operation.

Note: The input is at high impedance in
PLL-off mode.
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PIN No. Symbol

Pin Name

Function and Operation

Remarks

53 DO1/0T1/P

54 DO2/0T2/N
/Tin

Phase comparator
output
/output port
/P output
/Tr. Input for LPF

PLL phase comparator output pins.

Tristate output: When the program counter
divider output is higher than the reference
frequency, High level is output; when the
output is lower, Low level; and when they
match, high impedance.

The doubler voltage Vpg is used for phase
comparator power supply. The Vpg power
supply potential is output for High level.

The DO1 and DO2 pins incorporate 3
types of output resistance (5 k<, 50 kQ,
100 kQ), which can be changed for each
pin.

The DO2 pin can change output resistance
automatically according to the phase
difference of the PLL. Therefore, lock-up
time is improved.

The DO2 pin can be programmed to
high-impedance or as an output port (OT1,
OT2). The phase comparator charge pump
control signal (P/N), which is used to
configure an external charge pump, can be
output from the DO1/2 pin.

If the phase comparator charge pump
control signal (P/N) is set, when the
program counter divider output is higher
than the reference frequency, P/N is
output at H/L level; when the output is
lower, L/H level; and when they match, L/L
level.

55 P9-0/Tout

56 MUTE/P9-1

/TEST

57 P9-2/DDCK2

1/0 port 9
[/Tr. Output for LPF

/Mute output
/Clock output 2 for

doubler
/TEST mode input

Pins P9-1 to P9-2 is 2-bit CMOS I/O ports.
The P9-0 pin is a 1-bit N-ch open-drain
1/0, allowing input and output to be
programmed in 1-bit units.

The P9-1 pin is used as the MUTE output.
The MUTE output is usually used for
muting control signal output. The MUTE bit
can be set to “1” through change in the
input of the 1/0 port input release (BRK)
pin. The MUTE output logic can be set
through programming.

During system reset (RESET = “L"), the
P9-2 pin is pulled down and becomes the
test mode input.

Therefore, the pin is normally used at Low
level or in open state during the reset
condition.

Through programming, it is possible to use
the N-ch FET transistor for low path filter
amplifiers (5.5 V voltage).

As for FET transistors, Tin pin is set as
gate input and Tout pin is set as drain
output.

Rout1

3 X<
g
@

- =

(DO1/OT1/P, DO2/0T2)

Rout1

—P

o1
3—“ T
T
ﬁirilr@é
-1 -1 ?

(Tins Tout)
Note: Tin/Tout Setting

DD

yw

Input instruction
(P9-0)

<
O
O

]
O

Lol

Input instruction
(MUTE/P9-1)

Vbbp

O

e !
By

ﬁ Input instruction,

nLE“» Reset

(P9-2/DDCK2/TEST)

11

2006-02-24



TOSHIBA

TC9349AFG

PIN No.

Symbol

Pin Name

Function and Operation

Remarks

58 ~ 61

P8-0/VDET
(BRK13)

P8-1/SI2
/DDCK1
(BRK14)

P8-2/SCK2
IRX2
(BRK15)

P8-3/SDIO2
ITX2
(BRK16)

1/0 port 8
/Detected doubler
voltage input

/Serial data input 2
/Doubler clock output 1

/Serial clock input/
output 2
/UART input 2

/Serial clock input/
output 2
/UART output 2

The port 8 is a 4-bit N-ch open-drain 1/0
port, allowing control of ON/OFF for an
output transistor to be programmed in 1-bit
units When an output is set as OFF, the
pin can be used as an input port.

When the backup release enable state is
set, the backup state in the clock stop and
wait modes can be released by a change
in the input or output pin.

The 1/O port is N-ch open-drain 1/0O. Up to
5.5V can be input to or output from the I/O
port.

This pin is used to configure the switching
regulator for VT.

The voltage is doubled by the doubler
clock output DDCK1 (P8-1) or DDCK2
(P9-2). The divided voltage is input to the
detected doubler voltage VDET pin (P8-0)
to control the doubler clock.

The DDCK1 output is 5.5V N-ch output.
The VT doubled voltage is doubled to 5 V
through the use of an external transistor.

The DDCK2 output is CMOS output The
voltage can be doubled through the use of
an external transistor.

For the doubler clock, it is possible to
select from three types of dividing
frequency: crystal oscillator, high-speed
oscillator and OSCin input.

It is also possible to select through
programming the comparator reference
potential of the VDET input: either 0.75 V
orl.0V.

Pins P8-1 to P8-3 are used as serial
interface circuit (SIO) input/output pins.

The serial interface circuit corresponds to
2-wired type, 3-wired type, and UART.
Serial clock edge, serial clock input/output,
and clock frequency can be selected,
facilitating the control of various LSIs and
communication between controllers.

When interrupts of a serial interface circuit
are enabled, an interrupt is generated after
serial interface and the program jumps to
the 3rd address.

Detected
—— > doubler

>—\J?l voltage input
VbD

Input instruction
Release enables
(P8-0)

T g

Input instruction
Release enables
(P8-1, P8-3)

62

RESET

Reset input

Input pin for system reset signals. The
input uses built-in Schmitt circuit.

RESET takes place while at Low level; at
High level, the program starts from
address “0” after 100 ms standby.

Normally, if voltage is applied to the VCPU
pin, the system is reset (power-on
reset).Therefore, this pin should be set to
High level during operation.

Vcpu

19
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Description of Operations

O CPU

The CPU consists of a program counter, a stack register, an ALU, program memory, data memory, a G-register, a data
register, a DAL addressregister, acarry flip-flop (F/F), ajudge circuit, interrupt stack register and an interrupt circuit.

1. Program Counter (PC)

The program counter is a 14-bit binary up-counter used to address program memory (ROM). The program counter is
cleared by a system reset and starts from address 0.
The PC is normally incremented by 1 at the execution of each instruction. However, executing a Jump or Call instruction
|oads the address specified in the operand of the instruction to the PC.
When an instruction with a skip function (the AIS, SLTI, TMT, RNS instructions, etc.) is executed and the result of the
instruction satisfies the skip condition, the PC is incremented by 2 and the next instruction is skipped.
When an interrupt is received, the system loads the vector address corresponding to the interrupt.

Note: The program memory (ROM) uses the address range 0000H to 1FFFH. Access to addresses outside this
range is prohibited.

Contents of program counter (PC)

Instruction
PC13 PC12|P011|PC10| PC9 | PC8 | PC7 | PC6 | PC5 | PC4 | PC3 | PC2 | PC1 | PCO
JUMP ADDR1 0 [« Instruction operand (ADDR1) >
CALL ADDR2 0 |« Instruction operand (ADDRZ2) >
DAL ADDRS, (r) Contents of general
0 0 0 0 [«— Instruction operand (ADDR3) —>1€¢— ) o
(DAL bit = 0) register (r)
DAL (DA)
< DAL address register (AR)
(DAL bit=1)
RN, RNS, RNI <

Contents of stack register

When interrupt received

Vector addresses for interrupt

Power-on reset, reset by
RESET pin

Interrupt source

Vector address

INTR1 pin 0001H

INTR2 pin / Timer port 0002H

Serial interface / timer port / decreased voltage detection 0003H
Timer counter 0004H

12
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2.

Address Stack Register (ASR)

The address stack register consists of 16 x 14 bits. When the subroutine call instruction is executed or an interrupt is
processed, this register stores a value equal to the contents of the program counter + 1 (that is, the return address).
Executing the return instruction (RN, RNS, RNI) loads the contents of the address stack register to the program counter.

There are 16 stack levels available and nesting occurs for up to 16 levels. The address stack register is mapped to I/O and
can be read/written by the input and output instructions.

ALU

The arithmetic and logic unit (ALU) has binary 4-bit parallel addition/subtraction functions, logical operation,
comparison and multiple bit judge functions. The CPU does not include an accumulator; all operations use the contents of
the data memory directly.

Program Memory (ROM)

The program memory consists of 16 bits x 8192 steps and is used for storing programs. The usable address range consists
of 8192 steps between addresses 0000H and 1FFFH.

The program memory divides the 8192 into eight separate steps and consists of pages O to 7. The JUMP and CALL
instructions can be freely used throughout all 8192 steps. When the data refer DAL (DAL instruction) is executed, the
program memory addresses 0000H to 03FFH (page O) are used as data areas, when the indirect refer DAL instruction
(DALR instruction) is executed, the program memory addresses 0000H to OFFFFH (pages O to 3) are used as data aress.
Execution of these instructions enables their 16-bit contents to be |oaded into the data register.

Note: Set the data area in program memory to addresses outside the program loop.
Note: The program counter used to set the program memory has 14 bits and can specify a program memory up
to address 3FFF. Do not specify non-existing addresses from 2000H to 3FFFH.

ROM
<«— 16 bits ——> Vector addresses at interrupt

0000H| Jump destination address at initialization
0001H INTR1 pin
0002H INTR2 pin / timer port

0000H

Serial interface / timer port /

0003H decreased voltage detection

Interrupt vector
address

Page 0
(1-k steps)

0004H Timer counter

’ Area available to DAL instruction ‘

0400H
Page 1

0800H
Page 2

0COOH
Page 3

Area available to JUMP instruction
Area available to CALL instruction
Area available to DALR instruction

1000H
Page 4

1400H
Page 5

1800H
Page 6

1CO0H
Page 7

1FFFH
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5.

Data Memory (RAM)

The data memory consisting of 4 bits x 512 words is used to store data. These 512 words are expressed in a row address
(4 bits) and column address (4 bits). 348 words (row address = 04H to 1FH) within the data memory are addressed
indirectly by the G-register. Therefore it is necessary to specify the row address with the G-register before the data in this
area can be processed.

The addresses 00H to OFH within the data memory are known as genera registers, and can be used simply by specifying
the relevant column address (4 bit). These sixteen general registers can be used for operations and transfers with the data
memory, and may also be used as normal data memories.

Note: The column address (4 bits) that specifies the general register is the register number of the general
register.

Note: All row addresses (00H to 1FH) can be specified indirectly with the G-register.
Note: The LD and ST instructions can directly address 256 words of data memory (row address area O0H to

OFH).

COLUMN ADDRESS: DC
—>
0123456789 ABCDEF

.o | General register
% 1 (any register within 000H to 00FH)
@ 2
x 3
3
% 5
6
Q:V ;
Row addresses (04H to 8
2FH) indirectly specified |:> o
by G-register A
B The LD and ST instructions can
C directly specify row addresses
D (OOH to OFH).
E
F
10
11
12
Row address area 1 E;ﬂ
* 00H to 1FH can be 1E
indirectly specified. 1F
>
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6.

10.

11.

12.

G-register (G-REG)

The G-register is a 5-bit register used for addressing the row address (DR = 00H to 1FH) of the data memory’s 512 words.
This register is located on the 1/0O map and accessed by input-and-output instruction. The 5-bit contents can be directly set
by execution of the STIG instruction. (Refer to Register Ports.)

The contents of this register are effective when the MVGD or MV GS instruction is executed, and are not affected
through execution of any other instructions. The contents of the G-register are evacuated to the interrupt stack register when
an interrupt request is generated, and returned to the G-register during execution of the RNI instruction. (Refer to Interrupt
Stack Register.)

Data Register (DATA REG)

The data register consists of 16 bits and loads 16 bits of data from any address in the program memory on execution of
the DAL instruction. Thisregister is used as one of the ports. The contents of the register are |loaded into the data memory in
4-bit units when the IN1 instruction among the 1/O instructions is executed. (Refer to Register Ports.) The contents of data
register are evacuated to the interrupt stack register when an interrupt request is generated, and returned to the data register
during execution of the RNI instruction. (Refer to Interrupt Stack Register.)

DAL Address Register (AR)

The DAL address register consists of 14 bits. When the DALR instruction is executed, 16 bits of the data of the program
memory on the address specified by the DAL address register is |oaded to the data register. The contents in the DAL address
register are automatically increased by one whenever the DALR instruction is executed.

The contents of the data register can be transferred to the DAL address register by execution of the MVAR instruction.
The DAL address register is located on the I/O map and accessed by input and output instructions.

(Refer to Register Ports.)

Carry Flag (Ca Flag)

The carry flag register is set when either Carry or Borrow isissued in the result of calculation instruction execution, and
is reset if neither of these is issued. The flag is located on the I/O map and can be accessed by the input and output
instructions. (Refer to Register Port.)

The contents of a carry flag are changed by execution of only the addition, subtraction, CLT, CLTC, SHRC or RORC
instruction and are not affected by execution of other instructions. The contents of carry flag are evacuated to the interrupt
stack register when an interrupt request is generated, and returned to the carry flag during execution of the RNI instruction.

(Refer to Stack Register.)

Interrupt Stack Register (ISR)

This register consists of 4 levels and 26 bits. When an interrupt occurs, the contents of the G-register (5 hits), data select
(4 bits), carry flag (1 bit) and data register (16 bits) are automatically evacuated to the interrupt stack register. After interrupt
processing has been completed, these contents are returned to each register by the RIN instruction. Four levels of stack and
nesting are allowed in the interrupt stack register. (Refer to Interrupt Stack Register.)

Judge Circuit (J)

This circuit judges the skip conditions when an instruction with the skip function is executed. The program counter is
increased by two when the skip conditions are satisfied, and the subsequent instruction is skipped. There are 15 instructions
with a wide variety of skip functions available. (Refer to the items marked with a “*” symbol in Instruction Function and
Operation Table.)

Interrupt Circuit

An interrupt circuit branches to the various vector addresses according to the demands from peripheral hardware and
performs different types of interrupt processing. (Refer to Interrupt Function.)
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13. Instruction Set Table

A total of 59 instruction sets are available, and all of these are single-word instructions. These instructions are expressed
with a 6-bit instruction code.

Upper 2 bits 00 01 10 11
Lower 4 bits 0 1 2 3
0000 0 |[Al M, | TMTR r,M SLTI M, |
0001 1 JAIC M, | TMFR r,M SGEI M, |
0010 2 |Sl M, | SEQ r,M SEQI M, 1
0011 3 |[SIB M, | SNE r,M SNEI M, |
JUMP ADDR1
0100 4 |ORIM M, | TMTN M, N
0101 5 [ANIM M, | T™MT M, N
LD r, M*
0110 6 |XORIM M, | TMFN M, N
0111 7 [MVIM M, | TMF M, N
1000 8 |AD rnM IN1 M, C
1001 9 |[AC rnM IN2 M, C
ST M*, r
1010 A [SU M IN3 M, C
1011 B |SB rnM OouT1 M, C
1100 C [ORR M CLT r,M ouT2 M, C
1101 D |ANDR M CLTC r, M OouT3 M, C
1110 E |XORR M MVGD r, M DAL ADDRS, r
SHRC M
RORC M
CAL ADDR2 STIG [*
SKP, SKPN
RN, RNS
WAIT P
1111 F [MVSR M1, M2 MVGS M, r
CKSTP
XCH M
DI, El, RNI
DALR
MVAR
NOOP

17 2006-02-24



TOSHIBA

TC9349AFG

14. Instruction Function and Operation Table

(Description of the symbols used in the table)

M

M*

PC
ASP
ASR
ISP
ISR

DATA

I*

CN

RN
ADDR1
ADDR2
AR

Ca

CcY

=]

b
IN1~IN3
OUT1~0UT3
()

[1¢

[

[1P

IC

*

DC

DR

DR*

Data memory address

Normally, an address within 000H to 03FH in the data memory.
Data memory address (256 words)

An address within 000H to OFFH in the data memory.
(Effective only during execution of the ST or LD instruction)
General register

An address within 000H to OOFH in the data memory.

Program counter (14 bits)

Address stack pointer (14 bits)

Address stack register (14 bits)

Interrupt stack pointer (2 bits)

Interrupt stack register (26 bits)

G-register (5 bits)

Dataregister (16 bits)

Immediate data (4 bits)

Immediate data (6 hits, effective only during execution of the STIG instruction)
Bit position (4 bits)

All “0”

Port code number (4 bits)

Port code number (4 bits)

General register number (4 bits)

Program memory address (13 bits)

Upper 6 bits of program memory address within page O

DAL address register (14 bit)

Carry

Carry flag

Wait condition

Borrow

Ports used during execution of the IN1 to IN3 instructions
Ports used during execution of the OUT1 to OUT3 instructions
Contents of registers or data memory

Contents of the port indicated by the code number C (4 bits)
Contents of data memory indicated by the register or data memory
Contents of program memory (16 bits)

Instruction code (6 bits)

Command with skip function

Data memory column address (4 bits)

Data memory row address (2 bits)

Data memory row address

(4 bits, effective only during execution of the ST or LD instruction)

(M) b0~ (M) b3  Bit data of data memory contents (1 bit)

1Q
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Instruction
Set

Mnemonic

Skip
Function

Function

Operation

Machine Language (16 Bits)

IC
(6 Bits)

A
(2 Bits)

B C
(4 Bits) | (4 Bits)

Addition instruction

Al

Add immediate data
to memory

M« (M) +1

000000

DR

DC |

AIC

Add immediate data
to memory with
carry

M« (M)+1+ca

000001

DR

DC |

AD

r,M

Add memory to
general register

001000

DR

DC RN

AC

r,M

Add memory to
general register with
carry

001001

DR

DC RN

Subtraction instruction

SI

Subtract immediate
data from memory

000010

DR

DC |

SIB

Subtract immediate
data from memory
with borrow

000011

DR

DC |

SuU

r,M

Subtract memory
from general
register

001010

DR

DC RN

SB

r,M

Subtract memory
from general
register with borrow

001011

DR

DC RN

Compare instruction

SLTI

Skip if memory is
less than immediate
data

110000

DR

DC |

SGEI

Skip if memory is
greater than or
equal to immediate
data

Skip if (M) 2 |

110001

DR

DC |

SEQI

Skip if memory is
equal to immediate
data

Skip if (M) = |

110010

DR

DC |

SNEI

Skip if memory is
not equal to
immediate data

Skip if (M) =1

110011

DR

DC |

SEQ

r,M

Skip if general
register is equal to
memory

Skip if (r) = (M)

010010

DR

DC RN

SNE

r,M

Skip if general
register is not equal
to memory

Skip if (r) = (M)

010011

DR

DC RN

CLT

r,M

Set carry flag if
general register is
less than memory,
or reset if not

(CY) « 1if (r) < (M)
or
(CY) «0if (r) 2 (M)

011100

DR

DC RN

CLTC

r,M

Set carry flag if
general register is
less than memory
with carry or reset if
not

011101

DR

DC RN

10
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Instruction
Set

Mnemonic

Skip
Function

Function

Operation

Machine Language (16 Bits)

IC
(6 Bits)

A
(2 Bits)

B C
(4 Bits) | (4 Bits)

Transfer instruction

LD

r, M*

Load memory to
general register

r e (M)

0101

DR*
(4 bits)

DC RN

ST

M*, r

Store memory to
general register

M* « (r)

0110

DR*
(4 bits)

DC RN

MVSR

M1, M2

Move memory to
memory in same
row

(DR, DC1) < (DR,
DC2)

001111

DR

DC1 DC2

MVIM

M, |

Move immediate
data to memory

M« |

000111

DR

DC |

MVGD

Move memory to
destination memory
referring to
G-register and
general register

011110

DR

DC RN

MVGS

Move source
memory referring to
G-register and
general register to
memory

(M) < 1(G), (N]

011111

DR

DC RN

STIG

Move immediate
data to G-register

G I*

111111

0010

MVAR

Move DATA register
data to DAL
address register

AR« (DATA)

111111

— 1001

1/0O instruction

IN1

Input IN1 port data
to memory

M« [IN1]C

111000

DR

DC CN

OuUT1

Output contents of
memory to OUT1
port

[OUT1] C « (M)

111011

DR

DC CN

IN2

Input IN2 port data
to memory

M < [IN2] C

111001

DR

DC CN

ouT2

Output contents of
memory to OUT2
port

[OUT2] C « (M)

111100

DR

DC CN

IN3

Input IN3 port data
to memory

M < [IN3] C

111010

DR

DC CN

OuT3

Output contents of
memory to OUT3
port

[OUT3] C « (M)

111101

DR

DC CN

Logical Operation instruction

ORR

r,M

Logical OR of
general register and
memory

r<«(r)v (M)

001100

DR

DC RN

ANDR

r,M

Logical AND of
general register and
memory

r<(rNaM

001101

DR

DC RN

ORIM

Logical OR of
memory and
immediate data

M (M) v I

000100

DR

DC |

ANIM

Logical AND of
memory and
immediate data

M < (M) Al

000101

DR

DC |

XORIM

M, |

Logical exclusive
OR of memory and
immediate data

M <« (M) VI

000110

DR

DC |

XORR

r,M

Logical exclusive
OR of general
register and
memory

001110

DR

DC RN

9N
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) . Machine Language (16 Bits)
Instruction Mnemonic Sk'? Function Operation
Set Function IC A B C
(6 Bits) | (2Bits) | (4 Bits) | (4 Bits)
Test general
register bits by L B
TMTR 1, M * |memory bits, then | SPTTINMI=all 1 610000 | DR DC RN
skip if all bits
specified are true
Test general
register bits by L B
TMFR 1, M * [memory bits, then | P T IN(MI=all 1449009 DR DC RN
skip if all bits
specified are false
Test memory bits,
s T™MT M, N * then skip if all bits Skip if M (N) = all “1” 110101 DR DC N
B specified are true
=}
‘Z Test memory bits,
o |TMF M N «  |thennotskipifall g6 p vy =allo” | 110111 DR DC N
S bits specified are
3, false
o Test memory bits, .
TMTN M, N * |thenskipifalibits | >PTMMN)=notall | 449400 DR DC N
specified are true
Test memory bits,
TMFN M. N * then not skip if all Skip if M (N) = not all 110110 DR DC N
’ bits specified are “0”
false
SKP « |PMpifcamyfiagis | syip i (CY) = 1 111111 00 — 0011
SKPN « |SMpifcamyfiagis | syp if (CY) =0 111111 01 _ 0011
c ASR « (PC) 1and
2 CALL ADDR2 Call subroutine PC « ADDR2 101 ADDR2 (13 bits)
3 ASP «(ASP) + 1
®
£ Return to main PC « (ASR)
e RN routine ASP «(ASR) - 1 10 - 0011
=]
o Return to main .
5 |rNs * |routine andskip | Fo S (ffs'%a_”;’ SKiP | 441111 1 _ 0011
*n unconditionally «
c
o g Jump to add
ES |JUMP ADDR1 ump 1o address | pc . ADDR1 10 ADDR1 (13 bits)
S E specified
£
DI Reset IMF (Note)| IMF « 0 111111 00 — 0111
c
-% El Set IMF (Note)| IMF « 1 111111 01 — 0111
= PC « (ASR)
£ PC « (ASR) -1
a Return to main Ca, G, DATA, DATA
2 RNI routine and set IMF | SELECT « (ISR) 111111 11 — 0111
£ (Note)| ISP « (ISP) -1
IMF « 1
Note: The IMF bit is an interrupt master enable flag located on the 1/0 map. (Refer to Interrupt Functions.)
Y| 2006-02-24




) . Machine Language (16 Bits)
Instruction Mnemonic Sk'? Function Operation
Set Function IC A B C
(6 Bits) (2 Bits) | (4 Bits) | (4 Bits)
Shift memory bits to
SHRC M right direction with | 0.-> (M)D3 > (M)D2 144444, DR pc | 0000
(M) b1 — (M) b0— (CY)
carry
Rotate memory bits (M) b3 - (M) b2 —»
RORC M to right direction (M) b1— (M) b0 — 111111 DR DC 0001
with carry (CY)
Exchange memory | (M) b3 < (M) b0,
XCH M bits mutually (M) b2 <> (M) b1 111111 DR DC 0110
Load program in
DAL ADDR3, r page 0 to DATA ?r)‘]\TPAi: [ADDR3 + 111110 | ADDRS3 (6 bits) RN
register (Note) pag
Load program
memory to DATA
2 register referring to
S |DpALR DAL address DATA « [(AR)IP 11111 — — 1000
3] - AR « (AR) +1
3 register, and
® increment DAL
[ = .
= address register
[}
5 AtP =“0" H, the
condition is CPU
waiting (soft wait
mode)
WAIT P AtP="1"H, all Wait at condition P 111111 P — 0100
functions except for
clock generator
enter the waiting
state (hard wait
mode)
Clock generator Stop clock generator to
CKSTP stop MODE condition i o o 0101
NOOP No operation — 111111 — — 1111
Note: The lower 4 bits of the 10 bits of program memory specified by the DAL instruction (DAL ADDRZ2, r) are

addressed indirectly by the contents of the general register. The 13 bits of program memory specified by DALR
instruction are used for indirect addressing.

Note:
Note:

The DAL or DALR instruction run-time is two machine cycles.

The DAL address register (AR) is located on the 1/0 map. (Refer to Register Ports.)

0N
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O

I/0 Map, Data Select Port (¢L/K1A)

All the ports within the device are expressed with a matrix of six 1/0 instructions (OUT1 to 3 instructions and IN1 to 3

instructions) and 4-bit code numbers.

The dlocation of these ports is shown on the following page in the form of an 1/0 map. The ports used in the execution
of the various I/O instructions on the horizontal axis of the 1/O map are alocated to the port code numbers indicated on the

vertical axis. The G-register, dataregister and DAL bits are also used as ports.

The OUT1 to 3 instructions are specified as output ports, and the IN 1 to 3 instructions are specified as input ports.

Note: The ports indicated by the angled lines on the I/O map do not actually exist within the device.
When data is output to a non-existing output port by execution of the output instruction, the contents of
other ports and data memories are not affected. When a non-existing input port is specified by execution

of an input instruction, the data loaded from the data memory assumes “don’t care” status.

Note: The output ports marked with an asterisk (*) on the I/O map are not used. Data output to these ports

assumes “don’t care” status.

Note: The Y1 contents of the ports expressed in 4 bits correspond to the LSB and the Y8 contents correspond

to the MSB in the data memory.

The ports specified with the six 1/0 instructions and code number C are coded in the following manner.

¢ [K/L]

3

I ‘—P\i
Pages (1 to 3)

Contents of selected port (indirectly specified data, 0 to F (HEX))

1/0 instruction operand CN (0 to F (HEX))

The six I/0 instructions are coded with digits 1to 3

1/0O instruction OUT1 ouT2 OuUT3 IN1

IN2

IN3

m 1 2 3 1

Indicates input/output ports.
K: Input port (instructions IN1 to 3)
L: Output port (instructions OUT1 to 3)

Example.  The setting for the G-register is alocated to code 8 and 9 in the OUT1 instruction. The encoded expression at

this time becomes ¢L 18 and ¢pL 19.

Lokel
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Data port (¢L 10 to 16, $K 10 to 11) on the I/O map is divided into 16 and indirectly specified by the contents of the data
select port (pL/K1A). The indirectly specified port is accessed by the OUT 1 instruction with the operand [CN = 0 to 6H] or
IN1 instruction with the operand [CN = 0 to 1H]. Whenever the data select port accesses the data port, it is automatically
incremented by 1.

The data select port has a 4-hit interrupt stack register. When an interrupt request is generated, the 4 bits in the data select
port are evacuated to the interrupt stack register specified by the interrupt stack pointer, and returned to the data select port
during execution of the RNI instruction.

oL/K10(6)
Y4 Y8

Y1 Y2
LISPO LISP1 *10 *10
\

Y

Interrupt stack pointer
OL/K10(A)

P 0| ISRS0 | ISRS2 | ISRS4 | ISRS8

1] \ \ \

2] \ | \
3] \ \ [

Interrupt stack register

Interrupt processing Execution of the RIN
instruction

oL10 ~ ¢L15, 9K10 ~ K11

Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8
¢L/K1A | SEL1 | SEL2 | SEL4 | SEL8 \20) B
< - / ol [ T 1
Data select (2) | | | |

< Indirect specification by the data selection port >
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After system reset, this port is set to “1”.

System Reset

The device system will be reset when the RESET pin is subject to the “L” level or when a voltageof 0V — 1.2V to
3.6 V is supplied to the Vcpy pin (power-on reset). On system reset, the program will start from “0” address immediately
after a standby time of 100 ms following the startup of the low-speed oscillator. Since the power-on reset function is being

used, the RESET terminal should be fixed at “H” level under normal conditions.

Note:
V~Vcpu.
Note:

Note:
the subsequent standby period.

Note:

The input circuit of the RESET pin operates on a Vcpy power supply, and the input voltage level is 0

The power-on reset circuit operates on power startup of the Vcpy power supply.

The LCD common output and the segment output will be fixed at “L” level during system reset and during

It is necessary to initialize any internal port shown in the above-mentioned 1/0O map that has not been
initialized after system reset. The W mark on the I/O map shows a port or bit that is set to “0” after system

reset, while the ® mark shows a port or bit that is set to “1”. No mark shows a port or bit that is unfixed.

10 oL2F
ouT2
¢L2D Y1 Y2 | Y4 | Y8
MUTE control After
8 IMUTE
POL Break MUTE
ENA

-

After system reset, these ports are set to “0”

system reset, unmarked

port is unfixed.

55 u—‘i‘)—\_/—‘i‘; 55 55
VDD pin / GND
Note) Note)
VCPU pin ()(J \_é_/—%—\&(_/ () ()() (J(J
ﬁ f GND
« L/_s(’_\_/ « ( «
B )) ))
RESET pin T\ OND
A crystal oscillator stops
during the reset from a reset pin.
xourein ATl T I oo TN IR~ <~ TIIG I
! CPU operation
Standby ———— CPU. > < l«— Standby —><€—
(about 100 ms) operation Standby CPU (about 100 ms)
| (about operation

Internal reset

signal

Reset

/e

(¢
))

100 ms)
/ |_(( (
7 )

< Timing of Operation >

Note:

(¢
))

If the Vpp power supply voltage falls below 0.9 V or the Vcpu power supply voltage falls below 1.2 V, set

to clock stop mode and operate the reset function. The Vcpy power supply voltage will be reset when the

power supply is restarted (power-on reset).

Note: Vcpu pins are usually supplied from doubler voltage Vpg pins. Refer to the backup mode item.

29
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O System clock control circuit

The system clock control circuit consists of a clock generator, clock generator control port, timing generator and backup
mode control circuit.

... Clock generator
CO R Clock generator Backup mode
—A 0 J&—— control port e control circuit
= OuT1 ! Low-speed ; (¢L15F)
75 kHz oscillator
. > §
cl XIN1 ! 3
3 i v A
R ! : i
cb——iTQP—(%‘f Peripheral timing generator :> Peripheral clock
300~ = OV \ | High-speed | ! N
! i i CPU clock
600 kHz oscillator CPU timing generator :>
L F———>» 3
Cl XiN2 ; :
” T

Note: It is necessary to use a crystal resonator with a low CI value and favorable startup characteristics.

Note: Adjust and determine the external resistance and capacitor constant to match the crystal resonator
actually used.

Note: The low-speed oscillator and high-speed oscillator are equipped with a built-in Schmitt circuit.

Note: The power supply of the low-speed oscillator and high-speed oscillator uses a Vpp pin.

1. Clock generator

The clock generator circuit generates the basic clock used as the standard for the system clock supplied to a core-based
CPU and peripheral hardware. The circuit incorporates low-speed and high-speed oscillators, with a 75 kHz crystal
resonator connected to the X N1 and XouT1 pin and a 300 to 600 kHz ceramic resonator or a crystal resonator connected to
the X|N2 to XouT2 pin.

The CPU clock and doubler clock (Vpg doubler or doubler for VT) can be converted to a high-speed oscillation clock
through programming. Since items such as the timer and reference frequency utilize the 75 kHz clock during this time, the
timer duration measurement and PLL are unaffected.

20 2006-02-24



TOSHIBA TC9349AFG

2.

Clock generator control port
The clock generator control port controls the low-speed and high-speed oscillators.

Y1l Y2 Y4 Y8

0sc2 CcK .
#L15(F) LINVON L on L L

0: Low-speed oscillator

Selection of CPU clock 1: High-speed oscillator

0: Oscillator stop
1: Oscillator

» High-speed oscillator
control

0: Constant-current system

> Selection of low-speed 1: Inverter system

oscillator

The OSC20N bit controls the on/off setting of the high-speed oscillator. If this bit is set to “1”, the high-speed oscillator
is enabled and oscillation is started.

The CK SEL bit converts the CPU operation clock to a low-speed or high-speed oscillator clock. After reset, the CPU
operates with a 75 kHz low-speed clock. When the high-speed clock is to be used, conversion to the high-speed clock takes
place after the OSC2 o bit is set to “1” and the high-speed oscillator frequency is stabilized. The INV ON bit can be used
to change the circuit type of the 75 kHz low-speed oscillator. Thisis usually set to a constant-current type.

Note: The high-speed oscillator clock can be used as the doubler clock for the Vpg pin or doubler clock for the
VT (DDCK1/DDCK2).

Note: CK SEL bit control is restricted to conversion of the CPU operation clock and does not affect items such
as PLLs and timers.

Note: The circuit type of the 75 kHz low-speed oscillator is used for the constant-current system. If the crystal
oscillator circuit is set to an inverter type, its output level rises. This circuit type should only be used to
investigate whether or not the tuner characteristic of the crystal oscillator has been affected.
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O DC/DC converter for CPU
The device incorporates a DC/DC converter for the CPU power supply. The CPU doubler circuit comprises a charge

pump system utilizing a capacitor.
There is a built-in clamp control function, for which an electrical potential of 2.0, 2.5 and 3.0 V can be set through

programming.

The capacitor-utilizing charge pump system supplies a Vpp level charge between the C1 and C2 pins, and a doubler
potential twice the Vpp potential is output to the Vpg pin. Note that, if twice the voltage of the Vpp pin decreases
following clamp setting using this method, the doubler potential also decreases.

Three types of 1/2 frequency can be selected for the doubler clock: 37.5 kHz, 75 kHz, and a high-speed oscillation clock.
After reset, afrequency of 37.5 kHz is output. Set the doubler clock to the required doubler capability.

The doubled Vpp potentia is supplied to the A/D converter and the VEg constant-voltage circuit. The Vpg potential is
usually supplied to the Vcpy pin through a Schottky diode.

Y1 Y2 Y4 Y8
$L14(8) r VCOo r Vel CLAMP Loscz
—

L) Doubler clock frequency selection for doubler

OSC2 ON

Doubler Clock

R osc2 Doubler Clock Frequency for the CPU Frequency for
(9L15(F)-Y2) the LCD Driver
* Low-speed oscillator clock (75kHz) x 1/2 Same as left
0 Low-speed oscillator clock (75kHz) Low-speed
1 High-speed oscillator clock (300~600kHz) x 1/2 | @scillator clock

3

Note:

L Clamp function control

0: Off (Vpp x 2)
1: On

> Clamp voltage control

Note: This becomes effective only when the clamp function is ON.

VCO | vci Clamp voltage
0 0 Prohibition
0 1 2.0V
1 0 2.5V
1 1 3.0v

If the OSC2 bit is set to “1”, the doubler clock for the LCD driver is also changed simultaneously.
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Doubler clock
CLAMP

A

Doubler circuit

C1

Internal reference voltage

Internal doubler voltage

(A/D converter, constant-
voltage

Cc2 circuit) )

4 )
Doubler voltage
LL L+
—

Example of an Application Circuit for a Charge Pump Doubler System Utilizing a Capacitor

Note: The Vpg pin is fixed at the Vpp pin level while the clock stop instruction is being executed.
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Constant-voltage circuit (Vgg)

There is a built-in constant-voltage circuit (Vgg) to provide the reference voltage of the LCD driver and DC/DC
converter for the VT and for the CPU and A/D converter. The constant-voltage circuit utilizes the doubler Vpg pin power
supply for the CPU and outputs a constant voltage of 1.5 V from the Vgg pin. There is a constant-voltage compensation
data port for rectifying the constant-voltage value Vgg, and voltage can be rectified per 20 mV. Do not set this port through
programming as correction datais usually determined at the time of shipment.

Y1 Y2 Y4 Y8

¢L16(E) | TRO | TR1 | TR2 | TR3

o /)
'

The constant-voltage rectify data

Note: After system reset, this serves as the port for data rectification so that Vg is set to 1.5 V at the time of
shipment. For this reason, do not access this port.

Note: During reset or a clock stop, the VEg pin becomes high impedance.

LCD driver doubler circuit (V_cp)

Thereisabuilt-in doubler circuit for LCD drivers (V cp) that actsas an LCD driver power supply.
The doubler circuit for LCD drivers outputs a 3 V constant voltage doubled from a 1.5 V constant voltage through the
capacitor-utilizing charge pump system doubler.

37.5kHz
1.5V constant- or .
voltage circuit 75kHz Doubler circuit To LCD driver
C3 C4 \Y
( VEE ) LCD g )

0.47 uF

] ]

Note: During reset or a clock stop, the V| cp pin outputs the Vcpy level.
Note: The V| cp doubler potential is used for the power supply in the I/O port, etc.
Note: The doubler clock can use 37.5 kHz or 75 kHz (OSC2 bit).
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O Backup mode

Backup mode decreases the operating current and holds data memory and other registers. Backup mode can be
implemented through programming-based backup or hardware-based backup.

For programming-based backup, three types of backup mode are possible through the executing of CKSTP or WAIT
instructions.

For hardware-based backup there are two types of function: a decreased voltage detection function and a power-off
backup function. When the VV pp pin power supply falls to the decreased voltage detection setting potential (Vpp =0.85V -
1.225 V), a decrease voltage detection function stops the CPU temporarily and prevents incorrect operation of the CPU.
During this time, the operational status of such items as the LCD driver, 1/0 ports, and PLL is held. If the Vpp pin level is
set to approximately 0.5 V or less, the power-off backup function will stop functions such as LCD driver, 1/0 port, and PLL
operations; reduce the only power supply for the CPU (Vcpu pin) to alow consumption current (0.5 pA or less); and hold
memory contents and the status of other registers.

1. Clock stop mode

Execution of the CKSTP instruction actuates clock stop mode.

Clock stop mode suspends system operations while maintaining the internal status immediately prior to suspension. At
this time, the Vpp, VpLL and Vcpu pin power supplies change to low consumption current (10 or less pA); crysta
oscillation stops; the LCD indication output pin and CMOS output port are fixed to the "L" level; and the N-ch open drain
pins are all set to the OFF (high-impedance) state automatically. The power supply of the Vpp and VpL L pins can be
lowered to the OFF state, and the power supply of the Vcpu pin power supply can be lowered to 0.75 V.

Clock stop isreleased under the following conditions:

1) If thereis achange in the input state of an 1/0 port (/O ports 3, 4, 6, and 8) that has been set as a break pin and to
input. (Refer to the section on /0 ports.)

2) If the Vpp power supply pin is changed from the off to the on state (at approximately 0.5 V or more) when the VDD
power supply break is enabled (BRAEK ENA bit (¢L11(F)) ="1").

Release of clock stop mode causes the next address to be executed after 100 ms of standby time have el apsed.

Note: The PLL changes to the off state during execution of the CKSTP instruction.

) ((
: (( )) ))
Break pin ) X (( ((
{4 )) ))
High impedance i
ourspin - (TTIITIIITE -~ - =+ -~ -~ - - QUL TN TN - - - -
CPU  »«— Clockstop —»<  Standby  »<— CPU e
operation operation
CKSTP p ~ N (about 100 (r(ns) p # ~
instruction U ) )
Executing of Executing of
CKSTP instruction CKSTP instruction

Example of Operation Timing Using a Break Pin

Note: Clock stop mode is actuated on execution of the CKSTP instruction.

Note: When break pin input is set, it is necessary to read this input state before execution of the CKSTP
instruction.
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Vcpu pin \ N
(

(( ((
Vpp pin When a voltag)é of approx. 0.5 V or more is impressed,
it is released.
) GND

TN 1111111111111 Y ¢ - QI I 0D - - - --

Clock stop > Standby

CPU —>«—— —>»«— CPU ——>«—Clock stop

operation (backup) (about 100 ms) operation
CKSTP pin M) 2 (¢ M)
Executing of Executing of
CKSTP instruction CKSTP instruction

Example for Operating Timing by Power Supply Pin

Note: Release of the CKSTP instruction through on/off of the Vpp power supply pin requires the BREAK ENA
bit (¢L11(F)) to be set to "1". When this function is enabled, about 10 ¢ A will be consumed in the Vcpu
pin if voltage is applied through the Vpp pin during CKSTP instruction execution. For this reason, this
function should be prohibited if voltage is always impressed through the Vpp pin power supply.

Note: It is necessary to retain the potential of the Vcpy pin. Provide backup using a capacitor or similar means.

Note: Reset occurs if the Vcpy pin level (typ: 0.3 V) falls to 0.75 V or below and the voltage is then applied
(power-on reset).

2. Wait mode

Wait mode suspends system operations, maintains the internal status immediately prior to suspension and decreases
current consumption. This mode stops at the address for the execution of the WAIT instruction on execution of hard
and soft wait. On cancellation of wait mode, the next address is executed immediately, with no standby interval.

(1) SOFT WAIT mode
Only CPU operations within the device are suspended when a WAIT instruction is executed in which [P = OH] has
been specified in the operand. The crystal resonator and other elements will continue to operate normally at this time.
SOFT WAIT mode is efficient in reducing current consumption during clock operations when used in programs that
include clock functions.
The wait status applies whenever the WAIT instruction is executed. Wait mode is canceled on the following
conditions:

1) If thereisachangein theinput state of an 1/0 port (1/0 ports 3, 4, 6, and 8) that has been set as a break pin and to
input. (Refer to the section on 1/0 ports.)
2) Whenthe2 Hz Timer F/[Fissetas“1”

Note: The backup state applies if the Vpp power supply pin goes off in wait mode when the Vpp power
supply is enabled (BRAEK ENA bit (¢L11(F)) = "1"). The state is released when the power supply is
turned on (at approximately 0.5 V or more). At this time, the CPU starts up after 100 ms of standby
time have elapsed.

Note: Current consumption will vary depending on the execution time of the CPU operation.
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HARD WAIT mode

The operations of all elements, with the exception of the crystal resonator and doubler operating (Vpg / VLcD pin),
can be suspended by execution of a WAIT instruction in which [P = 1H] has been specified in the operand. This
enables even greater levels of current consumption reduction than SOFT WAIT mode. This suspends the CPU
operation.

During hard wait mode, the state of the output port is maintained and all LCD output pins are fixed at the“L" level.
The wait status is assumed whenever the WAIT instruction is executed. Wait mode is canceled on the following
conditions:

1) If thereisachangein theinput state of an I/O port (1/0 ports 3, 4, 6, and 8) that has been set as a break pin and to
input. (Refer to the section on 1/0 ports.)

2) If the Vpp power supply pin is changed from the off to the on state (at approximately 0.5 V or more) when the
VDD power supply break is enabled (BRAEK ENA bit ($L11(F)) ="1").

Note: Wait mode is also released when the Vpp power supply pin in wait mode is changed from the off to
the on state (at approximately 0.5 V or more) when the Vpp power supply break has been enabled
(BRAEK ENA bit (¢L11(F)) = "1").

Note: The PLL OFF status will be assumed during wait mode.

Note: During wait mode, the power supply doubler circuit (Vpg pin), the constant-voltage supply circuit for
the LCD (VEEg pin) and the doubler circuit for the LCD ( V.cp pin) continue to operate.

3. Backup mode by hardware

@

The backup mode by hardware detects the power supply voltage level of a Vpp pin and actuates backup mode.
There are two types of backup function by hardware: a decreased voltage detection function and a power supply off
detection function.

Decreased voltage detection function

The decreased voltage detection function detects the Vpp pin level, suspends the operation of the CPU and
prevents incorrect operation of the CPU. If the Vpp pin level falls below the decreased voltage detection setting
(Vpp = 0.85V - 1.225V) potential when the detected decrease voltage function is enabled, CPU operation will be
suspended; and if the Vpp pin again rises above the set voltage, the CPU will restart. Although the CPU stops, other
functions continue to operate normally.

Decreased voltage detection operation is performed at intervals. The frequency of detection can be selected through
programming, with detection being performed at arate of once every two instructions or 16 instruction cycles. Select
according to power consumption and speed of power supply variation.

The detection voltage can be set to an interval of 25 mV within the range of Vpp =0.85V ~ 1.225 V. Set
according to the specification. Since suspension of CPU operation can be prohibited, it is also possible to detect
residual battery level between 0.85 V and 1.225 V by varying the detection setting voltage and detecting the detection
flag. In this case, execute a backup instruction after detection of the minimum voltage level to prevent incorrect
operation of the CPU.

Where interrupt is permitted, the interrupt will beissued if the VSTOP F/F bit isset to “1”. If interrupt is received,
the program will branch to 0003H address.

Moreover, PLL off-mode can be actuated during decreased voltage detection. Therefore the PLL can be quickly
suspended should the voltage drop.

The VSTOP F/F bit enables detection of suspension or of afall below the detection voltage. Upon detection this bit
isset to"1" and will bereset by execution of flag reset (STOP F/F Reset ="1").

Through programming, therefore, it is possible to make various operation settings for when a decreasein the Vpp
potential (battery voltage) occurs.

Note: Both serial interface and timer port are used for the interrupt function of the decreased voltage
detection circuit. When this interrupt is used, the interrupt function of the serial interface and the
timer port cannot be used.
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Detected power supply OFF function

Detected power supply OFF function detects the fact that the power supply is off during battery exchange or similar
procedures and actuates the backup state of the CPU circuit (Vcpy pin) to keep it on hold.

If the detected power supply off function is enabled (BRAEK ENA bit (¢L11(F)) ="1"), the Vpp pin level is about
0.5V or less and all functions stop. At this time, the Vcpu pin power supply changes to low current consumption (0.5
WA or less); the LCD output pin and CMOS output port changeto “L” level; the N-channel open-drain pinsare al
automatically fixed to the off (high-impedance) state; and the PLL changes to off mode. If the power supply is
switched on again, the CPU will operate after a standby interval of 100 ms. The Vpp OFF F/F bit enables detection of
whether the power supply has been switched off.

Note: Set the Vpp pin level to GND level during power supply off. If Vpp level potential remains, current
will be consumed by the Vcpu pin.

Note: The BRAEK ENA bit (¢L11(F)) permits VDD power supply break and power supply off detection
function.

Note: Use this function together with the decreased voltage detection function.

Backup control register by hardware
Decreased voltage detection and power supply off detection function control are accomplished through access of the
decreased voltage control port (¢L11(E), ¢L11(F)); the decreased voltage detection setting data port (¢L16(D),
$K11(D)); and the flag register ($pK 26).

¢L11(E) (decreased voltage control 1)

Y1 Y2 Y4 Y8

WAIT PLLoff STOP .
ENA ENA ENA

» Permission for decreased voltage detection function

0: Prohibition Decreased voltage detection function suspended
1: Enable Decreased voltage detection function operating

» Permission for PLL stop function on decreased voltage detection
0: Prohibition
1: Enable PLL off mode and PLL stop are executed

when decreased voltage is detected.

» Permission for CPU stop function on decreased voltage detection
0: Prohibition
1: Enable CPU stops when decreased voltage is detected.

(Note) Settings become invalid if the decreased voltage
detection function is suspended.

Note: If the decreased voltage detection function is not being used, set the WAIT ENA bit to "0" for
reduced consumption current.
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$L11(F) (decreased voltage control 2)

Y1 Y2 Y4 Y8
S;/?:P INT LB TIM BREAK
SEL SEL ENA
Reset

—— > Power supplies off break enable/power off function enable
0: Prohibition Function stop
1: Enable Function operation

(Note) If not using this function, set this bit to "0" for consumption current
reduction.

»
>

Selection of decreased voltage detection operating timing
0: Detection is performed at a rate of once every 2 instruction cycles.
1: Detection is performed at a rate of once every 16 instruction cycles.

(Note) If this bit is set to "1", the consumption current of this function can
be decreased.

Yy,

y» Permission of interruption by decreased voltage detection
(refer to the item on the interruption function)
0: Serial interface or timer port
1: Decreased voltage detection
q

>—1—> Reset execution of decreased voltage detection F/F and power
\

supply OFF F/F:

Y1 Y2 Y4 Y8 Every time it is set to "1" decreased voltage F/F and power
supply OFF detection F/F are reset simultaneously.
VoD
OK26 sToP OFF 0
FIF

——> Power supply off detection flag

0: Power supply off not detected
1: Power supply off detected

» Decreased power supply detection flag

0: Over the decreased voltage detection setting voltage
1: Under the decreased voltage detection setting voltage

Note: The STOP F/F changes to the reset state, with a CPU standby interval (100 ms), after system reset; after
release of the CKSTP instruction; and after detection of power off using the power-off detection circuit.
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Y1 Y2 Y4 Y8
#L16(D) Decreased voltage
w1 | TR2 | TR3 TR3|[TR2 [ TR1 | TRO | Data (HEX) detection voltage (V)
$K11(D)
0 0 0 0 0 0.850
Decreas%ltage
detection setting data 0| o0 0 1 1 0.875
Note: Decreased voltage detection voltage detected | © | 0 | 1 | O 2 0.900
Vb pin level. oo |11 3 0.925
Note: Any fall below the decreased voltage
detection voltage will cause the STOP F/F to 0 1 0 0 4 0.950
be set to "1"; and the CPU will stopas aresult | o | 1 | o 1 5 0.975
of decreased voltage detection.
. . 0 1 1 0 6 1.000
Note: The decreased voltage detection value is a
standard value. The constant voltage of the 0 1 1 1 7 1.025
VEE pin is used as the standard voltage of the
decreased voltage detection circuit. Since this 1 0 0 0 8 1.050
VEE voltage varies from product to product,
the decreased voltage detection value also 1 0 0 1 9 1.075
varies at the same time. 1 0 1 0 A 1.100
Note: If a high-speed oscillator clock is being used 1 0 1 1 B 1125
for the CPU clock, assign the decreased :
voltage setting data to between OH ~ 6H (0.85 | 1 0 0 c 1.150
V ~ 1.00 V). Do not make any other setting.
1 1 0 1 D 1.175
1 1 1 0 E 1.200
1 1 1 1 F 1.225
(4)  Decreased voltage detection, power supply off detection timing
e — (&
Vcpu Pin
——————————————————————————————————————————————————— GND
VDB Pin
—— —- ——————————————————————— GND
. 0 —
Vpp Pin o i
—_——— e — N == — — — — At ——_—_— e e - - = — — — GND
Decreased voltage Bac.kup operates on a setting of approximately 0.5 V or less
setting voltage but will be canceled if the voltage exceeds this value.
Xour1 Pin T - —([[ﬂ]]Iﬂ]]IﬂE |
(] N I i {11
CPU X Power suppl N CPU
operation < PI€—CPU operation —i€Pig OF\l/:V det:ctio)rq_»‘_ (Abgtlinfogyms) i Opggﬁon >« CPU st P (peration
) CPU stop CPU stop (Backup) P
Flag reset execution ~ (Note 1) N N ~
(execution of STOP F/F Reset=1) \ -I\: ot e \-l\/v
A
STOP F/F ! &

Vpp OFF F/IF

LY
} 0

LYY
r {

When interrupt has been permitted, interrupt is issued using STOP F/F.

Example of timing operation

g

Note 1: Decrease voltage is detected and CPU operation is suspended. It is then necessary to detect the Vpp
power supply voltage. When performing power off, therefore, ensure that the fall time from the
decreased voltage detection voltage to the detection of the power supply voltage (approximately 0.5 V)
is equal to or greater than the timing period for operation of decreased voltage detection (i.e., two or 16
instruction cycles). Failure to do so will cause CPU malfunction.

Note 2: STOP F/F is reset during standby time.
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(5) Backupcircuit

VPLL

Reset input 62) RESET
]
< L
9%2 Vpp C1 C2 Vpp Vcpu
O—C—@-E——W=
gl
4 s
POWER > ¢ 0.47 pF — 7
L olu. _ .
S T3z Schottky diode S
Y ST L5538
T e ]
—
O/J;a S; Vdd @D
Example Capacitor Backup Circuit (1)
CONC
c
a
5
J— o
Reset input 62) RESET £
g K
2L o
Sﬁ: Vpp C1 C2 Vpp Vepu &
DRONONC
kg
0.47 uF Schottky diode i
POWER >—e¢ . Release signal
LEILE‘J& L —— input
alo 215

i SO
7 stel 31
Example Battery Backup Circuit (2)

Note: If backup operation using a CKSTP/WAIT instruction is available, use release signal input to perform the
release operation as necessary. Moreover, on execution of the CKSTP command, connect an external
capacitance of 4.7 mF or more for the Vcpy pin resistance as in Example Capacitor Circuit (2) above.

Note: The diode shown in the circuit diagrams should be a Schottky diode with a low VF and a small reverse-
leakage current.
Recommended diodes: 1SS357, 1SS393

Note: Set the backup capacitor capacity value according to the required backup time.

Note: The "H" level of reset input requires the application of a Vcpu level voltage. Therefore set high
impedance at the time of reset off.

Note: The Vcpy pin power supply is a logic power supply with a timing circuit, ALU, data memory and all
registers. The Vcpy pin power supply should usually be retained at the time of backup.
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4. PLL

$L15(9)

Note:

Note:

Note:

Note:

Note:

OFF mode

The PLL can be turned on or off depending on the contents of the reference selection port. If al the contents of the
reference selection port are set to "1", PLL off mode applies. (Refer to the section on the reference frequency divider.)
Whenthe INH ENA bit isset to "1", the PLL can be turned on or off with the INH pin. The INH pin input serves
as PLL off mode at "L" level, and serves as PLL on mode on the "H" level. As aresult, it is possible quickly to set
PLL off mode when changing batteries These data are accessed by an OUT1 instruction specifying Sh for the data
select port (pK/L1A) and [CN = 5H] for the operand.
Moreover, PLL off mode can be set by decreased voltage detection.
(Refer to the section in 3. Backup mode by hardware.)
The VpLL pin serves as low consumption current at the time of PLL off mode. Moreover, the power supply for a
VPLL terminal can be turned off at thistime.

Y1l Y2 Y4 Y8

Enable to the PLL control by INH pin
0: Prohibition

1: Enable —> P4-1/INH pin { “L" PLL off mode

“H": PLL on mode

PLL off mode applies during clock stop mode, hard wait mode, and when power off occurs as a result of
the power supply off detection function.

The VpLL pin power supply is a prescaler and programmable counter power supply. When only the VpL
pin power supply is turned off, the setting method of dividing frequency and the value of dividing
frequency are maintained because the Vcpu power supply is used. Moreover, when the PLL is on, the
level of the applied VpLL pin voltage can supply power to the PLL regardless of the Vpp pin or the
potential of the Vcpu pin.

INH input pin is used together with the P4-1 pin. The functionality becomes effective when the INH
input is enabled, and the external interrupt function (INTR2) and the break function are enabled.
Moreover, the input state can be judged by reading the P4-1 input data of an 1/O Port 4 input port (¢K33).

The 1/O port control port of P4-1 pin becomes invalid and is forced to enter the input state if INH input
has been enabled.

Set the Y1/Y2/Y4 bit of the above-mentioned port to "0".
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O Register port

The G-register, dataregister and DAL address register, which were mentioned in the description of the CPU, are arranged
on the 1/0 map, and treated as one of the internal ports. The carry flag can also be accessed from an 1/0 map. (Refer to the
section on |/O access of the stack register.)

Of these registers, the G-register, the carry flag, and the data register have a four-page interrupt stack register
corresponding to the four stack levels. On execution of interrupt processing, these contents are automatically stored in the
interrupt stack register together with the contents of data selection and automatically returned on execution of an RNI
instruction. (Refer to the section on the interrupt stack register.)

1. G-register ($L/K18, ¢L/K19)

This register addresses the row addresses (DR = 04H ~ 1FH) of the data memory during execution of the MVGD
instruction and MV GS instruction. The register is accessed with the OUT1/IN1 instruction for which [CN = 8H ~ 9H] has
been specified in the operand. Moreover, if the STGI instruction is used, data can be set to this register with a single
instruction.

This register has a four-level interrupt stack register. On the issuing of interrupt, the contents of the G-register are
evacuated to the interrupt register specified by the interrupt stack pointer and returned by the RNI instruction.

Note: The contents of this register are only valid when the MVGD instruction and MVGS instruction are
executed and are ineffective when any other instruction is executed. Moreover, this register is unaffected
by the MVGD instruction and MVGS instruction.

Note: All of the data memory row addresses can be specified indirectly by setting data O0OH to 1FH in the G-
register (DR = 00H ~ 1FH).

Note: It is possible to rewrite and reference the contents of the interrupt stack registers ISRGO ~ ISRG4
(6L/K10(8), $L/K10(9)) through programming.

@ L/K10(6)
YL Y2 Y4 Y8

ISPO | ISP1 | */0 */0

A
Interrupt stack pointer

¢ L/IK10(8) ¢ LIK10(9)
Fage ISRGO | ISRG1|ISRG2 | ISRG3 Fage ISRG4| */0 */0 */0
—» 0
1] \ \ \ 1] \ \ \
2 \ \ \ 2] \ \ \
3 \ \ \ 3 \ \ \
A J
Y
Interrupt stack register
. ) At the time of RNI
At the time of interrupt instruction execution
processing execution
A
C N\
Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8
$L/IK18 | GO G1 G2 G3 $L/IK19 | G4 * * *
« J
Y
G-register g Specification of the low address of a data memory
G4 G3 G2 G1 GO DR
0 0 1 0 0 04H
STGl instruction 0 0 1 0 1 05H
0 0 1 1 0 06H
IENENEREREE
N 5 : C
Y
I* HEEEEEEERED
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2. Data register (§L/K1C ~ ¢L/K1F), DAL address register (¢L/K11(0) ~ ¢L/K11(3)) and

control bit

The data register is 16-bit register for which the program memory data is loaded when the DAL instruction and DALR
instruction are executed. The contents of this register are loaded into the data memory in 4-bit units with the execution of
the OUTL/IN1 instructions for which [CN = CH ~ FH] has been specified in the operand. This register can be used for
loading LCD segment decoding operations, radio band edge data and data related to binary-to-BCD conversion.

The data register has a four-level interrupt stack register. On the issuing of interrupt, the 16 data register bits are
evacuated to the interrupt register specified by the interrupt stack pointer and returned by the RNI instruction.

@ L/K10(6)
Y1 Y2 Y4 Y8
ISPO | ISP1 | */0 */0
« J
Y
Interrupt stack pointer
Interrupt stack register
Y1 Y2 Y4 Y8
¢ L/K10(C) | ISRdO | ISRd1 | ISRd2 | ISRd3
@L/K10(D) | ISRd4 | ISRd5 | ISRd6 | ISRd7
@ L/K10(E) | ISRd8 | ISRd9 ISFédl lSFidl
@ L/KI0(F) ||sRd1 | ISRd1 | ISRd1 | ISRd1
—» Page 0 2 3 4 5
Page 1 | ‘ ‘ ‘
Page 2 | \ \ \
Page 3 | \ \ \

At the time of interrupt At the time of RNI
processing execution instruction execution

Data register data (16 bits)

LSB Y1 Y2 Y4 Y8
¢L/KIC | dO d1 d2 d3
GL/KID | d4 d5 dé d7
GL/IKIE | d8 d9 d10 | d11
GL/IKIF | d12 | d13 | d14 | d15

MSB

MVAR instruction
execution

DALR instruction
/DAL instruction

execution

Program memory
16-bit data

Program memory area
(ROM)

DAL address register (AR)

YL Y2 Y4 Y8
LKL
ARO | AR1 | AR2 | AR3
©)
(1)| AR4 | AR5 [ AR6 | AR7
(z)l ARS8 | AR9 [ AR10 [ AR11
@) | AR12 | AR13 |TROM| 0
Data select
(PLIK1A)

DALR instruction indirect
specification address

(
(=

Note: Each time a DALR instruction is executed, the

DAL address register (AR) is incremented by +1.
DAL instruction indirect
specification address
(ADDR3,r)

AR

2006-02-24



TOSHIBA TC9349AFG

The DAL address register (AR) is a register that specifies the program-memory-indirect when the DALR instruction is
executed with the 16-bit register.

There are two types of commands that load the program memory data: the DAL instruction and the DALR instruction.
For the DAL instruction, the contents of the (six-bit) ADDR3 in the operand and of the general register (r) become the
reference address of the program memory. For the DALR instruction, the 14 bits of the DAL address register become the
reference addresses. When the DAL instruction is executed, the program memory area (0000H ~ O3FFH) becomes the
reference area. All the areas in the program memory area can be referred to by executing the DALR instruction. Whenever
the DALR instruction is executed, the content of the DAL address register is increased by +1. Therefore data can be
continuously loaded.

Moreover, the content of the data register can be transmitted to the DAL address register in 14 bits with one instruction
by executing the MVVAR instruction.

The contents of the DAL address register can be accessed in four-bit units on execution of an OUT1/IN1 instruction for
which [CN = 1H] is specified in the operand. DAL address register port is divided and indirectly specified with the data
selection port (pL1A) and set. The data of the specified port to be set beforehand is set and the data port corresponding to it
is accessed. Each time the data select port (pL/K11) isaccessed it isincreased by +1. Therefore the data can be continuously
accessed after setting up a data selection port.

Note: The DAL address register is valid only when the DALR instruction is executed, and is ineffective when
any other instruction is executed. Moreover, the DAL address register is unaffected by the DAL
instruction.

Note: This product has 8 k steps of ROM capacity; if 2000H ~ 3FFFH is specified in the DAL register and the
DALR instruction is executed, the contents of the data register will become indeterminate.

Note: It is possible to rewrite and reference the contents of the interrupt stack registers ISRdO~ISRd15
(¢L/K10(C~F)) through programming.

3. Carry flag (¢L/K1B)

The carry flag is set when either Carry or Borrow occurs in the result of the calculation instruction execution and is reset
if neither of these occurs. This carry flag is accessed with an OUT1/IN1 instruction for which [CN = BH] has been specified.

The carry flag contains a four-level interrupt stack register. When an interrupt is issued, this bit is evacuated to the
interrupt register specified by theinterrupt stack pointer, and is returned with the RNI instruction.

¢ L/K10(6)
Y4 Y8

Y1 Y2
LISPO LISPl */0 */0
i

~
Interrupt stack pointer

¢ L/IK10(B)

Page

ISRCA| */0 */0 */0
L g

1] | | |
2] | | |
3 | | |

Interrupt stack register

At the time of RNI
Atthe time of interrupt instruction execution
processing execution

Y1 Y2 Y4 Y8

¢ L/IK1B Ca */0 */0 */0

» Carry flag
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O Stack register

The stack register consists of an address stack register (ASR) and an interruption stack register (ISR). A stack register is
used when subroutine call instructions and interrupt processing are executed. Interrupt stack registers comprise 26 G-
register, data select, carry flag, and data register bits, as described in the register port item and I/0O map. These stack
registers are arranged on an I/0O map, and are read from and written into with input and output instructions.

1. Address stack register (ASR)

The address stack register (ASR) is a 14 bit x 16 page register. When the subroutine call instruction and the interrupt
processing are executed, the value increased by +1 of the content of the program counter, i.e., the return address, is stored in
the address stack register. When interrupt processing is executed, a return address that is an interrupt processing execution
address is stored in the address stack register. This register consists of 16 pages and is specified by four address stack
pointer (ASP) hits. If transmitted to an address stack, an address stack pointer will be adjusted by -1. Then, after processing
of the subroutine or interrupt, the address stack pointer is increased by +1 with the RN/RNS instruction or the RNI
instruction, the content of the address stack register is transmitted to the program counter, and the program returns from the
subroutine or the interrupt processing.

An address stack register comprises 16 pages and features 16 nesting levels.

The address stack register and the address stack pointer are arranged on the 1/0 map, and their contents can be referred to
or rewritten.

$L/K10(0)
YL Y2 Y4 Y8

ASP | ASP | ASP | ASP

0 1 2 3
N v )
' At the time of CAL instruction / interrupt processing execution (ASP)—ASP+1
Address stack pointer At the time of RN/RNS/RNI instruction processing execution (ASP)—ASP-1
Address stack register
YL Y2 Y4 VY8 ) ) .
At the time of CAL instruction /
< #LIK10(2) | ASRO | ASR1 | ASR2 | ASR3 |- ‘ interrupt processing execution | =
= <
3 - ASR—(PC)+1 | 15
S|  #UK0@) | ASR4 | ASRS | ASR6 | ASR7 H . &1 Program memory
> \_\ 2 area
) » 8 (ROM)
g @ L/IK10(4) | ASR8 | ASR9 |ASR10|ASR11H H %, PC—(ASR) £
~, <)
$LIKIOE) u N At the time of RN/RNS/RNI | &
ASR12|ASR13| */0 <0 H H instruction processing execution
Lpe PageO
Page 1 | ‘ ‘ ‘ ||
Page 2 | ‘ ‘ ‘
Page 3 | ‘ ‘ ‘
‘\‘\ .\
‘«\. ~'~.‘
Page 15 | ~,

Note: The program memory area consists of 16 kilobytes, and 13 bits are used. Therefore set the most
significant bit (ASR13) to “0”.
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2. Interrupt stack register (ISR)

The interrupt stack register (ISR) is a 14 bit x 16 page register. When interrupt processing is executed, the contents of the
26-bit G-register, data selection, carry flag, and data register are stored automatically. This register consists of four pages
and is specified with a two-bit interrupt stack pointer (ISP). When interrupt is generated, the G-register and other 26-bit
register contents are transmitted to the interrupt register. Simultaneously, the interrupt stack pointer is adjusted by -1. When
the RNI instruction is executed after the interrupt processing is finished, G-register and other 26-bit register contents are
returned and the interrupt stack pointer isincreased by +1. In this way, the interrupt stack register (ISR) is used as a save
register for when interrupt occurs.

The Interrupt Stack register consists of four pages, and there are four interrupt stack levels.

The interrupt stack register and the interruption stack pointer are arranged on the I/0O map, and their contents can be
referred to and rewritten.

¢ L/K10(0)
Y1l Y2 Y4 Y8
ISPO | ISP1 | */0 */0
Interrupt stack pointer At the time of interruption processing execution (ISP)—ISP+1
RNI instruction processing execution (ISP)—ISP-1
Interrupt stack register
Y1l Y2 Y4 Y8 Y1 Y2 Y4 Y8
¢ L/K10(8)
ISRGO|ISRG1|ISRG2|ISRG3[ | ¢L/K18| GO G1 G2 G3
¢ L/K10(9)
ISRG4| */0 */0 /(O I e N ¢L/IK19| G4 */0 */0 *0
- SLIK10(A) | At the time of interruption
2 ISRSO| ISRS1| SEL4 |ISRS2[—] [  Processingexecution o | sEl1|SEL2| SEL4| SELS
Qo L
g $LIK10(B) . . [ . . .
= ISRCA| *0 | *0 | *0 L kig| CA | *0 | *0 | *0
% [ E—
3 ¢ L/K10(C) L
ISRdO| ISRd1| ISRd2| ISRd3 ¢L/KIC| dO d1 d2 d3
¢ L/K10(D) L
ISRd4| ISRd5| ISRd6 | ISRA7 ¢L/K1D| d4 d5 dé d7
¢ LIK1O0(E
1 srds| 1srdo ISRALISRAL— 1 Vet instruction GUKIE| d8 | d9 | d10 | d11
— processing execution
L/K10(F
(o) (F)| ISRd1| ISRd1 | ISRdL|ISRd1]__| | | SUKIF| d12 | d13 | d1a | dis
L Page0| 2 3 4 5 |
Page 1] \ \ \ ] s v g
Page 2 ‘ ‘ G-register
Page 3‘ ‘ ‘ ‘ Data select
Carry flag

Data register
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I/0 access of a stack register

The stack register is arranged in the I/0 map. Therefore reading the state of the stack register and rewriting data are
possible. The contents of an address stack pointer (ASP) or an interruption stack pointer (ISP) can aso be accessed. These
data are accessed with an OUT1/IN1 instruction for which [CN = OH] is specified for the operand, and divided and arranged
by the data selection function.

The address stack register and the interrupt stack register have 16 and four pages respectively. When these ports are
accessed with the I/O instruction, the page is specified before the stack register is accessed. The address stack selection
specifies the page of the address stack register. The interrupt stack selection specifies the page of the interrupt stack register.

Rewriting of address stack registers is set from low-ranking bit, while the 14 address stack register bits are updated by
accessing high-ranking bits. Therefore care is required: it is still necessary to access the high-ranking bits even when only
low-ranking bits are being changed.

® LUK10(0) $ LIK10(0)
YL Y2 v4a Y8 YL Y2 v4a Y8
ASP | ASP | ASP | ASP . .
o N 5 3 ISPO | ISP1| %0 | *0

u

Y

Address stack pointer
L> nesting level is setting / detectable.

C

Y

Interrupt stack pointer
I_> nesting level is setting / detectable.

¢ L/K10(1) ¢ LIK10(7)
Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8
ASS | ASS | ASS | ASS
0 1 5 3 ISSO | ISS1 | *0 *0
AN J C
Y Y
Address stack select Interrupt stack select
Address stack register Interrupt stack register
vi v2 va v8 Y1 Y2 Y4 Y8
¢ L/IK10(8)
¢ L/K10(2) | ASRO | ASR1| ASR2 | ASR3 [ ISRGO| ISRG1) ISRG2| ISRG3
] PLKING) ISRG4| */0 *0 *0
@ L/IK10(3) | ASR4 | ASR5 | ASR6 | ASR7 H M
u PLIK10(A)
ISRSO|ISRS1| SEL4 |ISRS2
¢ L/IK10(4) | ASR8 | ASR9 |ASR10|ASR11—
m $L/K10(B)
¢ L/IK10(5; * * *
) ASR12|ASR13 */0 0 H H ISRCA *0 0 0
Lp» PageO
u ¢ L/K10(C)
1 | ‘ ‘ ‘ || ISRAO | ISRd1 | ISRd2 | ISRd3
ol [ [ ]
¢ L/K10(D)
3| ‘ ‘ ‘ ISRd4 | ISRd5 | ISRd6 | ISRd7
P LKI0(E
® | \sRas| 1srdo | 'SRL| 1SRdL|_|
0 1
15 ®LIKIO(F) | |SRd1 | ISRd1| ISRdL | ISRdL| |
L g Page0 | 2 3 4 5
S
2|
sl 1|

Note: The program memory area is 16 kilobytes and 13 bits are used. Therefore it is necessary to set the most

significant bit (ASR13) of the address stack to "0".
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O Interrupt function

There are six types of periphera hardware for which the interrupt function can be utilized: the INTR1 terminal, the
INTR2 terminal, the timer port, the serial interface, the timer counter, and the decreased voltage detection circuit.

This peripheral hardware will issue an interrupt request signal if certain conditions are satisfied. On reception of an
interrupt, the data for the G-register, data selection, carry flag, and data register are shunted to an interrupt stack register,
and the return address is shunted to the address stack register. The process then branch to the vector address determined by
the various interrupt factors and starts the related interrupt processing routine.

The interrupt routine requires preprocessing and post-processing to enable recovery of the same operational state that
prevailed when the interrupt occurred. On interrupt, the G-register, data selection, carry flag, and data register are
automatically shunted to the interrupt stack register; they are returned from the interrupt stack register on execution of the
return instruction for interrupt (RNI). Registers used with other ALU and memory data that cannot be broken must be
shunted to and recovered from the data memory for interrupt through the use of programming.

Interrupt priority can be set through programming. During interrupt processing, processing of an interrupt with a priority
lower than theinterrupt currently being processed is prohibited.

The data of the interrupt stack register and the address stack register return on executing of the return instruction for
interrupt (RNI), and the interrupt processing ends.

1. Interrupt control circuit

The interrupt control circuit consists of an interrupt enable flag, interrupt latch, and interrupt priority circuit block. These
performs are set and controlled with OUT2/IN2 instructions.

(1) Interrupt enableflags

The interrupt enable flags consist of individual enable flags corresponding to the four interrupt factors, and a
master enable flag, which permits and prohibits the whole interrupt processing. The individual enable flags permit
and prohibit interrupt corresponding to each interrupt factor. The enable registers of these flags indicate permission if
set to“1", prohibition if reset to “0”.

An individual enable flag is accessed with OUT2/IN2 instructions for which [CN = OH] has been specified in the
operand.

The interrupt master enable flag sets interrupt permission and prohibition. On execution of the El instruction, the
master enable flag is set to “1” and interrupt is permitted. On execution of the DI instruction, the master enableflagis
reset to “0” and interrupt is prohibited. When an interrupt request permitted by the individual enable flag is issued in
the interrupt-enabled state, the CPU receives the interrupt and, by branching to the different vector addresses,
executes the interrupt routine. In interrupt reception processing and interrupt return processing, the master enable flag
is in the hold state. When all other interrupts are to be prohibited during interrupt processing, therefore, the DI
instruction is executed and interrupt is prohibited.

The interrupt master flag can be read into a data memory by an IN2 instruction for which [CN = 2H] is specified in
the operand.

Y1 Y2 Y4 Y8

$LK20 LEFl LEFZ LEF3 LEF4

Individual enable flag:

EF1---INTR1 pin

EF2---INTR2 pin / Timer port

EF3- - -Serial interface / Timer port /
Decreased voltage detection

EF4- - -8 bit timer counter

“0" ---Prohibition
“1" ...Epable

Y1l Y2 Y4 Y8

oK22 LIMF 0 0 0

L Master enable flag Reset to “0” on acceptance of interrupt or on execution of the DI instruction.
Reset to “1” on execution of the RNI or of the El instruction.

Note: Do not change the setting of the individual enable flag during interrupt processing.
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¢oL21 LILRl LILRZ LILRB LILR4
0K21 L IL1 L IL2 L IL3 L IL4

Interrupt latch

The interrupt latch is set to “ 1" through the issuing of an interrupt request from peripheral hardware. If interrupt is
enabled, an interrupt reception request will be sent to the CPU, which will execute the interrupt routine and carry out
branching. The data latch is automatically reset to “0” if an interrupt is received at this time. Interrupt latch data can
read by the program and the existence or nonexistence of an interrupt request can be determined on an individual
basis. An interrupt latch that has been set to “1” by interrupt request can also be reset to “0”, and the interrupt request
can be canceled or initialized.

Y1 Y2 Y4 Y8

Interrupt latch reset  ——> If setto “1”, the interrupt latch is reset to “0”.

Y1 Y2 Y4 Y8

. ; Set to “1” on issuance of interrupt request and reset
0: No interrupt
Interrupt latch data ’{ P } to “0” on interrupt acceptance.

1: Interrupt
IL1---INTR1 pin
IL2---INTR2 pin

IL3- - - Serial interface / Timer port / Detected decrease voltage
IL4- - -8-bit timer counter

Note: Do not execute interrupt latch reset during interrupt processing.

(©)

Interrupt priority circuit block

The interrupt priority circuit is a circuit that determines the order in which interrupts are processed if interrupt
requests occur simultaneously or if interrupt is enabled after multiple interrupt requests have occurred. Vector
addresses to the interrupt routine are also generated by this block. The interrupt priority level can be set through
programming. The priority level is determined by setting the interrupt ID No. corresponding to each interrupts factor
to theinterrupt priority level setting port. The interrupt priority level setting ports are composed of priority levels 1 to
4, and the circuit sets the interrupt ID No. in order of the priority levels 1 to 4. For instance, when the interrupt
priority level is set in the order of seria interface (2), INTRL1 pin (0), INTR2 pin (1) and timer counter (3), then 2h, Oh,
1h, and 3h (¢L14(6) = 2h, L 14(7) = dh) are set to priority levels 1 to 4. These ports can be accessed with an OUT1
instruction for which [CN = 4H] is specified in the operand and 6h and 7h are specified for the data selection ports
(0K/L1A).

0L14(6) kRIl-OkRIl—lF’RIZ-OERIZ-l 0L14(7) ERIS-OF’RISJF’RM-OF’RMJ

Interrupt ID No. Interrupt Factor Vector Address
0 INTR1 pin 0001H
1 INTR2 pin / timer port 0002H
2 Serial interface / timer port / decreased voltage detection 0003H
3 Timer counter 0004H
Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8

I Al J [\ A J
Y Y Y Y

Priority 1 Priority 2 Priority 3 Priority 4

(N J
Y

Interrupt priority setting port — Interrupt ID No. is set.

Note: Do not set the same interrupt ID No. to each interrupt priority level.

Note: Do not change the interrupt priority setting during interrupt permission and interrupt processing.

Note: Interrupt priority after system reset reverts to an order corresponding to that of the interrupt ID No.’s

(i.e., ID No. 0 — Priority Level 1).
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(4)  Change of interrupt factor
From among the ID numbers, ID Nos. 1 and 2 can be used to select, respectively, INTR2 pin/ timer port and seria
interface / timer port / decreased voltage detection. These changes are made through the control port in each block.
Since selection is possible through the following settings, select according to the specification. These settings are also
made when routine initialization is being carried out. Do not perform the change while interrupt enable or interrupt
processing is in progress. Carry out any change in a state other than these states, and always reset the interrupt latch
after the change.

Decreased voltage detection control 2
Y1 Y2 Y4 Y8

SLIL(F) INT LB _
SEL Interrupt factor of interrupt ID No. 2
' >
INT LB CK .
seL | ENA | gL Interrupt function
—
0 0 * SIO Interrupt
0 1 0 100 Hz Timer Interrupt
Y1 0 1 1 200 Hz Timer Interrupt
1 0 * Decreased voltage detection interrupt
bL2A SEL
1 1 * Prohibition
Timer interrupt control
Y1 Y2 Y4 Y8
pL22 Lposz LNEGZ
-
INTR2 control v
|—> Interrupt factor of interrupt ID No. 1
POS2 [ NEG2 CcK Interrupt function
SEL P

0 0 0 100 Hz Timer Interrupt

0 0 1 200 Hz Timer Interrupt

1 0 * Rising edge

External interrupt -
0 1 * of INTR2 pin Falling edge
1 1 * Both edges
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Interrupt Reception Processing

The interrupt request is held until interruption is received, it interrupts by system reset operation or the program and it
resets alatch to "0" through programming. Interrupt reception operation is as shown below.

1) Each item of peripheral hardware outputs each interrupt request and sets the interrupt latch to “1” if the interrupt
conditions are fulfilled.

2) If an interrupt enable flag corresponding to a particular interrupt factor or a master enable flag is set to “1”, the
CPU receives itsinterrupt, and the corresponding interrupt latch isreset to “0”.

3) Any interrupt with a priority level below the accepted interrupt factor is prohibited.

4) The contents of the address stack pointer (ASP) and the interrupt stack pointer (1SP) are adjusted by -1.

5) The contents of the program counter (PC) are evacuated to the address stack register. The contents of the carry flag
(Ca), G-register (G-REG), data selection and data register (DATA) are evacuated to the interrupt stack register. At
this time, the contents of the program counter change to the next address for the time the interrupt was received or
the next address for which interrupt was enabled.

6) The contents of the vector address corresponding to the received interrupt are transferred to the program counter.

7) The contents of the vector address are executed.

Steps 2) to 6) are executed in one instruction cycle. Thisinstruction cycleis called an “interrupt cycle’.

In the case of an interrupt enable period

El
instruction

E

Interrupt

Instruction
cycle

IMF

(' Master enable flag )
Interrupt signal —

Interrupt signal

IL
(Interrupt latch)

- & [V »

€ e
1 instruction
cycle

' “4— Interrupt processing routine
Interrupt enable period
Tlnterrupt reception

In the case of an interrupt retention period

El

instruction

Interrupt
cycle

Instruction

IMF

(' Master enable flag )
Interrupt signal

Interrupt signal

IL
(Inter_rupt latch) ]

Interrupt retention period

4— Interrupt processing routine

Interrupt reception
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3. Return Processing from the Interrupt Processing Routine

The only RNI instruction is used to return the operational state to the processing being carried out before reception of
the interrupt from the interrupt routine.
Execution of the RNI instruction causes the following processing to be carried out automatically in sequence.

1) Interrupt of the priority below the returning interrupt factor is permitted.

2)  Thecontents of the interrupt stack register specified by the interrupt stack pointer are returned to the G-register,
data selection, carry flag, and data register; and the contents of the address stack register data specified by the
address stack pointer are returned to the program counter.

3)  Thecontents of the address stack pointer (ASP) and the interrupt stack pointer (1SP) are adjusted by +1.

The RNI instruction for the above-mentioned processing is processed in oneinstruction cycle.

Note: Always execute the return from interrupt using the RNI instruction.

4. Interrupt Processing Routine

If interrupt has been permitted, the CPU accepts the interrupt request regardiess of the program executed at that time
when the interrupt request is issued. To return to the original program on execution of interrupt processing, therefore, it is
necessary to restore the original operational state, as if interrupt processing had not occurred. For this reason, it is necessary
to perform shunting and return operations within the interrupt processing routine, at least for those register and data
memories that can be operated within the interrupt processing routine.

(1) Evacuation processing
When the CPU accepts the interrupt, it automatically evacuates the content of G-register, data selection, carry flag
and data register to the interrupt stack register. The contents of the area of the data memory and the general register
used by the interrupt processing routine are evacuated as necessary by the program before use

(2) Return processing
The contents of the G-register, data selection, carry flag, and data register return automatically when the RNI
instruction is executed. Therefore the return processing works in the opposite way to that of the evacuation
processing previously mentioned.

5. Multiplex Interrupt

Multiplex interrupt is a method of processing other interrupts during interrupt processing.
As shown in the figure, the separate interrupt factors C and D are processed during the interrupt processing of interrupt
factors A and B. The depth of interrupt at thistime is called the interrupt level.

Main Interrupt Interrupt Interrupt Interrupt
routine level 1 level 2 level 3 level 4

5] :

Example of multiplex interrupt
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Exercise particular care regarding the following points when using multiplex interrupt:

(@)

@

(©)

1)  Thepriority of theinterrupt factors
2)  Restrictions on the address stack levels used when interrupt requests are issued.
3)  Shunting processing for the carry flag, data memory, etc.

Priority of interrupt factor

The order of priority for multiplex interrupt becomes A < B < C < D as shown in the figure.

When an order of priority of this type applies, the processing of interrupt C must have priority during the interrupt
processing of A or B, while the processing of interrupt D is in turn given priority during execution of interrupts C.

Multiplex interrupt requires the setting of priority levels. For example, for interrupt factors A and B, let us assume
that arequest isissued for factor A every 10 ms, with an interrupt processing time of 4 ms; and that arequest is issued
for factor B every 2 ms, with an interrupt processing time of 1 ms. When there is no order of priority for A and B,
then, should an A interrupt request occur during the interrupt processing of B, it may sometimes be the case that the A
interrupt processing is executed and the B interrupt processing is not. In such a case, it is necessary to set the order of
priority of A < B through programming and prohibit any A interrupt during interrupt processing of B, and also allow a
B interrupt to be received even during the interrupt processing of A.

Priority ordering of thiskind is set through the priority level ports (¢L14(6), ¢L14(7)), described in the item on the
interrupt priority circuit block. Setting interrupt priority in the order of factors A < B < C < D prohibits during the
processing of a prioritized interrupt any interrupt with the same priority level or lower. For example, all interrupts are
prohibited during factor D interrupt, while during processing of a factor C interrupt, factor D interrupt is enabled
while factor A, B and C interrupts are prohibited. Any change in the interrupt order is prohibited during the
processing of an interrupt. To prohibit the acceptance of a higher-priority interrupt factor during the execution of a
lower-priority interrupt, use a DI/EI instruction to prohibit interrupt in the program area where prohibition is required.

Restriction of address stack levels

As described in the section on interrupt reception processing, when an interrupt request is issued, the return address
is automatically evacuated to the address stack register; and the G-register, data selection, carry flag and data register
are automatically evacuated to the interrupt stack register. There are four interrupt stack levels and 16 address stack
levels. The content of the interrupt stack register and the address stack register is broken when the interrupt stack
levels and the address stack levels are exceeded; it is therefore necessary to use them in such away to ensure they are
not exceeded. Since it can also be used with the execution of a subroutine call command, the address stack register
should take into account the address stack levels for both interrupt and subroutine calls.

Evacuation processing
When using multiplex interrupt, it is necessary to secure the evacuation area for evacuation processing separately
for each Interrupt factor.

[5%¢] 2006-02-24



TOSHIBA TC9349AFG

O External Interrupt and Timer Counter Functions

There are two types of pin for external interrupt: INTR1 and INTR2. An interrupt request is issued on detection of the
edge of the signal applied to pins INTR1 and INTR2, whether rising, falling or both. The interrupt input pins also combine
the functions of 1/O port; break during backup; and, in the case of the INTR2 pin, PLL INH input pin.

The timer counter is an 8-bit binary counter and has timer mode and pulse width measurement mode functions. In pulse
width measurement mode, the pulse width input from the external interrupt pin (INTR1) is measured. This can be used for
purposes such as detecting the leader pulse of aremote control.

1. External Interrupt Function

There are two types of pin for external interrupt, INTR1 and INTR2, and an interrupt request is issued on detection of the
edge of these inputs. The inputs incorporate a Schmitt circuit and a noise canceller, the frequency of the CPU clock
(low-speed oscillation clock: 75 kHz; high-speed oscillation clock: 300 ~ 600 kHz) being used for the noise-filtering clock.
Any pulse of less than 1 ~ 3 clocks of the CPU clock is removed as noise; and an interrupt is generated when a pulse at or
over 1 ~ 3 clocks of the CPU clock (at the time of a 75 kHz oscillation: 13.3 ~ 40 pus) isinput. Either therising or the falling
edge, or both, can be selected for each pin.

The pin used for the external interrupt function also serves as an 1/0 port. Interrupt will be permitted if edge selection is
enabled through use of the external interrupt control port. The external interrupt input state can be read from the 1/O port 4
input data port (pK33), which is used in combination.

The INTRL pin is used in combination with the input pin of the pulse width measurement mode function of the timer
counter. The INTR1 control port is also used to control the logical setting of the pulse.

(Refer to the section on the timer counter.)

The external interrupt of the INTR2 pin is selected together with the timer port interrupt. When external interrupt of the
INTR2 pinis used, it is necessary to set the timer port. (Refer to the sections on the timer port and on changing the interrupt
factor.) The program will branch to address 0001H if an INTRL pin interrupt is received, to address 0002H if an INTR2 pin
interrupt is received.

Y1 Y2 Y4 Y8

o L22 LPOSl LNEGl Lposz LNEGZ

| A J
Y Y
INTR1 INTR2
Control Control

|—> INTR2 external interruption / Control of timer port interruption

POS2 | NEG2 Interrupt Function Edge Select
0 0 100/200Hz timer interrupt 1/0 port function
1 0 Rising edge
0 1 External interrupt of INTR2 pin Falling edge
1 1 Both edges

—— ¥ Control of INTR1 external interruption

POS1 | NEG1 Interrupt Function Edge Select
0 0 External interrupt prohibition 1/0 port function
1 0 Rising edge
0 1 External interrupt of INTR1 pin Falling edge
1 1 Both edges

Note: The function becomes effective when INH input function and break function are permitted on setting of
the external interrupt function.

Note: When interrupt is permitted, the 1/O port 4 control port becomes invalid and is forced to change to an
input port.
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2.

Timer Counter Function

The timer counter consists of an 8-bit binary counter, a counter coincidence register, a digital comparator, and a control
circuit for controlling these items.

The timer counter function has a timer mode and a pul se width measurement mode.

The timer mode is a mode for detecting aregular time. The coincidence signal pulse is output and the interrupt request is
issued when the timer clock is input to the 8-bit binary counter and is in agreement with the contents of the counter
coincidence register. In pulse width measurement mode, measurement of pulse width and detection of pulse width are
performed through calculation of the timer counter between "H" or "L" levels input from the INTR1 pin. Pulse width
detection can be used to detect the leader pulse of remote controls.

For both timer mode and pul se width measurement mode, atimer clock of 25 kHz or 1 kHz can be used.

(1) Timer counter register configuration
The timer counter register consists of counter data, a coincidence register and a control register.

$L2A oL2B
YL Y2 Y4 VY8 YL Y2 Y4 VY8
DO | Ib1 | ID2 | D3 D4 | ID5 | D6 | ID7

Timer counter coincidence data—>» A coincidence pulse will be output if the data agrees with

the timer counter.
OK2A 0K2B

Y1l Y2 Y4 Y8 Y1 Y2 Y4 Y8

L.Do L.m 102 L.Da L.m L.Df, L.De le

Timer counter data ——> Timer counter data is read into data memory as binary data.

¢ L2D (Timer counter control)

Y1 Y2 Y4 Y8

CR
CK PW |Disable] CR

— Timer counter reset" * * Whenever sets “1”. counter is reset.

. "0" ---Enable
———— ¥ Enable counter reset by coincidence pulse.
"1" - -Prohibition
. ) . "0"- - - Timer mode
p Selection of timer mode and pulse width “1v. . . pulse width
measurement mode I

measurement mode

0" - -25 kHz
| -
P Selection of timer clock ~ TTTTTTTTTTTTTTTTTTTT "1 .1 kHz

 J {

INTR1 control Clock enable logic of INTR1 input signal Reset condition of INTR1 input signal
POS:I.(¢ LZZ:\IEG]- (Effective only when CR Disable = 0 is set.) (Effective only ;/Svi;eer:l)CR Disable =0

0 0 Not counted —

1 0 Counted in “H” level Falling edge

0 1 Counted in “L” level Rising edge

1 1 Always in operation Both edges

Note: This becomes invalid when the settings CR Disable = 1 and PW = 0 apply as above.
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Timer mode

Timer mode is a mode for detecting a regular time. Whenever the regular time is detected, an interrupt request is
executed and the counter reset. At this time, the control bit is set to 25 kHz or 1 kHz, the PW bit to “0”, and the CR
bitto“0”.

At thistime, the timer coincidence datais

Timer time = IDn (coincidence data) x timer clock cycle  IDn = 1 (HEX)

This sets the data for required timer interval.

3<—H 25 kHz or 1 kHz

Timer clock ;

Timer data X IDn X 00H X 01H X 02H X 03H

X'D‘N‘”X IDn X 0OH X 01H X 02H X 03H

Coincidence pulse H H\

©)

Request for interrupt and
reset timer counter.

Pulse width measurement mode

Pulse width measurement mode enables the detection and measurement of the “H” or “L” pulse width of the
INTR1 input.

The control bit at this time is used to select 1 kHz or 25 kHz for the timer clock and set “1” to the PW bit. If the
PW bit is set to “1", the INTRL1 input becomes the input enable signal of the counter clock and the timer clock is
input to the timer counter in the enabled state. Then, if the coincidence data values and counter values match, a timer
interrupt is issued.

The input logic is used in combination with the external interrupt logic setting (POS1/NEGL hit).The timer counter
is“H" level if the POS1 bit and NEGL1 bit are set to “1” and “0” respectively; and “L” level if the POSL bit and
NEG1 bit are set to “0” and “1” respectively.

Pulse width detection

The pulse width detection function detects a pulse width equal to or greater than a regular pulse width. This
function can be used for detection of the leader pulse of remote controls and data detection. At this time the control
bit is set to “0” for the GR Disable bit, and the timer counter is automatically reset on completion of pulse width
measurement. With automatic reset, no timer interrupt will be issued when the pulse width is below the set value.
Only on input of a pulse equal to or greater than the detection pulse width is a timer interrupt issued and detection
enabled. This feature enables the detection of data from remote control devices when used in combination with
external interrupts.

The detection pulse width at thistimeis as follows:

Detection pulse width = Idn (coincidence data) x the cycle of timer clock  dn oo 1(HEX)
Measurement of pulse width
When the pulse width is being measured, the CR Disable bit of control bit is set to “1”, setting to prohibited status
the execution of reset to the timer counter when pulse width measurement is finished. On completion of pulse width
measurement, the issuing of the external interrupt is detected, and the pul se width can be measured by referencing the
timer counter value. The pulse width at thistimeis as follows:

Pulse width = CTn (timer counter data) x the cycle of timer clock

After reading of the timer counter data (CR =“1"), the timer counter is reset and initialized.
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NTRLinpwt | | [ 7"

Timer clock

XID(n—l)X in fD(r+1)D(n+2)| 00H

] !

Interrupt is issued if counter data and
Counter reset pulse coincidence data correspond

Timer counter data

Coincidence pulse

External interruption pulse Hk H

External interruption issue

Example of timing of pulse width detection operation in pulse width
measurement mode (CR Disable =“0")

INTRLinPQwt | | 77"
Timer clock ;

Timer counter data {01H[ 02r Y o3H \oor [01H fozn Yosn fipey J 1on YD J1DGre2) \ ook
Coincidence pulse W ’H W
) Interrupt is issued if counter data and
. . Reading of counter data .
Instruction execution coincidence data correspond
CR="1" Reading of counter data CR="1"
External interruption pulse Hk H

External interruption issue

Example of timing of pulse width detection operation in pulse width
measurement mode (CR Disable = “1")

Note: The counter is reset whenever the CR bit is set to “1". Execute reset if necessary.

Note: The end of measurement can be detected through the concomitant use of external interrupt.
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O Internal Interrupts and the Interrupt Function

There are four types of internal interrupt: timer port, timer counter, serial interface, and decreased voltage detection. Of
these, three types of interrupt: timer port; seria interface; and decreased voltage detection; can serve a double purpose and
act asinterrupts for other factors. Select and use the necessary interrupt factor.

(Refer to the section on changing the interrupt factor.)

1. Timer Port Interrupt

The timer port interrupt is generated on the rising edge of a 100 Hz or 200 Hz timer. For details, refer to the item on the
timer port function.

2. Timer Counter Interrupt
The timer counter interrupt is generated if the timer counter value corresponds to the coincidence register value. For
details, refer to the item on the timer counter function.

3. Serial Interface Interrupt

The serid interface interrupt is generated on the ending of serial interface operation. For details, refer to the item on the
seria interface function.

4. Interrupt for Decreased Voltage Detection

The interrupt for decreased voltage detection is generated on detection of decreased voltage. For details, refer to the item
on the decreased voltage detection function.

5. Interrupt Block Configuration

INT LB SEL
ENA
{1
Serial interface interrupt
Timer port interrupt Selector |
External Decreased voltage
intefruption detection interrupt POS2/
CPUrock NEG2
- Timer counter interrupt
INTR2 caNn(::IZI?er deEtggtizd Selector
ILR1 ILR2 ILR3 ILR4
INTRL Noise Bdge | selector
canceller detected
POS1/ S R S R R R
NEG1 IL1 L2 IL3 IL4
EF1 EF2 EF3 EF4
N
N T
I x
i 4 P S 4 4
PRI1-1/1
- PRI1-2/1 Decoder (—
L09'° (IPOSUNEGL  PRIT-31 Priority determination ~Vecior add
CK Selector | [change | \ riority determination -Vector address
PRI1-4/1 v/ generate circuit La Vector address
CTO~CT7
I/\[ Interrupt reception signal
PW
| )—bl 8-bit binary counter R|4— CR Disabl VIE
Coincidence pulse El S R DI
instruction—' L instruction
PW |Coincidenceregister(IDO~ID7) | PW

CR Disable CR
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O Timer port

Equipped with 200 Hz, 100 Hz, 10 Hz and 2 Hz F/F bits, the timer is used for counting of clock operations and of tuning
scan mode. Through selection in the timer port for interrupt, interrupts can be generated with a 100 Hz or 200 Hz rising

edge.

1. Timer port

Y1

Timer interrupt control

f_%

Y2

Y4

Y8

PL2A f;‘; Timer Lé:EKL LENA

YL Y2 Y4 Y8
PK2A ZF'f'f 10Hz |100Hz | 200Hz

1

L p» Selection of interrupt timer

{

P The 2 Hz timer F/F is reset every time “1” is set.

———» Timer port interrupt selection (refer to the section on the interrupt function)

0 : Serial interface / Decreased voltage detection function

1: Timer port

0:100 Hz
1:200 Hz

The counters for 200 Hz, 100 Hz, and 10 Hz bits, and for
1 kHz and under, are reset every time “1” is set.

Reset port

The timer ports are accessed with an OUT2/IN2 instruction for which [CN = AH] has been specified in the operand.

2. Timer port timing
The 2 Hz timer F/F is set with the 2 Hz (500 ms) signal and is reset by setting “1” in the 2 Hz F/F of the reset port. This

bitis usually used as a clock counter.
The 2 Hz timer F/F can only be reset with the 2 Hz F/F of the reset port; therefore not resetting within a 500 ms cycle

will result in count errors and failure to obtain the correct time.

2 Hz F/F output q q)
4 4 4
A { A { A A
2 Hz F/F reset execution O O O a
t <500 ms
2 Hz clock P
500 ms t R
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The 10 Hz, 100 Hz and 200 Hz timer is output to 10 Hz, 100 Hz and 200 Hz bits respectively with frequency pulses of
100 ms, 10 msand 5 ms respectively. The 10 Hz and 100 Hz timers have a duty cycle of 50%. The 200 Hz timer is output at
a duty cycle of 60% with a high level of 3 ms and alow level of 2 ms. Counters at 1 kHz or below will be reset whenever
the reset port’s timer bitisset to“1”.

100 Hz or 200 Hz timer can be selected for the interrupt. When timer interrupt is enabled, interrupt is generated on the
rising of this pulse. If interrupt is received, a program will branch to 0003H address.

3
— e

200 Hz l

: 2m_s

e an Y v an i

f 10 ms : Interrupt is issued on the rising edge of the timer.
\AA
10 Hz
* 50ms :
B e :
: ¢ 100 ms >
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O Input and Output Ports

A maximum of 45 1/O ports are available for the input/output of control signals. These 45 1/0 portsinclude 36 CMOS 1/O
ports and 9 N-ch open-drain 1/0 ports. Up to one exclusive input ports and two exclusive output ports are also available.

1/0 port 3 can be set to the pull-down or pull-up state, while 1/0 ports 3, 4, 6 and 8 can be set to backup release (break
function). Individual input and output ports also serve as the pins for peripheral equipment. Switch them according to the

specifications.

1. 1/O Ports, Input-only Ports (IN/IN2) and Output-only Ports (OT1/0T2)

Each of the 1/0 ports, exclusive input ports and exclusive output ports has the following dual-purpose functions and

features.
i Combination and Additional Function Tnput
WO part M PIT; - - Impression | Structure FBref.lk
UMBEr | Fin name Funciton tolerance UNCiRon
Fo-0 T EAR)T| VDB
10 port B 1 ¥ ! § bit A'D comverter analog input VDD = 2) Mch (@]
P6-3 14 ADING (
F10-0 15 COMA
INQ port 10 H I 1 LCD driver common output
P10-3 18 COM3
F12-0 19 51
IO port 12 i H H
P12-3 22 54
F13-0 3 55
10 port 13 H t ]
P13-3 25 S8
Fi4-0 T =0
o port 14 ! ¥ ! LCD driver segment output -
P14-3 30 512
P15-0 31 213
IFD port 15
F15-1 a2z =14
P18-0 a3 515
P16-1 34 316
IFO port 16 -
P16-2 35 S1TKinz LCD driver segmant output /
P16-3 5 S18/ Mout? High speed oscilatioer D"[:\':_’GD
F3-0 ar SCKIRX1
Fa1 15 SDIOT / Serial interface CMOS
1O port 3 Tx1 [CMOS input and output)
P32 39 S
P3-3 40 PCTRin Pulse counter input o
P4-0 41 INTRA External intarruption input /
P4-1 42 INTR2/TH PLL irhibit input
IO port 4
P4-2 43 BUZR Buzzer output
P4-3 44 WRout1
P50 45 WRin1
P51 46 WRcom Electrical volume
1o poet 5
P5-2 47 WRin2
P5-3 48 YRoutZ
[Exclusive nput N 49 IFin IF input 0~ WPLL
port
Exclusive oT1 53 Do1/P 0~WDB
autpUt port T2 54 DHO2MITin Phase comparator output WDD ® 2)
Fo-0 55 Tout O~35.5W Mch
P31 55 MUTE Mute cutput
WO port 9 D~VLED | e
Po2 57 DDCK2 /' [DC - DC converter clock output for VT S 3V
TEST Test input
D - D converter voltage detection
Fe-0 58 VDET input for VT
The DC-DC converter clock output
Pe-1 55 phekt for VT
IO port & Si2 055 Mch @]
SCKz2 /S
Pa-2 60 RX2 Sarial interface
{MNch open drain input and output)
sS0DIoz2 7
P8-3 61 X2
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1/0 port 3isa CMOS I/O port. Pins P3-0 to P3-2 are also used as the serial interface and pin P3-3 is also used as a pulse
counter input pin. These pins can be set to pull-up or pull-down state and to the break function.
(— Refer to the sections on Serial interface and Pulse counter.)

1/0 ports 4 and 5 are CMOS 1/O ports. Pins P4-0 and P4-1 are also used as external interrupt input pins. Pin P4-1 is also
used as the PLL inhibit input pin. Pin P4-2 is also used as the buzzer output pin. Pins P4-3 and P5-0 to P5-3 are also used as
the electronic volume pins. Pins P4-0 to P4-3 can be set to the break function.

(— Refer to the sections on External interrupt, Back-up, Buzzer output and Volume.)

I/0O port 6 is a N-ch open-drain I/O port. Voltage can be applied up to the Vpg pin level. This port is also used for the
6-bit A/D converter analog input, and can be set to the break function.
(— Refer to the sections on A/D converter.)

1/0 port 8 is an N-ch open-drain /O port. Voltage can be applied up to 5.5 V. Pin P8-0 is also used as the doubler voltage
detection input pin for the DC-DC converter of VT. Pin P8-1 is also used as the clock output pin for the DC-DC converter
of VT. Pins P8-1 to P8-3 are also used as the serial interface. These pins can be set to the break function.

(— Refer to the sections on the DC-DC converter of VT and Seria interface.)

1/0 port 9 consists of the N-ch open-drain pin (P9-0) and the CMOS pins (P9-1 and P9-2). P9-0 is also used as the Tr
output pin for LPF. Pin P9-1 is also used as the MUTE output pin. P9-2 is also used as the clock output pin for the DC-DC
converter. In addition, pin P9-2 is pulled down to serve as the test mode input pin when pin RESET isat the“L” level.
This pin must be in the open state or at the“L” level during test mode inpuit.

(— Refer to the sections on MUTE output, DC-DC converter of VT and Phase comparator.)

1/0 ports 10 to 16 are CMOS 1/O ports, and also serve as the LCD driver output pins. Pins P16-2 and P16-3 are also used
as high-speed oscillators. (— Refer to the sections on the LCD driver and System clock control circuit.)

The exclusive input port is the IN input pin of IFininput combination. The IN input can be switched by the program.

The two phase comparator output pins can be used as the exclusive output ports (OT1/OT2). These pins output any of
three values; an“H” level that isthe Vpg pinlevel, “L” level and High impedance.

The I/O circuit of 41 pins at I/O ports 3, 4, 5, 8, 9 and 10 to 16 uses the V| cp (3 V) power supply pin. Voltage can be
applied up to 3 V, and a stable output current can be obtained because the output is not heavily reliant on the Vpp pin
power supply. Pin IN2 of 1/O port 6 can accept voltage up to the Vpg pin level and pin IN can accept voltage up to the
VpLL pinlevel

Note: When setting individual pins as input/output ports, refer to the corresponding sections on the
Dual-purpose Function.

Note: The “H” level of OT1/OT2 output is the Vpg level. All the other CMOS 1/O ports output the Vpp level.

Note: The IN input at the input-only port uses the Vp| | power supply. The “H” level is Vp| | x 0.8 or higher and
the “L” level is VpL x 0.2 or lower. When the VPLL power supply is turned off with the tuner off, IN input
becomes unfixed. The input level for the other pins is Vpp x 0.8 or higher at the “H” level and Vpp x 0.2
or lower at the “L” level.

Note: After a system reset, pin MUTE/P9-1 is set to the MUTE output and all the other input and output pins
are set to the 1/0 port input or high impedance. The MUTE output becomes the “L” level during system
reset, and becomes the “H” level after release.

Note: When the clock stop instruction is executed, the “L” level is outputted at all the pins that have been set to
the I/O port ouput.  After the clock stop is released, the previous state is outputted.
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2. Control Ports of Input and Output Ports

Y1 Y2 Y4 Y8

SEL1|SEL2|SEL4|SEL8
« v J
Data select ¢ L12( Data port 1) OUT3 instruction IN3 instruction
Yi Y2 Y4 Y8 YL Y2 Y4 Y8 YL Y2 Y4 Y8
HETEIEER
—p (0) | /O port9 output data ¢ L30 K30
0[] 2]
(1) | 1/O port 10 output data @L31 $ K31
0] 1] 23 0] 1] 2]3]) 0] 1] 23
(2) | /O port1l output data ¢L32 1/0 port 3 output data HK32 1/0 port 3 input data
0[] 2] 0] 1] -2]-3 o [a-2]-3
(3)| /O port12 output data @ L33 1/0 port 4 output data ® K33 1/0 port 4 input data
0[] -2]=3 0[] 23 0[] -2]3
(4)| 1/O port 13 output data ¢L34| 1/Oport5 outputdata P K34 1/0 port 5 input data
0[] -2]-3 0] 1] -2]-3 (] o [a-2]-3
(5) | /O port 14 output data @ L35 1/0 port 6 output data K35 1/0 port 6 input data
o[ il -
(6) | 1/O port 15 output data J ¢L36 K36
0[] 2] 3 0] 4] -2]3
(@) @ L37 1/0 port 8 output data J dK37 1/0 port 8 input data
R o1 il2] .
®) 1/O port 9 control $L38 pkag [ "OPORT TP
0 [a]-2]-3 o [a]-2]-3
9) 1/0 port 10 control ®L39 »K39 1/0 port 10 input data
0] 1] 2] 3 [ 0] 1] 2] 3
(A) 1/0 port 11 control PL3A 1/Ocontrol3 P K3A
) 0[] 2] 0] 1] -2]-3 HENERE
(B) 1/0 port 12 control ¢L3B 1/0 port 4 control P K3B 1/0 port 12 input data
0] 1] 2] 3 ) 0] 1] 2] 3 0] 1] 2] 3
) 1/0 port 13 control @L3C 1/0 port 5 control ®»K3C 1/0 port 13 input data
0[] 2] 0] 1] -2]-3 o [a-2]-3
(D) 1/0 port 14 control L ¢L3D 1/O port 16 control ®K3D | /O port 14 input data
CREN 2o | o
| ® |10 port15 control ®L3E BK3E 'i/n%ﬁfégg
0[] 2] 3 0] 4] -2]3
F &—— ¢L3F | 1/0 port 16 output data ®K3F | /0 port16 inputdata
Y1 Y2 Y4 Y8
(Un- IN2 (Un- | (Un-
v  J P K25 known) known)|known)|
1/O port output data 110 cqntrol Qata . i
@CMOS type I/O port ( Setting of input and output) Y
0 : Output pin “L” level { 0: Setl!ng of I/O port input 1/0 port input data
1 : Output pin “H” level 1: Setting of I/O port output { 0: Input pin “L" level
@Nch open drain type I/O port 1: Input pin “H” level
0 : Output pin “L” level
1 : Output pin High impedance
DOL1 control Setting of DO1 / DO2 output status
Y1 Y2 Y4 Y8 M1 MO Output status
0 0 Phase comparator output
¢ L24 MO M1 —
0 1 L" level output
R 1 0 OT output | “H” level output
1 1 High impedance

DO2 control1
Y1 Y2 Y4 Y8

¢ L25 Mo M1
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1/0O port input/output settings are determined at the 1/0 control data ports. Set the 1/0 control data port bit corresponding
to each port to “0” to program as an input port or set to “1” to program as an output port.

Determine the output state of an output port by setting the 1/O port output data port. Set the output data bit corresponding
to each port to “1” to output the “H” level or set to “0” to output the“L” level.

1/0 control data and 1/0 port output data are programmed and controlled at the OUT1 instruction data port-3, the OUT3
instruction.

When the IN3 instruction is executed, the pin state is read into the data memory. Note that execution of the IN3
instruction has no influence on the contents of the output latch.

OTL/OT2 output is programmed by the contents of the DO control port. (— Refer to the section on Phase comparator.)

Note:

Note:

Note:

Note:

Note:

Note:

There is no I/O control port for N-ch open-drain ports (/O ports 6, 8 and 9-0). To set these ports as input
ports, set high impedance by specifying output data to “1”.

I/0O port 1, I/O port 2, ... correspond to pin names P1-0 to P1-3, P2-0 to P2-3, ....

The contents of output ports become unfixed after a system reset. It is recommended that the output
data be determined before output setting.

Data select port increments by 1 automatically when ¢L10 to ¢L15, $K10 and ¢K11 on the I/O map are
accessed.

The state of a pin that has been set to output is read when the IN3 instruction is executed.

All the input circuits have the AND structure, which turns the AND gate on only when data reading (IN
instruction) is executed. There is little influence on consumption current; even when the input is in the
floating condition or has midpoint potential. This enables pull-up at a potential lower than the Vpp
potential and output at three levels. Pay close attention to setting to the break pin, serial interface or
interrupt input, because the consumption current will increase rapidly when the input has midpoint
potential.
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3.

Break Setting and Pull-up/Pull-down Setting

16 pins of 1/0 ports 3, 4, 6 and 8 can be set as backup release pins (break pins). If thereis achange in the input state of an
I/0O port that has been set to input, the break pin rel eases execution of the WAIT or CKSTP instruction and restarts the CPU
operation. When the break bit of the MUTE port is“1”, the MUTE bit is compulsorily set to “1” when thereis a change in
theinput state. (— Refer to the section on MUTE output.)

Each pin of 1/O port 3 can be programmed to a pull-down or pull-up state with 50 kQ (standard) at the pull-up/pull-down
control port. Adjust settings at the pull-up/pull-down control ports that corresponds to the pins of 1/0 port 3.

Note:

Note:

Note:

Note:

¢ L/K1A
Y1 Y2 Y4 Y8
SEL1 | SEL2 | SEL4 | SELS
N J
Y
Data select ¢L14 (Data port 4)
Y1 Y2 Y4 Y8
1/0 port break enabled
L (9)| BP3 ‘ BP4 ‘ BP6 ‘ BPS
1/0 port 3 pull-up
(A | Puo ‘ PUT ‘ PU2 ‘ PU3
1/0 port 3 pull-down
@) | Ppo ‘ PD1 ‘ PD2 ‘ PD3
Note:

P Break enabled (for each 1/0O port) {

0: Prohibition
1: Enabled

Pull-up/pull-down setting

PU PD Pin state
0 0 Pull-up/pull-down off
0 1 Pull-down
1 * Pull-up

BP3, BP4, BP6 and BP8 correspond to I/O ports 3, 4, 6 and 8 respectively. PUO/PDO, PU1/PD1,
PU2/PD2 and PU3/PD3 correspond to pins P3-0, P3-1, P3-2 and P3-3 respectively.

Break is enabled only when the 1/O port is programmed as an input port. The input pin that has been set
as a break pin must not be used at the intermediate level.

Execution of the wait or clock stop instruction requires reading of the input of the I/O port to be released.

When the serial interface function, the pulse counter function or the interruption input is used and break
is enabled, the wait or clock stop instruction is released due to change in the input of the pin. This
requires input setting at the 1/0 control port and reading of input of the I/O port before the instruction is
executed.

1/0 port 3 can be set to a pull-up or pull-down state when the serial interface function or the pulse
counter function is used.

(A~
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Pull-up and pull-down settings can be used to configure the key matrix. The key matrix is configured with usual 1/0 port
output as the output of the key matrix and the 1/0 port 3 that has been set to pull-down or pull-up as the key input. Setting
the key input to break enables restarting depending on the presence or absence of this key input when the CDSTP or WAIT

instruction is executed.
An example configuration of the key input matrix circuit is shown below.

vbD 7

P3-3

P3-2

P3-0

AN NN N
NEANVANVANY)
AN AN AN N
NZANVANVANY)
AR AAWARWAARY
NN VANV
AN AN AN N
NZAN VANV

O

P16-3

P16-2

P16-1

P16-0

1/0 port 3
data loading

Example of key input matrix circuit

Pull-up

Pull-up

/Q—When P16-3 and P3-1 keys are pressed

Pull-up

Note: After the CKSTP instruction is released by key input, there is a standby time of 100 ms. Pay close

attention to this time lag.

[ayAY
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O MUTE Output

Thisisthe 1-bit CMOS output port for muting control and also used as P9-1 of the I/0 port.
The MUTE output can be reversed by the output logic setting or changes in the /O port.

1. MUTE Port

Y1 Y2 Y4 Y8

MUTE
¢ L/K28 | MUTE | POL | Break E/NOA

|-> MUTE output enabled
0: Prohibition (I/O port setting: P9-1)
1: Enabled (MUTE output)

Ly Control by changes in the input state of the break pin
0: The MUTE output does not change when the input state of the break pin
has changed.

1: The MUTE bit is set to “1” when the input state of the break pin has
changed.

—— ¥ MUTE output polarity setting

{ 0: Positive logic — The MUTE bit is outputted as is.
1: Negative logic — The Mute bit is outputted in a reversed state.

p» MUTE output setting

0: MUTE output becomes the “L” level in the positive logic and becomes the
“H" level in the negative logic.

1: MUTE output becomes the “H” level in the positive logic and becomes the
“L” level in the negative logic.

The MUTE output is usually used for muting control.

The MUTE output is also used as the I/O port function pin (P9-1). The I/O port and MUTE output pin are switched by
the MUTE ENA bit. After areset, thisbit isset to “1” and becomes the MUTE output.

Data set to the MUTE bit is outputted to the MUTE output pin using positive or negative logic. By enabling the 1/0 port
break function (refer to the section on the input and output ports) and setting the break bit to “1”, the MUTE bit can be set
to “1” each time the input of the I/O port is changed. This function promptly activates the muting state and prevents noise
from being generated in the linear circuit when the band is switched or the radio is turned off using the 1/0 port input.

POL bit sets up the logic of MUTE output. Set it up according to specifications.

This port is accessed by the OUT2/IN2 instruction with [CN = 8H] specified in the operand.

Note: During a system reset, the “L” level is outputted as the MUTE output. After the reset is released, the “H”
level is outputted. During execution of the clock stop instruction, the output becomes the “L” level. After
the instruction is released, the previous state is outputted.

Note: When the MUTE is controlled by the break function, the break pin sets the MUTE bit to “1”. The state of
the MUTE bit can be checked at the MUTE bit ($K28). The state of the MUTE pin can be checked at the
P9-1, I/O port 9 input data port ($K38) .

Note: When the MUTE bit is set to “1”, the electronic volume can be set to —odB. (— Refer to the section on
Electronic volume.)

2. Circuit Composition of MUTE Output

MUTE bit
s 5@ MUTE/P9-1
POL bit
CKSTP instruction
Break bit
Break pin input change signal
Reset signal
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O Serial Interface

This is the 2-channel, 1-system serial interface, which has three functions; a three-wire serid interface, two-wire serial

interface and full-duplex UART functions.

The serial interface communicates with the extended LSl and microcomputer using CMOS seria interface pins
SCK1/TX1 (P3-0), SDIO1 (P3-1) and SI1 (P3-2) or N-ch open-drain pins SCK2/TX2 (P8-2), SDIO2 (P8-3) and SI2 (P8-1)
(that can accept voltage up to 5.5V). When the serial interface operation is finished, an interruption is issued.

The serial interface consists of the 4-bit input/output serial counter, the 12-bit serial output latch, the 12-bit seria input

latch and the control circuit that controls them.

The basic operations of the serial interface are as follows. For the serial output, the serial data output bit data is outputted
as specified by the serial output counter, and the serial counter is moved up or down by the serial clock so that the datais
outputted to the serial output pin in the specified order. For the serial input, serial input data is sequentialy taken to the

serial latch specified by the serial input counter asin the case of the serial input.

1. Control Port and Data Port for Serial Interface

The serial interface executes control and data transmission and receiving using the control port and data port. These ports

are assigned in 1/O map data port 2 and accessed by the OUT1/IN1 instruction.

Serial interface control 1

Y1 Y2 Y4 Y8

¢L11(7)LMO LM1 LPSEL LSIO

%(_/ < S

Mode setting

Selection of serial interface pin

PSEL | SIO Serial interface pin

* 0 Each pin for I/O port operation
0 1/0 port 3 (CMOS)

1 1 1/0 port 8 (N-ch open-drain)

p Serial interface mode setting

M1 Mo Serial interface mode

0 0 Operation stop

0 1 2-wired interface

1 0 3-wired interface

UART

ARQ
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Serial interface control 2

Y1 Y2 Y4 Y8
¢ L11(8) LCKO Lom Losoo Losm
A

Clock setting

J

Serial clock (transmission rate) frequency setting

Oscillator 2/3-wired interface clock .
OSC1 | OSCOo seting CK1 CKO frequency (fSCK) UART transmission rate (fSCK)
0 0 fosc/2 37.5kHz -
Low-speed 0 1 fosc/4 18.75kHz fosc/8bps 9375bps | 9600bps mode
0 0 oscillator
(75kHz) 1 0 fosc/8 9.375kHz fosc/32bps 2344bps | 2400bps mode
1 1 fosc/16 4.6875kHz fosc/64bps 1172bps | 1200bps mode
0 0 fosc/2 150kHz fosc/16bps 18750bps | 19200bps mode
Hc'f’s';ﬁgf;?d 0 1 fosc/4 75kHz fosc/32bps | 9375bps | 9600bps mode
0 1
(300kHz) 1 0 fosc/8 37.5kHz fosc/128bps | 2344bps | 2400bps mode
1 1 fosc/16 18.75kHz fosc/256bps 1172bps | 1200bps mode
0 0 fosc/2 225kHz fosc/24bps 18750bps | 19200bps mode
High-_speed 0 1 fosc/4 112.5kHz fosc/48bps 9375bps | 9600bps mode
1 0 oscillator
(450kHz) 1 0 fosc/8 56.25kHz fosc/192bps 2344bps | 2400bps mode
1 1 fosc/16 28.125kHz fosc/384bps 1172bps | 1200bps mode
0 0 fosc/2 300kHz fosc/32bps 18750bps | 19200bps mode
High-speed 0 1 fosc/4 150kHz fosc/64bps | 9375bps | 9600bps mode
1 1 oscillator
(600kHz) 1 0 fosc/8 75kHz fosc/256bps 2344bps | 2400bps mode
1 1 fosc/16 37.5kHz fosc/512bps 1172bps | 1200bps mode

Serial interface control 3
Y1 Y2 Y4 Y8

@L11(9) | masTER | PoL | Nehs | sis

I_» Selection of serial input of SDIO

{ 0: Select SDIO input pin
and Sl pins :

Select Sl input pin

L Selection of output form of serial { 0: Select CMOS output form
I/O port pin 1: Select N-ch open-drain output form

L Selection of serial clock logic for serial data
{ 0: Positive logic output (“L” level outputs SCK clock)
1: Negative logic output (“H” level outputs SCK clock)

p Selection of external or internal { 0: External clock input (slave)
SCK 1: Internal clock output (master)
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Serial interface control 4

Y1 Y2 Y4 Y8

G L11(A) [ STPS | SWENA | MSB | SOS

I_> Output setting for serial { 0: Pin SDIO input setting

output of pin SDIO Pin SDIO output setting

L Selection of order of serial { 0: Input/output ser!al data from the least S|-gn|.f|-cant b!t
data bits :Input/output serial data from the most significant bit

. . . 0: Prohibition
——— P Serial wait enable setting { 1: Enabled

Note: When the serial wait is set to be enabled, the SCK output is compulsorily outputted

at the “L” level and becomes the clock wait state when the serial data SOF is outputted.
(This is effective only in the 2-wired serial mode.)

P Selection of serial clock counter 0: Select the input clock counter
stop condition 1: Select the output clock counter

Serial interface control 7

Y1 Y2 Y4 Y8

F/F
@ L11(D) | TSTA1|TSTA2| STP Roset

|—> Internal flag reset - - -Resets the internal flag each time “1” is set

——P» Serial operation stop - - - Stops serial operation by setting “1”

Execute restart in 2-wired mode - - -Restarts operation by setting “1”

P Start serial operation in master mode - - - Starts operation by setting “1”
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PL11(4) @ L11(5) @ L11(6)
Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8
soo | sot | soz | so3 S04 | so5 | s06 | SO7 So8 | so9 | SOE | SOF

J

Serial output data ——» Data that has been set outputs the output data

: . 0: Serial output “L”
corresponding to the output counter number to the serial 1. Serial output “L”
output pin. '

OK11(4) P K11(5) @ K11(6)
Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8
sio | sit | sz | si3 s | si5 | si6 | s; si8 | sl9 | SE | SIF

Serial input data ——» The state of the serial input pin is inputted to the input data

! ! 0: Serial input “L”
corresponding to the input counter number at the edge of 1: Serial input “H”
the shift clock. '

Serial interface control 5

Y1 Y2 Y4 Y8

¢ L11(B) LSTAO LSTM LSTAZ LSTA3
AN J

.
Serial counter start data

— > The specified counter number is set to the serial
counter when the serial operation starts.
Serial interface control 6
YT Y2 Y4 Y8 , _
&P Serial counter start/stop setting
@L11(C) LSTPO LSTP1 stz sts
Y

Serial counter stop data —» The serial counter is stopped at the specified counter number.
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Serial interface monitor 1

Y1 Y2 Y4 Y8

@ K11(7) |BUSY1|SOERR|RX F/F|BUSY2 ) ) 0: 2-wired stop state
2-wired mode: Detection of ) .
1: 2-wired operating

|_> 2-wired operation state
Serial operation monitor 2 state

UART setting: Detection of 0: Receiving operation

receiving (RX) operation stop state

state 1. Receiving operation

o ) operating state
—® Serial receiving execution flag 0: No recglVlng oper‘aFlon .
1: Execution of receiving operation

L Serial data output abnormality

0: Output data normal
detection flag

1: Output data abnormal

P Serial operation monitor 1

0: Serial stop state
1: Serial operating state

Serial interface monitor 2
Y1 Y2 Y4 Y8

¢$K11(8) | ocTo | oCcT1 | oCcT2 | OCT3

Serial output counter monitor —» The current serial output data number is read.

Serial interface monitor 3

Y1 Y2 Y4 Y8 . . .
@—P» Serial counter operation monitor

@¢K11(9) | 1cTO | ICT1 | ICT2 | ICT3

[«

Serial input counter monitor — The current serial input data number is read.
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1-1. Serial Interface Setting and Control Bits

@

@

©)

Serial pin setting (PSEL and SIO bits)

1/0 ports 3 or 8 can be used as seria input/output pins. 1/0 port 3 has a CMOS structure and 1/0 port 8 has an N-ch
open drain structure. Since voltage up to 5.5V can be applied to I/O port 8, it can do an interface with LS| of 5V
system easily.

1/0 port 3is usually used for communication with LS that drives the Vpp power supply in the same power supply
system. This port can also be used as a N-ch open-drain port, and accept voltage up to the power supply of the V| cp
pin (3 V). Therefore, it can be used as an interface with LS| in power supply systems of 3V or below.

Set this control bit to “0” when the serial interface is not used.

SIO | PSEL Serial interface pin Pin structure Pin type Maximum applicable voltage
0 * Each pin I/0O Port operation
CMOS or
1 0 1/0 port3 CMOS Nch open drain ~VLCD (3V)
1 1 1/0 port8 Nch open drain Nch open drain ~55V

Note: These bits are reset to “0” after a system reset.

Type of serial operation (MO and M1 bits)
The serial operation can be selected from three serial interface modes; 3-wired type, 2-wired type and UART. Set
this control bit to “0” when the seria interface is not used. When a mode is selected, the pins are switched to the
function pins as listed below.

Name of pin being used
M1 MO Serial interface mode
Select I/0 port 3 Select I/0 port 8
0 0 Operation stop P3-0 P3-1 P3-2 P8-1 P8-2 P8-3
0 1 2-wired interface SCK1 SDIO1 P3-2 P8-1 SCK2 SDIO2
1 0 3-wired interface SCKi1 SDIO1 SI1(P3-2) | SI2(P8-1) SCK2 SDIO2
1 1 UART RX1 TX1 P3-2 P8-1 RX2 X2

Note: These bits are reset to “0” after system reset.

Selection of serial operation clock (CKO0, CK1, OSCO0 and OSC1 hits)

The serial operation clock sets the serial interface operating speed. When the 2- or 3-wired master mode is selected,
operation speed can be selected from four types, fosc/2, fosc/4, fosc/8 and fosc/16. When UART is selected, operation
speed can be selected from three types, 9600/2400/1200 bps. When a high-speed oscillator is used, the operation
speed of the 2- or 3-wired type can be accelerable to 300 kHz, which enables the use of the UART transmission rate,
19200 bps. Refer to the following table and select the operation clock.

When the 2- or 3-wired slave mode is selected, these bits revert to “don't care” state, which enables serial clock
operation at an operation speed of up to 200 kHz.

Note: The duty of the 2- or 3-wired mode is always 50%.

Note: When the high-speed oscillator is prohibited, the OSC0 and OSC1 bits revert to “don't care”
state.

Note: Set all of these bits to “0” when the 2- or 3-wired slave mode is selected.

Note: These bits are reset to “0” after a system reset.
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Serial clock (transmission rate) frequency setting

Oscillator 2- or 3-wired interface clock .
OSC1 | OSCo setting CK1 CKO frequency (fSCK) UART transmission rate (fSCK)
0 0 fosc/2 37.5kHz -
Low speed 0 1 fosc/4 18.75kHz fosc/8bps | 9375bps | 9600bps mode
0 0
(75kH2) 1 0 fosc/8 9.375kHz fosc/32bps 2344bps | 2400bps mode
1 1 fosc/16 4.6875kHz fosc/64bps 1172bps | 1200bps mode
0 0 fosc/2 150kHz fosc/16bps 18750bps [ 19200bps mode
High-speed
0 : oscillator 0 1 fosc/4 75kHz fosc/32bps 9375bps | 9600bps mode
(300kHz) 1 0 fosc/8 37.5kHz fosc/128bps | 2344bps | 2400bps mode
1 1 fosc/16 18.75kHz fosc/256bps 1172bps | 1200bps mode
0 0 fosc/2 225kHz fosc/24bps 18750bps | 19200bps mode
Highjspeed 0 1 fosc/4 112.5kHz fosc/48bps 9375bps | 9600bps mode
1 0 oscillator
(450kHz) 1 0 fosc/8 56.25kHz fosc/192bps 2344bps | 2400bps mode
1 1 fosc/16 28.125kHz fosc/384bps 1172bps | 1200bps mode
0 0 fosc/2 300kHz fosc/32bps 18750bps |19200bps mode
High-speed 0 1 fosc/4 150kHz fosc/64bps 9375bps | 9600bps mode
1 1 oscillator
(600kHz) 1 0 fosc/8 75kHz fosc/256bps 2344bps | 2400bps mode
1 1 fosc/16 37.5kHz fosc/512bps 1172bps | 1200bps mode
) fSCK tSCK
2- or 3-wired mode —p UART mode <€ »
Serial clock (SCK) 5 UART input/output (TX/RX) \ X
Serial input/output (SDIO) X X

(4)  Serial operation condition setting
® MASTER bit (Selection of external/internal SCK clock)

Set the master or slave mode. Select the internal clock for the serial clock (SCK) to set the serial operation to
master mode, and select the external clock to set the serial operation to slave mode.

If the master setting is selected, the serial operation will start and the serial clock will be outputted when start
setting is made by the serial start bits (TSTA1 and TSTAZ2 bits), and the operation will stop under the serial counter
stop condition. The serial clock selected by the clock selection bits (CK0, CK 1 bit) will be outputted.

If the slave setting is selected, the serial operation will start automatically when the external clock is inputted. For
the 2- or 3-wired type, frequencies no higher than 200 kHz (f SCK) can be inputted as the external clock.

0: External clock input (slave)
Selection of external or internal SCK

clock (MASTER bit) 1: Internal clock output (master)

Note: Select the slave setting when the UART is selected.

Note: This bit is reset to “0” after a system reset.
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@ POL bit (Selection of serial clock logic for serial data)

Select the logic for shift clock input/output of the serial clock.
When "1" is set to the bit of POL and a master setup is selected, serial operation stops on the "H" level in the state
of a stop, if operation starts, the seria clock outputs and it stops on "H" level. When the POL bit is set to “0", the
logic will be reversed, that is, the operation will start fromthe“L” level.
Together with the output logic, this bit controls the serial counter operation edge by the serial clock input/output
and the serial input take-in edge. The timing operation by the POL bit is as shown below.

Selection of serial clock logic for serial data
(POL bit)

0: Positive logic output (SCK clock is outputted from the “L” level)

1: Negative logic (SCK clock is outputted from the “H” level)

(A) 2-wired master and slave and 3-wired slave modes (POL="1")

(A) 2-wired master and slave and 3-wired slave modes (POL="1")

Serial clock

Take in data i

nput

Serial output

Serial output

counter

(OTCO to 3 bit)

Serial input

A
L
S

Serial input

counter

X

(ITCO to 3 bit)

Serial clock

Serial output

Serial output
counter
(OTCO to 3 bit)

Serial input

Serial input
counter
(ITCO to 3 hit)

e

Take in data input

——

——

)

(am
-

\

v
i

(C) 3-wired master mode (POL="1")

(D) 3-wired master mode (POL="0")

tsck/4 i

g
I

E(— tsck/4

Serial clock

Serial output

Serial output
counter
(OTCO to 3 bit)

Serial input

Serial input
counter
(ITCO to 3 bit)

]

i

A
A

3

—

v

O

tsck/4—p H
tsoka €=
Serial clock
Serial output » X X

Serial output
counter
(OTCO to 3 bit)

Serial input i_X X X
eomer — | -

(ITCO to 3 bit)

ot

Note:

Note:

Note:

Note:

When the 3-wired master mode is selected, the serial output (serial output counter) changes in

timing shifted by tsck/4.

When the 2-wired master mode is selected, the serial clock is operated by the input of the SCK
pin clock. Therefore, the serial operation will not start if the SCK pin clock does not output

waveforms for some rea

son.

Set to POL = “0" when UART is selected.

This bit is reset to “0” after a system reset.
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@ NchS hit (Selection of output form for the serial 1/0 port pins)
Set the serial interface input/output circuit type. Setting this bit to “0” to select the CMOS circuit form, and setting
this bit to “1” to select the N-ch open-drain circuit.

0: Select the CMOS output form

Selection of output form for serial /O port pins

Note:
Note:

Note:

1

N-ch open-drain type

Select the N-ch open-drain setting when the 2-wired mode is selected.

This bit is also effective when the UART is selected.

This bit is reset to “0” after a system reset.

@ SIS hit (Selection of SDIO pin or Sl pin for serial input)
Select a serial input pin. Set thisbit to “0” to select the SDIO pin for serial input. Set this bit to “1” to select the S|

pin for serial input.
The 1/0O port function is enabled for the Sl pin. Therefore, when the Sl input pin is used for seria input, it is
necessary to set the I/O port corresponding to this pin as an input port. When the SDIO pin is used for serial input, the

Sl pin can be used as an 1/0 port.

Selection of SDIO or Sl pins for serial input

Note:
Note:
Note:

Note:

(SIS bit)

1: Select the Sl input pin

0: Select the SDIO input pin

(Nchs bit) 1: Select the N-ch open-drain output form
NchS 1/0 port 3 1/0 port 8
0 CMOS type Setting disabled

When the Sl pin is selected, set the 1/0 port corresponding to this pin as an input port.

When the SDIO input is selected, the Sl pin can be used as a normal I/O port.

Select the SDIO input when UART is selected.

This bit is reset to “0” after a system reset.
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@ STPS bit (Selection of the serial clock counter stop condition)
The serial operation stops when it becomes the stop position of a serial counter. There are two types of serial

counters, the serial output counter and the serial input counter. The stop condition is switched between the output and
input counters.

. . . 0: Select the input clock counter
Selection of serial clock counter stop condition

STPS bit
( ) 1: Select the output clock counter
(A) 2- or 3-wired mode (POL="0", STP="0") (B) 2- or 3-wired mode (POL="0", STP="1")
> stop . Stop
Serial clock (SCK) | % Serial clock (SCK) Aﬁ
Serial output counter ' X X ) Serial output counter X X X/
(OTCO to 3 bit) — (OTCO to 3 bit)
Serial input counter * X X Serial input counter :X X
(ITCO to 3 bit) (ITCO to 3 bit)
(C) 2- or 3-wired mode (POL="1", STP="0") (D) 2- or 3-wired mode (POL="1", STP="1")
——P» Stop — Stop
Serial clock (SCK) Ax Serial clock (SCK) ‘E
Serial output counter X X ) Serial output counter X X X/
(OTCO to 3 bit) (OTCO to 3 bit)
Serial input counter X Serial input counter X
(ITCO to 3 bit) (ITCO to 3 bit)

Note: Setto STPS = “1" (Select the clock output counter) as shown in (B) when the 2-wired or UART
mode is selected.

Note: This bit is reset to “0” after a system reset.

@ SWENA bit (Serial wait enable)

This control bit is effective only when the 2-wired mode is selected. usually, set this bit to “1” when the 2-wired
mode is selected.

If serial wait is enabled in the 2-wired mode, the SCK is outputted at the “L” level and becomes the clock wait
state and the serial clock is suspended when the serial output counter  (OCTO0~3) becomes“F’ (HEX).

0: Prohibition
Serial wait enabling setting (SWENA bit)
1: Enabled (Set to “1” when the 2-wired setting is selected)

When the 2-wired mode is selected (POL="1", STP="0", SWENA="1")

i—» SCK is outputted at the “L” level

Serial clock (SCK) |_,_\_|_V and is suspended
—yr———

Serial output counter C
(OTCO to 3 bit) X X X F(HEX)

Note: Set to SWENA = “0" when the 3-wired or UART mode is selected.

Note:  This bit is reset to “0” after system reset.
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@ SOS hit (Output setting for SDIO pin serial output)
This control bit switches the serial data input/output pin (SDIO pin) between data output and input. Set this bit to
“0” for serial datainput or set to“1” for serial data output.
In the 3-wired mode, switching between input and output is executed when the instruction to this bit is executed.
In the 2-wired mode, switching between input and output is updated and determined under the following conditions

after this bit is specified.

. ) ) 0: SDIO pin input setting
Output setting for SDIO pin serial output

(SOS bit) 1: SDIO pin output setting

Update timing of SDIO pin input/output switching in the 2-wired mode

* Stop condition
* Falling edge of the shift clock when the communication is started
* Falling edge of the serial clock after ACK input/output

SDIO input/output switching timing in the 2-wired mode (master mode)

N N g O N s W Ny N
Y b0y e \ A Y <A |

) o i TSTA2="1" tior =17 i
Execution of TSTA1="1" execution ™ executio N STP="1" execution
. . o O A 4 S
instruction SOS bit setting SOS bit setting SOS bit setting
A A A
SDIO input/output update timing SDIO input/output update timing SDIO input/output update timing

SDIO input/output switching timing in the 2-wired mode (slave mode)

S 10 N A IO oy 0y 6 O O
e '”p“t@“éf’é; \ | | [ Ack | | [ ack )\ '

Execution of —~ N ~

instruction SOS hit setting SOS bt setting SOS bit setting
A A A
SDIO input/output update timing SDIO input/output update timing SDIO input/output update timing

SDIO input/output switching timing in the 3-wired mode

Serial clock 4,—|_,—|_|' ........ m—m
(SCK) i |—|

T G —

N A

e

Execution of
) . O O O
instruction S0S2"0" SO8="1" S082°0"

Note: If the SOS bit is set in the 3-wired mode, the input/output of the SDIO pin will be updated when
the instruction is executed.

Note: Always set the SOS bit to “1” when UART is selected.

Note:  This bit is reset to “0” after a system reset.
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@® MSB hit (Selection of the order of serial data bits)
This control bit controls the arrangement of serial data input/output data. Select whether data input/output started
from the most or the least significant bit respectively.
For the serial interface, serial data specified by the serial counter is inputted and outputted. The MSB bit controls
the serial counter to count up or down. When the MSB bit is set to “0”, the serial counter counts up. When the MSB
bit isset to “1”, the serial counter counts down.

0: Input/output serial data beginning with the least significant bit
Selection of the order of serial data bits P P 9 9 9

(MSB bit) ) o ) N .
1: Input/output serial data beginning with the most significant bit

Serial counter and serial input/output timing (when MSB= “0" and POL= “0")

Serial clock
(SCK) }) h

Serial output
oreoeome e XEDo Y0 e Y X )0 e ) e e X
Serial input

couer D X E X[F, Yo Y1 Y2 Y3 Xa X5 Y6 X7 Y8 Yo YA

(ITCO to ITC3)

Serial nputioutput soE Y soF Y soo Xso1 Xsoz Xsos Xso4 Xsos Xsoe Xso7 Xsos Xsog \

(SDIO)

(Note) Shown in HEX notation

Serial counter and serial input/output timing (when MSB= “1" and POL= “1")

Serial clock
(SCK)

Serial output

orcocmer A Jo Y8 X7 Je Y5 X Js Xz X+ Jo XF Xe o

Serial input

eocmer A Yo NJe X7 Yo X5 Yo Xa Yz Yo Yo XF J= Yo
Serial inputioutput so9 Y sos Y so7 Xsoe Xsos Xso4 Xsos Xsoz Xso1 Xsoo XSOF XSOE \
(SDIO)

(Note) Shown in HEX notation

Note:  Serial data corresponding to the serial output counter is outputted to the serial output pin. The
state of the serial input pin corresponding to the serial input counter is stored in the serial input
data at the edge.

Note: Input and output serial counters have up and down edges reverse to each other.

Note: If any serial input/output data not present in the serial counter is designated, the output will be
“L” and the input will be “don't care”.

Note: This bit is reset to “0” after a system reset.
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® Serial counter, Serial data
(STAO to 3, STPOto 3, OCTO to 3 and ICTO to 3 bits, SO0 to SO9/SOE/SOF, SI0~SI9/SIE/SIF)

The serial counter consists of the serial input counter (ICTO to 3) that counts the serial input clock and the serial
output counter (OCTO to 3) that counts the serial output clock. When stop is executed (STP = “1"), these seria
counters are preset to the stop data (STPO to 3). When start is executed (TSTAL1 =“1", TSTA2 =“1") or the external
serial clock is started, these serial counters are preset to serial counter start data (STAO to 3) and counted by the serial
clock. When the serial counter coincides with the serial stop data (STPO to 3), the serial counter is stopped and an
interruption is issued.

The operating state can be checked on the serial counter monitor (ICTO to 3, OCTO to 3).

* Serial counter start data (STAO to 3 hits)
— When the serial operation is started, the start data is set to the serial counter.

* Serial counter stop data (STPO to 3 hits)

— When astop is executed (STP = “1"), the stop data is set to the serial counter. After the serial
counter operation, the serial operation is stopped in the stop data position, and an interruption issued.

* Operation monitor for serial output counter (OCTO to 3 hits)
— The operating state of the serial output counter can be detected.
» Operation monitor for serial input counter (ICTO to 3 bits)

— The operating state of the serial input counter can be detected.

Serial data consists of 12 bits each of serial output data (SO0 to SO9/SOE/SOF) and serial input data (SIO to
SI9/SIE/SIF). For serial output data, the serial data corresponding to the serial output counter number is outputted to
the serial output pin. For serial input data, the state of the serial data input pin is read at the edge of the serial clock
corresponding to the serial input counter number.

When the 2-wire mode is selected, the SOE/SOF bits in the serial output data are automatically set to “1” when the
serial operation is started or when stop is executed (STP=“1") with the master setting. usually, the bits of SO0/SI1 to
SO7/S17 are used for serial input/output data. The SOE bit is used as the output bit of the serial stop state,while the
SOF/SIF bits are used as input/output data of ACK.

When UART is selected, the bits of SO0/SI1 to SO7/SI7 are used for UART input/output data, while the SO8/SI8
bits are used as parity bits. The SO9 it is used for the output of the stop output data.

When the 3-wire mode is selected, up to 14 bits of serial data can be inputted and outputted. Set the serial data start
and stop data according to the number of bits, and specify this number.

Example of serial operation timing when the 3-wire mode is selected (when MSB= “0", POL= “0" and STPS= “1")

| STPO~ 3:”,0" | | STA0~3="7" | | Stop when the serial counters match. |

Serial clock
(SCK)

Serial output

counter
(OTCO to OTC3)

Seriims:%(lo V7] Y e[Y s X 1Y o Y7 Ye X5 1Y o

(ITCO to ITC3) W}
Serial input/output %
2010y 500 Yso7 Y'sos ) soi Y(so1 Y 'soo Y(so7 ) 'sos Yso1 Y 'soo
. TSTA1= “1" execution } TSTA1= “1” execution }
Execution of ~L
. - A
instruction STP= “1" execution Issue of interruption Issue of interruption

(Note) Shown in HEX notation
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(5) Start and stoppage of serial operation

® TSTA1 and TATAZ2 bits (Start of serial operation)

The TSTA1 bit controls the start of serial operation in the master mode. When this bit is set to “1”, the serial clock
will be outputted and the serial interface operation will start.

When start is executed in the 3-wire mode, the serial counter start data (STAO to 3) will be preset in the serial
input/output counters, and serial output data corresponding to the start data will be outputted. After that, serial data
(SO0 to SO9, SOE, SOF) will be outputted sequentially according to the serial clock (SCK).

When start is executed in the 2-wire mode, the start condition pulse will be outputted to the serial data outpuit.
When this start condition is satisfied, the serial operation will be started. When start is executed in the UART mode,
the start pulse will be outputted from the TX pin, and then the same operation as in the 3-wire mode will be executed.

In slave mode, operation can be started by the external serial clock without the need to use this contral bit.

The TSTAZ2 bit controls the restart of serial operation in the 2-wire master mode. When start is executed by the
TSTAL1 bit, the start condition will be outputted, the 8-bit serial clock will be active and the operation will enter the
serial wait state. When the TSAT2 bit isset to “1”, the serial operation will be restarted for serial input/output.

» Start of serial operation in the master mode (TSTA1 bit)

— When thisbit isset to “1” in the master mode, serial operation will start.
When in 2-wire mode, the start condition will be outputted automatically.
Whenin UART mode, the start pulse will be outputted.
» Execution of restart in the 2-wire mode (TSTA2 bit)

— When thisbit isset to “1”, the operation will be restarted.

Note: When these bits are set to “0”, the system will be in a “don't care” state.

Note: Allow the wait time that corresonds to at least one cycle of the serial operation clock between
execution of stop (STP =“1") and execution of start (TSTA =*“1").

@ STP bit (Stoppage of serial operation)

The STP bit controls the compulsive stoppage of serial operation, the initialization of internal state and the output
of the stop condition.

When the STP bit is set to “1” (stop is executed), the serial counter stop data (STPO to 3) is preset to the serial
counter and initializes the internal state. When a stop is executed during serial operation in master mode, the serial
clock operation will be stopped.

When a stop is executed in the master 2-wire mode, the stop condition will be automatically outputted from the
serial data output and the serial clock in addition to the operation as mentioned above.

* Stoppage and initialization of serial operation in the master mode (STP bit)

— When thisbit isset to “1”, the operation will be stopped and initialized. In the 2-wire mode, the stop
condition will be outputted automatically.

Note:  When this bit is set to “0”, the system will be in a “don't care” state.

Note: After setting the condition, be sure to execute stoppage (STP = “1") for internal initialization.
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(6) Serial operation monitor

@ BUSY 1/BUSY 2 hits (Operation monitor)

The BUSY 1/BUSY 2 bits detect the serial operating state. The BUSY 1 bit can detect the serial clock operating state,
while the BUSY 2 bit can detect the operating state in the 2-wire mode or the receiving operation state in the UART
mode. When interruption is enabled, it will be issued at the falling edge of the BUSY 1 bit and the program will
branch to address 0001H.

® SOERR hit (2-wire serial output error flag)

The SOERR bit is used to detect arbitration in the 2-wire multi master mode. When serial data is outputted in the
master mode, the output state is compared to the internal output data.  If there is any discrepancy between them, the
serial operation will be stopped automatically and the SOERR bit set to “1”. When this state is detected, the serial
clock and data respectively will be opened and the operation will continue. For normal arbitration detection, the serial
operation will be stopped by the clock supplied from another master. When the 2-wire operation is completed, FF
Reset =“1" will be set and the flag will be reset.

This detection is carried out during serial output setting, regardless of the master or slave mode. Therefore, program
processing is required if any discrepancy occurs in the output data due to noise or for any other reason. Usually,
provide a timer to detect this bit if there is no issue involving interruption or the BUSY 1 signal does revert to “L”
after acertain time has elapsed. If the detected bit is“1”, set the STPbit to “ 1" to execute stop and initialization.

In any other modes than the 2-wire mode, this bit isin the “don’t care” state.

In the 2-wire mode, the serial
clock and the serial output

Serial clock r'y in are opened
s L L4 pinare opened.

Serial input/output i
(SDIO) —\_/—\

SOERR bit

Serial data error

® RX F/F bit (Receiving flag)
The RX F/F bit detects the receiving of UART or the 3-wire slave. This bit is effective only in slave mode. When
the serial clock receives input or UART when in slave mode, this bit is set to “1”. After receiving is completed, refer
to the received serial data. Thishit isreset to“0” by setting the FF Reset bitto “1”.

® F/F Reset bit (Internal flag reset)
This bit initializes the internal flag. Each time thisbit isset to “1”, the internal flag will be reset.
Serial receiving execution flag (RX F/F), the serial data output error detection flag in the 2-wire mode, and the
serial wait are reset and released.
In the 2-wire mode, the system will enter the wait state after output of the serial output data SOF bit. Usually, the
SOF/SIF bits are used as the acknowledgement of (ACK) bits. After reading the ACK bit input/output, serial
operation will be restarted by execution of the F/F Reset bit.

* Internal flag reset (F/F Reset bit)

— “Theinternal flag isreset eachtimethisflagissetto“1”.
The wait state is released in the 2-wire mode.

Start and stop operation timing in the 2-wire mode

Stop Start Stop
condition  condition - condition

Serial clock

s U U UL T U T
Serial(gg%l)output%\ /'_'_\ / X X X (Ack) / X X X (ACK) )ﬁ /—

Execution of r{ """ TSTA2= "1’ execution STP= 1" execution F-——--
instruction —
STP="1" execution TSTA="1" execution F/F Reset= “1" execution F/F Reset= “1" execution

AN L B I D A G2 S D S

(OTCO to OTC3)

Terene N = YXe Xs. o ¢ e Xs _ofr X
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Examples of settings in the 3-wire, 2-wire and UART modes are shown below. Adjust settings according to the required

specifications.
(1) Example of 3-wire serial mode setting
Setting bit Condition setting data
Mo, M1 3-wire setting (MO =0, M1 =1)
CKO, CK1, OSC0, OSC1 Serial clock frequency setting
MASTER Master setting (MASTER = 1): Refer to an example of master operation timing.
Slave setting (MASTER = 0): Refer to an example of slave operation timing.
POL Serial clock stop state = L. ) )
Data output at the rising edge and data input at the falling edge (POL = 0)
Nchs CMOS setting (NchS = 0)
SIS Setting of SDIO pin to serial input (SIS = 0)
STPS Setting of stop condition to input counter (STPS = 0)
SWENA Stop weight disabled (SWENA = 0)
MSB Output beginning with the least significant bit (MSB = 0)
SOS Data output: SOS =1, Data input: SOS =0
STAO0~3 Serial input/output start data: Oh
STPO~3 Serial input/output stop data: 8h
PSEL, SIO Select CMOS pin (SDIO1, SCK1) (PSEL =0, SIO =1)

e Example of serial interface timing in the 3-wire master mode

Serial clock l """""
output (SCK1) )

BUSY1

instruction  gpz «1» executio

7\ F

e

[

mplzt,jﬁg%l sos X soo ) sot1 X so2 ) s07 HE E X i b s07
SDIO1 Data output > Data input >
Serial output
enacgﬂn;;;r% 5 o Y7 Yz X 7 X o X 1 X X 7
(oTCotoOTC3) ~ X
Serial input
N (I S I 0 S G N (0 G G & I
(ITCO to ITC3) ¥ o
L. . Serial clock stop -% Sg 5§
vf
a o F 8 B - Q 8 § I g
Execution of 5 2] Issue of \merruglon & ﬁ 3 % §ﬁ

(

e Exampleof serial interface timing in the 3-wire slave mode

Execution of
instruction

interruption

Issue of
FF Reset:

|

execution

1 2 3 8 1 2 8
Serial clock
output (SCK1) .
Serial
inputioutput E s Y sz Y ¥ s )‘n soo Y sot ) (s07 B
(SDIO1) ‘ Data input T Data output EEE—
> omer 7 e o X N\ z )\ e )7 S D
(OTCO to OTC3)
Serial i
“eoumer 08 XpXO N2 ) X7 (e XoX + X X7 s
(ITCO to ITC3) ki - :

SOS=“1"
setting

Issue of
interruption
FF Reset:
execution

BUSY1 %5 r

RX F/F %\

B

ik

Q2
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(2) Example of serial mode setting in the 2-wire mode

Setting bit Condition setting data
MO, M1 2-wire setting (MO =0, M1 =1)
CKO, CK1, OSC0, OSC1 Serial clock frequency setting
MASTER Master setting (MASTER = 1): Refer to an example of master operation timing.
Slave setting (MASTER = 0): Refer to an example of slave operation timing.
POL Serial clock stop state = H.
Data output at the falling edge and data input at the rising edge (POL = 1)
NchS N-ch open drain setting (NchS = 1)
SIS Setting of SDIO pin to serial input (SIS = 0)
STPS Setting of stop condition to input counter (STPS =1)
SWENA Stop weight enabled (SWENA = 1)
MSB Output beginning with the most significant bit (MSB = 1)
SOS Data output: SOS =1, Data input: SOS =0
STAO0~3 Serial input/output start data: 7h
STPO~3 Serial input/output stop data: Eh
PSEL, SIO Select N-ch open-drain pin  (SDIO2, SCK2) (PSEL =1, SIO =1)
coﬁ}j?(’ljon co%::lﬁi‘lriton SCK pin outputs the “L” level to forcibly coﬁtﬂ?ﬁon
Serial clock !r""- stop the serial clock o
U AT L [
Serial input/output % —_\ o
(SD|02) /_ ; SI7/807 XSIG/SOG XSIO/SOO X S[F/#OF(AC]{O SI7/807 XSIG/SOG XSIO/SOO X S[FlSOF(AGK) \ /_
24 EE2: =3 ganl €53 g |84y 58
2 4fge =22 S gg|\r g 3 € 2o 4E
Executionof 56 bs8f BE BE3\tbe & L85 e
instruction —O—O O o—0—-0-—0 O
Serial output
counter E 7 6 o] F 7 6 (o] F E
(OTCO to OTC3) % X X X X X X X X X
Serial input
counter E @6X5 o X F @6X5 oY F X E

(ITCO to ITC3)

(

BUSY2 %5

L | I

Note: The start condition (STA1 = “1”) cannot be outputted at the ACK input/output timing during
2-wire operation (BUSY2 = “1") in the master mode. Output the stop condition, and then the
start condition.
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(3) Example of UART mode setting

Setting bit Condition setting data
MO, M1 UART setting (MO =0, M1=1)
CKO, CK1, OSC0, OsC1 Transmission rate setting
MASTER Master setting (MASTER = 0)
POL Serial clock stop state = H, ) .

Data output at the falling edge and data input at the rising edge (POL = 0)
NchS N-ch open drain setting (NchS = 1)
SIS Setting of serial data pin to RX pin (SIS = 0)
STPS Setting of stop condition to input counter (STPS =1)
SWENA Stop weight disabled (SWENA = 0)
MSB Output beginning with the least significant bit (MSB = 0)
SOS Data output (SOS = 1)
STAO0~3 Serial input/output start data: Oh
STPO~3 Serial input/output stop data: 9h
PSEL, SIO Select N-ch open-drain pin (TX2, RX2) (PSEL=1, SIO=1)
<ts_c£
Receiving (RX) \/ sio s | ['sis |si6 /

»

Maximum tsck/8

tsck Receiving (RX) ————

&
<

Sending (TX) %/SO%

STP=1 execution

Serial output

S09

SO8
SOt X X SOGX S07 / =1 =1 Pulse widths of tsck/4 or below is not considered as received

1 é\ %/SOO

1.—Sending (TX) —————— P

\TSTA1=1 execution F/F Reset=1

),
Issue of interruption Issue of interruption

orconeme 20 JoJu T fef7)efe

Serial input

oo ZA_2 G S B N B2 3
BUSY1
RX F/F |

Note:

Note:

Note:

Note:

When a pulse width of tsck/4 or below is inputted during receiving (RX), the start of receiving will
be cancelled.

The UART circuit has a data judgment circuit. When receiving starts, the data judgment circuit
outputs a 3-pulse data judgment pulse in the data position to judge the RX pin state. When at
least two of these pulses record the same data, the received data is read as the serial data
input. In other words, if noise occurs in one pulse in the pulse output position, the data can be
received normally.

tsck
<

Receiving (RX)
SIo

Ksnx
Il

Data judgment pulse

This example shows sending and receiving without parity. The SO8 bit output is outptted as the
stop hit. In the specification with parity, the SO8/SI8 bits can be assigned to parity. However, if
transmission (TX) starts immediately after the issue of interruption, the stop bit width cannot be
secured. In this case, after the interruption is issued, allow the operation to wait for a stop bit
width or more before sending is executed.

UART of this product supports the full/duplex specification. If sending and receiving operations
are executed at the same time, they can be carried out normally. However, interruption is issued
when either operation is completed and the BUSY1 bit becomes “0". Determine receiving
operation using the RX F/F bit.
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1-3. Serial Clock Timing

Serial clock
(SCK)

Serial output
(SDIO)

- TpL —

Serial clock
(SCK)

Serial output

— TpLH

—

£

(SDIO)

— TpLH

* Minimum pulse width (TpL/TpH):2.5us (minimum)
* Transmission delay time (TpLH/TpHL): 50 ns (standard)

2. Serial Interface Configuration

SI

SCK/RX C
/

SDIO/TX (J

~

High-speed oscillator Low-speed oscillator

clock (Xout2)

J

75 kHz (Xoutl)

MO, M1, OSCO0, OSC1, SWENA
TSEL, SIO, STP, FF Reset

v ays

Serial clock generator/
Timing circuit

Matched signal

[ N

BUSY1, BUSY2
SOERR

S00~9, SOE/F

JL

STPS

- MASTER

Selector

OCTO-0CT3 {?

) >

Serial output counter

POL

RX UART
circuit

ir

STAO-STA3

JL

Selector

Serial input counter

4

O

A ICTO-ICT3 {}

Selector

Decoder

| ¥
=
=

|

Yy

Output data Input data

- =

x |

Serial input latch

SIS UART

<L

SI10~9, SIE/F

Comparator

STPO-STP3

Note:

Note:

Note:

Note:

When the serial interface function is working, the serial input-only pin (SI) can be used as an I/O port.
To use it as the Sl pin, you need to set the I/O port to input.

All the serial interface

pins are Schmitt input.

When the serial interface function is used and the 1/0 port input is enabled to break, the wait or clock
stop instruction will be released due to changes in serial input. Note that this requires input setting from
the I/O port control and reading of the 1/0 port input before execution of the instruction. When the clock
stop is released, CPU execution will be started after 100 ms of standby.

When the serial interface function is used, 1/0 port 3 can be set to a pull-up/pull-down state.

QA
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O Pulse Counter

The pulse counter is the 8-bit up/down counter that can detect the clock number through the CMOS input from PCTRin
(P3-3) pin. It can be used for counting and detection of tape running.

1. Pulse counter control ports and data ports

Pulse counter control 1

Y1 Y2 Y4 Y8

¢ L2B LPOS LNEG tDOWN *

%,_J

L p» Up/down setting of 8-bit up and down counter

0: Up count operation
1: Down count operation

Counter input edge setting for input pin (PCTRin pin)

POS | NEG P3-3/PCTRin Input edge
0 0 P3-3 -
1 0 Rising edge
0 1 PCTRin Falling edge
1 1 Both edges

Pulse counter control 2
Y1 Y2 Y4 Y8

CTR | OVER

OL2C | peser Reser| * *

L Overflow detection F/F reset
OVER F/F is reset each time “1” is set

P Pulse counter reset
8-bit up and down counter is reset each time “1” is set

P K2B P K2C ® K2D
Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8
[ Pco | pct [ pc2 [ pes | | Pca [ Pcs [ pce [ pc7 | — [over| o [ o [ o |
20 . 27
LSB MSB
“ J

Y

Pulse counter data Overflow detection

0: Counter measured value < 2%-1
1: Counter measured value < 2® (Overflow state)
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The pulse counter measures the number of pulses of the input of PCTR in the (P3-3) pin.

The POS and NEG bits specify the input pin clock edge from the rising edge, the falling edges and both edges. This bit is
fixed in the normal operation.

The DOWN hit sets the up or down of the 8-bit counter. When this bit is set to “0", the up count operation becomes

active. When this bit is set to “1”, the down count operation becomes active. Up and down counts can be switched freely.

If the clock edge is inputted during execution of the switch instruction, this count will be cancelled, please remain aware

of this.

The OVER F/F hit is set to “1” when an edge of 28 or hi gher isinputted. To activate a count operation of 8 bits or more,
this OVER F/F bit is detected to add or subtract the number of times of overflow on the data memory. After detection is
carried out by this bit, set the OVER RESET hit to “1” to reset OVER F/F.

The CTR RESET bit resets the 8-bit counter only. The counter will be reset each time this bitisset to“1”.

Counter datais loaded into the data memory in binary format.

Pulse counter control and data loading are accessed by the OUT2/IN2 instruction with [CN = BH~DH] specified in the
operand.

2. Pulse Counter Circuit Configuration

Input enable

OVER RESET CTR RESET POS NEG signal T
CPU operation
clock
l i DOWN l
FIF — 8 bit up/down counter — Selector l4—] Edge Detection .
I 4@ P3-3/PCTRin
OVER F/F PCO ~PC7 e
Example of Pulse Counter Timing
CTR/OVER OVER _
RESET execution RESET execution Set DOWN bit “1”
Data set to pulse O e O . O

counter control bit v

4; <7 Pulse width 30 us (minimum) (in 75 kHz CPU operation)
DOWN bit s

N T
Counter data % /OIH XOZH XO3H XFFH XOOH XO1H XOZH EX

A 4

[T
N+t f -1 ) N2

Note: The CTRin input pin is the Schumitt input.

Note: The pulse counter uses the CPU operation clock (75 kHz of low-speed clock) to determine the sampling
and edges. Input a pulse width of at least twice the CPU operation clock.

Note: When the pulse counter function is used and the I/O port input is enabled to break, the wait or clock stop
instruction will be released due to changes in serial input. Note that this requires input setting from the
I/O port control and reading of the 1/O port input before execution of the instruction. he first pulse is not
counted. When the clock stop is released, CPU execution will be started after 100 ms of standby.

Note: When the pulse counter function is used, I/0O port 3 can be set to the pull-up/pull-down state.
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O Buzzer Output

Buzzer output can be used for emitting beeps for acknowledgement and alarm purposes during key operations and when
in tuning scan mode. The type of buzzer can be selected from combinations of four output modes and eight frequencies.

1. Buzzer Control Ports

Buzzer output control 1

Y1 Y2 Y4 Y8

¢ L15(0) | BFO | BF1 * BEN

%(_)

Buzzer frequency
selection data

—» Buzzer output enable bit

0: Buzzer output Prohibitiond (“L” level when POL= “0", “H" level when POL=“1")
1: Buzzer output enabled

P BF1 BFO Buzzer frequency Duty
0 0 1kHz 2/3
0 1 1.56kHz 1/2
1 0 2.08kHz 2/3
1 1 3kHz 2/3

Note:  2/3 duty has the ratio of “H” level to “L" level of 2:1 when POL= “0".
It is reversed when POL="1".

Buzzer output control 2

Y1 Y2 Y4 Y8

¢L15(1) | BMO | BM1 BgﬁR POL

%(_)

Buzzer output mode *

—— Buzzer output logic setting

the “L” level.

1: Negative logic output. The buzzer frequency is outputted in the negative logic from

0: Positive logic output. The buzzer frequency is outputted in the positive logic from
the “H” level.

L P Selection of I/O port 4 P4-2 or buzzer output

0: Select I/O port 4 (P4-2)
1: Select buzzer output

>  BM1 BMO Buzzer output mode
0 0 Continuous output Mode A
0 1 Single output Mode B
1 0 10-Hz intermittent output Mode C
1 1 10-Hz intermittent output at 1 Hz intervals|  Mode D

Y1 Y2 Y4 Y8

BUZR
d) K26 10Hz

L— P Buzzer dedicated 10-Hz timing operation monitor

Note: When the BEN bit is set to “1”, 10 Hz operates at the base clock of 100 Hz.
Refer to the 10-Hz timer when Mode D is selected.
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2.

The buzzer output is also used as the P4-2 1/O port. It can be switched to buzzer output by setting the BUZR ON bit to
“1" and setting the P4-2 1/O control port to output.

Once the buzzer frequency, mode and logic are specified, set the buzzer enable bit to “1”, and the buzzer will be emitted.
Set the buzzer enable bit to “0” for condition setting.

In the continuous output mode (Mode A), when the buzzer enable bit is set to “1”, the buzzer frequency will be outputted
continuously. Set the bit to “0” to stop the buzzer outpui.

In the single output mode (Mode B), a 50-ms buzzer will be outputted and stopped each time the buzzer enable bit is set
to“1”. In this mode, the buzzer output time can be extended by 50 ms to issue a 100-ms buzzer by setting the buzzer enable
bit to “1" again during output of the 50-ms buzzer. The buzzer output time can be further extended to 150 ms by setting the
bit to“1” again during extended 50 ms. This facilitates adjusting the buzzer output time.

In the 10-Hz intermittent output mode (Mode C), the cycle of 50-ms buzzer ON and OFF respectively will be repeated
continuously by setting the buzzer enable bit to “1”. Set the bit to “0” to stop the buzzer outpui.

In the 10-Hz intermittent output mode at 1Hz intervals (Mode D), when the buzzer enable bit is set to “1”, the cycle of
50-ms buzzer ON and OFF respectively will be outputted for 500 ms, the buzzer will be stopped for 500 ms and again the
cycle of 50-ms buzzer ON and OFF will be outputted for 500 ms. These cycles are repeated until the buzzer output is
stopped by setting the bit to “0”.

In Modes B, C and D, a 50 ms buzzer will be outputted and stopped even if the enable bit is set to “0” to stop the buzzer
in the buzzer output state. The buzzer output state can be checked based on the details of the BUZR 10 Hz bit. When the
BUZR 10 Hz bit is set to “0", it shows the buzzer output state. When the bit is“1”, it shows the buzzer is stopped. Refer to
the 10 Hz timer in Mode D.

Buzzer control can be accessed at OUT1 instruction data port 6.

Buzzer Circuit Configuration

10Hz —|
BUZR10Hz ¢

Selector ¢—— ModeD

Divider
100Hz —)y »
(1/10) 4 1Hz
l l

1kHz
1

Selector BUZR output circuit —b@b BUZER(P4-2)
3kHz

BFO, BF1 BMO0~BM2

~
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3.

{
{

Buzzer Output Timing

Buzzer requency ([T TITHTIINIACTIAANIID A

Data set to BEN bit

Buzzer output (Mode A)

BUZR 10 Hz

Buzzer output (Mode B)

BUZR 10 Hz

Buzzer output (Mode C)

Buzzer output (Mode D)

1

1

O_". ——

0

10 ms max. ¥

el

p

Extended by 50 ms by setting the BEN bit again to “1”

”‘|‘|‘|‘|‘|‘|‘l/ during buzzer output

10 ms max.

—

Buzzer frequency
50ms output period

Stop period

4—— 500ms —»

SILTTATTATATAL  stop perea

4—— 500ms —:

Output period

Note: To output the buzzer, set P4-2 to the output state (set the I/O control port to “1”).

Note: The buzzer is stopped compulsory by setting BEN = 0.

Note: When the frequency setting is changed during buzzer output in Mode B, it will be updated and the 10-Hz
timing change points changed.

q1

2006-02-24



TOSHIBA TC9349AFG

O LCD Driver

The LCD driver isalso used as an 1/O port, and it alows a maximum of 72 segments to turn on. When the LCD driver is
enabled, 1/0 port 10 is switched to COM 1 to COM4 pins and /O port 12 is switched to S1 to $4 pins. Each of the 14 pins
of I/O ports 13, 14, 15 and 16 can be set to segment pin output.

The driving method of the LCD driver can be selected from 1/4 duty, 1/2 bias (frame frequency 62.5 Hz) and 1/3 bias
drive (frame frequency 125 Hz).

The LCD driver is built-in the constant voltage for display (Veg = 1.5 V) and the doubler circuit (V|.cp =3.0 V) that
increases the display voltage. The LCD driver ensures a stable LCD display; even if the supply voltage fluctuates. (— Refer
to the section on the CD driver doubler circuit.)

In the 1/2 bias mode, the LCD driver provides common output at three potentials V_.cp, ViLcp x 1/2 and GND, and
provides segment output at two potentials VI_.cp, GND. In the 1/3 bias mode, the LCD driver provides common and
segment outputs at four potentials V_cp, VLcD x 2/3, VLcb x 1/3 and GND.

1. LCD Driver Ports
LCD driver control
Y1 Y2 Y4 Y8
L17 | DISP | LCD
¢ (OFF oFF yBIAS | *
L p» Selection of LCD drive method { 0: 172 bias
1: 1/3 bias
0: LCD driver
L LCD off control bit
1: 1/0O port
P LCD display off control bit { 0: Set data output
1: Off data output
¢ L/KIA
Y1 Y2 Y4 Y8
SEL1 | SEL2 | SEL4 | SEL8
C J
Y
Data select
¢L13 (Data port 4) ¢L14 (Data port 5)
Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8 N
com1 | com2 | coms | coms com1 | com | coms | coms
4) S1 (0) s13
5) ] s2 M] s14
(6) | S3 @] S15 > Segment data
. ® | S16 0: Turn off
N @ | s17 _
com1 | com2 | coms | coms )] S18 1: Tumon
(F) s12 J
‘\
AY
AY
Segment select
Switching between the segment
output and I/O port ()| s5 S6 s7 S8
(D)] s9 [s10]s11]s12
{0: 1/0 port B)[s13[s1a] * | =
1: Segment output (F)|s15 | s16 [ s17 | s18
Note: Segment data controls the segments on/off corresponding to the common and segment outputs.
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The LCD driver control ports are assigned to data control ports 4 and 5; as selected at the select port. These ports are
accessed by using the OUT1 instruction with [CN = 3H, 4H] specified in the operand.

@ L CD driver segment data
The LCD driver segment datais specified at data ports 4 and 5 (¢L 13 and ¢pL 14). When the segment data port is set
to“(Q", the LCD display turns off. When the port is set to “1”, the LCD display turns on.

@ | CD OFF hit
The LCD OFF bit controls switching between the LCD output pin and the 1/0 port. After areset, the pin that serves
as both an 1/0 port and LCD driver isin the I/O port state. Set this bit to “0” when using the LCD driver function.
When the LCD driver function is enabled, four of the I/O port pins P10-0 to P10-3 are switched to the COM1 to
COM4 output pins, and four pins P12-0 to P12-3 are switched to the S1 to $4 output pins.

Note: This bit is set to “1” after a system reset.

@ DI SP OFF hit
The DISP OFF bit allows all the LCD display to turn off without setting segment data. Setting this bit to “1” turns
al the LCD display off. At thistime, the segment datais retained. When the DISP OFF bit is set to “0”, the previous
display will appear onthe LCD asitis.

Note: Segment data can be rewritten during DISP OFF.

Note: After the CKSTP instruction is executed, the DISP OFF bit is set to “1”. After the CKSTP
instruction is released, set the DISP OFF bit to “0” as required.

Note: This bit is reset to “0” after system reset.

@ BIAS bit
The BIAS bit selects the liquid crystal driving method. Set this bit to “0” to select the 1/2 bias method (frame
frequency 62.5 Hz) or set to“1” to select the 1/3 bias method (frame frequency 125 Hz)

Note: In the 1/3 bias mode, the consumption current becomes about 100 pA larger than that in the 1/2
bias mode.

Note:  This bit is reset to “0” after a system reset.

@ Segment select port
Each of the 14 pins of I/O ports 13 to 16 can be switched to a segment pin. Set the bit corresponding to each
segment to “1” to use the pin for segment output, or set to “0” to use the pin as an 1/0 port. The S5 to S8 hits
correspond to pins P13-0 to P13-3 respectively. The S9 to S12 hits correspond to pins P14-0 to P14-3 respectively.
The S13 and S14 bits correspond to pins P15-0 and P15-1 respectively. The S15 to S18 bits correspond to pins P16-0
to P16-3 respectively.

Note: Segment output and I/O port setting can be made regardless of the LCD off control bit (LCD
OFF). However, the pins that have been set to segment output require setting of the LCD off
control bit to the LCD driver to enable segment output.

Note: Pins S21 and S22 are also used as high-speed oscillator pins. When they are set to high-speed
oscillator pins, the high-speed oscillator function has priority and this port becomes to “don't
care” state.

Note: This bit is reset to “0” after a system reset.
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2. LCD Driver Configuration

s o s £ 2
= = = = © © N ;
o o o o — o~ — — - P
Q < Q Q @ @ @ @ @ @
8 w 2 2 T 9 ? ? T < T N @
s 0z 9 @ 8§ e = = 2 S e = 2 e
o o > > > o ['N a o o a a ['N o a
! 9 10— .- 15161718 19)}(20)—----- 33)}—(34 (3536 1
020202020 DaOzOa( DaG D)8
o High-speed
Ky /0 port 10 I/0 port 12 to 16 oscillator
VLCD IS = _ .
doubler ‘Zé 1kHz R Common f\> Segment driver
circuit 2 ° DISP OFF —%  output circuit
c
3 LCD OFF —| Segment data
VLGD VLCD VLCD X 1/3
X1/2
VLCD X 2/3
VEE
Bias circuit
BIAS —)

Note:  After a system reset, all the pins that also serve as the LCD driver pins will be the I/O port input
state.

Note:  The LCD driver pins are also used as |/O ports and high-speed oscillator pins.
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3. LCD Driver Operation Timing
@ L CD output waveform in the 1/2 bias mode (BIAS bit=“0")
In the /2 bias mode, the potential of the LCD driver waveform is outputted as V| .cp and GND and the Vg level
is outputted at aframe frequency of 62.5 Hz.
Example of segment data
coMm1 Segment data 1(¢L13, ¢L14)

Y1 Y2 Y4 Y8
COM1 | COM2 | COM3 | COM4

(o] Q

o o

S S
<:>l-
-

@ o

o

o

a 1 | comt [ com2 | coms | coms

(S2) 1 1 0 1

L Data select(¢L/K1A)

DISP OFF

f—— 16ms(62.5Hz) —»i

2ms
VLCD(3V)

VEE(1.5V)
GND
VLCD(3V)
VEE(1.5V)
GND
VLCD(3V)
VEE(1.5V)
GND
VLCD(3V)
VEE(1.5V)
GND
-VLCD(3V)

COoM1

COM2

COM3

COM4

S1
GND

VLCD(3V)
S2

COM1-S1
(ON waveform)

COM2-81
(Off waveform)

Note:  Setting the DISP OFF bit to “L” causes the common output to revert to the VLCD x 1/2 level and
turns all the display off.

Note:  All the common and segment outputs are fixed to the “L” level in the clock stop mode and for
100 ms after this is released.
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@ L CD output waveform in the 1/3 bias mode (BIAS bit=“1")
The potentia of the LCD driver waveform is outputted as V| cp and GND, and the intermediate potential levels,

DISP OFF

1/3 and 2/3 of potential V| cp are outputted at a frame frequency of 125 Hz.

Example of segment data

U Y Segment data 1(¢pL13, ¢$L14)
; coua l U YI Y2 Y4 Y8
- o |comi|com2 |coms|coms
HCOMB U l (CIPAN 0 1 0
o = com - 1 | comi | comz [ coms | coms
(S2) 1 1 0 1

L Data select(¢L/K1A)

—

l— 8ms(125kHz) —

1ms {«»

COM1

COM2

COM3

COM4

S1

S2

COM1-81

(ON waveform) """

COM2-S1
(Off waveform)

VLCD

VLCD % 2/3
VLCD x 1/3
GND

VLCD

VLCD x 2/3
VLCD % 1/3
GND

VLCD

VLCD x 2/3
VLCD x 1/3
GND

VLCD

VLCD x 2/3
VLCD % 1/3
GND

VLCD

VLCD % 2/3
VLCD x 1/3
GND

VLCD

- VLCD X 2/3
VLCD % 1/3
GND

VLCD

VLCD x 1/3
GND
—VLCD x1/3

—VLCD

....................................................................................................... VLCD

VLCD % 1/3
GND
—VLCD x1/3

Note: Setting the DISP OFF bit to “1” outputs unselected waveforms as common and segment

outputs.

Note:  All the common and segment outputs are fixed to the “L” level in the clock stop mode and for

100 ms after this is released.

Note: In the 1/3 bias mode, the frame frequency is twice as high as that in the 1/2 bias mode.

Note: In the 1/3 bias mode, the consumption current becomes about 100 ps larger than that in the 1/2

bias mode.
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O

A/D Converter

The A/D converter has four channels with 6-bit resolution, and can be used for measuring electrical field strength,
measurements of battery and cell voltages and key input using ladder resistance.

A/D Converter Control Port and Data Port
YI Y2 Y4 Y8
AD | AD | AD
9L23 LSELO LSEU seL2 | STA

L) A/D converter start bit
A/D conversion is implemented each time this is set to “1”

Selection of A/D input pin

SEL2 | SEL1 | SELO AD input
0 0 0 ADin1
0 0 1 ADin2
0 1 0 ADin3
0 1 1 ADin4
1 * * VEE/2

9K20 K21

Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8

ADO | AD1 | AD2 | AD3 AD4 | AD5 |BUSY| 0

;) A/D converter operation monitor

LSB A/D ion dat MSB
conversion data {0: A/D operation finished

1: A/D converting

The A/D converter operates using a serial comparison system with 6-bit resolution. The standard voltage for A/D
conversion is the internal power supply (Vpp), which is divided into 64 parts. The divided voltage is compared to the A/D
input voltage and the data is outputted to the A/D conversion data port. The A/D conversion input uses the multiplex
method; consisting of four channels of external input pins (ADinl to ADin4 pins) and the half potential of the Vg pin
voltage. The desired method can be selected by the AD SELO to 2 bits.

The A/D converter carries out A/D conversion each time the STA bit is set to “1”, and finishes operation after 6 machine
cycles (240 ps). Completion of the A/D converter operation can be determined by checking the BUSY bit. Once the A/D
conversion is finished, the A/D conversion data is taken into the data memory.

The results of the A/D conversion can be obtained by performing the following calculation:

n-0.5 . n+ 0.5
——— (632n21) <A/Dinput voltage §VDDXT (622n=0)

v
PD* "6y

(n: A/D conversion data value [decimal scal€])

Veg/2 for A/D input is used for battery detection. The Vg potential is normally 1.5 V. The half potential of the Vg pin
voltage, 0.75V, is selected for A/D input. Through the A/D conversion of this potential, the reference potential, Vpp, can
be detected. When the Vpp potential is 1.5 V, the A/D conversion data is 20H. As the Vpp potential becomes lower, the
A/D data becomes higher. When the Vpp potential is0.75 V, the A/D conversion datais 3FH.

This control is accessed by using the OUT2/IN2 instructions with [CN = 3H, 4H] specified in the operand.
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2. A/D Converter Circuit Configuration

S

Comparator J_@ ADin1 (P6-0)
[ ] Sample >
o < : hold <—°€<T
£ S l« - . -
3 I e —{12 ADIn2 (P6-1)
& (ADO 5
5 { ! <:% Vbp SEL0~2 (13) ADin3 (P6-2)
>
§ AR § <«— BUSY
=g 14) ADin4 (P6-3
% S Control ;,% @ in4 ( )
< circuit € <
L Egu:
g < =¥
STA BUSY 8 2
3]
0 ¢
soe
VbB L < %
(Vpp doubled voltage) >z
77
VEE constant-voltage
circuit @ Ver
7 «— BUSY

The A/D converter consists of a 6-bit D/A converter, a sample hold, a comparator, an A/D conversion latch and a control
circuit. The 6-bit D/A converter and the comparator operate only when the BUSY hit is “1". Therefore, the A/D converter
consumes no current when it is not operating. The half potential of Vg constant voltage can be selected as the A/D input.

The A/D converter operates on the doubled voltage Vpg (VDD x 2).

Note: Set to “1” the 1/O port —6 (N-ch open-drain) output data corresponding to the A/D input pin to be used, to
use the pin in the input state.

Note: The VEE contant-voltage potential is used for the LCD driver driving voltage and the reference voltage of
reduced-voltage detection circuit for the DC-DC converter for CPU and VT.

Note: Voltage of 0 V to VpB pin level can be applied to the A/D input pin.
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O Programmable Counter

The programmable counter consists of a 2-modulus pre-scalar, a 4-bit and 12-bit programmable counter and a port that
control s these elements.

The programmable counter stops operation in the PLL off mode, and operates in the PLL on mode respectively. The
radiation and consumption current can be reduced when the programmable counter is used in combination with the 1-chip
tuner with a built-in 1/16 pre-scaler.

The frequency divided by the programmable counter is inputted to the phase comparator, and the phase difference from
the reference frequency is outputted from the phase comparator. The internal clock of the programmable counter can also be
used to detect phase difference of the phase comparator and the doubler clock for DC-DC converter for VT.

(— Refer to the sections on Reference frequency divider, DC-DC converter for VT and Phase comparator.)

1. Program Counter Control Port

The PLL mode selection port is used for setting the frequency dividing method, while the programmable counter port is
used for setting the frequency division number.

Selection of PLL mode
Y1 Y2 Y4 Y8

oL15(8) | HF | = * o)

—— Setting the frequency dividing method 0 : LF mode
1 : HF mode

Programmable counters 1 to 4

L15(A) oL15(B) 4L15(C) 4L15(D)

YT Y2 Y4 Y8 Y1 Y2 Y4 Y8 Y1 Y2 YA Y8 Y1 Y2 Y4 Y8
|P0‘P1‘P2|P3| |P4‘P5‘P6|P7| |P8|P9|P10|P11| |P12|P13|P14|P15|
LSB MSB

Setting the frequency division number of the programmable counter

Y1 Y2 Y4 Y8
oL16(F) r ( ( (

TAO | TA1 | TA2 | TA3
OK11(F)

PLL amplifier setting register— Set ALL “1” (FH)

The selection of the PLL mode and setting of the frequency division number of programmable counter are assigned to
data port 6 that has been selected at the select port. These controls are accessed by using the OUT1 instruction with [CN =
5H] specified in the operand.

There are two types of frequency division methods; the direct frequency division method (LF mode) and the pulse
swallow method (HF mode). Select a method depending on the frequency to be used and the frequency division number
that has been set.

The programmable counter has 12 bits (P4 to P15) in the LF mode and 16 bits (PO to P15) in the HF mode. The
frequency division number is specified by writing it to the MSB bit (¢L15(D). Once the MSB bit is set, all the data of PO to
P15 will be updated. Therefore, the MSB bit must be accessed and specified last, even when part of the datais changed.

The PLL input (OSCin) has an input amplifier. Set this amplifier gain at the PLL amplifier setting registers. Set all of
theseregistersto “1" (FH).

Note:  Set the Y8 bit of the PLL mode select port ($L15(8)) to “0”.
Note:  All the PLL amplifier setting registars are set to “1” after a system reset.

Note: In the PLL amplifier setting registers, the TAO and TA1 bits are for the OSCin input amplifier gain
setting and the TA2 and TA3 bits are for the IFin input amplifier gain setting respectively.
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2.

Setting the Frequency Dividing Method and Gain of The Programmable Counter

Using the HF bit, select the pulse swallow or direct frequency division methods; depending on the received frequency.

The programmable counter is used in combination with the 1-chip tuner with a built-in 1/16 or 1/8 pre-scaler. Usualy,
use the tuner to input the local oscillation frequency, which is then inputted to the OSCin input in the MW/LW/SW
wavebands. The tuner local oscillation frequency is divided into 16 or 8 parts and the divided frequency is inputted to the
OSCin input in the FM/TV band mode.

The OSCin input has an input amplifier that allows small-amplitude operation. The input amplifier has the registers
(6L 16(F), dK11(F)) to adjust the amplifier gain. Set all of these registersto “1” (FH).

Frequency dividing OSCin operation input Example of Frequency dividing
Mode HF .
method frequency range receive band range
Direct frequency _ 10H~FFFH
LF 0 dividing method 0.5~4 MHz MWW (16~4095)
Pulse swallow method 210H~FFFFH
HF 1 (1/15-16) 1~30 MHz SW/FM/TV (528~65535)

Note: The local oscillation input is common to each mode and is inputted to the OSCin pin.

Setting the Frequency division number

Set the frequency division number for the programmable counter at PO to P15 bitsin the binary format.

o Pulse swallow method (16 bits)

MSB LSB
|P15‘P14|P13|P12‘P11‘P10| P9 | P8 | p7 | P6 | P5 | P4 | P3 | P2 | P1 | P0|
215{ 20

Frequency division setting range (n = 210H~1FFFFH (528~65535))

o Direct frequency division method (12 bits)

MSB
|P1115‘P14|P13|P12|P11|P10| Po|ps|Prlpe|ps|ra Bl 0 o
T <

Frequency division setting range (n = 10H~1FFFH (16~4095)) don't care

Note:  Set the frequency division value in consideration of the tuner pre-scaler frequency division.

Note:  Set the frequency division number by writing it into the MSB bit ($L15(D)).
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4. Programmable Counter Circuit Configuration

The circuit consists of an amplifier, 1/15-16 2-modulus pre-scaler, a 4-bit swallow counter and a 12-bit binary
programmable counter. When the HF mode is selected, the 1/15- 16 pre-scaler, the 4-bit swallow counter and the 12-bit
binary programmable counter are used. When the LF mode is selected, only the 12-bit binary programmable counter is

used

The OSCin input clock is supplied to the DC-DC converter for VT, and used as the doubler clock. The clock divided

by the programmable counter is a so supplied to the phase comparator and the IF counter.

(— Refer to the sections on DC-DC converter for VT and Phase comparator.)

VPLL GO > TAGTAT
0SCin  Ampliier

WHLF 351 ‘D

116

H \
1/15-16
2

115

swallow counter

A
Preset

A

12-bit
programmable counter

v
To DC-DC converter for VT

Note:

To IF counter

To phase comparator

»To phase comparator

The programmable counter uses the VppL pin power supply. This power supply can be supplied

regardless of the power supply level of the Vpp/Vcpu pin. In the PLL off mode, the VpLL pin power
supply can be turned off. The programmable counter setting registers use the Vcpu pin power supply, so
that the contents of the registers are retained after the VpLL pin power supply is turned off.

Note:

The OSCin pin has an amplifier that allows small-amplitude operation with coupled capacitor. The OSCin
input is subject to high impedance in the PLL off mode.

101
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O Reference Frequency Divider

The external 75 kHz crystal oscillation frequency is divided to generate the following ten types of PLL reference
frequency signals, 1 kHz, 1.39 kHz, 1.56 kHz, 2.78 kHz, 3 kHz, 3.125 kHz, 5 kHz, 6.25 kHz, 12.5 kHz and 25 kHz
respectively. These signals can be selected by the reference port data.

The selected signal is supplied as a reference frequency for the phase comparator as described below. The PLL on/off is
controlled by the contents of the reference port.

1. Reference Port

Thisisaninternal port for selecting ten types of reference frequency signals. This port is located in data port 6 as selected
at the select port, and can be accessed by using the OUT1 instruction with [CN = 5H] specified in the operand. When the
reference port isset to all “1”, all the programmable counters, |F counters, reference counters and the phase comparator will
be stopped and enter the PLL off mode. When the reference port setting is set, the frequency division setting data for the
programmable counter will be updated. Therefore, the frequency division number of the programmable counter must be
determined before setting the reference port.

Y1 Y2 Y4 Y8

¢OL15(E) r RO r R1 r R2 r R3 R3 R2 R RO forZ:"uI:::Z;

0 0 0 0 0 1 kHz
—~—
Reference frequency select code 0 0 0 1 1 1.3889 kHz

0 0 1 0 2 1.5625 kHz
0 0 1 1 3 2.7778 kHz
0 1 0 0 4 3 kHz
0 1 0 1 5 3.125 kHz
0 1 1 0 6 5 kHz
0 1 1 1 7 6.25 kHz
1 0 0 0 8 12.5 kHz
1 0 0 1 9 25 kHz
1 0 1 0 A Prohibition
1 0 1 1 B Prohibition
1 1 0 0 C Prohibition
1 1 0 1 D Prohibition
1 1 1 0 E Prohibition
1 1 1 1 F PLL off mode

Note:  After a system reset, this port is set to all “1” and becomes to PLL off mode.

Note:  When the INH pin input permission is set by using the INH ENA bit, the PLL off mode becomes the
INH input or the PLL off mode as shown above.
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O Phase Comparator and Lock Detection port

The phase comparator compares the reference frequency supplied from the reference frequency divider and the
programmable counter divided frequency output to determine the phase difference and outputs errors. It then controls the
voltage control oscillator (VCO) through the low-pass filter to match the frequency and phase difference of these two

signals.

There are two pins available for the phase comparator, each including individually adjustable output resistance. This
resistance can be set to three types, namely 5, 50 and 100 k<. It also includes automatic switching by detection of the phase
difference, the N-channel transistor for an LFP amplifier that withstands 5.5 V and the external charge pump output mode.

The phase comparator and the charge pump output use the DC-DC converter power supply (VpB: Vpp x 2) for CPU.

Note that the phase comparator output pins (DO1/2) can be used as general -purpose output ports by using the DO control

port.

1. Phase Comparator (DO) Control Port and Unlock Detection Port

DO1 control

Y1 Y2 Y4 Y8

¢L24LRO Lm LMO Lm

%(_/ \ )

DO1/DO2 output state setting

M1 MO Output state
0 0 Phase comparator output
0 1 “L” level output
oT
1 0 output | “H”level output

1

1

High impedance

DO2 control 1
Y1 Y2 Y4 Y8

¢L25LRO Lm LMO Lm

P DO1/DO2 output resistance setting

R1 RO | DO output resistance
0 0 0Q

0 1 5kQ

1 0 50k Q

1 1 100k Q

DO2 control 2

Y1 Y2 Y4 Y8

P L26 t\um LENA LCKO Lom

%(_J

Selection of DO2 output resistance phase
difference detection clock

CKI | CKO | qeiccton dook d)
0 0 0SCin/2
0 1 0SCin/4
1 0 0SCin/8
1 1 0SCin/16

detection

1: Enabled

p Permission of phase difference { 0: Prohibition

DO2 output resistance automatic

switching control

{ 0: Prohibition
1: Enabled
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UNLOCK LPF
O L27 | Reser LPN LPOL LON
L Built-in LPF control { 0 Off

1: On

0: Positive logic
——P» Selection of PN output logic { ) o .
1: Negative logic

L PN output control { 0: Prohibition
1. Enabled
p Unlock reset  *++ Unlock F/F and Unlock enable are reset each

time the data is set to “1”.

y
YI Y2 Y4 Y8

K27 | F/F | ENA |Unfixed | Unfixed

0: PLL unlock detection standby
—— P Unlock enable
1: PLL unlock detection enabled

0: PLL lock state
P Unlock detection bit

1: PLL unlock state

Note:  Y4/Y8 bits of the unlock port (§K27) become unfixed.

The phase comparator control port and the unlock detection ports are accessed by using the OUT2 instruction with [CN =

4H, 5H, 6H, 7H] and the IN2 instruction with [CN = 7H] specified in the operand. These control bits are reset to “0” after a
system reset.

@ Output mode setting (MO and M1 bits)
The MO and M1 bits are used for setting the phase comparator output (DO1/2 output pin) state. The phase
comparator output, the“H” and “L” levels and high impedance (HZ) state can be set.

Note: If the PLL off mode is selected, the “HZ” will be retained in the phase comparator output state,
and the “H”/"L” level will be retained when the “H"/“L” level is selected.

Note:  When PN =“1" is selected, the PN output mode has the priority.

@ Output resistance setting (RO and R1 bits)

The RO and R1 bits are used for setting the output resistance of the phase comparator output individually for DO1
and DO2 pins. They can be set to four states; the normal output buffer state, 5k Q, 50 k Q and 100 kQ.

Note:  The output resistance is set regardless of the output mode (MO, M1) and the PN output mode.
Therefore, set these bits to “0” when the “H”/“L” level or the PN output mode is selected.

Note:  When the DO2 pin is set to the automatic phase difference switching mode, the RO/R1 bits of
DO2 control 1 becomes to the “don’t care” state.
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® Automatic phase difference switching mode (DO2 control 2 port: AUTO, ENA, CKO and CK 1 bits)

The DO2 pin has an automatic phase difference switching mode that switches the output resistance automatically;
depending on the phase difference. In this mode, the output resistance becomes higher as the phase difference pulse
becomes shorter, and vice versa. In other words, the system operates with a higher resistance in the lock state and
conversely, with alower resistance in an unlocked state. By using this mode, the lock up time can be improved.

When the ENA bit is set to “1”, the phase difference detection operation is enabled. When the AUTO bhit is set to
“1”, the DO2 output resistance switching is implemented.

Phase difference detection is implemented using the operation clock from the programmable counter circuit. This
clock counts the unlock state in the binary format. Four types of OSCin input, 1/2, 1/4, 1/8 and 1/16 can be selected
for this clock. The output resistance setting time can be switched by switching the clock. This control selects the
clock frequency using the CK0 and CK 1 hits. Select the clock frequency depending on the lock up time. After locking,
turn off automatic switching and set the output resistance to fixed settings (RO and R1 bits) as needed.

Reference frequency (fr) g

Programmable counter —‘ —}
output (fs)
DO output — — —— L. ————
Phase error _|
-» 4 td=1/fd

Phase difference detection clock

5

DO2 output resistance state o ke 100k Q
50kQ
<Timing example 1> <Timing example 2>
Output Phase difference resistance period CK1 CKO Phase difference
resistance detection ollock (fd)

value fr<fs (Example-1) fr>fs (Example-2) 0 0 0SCin/2
100k Q — 0~td/2 0 1 0SCin/4
50k Q 0~05xtd 0~1.5x1td 1 0 0SCin/8

5k Q 0.5xtd~td td~25xtd 1 1 0OSCin/16
0kQ td~2xtd 2Xtd~25xtd

Note:  When PN =“1" is selected, the PN output mode has priority.

Note: Effective only when the DO2 output mode setting is in the phase comparator output state.
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® PN output mode (PN and POL bits)
The PN output mode is available using an external charge pump. When this mode is selected, the two DO1/2 pins
are switched to the P- and N-output pins. The P/N output logic can be reversed by using the POL bit.
An example of the use of an external charge pump is shown below. Configure the circuit depending on your
desired characteristics.

DC-DC
converter
Vbs
Fo——————s
|
|
Ref fi —
eference frequency | Phase
| comparator VT
Programmable ——| To vari-cap of VCO
counter output !

STttt .

Example of use of the external charge pump (when PN= “1")

Note:  Set the POL bit to “0” unless the PN output mode is selected.

Note:  When the PN output mode is selected, the output will be CMOS output and the “H” level will be
the VppB pin level outputp.

@ Built-in LPF amplifier (LPF ON bit)
This amplifier incorporates the N-channel FET transistor for LPF. This transistor withstands 5.5 V and it can
configure the voltage control oscillator (V CO) that can vary the VT within arange of 0to 5.5 V.
Setting the LPF ON hit to “1” turns the built-in LPF on. Pins DO2 and P9-1 are then switched to the FET gate
input (Tin) and the FET drain pin (Tout) respectively. The DO2 phase comparator output is connected to the FET
gate pin. The LPF can be configured only by connecting an external filter resistor and capacitor.

w
3
I
Vpg S
! o
=
< VT
Reference frequency—) To vari-cap of VCO
Phase
comparator 0.01uF
Programmable —
counter output

Voltage of DC-DC converter for VT
Configuration of built-in low-pass filter amplifier (when LPF ON= “1”)
Note:  When the built-in LPF is used, the DO2 output mode, resistor setting and the automatic phase
difference switching mode are available.
Note: The Tout output withstands up to 5.5 V. Do not use voltages exceeding this limit.
Note:  Set the resistance values for RO and R1 depending on your desired characteristics.

Note: The filter circuit constants shown above are for reference only. Examine and design actual
circuits according to the system band configuration and your desired characteristics.

Note: The Tout pin is also used as pin P9-0. When the built-in LPF is used, the P9-0 output data will
be invalid.

10A 2006-02-24



TOSHIBA TC9349AFG

@ Unlock detection port (UNLOCK RESET, UNLOCK F/F and ENA bits)

The unlock F/F detects the phase difference between the programmable counter frequency-divided output and the
reference frequency at the timing with a phase shift of about 180° . If the phases do not match, or are in an unlocked
state, the unlock F/F will be set. Each time the unlock reset bit is set to “1”, the unlock F/F will be reset.

To detect the phase difference during the reference frequency cycle, it is necessary to provide an unlock F/F reset
time no shorter than the reference frequency cycle before the unlock F/F is accessed. The enable bit is provided for
this purpose. Make sure that the unlock enableis set to “1” before the unlock F/F is accessed.

2. Phase Comparator and Unlock Port Timing

Reference F
frequency J
Programmable _|
counter output
High impedance wyr
DO output — -4 L L___Z______-___] o "HY level
L” level
© O—‘
Phase difference ~ ~ o
Y O
Lock detection strobe D d}\ q D d)
Unlock reset execution —+Or ) O ) O 0, O—
Unlock F/F 0 > q I
Unlock enable

5 L
L
8 “H” level (VDB)
= P output (DO1 pin) “L” level (GND)
(0]
T | Noutput (DO2 pin) H” level (VDB)
L L” level (GND)
o
C
Q
<
=
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3. Phase Comparator and Unlock Port Circuit Configuration
Vbs
Reference frequency o
Phase 3 9 DO1/0T1/P
Q
Programmable counter comparator §
output
PN and POL bits
UNLOCK | UNLOCK
N ENABLE F/F
Vbs
UNLOCK RESET —I—T ~ :
— 5 M :
o M
g »—»@D D02/0T2/N/TIN
B PP PRIy a _|
= - Phase difference .
Programmable 2 : coulnter S
counter clock 2 : %
%] %]
ROR1 LPF ON
1T 9 P9-0/Tout
AUTO L o
CKo.CKi P9-0 output data _’_(o——|
Note: The phase comparator circuit block uses the Vpg power supply. Therefore, the Vpg power supply level
is outputted as the “H” level of the phase comparator output pin (DO).
DC-DC Tin
converter Power supply
(VDD)
é 470pF To vari-cap
| :
Tovari-cap , VT 10KQ ) ! of VCO Tout
of VCO ' VVY
c TuF  47KQ
= D02
. 59)
= ~ | Note
S &5
j o I DC-DC
4 converter

Example of external low-pass filter amplifier circuit

Note:
Note:

Example of built-in low-pass filter amplifier circuit

The phase comparator pin has a built-in resistor. Add an output resistor if needed.

For details of the DC-DC converter, refer to the section on the DC-DC converter for VT. When the DCK1

internal doubler transistor is used for the DC-DC converter voltage, design the tuner circuit to widen the

variable range of the tuning voltage (VT).

Note:

In the PLL off mode, the phase comparator output (DO1/2) will be “Hz”. When the external low-pass filter

(LPF) is used, the external LPF base potential will be unfixed, and the consumption current will increase
from the power supply (Vpp) through the transistor. In the tuner off state (PLL off mode), fix the phase
comparator output (DO1/2) to the “L” level output.

Note:

The filter circuit constants shown above are for reference only. Examine and design actual circuits

according to the system band configuration and your desired characteristics.
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O DC-DC Converter for VT

This product incorporates the DC-DC converter for the PLL low-passfilter.

The DC-DC converter increases voltage by using coil induced electric power. There are two methods for increasing
voltage; using the built-in N-channel transistor and using the external transistor. Select either method depending on the
voltage to be increased. This product also a VT clamps function to prevent exposure to voltage exceeding a certain limit.
The clamp function is helpful for reducing the consumption current and protecting this product.

1. Control Port of DC-DC Converter for VT
Control 1 for DC-DC converter for VT
Y1 Y2 Y4 Y8
VDET VDET
PLIS(E) LSEL 0 LENA *
Permission of detection voltage input { 0: Prohibition
L
for DC-DC converter 1: Enabled
Selection of detection voltage for 0: Detection voltage 0.75 V
> DC-DC converter :
1: Detection voltage 1.00 V
Control 2 for DC-DC converter for VT
Y1 Y2 Y4 Y8
@ L15(6) LDDO Lom Looz Loos
AN J
Y
Selection of clock output frequency for DC-DC converter
DD3 | DD2 | DD1 | DDO output Remarks
requency
0 0 0 0 0 Clock stop POL=0 — DDCK output “L", POL=1 — DDCK output “H”" or “HZ"
0 0 0 1 1 PCTRin External clock can be used from the P3-3/PCTRin pin input. (Note)
0 0 1 0 2 75kHz 75 kHz low-speed oscillator clock
0 0 1 1 3 fosc/2
0 1 0 0 4 fosc/4
Programmable counter clock
0 1 0 1 5 fosc/8 Note: fosc is the OSCin input clock frequency.
0 1 1 0 6 fosc/16
0 1 1 1 7 fosc/32
1 0 0 0 8 fXT2
High-speed oscillator clock
1 0 0 1 9 XT2/2 Note: Enable the high-speed oscillator when it is used.
1 0 1 0 A fXT2/4
1 0 1 1 B fosc/3 Note
1 1 0 0 C fosc/6 Programmable counter clock
Note: The duty of fosc/3, or the ratio of the “H” or “HZ” level to the “L”
1 1 0 1 D fosc/12 level is 2:1 when POL=“0". The ratio is reversed when POL=
1 1 1 0 E fosc/24 Note: fosc is the OSCin input clock frequency.
1 1 1 1 F fosc/48

Note:

Note: Enable the pulse counter function when using the

Any clocks other than the fosc/3 clock have a duty of 50%.

PCTRin input clock
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Control 3 for DC-DC converter for VT
Y1 Y2 Y4 Y8

DDCK | DDCK
L15(7
G LI5(T) LSEL LENA LPOL *
0: Negative logic « « « “H” or “HZ” output when the output is

———p» Clock output logic setting stopped
1: Positive logic « « « “L” output when the output is stopped

0: Prohibition (/O port function)

L———— P Permission of clock output { .
1: Enabled (DC-DC converter output function)

0: Use the DDCK1 pin (internal N-ch transistor)
1: Use the DDCK2 pin (external transistor)

P Selection of clock output pin {

The DC-DC converter for VT outputs the double clock using the DDCK1 (also used as pin P8-1) or the DDCK2 (also
used as pin P9-2). Setting the DDCK ENA bit to “1” enables the doubler operation. The DDCK SEL bit is used to select the
pin to be used.

The clamp function is provided to keep the doubled voltage at or below a certain voltage. The clamp is controlled by the
doubler detection voltage pin VDET (also used as pin P8-1). The doubled voltage is divided by resistance and the resultant
potential is inputted into the VDET pin. When the VDET pin potential becomes lower than 0.75 V or 1.00 V, the doubler
clock will operate. When the potential becomes higher than these values, the doubler clock will be stopped. The detection
voltage can be selected from 0.75 V and 1.00 V and the detection operation is enabled by setting the VDET ENA bitto“1”.

The doubler clock can be selected from 15 types. Select a frequency that is a little influence by the tuner beat or other
factors.

The control port for the DC-DC converter for VT is assigned to data port 5, and is accessed by using the OUT1
instruction with [CN = 4H] specified in the operand. These control bits are reset to “0" after system reset.

Note: Set the Y2 bit of the Control 1 for the DC-DC converter for VT (¢L15 (5)) to “0”.

Note: When the doubler clock pin (DDCK1/2) and the doubler detection voltage input (VDET) are selected, the
I/O port output data and control data of the same pins will be in “don’t care” state.

Note: The DC-DC converter detection voltage input (VDET ENA bit) must be disabled (“0”) in the PLL off mode
or when it is not being used; otherwise it will increase the consumption current.
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2. Setting of DC-DC Converter for VT

@

Example of using the DDCK1 internal doubler transistor

The DDCK1 pin includes an N-ch transistor for the DC-DC converter, and it can drive the coil directly. This
transistor can withstand 6 V and no voltage over this level is permitted. Usually, the doubler clamp function is used to
keep the limit the voltage. Set the POL bit to “0” when the DDCK1 pinis used.

Shown below is an example of a DC-DC converter circuit using the DDCK1 pin.

The clock output of the DDCK1 pin supplies coil-induced pulses through the diode to increase the voltage. The
increased voltage is then supplied to the low-pass filter as the doubled voltage for VT.

In the following example, pin P8-2, composed of pins 60, contrals the turning the divided resistance on/off. When
the doubler is on, the program outputs the 1/0 port “L” level to turn the resistance division on. When the doubler is
off, the output is set to “HZ” (input setting) to disconnect the resistance division. Alternately, you can use the GND
rather than the 60-pin connection. However, when the GND connection is used, the current from the Vpp power
supply is aways consumed through the coil and the divided resistance in the doubler off state. This way, this control
function prevents the current from being consumed in the doubler system circuit when the doubler is off. Note that
this control is unnecessary and the GND connection may be used instead, when the power supply used turns off in the
tuner off state or when it doesn’t matter if the consumption current isincreased in the system.

DC-DC converter voltage for VT V B
% 3 0.75v
Note
q .
Power 100uH
supply —pw—o

-V cp

|__G_—— DC-DC converter clock for VT

Vpp)

—\\\—
+ |.|5220kQ 39k Q

P8-2(ON:"L"output, OFF:HZ)

Example of internal DC-DC transistor doubler circuit

Note:  Use the low-VF shot key diode for the diode shown above.
Recommended diode: 1SS357

Note: Determine the doubler coil constant depending on the DC-DC converter clock frequency and
the doubler current capacity.

Note:  Connect as required, when the output resistance 100 Q of the DDCK1 pin shown above or the
clock output affects the tuner characteristics.

Note: It doesn’t matter if a zener diode of 5.5 V or below is used as a substitute for the clamp circuit
(VDET). Using the zener diode eliminates the need to use the VDET and doubler on/off control
pins.

Note: When the clamp circuit is used, operation is stopped if the doubled voltatge exceeds the
specified level. If the doubled voltage is supplied exceeding the specified voltage while the
voltage of DC-DC converter for VT is supplied, the doubler function operates intermittently and
may affect the tuner characteristics. To prevent this, it is recommended that doubler and
low-pass filter load capacities that will not exceed the detection voltage be determined during
tuner operation.

Note:  The N-ch transistor buffer gate signal for the DDCK1 pin uses the V| cp (3 V) power supply.
This allows stable doubler operation, even if the Vpp power supply is reduced.

Note:  When this product is used as shown above, design the tuner circuit to widen the variable range
of the tuning voltage (VT).

Note:  The filter circuit constants shown above are for reference only. Examine and design the actual
circuits according to your desired characteristics.
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(2) Example of using the DDCK2 external doubler transistor
The DDCK2 pin outputs the DC-DC converter clock in the CMOS type. The external transistor is used to increase
the voltage like the DDCK1 pin. The doubled voltage can be set freely by using the external transistor. When the
DDCK2 pinis used, set the POL bitto“1".
Shown below is an example of a DC-DC converter circuit using the DDCK2 pin. Determine the R1/R2 resistance
according to your desired doubled voltage. The P8-0 pin control is the same asfor the DDCK1 pin.

Voltage of DC-DC converter for VT

§ Note Vico
0.01uF

Power supply ¢ - Clock of DC-DC converter for VT
(VDD) T
0.75V
—\\\—¢ (60) Vos
w L Ri1 R2
3 =2
- Io‘ P8-2 (ON: "L" output, OFF: HZ)

Example of external DC-DC transistor doubler circuit

Note: Determine the doubler coil constant depending on the DC-DC converter clock frequency and
the doubler current capacity.

Note: It doesn’t matter if a zener diode is used as a substitute for the clamp circuit (VDET). Using the
zener diode eliminates the need to use the VDET and doubler on/off control pins (P8-2).

Note: Add the charge up capacitor for the base input of the external transistor when the doubler
capacity is insufficient.

Note:  When the doubler function is turned off by using pin P8-2, turn it off when the voltage of the
DC-DC converter for VT has decreased sufficiently. A high voltage is applied to pin P8-2, and
this may cause damage.

Note:  The prebuffer power supply for the DDCK2 pin output uses a V| cD (3 V) pin power supply,
allowing stable doubler operation, even if the Vpp power supply is reduced. Note that the Vpp
power supply level is outputted as the “H” level of the DDCK2 pin output.

Note: The filter circuit constants shown above are for reference only. Examine and design actual
circuits according to your desired characteristics.
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3. Configuration of DC-DC Converter for VT

Vico P9-2 output data
- utpu
i | P l@— 75kHz
DDCK2 —o/oJ boL 5 |«— PCTRin(P3-3)
57 ° ks
14 l % h fXT2 (high-speed oscillator)
1 L 8
| 3 (' Counter | 0SCinftoso)
DDCK ENA-DDCK SEL %
3
Vos T ﬁ
v Z DDO~DD3
[]
VDET ENA o
@8 VDET ~ 8
a
P h
0.75V
¢°— 1.00V
VDET ENA VDET SEL
Vico
DDCK ENA-DDCK SEL
| Y
G ! |
DDCKI1 H o
0_+ POL
P8-1 output data

Note: Comparison voltage for the doubler detection voltage (VDET) is the divided voltage of the VEE constant
voltage (1.5 V) pin voltage.
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O Electronic Volume

This product incorporates 2-channel 32-step (0 to —78 dB, —o dB) electronic volume. This allows digitization of volume
control of headphone amplifier and reduction of parts.

The electronic volume pins are also used as /O port 5 and 1/O port pin P4-3. Channels can be switched between channels
1 and 2, which support monaural and stereo sound. The attenuation of the electronic volume is in —2 db steps within the
range of —0 to —40 db and in —4 db steps in arange of —40 db to —78 db.

1. Electronic Volume Data Port and Control Port

b L15(2) G L15(3)
Y1 Y2 Y4 Y8 Y1 Y2 Y4 Y8
VRO VR1 VR2 VR3 VR4 * * *
C J
Y
L P Flectronic volume data

STEP | -codB [ VR4 | VR3 | VR2 [ VR1 | VRO |Afenua-

: 1 * * * * * —ocodB
0 0 0 0 0 0

2 0 0 0 0 0 1 |-78dB
3 0 0 0 0 1 0 |-74dB
4 0 0 0 0 1 1 |-70dB
5 0 0 0 1 0 0 |-66dB
6 0 0 0 1 0 1 | -62dB
7 0 0 0 1 1 0 |-58dB
8 0 0 0 1 1 1 |-54dB
9 0 0 1 0 0 0 |-50dB
10 0 0 1 0 0 1 | -46dB
1 0 0 1 0 1 0 |-42dB
12 0 0 1 0 1 1 | -40dB
13 0 0 1 1 0 0 |-38dB
14 0 0 1 1 0 1 |-36dB
15 0 0 1 1 1 0 |-34dB
16 0 0 1 1 1 1 |-32dB
17 0 1 0 0 0 0 |-30dB
18 0 1 0 0 0 1 | -28dB
19 0 1 0 0 1 0 |-26dB
20 0 1 0 0 1 1 |-24dB
21 0 1 0 1 0 0 |-22dB
22 0 1 0 1 0 1 |-20dB
23 0 1 0 1 1 0 |-18dB
24 0 1 0 1 1 1 |-16dB
25 0 1 1 0 0 0 |-14dB
26 0 1 1 0 0 1 |-12dB
27 0 1 1 0 1 0 |-10dB
28 0 1 1 0 1 1 | -8dB
29 0 1 1 1 0 0 | -6dB
30 0 1 1 1 0 1| -4dB
31 0 1 1 1 1 0 | -2dB
32 0 1 1 1 1 1 | -0dB
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Electronic volume control

Y1 Y2 Y4 Y8

VR | VR | WR
GLI54) Lom Lon LMUTE L_de

0: Normal operation (Electronic volume data attenuation)
- o0 dB bit { 1: -0 dB (Mute)

L Permission of - « dB bit { 0: prohibition
control by the MUTE bit 1: Enabled

L———— P Flectronic volume pin setting

ont | oz | el | Vet | vReom | vRnz | vRewz
0 0 1/0 port
1 0 Electronic volume 110 port
0 1 1/0 port Electronic volume
1 1 Electronic volume

The electronic volume pins are also used as port 5 and port P4-3 pins.

These pins are switched to electronic volume pins by using the VR CH1 and VR CHZ2 hits. Set this bit to “1” to use the
pin as an electronic volume pin. The electronic volume has two channels. Channel 1 (VR CH1 bit) and Channel 2 (VR CH2
bit); corresponding to VRout1/VRinl and VRout2/V Rin2 pins respectively, and the channels are individually adjustable.

The electronic volume attenuation is set by the electronic volume data, which has 5 bits. Setting the most significant bit
updates the lower 4 bits of the electronic volume data, meaning the most significant bit must be accessed; even if only the
lower bits are changed.

The volume can be muted only by setting the —odB bit. When this bit is set to —odB, the electronic volume data will be
retained, and the previous attenuation recovered when —oodB is released again. Note that the —codB state obtained by setting
all the electronic volume datato “0” is the same operation as the state obtained by the —odB bit setting.

The electronic volume can also be set to —odB, depending on changes in the 1/0 port input. When there are changes in
the inputs of the I/O port that has been enabled to break and the MUTE bit is set to “1”, the volume will be in muted
(—odB) state. This is used for quick muting, for example, when band switching. This setting is enabled be setting the VR
MUTE bit to “1". This is set by the internal MUTE hit, it is also effective to set the MUTE/P9-1 pin as the /O port.
(— Refer to the sections on MUTE output.)

The electronic volume control port is assigned to data port 5, and is accessed by using the OUT1 instruction with [CN
= 4H] specified in the operand. The electronic volume control port isreset to “0” after a system reset.
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2. Electronic Volume Configuration and Circuit Example
The electronic volume is configured by connecting the tuner and headphone amplifier as shown below.

1uF
|| VRout1
44

Tuner ' N
1uF i
VRin
R channel output | | 45\
[ N
<« 5
L channel output l— VR 3
com- °
1uF \46 g
=)
< >
(27)
47
\ VRin2
R channel input
1uF
VRout2
L channel input | | (18)
P | | &)
Reference output 3

Headphone amplifier

Example of electronic volume connection circuit

The eectronic volume reference voltage (VRcom) is usually connected to the reference output pin of the headphone
amplifier. When the reference output pin is not available, connect this potential to the GND level or the VEg pin (1.5 V
constant voltage). If the reference voltage (VRcom) is connected to GND, the distortion factor becomes 0.1% or below
when the input level (VRin) is 0.2 Vp-p or below. Caution must be taken as the distortion will be worse when this input
level is exceeded.

Note: The circuit shown above is for reference only. Examine and design actual circuits according to your
desired characteristics.
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3. Electronic Volume Configuration

The eectronic volume is composed of a decoder, analog switches and resistors and the control circuit. The decoder,
analog switches and resistors are powered by the V_cp pin (3 V) power supply, which allows stable operation, even if the
VDD pin power supply fluctuates.

*VLCD

VRout1 (44 MUTE
32
VR MUTE
VRin1 (45 %—
31 ~codB

B 4,

30kQ < VRO

VRI1

VR2

-
VRcom @6 *%3—4 :

Volume data

VR3

AR

VR4

k< i i 130

Eﬁ 32
VRin2 (47 —Eg_<

VRout2 48/

Note: The analog circuit in the electronic volume circuit is powered by the Vi cp pin (3 V) power supply.
Therefore, up to 3 V can be inputted to VRin1/2. The logic section is powered by the Vcpy pin power

supply.

Note: Volume switching by the zero cross detection is unavailable, hence noise may occur when the
attenuation is switched.

Note: The VRin1/2 input total resistance is 30 kQ (typ.).

Note: The electronic volume distortion factor is 0.05% at the typical and 0.1% at the maximum (with VRin = 0.4
Vp-p input).

117 2006-02-24



TOSHIBA TC9349AFG

O

4.

IF Counter
Thisis a 20-bit general-purpose counter that counts the intermediate frequency (IF) of FM or AM during auto tuning and

can be used to detect auto stop signals. It can also measure the VCO of the analog tuner and detect the received frequency.

IF Counter Control Ports and Data Ports

IF counter control 1
Y1 Y2 Y4 Y8

#L16(0) L NC ( IFin treslﬁa"er 0

0: IFin pin input setti
\—>Setting of OSCin pre-scaler input to IF counter { n pin input setting

1: OSCin pin input setting

» Selection between IF input | 0: Input port (IN) setting
and input port 1: IF input setting

>Setting of IF input nose cancel circuit IF input operating frequency range
0: Invalid —> 0.35 MHz to 12 MHz
1: Valid (Noise cancel operation) —> 0.03 MHz to 1 MHz

Note: When the input port setting is selected, frequency detection can be carried out by CMOS input to the IF
counter.

Note: When the IF input setting is selected, the IF input amplifier turns off when in the PLL off mode. To use
the IF counter in the PLL off mode, select the input port setting (CMOS input).

Note: When the counter input is set to the prescaler input, the 1/15-16 prescaler is fixed to 16 frequency
divisions in the pulse swallow method and this frequency is inputted to the IF counter.

Note: For the input frequency range when the prescaler input setting is selected, refer to the section on
Programmable counter.

Note: Set the Y8 bit of the IF control 1 port (¢L16 (0)) to “0”.

IF counter control 2 Selection of gate time for frequency measurement

Y1 Y2 Y4 Y8 (Measurement time)
¢L16(1) | STA/STP LMANUAL GO G1 G1 GO Gate time
0 0 1ms
0 1 4 ms
1 0 16 ms
1 1 64 ms

» Selection of automatic or manual frequency measurement
0: Auto mode (Take measurements during the gate time listed above)
1: Manual mode (Start and stop measurements according to the
STA/STP bit.)

> |F counter start/stop control bit

0: Counter stop
1: Counter start

Y1 Y2 Y4 Y8
oL16(F) r ( ( (

TAO [ TA1 [ TA2 | TA3
0K11(F)

PLL amplifier setting register —J» Set all “1” (FH)

Note: In the PLL amplifier setting register, the TAO and TA1 bits are used for setting the OSCin input amplifier,
and the TA2 and TA3 bits are used for setting the IFin input amplifier.
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IF monitor
Y1 Y2 Y4 Y8

oK17 BUSY EAANUAL OVER| O

0: IF counter measured value <2%°—1
1: IF counter measured value = 2% (overflow state)

—— > Overflow detection {

0: IF counter automatic mode

—— > Operation mode
peration mo {1: IF counter manual mode

0: IF counter measurement finished
1: IF counter measuring

A\ 4

Operation monitor {

K12 K13 K14 K15 K16
YI Y2 Y& Y8 Y1 Y2 Y4 Y8 YT Y2 Y4 Y8 Yl Y2 Y4 Y8 Y1 Y2 Y4 VY8
|F0|F1|F2|F3| |F4|F5|F6|F7| |F8|F9|F10‘F11| |F12|F13|F14‘F15| |F16|F17|F18|F19|
2° > 2"
LSB IF counter data MSB

The IF counter calculates the | F signals usually from the tuner and detects the auto stop signal. When the IFin bit is set to
“1”, the IFin input amplifier will operate and the IF counter will be enabled. The gain of the input amplifier can be
changed by the amplifier setting register port (oL 16 (F), $K11 (F)). Set this register to all “1”. In the PLL off mode, this
amplifier is disabled and the IFin input becomes high impedance.

The IF input frequency range varies depending on the NC hit. When the NC bit is set to “1”, the internal noise cancel
circuit operates. When the NC bit is“0”, the frequency range is 0.35 to 12 MHz. When the NC bit is“1”, the noise cancel
circuit operates and the frequency range is 0.03 to 1 MHz. Set this bit depending on the I F frequency to be detected.

The IF counter has two counting methods; namely the automatic and manual |F counter modes respectively. Counting is
carried out using the following methods:

(1) Automatic IF counter mode

To select the automatic mode for the IF counter, set the MANUAL bit to “0", and specify the gate time depending
on the frequency band to be measured. Whenthe STA/STP bit issetto“1”, the IF counter will start operation, the
clock will be inputted during the specified gate time, the number of these input pulses will be counted, and the
counter will stop the operation. Whether or not the IF counter has finished counting can b%:hecked by referring to
the BUSY bit. The OVER hit becomes“1” when thereis a pulse input ameasured value of 2° or over.

The frequency being inputted can be measured by checking that the BUSY and OVER bits are set t0"0” and
loading the IF data of FO to F19.

(2) Manual IF counter mode
Use this mode when the frequency is measured by controlling the gate time using the internal time base (for
example, 10 Hz). Set the MANUAL bit to “1” to activate the manual mode. At this time, the gate time setting reverts
to “don’t care” state. Counting starts by setting the STA/STP hit to “1". By setting the STA/STP hit to “0”,
counting is finished and the datais loaded in binary format.
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5. IF Counter Configuration

The IF counter is composed of an input amplifier, a gate time control circuit and a 20-bit binary counter. The OSCin
prescaler clock can be inputted as the I F counter input.

TA2/3
“= v
Fin L IFin Piesca'er IN FO~F19 OVER
49 > ’{ > Noise {}
0.01 uF LT 5T cancel 20-bit binary counter  |>{OVER]
‘ Gate
NC STA/STP
A
VPLL Gate time <— Manual
(50) 1kHz rouit €89
251 control circuit | 31
A— PSC |
0OSCin L Amplifi | i |
! @1 > > 1 1/15-16 »—>To programmable counter
0.01 uF . ; 7 K ;
P ¥ HF |
; TAO0/1 Prescaler i
2 IN ;

Note: All the binary counters of the IF counter operate at the rising edge.

Note: When the OSCin prescaler clock is counted by the IF counter, 1/15-16 is fixed to the 1/16 frequency
division by setting the PLL mode to HF mode. The clock is directly inputted when in LF mode.

Note: The IF counter input amplifier, the OSCin input amplifier and the programmable counter are powered by
the VpLL pin power supply. This power supply level can be supplied regardless of the Vpp/Vcpu pin
power supply level. In PLL off mode, the VpLL pin power supply can be turned off. The IF counter control
register and the IF counter power supply use the Vcpy pin power supply. Therefore, the contents of the
register will be retained after the VpLL pin power supply is turned off.

Note: The IFin pin has a built-in amplifier that allows small-amplitude operation by linking to the capacitor. In
PLL off mode, the IFin input becomes high impedance.

e R ARRRRRRTRRRRNRRE
BUSYbit | l—

UL I N YA O o B I

Gate g |

Binary counter input T

Example of operation timing in automatic IF counter mode

Note: The IF counter ues the 1 kHz clock. There is a delay of up to 1 ms from the time when the start
instruction is executed to the time when the gate opens.

120 2006-02-24



TOSHIBA

TC9349AFG

O Test Port

Thisis the internal port used to test the device functions. These ports are assigned to data port 7 and can be accessed by
using the OUT1 instruction with [CN = 6H] specified in the operand. Set all to “0” in the normal program.

oL16(2)
Y1

Y2

Y4

Y8

oL16(3)
Y1

Y2 Y4 Y8

ac

#2 L#S

L#4

Test port

Setting the following data to test ports #3 to #0 enables various signal s to be output from the MUTE pin.

#3 #2 #1 #0 Data MUTE pin output

0 0 0 0 0 MUTE output

Programmable counter

0 0 0 1 1 frequency

0 0 1 0 2 Reference frequency
0 0 1 1 3 2Hz

0 1 0 0 4

1 t t 1 1 Prohibition

1 1 1 1 F

Note: The MUTE pin is also used for pin P9-1. This pin must be set as the MUTE pin when you need signals to
be output from the MUTE pin.

O Application to Emulator Chip

When the RESET pinisat the“L” level and pulses are inputted to the TEST pin, various kinds of test modes will be
activated and the device will operate as an emulator chip. Three types of test modes are available, and the software
development tool can be configured by using three devices.

You can confirm the radio operation while developing software by connecting this software devel opment tool to the tuner

IC.
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TOSHIBA

TC9349AFG

Absolute Maximum Rating (Ta = 25°C)

Characteristics Symbol Rating Unit
Supply voltage (Note 1) Vpp -0.3~4.0 \%
Output withstand voltage 1 (Note 2) Vo1 ) -0.3~Vpg+0.3 \%
Output withstand voltage 2  (Note 2) Vo2 ) -0.3~6.0 \%
Input voltage 1  (Note3) Vine ¢)| —0.3~Vicp+0.3 \%
Input voltage 2 (Note3) Vinz )| -0.3~Vcpy+0.3 \%
Input voltage 3 (Note3) VIN3 (%) -0.3~6.0 \%
Input voltage 4 (Note3) Ving )| -0.3~VpL+03 \%
Input voltage 5 (Note3) VINS  (*) -0.3~Vpp +0.3 \%
Input voltage 6  (Note3) ViNG (%) -0.3~Vpg+0.3 \%
Power dissipation Pp 100 mw
Operating temperature Topr -10 ~ 60 °C
Storage temperature Tstg —65 ~ 150 °C

Note 1:  The supply voltage (Vpp) indicates the maximum rating of five pins, Vpp, Vcpu, VDB, VpLL and VLcD.
The relationship of the potentials is as follows: Vpp < VLcD, Vbp £ VDB, VDD £ Vcpu, Vecpu £ VLCD

Note 2:  Each output voltage corresponds to the following pin:
Vo1: /O port 6 pin, Vo2: Dpck1, Tout, I/O port 8 pin

Note 3:  Each input voltage corresponds to the following pin:
VIN1: All I/O port pins except for those listed below

VIN2: RESET pin

VIN3: /O port 8 pin, P9-0 pin

VIN4: OSCin and IFjp pins

VIN5: Xinl pin

V|Ne: I/O port 6 and Tip pins

1929
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TOSHIBA TC9349AFG

Electrical Characteristics (Unless otherwise specified, Ta=25°C, Vpp = Vp_ L =1.5V, VDB
=Vcpy=3.0V)

Test

Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
Vbp — [(VpbD) (*)| 09 ~ 1.8
Operating supply voltage range
A N s e [ a)) O 12| - |36 |
VpLL — [(VpLL) PLL operation *)| 0.9 ~ 1.8
Memory retention voltage range VHD — | (Vcpu) Backup mode *)| 0.75 ~ 3.6
PLL operation, OSCin = 30
Ipp1 — MHz — 1.0 15 mA
During operation of CPU only
Ibp2 — | (PLL off and LCD driver — 150 300
operating)

Operating supply current (Note 2)

| __ | Inthe hard wait mode - 120 o
DD3 (Crystal oscillation only)

In the soft wait mode

IbD4a — | (CPU intermittent operation — 140 —
only)
pA
(Vpp, VpLL) ) o
IuD1 — | When the CKSTP instruction is — 0.1 10
executed
. (Vcpu) Vepu =1.2~3.6V,
Memory retention current When the CKSTP instruction is
executed (Power supply
IHD2 " | detectin is set to OFF), T 0.01 0.5
Vbp off (Power supply detectin
is set to ON)
Note 1:  Use supply voltage in the range of Vpp < V|cDp, Vbp < VDB, VDD < Vcpu and Vepu < Vi cD.
Note 2:  The operating supply current is the total current of the Vpp, Vcpu and VpL pin power supplies.
Crystal Oscillator (Xjn1, Xout1)
. Test i . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
Crystal oscillation frequency fxT1 — | Kin1, Xout1) ™*)| — 75 — kHz
Crystal oscillation start time tst1 — | Xin1, Xout1) fxT1 = 75 kHz — — 1.0 S
Xinl amplifier feedback resistance RixT1 — | Kin1 - Xout1) — 20 — MQ
Xoutl output resistance RouT1 — | Kout1) 50 100 200 kQ
High-speed Oscillator (Xin2, Xout2)
s Test . . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
High-speed oscillation frequenc
range duency fxT2 — [ Xin2, Xout2) ()| 300 | — | 600 | Kz
- - ; (Xin2, Xoutp)
High-speed oscillation start time tsto | fyqs = 300 ~ 600 kHz — — 100 ms
Xin2 amplifier feedback resistance RixT2 — | Xin2 - Xout2) — 1 — MQ
Xout2 output resistance RouT? — | Kout2) 1 2 4 kQ
Oscillation operating current (Note 3) IxT2 — | Kin2 - Xout2) — 50 — UHA

Note 3: This value increases when high-speed oscillator is used.

*. Guaranteed when Vpp = Vp L =0.9-18V, Vcpy=1.2-3.6 V,and Ta=-10 to 60°C.
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TOSHIBA TC9349AFG

Constant Voltage Output (Veg), Voltage Doubled Output (VLcDp)

Characteristics Symbol C-Ii-risutit Test Condition Min Typ. Max Unit
(Vpg) GND reference Vin x
VpB1 — | Clamp off, Charge pump — D2D —

voltage

(Vpg) GND reference
VbB2 Clamp voltage = 2.0 V setting - 20 —

Doubled output VoB3 (VpB) GND reference o 25 o \

Clamp voltage = 2.5 V setting

(Vpg) GND reference o o
Vb4 Clamp voltage = 3.0 V setting 3.0

Vicp — | (VLcp) GND reference — VEZE “l —
(Vpg) When the charge pump
pressure is increased o o 0.05
Clamp doubled voltage setting error AVpp VEE=15V \%
(Vpg) When the switching
regulator pressure is increased — — +0.05
VEE=15V
Constant voltage VEE — | (Veg) GND reference *)| 1.46 1.50 1.54 \%
Programmable Counter, IF Counter Operating Frequency Range
- Test " . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
HF mode fHF — |(OSCin) V|N=0.1~0.6 Vpp(*)| 1.0 ~ 30
LF mode fLF — |(OSCin) ViN=0.1~0.6 Vpp(*)| 05 ~ 4
Operating frequency . _ _
range IFin1 fIF1 — ﬂ,?n:) 2)/ 'é\‘eﬁiggl 0-6Vop () 035 | - 12 | MHz
’ _ |UFin)VIN=01~0.6Vpp (*) _
IFin2 fIF2 NC = 1 setting 0.03 1
HF mode VHE — |(OSCin) fiy=1.0~30MHz (*)| 0.1 ~ 0.6
LF mode VLE — |(OSCin) fiy=05~4MHz (*)| 0.1 ~ 0.6
Input amplitude range ' _ |(UFin)fiN=0.35~12MHz  (¥) - Vp
IFinl VIF1 NC = 0 setting 0.1 0.6 p-p
) (IFin) fyy = 0.03 ~ 1 MHz *) _
IFin2 Vg2 — |NC = 1 setting 0.1 0.6
Rfin1 — | (OSCin) 250 500 1000 kQ
Input amplifier feedback resistance
Rfinz — | (IFin) 250 500 1000 kQ

*: Guaranteed when Vpp =Vp . =0.9-1.8V,Vcpy=1.2-3.6V, and Ta=-10 to 60°C.
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TOSHIBA TC9349AFG

I/O Ports 1to 6 (P1-0 to P16-3), Serial Interface (SCK1/2, RX1/2, SDIO1/2, TX1/2) (Note 4)

Test
Characteristics Symbol Gircuit Test Condition Min Typ. Max Unit

Vop=09V,Vicp=3.0V,
lon1 — [Von=Vop-0.2V -0.4 -0.8 —

(except for I/O ports 6,8 and P9-0)
“H” level

Vop =09V, Vicp=3.0V,
lomaL — |Vou=Vpp-0.2V _ 05 _
(except for I/O ports 6,8 and P9-0)

Vpp=0.9~138V,
Output current loL1 — Vieco=3.0V, Vo =02V 0.4 0.8 — mA
(except for I/0 port 8 and P9-0)

Vop=0.9~18V,
“L” level lot2 — [View=380V,Vo =02V 2 4 —
(P8-0 to P8-3)

Vpp=0.9~18V,
lows — [Vieo=3.0V,Vo =02V — 20 —
(P9-0)

VIH = VDD, VIL = O V
(except for I/O ports 6,8 and P9-0)

Input leak current I — E/;%i)\igspgné): ov — — +1.0 pA
Vu=55V,V, =0V
(P8-0 to P8-3, P9-0)

— | (except for /0 ports 6,8 and P9-0) xngB ~ Vieo
wpn VDD
H” level Viu — (P6-0 to P6-3) ©0.8 ~ Vps
Input voltage - \
— | (P8-0to P8-3, P9-0) Voo ~ 55
’ x 0.8 ’
a n - Voo
L" level Vi 0 ©02

Input pull-up/pull-down resistance Rint _|WhenP3-0toP3-3 are set to 25 50 100 kQ
pull-down or pull-up

Input pull-down resistance Rinz — | (TEST)when RESET =*L" — 10 — kQ
SCK input frequency fo o Z\llﬁfkni:pcuit(ﬂSCKZ are set to serial o o 200 KHz

Note 4: The electrical characteristics in serial interface conditions are the same as for the 1/0 ports.

LCD Driver Output (COM1 to COM4 , S1 to S18)

Test
Characteristics Symbol Gircuit Test Condition Min Typ. Max Unit
o Vico=3.0V,
H” level | — — 0.2 _
Output current o Vorn=Vico—0.2V mA
“L” level loLa — |Vwep=3.0V,Vo =02V — 0.5 —

Vico =3V, no load,
13 Vieo level Vesz | when the 1/3 bias type selected 0.85 1.00 115

; Vieo =3V, Vee = 1.5V, no load, when
Bias voltage 1/2 Vicp level Vass — | the 1/2 bias selected 1.35 15 1.65 \Y%

Viep =3V, no load,
213 Vicp level Vess | when the 1/3 bias selected 185 2.00 215

| o No load, o 5 o
Lep2 when the 1/2 bias selected
LCD driver operating current (Note 5) A
No load,
lLcos — — 100 _

when the 1/3 bias selected

Note 5: This value increases when the LCD driver circuit is used.
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TOSHIBA TC9349AFG

Electronic Volume (VRoutl, VRin1, VRcom, VRin2, VRout?2)

Characteristics Symbol C-Ii-risutit Test Condition Min Typ. Max Unit
Volume resistance RvRr — | IN ~ GND resistor 15 30 60 kQ
Analog switch ON resistance RoN — | Analog switch on resistor — 500 800 Q
Attenuation error AATT — — — 0 +2.0 dB
A/D Converter (ADinl to ADin4)
- Test - . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
Analog input voltage range VaD — |(ADin1 ~ ADin4) 0 ~ Vpe \%
Resolution VRES — — — 6 — bit
Total conversion error — — — — +0.5 +1.0 LSB
; _ |ViH=VDpB, VIL=0V _ _
Analog input leak 1L (ADin to ADin4) +1.0 pA

Phase Comparator (DO1/OT1/P, DO2/OT2/N)

Characteristics Symbol C-Ii—r?Jtit Test Condition Min Typ. Max Unit
Vpg=3.0V,
g Von=Vpg-0.2V - -
H” level lons | when the output resistance is 04 08 —
off
Output current mA
Vpg=3.0V,
W » VoL=0.2V
L" level loLs ~ | when the output resistance is 04 08 o
off
RouT1 — | (D01, bO2) — 5 —
Output resistance RouT?2 — |(DO1, DO2) — 50 — kQ
RouTs — |(DO1, DO2) — 100 —
. __ |(Do1,D02) Vpg=3.0V, o o
Tristate leak current ITL VILH = 3.0V, VoLl =0V +100 nA
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DC-DC Converter Voltage Doubler for VT (VDET, DDCK1, DDCK?2)
- Test - . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
Doubled voltage range VouT — — 0 ~ 5.5 \%
eDrc:grbled voltage detection setting AVDET — |(VpET) VEE=15V - _ | 4005 v
Detection operating current (Note 6) IDET — |(VDeT) — 10 — uHA
apyn (DDCK2) VoL =0.2V B B
H” level output current loH1 — | Wwhen DDCK?Z is selected 0.4 0.8 —
(DDCK2) VoL =0.2 V,
loL1 " |when DDCK1 is selected 04 08 o mA
“L” level output current
(DDCK1) VoL =0.2V,
loL2 | when DDCK1 is selected 2 4 —
(DDCK1) Vi =5.5V,
Output off leak current loFr — |when DDCK1 is selected — — +1.0 pHA
Note 6:  This value increases when the tdoubled voltage detection circuit is used.
Transistor for Low-pass Filter (Tout, Tin)
L Test . . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
“L” level output current loLs — |(Tout) VoL=0.2V, Tin=15V 20 — mA
Output off leak current loFr — |[(Tout) Vo =55V, Tin=0V — — +1.0 pA
(Tin) Vog=V|H=3.6 V
Input leak current 1L — |vi=oV — — +1.0 pA
Reset Signal Input (RESET)
L Test . . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
Input leak current I — |VIH=Vcpu, ViIL=0V — — +1.0 pA
“H” level VIH — — VX%Pél ~ Vcpu
Input voltage \%
l V
L” level Vi — — 0 ~ XCOFE
Reduced Voltage Detection Circuit
L Test . . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
Ert:gruced voltage detection setting AVgL — |(Vop) Vee =15V o o 40.03 v
Reduced voltage detection operating
current (Note 7) I o o o 20 o BA
Note 7:  This value increases when the detection circuit is used.
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TOSHIBA TC9349AFG

Package Dimensions

P-LQFP64-1010-0.50E Unit: mm
12.0+0.2
& 10.0£0.1
|_
(LQII 48 33
- RAAAAAAARAAAARAA
49 1 |32
| — |
| — 1
| —— —— |
| —— —— |
= = o o
= = & ¢
[ . = -
| - — —— |
| —— —— |
| —— —— |
| s — —— |
64 Q ——
bogpn_
16
1.25TYP 0.2 f%'.%é

0.1+£0.05
1.4+0.05
1.6MAX

e © 5
= (0.5) &
ol @ Q
Qal 0.45~0.75

o

Note: Pd-plated leads.

Weight: 0.32 g (standard)
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TOSHIBA TC9349AFG

RESTRICTIONS ON PRODUCT USE

060116EBA

¢ The information contained herein is subject to change without notice. 021023_D

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

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

e The TOSHIBA products listed in this document are intended for usage in general electronics applications
(computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances,
etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires
extraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss of human life or
bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments,
medical instruments, all types of safety devices, etc. Unintended Usage of TOSHIBA products listed in this
document shall be made at the customer’s own risk. 021023_8

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

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

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