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4-BIT SINGLE-CHIP MICROCONTROLLERS WITH DEDICATED
HARDWARE FOR DIGITAL TUNING SYSTEM

The uPD17717, 17718, and 17719 are 4-bit single-chip CMOS microcontrollers containing hardware for
digital tuning systems.

Provided with a wealth of hardware, these microcontrollers are available in many variations of ROM and RAM
capacities to support various applications.

Therefore, a high-performance, multi-function digital tuning system can be configured with only one chip.

In addition, a one-time PROM model, uPD17P719, which can be written only once and therefore is ideal for
program evaluation and small-scale production of a uPD17717, 17718, or 17719 system, is also available.

FEATURES
* Program memory (ROM) Abundant peripheral hardware units
uPD17717 : 24K bytes (12288 x 16 bits) General-purpose 1/O ports, serial interfaces, A/D

uPD17718, 17719: 32K bytes (16384 x 16 bits)
¢ General-purpose data memory (RAM)
uPD17717, 17718: 1120 x 4 bits
uPD17719 : 1776 x 4 bits
e Instruction execution time
1.78 us (with fx = 4.5-MHz crystal oscillator)
e PLL frequency synthesizer
Dual modulus prescaler (130 MHz MAX.),

converter, D/A converter (PWM output), BEEP
output, frequency counter

Many interrupts

External: 6 sources

Internal : 6 sources

Power-ON reset, CE reset, and power failure
detection circuit

Supply voltage: Voo =5V + 10 %

programmable divider, phase comparator, charge
pump
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FUNCTIONAL OUTLINE

Part Number uPD17717 uPD17718 uPD17719
Item
Program memory (ROM) 24K bytes (12288 x 16 bits) | 32K bytes (16384 x 16 bits)
General-purpose data memory (RAM) | 1120 x 4 bits 1776 x 4 bits

Instruction execution time

1.78 us (with fx = 4.5-MHz crystal oscillator)

General-purpose port e 1/O port : 46 pins
e Input port : 12 pins
e Qutput port: 4 pins
Stack level e Address stack: 15 levels
e Interrupt stack: 4 levels
* DBF stack : 4 levels (can be manipulated via software)
Interrupt e External: 6 sources (falling edge of CE pin, INTO through INT4)
¢ Internal : 6 sources (timers 0 through 3, serial interfaces 2 and 3)
Timer 5 channels
e Basic timer (clock: 10, 20, 50, 100 Hz) : 1 channel
e 8-bit timer with gate counter (clock: 1k, 2 k, 10 k, 100 kHz) : 1 channel
e 8-bit timer (clock: 1k, 2 k, 10 k, 100 kHz) : 2 channels
e 8-bit timer multiplexed with PWM (clock: 440 Hz, 4.4 kHz) 1 channel

A/D converter

8 bits x 6 channels (hardware mode and software mode selectable)

D/A converter (PWM)

3 channels (8-bit or 9-bit resolution selectable by software)
Output frequency: 4.4 kHz, 440 Hz (with 8-bit PWM selected)
2.2 kHz, 220 Hz (with 9-bit PWM selected)

Serial interface

2 units (4 channels)

» 3-wire serial I/O mode, SBI mode, or 2-wire serial 1/0/I2CN°te bus mode
selectable

e 3-wire serial I/O/UART mode selectable

PLL frequency | Division mode

synthesizer

¢ Direct division mode (VCOL pin (MF mode) : 0.5 to 3 MHz)
¢ Pulse swallow mode (VCOL pin (HF mode) 10 to 40 MHz)
(VCOH pin (VHF mode): 60 to 130 MHz)

Reference frequency

13 types selectable (1, 1.25, 2.5, 3, 5, 6.25, 9, 10, 12.5, 18, 20, 25, 50 kHz)

Charge pump

Two error-out output pins (EO0, EO1)

Phase comparator

Unlock status detectable by program

Frequency counter

¢ Intermediate frequency (IF) measurement
P1CO/FMIFC pin: in FMIF mode 10 to 11 MHz
in AMIF mode 0.4 to 0.5 MHz
P1C1/AMIFC pin: in AMIF mode 0.4 to 0.5 MHz
e External gate width measurement
P2A1/FCG1, P2A0/FCGO pin

BEEP output

2 pins
Output frequency: 1 kHz, 3 kHz, 4 kHz, 6.7 kHz (BEEPO pin)

67 Hz, 200 Hz, 3 kHz, 4 kHz (BEEP1 pin)

Note When the I12C bus mode is used (including when it is implemented in software without using the

peripheral hardware), inform NEC when you place an order for mask ROM.
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Part Number uPD17717 uPD17718 uPD17719

Item

Reset e Power-ON reset (on power application)
 Reset by RESET pin
* Watchdog timer reset
Can be set only once on power application: 65536 instruction, 131072
instruction, or no-use selectable
¢ Stack pointer overflow/underflow reset
Can be set only once on power application: interrupt stack or address stack
selectable
e CE reset (CE pin low — high level)
CE reset delay timing can be set.
e Power failure detection function

Standby ¢ Clock stop mode (STOP)
e Halt mode (HALT)

Supply voltage e PLL operation: Voo =4.51t0 5.5V
e CPU operation: Voo = 3.5t0 5.5V

Package 80-pin plastic QFP (14 x 14)
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PIN CONFIGURATION (Top View)

80-pin plastic QFP (14 x 14)
uPD17717GC-xxx-3B9
uPD17718GC-xxx-3B9
uPD17719GC-xxx-3B9
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PIN NAME
ADO-AD5 : A/D converter input P3A0-P3A3 : Port 3A
AMIFC : AM frequency counter input P3B0-P3B3 : Port 3B
BEEPO, BEEP1: BEEP output P3C0-P3C3 : Port 3C
CE : Chip enable P3D0-P3D3 : Port 3D
EOO0, EO1 . Error-out output REG : CPU regulator
FCGO, FGC1 : Frequency counter gate input RESET : Reset input
FMIFC : FM frequency counter input RxD : UART serial data input
GNDO-GND2 : Ground O to 2 SBO0, SB1 : SBI serial data 1/0
INTO-INT4 : External interrupt input SCK : SBI serial clock 1/0
PWMO-PWM2 : D/A converter output SCK2, SCK3  : 3-wire serial clock I/0
POAO-POAS3 : Port OA SCL : 2-wire serial clock 1/0
POB0O-POB3 : Port 0B SDA : 2-wire serial data 1/0
POCO0-POC3 : Port 0OC SI2, SI3 : 3-wire serial data input
PODO-POD3 : Port OD S02, SO3 : 3-wire serial data output
P1A0-P1A3 : Port 1A TEST : Test input
P1B0-P1B3 : Port 1B TMOG : Timer 0 gate input
P1C0-P1C3 : Port 1C TxD : UART serial data output
P1D0-P1D3 : Port 1D VCOH : Local oscillation high input
P2A0-P2A2 : Port 2A VCOL : Local oscillation low input
P2B0-P2B3 : Port 2B Voo0, Vooi : Power supply
P2C0-P2C3 : Port 2C Xin, Xout : Main clock oscillation

P2D0-P2D2 : Port 2D
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BLOCK DIAGRAM

POA0-POA3 {2
POB0-POB3 {4
POCO-POC3 {7}
PODO-POD3 [ 4, }
P1A0-P1A3 [4))
P1B0-P1B3 {4 |
P1CO-P1C3 (4,

P1D0-P1D3 {2}

Port <:>
P2A0-P2A2 {3
P2B0-P2B3 <)
P2C0-P2C3 {4
P2D0-P2D2 {3 )
P3A0-P3A3 (4]
P3B0-P3B3 {4
P3C0-P3C3 {4
P3D0-P3D3 <
ADO/PODO o—=
AD1/POD1 o—»
AD2/POD2—|  A/D |
AD3/POD3 o—=| Converter
ADA4/P1C2 o—=
AD5/P1C3 o=
PWMO/P1B0 o=—
D/A
PWM1/P1B1 Converter
PWM2/P1B2 o=— -
8-bit
Timer3
Basic
Timer <i>

GNDO-GNDZOﬁT

~—o VCOH
<:> PLL +~—0 VCOL
RFE —o EOO0
—=o EO1
RAM
1120 x 4 bits —=o SO2/POAO
= (uPDAT717, 17718) o SCK2/POA1
x 4 bits
(uPD17719) +—o SCL/POA2
<:> Serial [+ SDA/POA3
SYSREG Interface2 |« gj2/P0B3
N \ o0 SBO/P2D0
- [0 SB1/P2D1
> Rl e — ~—o SCK/P2D2
—
/
=0 SCK3/P0B2
Serial
Instruction <:> Interface3 SO3/TxD/POB1
Decoder =—o SI3/RxD/P0OB0O
TT <:> BEEP —o BEEPO/P1D0
—=o BEEP1/P1D1
ROM
12288 x 16 bits -0 INTO
K (uPD17717) INT1
16384 x 16 bits Interrupt
(uPD17718, 17719) K Comrgl o INT2
=—o INT3/P1A2
TT ~—— INT4/P1A3
- Program Counter ~——° FCGO0/P2A0
<:> Frequency [*+—° FCG1/P2A1
@ Counter  |+—o FMIFC/P1C0
=—o0 AMIFC/P1C1
Stack
<::> 8-bit
Timer0
KA Gate [~ TMOG/P1AO
Counter
<:> 8-bit
Timer1
<:> 8-bit
Timer2
CPU =-— 0SC =—0 XiN
Peripheral =— [—° Xout
~—oCE
-— Reset [+—©RESET
]—@ VopO0, Vob1
Vceu = Regulator
—— REG
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1. PIN FUNCTIONS

1.1 Pin Function List

Pin No. Symbol Function Output Form
1 INT2 Edge-detectable vectored interrupt input pins. Rising or falling edge can be -
41 INTH specified.
42 INTO
2 P1A3/INT4 Port 1A multiplexed with external interrupt request signal input and event -
3 P1A2/INT3 signal input pins.
4 P1A1 * P1AS3 through P1A0
5 P1A0/TMOG e 4-bit input port
* INT4, INT3
e Edge-detectable vectored interrupt
e TMOG
* Input for gate of 8-bit timer 0
At reset With clock stopped
Power-ON reset WDT&SP reset CE reset
Input Input Retained Retained
(P1A3 through P1A0) | (P1A3 through P1A0)
6 P3A3 4-bit 1/0O port. CMOS
| | Can be set in input or output mode in 4-bit units. push-pull
9 P3AO At reset With clock stopped
Power-ON reset WDT&SP reset CE reset
Input Input Retained Retained
10 P3B3 4-bit 1/0 port. CMOS
| | Can be set in input or output mode in 4-bit units. push-pull
13 P3BO At reset With clock stopped
Power-ON reset WDT&SP reset CE reset
Input Input Retained Retained
14 P2A2 Port 2A multiplexed with external gate counter input pins. CMOS
15 P2A1/FCG1 e P2A2 through P2A0 push-pull
16 P2A0/FCGO e 3-bit I/O port
e Can be set in input or output mode in 1-bit units.
¢ FCG1, FCGO
* Input for external gate counter
At reset With clock stopped
Power-ON reset WDT&SP reset CE reset
Input Input Retained Retained
(P2A2 through P2A0) | (P2A2 through P2A0) | (P2A2 through P2A0) | (P2A2 through P2A0)
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Pin No. Symbol Function Output Form
17 P1B3 Port 1B multiplexed with D/A converter output pins. N-ch
18 P1B2/PWM2 | « P1B3 through P1B0 open-drain

| | * 4-bit output port (12 V)
20 P1BO/PWMO | « PWM2 through P2MO
e 8- or 9-bit D/A converter output
At reset With clock stopped
Power-ON reset WDT&SP reset CE reset
Outputs low level | Outputs low level | Retained Retained
(P1B3 through P1B0) | (P1B3 through P1B0) (P1B3 through P1B0)
21 GND2 Ground -
33 GND1
75 GNDO
22 POD3/AD3 Port 0D multiplexed with A/D converter input pins -
| | e POD3 through PODO
25 PODO0/ADO e 4-bit input port
e Can be connected with pull-down resistor in 1-bit units.
e AD3 through ADO
* Analog input of A/D converter with 8-bit resolution
At reset With clock stopped
Power-ON reset WDT&SP reset CE reset
Input with pull-down | Input with pull-down Retained Retained
resistor resistor
(POD3 through PODO0) | (POD3 through PODO)
26 P1C3/AD5 Port 1C multiplexed with A/D converter input and IF counter input pins. -
27 P1C2/AD4 e P1C3 through P1CO
28 P1C1/AMIFC e 4-bit input port
29 P1CO/FMIFC | = AD5, AD4
* Analog input to A/D converter with 8-bit resolution
e FMIFC, AMIFC
* Input to frequency counter
At reset With clock stopped
Power-ON reset WDT&SP reset CE reset
Input Input * P1C3/AD5, * P1C3/AD5,
(P1C3 through P1C0) | (P1C3 through P1C0) P1C2/AD4 P1C2/AD4
retained retained
e P1C1/AMIFC, e P1C1/AMIFC,
P1CO/FMIFC P1CO/FMIFC
input input
(P1C1, P1CO) (P1C1, P1CO)
30 Vo1 Power supply. Supply the same voltage to these pins. -
79 Vo0 e With CPU and peripheral function operating: 4.5to 5.5 V
e With CPU operating : 35to55V
e With clock stopped : 22to 55V
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Pin No. Symbol Function Output Form
31 VCOH PLL local oscillation (VCO) frequency input. -
32 VCOL e VCOH

* Active with VHF mode selected by program; otherwise, pulled down.
e VCOL
e Active with HF or MW mode selected by program; otherwise, pulled down.
Because the input of these pins goes into an AC amplifier, cut the DC
component of the input signal with a capacitor.
34 EOO Output from charge pump of PLL frequency synthesizer. Outputs the divided CMOS
35 EO1 frequency of local oscillation and the result of comparison of the phase 3-state
difference of reference frequency.
At reset With clock stopped
Power-ON reset WDT&SP reset CE reset
High-impedance High-impedance High-impendance | High-impedance
output output output output
36 TEST Test input pin. -
Be sure to connect this pin to GND.
37 P1D3 Port 1D and BEEP output. CMOS
38 P1D2 e P1D3 through P1DO push-pull
39 P1D1/BEEP1 * 4-bit I/O port
40 P1D0/BEEPO e Can be set in input or output mode in 1-bit units.
e BEEP1, BEEPO
* BEEP output
At reset With clock stopped
Power-ON reset WDT&SP reset CE reset
Input Input Retained Retained
(P1D3 through P1D0) | (P1D3 through P1D0) | (P1D3 through P1D0) | (P1D3 through P1D0)
43 P2B3 4-bit 1/0 Port. CMOS
| | Can be set in input or output mode in 1-bit units. push-pull
46 P2B0 At reset With clock stopped
Power-ON reset WDT&SP reset CE reset
Input Input Retained Retained
47 P3C3 4-bit 1/0 Port. CMOS
| | Can be set in input or output mode in 4-bit units. push-pull
50 P3C0 At reset With clock stopped
Power-ON reset WDT&SP reset CE reset
Input Input Retained Retained
51 P3D3 4-bit 1/0 Port. CMOS
| | Can be set in input or output mode in 4-bit units. push-pull
54 P3DOo At reset With clock stopped
Power-ON reset WDT&SP reset CE reset
Input Input Retained Retained
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Pin No. Symbol Function Output Form
55 P2C3 4-bit 1/O Port. CMOS
| | Can be set in input or output mode in 1-bit units. push-pull
58 P2C0o At reset With clock stopped
Power-ON reset WDT&SP reset CE reset
Input Input Retained Retained
59 POC3 4-bit 1/0 Port. CMOS
| | Can be set in input or output mode in 1-bit units. push-pull
62 POCo At reset With clock stopped
Power-ON reset WDT&SP reset CE reset
Input Input Retained Retained
63 POA3/SDA Ports POA, POB, and P2D are multiplexed with 1/O of serial interface. N-ch
64 POA2/SCL e POAS through POAO open-drain
65 | POA1/SCKz | ° 4-bitl/Oport o CMOS
66 POA0/SO2 e Can be set in input or output mode in 1-bit units. push-pull
67 POB3/SI2 . POB3.through P0OBO
68 | POB2/SCK3 * 4-bit I/O port
69 POB1/SO3/ e Can be set in input or output mode in 1-bit units.
TxD o P2D2?P2DO
70 | POBO/SI3/ * 3-bit /O port
RxD e Can be set in input or output mode in 1-bit units.
71 | pap2/sck | * SDA. SCL
e Serial data and serial clock 1/O of serial interface 2 in 2-wire serial 1/0 or
72 P2D1/SB1 12C bus mode N-ch .
73 P2D0/SB0O « SCK2, SO2, SI2 open-drain
e Serial clock 1/O, serial data output, and serial data input of serial interface
2 in 3-wire serial I/0 mode
¢ SCK3, S0g3, SI3
e Serial clock I/0O, serial data output, serial data input of serial interface 3
in 3-wire serial /0 mode
e TxD, RxD
e Serial data output and serial data input when UART of serial interface 3
is selected
* SCK, SB1, SBO
* Serial clock and serial data I1/0 when SBI of serial interface 2 is selected
At reset With clock stopped
Power-ON reset WDT&SP reset CE reset
Input Input Retained Retained
POA3 through POAO, POA3 through POAO, POA3 through POAO, POA3 through POAO,
POB3 through P0BO, POB3 through P0BO, lPOBS through POBO, POB3 through P0BO,
P2D2 through P2D0 P2D2 through P2D0 P2D2 through P2D0 P2D2 through P2D0

14
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Pin No. Symbol Function Output Form
74 REG CPU regulator. -
Connect this pin to GND via 0.1-uF capacitor.
76 Xout Ground pins of crystal resonator. -
77 Xin
78 CE Device operation-selection, CE reset, and interrupt signal input pin. -
¢ Device operation-select
When CE is high, PLL frequency synthesizer can operate.
When CE is low, PLL frequency synthesizer is automatically disabled
internally.
e CE reset
When CE goes high, device is reset at rising edge of internal basic timer
setting pulse. This pin also has reset timing delay function.
e Interrupt
Vectored interrupt occurs at falling edge of this pin.
80 RESET Reset input -

Data Sheet U12330EJ2V0ODS

15



NEC

uPD17717,17718, 17719

1.2 Equivalent Circuits of Pins

16

(1) POA (POA1/SCK2, POA0/SO2)

POB (POB3/S12, POB2/SCK3, P0B1/S03/TxD, POB0/SI3/RxD)

POC (P0OC3, P0C2, POC1, POCO)
P1D (P1D3, P1D2, P1D1/BEEP1

P2B (P2B3, P2B2, P2B1, P2B0)
P2C (P2C3, P2C2, P2C1, P2C0)
P2D (P2D2/SCK)

P3A (P3A3, P3A2, P3A1, P3A0)
P3B (P3B3, P3B2, P3B1, P3B0)
P3C (P3C3, P3C2, P3C1, P3C0)
P3D (P3D3, P3D2, P3D1, P3D0)

, P1IDO/BEEPO)
P2A (P2A2, P2A1/FCG1, P2A0/FCGO)

L (110)

CKSTOPNete

|7
|7

Note This is an internal signal that is output when the clock stop instruction is executed, and its circuit
is designed not to increase the current consumption due to noise even if it is floated.
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(2) POA (POA3/SDA, POA2/SCL)

} (I70)
P2D (P2D1/SB1, P2D0/SB0)

Vop

CKSTOPNete

Note This is an internal signal that is output when the clock stop instruction is executed, and its circuit

is designed not to increase the current consumption due to noise even if it is floated.

(3) P1B (P1B3, P1B2/PWM2, P1B1/PWM1, P1B0/PWMO) (output)

T

(4) POD (POD3/AD3, POD2/AD2, POD1/AD1, PODO/ADO) (input)

A/D converter

CKSTOPNete

———— PopPLD flag

High-ON resistance

Note This is an internal signal that is output when the clock stop instruction is executed, and its circuit
is designed not to increase the current consumption due to noise even if it is floated.
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(5) P1A (P1A1) (input)

. CKSTOPNote

Note This is an internal signal that is output when the clock stop instruction is executed, and its circuit
is designed not to increase the current consumption due to noise even if it is floated.

(6) P1C (P1C3/ADS5, P1C2/AD4) (input)

A/D Converter

|——————CrsTopNet

Note This is an internal signal that is output when the clock stop instruction is executed, and its circuit
is designed not to increase the current consumption due to noise even if it is floated.
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(7) P1C (P1C1/AMIFC, P1CO/FMIFC) (input)

if General-purpose port

4|
4|

CKSTOPMe*

T

High-ON resistance
Voo

'DEEF

4|
4|

EI Frequency counter

Note This is an internal signal that is output when the clock stop instruction is executed, and its circuit
is designed not to increase the current consumption due to noise even if it is floated.

(8) CE
RESET
INTO, INT1, INT2 (Schmitt trigger input)
P1A (P1A3/INT4, P1A2/INT3, P1A0/TMOG)

Vop
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(9) Xourt (output), Xin (input)

Vob J_ High-ON
T LU resistance Voo
T
AR |
Xin O Internal clock
A =
|>
High-ON
resistance -
Xoutr O

(10) EO1, EOO (output)

(11) VCOH, VCOL (Input)

Vob

—e

o

1 High-ON

m resistance
Voo

—

4]
==

—
|>

High-ON
resistance 7

4|
4|
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1.3 Connections of Unused Pins

It is recommended to connect unused pins as follows:

Table 1-1. Connections of Unused Pins (1/2)

P1C1/AMIFCNote 2
P1CO/FMIFCNote 2

P1A3/INT4
P1A2/INT3
P1A1
P1A0/TMOG

Pin Name 1/0 Mode Recommended Connections of Unused Pins
Port pin | POD3/AD3-POD0/ADO Input Individually connect to GND via resistorNote 1,
P1C3/AD5
P1C2/AD4

Set in port mode and individually connect to Voo or GND

via resistorNote 1,

Individually connect to GND via resistorNote 1,

P1B3
P1B2/PWM2-P1B0/PWMO

N-ch open-drain

output

Set to low-level output by software and then open.

POA3/SDA
POA2/SCL
POA1/SCK2
POA0/SO2

POB3/SI2
POB2/SCK3
POB1/SO3/TxD
POBO/SI3/RxD

POC3-P0OCO

P1D3
P1D2
P1D1/BEEP1
P1DO/BEEPO

P2A2
P2A1/FCG1
P2A0/FCGO

P2B3-P2B0

P2C3-P2CO

P2D2/SCK
P2D1/SB1
P2D0/SB0O

|/ONote 3

Set in general-purpose input port mode by software and

individually connect to Voo or GND via resistorNote 1,

Notes 1. If a pin is externally pulled up (connected to Voo via resistor) or pulled down (connected to GND
via resistor) with a high resistance, the pin almost enters a high-impedance state, increasing the
current (through-current) consumption of the port. Generally, the resistance of a pull-up or pull-

down resistor is several 10 kQ, though it depends on the application circuit.
Do not set these pins as AMIFC and FMIFC pins; otherwise, the current consumption will increase.
The I/O ports are set in the general-purpose 1/0 port mode at power-ON reset, when reset by the

RESET pin, or when reset due to overflow or underflow of the watchdog timer or the stack.
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Table 1-1. Connections of Unused Pins (2/2)

Pin Name I/0 Mode Recommended Connections of Unused Pins
Port pin | P3A3-P3A0 |/QNote 2 Set in general-purpose input port mode by software and
P3B3-P3B0 individually connect to Voo or GND via resistorNote 1,
P3C3-P3CO0
P3D3-P3D0
Pins other| CE Input Connect to Vop via resistorNote 1,
than port | EO1 Output Open
pins EOO
INTO-INT2 Input Individually connect to GND via resistorNote 1,
RESET Input Connect to Voo via resistorNote 1,
TEST - Directly connect to GND.
VCOH Input Disable PLL via software and open.
VCOL

Notes 1. If a pin is externally pulled up (connected to Voo via resistor) or pulled down (connected to GND
via resistor) with a high resistance, the pin almost enters a high-impedance state, increasing the
current (through-current) consumption of the port. Generally, the resistance of a pull-up or pull-
down resistor is several 10 kQ, though it depends on the application circuit.

The I/O ports are set in the general-purpose input port mode at power-ON reset, when reset by
the RESET pin, or when reset due to overflow or underflow of the watchdog timer or the stack.

22
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1.4 Cautions on Using CE, INTO through INT4, and RESET Pins

The CE, INTO through INT4, and RESET pins have a function to set a test mode in which the internal
operations of the uPD17719 are tested (IC test), in addition to the functions listed in 1.1 Pin Function List.

When a voltage exceeding Vop is applied to any of these pins, the device is set in the test mode. If a noise
exceeding Voo is superimposed during normal operation, therefore, the test mode is set by mistake, hindering
the normal operation.

Especially if the wiring length of pins is too long, noise is superimposed on these pins. In consequence, the
above problem occurs.

Therefore, keep the wiring length as short as possible to prevent noise from being superimposed. |If
superimposition of noise is unavoidable, connect an external component as illustrated below to suppress the
noise.

e Connect a diode with low VF e Connect a capacitor between a pin and Vob.
between a pin and Vob.

Diode with J_

low Vr Vop Vop

CE, INTO-INT4, RESET CE, INTO-INT4, RESET

1.5 Cautions on Using TEST Pin

When Voo is applied to the TEST pin, the device is set in the test mode. Therefore, be sure to keep the wiring
length of this pin as short as possible, and directly connect it to the GND pin.

If the wiring length between the TEST pin and GND pin is too long, or if external noise is superimposed on
the TEST pin, generating a potential difference between the TEST pin and GND pin, your program may not run
normally.

GND TEST

\

Short
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2. PROGRAM MEMORY (ROM)
2.1 Outline of Program Memory
Figure 2-1 outlines the program memory.

As shown in this figure, the addresses of the program memory are specified by the program counter.
The program memory has the following two major functions.

e To store programs
e To store constant data

Figure 2-1. Outline of Program Memory

Program counter Program memor
9 Address specification 9 ) y
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2.2 Program Memory

Figure 2-2 shows the configuration of the program memory.
As shownin this figure, the uPD17717 has 24K bytes (12288 x 16 bits) of program memory, and the uyPD17718
and 17719 have 32K bytes (16384 x 16 bits).
Therefore, the program memory addresses of the uPD17717 are 0000H through 2FFFH, and those of the
uPD17718 and 17719 are 0000H through 3FFFH.
Because all “instructions” are “one-word instructions”, one instruction can be stored to one address of the

program memory.

As constant data, the contents of the program memory are read to the data buffer by using a table reference

instruction.

Address

0000H
0001H
0002H
0003H
0004H
0005H
0006H
0007H
0008H
0009H
000AH
000BH
000CH

07FFH

OFFFH

17FFH

1FFFH
2000H

2FFFH

3FFFH

Figure 2-2. Configuration of Program Memory

Reset start address

Segment 0

Page 0

BR addr
instruction
branch
address

CALL addr
instruction
subroutine
entry address

Page 1

Page 2

Page 3

(uPD17717)

(uPD17718, 17719)

Segment 1
(system
segment)

Page 0

CALL addr
instruction
subroutine
entry address

Page 1
BR addr
instruction —

branch Page 2
address

Page 3

BR @AR instruction
branch address

CALL @AR instruction
subroutine entry address

MOVT DBF, @AR instruction
table reference address

T

16 bits
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2.3 Program Counter

2.3.1 Configuration of program counter

Figure 2-3 shows the configuration of the program counter.

As shown in this figure, the program counter consists of a 13-bit binary counter and a 1-bit segment register
(SGR). Bits 11 and 12 of the program counter indicate a page.

The program counter specifies an address of the program memory.

Figure 2-3. Configuration of Program Counter

SGR PCi2 PCi1 PC1o PCo PCs PCz PCs PCs PC4 PCs PC:2 PC1 PCo

Page

PC

2.3.2 Segment register (SGR)
The segment register specifies a segment of the program memory.
Table 2-1 shows the relationships between the segment register and program memory.
The segment register is set only when the SYSCAL entry instruction is executed.

Table 2-1. Relationships between Segment Register and Program Memory

Value of Segment Register Segment of Program Memory
0 Segment 0
1 Segment 1

2.4 Flow of Program

The flow of the program is controlled by the program counter that specifies an address of the program memory.
The program flow when each instruction is executed is described below.

Figure 2-5 shows the value that is set to the program counter when each instruction is executed.

Table 2-2 shows the vector address when an interrupt is accepted.

2.4.1 Branch instruction

(1) Direct branch (“BR addr”)
The branch destination address of the direct branch instruction is in the same segment of the program
memory. In other words, a branch cannot be executed exceeding a segment.

(2) Indirect branch (“BR @AR”)
The branch destination addresses of the indirect branch instruction are all the addresses of the program
memory, i.e., addresses 0000H through 2FFFH for the uPD17717 and 0000H through 3FFFH for the
uPD17718 and 17719.
For further information, also refer to 5.3 Address Register (AR).
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2.4.2 Subroutine

(1) Direct subroutine call (“CALL addr”)
The first address of a subroutine that can be called by the direct subroutine instruction is in page 0 of
each segment (addresses 0000H through 07FFH).

(2) Indirect subroutine call (CALL @AR)
The first addresses of a subroutine that can be called by the indirect subroutine call instruction are all

the addresses of the program memory, i.e., addresses 0000H through 2FFFH for the uPD17717 and
0000H through 3FFFH for the uPD17718 and 17719.
For further information, also refer to 5.3 Address Register (AR).

2.4.3 Table reference

The addresses that can be referenced by the table reference instruction (“MOVT DBF, @AR”) are all the
addresses of the program memory, i.e., addresses 0000H through 2FFFH for the uPD17717 and 0000H through
3FFFH for the uPD17718 and 17719.

For further information, also refer to 5.3 Address Register (AR) and 9.2.2 Table reference instruction
(MOVT, DBF, @AR).

2.4.4 System call
The first address of a subroutine that can be called by the system call instruction (“SYSCAL entry”) is the
first 16 steps of each block (block 0 to 7) in page 0 of segment 1 (system segment).

00000H

oo
oo
o~
om
om
T

oo
- o
om
om
om
T

[o2N]
om
om
T

01FFFH

Figure 2-4. Outline of System Call Instruction

Segment 1
Segment 0 (system segment) Block 0 of segment 1
02000H 02000H Entry address of
Block 0 SYSCAL instruction
020FFH 0200FH| __— ]
02100H
Block 1
021FFH
02200H
Block 2
_Page 0 022FFH Area where entry
(16 bits x 2K steps) address of system
: segment can be
specified
02700H
Block 7
027FFH
02800H
Page 1 Page 1
02FFFH
03000H
Page 2 Page 2
037FFH
03800H
Page 3 Page 3
03FFFH
(16 bits x 8K steps) (16 bits x 8K steps)
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Figure 2-5. Value of Program Counter Upon Execution of Instruction

Program counter Contents of Program Counter (PC)
Instruction SGR| b1z | bi1 | bio | be | bs | bz | bse | bs | ba | bs | b2 | bt | bo
BR addr 1 Page 0 0] o0
' Page1 |ge. | O | 1
T tained [~ 777777 7]
' Page 2 ane 1 0
R EEEhnbh BN EEE: Rt Operand of instruction (addr)
. Page 3 1 1
CALL addr Re-
tained| O | O Operand of instruction (addr)
SYSCAL entry
1100 entryn 0| o0j0]|oO entryL
BR @AR
CALL @AR
Contents of address register
MOVT DBF, @AR
RET
RETSK Contents of address stack register (ASR) (return address)
specified by stack pointer (SP)
RETI
Other instructions Re-
. ' L. . tained Increment
(including skip instruction)
When interrupt is accepted
0 Vector address of each interrupt
Power-ON reset,
watchdog timer reset,
0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET pin,
CE reset

entryn : high-order 3 bits of entry

entryc : low-order 4 bits of entry

Table 2-2. Interrupt Vector Address

Order Internal/External Interrupt Source Vector Address
1 External Falling edge of CE pin 00CH
2 External INTO pin 00BH
3 External INT1 pin 00AH
4 External INT2 pin 009H
5 External INT3 pin 008H
6 External INT4 pin 007H
7 Internal Timer O 006H
8 Internal Timer 1 005H
9 Internal Timer 2 004H
10 Internal Timer 3 003H
11 Internal Serial interface 2 002H
12 Internal Serial interface 3 001H
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2.5 Cautions on Using Program Memory

2.5.1 Last address in each segment

The segment register is not connected to the binary counter.

Therefore, address 0000H of segment 0 is specified next to address 1FFFH, which is the last address of
segment 0.

To specify between segments, a dedicated instruction such as an indirect branch, indirect subroutine call,
or system call instruction is used.
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3. ADDRESS STACK (ASK)
3.1 Outline of Address Stack

Figure 3-1 outlines the address stack.

The address stack consists of a stack pointer and address stack registers.

The address of an address stack register is specified by the stack pointer.

The address stack saves a return address when a subroutine call instruction is executed or when an interrupt

is accepted.
The address stack is also used when the table reference instruction is executed.

Figure 3-1. Outline of Address Stack

Stack pointer Address stack register

Address specification ™~ [-------------------mooooo oo

3.2 Address Stack Register (ASR)

Figure 3-2 shows the configuration of the address stack register.

The address stack register consists of sixteen 16-bit registers ASRO through ASR15. Actually, however, it
consists of fifteen 16-bit registers (ASRO through ASR14) because no register is allocated to ASR15.

The address stack saves a return address when a subroutine is called, when an interrupt is accepted, and
when the table reference instruction is executed.
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Figure 3-2. Configuration of Address Stack Register

| [
o THHASTHOTHH
I THHATHTH
e THHASTRZTHH
IR THHAZRSTHH
s THHATFMTHH
e | HTH:Z:STHH
T THTHSTHH
e | THHATTHH
e | THHATBTHH
| THHASTRQTHH
e | THHAS?OTHH
e | HTHASTTHH
lon | THHASTWTHH
e | THHASTSTHH
ol
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3.3 Stack Pointer (SP)

3.3.1 Configuration and function of stack pointer
Figure 3-3 shows the configuration and functions of the stack pointer.
The stack pointer consists of a 4-bit binary counter.
It specifies the address of an address stack register.
A value can be directly read from or written to the stack pointer by using a register manipulation instruction.

Figure 3-3. Configuration and Function of Stack Pointer

Name Flag symbol Address Read/Write
bs | bz | b1 | bo
Stack pointer PR 01H R/W
(SP) s s s s
P P P P
312110
\—|:1 Specifies address of address stack register (ASR)
0 0 0 0 | Address 0 (ASRO)
0 0 0 1 | Address 1 (ASR1)
0010 Address2 (ASR2)
0 0 1 1 | Address 3 (ASR3)
0 1 0 0 | Address 4 (ASR4)
0 1 0 1 | Address 5 (ASR5)
0110 Address6 (ASR6)
0 1 1 1 | Address 7 (ASR7)
1 0 0 0 | Address 8 (ASR8)
1 0 0 1 | Address 9 (ASR9)
110110 Address 10 (ASR10)
1 0 1 1 | Address 11 (ASR11)
1 1 0 0 | Address 12 (ASR12)
1 1 0 1 | Address 13 (ASR13)
11111 0| Address 14 (ASR14)
1 1 1 1 | Setting prohibited
_ | Power-ON reset 1010101
% WDT&SP reset 1 1 1 1
<CEreset 1111
Clock stop Retained

Power-ON reset : Reset by RESET pin up on power application
WDT&SP reset : Reset by watchdog timer and stack pointer
CE reset : CE reset

Clock stop : Upon execution of clock stop instruction
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3.4 Operation of Address Stack

3.4.1 Subroutine call instruction (“CALL addr”, “CALL @AR”) and return instruction (“RET”, “RETSK?”)
When a subroutine call instruction is executed, the value of the stack pointer is decremented by one, and
the return address is stored to an address stack register specified by the stack pointer.
When the return instruction is executed, the contents of the address stack register (return address) specified
by the stack pointer are restored to the program counter, and the value of the stack pointer is incremented by
one.

3.4.2 Table reference instruction (“MOVT DBF, @AR”)

When the table reference instruction is executed, the value of the stack pointer is incremented by one, and
the return address is stored to an address stack register specified by the stack pointer.

Next, the contents of the program memory specified by the address register are read to the data buffer, the
contents of the address stack register (return value) specified by the stack pointer are restored to the program
counter, and the value of the stack pointer is incremented by one.

3.4.3 When interrupt is accepted and on execution of return instruction (“RETI”)

When an interrupt is accepted, the value of the stack pointer is decremented by one, and the return address
is stored to an address stack register specified by the stack pointer.

When the return instruction is executed, the contents of an address stack register (return value) specified
by the stack pointer are restored to the program counter, and the value of the stack pointer is incremented by
one.

3.4.4 Address stack manipulation instruction (“PUSH AR”, “POP AR”)
When the “PUSH” instruction is executed, the value of the stack pointer is decremented by one, and the
contents of the address register are transferred to an address stack register specified by the stack pointer.
When the “POP” instruction is executed, the contents of an address stack register specified by the stack
pointer are transferred to the address register, and the value of the stack pointer is incremented by one.

3.4.5 System call instruction (“SYSCAL entry”) and return instruction (“RET”, “RETSK”)

When the “SYSCAL entry” instruction is executed, the value of the stack pointer is decremented by one, and
the return address and the value of the segment register are stored to an address stack register specified by
the stack pointer.

When the return instruction is executed, the contents of an address stack register (return value) specified
by the stack pointer are restored to the program counter and segment register, and the value of the stack pointer
is incremented by one.
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3.5 Cautions on Using Address Stack

3.5.1 Nesting level and operation on overflow
The value of address stack register (ASR15) is “undefined” when the value of the stack pointer is OFH.
Accordingly, if a subroutine call or system call exceeding 15 levels, or an interrupt is used without
manipulating the stack, execution returns to an “undefined” address.

3.5.2 Reset on detection of overflow or underflow of address stack

Whether the device is reset on detection of overflow or underflow of the address stack can be specified by
program. At reset, the program is started from address 0, and some control registers are initialized.

This reset function is valid at power-ON reset or reset by the RESET pin. For details, refer to 21. RESET.
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4. DATA MEMORY (RAM)
4.1 Outline of Data Memory

Figure 4-1 outlines the data memory.

As shown in the figure, system registers, a data buffer, port registers, and port input/output selection registers
are located on the data memory.

The data memory stores data, transfers data with the peripheral hardware or ports, and controls the CPU.

Figure 4-1. Outline of Data Memory (1/2)

(a) uPD17719

Peripheral hardware

Data transfer

Column address

o 1 2 83 4 5 6 7 8 9 A B C D E,F

0 : Data buffer
1
w 2
i
5 3 Data memory
©
©
z 4
c
5
6 BANKO ———
7 Port registers ‘ BANK1
Port registers ‘ BANK2
Port registers ‘ BANK3
Port registers ‘ BANK4
: BANK14
| ‘ BANK15Note
‘ ‘ System registers
Data transfer

Ports

Note Port input/output selection registers are allocated to addresses 60H through 6FH of BANK 15.
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Figure 4-1. Outline of Data Memory (2/2)

(b) uPD17717, 17718

Peripheral hardware

Data transfer

Column address

o 1 2 3 4 5 6 7 8 9 A B C D E,F

0 Data buffer
1
o 2
[%]
(0]
5 3 Data memory
©
(]
z 4
[e]
o
5
6 BANKO ———
7 Port registers ‘ BANK1
Port registers ‘ BANK2
Port registers ‘ BANK3
Port registers ‘ BANK4

: BANK9

BANK15Note

‘ System registers

Data transfer

Ports

Note Port input/output selection registers are allocated to addresses 60H through 6FH of BANK 15.

Cautions 1. The yPD17717 and 17718 do not have BANKs 10 through 14.
2. Nothing is allocated to addresses 00H through 5FH of BANK15.
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4.2 Configuration and Function of Data Memory

Figure 4-2 shows the configuration of the data memory.

As shown in this figure, the data memory is divided into several banks with each bank made up of a total of
128 nibbles with 7H row addresses and OFH column addresses.

The data memory can be divided into five functional blocks. Each block is described in 4.2.1 through 4.2.5
below.

The contents of the data memory can be operated on, compared, judged, and transferred in 4-bit units with
a single data memory manipulation instruction.

Table 4-1 lists the data memory manipulation instructions.

4.2.1 System registers (SYSREG)

The system registers are allocated to addresses 74H through 7FH.

Because the system registers are allocated to all banks, the same system registers exist at addresses 74H
through 7FH of any bank.

For details, refer to 5. SYSTEM REGISTER (SYSREG).

4.2.2 Data buffer (DBF)
The data buffer is allocated to addresses 0CH through OFH of BANK 0.
For details, refer to 9. DATA BUFFER (DBF).

4.2.3 Port registers
The port registers are allocated to addresses 70H through 73H of BANKs 0 through 3.
For details, refer to 11. GENERAL-PURPOSE PORTS.

4.2.4 Port input/output selection registers
Port input/output selection registers are allocated to addresses 60H through 6FH of BANK15.
For details, refer to 8.4 Port Input/Output Selection Register.

4.2.5 General-purpose data memory
The general-purpose data memory is allocated to the addresses of the data memory excluding those of the
system registers, port registers, and port input/output selection registers.

(a) uPD17719
The general-purpose data memory of the uPD17709 consists of a total of 1776 nibbles of the 112 nibbles
each of BANKs 0 through 15 (BANK15 only has 96 nibbles).

(b) uPD17717, 17718

The general-purpose data memory of the uPD17707 and 17708 consists of a total of 1120 nibbles of the
112 nibbles each of BANKs 0 through 9.
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Figure 4-2. Configuration of Data Memory (1/2)

(a) uPD17719

Column address

Column address
0123456789 AB D EF
0123456789ABCDEF C‘
0 0 Data buffer
@1 )
52 2
g 3 Data memory @
z 4 - 33 General registers
o5 8 ,
Ce BANKO S
7 BANK1 5
[ | BANK2
| . 6
' ] 7 |Port register
i BANK14 LA System registers (SYSREG)\°t |
| \ BANK15
|

System registers |

BANK1-BANK3
Column address
0123456789 ABCDTETF

Example 0
Address 51H ® 1
of BANK 0 @2
Lo S 3

bs bz b1 bo k>
oo = 4
€5
6
7

Port register ———
L TYS System registers (SYSREG)"*'*® |

BANK4-BANK14
Column address
0123456789 ABCDTETF

Row address

Fixed to O

System registers (SYSREG)" |

BANK15
Column address
012345678 9 ABCDETF

Row address
N O oA WOWN 2 O

Port input/output selection registers

Fixed to O T
‘ System registers (SYSREG)\°t |

Note An identical system register exists.
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Figure 4-2. Configuration of Data Memory (2/2)

(b) uPD17717, 17718

Column address
0123456789ABCDEF

—

0
@1
o2
T3 Data memory
S 4 .-
25
T 6 BANKO
7 \ BANK1
[ \ BANK2
: BANK9
L \ BANK15

[___System reqgisters__]

Example

Address 51H
of BANK 0

baibeibﬁbo

BANKO
Column address
0123456789 ABCDEF

Data buffer

General registers

Row address

Port register

“Syoten togters SvSREG)* ]

BANK1-BANK3
Column address
0123456789 ABCDETF

Row address

Port register| m——————————————
LBk System registers (SYSREG)"°t |

BANK4-BANK9
Column address
0123456789 ABCDEF

0
1
1]
g 2
§ 3
c§> 4
o 5
6
7| Fixedto0 | ————————————————
System registers (SYSREG)Nt® |
BANK15
Column address
0123456789 ABCDTETF
0
1
? 2
< Nothing is allocated
S 3
®
g 4
c 5
6 ‘ ‘ Port input/output selection registers ‘ ‘
7| Fixedto0 | —m—m————————————
Ql _ System registers (SYSREG)"°** |

Note An identical system register exists.

Cautions 1. The yPD17717 and 17718 do not have BANKs 10 through 14.
2. Nothing is allocated to addresses 00H through 5FH of BANK15.
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Table 4-1. Data Memory Manipulation Instructions

Function Instruction

Operation Add ADD
ADDC

Subtract SuB
SUBC

Logic AND
OR
XOR

Compare SKE

SKGE
SKLT
SKNE

Transfer MOV
LD
ST

Judge SKT
SKF

4.3 Data Memory Addressing

Figure 4-3 shows address specification of the data memory.

An address of the data memory is specified by a bank, row address, and column address.

A row address and a column address are directly specified by a data memory manipulation instruction.
However, a bank is specified by the contents of a bank register.

For the details of the bank register, refer to 5. SYSTEM REGISTER (SYSREG).

Figure 4-3. Address Specification of Data Memory

Bank Row address Column address
bs | b2 | bt | bo | b2 | b1 bo | bs | b2 | b1 bo
Data memory address
Bank register Instruc‘tion operand
\

40 Data Sheet U12330EJ2V0ODS



NEC uPD17717,17718, 17719

4.4 Cautions on Using Data Memory

4.4.1 At power-ON reset
The contents of the general-purpose data memory are “undefined” at power-ON reset.
Initialize the data memory as necessary.

4.4.2 Cautions on data memory not provided

If a data memory manipulation instruction that reads the data memory is executed to a data memory address
not provided, undefined data is read.

Nothing is changed even if data is written to such an address.
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5. SYSTEM REGISTERS (SYSREG)
5.1 Outline of System Registers

Figure 5-1 shows the location of the system registers on the data memory and their outline.

As shown in the figure, the system registers are allocated to addresses 74H through 7FH of all the banks
of the data memory. Therefore, identical system registers exist at addresses 74H through 7FH of any bank.

Because the system registers are located on the data memory, they can be manipulated by all data memory
manipulation instructions.

Seven types of system registers are available depending on function.

Figure 5-1. Location and Outline of System Registers on Data Memory

Column address

0
1
2
[9]
o
£ 3 Data memory
K
z 4 R
i
5
6 BANKO
7 ‘ BANK1
BANK2

BANK14

| ‘ BANK15

‘ System register

Remark The uPD17717 and 17718 do not have BANKs 10 through 14.

Address | 74H ‘ 75H ‘ 76H ‘ 77H 78H 79H 7AH ‘ 7BH ‘ 7CH 7DH ‘ 7EH ‘ 7FH
Name Address register Window | Bank Index register General register | Program
(AR) register | register (IX) pointer (RP) status
(WR) (BANK) | Data memory row word
address pointer (MP) (PSWORD)
Function| Controls program memory address | Transfers | Specifies | Modifies address of data memory | Specifies Controls
data with | bank of address of operation
register | data general register
file memory
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5.2 System Register List
Figure 5-2 shows the configurations of the system registers.

Figure 5-2. Configuration of System Registers

Address | 74H ‘ 75H ‘ 76H ‘ 77H ‘ 78H ‘ 79H ‘ 7AH ‘ 7BH ‘ 7CH ‘ 7DH ‘ 7EH ‘ 7FH

Name System registers
Address register Window | Bank Index register General register |Program
(AR) register | register (IX) pointer (RP) status word
(WR) (BANK) |Data memory row (PSWORD)
address pointer (MP)
Symbol | AR3 AR2 AR1 ARO WR BANK IXH IXM IXL RPH RPL PSW
MPH MPL
Bit  |bajbz|b1|bolbs|bz|b1|bolbs|bz|b1|bo(bs|bz|b1|bolbs|bz|b1|bo|bs|bz|b1|bolbs|bz|b1|bolbs|bz|b1[bo|bs|bz|b1|bolba|bz|b1|bobs|bz|b1{bo ba|bz|b1|bo

Data |\ v b | e M ] Bjeiciz
o e e @R |
e e PO | e =M X
T O O (7 O O A U U A IR O
e e e R R =
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5.3 Address Register (AR)

5.3.1 Configuration of address register
Figure 5-3 shows the configuration of the address register.

As shown in the figure, the address register consists of 16 bits of system register addresses 74H through

77H (AR3 through ARO).

Figure 5-3. Configuration of Address Register

Address 74H 75H 76H 77H
Name Address register (AR)
Symbol AR3 AR2 AR1 ARO
Bit bs | b2 | bt | bo| bs| b2 | b1 | bo| bs| b2 | bt | bo| ba| b2 | bt | bo
oala [~ 0 [ D[ e
Moo Lo A o L
s s
. | Power-ON reset 0 0 0 0
% WDT&SP reset 0 0 0 0
= CE reset 0 0 0 0
Clock stop Retained Retained Retained Retained

44

Power-ON reset : Reset by RESET pin on power application

WDT&SP reset : Reset by watchdog timer and stack pointer

CE reset
Clock stop

: CE reset

: On execution of clock stop instruction
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5.3.2 Function of address register

The address register specifies a program memory address when the table reference instruction (“MOVT DBF,
@AR?”), stack manipulation instruction (“PUSH AR”, “POP AR”), indirect branch instruction (“BR @AR?”), or
indirect subroutine call instruction (“CALL @AR”) is executed.

A dedicated instruction (“INC AR”) is available that can increment the contents of the address instruction by

one.

The following paragraphs (1) through (5) describe the operation of the address register when the respective
instructions are executed.

(1)

(2)

(3)

4

()

Table reference instruction (“MOVT DBF, @AR”)

When the table reference instruction is executed, the constant data (16 bits) of a program memory
address specified by the contents of the address register are read to the data buffer.

The constant data that can be specified by the address register is stored to address 0000H to 2FFFH
in the case of the uPD17717, and address 0000H to 3FFFH in the case of the uyPD17718 and 17719.

Stack manipulation instruction (“PUSH AR”, “POP AR”)

When the “PUSH AR” instruction is executed, the value of the stack pointer is decremented by one, and
the contents of the address register (AR) are transferred to an address stack register specified by the
stack pointer whose value has been decremented by one.

When the “POP AR” instruction is executed, the contents of an address stack register specified by the
stack pointer are transferred to the address register, and the value of the stack pointer is incremented
by one.

Indirect branch instruction (“BR @AR”)

When this instruction is executed, the program branches to a program memory address specified by the
contents of the address register.

The branch address that can be specified by the address register is 0000H to 2FFFH in the case of the
uPD17717, and 0000H to 3FFFH in the case of the uPD17718 and 17719.

Indirect subroutine call instruction (“CALL @AR”)

The subroutine at a program memory address specified by the contents of the address register can be
called.

The first address of the subroutine that can be specified by the address register is 0000H to 2FFFH in
the case of the uPD17717, and 0000H to 3FFFH in the case of the uPD17718 and 17719.

Address register increment instruction (“INC AR”)
This instruction increments the contents of the address register by one.

5.3.3 Address register and data buffer
The address register can transfer data as part of the peripheral hardware via the data buffer.
For details, refer to 9. DATA BUFFER (DBF).

5.3.4 Cautions on Using Address Register
Because the address register is configured in 16 bits, it can specify an address up to FFFFH.

However, the program memory exists at addresses 0000H through 2FFFH in the case of the uyPD17717 and
addresses 0000H through 3FFFH in the case of the uPD17718 and 17719.

Therefore, the maximum value that can be set to the address register of the uPD17717 is address 2FFFH.
In the case of the uPD17718 and 17719, it is address 3FFFH.
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5.4 Window Register (WR)
5.4.1 Configuration of window register
Figure 5-4 shows the configuration of the window register.

As shown in the figure, the window register consists of 4 bits of system register address 78H (WR).

Figure 5-4. Configuration of Window Register

Address 78H
Name Window register
(WR)
Symbol WR
Bit bs | b2 | b1 | bo
Data o~ : o~
M i 3 3 L
B | B
. |Power-ON reset Undefined
g WDT&SP reset Retained
< CE reset
Clock stop

5.4.2 Function of window register

The window register is used to transfer data with the register file (RF) to be described later.

Data transfer between the window register and register file is manipulated by using dedicated instructions
“PEEK WR, rf” and “POKE, rf WR” (rf: address of register file).

The following paragraphs (1) and (2) describe the operation of the window register when these instructions
are executed.

For further information, also refer to 8. REGISTER FILE (RF).

(1) “PEEK WR, rf” instruction
When this instruction is executed, the contents of the register file addressed by “rf” are transferred to
the window register.

(2) “POKE rf, WR” instruction

When this instruction is executed, the contents of the window register are transferred to the register file
addressed by “rf”.
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5.5 Bank Register (BANK)
5.5.1 Configuration of bank register
Figure 5-5 shows the configuration of the bank register.

As shown in the figure, the bank register consists of 4 bits of system register address 79H (BANK).

Figure 5-5. Configuration of Bank Register

Address 79H
Name Bank register
(BANK)
Symbol BANK
Bit bs | b2 | b1 | bo
Data R/I\ /I_\
B | . B
% Power-ON reset 0
§ WDT&SP reset 0
= CE reset 0
Clock stop Retained

5.5.2 Function of bank register

The bank register specifies a bank of the data memory.

Table 5-1 shows the relationships between the value of the bank register and a bank of the data memory that
is specified.

Because the bank register is one of the system registers, its contents can be rewritten regardless of the bank
currently specified.

When manipulating a bank register, therefore, the status of the bank at that time is irrelevant.

Table 5-1. Data Memory Bank Specification

Bank Register Bank of Data Bank Register Bank of Data
(BANK) Memory (BANK) Memory
bs‘bz‘b1‘bo bs‘bz‘m‘bo
0100 0 BANKO 11010 0 |BANKS
01010 1 BANKI 11010 1 |BANK9
010,10 |BANK2 17011 0 |BANK1Q\
0101 1]|BANK3 1701 1|BANKINet
01100 BANK4 111101 0 |BANK12We
011101 1 |BANK5 111101 1| BANK1gNe
0111110 BANKS 1011110 | BANK14Nt
011! 1! 1|BANK7 11111!1|BANKI5

Note Do not set BANKs 10 through 14 in the uPD17717 and 17718 because these banks are not provided.

Caution The areato which the data memory is allocated differs depending on the model. For details,
refer to Figure 4-2 Configuration of Data Memory.
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5.6 Index Register (IX) and Data Memory Row Address Pointer (MP: memory pointer)

5.6.1 Configuration of index register and data memory row address pointer

Figure 5-6 shows the configuration of the index register and data memory row address pointer.

As shown in the figure, the index register consists of an index register (IX) made up of 11 bits (the low-order
3 bits (IXH) of system register address 7AH, and 7BH and 7CH (IXM, IXL)) and an index enable flag (IXE) at
the lowest bit position of 7FH (PSW).

The data memory row address pointer (memory pointer) consists of a data memory row address pointer (MP)
that is made up of 7 bits of the low-order 3 bits of 7AH (MPH) and 7BH (MPL), and a data memory row address
pointer enable flag (memory pointer enable flag: MPE) at the lowest bit position of 7AH (MPH).

In other words, the high-order 7 bits of the index register are shared with the data memory row address pointer

Figure 5-6. Configuration of Index Register and Data Memory Row Address Pointer

Address 7AH 7BH 7CH 7EH 7FH
Name Index register (I1X) Program status word
"~ Memorypointer (MP) | (PSWORD)
Symbol IXH : IXM IXL PSW
”””” MPH |  MPL |
Bit ba | b2 | b1 | bo| bs| b2 | b1 | bo| ba| b2 | bt | bo| ba| ba| b1 | bo| bs| b2| b1 | bo
Data N o i~ o
My M Lo o b A oo |
T X T SR SR
M TR T O S R R
B o oiB o o
- pwe ] R R
= Power-ON reset 0 0 0 : 0
| WDTasP reset 0 0 0 0
= CE reset 0 0 0 10
Clock stop Retained Retained Retained l R
R: retained
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5.6.2 Functions of index register and data memory row address pointer
The index register and data memory row address pointer modify the addresses of the data memory.

The following paragraphs (1) and (2) describe their functions.
A dedicated instruction (“INC 1X”) that increments the value of the index register by one is available.
For the details of address modification, refer to 7. ALU (Arithmetic Logic Unit) BLOCK.

(1)

(2

(3

Index register (IX)

When a data memory manipulation instruction is executed, the data memory address is modified by the
contents of the index register.

This modification, however, is valid only when the IXE flag is set to 1.

To modify the address, the bank, row address, and column address of the data memory are ORed with
the contents of the index register, and the instruction is executed to a data memory address (called real
address) specified by the result of this OR operation.

All data memory manipulation instructions are subject to address modification by the index register.
The following instructions, however, are not subject to address modification by the index register.

INC AR RORC r
INX IX CALL addr
MOVT DBF, @AR CALL @AR
PUSH AR RET

POP AR RETSK
PEEK  WR,rf RETI

POKE rf,WR El

GET DBF,p DI

PUT p, DBF STOP s

BR addr HALT h

BR @AR NOP

Data memory row address pointer (MP)

When the general register indirect transfer instruction (“MOV @r,m” or “MOV m,@r”) is executed, the
indirect transfer destination address is modified.

This modification, however, is valid only when the MPE flag is set to 1.

To modify the address, the bank and row address at the indirect transfer destination are replaced by the
contents of the data memory row address pointer.

Instructions other than the general register indirect transfer instruction are not subject to address
modification.

Index register increment instruction (“INC 1X”)

This instruction increments the contents of the index register by one.

Because the index register is configured of 10 bits, its contents are incremented to “000H” if the “INC
IX” instruction is executed when the contents of the index register are “3FFH”.
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5.7 General Register Pointer (RP)

5.7.1 Configuration of General Register Pointer
Figure 5-7 shows the configuration of the general register pointer.

50

As shown in the figure, the general register pointer consists of 7 bits including 4 bits of system register address
7DH (RPH) and the high-order 3 bits of address 7EH (RPL).

Figure 5-7. Configuration of General Register Pointer

Address 7DH 7EH
Name General register pointer
(RP)
Symbol RPH RPL
Bit bs | b2 | b1 | bo| bs| b2| b1 | bo
Data |~ | RN
My S
s s
B ~ iBiD
_ | Power-ON reset 0 0
% WDT&SP reset 0 0
% CE reset 0 0
Clock stop Retained Retained

Data Sheet U12330EJ2V0ODS



NEC uPD17717,17718, 17719

5.7.2 Function of general register pointer

The general register pointer specifies a general register on the data memory.

Figure 5-8 shows the addresses of the general registers specified by the general register pointer.

As shown in the figure, a bank is specified by the high-order 4 bits (RPH: address 7DH) of the general register
pointer, and a row address is specified by the low-order 3 bits (RPL: address 7EH).

Because the valid number of bits of the general register pointer is 7, all the row addresses (OH through 7FH)
of all the banks can be specified as general registers.

For the details of the operation of the general register, refer to 6. GENERAL REGISTER (GR).

Figure 5-8. Address of General Register Specified by General Register Pointer

General register pointer

(RP)

bs | b2 | b1 | bo| bs | bz2| bi]| b

S

Mo T8
S 18 ¢
B, , :B:D
C T T T 1 \
Specifies row address of each bank
Specifies bank
Bank Row address
0:0/0{0/0/0:0] OH
0/0/0{0/0/0:1] 1H
o§o§0§0§0§1§o§ BANKO 2H
oioioioioiﬂﬂ 3H
BRI
1111100 4H
1111101 BANK15 5H
o
BRERERERERERE 7H

Remark The uPD17717 and 17718 do not have BANKs 10 through 14.

Caution The area to which the data memory is allocated differs depending on the model. For details,
refer to Figure 4-2 Configuration of Data Memory.

5.7.3 Cautions on using general register pointer

The lowest bit of address 7EH (RPL) of the general register pointer is allocated as the BCD flag of the program
status word.

When rewriting RPL, therefore, pay attention to the value of the BCD flag.
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5.8 Program Status Word (PSWORD)

5.8.1 Configuration of program status word

Figure 5-9 shows the configuration of the program status word.

As shown in the figure, th program status word consists of a total of 5 bits including the lowest bit of system
register address 7EH (RPL) and 4 bits of address 7FH (PSW).

Each bit of the program status word has its own function. The 5 bits of the program status word are BCD
flag (BCD), compare flag (CMP), carry flag (CY), zero flag (Z), and index enable flag (IXE).

Figure 5-9. Configuration of Program Status Word

Address 7EH 7FH
Name Program status word
(PSWORD)
Symbol RPL PSW
Bit bs | b2 | bt | bo| bs| b2| bi| bo
Data 1 iB|CiCizZ!
L delmivyl ix
i oqpPl o E
| Power-ON reset 0 0
% WDT&SP reset 0 0
< |CE reset 0 0
Clock stop Retained Retained

52 Data Sheet U12330EJ2VODS



NEC uPD17717,17718, 17719

5.8.2 Function of program status word

The program status word is a register that sets the conditions under which the ALU (Arithmetic Logic Unit)
executes an operation or data transfer, or indicates the result of an operation.

Table 5-2 outlines the function of each flag of the program status word.

For details, refer to 7. ALU (Arithmetic Logic Unit) BLOCK.

Table 5-2. Outline of Function of Each Flag of Program Status Word

(RP) Program Status
Word (PSWORD)

RPL PSW

bs | b2 | b1 | bo | bs | b2 | b1 | bo

1 iBlcicizo
S oicmivioix
Flag Name Function
Index enable flag Modifies address of data memory when data memory
(IXE) manipulation instruction is exeuted.

0 : Does not modify

1 : Modifies
Zero flag Indicates result of arithmetic operation is zero.
(2) Status of this flag differs depending on contents of compare
flag.
Carry flag Indicates occurrence of carry or borrow as result of execution
(CY) of addition or subtraction instruction.

This flag is reset to 0 if no carry or borrow occurs.
Itis set to 1 if carry or borrow occurs.
This flag is also used as shift bit of “RORC r” instruction.

Compare flag Indicates whether result of arithmetic operation is stored to
(CMP) data memory or general register.
0 : Stores result.

1 : Does not store result.

BCD flag Indicates whether arithmetic operation is performed in decimal
(BCD) or binary.

0 : Binary operation

1 : Decimla operation

5.8.3 Cautions on using program status word

When an arithmetic operation (addition or subtraction) is executed to the program status word, the “result”
of the arithmetic operation is stored.

For example, even if an operation that generates a carry is executed, if the result of the operation is 0000B,
0000B is stored to the PSW.
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6. GENERAL REGISTER (GR)
6.1 Outline of General Register

Figure 6-1 outlines the general register.
As shown in the figure, the general register is specified in the data memory by the general register pointer.

The bank and row address of the general register are specified by the general register pointer.
The general register is used to transfer or operate data between data memory addresses.

Figure 6-1. Outline of General Register

Column address

Data memory

2

General register | £ General register | .
ointer ]

P K] Transfer, operation

3 )

o G

BANKO
‘ BANK1
BANK2

! BANK14

‘ BANK15

Q ‘ System register

Remark The uPD17717 and 17718 do not have BANKs 10 through 14.

6.2 General Register

The general register consists of 16 nibbles (16 x 4 bis) of the same row address on the data memory.
Forthe range of the banks and row addresses that can be specified by the general register pointer as a general

register, refer to 5.7 General Register Pointer (RP).
The 16 nibbles of the same row address specified as a general register operate or transfer data with the data

memory by a single instruction.
In other words, operation or data transfer between data memory addresses can be executed by a single

instruction.
The general register can be controlled by the data memory manipulation instruction, like the other data

memory areas.
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6.3 Generating Address of General Register by Each Instruction

The following sections 6.3.1 and 6.3.2 explain how the address of the general register is generated when each
instruction is executed.
For the details of the operation of each instruction, refer to 7. ALU (Arithmetic Logic Unit) BLOCK.

6.3.1 Add (“ADD r, m”, “ADDC r, m”) ,
subtract (“SUB r, m”, “SUBC r, m”) ,
logical operation (“AND r, m”, “OR r, m”, “XOR r, m”),
direct transfer (“LD r, m”, “ST m, r”), and
rotation (“RORC r”) instructions
Table 6-1 shows the address of the general register specified by operand “r” of an instruction. Operand “r”
of an instruction specifies only a column address.

Table 6-1. Generating Address of General Register

Bank Row address Column address
bs | b2 | b1 bo | b2 | b1 bo | bs | b2 | b1 bo
General register address . .
Contents of general register pointer r
|

6.3.2 Indirect transfer (“MOV @r, m”, “MOV m, @r”) instruction
Table 6-2 shows a general register address specified by instruction operand “r’ and an indirect transfer
address specified by “@r”.

Table 6-2. Generating Address of General Register

Bank Row address Column address
bs | b2 | bt | bo | b2 | bi | bo | bs | b2 | b1 | bo
General register address
Contents of general register pointer r
Indirect transfer address
Same as data‘memory Contents of “r’
|

6.4 Cautions on Using General Register

6.4.1 Row address of general register
Because the row address of the general register is specified by the general register pointer, the currently
specified bank may differ from the bank of the general register.

6.4.2 Operation between general register and immediate data
No instruction is available that executes an operation between the general register and immediate data.
To execute an operation between the general register and immediate data, the general register must be
treated as a data memory area.
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7. ALU (Arithmetic Logic Unit) BLOCK
7.1 Outline of ALU Block

Figure 7-1 outlines the ALU block.

As shown in the figure, the ALU block consists of an ALU, temporary registers A and B, program status word,
decimal adjustment circuit, and memory address control circuit.

The ALU operates on, judges, compares, rotates, and transfers 4-bit data in the data memory.

Figure 7-1. Outline of ALU Block

Data bus
| @ ‘ ‘ ‘ ‘ @ |
Address Temporary | | Temporary Program status word
control register A register B

Carry/borrow/zero
detection/decimal/storage
specification

Index modification
memory pointer

ALU
* Arithmetic operation
* Logical operation
> * Bit judgment
¢ Comparison
* Rotation
Data memory * Transfer

Decimal adjustment
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7.2 Configuration and Function of Each Block

7.2.1 ALU
The ALU performs arithmetic operation, logical operation, bit judgment, comparison, rotation, and transfer
of 4-bit data according to instructions specified by the program.

7.2.2 Temporay registers A and B
Temporary registers A and B temporarily store 4-bit data.
These registers are automatically used when an instruction is executed, and cannot be controlled by program.

7.2.3 Program status word
The program status word controls the operation of and stores the status of the ALU.
For further information on the program status word, also refer to 5.8 Program Status Word (PSWORD).

7.2.4 Decimal adjustment circuit
The decimal adjustment circuit converts the result of an arithmetic operation into a decimal number if the BCD
flag of the program status word is set to “1” during arthmetic operations.

7.2.5 Address control circuit

The address control circuit specifies an address of the data memory.

At this time, address modification by the index register and data memory row address pointer is also
controlled.

7.3 ALU Processing Instruction List
Table 7-1 lists the ALU operations when each instruction is executed.
Table 7-2 shows how data memory addresses are modified by the index register and data memory row

address pointer.
Table 7-3 shows decimal adjustment data when a decimal operation is performed.
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Table 7-1. List of ALU Processing Instruction Operations

ALU Instruction Difference in Operation Depending on Program Status Word (PSWORD) Address Modification
Function Value of | Value of Operation Operation of Operation of Z flag Index | Memory
BCD flag | CMP flag CY flag pointer
Add ADD |r,m 0o 1 0 Stores result of Set if carry or Set if result of operation Modifies | Does not
m, #n4 : binary operation borrow occurs; |is 0000B; otherwise, reset modify
ADDC |r, m 0 : 1 Does not store result | otherwise, reset | Retains status if result of operation
m, #n4 : of binary operation is 0000B; otherwise, reset
Subtract [SUB [r, m 1 : 0 Stores result of Set if result of operation
m, #n4 : decimal operation is 0000B; otherwise, reset
SUBC |r, m 1 ; 1 Does not store result Retains status if result of operation
m, #n4 : of decimal operation is 0000B; otherwise, reset
Logical |OR r,m Don't care;Don’t care | Not affected Retains previous | Retains previous status Modifies | Does not
operation m, #n4 (retained):(retained) status modify
AND |[r,m :
m, #n4 :
XOR [r,m i
m, #n4 :
Judge |SKT m, #n |[Don't care:Don’t care| Not affected Retains previous| Retains previous status Modifies | Does not
SKF  m, #n (retained): (reset) status modify
Compare | SKE ~ m, #n4 |Don't care:Don’t care| Not affected Retains previous | Retains previous status Modifies | Does not
SKNE m, #n4 (retained):(retained) status modify
SKGE m, #n4 :
SKLT m, #n4 :
Transfer | LD r, m Don’t care:Don’t care | Not affected Retains previous | Retains previous status Modifies | Does not
ST m, r (retained):(retained) status modify
MOV |m, #n4 :
@r, m : Modifies
m, @r !
Rotate |RORC r Don't care|Don’t care| Not affected Value of bo of Retains previous status Does not | Does not
(retained) |(retained) general register modify | modify
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Table 7-2. Modification of Data Memory Address and Indirect Transfer Address by Index
Register and Data Memory Row Address Pointer

IXE |MPE| General Register Address Specified by “r’ | Data Memory Address Specified by “m” | Indirect Transfer Address Specified by “@r”
Bank ; Row ; Column Bank ; Row ; Column Bank ; Row ; Column
' address | address ! address | address ! address | address
bs| b2 |b1|bo|b2|b1|bo|bs|bz|bi|bo|bs|bz|b1|bo|bz|bt|bo|bs|bz|bi|bo|bs|bz|bt|bo|bz|bi|bo|bs|b2]|bi|bo
oo | | | | | |
RP ! } r BANK ! 'm BANK ' mmr )
0| 1 | | | | | |
| ditto Poditto MP: } (n
1]o0 3 3 BANK | 'm BANK | ma |
L ditto ! Logical OR Logical OR
! : CoIX IXH, IXM G
1| | | | | | |
L ditto L ditto MP! } )
BANK : bank register
IX . index register
IXE : index enable flag
IXH : bits 10 through 8 of index register
IXM : bits 7 through 4 of index register
IXL : bits 3 through 0 of index register
m : data memory address indicated by mr, mc
mr  : data memory row address (high-order)
mc : data memory column address (low-order)
MP : data memory row address pointer
MPE : memory pointer enable flag
r : general register column address
RP : general register pointer
(X) : contents addressed by X

X: direct address such as “m” and “r”
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Table 7-3. Decimal Adjustment Data

Operation | Hexadecimal Addition Decimal Addition Operation | Hexadecimal Addition Decimal Addition
Result CY | Operation result | CY | Operation result Result CY | Operation result | CY | Operation result
0 0 0000B 0 0000B 0 0 0000B 0 0000B
1 0 0001B 0 0001B 1 0 0001B 0 0001B
2 0 0010B 0 0010B 2 0 0010B 0 0010B
3 0 0011B 0 0011B 3 0 0011B 0 0011B
4 0 0100B 0 0100B 4 0 0100B 0 0100B
5 0 0101B 0 0101B 5 0 0101B 0 0101B
6 0 0110B 0 0110B 6 0 0110B 0 0110B
7 0 0111B 0 0111B 7 0 0111B 0 0111B
8 0 1000B 0 1000B 8 0 1000B 0 1000B
9 0 1001B 0 1001B 9 0 1001B 0 1001B
10 0 1010B 1 0000B 10 0 1010B 1 1100B
11 0 1011B 1 0001B 11 0 1011B 1 1101B
12 0 1100B 1 0010B 12 0 1100B 1 1110B
13 0 1101B 1 0011B 13 0 1101B 1 1111B
14 0 1110B 1 0100B 14 0 1110B 1 1100B
15 0 1111B 1 0101B 15 0 1111B 1 1101B
16 1 0000B 1 0110B -16 1 0000B 1 1110B
17 1 0001B 1 0111B -15 1 0001B 1 1111B
18 1 0010B 1 1000B -14 1 0010B 1 1100B
19 1 0011B 1 1001B -13 1 0011B 1 1101B
20 1 0100B 1 1110B -12 1 0100B 1 1110B
21 1 0101B 1 1111B -11 1 0101B 1 1111B
22 1 0110B 1 1100B -10 1 0110B 1 0000B
23 1 0111B 1 1101B -9 1 0111B 1 0001B
24 1 1000B 1 1110B -8 1 1000B 1 0010B
25 1 1001B 1 1111B -7 1 1001B 1 0011B
26 1 1010B 1 1100B —6 1 1010B 1 0100B
27 1 1011B 1 1101B -5 1 1011B 1 0101B
28 1 1100B 1 1010B —4 1 1100B 1 0110B
29 1 1101B 1 1011B -3 1 1101B 1 0111B
30 1 1110B 1 1100B -2 1 1110B 1 1000B
31 1 1111B 1 1101B -1 1 1111B 1 1001B

Remark Decimal adjustment is not correctly carried out in the shaded area in the above table.
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7.4 Cautions on Using ALU

7.4.1 Cautions on execution operation to program status word

If an arithmetic operation is executed to the program status word, the result of the operation is stored to the
program status word.

The CY and Z flags in the program status word are usually set or reset by the result of the arithmetic operation.
If an arithmetic operation is executed to the program status word itself, the result of the operation is stored to
the program status word, and consequently, it cannot be judged whether a carry or borrow occurs or whether
the result of the operation is zero.

Ifthe CMP flag is set, however, the result of the operation is not stored to the program status word. Therefore,
the CY and Z flags are set or reset normally.

7.4.2 Cautions on executing decimal operation
The decimal operation can be executed only when the result of the operation falls within the following ranges:

(1) Result of addition : 0 to 19 in decimal
(2) Result of subtraction: 0 to 9 or —10 to —1 in decimal

If a decimal operation is executed exceeding or falling below the above ranges, the result is a value greater
than 1010B (OAH).
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8. REGISTER FILE (RF)

8.1 Outline of Register File

Figure 8-1 outlines the register file.
As shown in the figure, the rgister file consists of the control registers existing on a space different from the
data memory, and a portion overlapping the data memory.

The control registers set conditions of the peripheral hardware units.
The data on the register file can be read or written via window register.

62

Row address

Figure 8-1. Outline of Register File

Register file

Control register

(Same space as data memory)
Data manipulation via window register

(on separate space from data memory)

Peripheral hardware

System register

Window register
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8.2 Configuration and Function of Register File

Figure 8-2 shows the configuration of the register file and the relationships between the register file and data
memory.

The register file is assigned addresses in 4-bit units, like the data memory, and consists of a total of 128
nibbles with row addresses OH through 7FH and column addresses OH through OFH.

Addresses 00H through 3FH are control registers that sets the conditions of the peripheral hardware units.

Addresses 40H through 7FH overlap the data memory.

In other words, addresses 40H through 7FH of the register file are addresses 40H through 7FH of the
currently-selected bank of data memory.

Because addresses 40H through 7FH of the register file overlap the same addresses of the data memory,
these addresses of the register file can be manipulated in the same manner as the data memory, except that
the addresses of the register file can also be manipulated by using register file manipulation instructions (“PEEK
WR, rf” and “POKE rf, WR”). Note, however, that addresses 60H through 6FH of BANK15 are assigned port
input/output selection registers (for details refer to 8.4 Port Input/Output Selection Registers).

Figure 8-2. Configuration of Register File and Relationship with Data Memory

Column address

01 2 3 4 5 6 7 8 9 A B C D E F

0
1
g 2
g 2 Datamemory |
: ¢ R
T 5
6 BANKO
7 \ BANK1
| \ BANK2 |

| BANK14 I R
4 BANK15
Port input/output selection registers

; ‘ System registers

Control registers

w N = O

Remark The uPD17717 and 17718 do not have BANKs 10 through 14.
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8.2.1 Register file manipulation instructions (“PEEK WR, rf”’, “POKE rf, WR”)
Data is read from or written to the register file via the window register of the system registers, by using the

following instructions.

(M

(2

“PEEK WR, rf”
Reads data of the register file addressed by “rf” to the window register.

“POKE rf, WR”
Writes the data of the window register to the register file addressed by “rf”.

8.3 Control Registers

Figure 8-3 shows the configuration of the control registers.
As shown in the figure, the control registers consist of a total of 64 nibbles (64 x 4 bits) of addresses 00H

through 3FH of the register file.
Of these 64 nibbles, however, only 53 nibbles are actually used. The remaining 11 nibbles are unused
registers and prohibited from being written or read.

Each control register has an attribute of 1 nibble that identifies four types of registers: read/write (R/W), read-
only (R), write-only (W), and read-and-reset (R&Reset) registers.
Nothing is changed even if data is written to a read-only (R and R&Reset) register.

An

“undefined” value is read if a write-only (W) register is read.

Among the 4-bit data in 1 nibble, the bit fixed to “0” is always “0” when it is read, and is also “0” when it is
written.

The 11 nibbles of unused registers are undefined when their contents are read, and nothing changes even

when they are written.

Table 8-1 lists the peripheral hardware control functions of the control registers.
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NEC

Figure 8-3. Configuration of Control Registers (1/2)
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( ) indicates an address that is used when the assembler is used.

Note
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Figure 8-3. Configuration of Control Register (2/2)
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Table 8-1. Peripheral Hardware Control Functions of Control Registers (1/8)

Peripheral Control Register Peripheral Hardware Control Function At Reset Clock
Hardware Name Address|Read/ | bs Function Set value Power-| WDT | CE | Stop
Write g? Symbol ON | & SP | reset
bo 0 1 reset | reset
Stack Stack pointer 01H |[R/W | (SP3) F F F  |Retained
(SP2)
(SP1)
(SP0)
Interrupt stack | 08H |R 0 Fixed to “0” 5 5 5  |Retained
pointer of (SYSRSP2)
system register (SYSRSP1)
(SYSRSPO)
Data buffer 04H |R 0 Fixed to “0” 0 0 0  |Retained
stack pointer 0
(DBFSP1) | Detects nesting level 0 0 1 1
————— Level 0 Level 1 Level2 Level3
(DBFSPO0) | of data buffer stack 0 1 0 1
Stack overflow/ | 05H [R/W |0 Fixed to “0” 3 |Retained |Retained |Retained
underflow reset 0
selection ISPRES Selects interrupt stack Reset Reset valid
overflow/underflow reset prohibited
(can be set only once
following power application)
ASPRES | Selects address stack
overflow/underflow reset
(can be set only once
following power application)
Watchdog| Watchdog timer | 02H [R/W |0 Fixed to “0” 3 |Retained|Retained |Retained
timer clock selection 0
WoTok1  [seemcorvams s [l P s
WDTCKO | set only once following power application) gsed instruction prohibited i1nstruction
Watchdog timer| 03H |W & [WDTRES | Resets watchdog timer counter Invalid Reset if written U
counter reset Reset | 0 Fixed to “0”
0
0
WDT&SP reset | 16H |[R& |0 Fixed to “0” 0 1 |Retained |Retained
status detection Reset | 0
0
WDTCY Detects resetting of watchdog No reset | Reset request
timer/stack pointer request
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Table 8-1. Peripheral Hardware Control Functions of Control Registers (2/8)

Peripheral Control Register Peripheral Hardware Control Function At Reset Clock
Hardware Name Address|Read/ | bs Function Set value Power-| WDT | CE | Stop
Write g? Symbol ON | & SP | reset
bo 0 1 reset | reset
CE CE reset timer | 06H |R/W |CECNT3 Sets number of CE reset timer |0: Setting prohibited ~ 1: 1 count 1 |Retained|Retained| 1
cary courler CECNT2 | cary couns  somn 6coms 7.7 coms
ceont e
CECNTO E: 14 counts F: 15 coounts
MOVT bit 07H [R/W |0 Fixed to “0” 0 0 0  |Retained
selection 0
WOVTSEL | see sty s s 0, e~ 1]
MOVTSELO | to DBFY, 0 during 8-t transfer pansfer &0t ransfer &bt ranstr
Serial Serial 1/02 0AH |R/W |SIO2CLC | Controls POA2/SCL pin level Not affected [High impedance| 0 0 0 0
interface | interrupt timing (I2C bus mode)
specification SIO2WREL | Releases wait Wait released status | Releases wait
register 1 SIO2WAT1 | Controls wait and interrupt 0, 1: Issues at rising of 8th clock
_SIZ)Q\?VATI'O_ request issuance (10 and 11 | 2: Issues at rising of 8th clock and waits
are set in 12C bus mode) 3: Issues at rising of 9th clock and waits
Serial 1/02 0BH [R 0 Fixed to “0” 0 0 0 0
interrupt timing SI02CLD | Detects POA2/SCL pin level Low level High level
specification R/W | SI02SIC Selects interrupt source Only on completion | On completion of
register 0 of transmission | transmission or on
detection of bus
release signal
SIO2SVAM | Selects bit of SIO2SVA used Bits 0-7 Bits 1-7
Serial 1/02 SBI | OCH |R S102CMDD | Detects command signal Does not detect Detects 0 0 0 0
register 1 SIO2RELD | Detects bus release signal Does not detect Detects
R/W | SIO2CMDT | Controls trigger output of command Automatically | Clears SO2 latch
signal cleared after | after clearing flag
SIO2RELT | Controls trigger output of bus release setting flag i S;ts;OZ_Iat;h ]
signal after setting flag
Serial 1/02 SBI | ODH | R/W | SIO2BSYE | Controls sync busy signal output | Disables output | Enables output | 0 0 0 0
register 0 R SI02ACKD | Detects acknowledge signal Does not detect Detects
R/W | SIO2ACKE | Controls acknowledge signal output | Disables automatic| Enables automatic
output output
SIO2ACKT | Controls trigger output of Does not output | Output immediately
acknowledge signal acknowledge after set
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Table 8-1. Peripheral Hardware Control Functions of Control Registers (3/8)

Peripheral Control Register Peripheral Hardware Control Function At Reset Clock
Hardware Name Address|Read/ | bs Function Set value Power-| WDT | CE | Stop
Write g? Symbol ON | & SP | reset
bo 0 1 reset | reset
Serial Serial 1/02 OEH |R/W |SIO2WUP | Controls wake-up function Disables Enables 0 0 0 0
interface | operation mode _SI_OZ_M[_)Z_ -S;ts_ o;er::lti?)n_m;d; o? s;ri;I osvieseiaio |
————— 1: SBI (SB1 pin) 2: SBI (SBO pin)
register 1 SIO2MD1  |interface 2 3: 9-wire serial 1/0 or 12C bus
SI02MDO | Sets direction of shiftclock | Slave | Master |
(external clock) | (internal clock)
Serial 1/02 OFH | R/W [ SIO2CSIE | Controls operation of serial interface 2 | Stops operation |Enables operation | 0 0 0 0
operation mode R SI02COI | Detects coincidence signal from | Does not coincide |  Coincide
register 0 address comparator
R [SI02TCL1 | Sets frequency of intemalshift 0 0 1 1 |
————— 93.7kHz 375kHz 28125 kHz 46.875 kHz
SI02TCLO | clock 0 1 0 1
Serial 1/03 1AH |R/W | SIO3CSIE | Controls operation of serial interface 3 | Stops operation | Enables operation | 0 0 0 0
operation mode _SI_O3_H|_Z - -S;ts_st_atu_s ;f ;O_(S/;Og1_pi; - éen_er;-p;rp;se_ S;ri; d;ta_oquu:
register 1/0 port
SIO3TCL1 | Selects 1/0 clock of 3-wire 0 0 1 1
————— External clock 187.5 kHz 375 kHz 46.875 k]
SIO3TCLO |serial I/0 0 1 0 1
Serial 1/03 1BH |R 0 Fixed to “0” 0 0 0 0
asynchronous SIO3PE Contents of parity error Error does not | Parity does
status register oceur not coincide
SIO3FE Contents of framing error Error does not |  Stop bit not
occur detected
SIO30VE | Contents of overrun error Error does not |Data duplication
oceur
Serial 1103 | 1CH |RM [SIO3PST |Sets parity bit of UART O o sty durng tansmission,| 0 | 0 | 0 | ©
asynchronous SIO3PS0 o g%g ‘:,Q',‘rynye ot dlémg;cgzﬂfyn
mode register 1 SI03CL Sets character length of UART 7 bits 8 bits
SI03SL Sets number of stop bits for 1 2
UART transmission data
Serial /03 | 1DH |RMW | SIOSTXE | Sets operation of UART Stps Recepton Tarsissin Tansmsson| © | O | O | 0
asynchronous SIO3RXE gpera"o: 0 Tce'm
mode register 0 SIO3ISRM | Sets reception completion Enables interrupt | Disables interrupt
interrupt on occurrence of error
0 Fixed to “0”
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Table 8-1. Peripheral Hardware Control Functions of Control Registers (4/8)

Peripheral Control Register Peripheral Hardware Control Function At Reset Clock
Hardware Name Address|Read/ | bs Function Set value Power-| WDT | CE | Stop
Write g? Symbol ON | & SP | reset
bo 0 1 reset | reset
PLL PLL mode 10H | R/W | PLLSCNF | Sets low-order bits of swallow counter | Lowest bit is 0 | Lowest bitis 1| U 0] R R
frequency | selection 0 Fixed to “0” 0 0 0 0
synthesizer PLLMD1 | Sets division mode of PLL 0 0 1 1
————— Disabled MF VHF HF
PLLMDO 0 1 0 1
PLL reference | 11H |R/W | PLLRFCK3 | Sets reference frequency of PLL |0:1.25kHz 1:25kHz 2:5kHz F F F F
_____ 3:10kHz 4:6.25kHz 5:12.5kHz
frequency PLLRFCK2 6:25kHz  7.50kHz  8:3kHz
_____ 9:9kHz A 18kHz
selection PLLRFCK1 B: Setting prohibited
C:1kHz  D:20 kHz
_____ E: Setting prohibited
PLLRFCKO F: PLL disabled
PLL unlcok FF | 12H [R& |0 Fixed to “0” Undefined|Undefined| Retained [Retained
Reset | 0
0
PLLUL Detects status of unlock FF Locked Unclocked
BEEP BEEP/general- 13H [R/W |0 Fixed to “0” 0 0 0 0
purpose port pin 0
function selection BEEP1SEL | Selects function of P1D1/BEEP1 pin |General-purpose BEEP
BEEPOSEL | Selects function of P1D0O/BEEPQ pin 110 port
BEEP clock 14H |R/W |BEEP1CK1 | Sets output frequency of BEEP1 |0 0 1 1 0 0 0 0
————— 4kHz  3kHz 200Hz 67 Hz
selection BEEP1CKO 0 1 0 1
BEEPOCK1 | Sets output frequency of BEEPQ |0 0 1 1
————— 1kHz 3kHz 4kHz 6.7kHz
BEEPOCKO 0 1 0 1
Timer Basic timer 17H |R& |0 Fixed to “0” 0  |Retained| 1  |Retained
0 carry Reset |0
0
BTMOCY Detects basic timer 0 carry FF FF reset FF set
Basic timer 0 18H |R/W |0 Fixed to “0” 0 0 [Retained|Retained
clock selection 0
BTMOCK1 | Selects clock of basic timer 0 |0 0 1 1
————— 10Hz 20Hz 50Hz 100 Hz
BTMOCKO 0 1 0 1
Timer 3 control | 28H | R/W | TM3SEL Selects timer 3 and D/A converter | D/A converter Timer 3 0 0 |Retained| O
0 Fixed to “0”
TM3EN Starts or stops timer 3 counter Stops Starts
TM3RES Resets timer 3 counter Not affected Reset
U: Undefined R: Retained
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Table 8-1. Peripheral Hardware Control Functions of Control Registers (5/8)

Peripheral Control Register Peripheral Hardware Control Function At Reset Clock
Hardware Name Address|Read/ | bs Function Set value Power-| WDT | CE | Stop
Write g? Symbol ON | & SP | reset
bo 0 1 reset | reset
Timer Timer 2 counter| 29H |R/W | TM2EN Starts or stops timer 2 counter Stops Starts 0 0 |Retained| 0
clock selection TM2RES  |Resets timer 2 counter | Notaffected |  Reset |
TM2CK1 Sets basic clock of timer 0 0 1 1
————— 100kHz 10kHz 2kHz 1kHz
TM2CKO 2 counter 0 1 0 1
Timer 1 counter| 2AH |R/W | TM1EN Starts or stops timer 1 counter Stops Starts 0 0 |Retained| 0
clock selection TM1RES Resets timer 1 counter Not affected Reset
TMICKI  |Setsbascclockoftmer o 0 1 1 |
————— 100kHz 10kHz 2kHz 1kHz
TM1CKO 1 counter 0 1 0 1
Timer 0 counter| 2BH |R/W | TMOEN Starts or stops timer 0 counter Stops Starts 0 0 |Retained| 0O
clock selection TMORES | Resets timer 0 counter Not affected Reset
TMOCK1 | Sets basic clock of timer 0 0 1 1
————— 100 kHz 10kHz 2kHz 1kHz
TMOCKO 0 counter 0 1 0 1
Timer 0 mode | 2CH |R/W [TMOOVF | Detects timer 0 overflow No overflow Overflow 0 0 |Retained| 0
selection TMOGCEG | Sets edge of gate close input | Rising edge | Falling edge
signal
TMOGOEG | Sets edge of gate open input
signal
TMOMD Selects modulo counter/gate  |Modulo counter| Gate counter
counter of timer 0
Interrupt | Interrupt edge | 1EH |R/W |IEG4 Sets interrupt issuance edge Rising edge | Falling edge 0 0  |Retained|Retained
selection 1 (INT4 pin)
INTASEL | Sets interrupt request flag of Enables Disables
P1A3/INT4 pin setting of flag | setting of flag
IEG3 Sets interrupt issuance edge Rising edge | Falling edge
(INT3 pin)
INT3SEL | Sets interrupt request flag of Enables Disables
P1A2/INT3 pin setting of flag | setting of flag
Interrupt edge | 1FH |R/W |0 Fixed to “0” 0 0 |Retained|Retained
selection 2 IEG2 Sets interrupt issuance edge Rising edge | Falling edge
(INT2 pin)
IEG1 Sets interrupt issuance edge
(INT1 pin)
IEGO Sets interrupt issuance edge
(INTO pin)
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Table 8-1. Peripheral Hardware Control Functions of Control Registers (6/8)

Peripheral Control Register Peripheral Hardware Control Function At Reset Clock
Hardware Name Address|Read/ | bs Function Set value Power-| WDT | CE | Stop
Write g? Symbol ON | & SP | reset
bo 0 1 reset | reset
Interrupt | Interrupt enable 1| 2DH | R/W [IPSIO3 Enables serial interface 3 Disables Enables 0 0  |Retained |Retained
interrupt interrupt interrupt
IPSIO2 Enables serial interface 2
interrupt
IPTM3 Enables timer 3 interrupt
PTM2 | Enables timer 2 interupt |
Interrupt enable 2| 2EH |R/W | IPTM1 Enables timer 1 interrupt Disables Enables 0 0 |Retained|Retained
IPTMO Enables timer 0 interrupt interrupt interrupt
Pe [Enables INT4 pin interrupt |
IP3 Enables INT3 pin interrupt
Interrupt enable 3| 2FH | R/W |IP2 Enables INT2 pin interrupt Disables Enables 0 0 [Retained|Retained
_IP_1 o _E;algle; IQT; p_in_int_err_upI ] interrupt interrupt
IPO Enables INTO pin interrupt
IPCE Enables CE pin interrupt
Serial interface 3| 34H |R/W |0 Fixed to “0” 0 0 |Retained |Retained
interrupt request 0
0
IRQSIO3 | Detects serial interface 3 | No'nterrupt | Interrupt |
interrupt request request request
Serial interface 2 | 35H [R/W |0 Fixed to “0” 0 0 |Retained |Retained
interrupt request _0_ S
_0 I
IRQSI02 | Detects serial interface 2 [No merupt request| Intruptreqest |
interrupt request
Timer 3 interrupt | 36H |R/W |0 Fixed to “0” 0 0 |Retained|Retained
request _0_ S
_0 I
IRQTM3 | Detects timer 3 interrupt request.[No mrupt request| Intruptreqest |
Timer 2 interrupt| 37H [R/W |0 Fixed to “0” 0 0 [Retained|Retained
request _0_ S
_0 I
IRQTM2 | Detects timer 2 interrupt request [No merupt request| Intruptreqest |
Timer 1 interrupt| 38H [R/W |0 Fixed to “0” 0 0 [Retained|Retained
request _0_ ]
_0 I
IRQTM1 | Detects timer 1 interrupt request [N nerupt eqest| Inerupt equest |
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Table 8-1. Peripheral Hardware Control Functions of Control Registers (7/8)

Peripheral Control Register Peripheral Hardware Control Function At Reset Clock
Hardware Name Address|Read/| bs Function Set value Power-| WDT | CE | Stop
Write gf Symbol ON | & SP | reset
bo 0 1 reset | reset
Interrupt | Timer 0 interrupt | 39H |R/W |0 Fixed to “0” 0 0 [Retained|Retained
request _0_ ]
_0 I
IRQTMo | Detects timer 0 interrupt request o nterupt request| Intrrut request |
INT4 pin interrupt | 3AH | R/W | INT4 Detects INT4 pin status Low level High level U U U U
request o] Fxedto'o” | "0 | 0 |Retaineo|Retines
_0 I
IRQ4 | Detects INT pin interrupt request | o nterupt request| Intrrupt request |
INT3 pin interrupt | 3BH |R/W |INT3 Detects INT3 pin status Low level High level U U U U
request o] Fxedto'o” | "0 | 0 |Retaineo|Retines
_0 I
IRQ3 | Detects INTS pin interrupt request No merupt request| Interupt reqest |
INT2 pin interrupt | 3CH | R/W | INT2 Detects INT2 pin status Low level High level U U U U
request o] Fxedto'o” | "0 | 0 |Retaineo|Retines
_0 I
IRQ2 [ Detects INT2 pin interrupt request No merupt reqest| ntruptreqest |
INT1 pin interrupt | 3DH | R/W | INT1 Detects INT1 pin status Low level High level U U U U
request o] Fxedto'o | 0 | 0 |Retaineo|Retines
_0 I
IRQ1 [ Detects INTH pin interrupt request No mrupt request| Intruptreqest |
INTO pin interrupt | 3EH | R/W | INTO Detects INTO pin status Low level High level U U U U
request o] Fxedto'o | 0 | 0 |Retaineo|Retines
_0 I
IRQD | Detects INTO pin interrupt request o nerupt eqest| Inerupt equest |
CE pin interrupt| 3FH |R CE Detects CE pin status Low level High level U U U U
request o Fxedto’s” | FEEEERER
| CEONTSTT | Detects CE reset counter status| ~ Stops | Operates |
'RW |IRQCE | Detects CE pin interrupt request o neruptreues | eruptreuest | 0 | 0 | R | R |
IF FCG channel 20H [R/W |0 Fixed to “0” 0 0 0 0
counter | selection _0_ o
FoGom  [Sasonobeusas o [l 0o L 1]
FCGCHO gotused Q)in gin ﬁ)rohibited
IF counter gate | 21H |R 0 Fixed to “0” 0 0 0 0
status detection _0_ ]
_0 I
IFCGOSTT | Detects IF counter gate status | Closed |  Open |
U: Undefined
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Table 8-1. Peripheral Hardware Control Functions of Control Registers (8/8)

Peripheral Control Register Peripheral Hardware Control Function At Reset Clock
Hardware Name Address|Read/| bs Function Set value Power-| WDT | CE | Stop
Write gf Symbol ON | & SP | reset
bo 0 1 reset | reset
IF IF counter 22H |R/W |IFCMD1 | Sets IF counter mode 0 0 1 1 0 0 0 0
————— FCG AMIFC ~ FMIFC ~ AMIFC2
counter | mode selection IFCMDO 0 { 0 {
IFCCK1 [ Sets IF counter gate tmeand [0 0 1+ _ép;n,_ i
FooKo | FCG count frequency 1kHz 100 kHz 900 kHz gfgm)?ted
0 1 0 1
IF counter 23H |W 0 Fixed to “0” 0 0 0 0
control _0_ ]
_IFE)S_TF;T_ -St_art_s ;r ;to_ps_lF_co_urﬁer_ o I\Iotﬁing a?fec_ted_ S_ta:ts_co_un_ter_
_IFE)R_Eg B -R;s;ts_lF_ct;ur:ter_d;ta_ S I\Iotﬁinga?fec_ted_ S_ta:ts_co_un_ter_
A/D A/D converter | 24H |R/W |0 Fixed to “0” 0 0 |Retained |Retained
converter| channel _AISCEDH_Z_ -Sgle;ts_pin_ u;ed_ fo?A?D_corTve_rteF 0_ A/_D c_onv_ert;r n_ot ;seg ]
————— 1: PODO/ADO pin  2: POD1/AD1pin
selection ADCCH1 3: POD2/AD2 pin  4: POD3/AD3 pin
“““ 5: P1C2/AD4 pin 6 P1C3/AD5 pin
ADCCHO 7: Setting prohibited
A/D converter | 25H |R/W [0 Fixed to “0” 0 0 0 0
mode selection _ABCR/I[; B -S_ele_cts_ c;m;)a;is;n_mgde_ of_ B _Sof_tw;re_m;de_ I-_Iaraw;re_m;de_ ] _R_eta;]ed_ R;ta;md_
A/D converter
'R |ADCSTT  |Detects operating status of |Gonversion ends| Converting | | | 0 | 0 |
A/D converter
|ADCCMP | Detects comparison result of [Vaoceer > Vaoon Vaocses < Vioen| | | 0 |Retaned
A/D converter
D/A PWM clock 26H |R/W |0 Fixed to “0” 0 0 |Retained| 0
converter| selection PWMBIT Selects number of bits of PWM 8 bits 9 bits
counter
0 Fixed to “0”
PWMCK Selects output clock of timer 3 | 4.4 kHz (8)/ | 440 Hz (8)/
2.2kHz (9) | 220 Hz (9)
PWM/general- 27H |R/W |0 Fixed to “0” 0 0 |Retained| O
purpose port pin PWM2SEL | Selects function of P1B2/PWM2 pin |General-purpose | D/A converter
function selection PWM1SEL | Selects function of P1B1/PWM1 pin| output port
PWMOSEL | Selects function of P1BO/PWMO pin
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8.4 Port Input/Output Selection Registers

Figure 8-4 shows the configuration of the port input/output selection registers.

As shown in this figure, the port input/output select registers consist of a total of 16 nibbles (16 x 4 bits) at
addresses 60H through 6FH of BANK 15 of the data memory.

Table 8-2 lists the control functions of the port input/output selection registers.
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Figure 8-4. Configuration of Port Input/Output Selection Registers (1/2)

o o o << G — O
c b= =]
Vo..m o om G — 0 M
d \\\\\\\\\\\\\\\\\\\\\\\\\
~ mb o o O6 —0 o
[ S |
O o om0 O — 0
§l o onoo 40 o
Sl T T T
n%PODPLD1W
© S Pr-coo oo =
8585 0o oc0n a0 o |
B LI 7 e
f28 aona a0 o
w | ]
+« | b ]
O
D O ——
- | b ]
o | e ]
25
~ 0=
& —
388 |o S =~
X QO £ = T Q
ANnnM © s, %.ﬂ
B\WA =z (%) =2
S =

Figure 8-4. Configuration of Port Input/Output Selection Registers (2/2)
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Table 8-2. Control Functions of Port Input/Output Selection Registers (1/2)

Peripheral Port Input/Output Selection Register Control Function At Reset Clock
Hardware Name Address|Read/ | b3 Function Set value Power-| WDT | CE | Stop
(BANK15)| Write g? Symbol ON | &SP | reset
bo 0 1 reset | reset
Input/ Port 0D pull- 66H | R/W | PODPLD3 | Selects pull-down resistor of POD3 pin|  Pull-down Pull-down 0 0  [Retained|Retained
output | down resistor _P(;D;L[_)Z_ _Se_lec:s ;;Jllziov_vn r_es;to:of_PO_D;pin_ resistor used | resistor not used
port selection _P(;DI;LB1_ _Se_lec?s p_ullzio;n r_es;to:of_Po_m_pin_
_P(;DF;LBO_ _Se_lec:s p_ullzio;n r_es;tojof_PO_DO_pir:
Group 1/0 67H | R/W | P3DGIO Selects input/output of port 3D Input Output 0 0 |Retained |Retained
selection _P;CC_iI(; - _S;Ie;ts_in?)ut_/o;tp_ut_of_po?t C;C_
P3BGIO | Selects inputioutput of port 38
P3AGIO Selects input/output of port 3A
Port 2D bit /0 | 68H | R/W |0 Fixed to “0” 0 0  |Retained |Retained
selection _PZ_DEIC;Z_ -S;Ie;ts_in;uJOlJ_tht ;‘ p_ort_PEDE - _Ir:pu_t e _Ol:tp;t_ i
P2DBIOT | Selects inputloutput o port P2D1
_P2_Dé|60_ _S(;Ie;ts_in;;ut/_ou;pu_t o?p:)rl_PZ_DO_
Port 2C bit I/0 | 69H | R/W | P2CBIO3 | Selects input/output of port P2C3 Input Output 0 0  |Retained|Retained
selection P2CBIO2 | Selects input/output of port P2C2
_PZ_CEI& - _S(;Ie;ts_in;;ut/_ou;pu_t o? p<_)rl_P2_C1_
_PZ_CEIC;O_ _S(;Ie;ts_in;;ut/_ou;pu_t o?p:)rl_PZ_CO_
Port 2B bit /0 | 6AH | R/W | P2BBIO3 | Selects input/output of port P2B3 Input Output 0 0  |Retained |Retained
selection _P2_BE;IO_2 - _S(;Ie;ts_in;;ut/_ou;pu_t o? p:)rl_PZ_BZ_
_P2_BI;IO_1 - _S(;Ie;ts_in;;ut/_ou;pu_t o?p;rl_PZ_B;
P2BBIO0 | Selects inputloutput o port P2B0
Port 2A bit I/O | 6BH | R/W |0 Fixed to “0” 0 0  |Retained |Retained
selection _P2_Ag|(52_ -S;Ie;ts_in;uJOlJ_tht o_f p_orl_P;AZ_ - _Ir:pu_t e _Ol:tp;t_ i
P2ABIOY | Selects inputloutput o port P2AT
_P2_AE;IO_0 - _S(;Ie;ts_in;;ut/_ou;pu_t o? p:)rl_PZ_AO_
Port 1D bit I/O | 6CH | R/W | P1DBIO3 | Selects input/output of port P1D3 Input Output 0 0  |Retained|Retained
selection P1DBIO2 | Selects inputoutput o port P1D2
_P;Dé|61 - _S(;Ie;ts_in;;ut/_ou;pu_t o? p<_)rl_P1_D1_
_P;DEIC;O - _S(;Ie;ts_in;;ut/_ou;pu_t o? p<_)rl_P1_D0_
Port 0C bit I/O | 6DH | R/W | POCBIO3 | Selects input/output of port POC3 Input Output 0 0  |Retained |Retained
selection _P(;CEIC;Z_ _S(;Ie;ts_in;;ut/_ou;pu_t o?p:)rl_PO_CZ_
_P(;Cél& - _S(;Ie;ts_in;;ut/_ou;pu_t o? p<_)rl_P0_C1_
POCBIOO | Selects input/output of port POCO
Port 0B bit I/O | 6EH | R/W | POBBIO3 | Selects input/output of port POB3 Input Output 0 0  |Retained|Retained
selection _P(;BE;IO_Q - _S(;Ie;ts_in;;ut/_ou;pu_t o? p:)rl_PO_BZ_
_P(;Bglo_1 ) _S;Ie;ts_inp_ut/_ou;pu_t o?p;rt_PO_B;
_P(;BE;IO_O - _S(;Ie;ts_in;;ut/_ou;pu_t o? p:)rl_PO_BO_
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Table 8-2. Control Functions of Port Input/Output Selection Registers (2/2)

Peripheral Port Input/Output Selection Register Control Function At Reset Clock
Hardware Name Address|Read/ | bs Function Set value Power-| WDT | CE | Stop
(BANK15)| Write g? Symbol ON | & SP | reset

bo 0 1 reset | reset
Input/ Port 0A bit /0 | 6FH | R/W | POABIO3 | Selects input/output of port POA3 Input Output 0 0  |Retained |Retained
output | selection _P(;Aglo_Z - _S;Ie;ts_inp_ut/_ou;pu_t o? p;rt_PO_Az_
port _P(;AI;IO_1 - _S(;Ie;ts_in;;ut/_ou;pu_t o?p;rl_PO_A;

_P(;Aglo_o - _S;Ie;ts_inp_ut/_ou;pu_t o? p;rt_PO_AO_
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8.5 Cautions on Using Register File

Keep in mind the following points (1) through (3) when using the write-only (W), read-only (R), and unused
registers of the control registers (addresses 00H through 3FH of the register file).

(1) An “undefined value” is read if a write-only register is read.

(2) Nothing is affected even if a read-only register is written.

(8) An “undefined value” is read if an unused register is read. Nor is anything affected if this register is
written.
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9. DATA BUFFER (DBF)
9.1 Outline of Data Buffer

Figure 9-1 outlines the data buffer.
The data buffer is located on the data memory and has the following two functions.

¢ Reads constant data on the program memory (table reference)
e Transfers data with the peripheral hardware units

Figure 9-1. Outline of Data Buffr

Data buffer

Data write (PUT)

Table reference
(MOVT)

Data read (GET)

Peripheral hardware

Constant data

Program memory
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9.2 Data Buffer

9.2.1 Configuration of data buffer
Figure 9-2 shows the configuration of the data buffer.

As shown in the figure, the data buffer consists of a total of 16 bits of addresses OCH through OFH of BANK

0 on the data memory.

The 16-bit data is configured with bit 3 of address OCH as the MSB and bit 0 of address OFH as the LSB.
Because the data bufferis located on the data memory, it can be manipulated by all data memory manipulation

instructions.

Figure 9-2. Configuration of Data Buffer

Column address

0 1 2 3 5 6 7 8 9 A B C D E F
0 Data buffer (DBF)
1
o 2
[%2]
Q
% 3 Data memory
z 4 -
19
o
5
6 BANKO
7 ‘ BANK1
| BANK2
' BANK14
‘ BANK15
‘ System register
Remark The uPD17717 and 17718 do
not have BANKs 10 through 14.
Data memory Address OCH ODH OEH OFH
Bit bs | b2 |bi|bo|bs|bz2|bt|bo|bs|bz|bi|bo|bs|b2|bi|bo
Data buffer Bit b1s|b14|b1s b123b11 bio| be | bs 3 b7 | be | bs | ba 3 bs | bz | b1 | bo
Signal DBF3 | DBF2 ' DBF1 | DBFO
Data ~ ~
M | 1 | L
S | | | S
\B/ Data \B/
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9.2.2 Table reference instruction (“MOVT DBF, @AR”)

This instruction moves the contents of the program memory addressed by the contents of the address register
to the data buffer.

The number of bits transferred by the table reference instruction can be specified by MOVT selection register
(address 07H) of the control registers.

When 8-bit data is transferred, it is read to DBF1 and 0.

When the table reference instruction is used, one stack level is used.

All the addresses of the program memory can be referenced by the table reference instruction.

9.2.3 Peripheral hardware control instructions (“PUT” and “GET”)
The operations of the “PUT” and “GET” instructions are as follows:

(1) GET DBF, p
Reads the data of a peripheral register addressed by “p” to the data buffer.

(2) PUT p, DBF
Sets the data of the data buffer to a peripheral register addressed by “p”.

9.3 Relationships between Peripheral Hardware and Data Buffer

Table 9-1 shows the relationships between the peripheral hardware and the data buffer.
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Table 9-1. Relationships between Peripheral Hardware and Data Buffer (1/2)

Peripheral Hardware Peripheral Register Transferring Data with Data Buffer
Name Symbol | Peripheral | Execution of | I/O |Actual
address PUT/GET bit | bit
instruction
A/D converter A/D converter reference ADCR 02H PUT/GET 8 8
voltage setting register

Serial interface| Serial interface 2 | Presettable shift register 2 SIO2SFR 03H PUT/GET 8 8

Serial 1/02 slave address register | SIO2SVA 04H PUT/GET 8 8

Serial interface 3 | Serial /03 transmission register | SIO3TXS 05H PUT 8 8

Serial 1/03 reception buffer register | SIO3RXB GET 8 8

Timer 0 Timer 0 modulo register TMOM 1AH PUT/GET 8 8

Timer O counter TMOC 1BH GET 8 8

Timer 1 Timer 1 modulo register TM1M 1CH PUT/GET 8 8

Timer 1 counter TM1C 1DH GET 8 8

Timer 2 Timer 2 modulo register TM2M 1EH PUT/GET 8 8

Timer 2 counter T™M2C 1FH GET 8 8

Address register Address register AR 40H PUT/GET 16 16

Data buffer stack DBF stack DBFSTK 41H PUT/GET 16 16

PLL frequency synthesizerNote PLL data register PLLR 42H PUT/GET 16 16

Frequency counter IFC data register IFC 43H GET 16 16

D/A converter | P1B0O/PWMO pin PWM data register 0 PWMRO 44H PUT/GET 16 9
(PWM output) | P1B1/PWM1 pin PWM data register 1 PWMRA1 45H

P1B2/PWM2 pin PWM data register 2 PWMR2 46H PUT/GET 16 9

Timer 3 Timer 3 modulo register TM3M 8

Note The programmable counterofthe PLL frequency synthesizeris configured of 17 bits, of which the high-
order 16 bits indicate the PLL data register (PLLR) and the low-order bits are allocated to the PLLSCNF
flag (the third bit of address 10H).

For details, refer to 17. PLL FREQUENCY SYNTHESIZER.
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Table 9-1. Relationships between Peripheral Hardware and Data Buffer (2/2)

At Reset Clock Function
Power-ON| WDT8sP | cE | Stop
reset reset reset
0 0 QNote | qNote | gets compare voltage Vaocrer of A/D converter
Undefined | Undefined | Undefined | Undefined | Sets serial-out data and reads serial-in data
Undefined | Undefined | Undefined | Undefined | Sets slave address value of slave device
FF FF FF FF Sets transmission data in 3-wire serial /0 and UART modes
FF FF FF FF Stores receive data in 3-wire serial I/O and UART modes
FF FF Retained FF Sets modulo register value of timer 0
0 0 Retained 0 Reads count value of timer O counter
FF FF Retained FF Sets modulo register value of timer 1
0 0 Retained 0 Reads count value of timer 1 counter
FF FF Retained FF Sets modulo register value of timer 2
0 0 Retained 0 Reads count value of timer 2 counter
0 0 0 Retained | Transfers data with address register
Undefined | Undefined | Retained | Retained | Saves data of data buffer
Undefined | Undefined | Retained | Retained | Sets division value (N value) of PLL
0 0 0 0 Reads count value of frequency counter
1FF 1FF Retained 1FF Sets duty of output signal of D/A converter
Sets duty of output signal of D/A converter (multiplexed with modulo register of timer 3)
Sets modulo register value of timer 3

Note Value in hardare mode.

“Retained” in software mode.
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9.4 Cautions on Using Data Buffer

Keep the following points in mind concerning the unused peripheral addresses, write-only peripheral register

(PUT only), and read-only peripheral register (GET only) when transferring data with the peripheral hardware
via data buffer.

* An “undefined value” is read if a write-only register is read.

* Nothing is affected even if a read-only register is written.
¢ An“undefinedvalue”isread if an unused address is read. Noris anything affected if this address is written.
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10. DATA BUFFER STACK
10.1 Outline of Data Buffer Stack

Figure 10-1 outlines the data buffer stack.

As shown in the figure, the data buffer stack consists of a data buffer stack pointer and data buffer stack
registers.

The data buffer stack saves or restores the contents of the data buffer when the “PUT” or “GET” instruction
is executed.

Therefore, the contents of the data buffer can be saved by one instruction when an interrupt is accepted.

Figure 10-1. Outline of Data Buffer Stack

DBF

==

Data buffer Data buffer stack registers
stack pointer

Address specification

10.2 Data Buffer Stack Register

Figure 10-2 shows the configuration of the data buffer stack registers.

As shown in the figure, the data buffer stack registers consist of four 16-bit registers.

The contents of the data buffer are saved by executing the “PUT” instruction, and the saved data is restored
by executing the “GET” instruction.

The data buffer contents can be successively saved up to 4 levels.
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Figure 10-2. Configuration of Data Buffer Stack Register
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10.3 Data Buffer Stack Pointer

The data buffer stack pointer detects the multiplexing level of the data buffer stack registers.

When the “PUT” instruction is executed to the data buffer stack, the value of the data buffer stack pointer

is incremented by one; when the “GET” instruction is executed, the value of the pointer is decremented by one.

The data buffer stack pointer can be only read and cannot be written.
The configuration and function of the data buffer stack pointer are illustrated below.

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Data buffer stack pointer 0 ; 0 ;/D\;/D\ 04H R
BB
IFIF
ss
. IPIP
e
CT L
Detects multiplexing level of data buffer stack
0 0| Level O
0 1| Level 1
110 Level2
101 Level 3
Fixed to “0”
= Power-ON reset 0 0 0 0
€ | WDTASP reset |00
= CE reset 00
Clock stop ; iRetained
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10.4 Operation of Data Buffer Stack

Figure 10-3 shows the operation of the data buffer stack.

As shown in the figure, when the PUT instruction is executed, the contents of the data buffer are transferred
to a data buffer stack register specified by the stack pointer, and the stack pointer is incremented by one.

When the GET instruction is executed, the contents of a data buffer stack register specified by the stack
pointer are transferred to the data buffer, and the stack pointer is decremented by one.

Therefore, note that the value of the stack pointer is set to 1 if data has been written once because its initial
value is 0, and that the stack pointer is set to 0 when data has been written four times.

Note that when writing (PUT) exceeding four levels, the first data are discarded.

Figure 10-3. Operation of Data Buffer Stack

(a) If writing does not exceed level 4

0 Undefined A A A A

1 Undefined Undefined B B B

2 Undefined Undefined Undefined Undefined Undefined

3 Undefined Undefined Undefined Undefined Undefined
Voo PUT PUT GET GET

(b) If writing exceeds level 4

0 A A A A E E E
1 Undefined B B B B B B
2 Undefined Undefined C C C C C
3 Undefined Undefined Undefined D D D D
PUT PUT PUT PUT PUT GET GET
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10.5 Using Data Buffer Stack

A program example is shown below.

Example To save the contents of the data buffer and address register by using INTO interrupt routine (the
contents of the data buffer and address register are not automatically saved when an interrupt

Reset address

S101
S100
TM3
T™M2
TMA1

; TMO
; INT4
; INT3
; INT2

INT1
INTO

; Down edge of CE

Saves contents of DBF to first level of data buffer

; stack (DBFSTK)

Transfers contents of address register (AR) to DBF
Saves contents of AR to second level of data buffer

; stack

INTO interrupt processing

Restores second level of data buffer stack to data buffer,
and restores contents of data buffer to address register
Restores first level of data buffer stack to data buffer

occurs).

START:
BR INITIAL ;
; Interrupt vector address
NOP ;
NOP ;
NOP ;
NOP ;
NOP ;
NOP ;
NOP ;
NOP ;
NOP ;
NOP ;
BR INTINTO ;
NOP ;

INTINTO:
PUT DBFSTK, DBF ;
GET DBF, AR ;
PUT DBFSTK, DBF ;

Processing B ;

GET DBF, DBFSTK ;
PUT AR, DBF ;
GET DBF, DBFSTK ;
El
RETI

INITIAL:
SET1 IPO
El

LOOP:

Processing A

BR LOOP

END

10.6 Cautions on Using Data Buffer Stack

The contents of the data buffer stack are not automatically saved when an interruptis accepted, and therefore,

must be saved by software.

Even when a bank of the data memory other than BANKO is specified, the contents of the data buffer (existing
in BANKO) can be saved or restored by using the “PUT” and “GET” instructions.
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11. GENERAL-PURPOSE PORT

The general-purpose ports output high-level, low-level, or floating signals to external circuits, and read high-

level or low-level signals from external circuits.

11.1 Outline of General-purpose Port

Table 11-1 shows the relationships between each port and port register.

The general-prupose ports are classified into 1/0, input, and output ports.

The 1/0O ports are further subclassified into bit I/O ports that can be set in the input or output mode in 1-bit
(1-pin) units, and group 1/O ports that can be set in the input or output mode in 4-bit (4-pin) units. The inut or
output mode of each I/O port is specified by the port input/output selection registers (addresses 60H through

6FH) of BANK15.

Table 11-1. Relationships between Port (Pin) and Port Register (1/3)

Port Pin Data Setting Method
No. Symbol 1/0 Port register (data memory)
Bank Address Symbol Bit symbol
(reserved word)
Port OA 63 POA3 1/0 (bit 1/0) BANKO 70H POA bs | POA3
64 | POz | b | PoA2 |
65 | PoAt | b | PoA1 |
66 | PoA0 | b | POAD |
Port 0B 67 POB3 1/0 (bit 1/0) 71H POB bs | POB3
I _6_8_ i _PaB_z_ O I ;2_ _P_OI;Z_ N
69 | PoB1 | b [PoB1 |
70 |PoBO | b | POBO |
Port 0C 59 POC3 I/0 (bit 1/0) 72H POC bs | POC3
60 |Pocz | b [Poc2 |
61 | Poct | by | Poct |
I _6_2_ i _PBC_O_ O I ;0_ _P_O(EO_ N
Port OD 22 POD3 Input 73H POD bs | POD3
23 |PoD2 | b | POD2 |
I _2_4_ i _PaD_1_ O I ;1_ _P_OI51_ N
25 |PoDo | b | PODO |
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Table 11-1. Relationships between Port (Pin) and Port Register (2/3)

Port Pin Data Setting Method
No. Symbol 1/0 Port register (data memory)
Bank Address Symbol Bit symbol
(reserved word)
Port 1A 2 P1A3 Input BANK1 70H P1A bs | P1A3
3 | Pia2 | b | P1A2 |
4 | Piar | b | P1AT
5 | Pia0 | bo | P1AO
Port 1B 17 P1B3 Output 71H P1B bs | P1B3
18 |PiB2 | b: | P1B2 |
__1_9___P1_B_1___ k_n_ _P_1I;1___
20 |PiBO | bo | P1BO |
Port 1C 26 P1C3 Input 72H P1C bs P1C3
I _2_7_ i _P1_C_2_ O k_)z_ _P_1C_2_ N
28 | Pict | b | PICT |
29 | PicO | bo | P1CO
Port 1D 37 P1D3 I/0 (bit 1/0) 73H P1D bs | P1D3
a8 | PiD2 | b: | PID2 |
a9 | PiD1 | b | P1D1
I _4_0_ i _P1_D_0_ O k_)o_ _P_1 ISO_ N
Port 2A No pin 1/0 (bit 1/0) BANK2 70H P2A bs -
14 | P2z | be | P2A2
15 | Poat | b | P2AT
16 | Pea0 | bo | P2A0 |
Port 2B 43 P2B3 1/0 (bit 1/0) 71H P2B bs | P2B3
I _4_4_ i _PéB_z_ O k_)z_ _P_2I;2_ N
a5 | P2t | b | P2B1 |
46 | P2BO | bo | P2BO
Port 2C 55 P2C3 I/0 (bit 1/0) 72H P2C bs | P2C3
I _5_6_ i _PQC_Z_ O £2_ _P_262_ |
57 | P2ct | b | P2C1
I _5_8_ i _PQC_O_ O k_)o_ _P_ZC_O_ N
Port 2D No pin 1/0 (bit 1/0) 73H P2D bs -
71 | Pep2 | be | P2D2
72 | Pt | b | P2D1
73 | Pepo | bo | P2D0 |
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Table 11-1. Relationships between Port (Pin) and Port Register (3/3)

Port Pin Data Setting Method
No. Symbol 1/0 Port register (data memory)
Bank Address Symbol Bit symbol
(reserved word)

Port 3A 6 P3A3 1/0 BANK3 70H P3A bs | P3A3
7 | Paaz | (group 10) b | Pan2 |
s |Paar | b [ Paatr |
9 |Psa0 | bo | P3A0 |

Port 3B 10 P3B3 110 71H P3B bs | P3B3
11 | PaB2 | (group 1O) b [ PaB2 |
__1_2___P(;B_1___ _51_ _P_3I3T1___
13 |Pamo | b | P3BO |

Port 3C 47 P3C3 1/0 72H P3C bs | P3C3
I _4_8_ i _P(;C_2_ O (group 1/0) I gz_ _P_30_2_ N
a9 |Pact | b [Pact |

50 P3CO bo | P3CO

Port 3D 51 P3D3 1/0 73H P3D bs | P3D3
i _5_2_ | _P:;D_Z_ ] (group 1/0) I £2_ _P_3|52_ |
53 | P31 | b |PaD1 |
I _5_4_ i _P(;D_O_ O I go_ _P_3I50_ N

- No pin - BANK4 70H-73H - Fixed to “0”

I
BANK15Note

Note uPD17717 and 17718 do not have BANKs 10 through 14.
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11.2 General-Purpose I/0 Port (POA, POB, POC, P1D, P2A, P2B, P2C, P2D, P3A, P3B, P3C, P3D)

11.2.1 Configuration of I/0 port
The following paragraphs (1) and (2) show the configuration of the I/O ports.

(1) POA (POA1, POAO)

POB (POB3, POB2, POB1, POBO)
POC (POC3, POC2, POC1, POCO)
P1D (P1D3, P1D2, P1D1, P1D0)
P2A (P2A2, P2A1, P2A0)

P2B (P2B3, P2B2, P2B1, P2B0)
P2C (P2C3, P2C2, P2C1, P2C0)
P2D (P2D2)

P3A (P3A3, P3A2, P3A1, P3A0)
P3B (P3B3, P3B2, P3B1, P3B0)
P3C (P3C3, P3C2, P3C1, P3C0)
P3D (P3D3, P3D2, P3D1, P3D0)

I/0 selection flag |

OQ Output latch Write instruction

DD
O El 404—‘
E Port register
T

y |

ﬁ&

(1 bit)

Vop

[

O 1
O Read instruction
Ll DO o 0

CKSTOP Nete

|7

Note Thisis aninternal signal thatis output when the clock stop instruction is executed, and this circuit
is designed not to increase the current consumption due to noise even if it is floated.
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(2) POA (POA3, POA2)
P2D (P2D1, P2D0)

I/0 selection flag

Output latch Write instruction

FHC ] ——

Port register
(1 bit)

Vob

+
|j D@ Read instruction
% — CKSTOP Mot

Note Thisis aninternal signal thatis output when the clock stop instruction is executed, and this circuit
is designed not to increase the current consumption due to noise even if it is floated.

11.2.2 Using I/O port

The input or output mode of the I/O ports is set by 1/0O selection register POA, POB, POC, P1D, P2A, P2B,
P2C, P2D, P3A, P3B, P3C, or P3D of the control registers.

Because POA, POB, POC, P1D, P2A, P2B, P2C, and P2D are bit I/O ports, they can be setin the input or output
mode in 1-bit units.

P3A, P3B, P3C, and P3D are group /O ports, and therefore they are set in the input or output mode in 4-
bit units.

Setting the output data of or reading the input data of a port is carried out by executing an instruction that
writes data to or reads data from the port.

11.2.3 shows the configuration of the 1/0O selection register of each port.

11.2.4 and 11.2.5 describe how each port is used as an input or output port.

11.2.6 describes the points to be noted when using the 1/O ports.
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11.2.3 1/0 port I/O selection register
The following 1/O selection registers of the I/O ports are available.

e Port OA bit I/O selection register
e Port 0B bit I/O selection register
e Port 0C bit I/0O selection register
e Port 1D bit I/O selection register
e Port 2A bit I/O selection register
e Port 2B bit I/O selection register
e Port 2C bit I/O selection register
e Port 2D bit I/O selection register
e Group I/O selection registers (port 3A, port 3B, port 3C, port 3D)

Each I/O selection register sets the input or output mode of the corresponding port pin.

The following paragraphs (1) through (9) descibe the configuration and functions of the above I/O selection
registers.
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(1) Port OA bit I/0 selection register

Name Flag symbol Address Read/Write
ba | b2 | b1| bo
Port OA bit I/O selection P|P|P|P| (BANK15) R/W
0/0j0|O0 6FH
AlAAA
B|/B|B|B
[
O0O|/0|0|O
110
t Sets input/output mode of port
i 0 | Sets POAO pin in input mode
i 1 | Sets POAO pin in output mode
Sets input/output mode of port
m Sets POA1 pin in input mode
T Sets POA1 pin in output mode
Sets input/output mode of port
m Sets POA2 pin in input mode
E Sets POA2 pin in output mode
Sets input/output mode of port
T} Sets POAS pin in input mode
Ti Sets POAS pin in output mode
_ | Power-ON reset 0 : 0 : 0 : 0
% WDT&SP reset 0 0 0 0
< CE reset Retained
Clock stop Retained
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(2) Port 0B bit I/0 selection register

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Port OB bit I/O selection P|P|P|P| (BANK15) R/W
0/0|0]|O0 6EH
B|/B|B|B
B|B|B|B
Ly
0|0 o
3/12|1]|0
L Sets input/output mode of port
i 0 | Sets POBO pin in input mode
i 1 | Sets POBO pin in output mode
Sets input/output mode of port
m Sets POB1 pin in input mode
T Sets POB1 pin in output mode
Sets input/output mode of port
m Sets POB2 pin in input mode
E Sets POB2 pin in output mode
Sets input/output mode of port
T} Sets POBS3 pin in input mode
Ti Sets POB3 pin in output mode
_ | Power-ON reset 0 : 0 : 0 : 0
é WDT&SP reset 0 0 0 0
< CE reset Retained
Clock stop Retained
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(3) Port 0C bit I/0 selection register

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Port OC bit I/O selection P|P|P|P| (BANK15) R/W
o|jo0|0]|oO 6DH
c|Cc|C|C
B|B|B|B
[
o|/0|0|O
110
L Sets input/output mode of port
0 | Sets POCO pin in input mode
1 | Sets POCO pin in output mode
Sets input/output mode of port
m Sets POC1 pin in input mode
E Sets POC1 pin in output mode
Sets input/output mode of port
m Sets POC2 pin in input mode
m Sets POC2 pin in output mode
Sets input/output mode of port
T Sets POCS pin in input mode
Z Sets POC3 pin in output mode
. | Power-ON reset 0 0 0 0
% WDT&SP reset 0 0 0 0
< CE reset Retained
Clock stop Retained
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(4) Port 1D bit I/0 selection register

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Port 1D bit I/O selection P|P|P|P| (BANK15) R/W
101711 6CH
D/ D|D|D
B|B|B|B
[
Oo|O0|O
3 110
t Sets input/output mode of port
i 0 | Sets P1DO pin in input mode
i 1 | Sets P1DO0 pin in output mode
Sets input/output mode of port
m Sets P1D1 pin in input mode
T Sets P1D1 pin in output mode
Sets input/output mode of port
m Sets P1D2 pin in input mode
E Sets P1D2 pin in output mode
Sets input/output mode of port
T} Sets P1D3 pin in input mode
Ti Sets P1D3 pin in output mode
| Power-ON reset 0 : 0 : 0 : 0
% WDT&SP reset 0 0 0 0
% CE reset Retained
Clock stop Retained
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(5) Port 2A bit I/0 selection register

Sets input/output mode of port

Sets input/output mode of port

Sets input/output mode of port

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Port 2A bit I/O selection 0|P|P|P| (BANK15) R/W
2122 6BH
AlAlA
B | B|B
[
oO|O|O
2111]0
1 0 | Sets P2A0 pin in input mode
f 1 | Sets P2AO0 pin in output mode
10 | Sets P2A1 pin in input mode
i 1 ; Sets P2A1 pin in output mode
R Sets P2A2 pin in input mode
1 Sets P2A2 pin in output mode
Fixed to “0”
. | Power-ON reset 0:0:0:0
[0]
3 | WDT&SP reset 10100
< CE reset : Retained
Clock stop ' Retained
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(6) Port 2B bit I/0 selection register

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Port 2B bit I/O selection P|P|P|P| (BANK15) RW
212|12|2 6AH
B|B|B|B
B|/B|B|B
[
O0|/0|0|O
110
L Sets input/output mode of port
i 0 | Sets P2BO0 pin in input mode
1 | Sets P2B0 pin in output mode
Sets input/output mode of port
m Sets P2B1 pin in input mode
E Sets P2B1 pin in output mode
Sets input/output mode of port
m Sets P2B2 pin in input mode
m Sets P2B2 pin in output mode
Sets input/output mode of port
T Sets P2B3 pin in input mode
Z Sets P2B3 pin in output mode
_ Power-ON reset 0 : 0 : 0 : 0
% WDT&SP reset 0/0:00
< CE reset Retained
Clock stop Retained
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(7) Port 2C bit I/0 selection register

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Port 2C bit I/O selection P|P|P|P| (BANK15) R/W
212|2]2 69H
c|c|C|C
B/ B|B|B
[ B
O0/0|0|O
31210
L Sets input/output mode of port
i 0 | Sets P2CO0 pin in input mode
1 | Sets P2CO0 pin in output mode
Sets input/output mode of port
m Sets P2C1 pin in input mode
Z Sets P2C1 pin in output mode
Sets input/output mode of port
m Sets P2C2 pin in input mode
m Sets P2C2 pin in output mode
Sets input/output mode of port
T Sets P2C3 pin in input mode
Z Sets P2C3 pin in output mode
. | Power-ON reset 0 : 0 : 0 : 0
% WDT&SP reset 0 0 0 0
= CE reset Retained
Clock stop Retained
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(8) Port 2D bit I/0 selection register

Name Flag symbol Address Read/Write
bs [ b2 | b1 | bo
Port 2D bit I/O selection 0[P |P|P| (BANK15) R/W
2|12|2 68H
D D|D
B BB
[
O|0
1

Sets input/output mode of port

0 | Sets P2DO0 pin in input mode

1 | Sets P2DO pin in output mode

Sets input/output mode of port

10 | Sets P2D1 pin in input mode

i 1 ; Sets P2D1 pin in output mode

Sets input/output mode of port

R Sets P2D2 pin in input mode
1 Sets P2D2 pin in output mode
Fixed to “0”
Power-ON reset 0:0:0:0

@ A

3 | WDT&SP reset '0:10'0

< | CE reset : Retained

Clock stop ' Retained
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(9) Group I/O selection

register (ports 3A, 3B, 3C, 3D)

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Group /O selection P|P|P|P| (BANK15) R/W
3/3(3|3 67H
D|IC|/B|A
G|G|G|G
[ O I I B
0|0 0|O
L Sets input/output mode of port
f 0 | Sets P3AQ through P3AS3 pins in input mode
i 1 | Sets P3AO through P3A3 pins in output mode
Sets input/output mode of port
10 | Sets P3BO0 through P3B3 pins in input mode
1 Sets P3B0 through P3B3 pins in output mode
Sets input/output mode of port
R Sets P3CO0 through P3C3 pins in input mode
i 1 ; Sets P3CO0 through P3C3 pins in output mode
Sets input/output mode of port
0 : Sets P3DO0 through P3D3 pins in input mode
1 ; Sets P3DO0 through P3D3 pins in output mode
_ | Power-ON reset 0:0:0:0
[0]
3 | WDT&SP reset 0:0:0'0
< CE reset Retained
Clock stop Retained
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11.2.4 When using I/O port as input port

The port pin to be set in the input mode is selected by the I/O selection register corresponding to the port.

Ports POA, POB, POC, P1D, P2A, P2B, P2C, and P2D can be set in the input or output mode in 1-bit units.
P3A, P3B, P3C, and P3D can be set in the input or output mode in 4-bit units.

The pin set in the input mode is floated (Hi-Z) and waits for input of an external signal.

The input data is read by executing a read instruction (such as SKT) to the port register corresponding to
the port pin.

“1” is read from the port register when a high level is input to the corresponding port pin; when a low level
is input to the port pin, “0” is read from the register.

When a write instruction (such as MOV) is executed to the port register corresponding to the pin set in the
input mode, the contents of the output latch are rewritten.

11.2.5 When using I/O port as output port

The port pin to be set in the output mode is selected by the I/O selection register corresponding to the port.

Ports POA, POB, POC, P1D, P2A, P2B, P2C, and P2D can be set in the input or output mode in 1-bit units.
P3A, P3B, P3C, and P3D can be set in the input or output mode in 4-bit units.

The pin set in the output mode outputs the contents of the output latch.

The output data is set by executing a write instruction (such as MOV) to the port register corresponding to
the port pin.

Write “1” to the port register to output a high level to the port pin; write “0” to output a low level. The port pin
can be also floated (Hi-2) if it is set in the input mode.

If a read instruction (such as SKT) is executed to the port register corresponding to a port pin set in the output
mode, the contents of the output latch are read.

Note, however, that the contents of the output latch of the POA3 and POA2 pins may differ from the read
contents because the status of these pins are read as are (refer to 11.2.6).

11.2.6 Cautions on using I/0 port (POA3 and POA2 pins)
When using the POA3 and POA2 pins in the output mode, the contents of the output latch may be rewritten
as shown in the example below.

Example To set the POA3 and POA2 pins in the output mode
BANK15

INITFLG POABIO3, POABIO2, NOT POABIO1, NOT POABIOO ; Sets POA3 and POA2 pins in
output mode

INITFLG POA3, POA2, NOT POA1, NOT POAO ; Outputs high level to POA3 and
POA2 pins
;o <1>
CLR1 POA3 ; Outputs low level to POA3 pin

MACRO EXTEND
AND .MF.POA3 SHR 4, #.DF.(NOT POA3 AND OFH)

If the POA2 pin is externally made low when the instruction in the above example <1> is executed,
the contents of the output latch of the POA2 pin are rewritten to “0” by the CLR1 instruction.

In other words, if an instruction that reads the contents of port register POA is executed while the
POAS3 or POA2 pin is set in the output mode, the contents of the output latch are rewritten to the
pin level at that time, regardless of the previous status.
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11.2.7 Status of I/0 port at reset

(1) At power-ON reset
All the 1/0 ports are set in the input mode.
The contents of the output latch are reset to “0”.

(2) At WDT&SP reset
All the I/O ports are set in the input mode.
The contents of the output latch are reset to “0”.

(3) At CE reset
The setting of the input or output mode is retained.
The contents of the output latch are also retained.

(4) On execution of clock stop instruction
The setting of the input or output mode is retained.

The contents of the output latch are also retained.

(5) In halt status
The previous status is retained.
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11.3 General-Purpose Input Port (POD, P1A, P1C)

11.3.1 Configuration of input port

The following paragraphs (1) and (2) show the configuration of the input port.

(1) POD (POD3, POD2, POD1, PODO)

Vop

-+

To A/D converter

O Eﬁ
%

|7

>

High-ON resistance Ii PODPLD flag

Input latch

Write instruction

Port register
(1 bit)

Read instruction

Note This is an internal signal output on execution of the clock stop instruction, and its circuit is
designed not to increase the current consumption due to noise even if the pin is floated.

(2) P1A (P1A3, P1A2, P1A1, P1A0)
P1C (P1C3, P1C2, P1C1, P1C0)

Vob

-

L

To frequency counter or A/D converter

o Eﬁ
i

|7

>

Write instruction

Port register
(1 bit)

Read instruction

Note This is an internal signal output on execution of the clock stop instruction, and its circuit is

designed not to increase the current consumption due to noise even if the pin is floated (except
P1A3, P1A2, and P1A0).
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11.3.2 Using input port

The input data is read by executing a read instruction (such as SKT) to the port register corresponding to
the port pin.

“1” is read from the port register when a high level is input to the corresponding port pin; when a low level
is input to the port pin, “0” is read from the register.

Nothing is affected even if a write instruction (such as MOV) is executed to the port register.

POD has a pull-down resistor that can be connected or disconnected by software in 1-bit units. The pull-down
resistor is connected when “0” is written to the corresponding bit of the port 0D pull-down resistor selection
register. When “1” is written to the corresponding bit of this register, the pull-down resistor is disconnected.

11.3.3 Port 0D pull-down resistor selection register
The port 0D pull-down resistor selection register specifies whether a pull-down resistor is connected to POD3

through PODO pins. The configuration and function of this register are illustrated below.

e Port 0D pull-down resistor selection register

Name Flag symbol Address Read/Write
bs [ b2 | b1 | bo
Port OD pull-down resistor P|P|P|P| (BANK15) R/W
selection 0/0j0/0 66H
D/ DD D
PIP|P|P
L|L|L|L
D/ D|DWD
3/12|1]|0
L Selects pull-down resistor of PODO pin
i 0 | Connects pull-down resistor to PODO pin
i 1 | Disconnects pull-down resistor from PODO pin
Selects pull-down resistor of POD1 pin
m Connects pull-down resistor to POD1 pin
Z Disconnects pull-down resistor from POD1 pin
Selects pull-down resistor of POD2 pin
T Connects pull-down resistor to POD2 pin
E Disconnects pull-down resistor from POD2 pin
Selects pull-down resistor of POD3 pin
T} Connects pull-down resistor to POD3 pin
Ti Disconnects pull-down resistor from POD3 pin
- Power-ON reset 0 : 0 : 0 : 0
% WDT&SP reset 0 0 0 0
% CE reset Retained
Clock stop Retained
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11.3.4 Status of input port at reset

(1) At power-ON reset
All the input ports are set in the input mode.
All the pull-down resistors of POD are connected.

(2) At WDT&SP reset
All the input ports are set in the input mode.
All the pull-down resistors of POD are connected.

(3) At CE reset
The input ports are set in the input mode.
The pull-down resistors of POD retain the previous status.

(4) On execution of clock stop instruction
The input ports are set in the input mode.

The pull-down resistors of POD retain the previous status.

(5) In halt status
The previous status is retained.
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11.4 General-Purpose Output Port (P1B)

11.4.1 Configuration of output port
The configuration of the output port is shown below.

(1) P1B (P1B3, P1B2, P1B1, P1B0)

Output

Write instruction
latch

Port register
(1 bit)

Read instruction

11.4.2 Using output port

The output port outputs the contents of the output latch to each pin.

The output data is set by executing a write instruction (such as MOV) to the port register corresponding to
the port pin.

Write “1” to the port register to output a high level to the port pin; write “0” to output a low level.

However, because P1B is an N-ch open-drain output port, it is floated when it outputs a high level. Therefore,
an external pull-up resistor must be connected to this port.

If a read instruction (such as SKT) is executed to the port register, the contents of the output latch are read.

11.4.3 Status of output port at reset

(1) At power-ON reset
The contents of the output latch are output.
The contents of the output latch are reset to “0”.

(2) At WDT&SP reset
The contents of the output latch are output.
The contents of the output latch are reset to “0”.

(3) At CE reset
The contents of the output latch are output.
The contents of the output latch are retained.

(4) On execution of clock stop instruction
The contents of the output latch are output.
The contents of the output latch are retained.

(5) In halt status

The contents of the output latch are output.
The contents of the output latch are retained.
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12. INTERRUPT
12.1 Outline of Interrupt Block

Figure 12-1 outlines the interrupt block.

As shown in the figure, the interrupt block temporarily stops the currently executed program and branches
execution to a vector address in response to an interrupt request output by a peripheral hardware unit.

The interrupt block consists of an “interrupt request servicing block” corresponding to each peripheral
hardware unit, “interrupt enable flip-flop” that enables all interrupts, “stack pointer” that is controlled when an
interrupt is accepted, “address stack registers”, “program counter”, and “interrupt stack”.

The “interrupt control block” of each peripheral hardware unit consists of an “interrupt request flag (IRQxxx)”
that detects the corresponding interrupt request, “interrupt enable flag (IPxxx)” that enables the interrupt, and
“vector address generator (VAG)” that specifies a vector address when the interrupt is accepted.

The uPD17719 has the following 12 types of maskable interrupts.

e CE pin falling edge interrupt
e |INTO through INT4 interrupts
e Timer O through timer 3 interrupts

e Serial interface 2 and serial interface 3 interrupts

When an interrupt is accepted, execution branches to a predetermined address, and the interrupt is serviced.
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Figure 12-1. Outline of Interrupt Block

Interrupt control block

3 Program
! ‘ ‘ counter
Serial ! Vector address
interface 3| generator 01H
| Stack | , | Address stack
Ll pointer registers
Serial ! Vector address| | !
interface 2 3 generator 02H [ —
| ! System
| ! registers
1| IPTM3 flag @
) : Vector address| | | .
Timer 3 || IRQTMS3 flag generator 03H : Pointer | Interrupt stack
1| IPTM2 flag i
X 3 Vector address :
Timer 2 | IRQTM2 flag generator 04H :
| 1PTM1 flag
) | Vector address 3
Timer 1 | [\RQTM1 flag |- |generator 05H [~
!| IPTMO flag
. i Vector address| |
Timer O |} [\RQTMO flag [ | generator 06H [
1| IP4 flag ;
. 3 Vector address :
INT4 pin ' IRQINT4 flag generator 07H
- :
| IP3flag 1
X 3 Vector address 3
INT3 pin ' |IRQINTS flag generator 08H
' IP2 flag
. | Vector address
INT2pin |} [|RQINT2 flag|- |generator 09H
| 1P1flag
. i Vector address
INT1 pin |' [\RQINT1 flag generator 0AH
| 1PO flag J
| Vector address 3
INTO pin 1 |IRQINTO flag generator 0BH |- —
| IPCE flag
CE pin i Vector address
falling || IRQCE flag generator 0CH : ‘
3 3 ! DI, El | Interrupt enable

,,,,,,,,,,,,,,,,,,,,,,,,,,, instruction | flip-flop

114 Data Sheet U12330EJ2V0DS



NEC

uPD17717,17718, 17719

12.2 Interrupt Control Block

An interrupt control block is provided for each peripheral hardware unit. This block detects issuance of an
interrupt request, enables the interrupt, and generates a vector address when the interrupt is accepted.

12.2.1 Configuration and function of interrupt request flag (IRQxxx)

Each interrupt request flag is set to 1 when an interrupt request is issued by the corresponding peripheral

hardware unit, and is reset to 0 when the interrupt is accepted.

Writing the interrupt request flag to “1” via a window register is equivalent to issuance of the interrupt request.

By detecting the interrupt request flag when an interrupt is not enabled, issuance status of each interrupt
request can be detected.

Once the interrupt request flag has been set, it is not reset until the corresponding interrupt is accepted, or

until “0” is written to the flag via a window register.

Even if two or more interrupt requests are issued at the same time, the interrupt request flag corresponding

to the interrupt that has not been accepted is not reset.

Figures 12-2 through 12-13 show the configuration and function of the respective interrupt request registers.

Figure 12-2. Configuration of Serial Interface 3 Interrupt Request Register

Name Flag symbol Address Read/Write
bs [ b2 | b1 | bo
Serial interface 3 0:0:0: 1 34H R/W
interrupt request ; ; ; R
CoQ
s
o
o
8
| I L
Indicates interrupt request issuance status of serial interface 3
i 0 | Interrupt request not issued
i 1 | Interrupt request issued
Fixed to “0”
. | Power-ON reset 0 0 0 0
2 | WDTasP reset o
2 CE reset i i i R
Clock stop ; ; ; R
R: Retained
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Figure 12-3. Configuration of Serial Interface 2 Interrupt Request Register

Name Flag symbol Address Read/Write

bs | b2 | b1 | bo

Serial interface 2 0:0:0:1I 35H RW
interrupt request ‘ ‘ ‘ R
. 1Q
o0 S
I
0 0
2

Indicates interrupt request issuance status of serial interface 2

0 | Interrupt request not issued

1 | Interrupt request issued

—| Fixed to “0”

. | Power-ON reset 0 0 0 0
% | WDTasP reset li]io
< CE reset ‘ ‘ ‘ R
Clock stop R
R: Retained
Figure 12-4. Configuration of Timer 3 Interrupt Request Register
Name Flag symbol Address Read/Write
bs | bz | b1 bo
Timer 3 0:0:0:1 36H RW
interrupt request R
e
R
R
BEr
L L

Indicates interrupt request issuance status of timer 3

0 | Interrupt request not issued

1 | Interrupt request issued

Fixed to “0”

Power-ON reset 0

WDT&SP reset

At reset

CE reset

| XT | © | o

Clock stop

R: Retained
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Figure 12-5. Configuration of Timer 2 Interrupt Request Register

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Timer 2 0:0 [V 37H R/W

interrupt request

Indicates interrupt request issuance status of timer 2

0 | Interrupt request not issued

1| Interrupt request issued

— | Fixed to “0”

. | Power-ON reset 0 0 0 0
é WDT&SP reset o
% CE reset R
Clock stop R
R: Retained
Figure 12-6. Configuration of Timer 1 Interrupt Request Register
Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Timer 1 0:0:01I 38H RW
interrupt request R
R
L
Y
BEE
I L
Indicates interrupt request issuance status of timer 1
0 | Interrupt request not issued
1 | Interrupt request issued

——| Fixed to “0”

Power-ON reset 0

WDT&SP reset

At reset

CE reset

Clock stop

R: Retained
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Figure 12-7. Configuration of Timer 0 Interrupt Request Register

Indicates interrupt request issuance status of timer 0

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Timer 0 0:0:0:1 39H R/W
interrupt request R
o
R
o
o
I t
0 | Interrupt request not issued
1 | Interrupt request issued
Fixed to “0”
- Power-ON reset 0 : 0 : 0 : 0
g WDT&SP reset o
< CE reset R
Clock stop R
R: Retained
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Figure 12-8. Configuration of INT4 Pin Interrupt Request Register

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
INT4 pin 70101 3AH R/W
interrupt request Ni ; iR
T
S
L] t

Indicates interrupt request issuance status of INT4 pin

0 | Interrupt request not issued

1 | Interrupt request issued

Fixed to “0”
. Detects status of INT4 pin
0! Low level is input
1 High level is input
_ | Power-ON reset Uui0:0:0
[0)
3 | WDT&SP reset url:'|o
< CE reset U R
Clock stop u: 'R

U: Undefined, R : Retained
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Figure 12-9. Configuration of INT3 Pin Interrupt Request Register

U: Undefined, R : Retained

120

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
INT3 pin l70:0:1 3BH R/W
interrupt request N R
T
s | s
L] L
Indicates interrupt request issuance status of INT3 pin
0 | Interrupt request not issued
1 | Interrupt request issued
Fixed to “0”
Detects status of INT3 pin
T} Low level is input
j High level is input
.. | Power-ON reset u 0 0 0
% WDT&SP reset u 0
< CE reset U i i i R
Clock stop U ; ; ; R
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Figure 12-10. Configuration of INT2 Pin Interrupt Request Register

Indicates interrupt request issuance status of INT2 pin

Detects status of INT2 pin

U: Undefined, R : Retained

Data Sheet U12330EJ2V0ODS

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
INT2 pin 11010 | 3CH RW
interrupt request N ; ; ; R
ToooQ
2, 1 12
L] L
0 | Interrupt request not issued
1 | Interrupt request issued
Fixed to “0”
0! Low level is input
1 ; High level is input
_ | Power-ON reset Uuio:o0:0
[0]
© | WDT&SP reset uililio
b T
CE reset ur|! IR
Clock stop Ut 1R
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Figure 12-11. Configuration of INT1 Pin Interrupt Request Register

Name Flag symbol Address Read/Write
bs | b2 | b1| bo
INT1 pin 1:10:01: 1 3DH RIW
interrupt request N R
T Q
IR
L] t
Indicates interrupt request issuance status of INT1 pin
0 | Interrupt request not issued
i 1 | Interrupt request issued
Fixed to “0”
Detects status of INT1 pin
T} Low level is input
j High level is input
.. | Power-ON reset u : 0 : 0 : 0
% WDT&SP reset U 0
< CE reset U R
Clock stop U R

U: Undefined, R: Retained
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Figure 12-12. Configuration of INTO Pin Interrupt Request Register

Name Flag symbol Address Read/Write
bs [ b2 | b1 | bo
INTO pin 1010 | 3EH R/W
interrupt request N ; ; ; R
T
o o
L] t
Indicates interrupt request issuance status of INTO pin
i 0 | Interrupt request not issued
i 1 | Interrupt request issued
Fixed to “0”
Detects status of INTO pin
T Low level is input
j High level is input
_ | Power-ON reset U : 0 : 0 : 0
é WDTA&SP reset U 0
< CE reset U R
Clock stop U R

U: Undefined, R: Retained
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Figure 12-13. Configuration of CE Pin Interrupt Request Register

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
CE pin cioicil 3FH R/W
interrupt request E ; ; Ei R
b 1€ Q
. INIC
CiTiE
s
T
T
- Indicates interrupt request issuance status of CE pin
0 | Interrupt request not issued
1 | Interrupt request issued
Detects status of CE reset counter
ETE Stops
E Operates
Fixed to “0”
Detects status of CE pin
T} Low level is input
Ti High level is input
_ | Power-ON reset uio:0:0
% WDT&SP reset U 0 0
< CE reset Ui iOiR
Clock stop U ; ; 0 ; R

U : Undefined, R : Retained
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12.2.2 Function and configuration of interrupt request flag (IPxxx)

Each interrupt request flag enables the interrupt of the corresponding peripheral hardware unit.

In order for an interrupt to be accepted, all the following conditions must be satisfied.

The interrupt must be enabled by the corresponding interrupt request flag.
The interrupt request must be issued by the corresponding interrupt request flag.

The El instruction (which enables all interrupts) must be executed.

The interrupt enable flags are located on the interrupt enable register on the register file.
Figures 12-14 through 12-16 show the configuration and function of each interrupt enable register.

Figure 12-14. Configuration of Interrupt Enable Register 1

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Interrupt enable 1 NN 2DH R/W
PIPIPIP
SISITIT
L1 IMIM
0:0:38:2
312 |
t Enables or disables timer 2 interrupt
1 0 | Disables
1 | Enables
Enables or disables timer 3 interrupt
10 | Disables
i 1 ; Enables
Enables or disables serial interface 2 interrupt
10 Disables
f 1 ; Enables
Enables or disables serial interface 3 interrupt
0 Disables
1 Enables
_ | Power-ON reset 0:0:0:0
ol L
@ | WDT&SP reset 0:0:0:!0
= L
CE reset Retained
Clock stop Retained
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Figure 12-15. Configuration of Interrupt Enable Register 2

Name Flag symbol Address Read/Write
bs [ b2 | b1 | bo
Interrupt enable 2 I I 2EH R/W
P/PIPIP
T T 43
MM |
1ol
t Enables or disables INT3 pin interrupt
' 0 | Disables
1 | Enables
Enables or disables INT4 pin interrupt
10 | Disables
i 1 ; Enables
Enables or disables timer 0 interrupt
1o Disables
f 1 ; Enables
Enables or disables timer 1 interrupt
0 Disables
1 Enables
_ | Power-ON reset 0:0:0:0
5 L
8 | WDT&SP reset 0/0/01!0
z L
CE reset Retained
Clock stop Retained
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Figure 12-16. Configuration of Interrupt Enable Register 3

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Interrupt enable 3 I I I 2FH R/W
P P P P
2/110iC
B
L Enables or disables CE pin interrupt
i 0 | Disables
1 | Enables
Enables or disables INTO pin interrupt
T Disables
E Enables
Enables or disables INT1 pin interrupt
ET} Disables
T Enables
Enables or disables INT2 pin interrupt
T} Disables
Ti Enables
. | Power-ON reset 0:0:0:0
% WDT&SP reset 0 0 0 0
< CE reset Retained
Clock stop Retained
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12.2.3 Vector address generator (VAG)
The vector address generator generates a branch address (vector address) of the program memory
corresponding to an interrupt source that has been accepted from the corresponding peripheral hardware.
Table 12-1 shows the vector addresses of the respective interrupt sources.

Table 12-1. Interrupt Sources and Vector Addresses

Interrupt Source Vector Address
Falling edge of CE pin 00CH
INTO pin 00BH
INT1 pin 00AH
INT2 pin 009H
INT3 pin 008H
INT4 pin 007H
Timer O 006H
Timer 1 005H
Timer 2 004H
Timer 3 003H
Serial interface 2 002H
Serial interface 3 001H
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12.3 Interrupt Stack Register

12.3.1 Configuration and function of interrupt stack register

Figure 12-17 shows the configuration of the interrupt stack register.

The interrupt stack register saves the contents of the following system registers (except the address register
(AR)) when an interrupt is accepted.

* Window register (WR)

* Bank register (BANK)

* Index register (I1X)

e General pointer (RP)

e Program status word (PSWORD)

When an interrupt is accepted and the contents of the above system registers are saved to the interrupt stack,
the contents of the above system registers, except the window register, are reset to “0”.

The interrupt stack can save the contents of the above system registers at up to four levels.

Therefore, interrupts can be nested up to four levels.

The contents of the interrupt stack register are restored to the system registers when the interrupt return
(RETI) instruction is executed.

The contents of the interrupt stack register are undefined at power-ON reset.

The previous contents are retained at CE reset and on execution of the clock stop instruction.

Figure 12-17. Configuration of Interrupt Stack Register

Interrupt stack Interrupt stack register (INTSK)
pointer of
system register Name Window | Bank Index Index Index Pointer Pointer Status
stack stack stack H stack M | stack L stack H stack L stack
WRSK BANKSK | IXHSK IXHSK IXHSK RPHSK | RPLSK | PSWSK
Bit Address Bit
bs | b2 | b1 | bo baibzibﬁbo bsibzibﬁbo bsibzibﬁbo bsibzibﬁbo baibzibﬁbo bsibzibﬁbo baibzibﬁbo bsibzibﬁbo
0/5|8|8 OH Undefined
YIY]Y — —— — I s s — —— —
s|s|s LN T sk
R|R|R T L B B S A R
s|s|s 2H s INTS K2
N N N N S O A
PIP|P Lo Lo Lo N Lo Lo Lo
o o o I NTS K 3 o o o
210 Mo
Lo Lo Lo T Lo Lo Lo
4H Lo Lo Lo INTS K4 . Lo Lo Lo
L L R R R L R
5H Undefined
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12.3.2 Interrupt stack pointer of system register

The interrupt stack pointer of the system register detects the nesting level of interrupts. The interrupt stack

pointer can be only read and cannot be written.
The configuration and function of the interrupt stack pointer are illustrated below.

130

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Interrupt stack pointer of T T 08H R
_ 0:8:8:8
system registers v v v
sisis
‘RIRIR
'sis's
eipie
i
\—|:‘> Detects level of interrupt stack of system registers
0 0 0 | Use prohibited
0 0 1 | 4 levels (INTSK1)
101110 3levels (INTSK2)
0 1 1| 2 levels (INTSK3)
1101 0] 1level INTSK4)
111011 0 level
Fixed to “0”
| Power-ON reset 0:1:0:1
2| WDTasP reset 11001
ECEreset 101
Clock stop ; Retained
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12.3.3 Interrupt stack operation

Figure 12-8 shows the operation of the interrupt stack.

When nested interrupts exceeding four levels are accepted, since the contents saved first are discarded they
therefore must be saved by the program.

Figure 12-18. Operation of Interrupt Stack (1/2)

(a) Where interrupt nesting level is 4 or less

Undefined - < MAIN - < A
Undefined | ! Undefined | ! MAIN
Undefined < Undefined < Undefined
Undefined < Undefined < Undefined
Main routine 1 Interrupt A Interrupt B
MAIN i i B
. RETI RETI
Undefined ooy MAIN < A
Undefined Undefined MAIN
Undefined Undefined Undefined
Undefined Undefined Undefined
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Figure 12-18. Operation of Interrupt Stack (2/2)

(b) Where interrupt nesting level is 5 or more

MAIN

Undefined - MAIN - A
Undefined | | < Undefined | | < MAIN
< Undefined < Undefined
< Undefined < Undefined
Main routine 1 InterrLth A

Interrupt level 1

Interrupt level 2

Interrupt C

Interrupt E

C D

- Yo

T 4

< MAIN < A
*‘ Interrupt D

D E

Interrupt level 4

System reset

Caution The system is reset when an interrupt of level 5 is accepted.

Interrupt level 5

However, the ISPRES flag, which resets the non-maskable interrupt if the interrupt stack
overflows or underflows, must be setto “1”. This flag is “1” after system reset, and can then

be written only once.

132
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12.4 Stack Pointer, Address Stack Registers, and Program Counter

The address stack registers save a return address when execution returns from an interrupt routine.

The stack pointer specifies the address of an address stack register.

When an interrupt is accepted, the value of the stack pointer is decremented by one, and the value of the
program counter at that time is saved to an address stack register specified by the stack pointer.

Next, the interrupt routine is executed. When the interrupt return (RETI) instruction is executed after that,
the contents of an address stack register specified by the stack pointer are restored to the program counter,
and the value of the stack pointer is incremented by one.

For further information, also refer to 3. ADDRESS STACK (ASK).

12.5 Interrupt Enable Flip-Flop (INTE)

The interrupt enable flip-flop enables or disables the 12 types of maskable interrupts.

When this flip-flop is set, all the interrupts are enabled. When it is reset, all the interrupts are disabled.

This flip-flop is set or reset by dedicated instructions El (to set) and DI (to reset).

The El instruction sets this flip-flop when the instruction next to El is executed, and the DI instruction resets
the flip-flop while it is being executed.

When an interrupt is accepted, this flip-flop is automatically reset.

This flip-flop is also reset at power-ON reset, at a reset by the RESET pin, at a watchdog timer, overflow or
underflow of the stack, and at CE reset. The flip-flop retains the previous status on execution of the clock stop
instruction.
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12.6 Accepting Interrupt

12.6.1 Accepting interrupt and priority
The following operations are performed before an interrupt is accepted.

(1) Each peripheral hardware unit outputs an interrupt request signal to the corresponding interrupt request
block if a given interrupt condition (for example, input of the falling signal to the INTO pin) is satisfied.

(2) When each interrupt request block accepts an interrupt request signal from the corresponding peripheral
hardware unit, it sets the corresponding interrupt request flag (for example, IRQO flag if it is the INTO pin
that has issued the interrupt request) to “1”.

(8) Theinterruptenable flag corresponding to each interrupt request flag (for example, IP0 flag if the interrupt
request flag is IRQO) is set to “1” when each interrupt request flag is set to “1”, and each interrupt request
block outputs “1”.

(4) The signal output by the interrupt request block is ORed with the output of the interrupt enable flip-flop,
and an interrupt accept signal is output.

This interrupt enable flip-flop is set to “1” by the El instruction, and reset to “0” by the DI instruction.
If “1” is output by each interrupt request processing block while the interrupt enable flip-flop is set to “17,
the interrupt is accepted.

As shown in Figure 12-1, the output of the interrupt enable flip-flop is input to each interrupt request block
via an AND circuit when an interrupt is accepted.

The signal input to each interrupt request block causes the interrupt request flag corresponding to each
interrupt request flag to be reset to “0” and the vector address corresponding to each interrupt to be output.

If the interrupt request block outputs “1” at this time, the interrupt accept signal is not transferred to the next
stage. If two or more interrupt requests are issued at the same time, therefore, the interrupts are accepted
according to the priority shown in Table 12-2.

Unless the interrupt request enable flag is set to “1”, the corresponding interrupt is not accepted.

Therefore, by resetting the interrupt enable flag to “0”, the interrupt with a high hardware priority can be
disabled.

Table 12-2. Interrupt Priority

Interrupt Source Priority

Falling edge of CE pin 1

INTO pin

INT1 pin
INT2 pin

INT3 pin

INT4 pin

Timer 0

Timer 1

© | o[ N|oo |0 |~ |w|N

Timer 2

-
o

Timer 3

—_
—_

Serial interface 2

—_
N

Serial interface 3

134 Data Sheet U12330EJ2VODS



NEC uPD17717,17718, 17719

12.6.2 Timing chart when interrupt is accepted

The timing charts in Figure 12-19 illustrate the operations performed when an interrupt or interrupts are
accepted.

Figure 12-19 (1) is the timing chart when one interrupt is accepted.

(a) in (1) is the timing chart where the interrupt request flag is set to “1” after all the others, and (b) is the
timing chart where the interrupt enable flag is set to “1” after all the others.

In either case, the interrupt is accepted when the interrupt request flag, interrupt enable-flip flop, and interrupt
enable flag all have been set to “1”.

If the flag or flip-flop that has been set last is set in the first instruction cycle of the “MOVT DBF, @AR”
instruction or by an instruction that satisfies a given skip condition, the interrupt is accepted in the second
instruction cycle of the “MOVT DBF, @AR” instruction or after the instruction that is skipped (this instruction
is treated as NOP) has been executed.

The interrupt enable flip-flop is set in the instruction cycle next to that in which the El instruction is executed.

Therefore, the interrupt is accepted after the instruction next to the El instruction has been executed even
when the interrupt request flag is set in the execution cycle of the El instruction.

(2) in Figure 12-19 is the timing chart where two or more interrupts are used.

When two or more interrupts are used, the interrupts are accepted according to the hardware priority if all
the interrupt enable flags are set. However, the hardware priority can be changed by setting the interrupt enable
flags by the program.

“Instruction cycle” shown in Figure 12-19 is a special cycle in which the interrupt request flag is reset, a vector
address is specified, and the contents of the program counter are saved after an interrupt has been accepted.
It takes 1.78 us, which is equivalent to one instruction execution time, to be completed.

For details, refer to 12.7 Operation after Interrupt Has Been Accepted.
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Figure 12-19. Timing Charts When Interrupt Is Accepted (1/3)

(1) When one interrupt (e.g., rising of INTO pin) is used

(a) If there is no interrupt mask time by the interrupt flag (IPxxx)

<1> If a normal instruction which is not “MOVT” or an instruction that satisfies a skip
condition is executed when interrupt is accepted

))
Instruction El Mov POKE (( Normal Interrupt
WR, #0010B | INTPM3, WR instruction| cycle
\ ‘ / ! It ‘ ! ! ‘ | |
INTE 1 1 i 1 i i 1 1 1
INTO pin 1 1 ; P\ ; 1 1 1
IRQO flag : : \ 3 : K‘Q ! 3 ! ! !
IPO flag | | \( | | | | | | |
1 instruction! 1 1 1 1 1
cycle 1 . Interrupt enable period | i INTO pin interrupt service
1.78us ‘ T ‘

INTO pin interrupt accepted

<2> If “MOVT” or an instruction that satisfies a skip condition is executed when interrupt is

accepted
1!
Instruction El MoV POKE MOVT DBF, Interrupt
WR, #0010B | INTPM3, WR @AR or skip cycle
" instruction
(!

INTE \

INTO pin i 5[5_\
IRQO flag !
IPO flag } \<

¥

1 instruction;
cycle !

-

Interrupt enable period INTO pin interrupt service

1.78 us
T

INTO pin interrupt accepted
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NEC

Figure 12-19. Timing Charts When Interrupt Is Accepted (2/3)

(b) If interrupt is kept pending by the interrupt enable flag

Interrupt

cycle

POKE

MoV

WR, #0010B | INTPM3, WR

El

INTO pin interrupt service

Instruction

INTE

INTO pin
IRQO flag

IPO flag

INTO pin interrupt accepted

(2) If two or more interrupts (e.g., INTO pin and INT1 pin) are used

(a) Hardware priority

Interrupt

cycle

El

interrupt service

INTO pin interrupt service

INT1 pin interrupt pending period

INT1 pin interrupt accepted

INTO pin interrupt accepted
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Figure 12-19. Timing Charts When Interrupt Is Accepted (3/3)

(b) Software priority

INT1 pin interrupt accepted
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12.7 Operations after Interrupt Has Been Accepted

When an interrupt is accepted, the following operations are sequentially performed automatically.

(1

(2)
3)

(4)
(5)

The interrupt enable flip-flop and the interrupt request flag corresponding to the accepted interrupt
request are reset to “0”. As a result, the other interrupts are disabled.

The contents of the stack pointer are decremented by one.

The contents of the program counter are saved to an address stack register specified by the stack pointer.
At this time, the contents of the program counter are the program memory address after the address at
which the interrupt has been accepted.

For example, if a branch instruction is executed when the interrupt has been accepted, the contents of
the program counter are the branch destination address. If a subroutine call instruction is executed, the
contents of the program counter are the call destination address. If the skip condition of a skip instruction
is satisfied, the next instruction is executed as NOP and then the interrupt is accepted. Consequently,
the contents of the program counter are the address after that of the instruction that is skipped.

The contents of the system registers (except the address register) are saved to the interrupt stack.
The contents of the vector address generator corresponding to the interrupt that has been accepted are
transferred to the program counter. In other words, execution branches to the interrupt routine.

The operations (1) through (5) above require the time of one special instruction cycle (1.78 us) in which normal

instruction execution is not performed.
This instruction cycle is called an “interrupt cycle”.
In other words, the time of one instruction cycle (1.78 us) is required after an interrupt has been accepted

until execution branches to the corresponding vector address.

12.8 Returning from Interrupt Routine

The interrupt return (RETI) instruction is used to return from an interrupt routine to the processing during

which an interrupt was accepted.

When the RETI instruction is executed, the following operations are sequentially performed automatically.

(1

(2)
3)

The contents of an address stack register specified by the stack pointer are restored to the program
counter.

The contents of the interrupt stack are restored to the system registers.

The contents of the stack pointer are incremented by one.

The operations (1) through (3) above require one instruction cycle (1.78 us) in which the RETI instruction

is executed.
The only difference between the RETI instruction and the RET and RETSK instructions, which are subroutine
return instructions, is the restoration of the bank register and index register in step (2) above.
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12.9 External Interrupts (CE and INTO through INT4 pins)

12.9.1 Outline of external interrupts

Figure 19-20 outlines the external interrupts.

As shown in the figure, external interrupt requests are issued at the rising or falling edges of signals input
to the INTO through INT4 pins, and at the falling edge of the CE pin.

Whether an interrupt request is issued at the rising or falling edge of an INT pin is independently specified
by the program.

The INTO through INT4 and CE pins are Schmitt trigger input pins to prevent malfunctioning due to noise.
These pins do not accept a pulse input of less than 100 ns.

Figure 12-20. Outline of External Interrupts

Interrupt control block

INTO flag IEGO flag
Edge detection
INTO : IRQO fla
J block g
Schmitt trigger
INT1 flag IEG1 flag
Edge detection
INT1 : IRQ1 fla
J block g
Schmitt trigger
INT2 flag IEG2 flag
Edge detection
INT2 ‘ IRQ2 fla
ﬂ block g
Schmitt trigger
INT3 flag IEG3 flag
Edge detection
INT3 : IRQ3 fla
J block g
Schmitt trigger
——— INT3SEL
INT4 flag IEG4 flag
Edge detection
INT4 ‘ IRQ4 fla
J block 9
Schmitt trigger
INT4SEL
CE flag
Edge detection
CE : IRQCE fla
J block g
Schmitt trigger
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12.9.2 Edge detection block

The edge detection block specifies the valid edge (rising or falling edge) of an input signal that issues the
interrupt request of INTO to INT4 pins, by using an interrupt edge selection register.

Figure 12-21 shows the configuration and function of the interrupt edge selection register.

Figure 12-21. Configuration of Interrupt Edge Selection Register (1/2)

Name Flag symbol Address Read/Write

Interrupt edge selection 1 | | 1EH R/W

S
E
L
t Selects function of P1A2/INT3 pin

0 | Interrupt pin (edge detection cricuit operates)

1 | General-purpose port pin (edge detection cricuit stops)

Selects input edge to issue interrupt request (INT3 pin)

Rising edge

1 Falling edge

Selects function of P1A3/INT4 pin

Interrupt pin (edge detection cricuit operates)

General-purpose port pin (edge detection cricuit stops)

Selects input edge to issue interrupt request (INT4 pin)

0 : Rising edge

1 Falling edge

Power-ON reset 0:0:0:0

WDT&SP reset 0/0:0'0

At resat

CE reset Retained

Clock stop Retained

Caution The external input delays about 100 ns.
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Figure 12-21. Configuration of Interrupt Edge Selection Register (2/2)

Name Flag symbol Address Read/Write
bs [ b2 | b1 | bo
Interrupt edge selection 2 ORI I 1FH RW
'E'EE
'G!G!G
21100
t Selects input edge to issue interrupt request (INTO pin)
1 0 | Rising edge
' 1 | Falling edge
Selects input edge to issue interrupt request (INT1 pin)
10 Rising edge
1 Falling edge
Selects input edge to issue interrupt request (INT2 pin)
1o Rising edge
f 1 ; Falling edge
Fixed to “0”
_ | Power-ON reset 0:0:0:0
I L
8 | WDT&SP reset 101010
P T
CE reset ' Retained
Clock stop ' Retained

Caution The external input is delayed about 100 ns.

Note that an interrupt request signal may be issued at the time when the interrupt request issuance edge is
switched by the interrupt edge selection flags (IEGO through IEG4).

As indicated in the table 12-3, for example, if the IEGO flag is set to “1” (falling edge), the high level is input
from the INTO pin and the IEGO flag is reset to “0”, the edge detection circuit judges that the rising edge is input
and an interrupt request is issued.
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Table 12-3. Issuance of Interrupt Request by Changing IEG Flag

Changes in IEGO through IEG4 Flags

Status of INTO through INT4 Pins

Issuance of Interrupt Request

Status of Interrupt Request Flag

1 - 0 Low level Not issued Retains previous status
(Falling) (Rising) High level Issued Set to “1”

0o - 1 Low level Issued Set to “1”
(Rising) (Falling) High level Not issued Retains previous status

12.9.3 Interrupt control block
The signal levels that are input to the INTO through INT4 pins can be detected by using the INTO through INT4

flags.

Because these flags are reset independently of interrupts, when the interrupt function is not used the INTO
through INT2 pins can be used as a 3-bit input port, and P1A2/INT3 and P1A3/INT4 pins can be used as a 2-
bit general-purpose input port.

If the interrupts are not enabled, these ports can be used as general-purpose port pins whose rising or falling
edge can be detected by reading the corresponding interrupt request flags.

Atthis time, however, the interrupt request flags are not automatically reset and must be reset by the program.

For further information, also refer to 12.2.1 Configuration and function of interrupt request flag (IRQxxx).

12.10 Internal Interrupts

The following six internal interrupts are available.

e Timer O
e Timer 1
e Timer 2
e Timer 3
e Serial interface 2
e Serial interface 3

12.10.1 Timer 0, timer 1, timer 2, and timer 3 interrupts
Interrupt requests are issued at fixed intervals.
For details, refer to 13. TIMER.

12.10.2 Serial interface 2 and serial interface 3 interrupts
Interrupt requests can be issued at the end of a serial output or serial input operation.
For details, refer to 16. SERIAL INTERFACE.
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13. TIMERS

Timers are used to manage the program execution time.

13.1 Outline of Timers

Figure 13-1 outlines the timers.
The following five timers are available.

e Basic timer 0
e Timer 0
e Timer 1
e Timer 2
e Timer 3

Basic timer 0 detects the status of a flip-flop that is set at fixed time intervals in software.

Timers 0 through 3 are modulo timers and can use interrupts.

Basic timer 0 can also be used to detect a power failure. Timer 3 is multiplexed with the D/A converter.
The clock of each timer is created by dividing the system clock (4.5 MHz).

Figure 13-1. Outline of Timers (1/2)

(1) Basic timer 0

4.5 MHz —|Clock selection Flip-flop — BTMOCY flag
(2) Timer 0
4.5 MHz —{Clock selection Start/stop 8-bit counter Overflow
{} Interrupt control
TMOG (O—| Gate control Coincidence detection
i
Modulo register
(3) Timer 1
4.5 MHz —{Clock selection Start/stop 8-bit counter
v
Coincidence detection Interrupt control

i

Modulo register
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Figure 13-1. Outline of Timers (2/2)

Interrupt control

(4) Timer 2
4.5 MHz —{Clock selection Start/stop 8-bit counter
v
Coincidence detection
i
Modulo register
(5) Timer 3
4.5 MHz —»| Clock divider Start/stop N Sblt counteror 7

9-bit counter

U

Coincidence detection

Interrupt control

i

Modulo register

Multiplexed whih D/A converter
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13.2 Basic Timer 0

13.2.1 Outline of basic timer 0

Figure 13-2 outlines basic timer 0.

Basic timer 0 is used as a timer by detecting in software the BTMOCY flag that is set at fixed intervals (100,
50, 20, or 10 ms).

If the BTMOCY flag is read first after power-ON reset, “0” is always read. After that, the flag is set to “1” at
fixed intervals.

If the CE pin goes high, CE reset is effected in synchronization with the timing at which the BTMOCY flag is
set next.

Therefore, a power failure can be detected by reading the content of the BTMOCY flag at system reset (power-
ON reset or CE reset).

For the details of power failure detection, refer to 21. RESET.

Figure 13-2. Outline of Basic Timer 0

Clock selection block

BTMOCKO flag
BTMOCK1 flag

4.5MHz —~|  Divider Selector

Flip-flop —BTMOCY flag

Remarks 1. BTMOCK1 and BTMOCKO (bits 1 and 0 of basic timer 0 clock selection register: refer to Figure
13-3) set the time intervals at which the BTMOCY flag is set.
2. BTMOCY (bit 0 of basic timer 0 carry register: refer to Figure 13-4) detects the status of the
flip-flop.
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13.2.2 Clock selection block
The clock selection block divides the system clock (4.5 MHz) and sets the time interval at which the BTMOCY
flag is to be set, by using the BTMOCKO and BTMOCK1 flags.
Figure 13-3 shows the configuration of the basic timer 0 clock selection register.

Figure 13-3. Configuration of Basic Timer 0 Clock Selection Register

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Basic timer O clock selection | 0 : 0 : Bf B 18H R/W
o
i
oo
o
kK
R
C T Li
Sets time interval at which BTMOCY flag is set

0 0 | 10 Hz (100 ms)

0 1 | 20 Hz (50 ms)

1 0 | 50 Hz (20 ms)

1 1| 100 Hz (10 ms)

Fixed to “0”

.. | Power-ON reset 0 : 0 : 0 : 0
% WDT&SP reset |00
< CE reset i iRetained
Clock stop ; iRetained

Data Sheet U12330EJ2V0ODS
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13.2.3 Flip-flop and BTMOCY flag

The flip-flop is set at fixed intervals and its status is detected by the BTMOCY flag of the basic timer 0 carry
register.

When the BTMOCY flag is read, it is reset to “0” (Read & Reset).

The BTMOCY flag is “0” at power-ON reset, and is “1” at CE reset and on execution of the clock stop
instruction. Therefore, this flag can be used to detect a power failure.

The BTMOCY flag is not set after power application until an instruction that reads it is executed. Once the
read instruction has been executed, the flag is set at fixed intervals.

Figure 13-4 shows the configuration of the basic timer O carry register.

Figure 13-4. Configuration of Basic Timer 0 Carry Register

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Basic timer 0 carry 0:0:0:B 17H R & Reset
T
o
I
L ic
B
I L
Detects status of flip-flop
i 0 | Flip-flop is not set
1 | Flip-flop is set
Fixed to “0”
.. | Power-ON reset 0 : 0 : 0 : 0
2 | WDTasP reset LR
< CE reset 1
Clock stop R
R: Retained
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13.2.4 Example of using basic timer 0
An example of a program using basic timer 0 is shown below.
This program executes processing A every 1 second.

Example

CLR2 BTMOCK1, BTMOCKO ; Sets BTMOCY flag setting pulse to 10 Hz (100 ms)
MOV M1, #0

LOOP:
SKT1 BTMOCY ; Branches to NEXT if BTMOCY flag is “0”
BR NEXT
ADD M1, #1 ; Adds 1 to M1
SKE M1, #0AH ; Executes processing A if M1 is “10” (1 second has elapsed)
BR NEXT
MOV M1, #0
| Processing A |

NEXT:
| Processing B | ; Executes processing B and branches to LOOP
BR LOOP
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13.2.5 Errors of basic timer 0

Errors of basic timer 0 include an error due to the detection time of the BTMOCY flag, and an error that occurs
when the time interval at which the BTMOCY flag is to be set is changed.
The following paragraphs (1) and (2) describe each error.

(1) Error due to detection time of BTMOCY flag
The time to detect the BTMOCY flag must be shorter than the time at which the BTMOCY flag is set (refer
to 13.2.6 Notes on using basic timer 0).
Where the time interval at which the BTMOCY flag is detected is tcHeck and the time interval at which the

flag is set is tset (100, 50, 20, or 10 ms), tcHeck and tset must relate as follows.

tcHECK < tSET

At this time, the error of the timer when the BTMOCY flag is detected is as follows, as shown in Figure
13-5.

0 < Error < tseT

Figure 13-5. Error of Basic Timer 0 due to Detection Time of BTMOCY Flag

BTMOCY flag H—
setting pulse L
tseT
1 — -
BTMOCY flag
0
tcHECKd tcHECk? tcHECK3
SKT1 SKT1 SKT1 SKTH1
BTMOCY BTMOCY BTMOCY BTMOCY
<1> <2> <3> <4>

As shown in Figure 13-5, the timer is updated because BTMOCY flag is “1” when it is detected in step
<2>.

When the flag is detected next in step <3>, it is “0”. Therefore, the timer is not updated until the flag is
detected again in <4>.

This means that the timer is extended by the time of tcHecka.
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(2) Error when time interval to set BTMOCY flag is changed

Internal pulse

Internal pulse

BTMOCY flag
setting pulse

BTMOCY flag

The BTMOCK1 and BTMOCKO flags set the time of the BTMOCY flag.

As described in 13.2.2, four types of timer time-setting pulses can be selected: 10 Hz, 20 Hz, 50 Hz, and
100 Hz.

At this time, these four pulses operate independently. If the timer time-setting pulse is changed by using
the BTMOCK1 and BTMOCKO flags, an error occurs as described in the example below.

Example
;<1>
INTIFLG NOT BTMOCK1, NOT BTMOCKO
; Sets BTMOCY flag setting pulse to 10 Hz (100 ms)

Processing A

; <2>
INITFLG BTMOCK1, NOT BTMOCKO ; Sets BTMOCY flag setting pulse to 50 Hz (20 ms)

Processing A

; <3>
INITFLG NOT BTMOCK1, NOT BTMOCKO
; Sets BTMOCY flag setting pulse to 10 Hz (100 ms)

At this time, the BTMOCY flag setting pulse is changed as shown in Figure 13-6.

Figure 13-6. Changing BTMOCY Flag Setting Pulse

puee " ) t | t L
e L L L LT L L L L L
Sl .

SKT1 BTMOCY

As shown in Figure 13-6, if the BTMOCY flag setting time is changed and the new pulse falls, the BTMOCY
flag retains the previous status (<2> in the figure). If the new pulse rises, however, the BTMOCY flag
is set to “1” (<3> in the figure).

Although changing the pulse setting between 10 Hz (100 ms) and 50 Hz (20 ms) is described in this
example, the same applies to changing the pulse in respect to 20 Hz (50 ms) and 100 Hz (10 ms).
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Therefore, as shown in Figure 13-7, the error of the time until the BTMOCY flag is first set after the

BTMOCY flag setting time has been changed is as follows:
—tseT < Error < tcHeck

tseT : new setting time of BTMOCY flag
tcHeck: time to detect BTMOCY flag

Phase differences are provided among the internal pules of 10, 20, 50, and 100 Hz. Because these phase
differences are shorter than the newly set pulse time, they are included in the above error.

Figure 13-7. Timer Error When BTMOCY Flag Setting Time Is Changed from A to B

Intrinsic timer time

H -

Internal pulse A

|_ —

H N — S
Internal pulse B

L

tser tseT

H E— — f— .
BTMOCY flag
setting pulse L ||

H — S p—
BTMOCY flag —l —l

L | |

SKT1 BTMOCY \ ™ for o
X Intrinsic timer time
Actual timer time

Time changed

An error of -tser occurs if BTMOCY flag is
detected immediately after the timer time
has been changed because the flag then
becomes “1”.

152 Data Sheet U12330EJ2V0ODS

Actual timer time
Time changed
An error of tcHeck occurs if the timer time is
changed immediately after BTMOCY flag

has been detected because the flag is then
reset once.



NEC uPD17717,17718, 17719

13.2.6 Cautions on using basic timer 0

(1) BTMOCY flag detection time interval

Keep the time to detect the BTMOCY flag shorter than the time at which the BTMOCY flag is set.
This is because, if the time of processing B is longer than the time interval at which the BTMOCY flag

is set as shown in Figure 13-8, setting of the BTMOCY flag is overlooked.

Figure 13-8. BTMOCY Flag Detection and BTMOCY Flag

BTMOCY flag

setting pulse L —

tseT

<1> <2>| <3>

<4>

BTMOCY flag

SKT1 BTMOCY SKT1 BTMOCY

Processing A Processing B

SKT1

<5>

BTMOCY

Because execution time of processing B takes too long
after detection of BTMOCY flag that has been set to “1”
in <2>, BTMOCY flag that is set to “1” in <3> cannot be

detected.

(2) Timer updating processing time and BTMOCY flag detection time interval
As described in (1) above, time interval tset at which the BTMOCY flag is detected must be shorter than

the time for which to set the BTMOCY flag.

At this time, even if the time interval at which the BTMOCY flag is detected is short, if the updating
processing time of the timer is long the processing of the timer may not be executed normally at CE reset.

Therefore, the following condition must be satisfied.

tcHECK + tTIMER < tSET
tcHeck: time to detect BTMOCY flag
trimer : timer updating processing time

tser : time to set BTMOCY flag

An example is given below.

Data Sheet U12330EJ2V0ODS

153



NEC uPD17717,17718, 17719

Example Example of timer updating processing and BTMOCY flag detection time interval

START:

CLR2 BTMOCK1, BTMOCKO ; Sets BTMOCY flag setting pulse to 10 Hz (100 ms)
BTIMER:

; <1>

SKT1 BTMOCY ; Updates timer if BTMOCY flag is “1”

BR AAA

Timer updating

BR BTIMER
AAA:

Processing A

BR BTIMER

The timing chart of the above program is shown below.

H
CE pin
L J—
H —
BTMOCY flag
setting pulse L —

tseT

1
BTMOCY flag

BTMOCY detection interval Timer updating processing
tcHECK trimMeR

If this timer updating processing
<1> SKT1 <0> SKT1 CE reset time is too long, CE reset is effected

BTMOCY BTMOCY during processing.

(3) Compensating basic timer 0 carry at CE reset
Next, an example of compensating the timer at CE reset is described below.
As shown in the example below, the timer must be compensated at CE reset “if the BTMOCY flag is used
for power failure detection and if the BTMOCY flag is used for a watch timer”.
The BTMOCY flag is reset (to 0) first on power application (power-ON reset), and is disabled from being
set until it is read once by the “PEEK” instruction.
If the CE pin goes high, CE reset is effected in synchronization with the rising edge of the BTMOCY flag
setting pulse. At this time, the BTMOCY flag is set (to 1) and the timer is started.
By detecting the status of the BTMOCY flag at system reset (power-ON reset or CE reset), therefore, it
can be identified whether a power-ON reset or CE reset has been effected (power failure detection). That
is, power-ON reset has been effected if the flag is “0”, and CE reset has been effected if it is “1”.
At this time, the watch timer must continue operating even if CE reset has been effected.
However, because the BTMOCY flag is reset to 0 when it is read to detect a power failure, the set status
(1) of the BTMOCY flag is overlooked once. If the delay function of CE reset is used, the value set to
the CE reset timer carry counter (control register address 06H) is overlooked.
Consequently, the watch timer must be updated if CE reset is identified by means of power failure
detection.
For the details of power failure detection, refer to 21. RESET.
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Example Example of compensating timer at CE reset (to detect power failure and update watch timer

using BTMOCY flag)

START: :

Processing A |

; <1>
SKT1 BTMOCY ;
BR INITIAL ;
BACKUP:
; <2>

100-ms watch updating ;

LOOP:
; <3>

Processing B :

SKF1 BTMOCY ;
BR BACKUP
BR LOOP

INITIAL:

Program address 0000H

Embedded macro

; Tests BTMOCY flag

if “0”, branches to INITIAL (power failure detection)

Compensates watch timer because of backup (CE reset)
Initial value “1” is stored as CE reset timer carry
; counter value

While performing processing B,

tests BTMOCY flag and updates watch timer

CLR2 BTMOCK1, BTMOCKO

Processing C

BR LOOP

Embedded macro

Because power failure (power-ON reset) occurs,
sets setting time of BTMOCY flag to 100 ms, and
executes processing C

Figure 13-9 shows the timing chart of the above program.
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Figure 13-9. Timing Chart

He |

CE L4

et B O s T e
[

BTMOCY flag ‘ [ B | |
0 1 ; — : s R ! ‘ —
. ! Al C | B ' B 'B! B ‘B! B !B! B! A ' B B!
Program processing ! — ; i -—n 1 -— e ‘ i -~
Program instruction : <1> <3> <3> <3><3> | <3><3> 1 <3><3> <1> <3><3>
' Power-ON reset " Watch UP | WatchUP  ‘WatchUP  CEreset ! Watch UP
3 Start from address 0 : ! ! Start from address 0 |
Application of BTMOCY flag detected ! ! | Updates watch imer because
supply voltage ‘ ‘ setting of BTMOCY flag (to 1)
! : : ! is detected
[Point B | [PointC] [PointD|  [PointE |

As shown in Figure 13-9, the program is started from address 0000H because the internal 10-Hz pulse
rises when supply voltage Vop is first applied.

When the BTMOCY flag is detected at point A, it is judged that the BTMOCY flag is reset (to 0) and that
a power failure (power-ON reset) has occurred because the power has just been applied.

Therefore, “processing C” is executed, and the BTMOCY flag setting pulse is set to 100 ms.

Because the content of the BTMOCY flag is read once at point A, the BTMOCY flag will be set to 1 every
100 ms.

Next, even if the CE pin goes low at point B and high at point C, the program counts up the watch timer
while executing “processing B”, unless the clock stop instruction is executed.

At point C, because the CE pin goes high, CE reset is effected at point D at which the BTMOCY flag setting
pulse rises next time, and the program is started from address 0000H.

When the BTMOCY flag is detected at point E at this time, it is set to 1. Therefore, this is judged to be
a back up (CE reset).

Asis evident from the above figure, unless the watch is updated by 100 ms at point E, the watch is delayed
by 100 ms each time CE reset is effected.

If processing A takes longer than 100 ms when a power failure is detected at point E, the setting of the
BTMOCY flag is overlooked two times. Therefore, processing A must be completed within 100 ms.
The above description also applies when the BTMOCY flag setting pulse is set to 50, 20, or 10 ms.
Therefore, the BTMOCY flag must be detected for power failure detection within the BTMOCY flag setting
time after the program has been started from address 0000H.

156 Data Sheet U12330EJ2V0ODS



NEC uPD17717,17718, 17719

(4) If BTMOCY flag is detected at the same time as CE reset
As described in (3) above, CE reset is effected as soon as the BTMOCY flag is set to 1.
If the instruction that reads the BTMOCY flag happens to be executed at the same time as CE reset at
this time, the BTMOCY flag reading instruction takes precedence.
Therefore, if the next setting the BTMOCY flag (rising of BTMOCY flag setting pulse) after the CE pin has
gone high coincides with execution of the BTMOCY flag reading instruction, CE reset is effected at “the
next timing at which the BTMOCY flag is set”.
This operation is illustrated in Figure 13-10.

Figure 13-10. Operation When CE Reset Coincides with BTMOCY Flag Reading Instruction

H

CE pin

H
BTMOCY flag
setting pulse | __

(PEEK --.) (SKT --)

BTMOCY flag
0
SKT1 .-~ SKT1 .. CEreset
BTMOCY BTMOCY
BTMOCY flag ! ! :
setting pulse L ‘ ! :
BTMOCY flag | | 3
0 | — | 3 |
Instruction SKT1 BTMOCY :

3 Embedded macro
PEEK WR, . MF. BTMOCY SHR 4
! SKT WR, #. DF. BTMOCY AND 000FH

1.78 us

. If BTMOCY flag is read at this time, CE reset is
| effected delayed once.

Originally, program is started from address 0000H here.
However, CE reset is not effected because it happens to
coincide with program that reads BTMOCY flag.

Consequently, if the BTMOCY flag detection time interval coincides with the BTMOCY flag setting time
in a program that cyclically detects the BTMOCY flag, CE reset is never effected.

Therefore, the following point must be noted.

Because one instruction cycle is 1.78 us (1/562.5 kHz), a program that detects the BTMOCY flag once,
say, every 1125 instructions, reads the BTMOCY flag every 1.78 us x 1125 = 2 ms.

Because the timer time setting pulse is 100 ms at this time, if setting and detection of the BTMOCY flag
coincide once, CE reset is never effected.
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Therefore, do not create a cyclic program that satisfies the following condition.

tseT x 1125

X =n (n: natural number)

tseT: B TMOCY flag setting time
X : Cycle X step of instruction that reads BTMOCY flag

An example of a program that satisfies the above condition is shown below. Do not create such a
program.

Example

Processing A

CLR2 BTMOCK1, BTMOCKO ; Embedded macro
; Sets BTMOCY flag setting pulse to 100 ms

LOOP:
;<1>
SKT1 BTMOCY ; Embedded macro
BR BBB
AAA:
1121 steps
BR LOOP
BBB:
1121 steps
BR LOOP

Because the BTMOCY flag reading instruction in <1> is repeatedly executed every 1125 instruction in
this example, CE reset is not effected if the BTMOCY flag happens to be set at the timing of instruction

in <1>.
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13.3 Timer 0

13.3.1 Outline of timer 0

Figure 13-11 shows the outline of timer 0.

The timer 0 is used as timer (modulo mode) by comparing the count value with the previously set value after
the basic clock (100 kHz, 10 kHz, 2 kHz, and 1 kHz) has counted by the 8-bit counter.

The pulse width of the signal input from the TMOG pin can be measured (external gate counter).

Figure 13-11. Outlines Timer 0

TMOCKT1 flag
TMOCKO flag DBF TMOOVF flag
der
4.5 MHz — Clock selection o Start/stop Timer 0 counter (TMOC) .
Overflow
TMOGCEG flag
TMOGOEG flag
P1AOTMOG(Q— Gate control |1 Coincidence detection circuit Sets IRQTMO flag
TMOMD flag F’
TMOMD flag
Timer 0 modulo register
(TMOM)
DBF Gate closed

Remarks 1. TMOCK1 and TMOCKO (bits 1 and 0 of timer 0 counter clock selection register: refer to Figure

13-13) set a basic clock frequency.

2. TMOMD (bit O of timer 0 mode selection register: refer to Figure 13-14) selects the modulo
counter and gate counter.

3. TMOGOEG (bit 1 of timer 0 mode selection register: refer to Figure 13-14) sets the open edge
of an external gate.

4. TMOGCEG (bit 2 of timer 0 mode selection register: refer to Figure 13-14) sets the close edge
of an external gate.

5. TMOOVF (bit 3 of timer 0 mode selection register: refer to Figure 13-14) detects an overflow
of timer 0 counter.

6. TMORES (bit 2 of timer O counter clock selection register: refer to Figure 13-13) resets timer
0 counter.
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13.3.2 Clock selection, start/stop control, and gate control blocks

Figure 13-12 shows the configuration of these blocks.

The clock selection block selects a basic clock to operate timer 0 counter.

Four types of basic clocks can be selected by using the TMOCK1 and TMOCKO flags.

Figure 13-13 shows the configuration and function of each flag.

The start/stop block controls the TMOMD flag and open/close signal from the gate control block, and starts
or stops the basic clock to be input to timer 0 counter by the TMOEN flag.

The gate control block sets the opening or closing conditions of the gate.

It sets whether the gate is opened or closed by a rising or falling of the input signal, by using the TMOGOEG
and TMOGCEG flags. This block also issues an interrupt request when the closing condition of the gate is
detected.

Figure 13-14 shows the configuration and function of each flag.

Figure 13-12. Configuration of Clock Selection, Start/Stop Control, and Gate Control Blocks

Clock selection Start/stop

TMOCK1
TMOCKO

Divider Selector

100 kHz
4.5 MHz O O\O O\(%—»Timer 0 counter

10 kHz

2 kHz

1 kHz

TMOEN flag

TMOMD flag TMOMD flag

Gate control

TMOGOEG
TMOGCEG

] l
Edge

Open/
P1A0/TMOG @7@\@ detection| | close

Timer O interrupt
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Figure 13-13. Configuration of Timer 0 Counter Clock Selection Register

Name Flag symbol Address Read/Write

bs | b2 | b1 | bo

Timer O counter T 7T.7:7 2BH R/W

clock selection MMM M

Li Sets basic clock of timer 0 counter

0 | 100 kHz (10us)

1 | 10 kHz (100 us)

0 | 2 kHz (500 us)

11 1kHz (1 ms)

— Resets timer 0 counter

0 Does not change

f 1 ; Resets counter

Starts or stops timer 0

0! Stops

1 Starts

Power-ON reset 0:0:0:0

WDT&SP reset 0:0:01!0

At reset

CE reset Retained

Clock stop 0:0:0:

Caution When the TMORES flag is read, 0 is always read.
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13.3.3 Count block

The count block counts the basic clock with an 8-bit timer 0 counter, reads the count value, and issues an

interrupt request if the value of the timer 0 modulo register coincides with its value.
Timer 0 counter can be reset by the TMORES flag.

The TMOOVF flag can detect an overflow of the counter. When an overflow occurs, an interrupt request can

be issued.
The value of the timer 0 counter can be read via data buffer.
The value of the timer 0 modulo register can be written or read via data buffer.

Figure 13-14 shows the configuration of the timer 0 mode selection register.

Figure 13-15 shows the configuration of the timer 0 counter.

Figure 13-16 shows the configuration of the timer 0 modulo register.
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Figure 13-14. Configuration of Timer 0 Mode Selection Register

Name

Flag symbol

bs | b2 | b1 | bo

Address Read/Write

Timer 0 mode selection

2CH R/W

Selects modulo counter or gate counter of timer 0

Modulo counter

Gate counter

Specifies edge of gate open input signal

Rising edge

Falling edge

Specifies edge of gate close input signal

Rising edge

Falling edge

Detects timer 0 overflow

No overflow

Overflow

At reset

Power-ON reset

0:0:0:0

WDT&SP reset

0:0:0!0

CE reset

Retained

Clock stop

0:0:0:0
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Figure 13-15. Configuration of Timer 0 Counter

Data buffer
DBF3 DBF2 DBF1 DBFO
Don't care Don't care ; ; ; ; ; ;
i ; Trgansﬂer dgta ; ;
— GET
‘ 8 bits ‘
PUT must not be executed
Name Timer O counter
Symbol TMOC
Address 1BH
Bit b7§bs§b5§b4§b3§b2§b1§bo
Data |
|
\—> Reads count value of timer 0
0 * Modulo mode
3 Reset if count value of timer O coincides with value of
i ‘ modulo counter.
3 * External gate mode
OFFH Resets counting to 00H if overflow occurs
. | Power-ON reset 00000000
%WDT&SPreset 0{0{0:0{0{0/0/0
< CE reset Retained
Clock stop 0%0%0%0%0%0%0%0
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Figure 13-16. Configuration of Timer 0 Modulo Register

Data buffer
DBF3 DBF2 DBF1 DBFO
Don't care Don't care : : : : : :
3 : Transfer data : :
T S i N
T
GET
8 bits
PUT
Name Timer 0 modulo register
Symbol TMOM
Address 1AH
Bit b7 bsibsibsibsibzi bl bo
Data o
' Validdata |
|
\—> Sets modulo data of timer O
0 * Modulo mode
! Issues interrupt request when value of modulo counter
3 ‘ coincides with count value of timer 0.
3 * External gate mode
1 Does not issue interrupt request when value of modulo
OFFH counter coincides with count value of timer 0.
_ | Power-ON reset (R R T B T I
[0]
& | WDT&SP reset Tii1i1i11101
z R S S S S S
CE reset Retained
Clock stop T
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13.3.4 Example of using timer 0

(1) Modulo counter mode

The modulo counter mode is used for time management by generating timer 0 interrupt at fixed intervals.

An example of a program is shown below.

This program executes processing B every 500 us.

TMODATA DAT 0032H ; MODULO DATA =50
START:

BR INITIAL ; Reset address

; Interrupt vector address

NOP ; SIO3

NOP ; SI02

NOP ; TM3

NOP ; TM2

NOP ; TMA1

BR INT_TMO ; TMO

NOP ; INT4

NOP ; INT3

NOP ; INT2

NOP s INTH

NOP ; INTO

NOP ; Down edge of CE
INITIAL:

INITFLG  NOT TMOEN, TMORES, NOT TMOCK1, NOT TMOCKO

; (Stop) , (Reset), (Basic clock = 10 us)

CLR1 TMOMD ; Modulo mode

MOV DBFO, #(TMOMDATA SHR 0) AND OFH

MOV DBF1, #(TMOMDATA SHR 4) AND OFH

PUT TMOM, DBF ; Sets count data

SET1 IPTMO ; Enables timer 0 interrupt

El

SETH1 TMOEN ; Starts timer 0
LOOP:

Processing A

BR LOOP

INT_TMO:
Processing B ; Timer O interrupt service
El
RETI ; Return
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(2) Gate counter mode

166

The gate counter mode is used to count the width of a pulse input to the TMOG pin.

An example of a program is shown below.

In this program example, the width of the pulse input to the TMOG pin is counted from the falling edge
to the falling edge.

If the pulse width is 800 to 1200 us, processing C is executed; otherwise, processing B is executed.
If the pulse width is 2560 us or more, processing D is executed.

TMO0800 DAT 0050H ; Count data = 80
TMO01200 DAT 0078H ; Count data = 120
START:
BR INITIAL ; Reset address
; Interrupt vector address
NOP ; SI03
NOP ; SI02
NOP ; TM3
NOP ; TM2
NOP ; TMA
BR INT_TMO ; TMO
NOP ; INT4
NOP ; INT3
NOP ; INT2
NOP ; INTH
NOP ; INTO
NOP ; Down edge of CE
INITIAL:
INITFLG  NOT TMOEN, TMORES, NOT TMOCK1, NOT TMOCKO
; (Stop) , (Reset) , (Basic clock = 10 us)
INITFLG TMOGCEG , TMOGOEG , TMOMD
; (Falling close), (Falling open), (Gate counter)
SETA1 TMOEN ; START
SET1 IPTMO ; Enables timer 0 interrupt
El
LOOP:
Processing A
BR LOOP
INT_TMO:
PUT DBFSTK, DBF ; Saves data buffer
GET DBF, TMOC
INITFLG  TMOEN, TMORES
SKT1 TMOOVF ; Detects overflow status (2560 us or more?)
BR AAA
Processing D
BR EI_RETI
AAA:
SUB DBFO, #TM0800 AND OFH
SUBC DBF1, #TM0800 SHR4 AND OFH
SKF1 CcYy ; 800 us or more?
BR BBB
SUB DBFO, #TM01200 AND OFH
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BBB:

EI_RETI:

END

13.3.5 Error of timer 0

SUBC DBF1, #TM01200 SHR4 AND OFH
SKT1 CYy ; 1200 us or more?
BR BBB

Processing C

BR EI_RETI

Processing B

GET DBF, DBFSTK ; Restores data buffer
El
RETI ; Return

Timer 0 has an error of up to 1 basic clock in the following cases.

(1) On starting/stopping counter
The counter is started or stopped by ANDing the open/close condition of the gate and TMOEN flag setting

condition.

Therefore, an error of 0 to +1 clocks occurs when the gate is opened or the TMOEN flag is set, and an

error of =1 to 0 clocks occurs when the gate is closed or the flag is reset.

In all, an error of +1 count occurs.

(2) On resetting counter operation

An error of 0 to +1 clocks occurs when the counter is reset.

(3) On selecting basic clock during counter operation
An error of 0 to +1 clocks of the newly selected clock occurs.

13.3.6 Cautions on using timer 0
Timer 0 interrupt may occur simultaneously with the other timer interrupts and CE reset. If it is necessary
to update the timer at CE reset, do not use timer 0, use basic timer 0 instead.
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13.4 Timer 1

13.4.1 Outline of timer 1
Figure 13-17 outlines timer 1.

Timer 1 counts the basic clock (100, 10, 2, or 1 kHz) with an 8-bit counter, and compares the count value
with a value set in advance.

Figure 13-17. Outline of Timer 1

Interrupt control
TM1CK1 flag
TM1CKO flag ?‘i
4.5 MHz —| Clock selection Start/stop Timre 1 counter (TM1C)
B TM1RES flag
TM1EN flag
Coincidence detection circuit Timer 1

{? IRQTM1 flag

Timer 1 modulo register
(TM1M)

{3

DBF

Remarks 1. TM1CK1 and TM1CKO (bits 1 and 0 of timer 1 counter clock selection register: refer to Figure
13-18) set the basic clock frequency.

2. TM1EN (bit 3 of timer 1 counter clock selection register: refer to Figure 13-18) starts or stops
timer 1.

3. TM1RES (bit 2 of timer 1 counter clock selection register: refer to Figure 13-18) resets timer
1 counter.
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13.4.2 Clock selection and start/stop control blocks
The clock selection block selects a basic clock to operate timer 1 counter.
Four types of basic clocks can be selected by using the TM1CK1 and TM1CKO flags.
The start/stop block starts or stops the basic clock input to timer 1 by using the TM1EN flag.
Figure 13-18 shows the configuration and function of each flag.

13.4.3 Count block

The count block counts the basic clock with timer 1 counter, reads the count value, and issues an interrupt
request when its count value coincides with the value of the timer 1 modulo register.

The timer 1 counter can be reset by the TM1RES flag.

The timer 1 counter is automatically reset when its value coincides with the value of the timer 1 modulo
register.

The value of the timer 1 counter can be read via data buffer.

Data can be written to the value of the timer 1 modulo register via data buffer.
Figure 13-18 shows the configuration of timer 1 counter clock selection register.
Figure 13-19 shows the configuration of the timer 1 counter.

Figure 13-20 shows the configuration of the timer 1 modulo register.
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Figure 13-18. Configuration of Timer 1 Counter Clock Selection Register

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Timer 1 counter clock selection | T ' T T: T 2AH R/W
M M M M
1 i 1 i 1 i 1
EIRICIC
N E K K
sitio
LE* Sets basic clock of timer 1 counter
0 0 | 100 kHz (10 us)
0 1| 10 kHz (100 us)
1 0 | 2 kHz (500 us)
i 1 ; 1] 1kHz (1 ms)
Resets timer 1 counter (valid on writing)
m Does not change
Z Resets counter
Starts or stops timer 1
T Stops
j Starts
_ | Power-On reset 0 0 0 0
% WDT&SP reset 0 0 0 0
< CE reset Retained
Clock stop 0 i 0 i 0 : 0

Caution When the TM1RES flag is read, 0 is always read.
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Figure 13-19. Configuration of Timer 1 Counter

Data buffer
DBF3 DBF2 DBF1 DBFO
Don't care Don't care ; ; ; ; ; ;
i ; Trgnsﬂer dgta ; ;
— GET
‘ 8 bits
PUT must not be executed
Name Timer 1 counter
Symbol T™M1C
Address 1DH
Bit b7§b6§b5§b4§ba§bzib1§bo
Data | bbb
|
\—> Reads count value of timer 1
0
| |
X Count value
| |
OFFH
_ | Power-ON reset 00000000
%WDT&SPreset oioioioioioioio
< CE reset Retained
Clock stop 0%0%0%0%0%0%0%0
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Figure 13-20. Configuration of Timer 1 Modulo Register

Data buffer
DBF3 DBF2 DBFA1 DBFO
Don't care Don't care : : : : : :
3 : Transfer datai :
R S S
I
GET
8 bits
PUT
Name Timer 1 modulo register
Symbol TM1M
Address 1CH
Bit b7 ibs ' bsibaibsibzi biibo
Data A
' ! Valddata @ !
|
\—' Sets modulo data of timer 1
0 Setting prohibited
1
X Modulo counter value
OFFH
_ | Power-ON reset 11110110101
[0}
8 | WDT&SP reset EREREERE R
= S S S S B
CE reset Retained
Clock stop (AR IRER T IO T IR T

172 Data Sheet U12330EJ2V0ODS



NEC

uPD17717,17718, 17719

13.4.4 Example of using timer 1

(1) Modulo timer

The modulo timer is used for time management by generating timer 1 interrupt at fixed intervals.

An example of a program is shown below.

This program executes processing B every 500 us.

TM1DATA

START:

INITIAL:

LOOP:

INT_TM1:

END

DAT 0032H

BR INITIAL
; Interrupt vector address

; Count data = 50

; Reset address

NOP ; SIO3

NOP ; SI02

NOP ; TM3

NOP ; TM2

BR INT_TMA1 ; TMA

NOP ; TMO

NOP ; INT4

NOP ; INT3

NOP ; INT2

NOP ; INTH

NOP ; INTO

NOP ; Down edge of CE
INITFLG  NOT TM1EN, TM1RES, NOT TM1CK1, NOT TM1CKO
; (Stop) , (Reset), (Basic clock = 10 us)
MOV DBFO, #TM1DATA

MOV DBF1, #TM1DATA SHR4 AND OFH

PUT TM1, DBF

SET1 TM1EN ; START

SET1 IPTM1 ; Enables timer 1 interrupt
El

Processing A

BR LOOP

PUT DBFSTK, DBF

Processing B

GET DBF, DBFSTK
El
RETI

; Saves data buffer

; Return
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13.4.5 Error of timer 1
Timer 1 has an error of up to 1 basic clock in the following cases.

(1) On starting/stopping counter
The counter is started or stopped by setting the TM1EN flag.
Therefore, an error of 0 to +1 clocks occurs when the TM1EN flag is set, and an error of —1 to O clocks
occurs when the flag is reset.
In all, an error of £1 count occurs.

(2) On resetting counter operation
An error of 0 to +1 clocks occurs when the counter is reset.

(3) On selecting basic clock during counter operation
An error of 0 to +1 clocks of the newly selected clock occurs.

13.4.6 Cautions on using timer 1

Timer 1 interrupt may occur simultaneously with the other timer interrupts and CE reset. If it is necessary
to update the timer at CE reset, do not use timer 1, use basic timer 0 instead.
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13.5 Timer 2

13.5.1 Outline of timer 2
Figure 13-21 outlines timer 2.

Timer 2 counts the basic clock (100, 10, 2, or 1 kHz) with an 8-bit counter, and compares the count value

with a value set in advance.

TM2CK1 flag
TM2CKO flag

Figure 13-21. Outline of Timer 2

DBF

{}

4.5 MHz —=

Clock selection

Start/stop

I

Timer 2 counter (TM2C)

Remarks

LTM2EN flag

{} §_<:(%TM2RES flag

Coincidence detection circuit

ifi

Timer 2 modulo register
(TM2M)

&

DBF

Interrupt control

Timer 2
IRQTM2 flag

1. TM2CK1 and TM2CKO (bits 1 and 0 of timer 2 counter clock selection register: refer to Figure
13-22) set the basic clock frequency.
2. TM2EN (bit 3 of timer 2 counter clock selection register: refer to Figure 13-22) starts or stops

timer 2.

3. TM2RES (bit 2 of timer 2 counter clock selection register: refer to Figure 13-22) resets timer

2 counter.
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13.5.2 Clock selection and start/stop control blocks
The clock selection block selects a basic clock to operate timer 2 counter.
Four types of basic clocks can be selected by using the TM2CK1 and TM2CKO flags.
The start/stop block starts or stops the basic clock input to timer 2 by using the TM2EN flag.
Figure 13-22 shows the configuration and function of each flag.

13.5.3 Count block

The count block counts the basic clock with timer 2 counter, reads the count value, and issues an interrupt
request when its count value coincides with the value of the timer 2 modulo register.

The timer 2 counter can be reset by the TM2RES flag.

The timer 2 counter is automatically reset when its value coincides with the value of the timer 2 modulo
register.

The value of the timer 2 counter can be read via data buffer.

Data can be written to the value of the timer 2 modulo register via data buffer.
Figure 13-22 shows the configuration of timer 2 counter clock selection register.
Figure 13-23 shows the configuration of the timer 2 counter.

Figure 13-24 shows the configuration of the timer 2 modulo register.
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Figure 13-22. Configuration of Timer 2 Counter Clock Selection Register

Name Flag symbol Address Read/Write

bs | b2 | b1 | bo

Timer 2 counter clock selection | T+ T+ T+ T 29H R/W

LE* Sets basic clock of timer 2 counter

0 | 100 kHz (10 us)

1| 10 kHz (100 us)

0 | 2 kHz (500 us)

1| 1 kHz (1 ms)

Resets timer 2 counter (valid on writing)

PO Does not change

1 Resets counter

Starts or stops timer 2

0 Stops

1 ; Starts

Power-ON reset 0:0:0:0

At reset

WDT&SP reset 0:/0:0!0

CE reset Retained

Clock stop 0:0:0:

Caution When the TM2RES flag is read, 0 is always read.
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Figure 13-23.

Data buffer
DBF3 DBF2 DBF1 DBFO
Don't care Don't care
Transfer data
S S S
T
‘ 8 bits ‘
Name Timer 2 counter
Symbol T™M2C
Address 1FH
Bit b7 ibs ' bsibaibsibai biibo
Data

Configuration of Timer 2 Counter

GET

PUT must not be executed

Reads count value of timer 2

Count value

0
| |
X
| |
OFFH
. | Power-ON reset 030303030303030
% WDT&SP reset 0 §0 io io §o§ 0§ o§ 0
% CE reset Retained
Clock stop 0%0%0%0%0%0%0%0
178
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Figure 13-24. Configuration of Timer 2 Modulo Register

Data buffer
DBF3 DBF2 DBF1 DBFO
Don't care Don't care : : : : : :
Transfgr datai
N
GET
8 bits
PUT
Name Timer 2 modulo register
Symbol T™M2M
Address 1EH
Bit b7 ibe i bsibaibsibzibiibo
Data
' Validdata |
|
\—> Sets modulo data of timer 2
0 Setting prohibited
1
X Modulo counter value
OFFH
.. | Power-On reset 10111111
[0]
& | WDT&SP reset SREREREREREREE
2 R T S S S
CE reset Retained
Clock stop IR AR IREE IES INOR T B
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13.5.4 Example of using timer 2

(1) Modulo timer
The modulo timer is used for time management by generating a timer 2 interrupt at fixed intervals.

180

An example of a program is shown below.

This program executes processing B every 500 us.

TM2DATA  DAT

START:
BR

0032H

INITIAL

; Interrupt vector address

NOP
NOP
NOP
BR

NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP

INITIAL:
INITFLG
MOV
MOV
PUT
SET1

SET1
El

LOOP:

INT_TM2

Count data = 50

Reset address

SI103
S102
TM3
T™2
TMA1

; TMO
; INT4
; INT3
; INT2
; INTA
; INTO
; Down edge of CE

NOT TM2EN, TM2RES, NOT TM2CK1, NOT TM2CKO

(Stop) , (Reset),
DBFO, #TM2DATA

(Basic clock = 10 us)

DBF1, #TM2DATA SHR4 AND OFH

TM2, DBF
TM2EN
IPTM2

Processing A

BR

INT_TM2:
PUT
INITFLG

LOOP

DBFSTK, DBF
TM2EN, TM2RES

Processing B

GET
El
RETI

END

DBF, DBFSTK

START

; Enables timer 2 interrupt

; Saves data buffer
; Resets and starts

; Return
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13.5.5 Error of timer 2
Timer 2 has an error of up to 1 basic clock in the following cases.

(1) On starting/stopping counter
The counter is started or stopped by setting the TM2EN flag.
Therefore, an error of 0 to +1 clocks occurs when the TM2EN flag is set, and an error of —1 to O clocks
occurs when the flag is reset.
In all, an error of £1 count occurs.

(2) On resetting counter operation
An error of 0 to +1 clocks occurs when the counter is reset.

(3) On selecting basic clock during counter operation
An error of 0 to +1 clocks of the newly selected clock occurs.

13.5.6 Cautions on using timer 2

Timer 2 interrupt may occur simultaneously with the other timer interrupts and CE reset. If it is necessary
to update the timer at CE reset, do not use timer 2, use basic timer 0 instead.
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13.6 Timer 3

13.6.1 Outline of timer 3

Figure 13-25 outlines timer 3.

Timer 3 counts the basic clock (1.125 MHz or 112.5 kHz selectable) with an 8-bit counterNot¢, and compares
the count value with a value set in advance.

Because timer 3 is multiplexed with a D/A converter, all the three D/A converter pins are automatically set
in the general-purpose port mode when timer 3 is used.

Note A 9-bit or 8-bit counter can be selected for the D/A converter, but the 8-bit counter is automatically
selected when the timer function is selected.

Figure 13-25. Outline of Timer 3

Interrupt control

PWMCK flag TMS3EN flag TM3SEL flag
L
| | !

4.5 MHz —| Clock selection [—= Start/stop Timer 3 counter (TM3C) |[=—TM3RES

{ } flag
- F* IRQTMS3 flag
Coincidence detection circuit

Timer 3 modulo register
(TM3M)

s

DBF

Remarks 1. PWMCK (bit 0 of PWM clock selection register: refer to Figure 13-26) selects the output
frequency of timer 3.
2. TM3SEL (bit 3 of timer 3 control register: referto Figure 13-27) selects timer 3 or D/A converter.
3. TM3EN (bit 1 of timer 3 control register: refer to Figure 13-27) starts or stops counting by timer
3.
4. TM3RES (bit 0 of timer 3 control register: refer to Figure 13-27) controls resetting of timer 3
counter.
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13.6.2 Clock selection block
The clock of timer 3 is selected by the PWMCK flag of the PWM clock selection register.
Figure 13-26 shows the configuration of the flag.

Figure 13-26. Configuration of PWM Clock Selection Register

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
PWM clock selection 0:PIO:P 26H R/W
W
wow
IEEe
nar
T
t Selects output frequency of timer 3

0 | 4.4 kHz (8 bits)/2.2 kHz (9 bits)

1 | 440 Hz (8 bits)/220 Hz (9 bits)

—| Fixed to “0”

EE—— Selects number of bits of PWM counter
10 8 bits
P 9 bits
Fixed to “0”

.. | Power-ON reset 0:0:0:0
[0]
@ | WDT&SP reset oo
< CE reset :R: ER
Clock stop 1010
R:Retained
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13.6.3 Start/stop control block
The start/stop block starts or stops the basic clock to be input to timer 3 counter by using the TM3EN flag.
To control timer 3, timer 3 must be selected by the TM3SEL flag.

Figure 13-27 shows the configuration of each flag.

Figure 13-27. Configuration of Timer 3 Control Register

Name Flag symbol Address Read/Write
bs [ b2 | b1 | bo
Timer 3 control T/ 0T T 28H RW
MMM
3. 133
s |EIR
el inle
Lo s

Resets counter

Dose not change

Resets

Starts or stops counter

Stop

Starts

Fixed to “0”

Selects timer 3 or D/A converter

D/A converter (PWM output)

Timer 3

_ Power-ON reset 0 : 0 : 0 : 0
% WDT&SP reset 0i |00
< CE reset R i iRetained
Clock stop 0 0 0
R:Retained

184
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13.6.4 Count block

The count block counts the basic clock with timer 3 and issues an interrupt request when the count value of
timer 3 coincides with the value of the timer 3 modulo register.

Timer 3 counter can be reset by the TM3RES flag.

Because the PWM data register 2 (PWMR2) and timer 3 modulo register (TM3M) are multiplexed, these
registers cannot be used at the same time.

When timer 3 is used, the PWM data register 1 (PWMR1) and PWM data register 0 (PWMRO) can be used
as 9-bit data latches (refer to 15. D/A CONVERTER (PWM mode)).

Figure 13-28. Configuration of Timer 3 Modulo Register

Data buffer

DBF3 DBF2 DBF1 DBFO

Transfer data
1 | 1 1

GET
16 bits
PUT
Name Timer 3 modulo registerNet®
Symbol | TM3M
Address | 46H
Bit b153b143b133b123b113b103 bs 3 bs 3 b7 3 be 3 bsi bai bsi bzi b13 bo
Data |0;0;0/0;0;0;0; | [ | | | | | |
0 0 0 1 1 . 1 | \Valddata | |
| |
\—' Sets modulo data of timer 3
0
i |
X Modulo counter value
1 |
1FFH
Fixed to “0”
Power-ON reset (IR REE T T IR T IR TR
q') I I I I I I I I
3 | WDT&SP reset (IR TEEE BEAR TR TS TRAR TS B
< CE reset Retained
Clock stop (R AR T TR IR TR T

Note This register is multiplexed with the PWM data register 2.
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13.6.5 Example of using timer 3
An example of a program using timer 3 (multiplexed with PWM) is given below.
This program executes processing B every 888 us.

TM3DATA  DAT 0064H ; Count data = 100
START:

BR INITIAL ; Reset address

; Interrupt vector address

NOP ; SIO3

NOP ; SI02

BR INT_TM3 ; TM3

NOP ; TM2

NOP ; TMA1

NOP ; TMO

NOP ; INT4

NOP ; INT3

NOP ; INT2

NOP ; INTH

NOP ; INTO

NOP ; Down edge of CE
INITIAL:

INITFLG NOT PWMSEL2 , NOTPWMSEL1 , NOT PWMSELO

; (General-purpose port), (General-purpose port), (General-purpose port)
INITFLG NOT PWMBIT, PWMCK

; ( 8BIT ), (440 Hz)

INITFLG TM3SEL , NOT TM3EN, TM3RES

; (Timer 3 mode), (Stop) , (Reset)

MOV DBFO, #TM3DATA
MOV DBF1, #TM3DATA SHR4 AND OFH
PUT TM3M, DBF
SETH TM3EN ; START
SET1 IPTM3 ; Enables timer 3 interrupt
El
LOOP:
Processing A
BR LOOP
INT_TMS3:
PUT DBFSTK, DBF ; Saves data buffer
Processing B
GET DBF, DBFSTK
El
RETI ; Return
END

186 Data Sheet U12330EJ2V0ODS



NEC uPD17717,17718, 17719

13.6.6 Error of timer 3
Timer 3 has an error of up to 1 basic clock in the following cases.

(1) On starting/stopping counter
The counter is started or stopped by setting the TM3EN flag.
Therefore, an error of 0 to +1 clocks occurs when the TM3EN flag is set, and an error of —1 to O clocks
occurs when the flag is reset.
In all, an error of £1 count occurs.

(2) On resetting counter operation
An error of 0 to +1 clocks occurs when the counter is reset.

(3) On selecting basic clock during counter operation
An error of 0 to +1 clocks of the newly selected clock occurs.

13.6.7 Cautions on using timer 3

Timer 3 interrupt may occur simultaneously with the other timer interrupts and CE reset. If it is necessary
to update the timer at CE reset, do not use timer 3, use basic timer 0 instead.

When timer 3 is used, the three output port pins multiplexed with the D/A converter pins, P1B2/PWM2 through
P1B0/PWMO, are automatically set in the general-purpose output port mode.
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13.6.8 Status at reset

(1) At power-ON reset
The P1B2/PWM2 through P1BO/PWMO pins are set in the general-purpose output port mode.
The output value is “low level”.
The value of each PWM data register (including the timer 3 modulo register) is “1FFH”.

(2) At WDT&SP reset
The P1B2/PWM2 through P1B0O/PWMO pins are set in the general-purpose output port mode.
The output value is “low level”.
The value of each PWM data register (including the timer 3 modulo register) is “1FFH”.

(3) On execution of clock stop instruction
The P1B2/PWM2 through P1B0O/PWMO pins are set in the general-purpose output port mode.
The output value is the “previous contents of the output latch”.
The value of each PWM data register (including the timer 3 modulo register) is “1FFH”.

(4) At CE reset
The previous status is retained.
That is, if the D/A converter is being used, the PWM output is retained as is. If timer 3 is being used,
counting continues.
While timer 3 is being used, the DI status is set (in which all interrupts are disabled).

(5) In halt status
The previous status is retained.
That is, if the D/A converter is being used, the PWM output is retained as is. If timer 3 is being used,
counting continues.
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14. A/D CONVERTER

14.1 Outline of A/D Converter

Figure 14-1 outlines the A/D converter.

The A/D converter converts an analog voltage input to the AD5 to ADO pins into an 8-bit digital signal.

Two modes can be selected by using the ADCMD flag: software mode and hardware mode.

In the software mode, a voltage input to a pin is compared with an internal reference voltage, and the result
of the comparison is detected by the ADCCMP flag. By judging this result in software and by sequentially
selecting reference voltages, the A/D converter can be used as a successive approximation A/D converter.

In the hardware mode, reference voltages are automatically selected, and the input voltage is directly
detected as 8-bit digital data.

Figure 14-1. Outline of A/D Converter

ADCCH2 flag
ADCCHT1 flag
ADCCHO flag

P1C3/AD5 ©——
P1C2/AD4 ©——
POD3/AD3 (O— Input selection
POD2/AD2 @7 block

POD1/AD1 ©——
PODO/ADO ©—

Compare block ADCCMP flag

DBF
@ ——= ADCSTT flag

Compare voltage
generation block

R-string
(D/A converter) Stan/sglc())pcfontrol

?

ADCMD flag

Remarks 1. ADCCH2 through ADCCHO (bits 2 through 0 of A/D converter channel selection register: refer

to Figure 14-3) select pins used for the A/D converter.

2. ADCCMP (bit 0 of A/D converter mode selection register: refer to Figure 14-5) detects the
result of comparison.

3. ADCSTT (bit 1 of A/D converter mode selection register: refer to Figure 14-5) detects the
operating status.

4. ADCMD (bit 2 of A/D converter mode selection register: refer to Figure 14-5) selects software
or hardware mode.
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14.2 Input Selection Block

Figure 14-2 shows the configuration of the input selection block.

The input selection block selects a pin to be used by using the ADCCH2 through ADCCHO flags. Only one
pin can be used for the A/D converter. When one of the PODO/ADO through POD3/AD3, P1C2/AD4, and P1C3/
ADS5 pins is selected, the other five pins are forcibly set in the input port mode.

The POD0/ADO through POD3/ADS3 pins can be connected to a pull-down resistor if so specified by the PODPLO
through PODPLD3 flags. To use the PODO/ADO through POD3/AD3 pins for the A/D converter, therefore,
disconnect their pull-down resistors to correctly detect an external input analog voltage.

Figure 14-3 shows the configuration of the A/D converter channel selection register.

Figure 14-2. Configuration of Input Selection Block

ADCCH2
ADCCH1
ADCCHO
Selector
P1C3/AD5 O O
P1C2/AD4 ©) O
POD3/AD3 O O

Compare block
POD2/AD2 ©) O ﬁ Vaoon

POD1/AD1 ©

O O

POD0/ADO O

Each I/0 port
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Figure 14-3. Configuration of A/D Converter Channel Selection Register

Name Flag symbol Address Read/Write

bs [ b2 | b1 | bo

A/D converter channel selection | 0 1 A+ A1 A 24H R/W

\—i Selects pin used for A/D converter

0 | A/D converter not used (general-purpose input port)

1 | PODO/ADO pin

0 | PoD1/AD1 pin

1 | POD2/AD2 pin

0 | POD3/AD3 pin

1 | P1C2/AD4 pin

0 | P1C3/ADS5 pin

1 | Setting prohibited

Fixed to “0”

Power-ON reset 0

0:0

WDT&SP reset 0:0

At reset

CE reset Retained

Retained

Clock stop
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14.3 Compare Voltage Generation and Compare Blocks

Figure 14-4 shows the configuration of the compare voltage generation block and compare block.

The compare voltage generation block switches a tap decoder according to the 8-bit data set to the A/D
converter reference voltage setting register and generates 256 different of compare voltages Vabpcrer.

In other words, this block is an R-string D/A converter.

The supply voltage to this R-string D/A converter is the same as the supply voltage Vop of the device.

The compare block compares voltage Vabcin input from a pin with compare voltage Vabcrer.

Comparison can be made in two modes, software mode and hardware mode, which can be selected by the
ADCMD flag.

In the software mode, a compare voltage is set to the A/D converter reference voltage setting register by
software, and one set compare voltage is compared with the input voltage, and the result of the comparison is
detected by the ADCCMP flag.

In the hardware mode, once comparison has been started, the hardware automatically changes the value of
the A/D converter reference voltage setting register. On completion of the comparison, the value of the A/D
converter reference voltage setting register is read and is loaded as an 8-bit data.

Figures 14-5 and 14-6 show the configuration of each flag and A/D converter reference voltage setting
register.

Figure 14-4. Configuration of Compare Voltage Generation and Compare Blocks

1/2 Vob

O\O

VADCIN O\O —L _

2pF Comparator -~ ADCCMP
DBF Vapcrer > P flag

g -

A/D converter reference
voltage setting register (ADCR)

i

Tap decoder /J
?0 ?1 ?2( ( <fzs4 <6255 T Voo

oo

a1 3
>R R R >R

Soft/hard,
start/stop
control block

T

ADCMD flag

ADCSTT flag

192 Data Sheet U12330EJ2V0ODS



NEC

uPD17717,17718, 17719

Figure 14-5. Configuration of A/D Converter Mode Selection Register

Detects result of comparison by A/D converter

Detects operating status of A/D converter in hardware mode

Selects compare mode of A/D converter and starts or stops A/D converter

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
A/D converter mode selection | 0 1 A1 A A 25H R/W
'D'D'D
cicic
mis
'DIT'M
TP
3 0 | Vaocin < VADCREF
i 1 | Vaocin > VAbcrer
1 01 | End of conversion
1 Conversion in progress
0 Software modeNete 1
1 Hardware modeNete 2
t—————| Fixed to “0”
Power-ON reser 0:0:0:0
] R
3 | WDT&SP reser 10:0:0
< | CE reser EREOEO
Clock stop 'R0
R:Retained
Notes 1. A/D conversion under execution is stopped if “0” is written to this bit.

2. A/D operation is started in the hardware mode when “1” is written to this bit. In the software mode,
operation is started as soon as data has been written (by the PUT instruction) to the A/D converter
reference voltage setting register (ADCR).
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Figure 14-6. Configuration of A/D Converter Reference Voltage Setting Register

Data buffer

DBF3 DBF2 DBF1 DBFO
Don't care Don't care : : : : : :
3 : Transfer data : :
I e e S
L
8 bits
Name AID converter reference volfage setting register
Symbol ADCR

Address 02H

\—> Sets or reads compare voltage Vaocrer of A/D converter

GET

PUT

- In software mode: Sets compare voltage

- In hardware mode: Reads result of comparison

0 Vabcrer = 0 V
: X -
} | VADCREF = 0.5 xVop (V)
FFH

- Power-ON reset 0
[0)]
© | WDT&SP reset 0
< | CE reset RetainedNote
Clock stop RetainedNote
Note “0” in the hardware mode.
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14.4 Comparison Timing Chart

14.4.1 In software mode

Comparison is completed three instructions after data has been set (by the PUT instruction) to the A/D
converter reference voltage setting register (ADCR).

Figure 14-7 shows the timing chart.

Figure 14-7. Timing Chart of Comparison by A/D Converter

Instruction cycle PUT ADCR, DBF >< 1 >< 2 >< 3 ><

t

Comparison starts

Sample & hold / \

ADCSTT fiag ~ “0”

ADCCMP fiag ><Hesu|t of comparison

14.4.2 In hardware mode

When the ADCMD flag is set to “1”, A/D conversion is started. The ADCSTT flag is setto “1”, and comparison
is completed after 17 instructions have been executed. At this time, the ADCSTT flag is reset to “0” after 15
instructions have been executed after the ADCMD flag was set to “1”. This is because execution time of two
instructions is required to judge the status of the ADCSTT flag. For details, also refer to 14.5 Using A/D
Converter.

Figure 14-8 shows the timing chart.

Figure 14-8. Timing Chart of Comparison by A/D Converter

(
)

(
)
Instruction cycle >< 1 X 2 X 3 15 X 16 X 17 X ><:
!
Sample & hold / \
ADCSTT flag / \

A/D converter {)
X 1st X 8th X Result of comparison
Reference voltage setting register {

ADCMD flag (=1) set. End of comparison
Comparison starts
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14.5 Using A/D Converter

14.5.1 Software mode
The software mode is convenient for comparing one compare voltage.

An example of a program in this mode is shown below.

Example To compare input voltage Vabcin of ADO pin with compare voltage Vabcrer (127.5/256 Vbb), and
branch to AAA if VabciNn < Vabcrer, or to BBB if VapciN > VADCREF

ADCR7 FLG 0.0EH.3 ; Defines each bit of DBF as ADCR data setting flag
ADCR6 FLG 0.0EH.2

ADCR5 FLG 0.0EH.1

ADCR4 FLG 0.0EH.0

ADCR3 FLG 0.0FH.3

ADCR2 FLG 0.0FH.2

ADCR1 FLG 0.0FH.1

ADCRO FLG 0.0FH.0

BANK15

INITFLG NOT PODPLD3, NOT PODPLD2, NOT PODPLD1, PODPLDO

BANKO

INITFLG NOT ADCCH2, NOT ADCCH1, ADCCHO

CLR1

ADCMD

INITFLG ADCR7, NOT ADCR6, NOT ADCR5, NOT ADCR4
INITFLG NOT ADCR3, NOT ADCR2, NOT ADCR1, NOT ADCRO0

PUT
NOP
NOP
NOP
SKT1
BR
BR

ADCR, DBF

ADCCMP
AAA
BBB

14.5.2 Hardware mode
Here is a program example:

’

’
’
i
3
3
3
i
i

Disconnects pull-down resistor of PODO pin

Selects ADO pin for A/D converter
Sets software mode

Sets compare voltage Vabcrer
Waits for duration of three instructions

Judges result of comparison

Example To detect the value of analog input roltage Vapocin of ADO pin.

LOOP:

196

BANK15

INITFLG NOT PODPLD3, NOT PODPLD2, NOT PODPLD1, PODPLDO
BANKO

INITFLG NOT ADCCH2, NOT ADCCH1, ADCCHO

SET1  ADCMD

SKT1  ADCSTT

;PEEK WR, .MF. ADCSTT SHR4 AND OFH
;SKT1 WR,#.DF.ADCSTT AND OFH

BR LOOP

GET DBF,ADCR
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’

; Disconnects pull-down resistor of PODO pin

; Selects ADO pin for A/D converter
; Sets hardware mode and starts conversion

; Detects end of A/D conversion
; Embedded macro instruction
; Conversion in progress

; Stores result of conversion to DBF
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14.6 Cautions on Using A/D Converter

14.6.1 Cautions on selecting A/D converter pin

When one of the PODO/ADO through POD3/AD3, P1C2/AD4, and P1C3/AD5 pins is selected, the other five
pins are forcibly set in the input port mode. The POD0O/ADO through POD3/AD3 pins can be connected to a pull-
down resistor if so specified by the PODPLO through PODPLDS flags in bank 15. To use the POD0/ADO through
POD3/ADS3 pins for the A/D converter, therefore, disconnect their pull-down resistors to correctly detect an
external input analog voltage.

14.7 Status at Reset

14.7.1 At power-ON reset

All the PODO/ADO through POD3/AD3, P1C2/AD4, and P1C3/AD5 pins are set in the general-purpose input
port mode.

The PODO through POD3 pins are connected with a pull-down resistor.

14.7.2 At WDT&SP reset

All the PODO/ADO through POD3/AD3, P1C2/AD4, and P1C3/AD5 pins are set in the general-purpose input
port mode.

The PODO through POD3 pins are connected with a pull-down resistor.

14.7.3 At CE reset
The status of the pin selected for the A/D converter is retained as is.
The previous status of the pull-down resistor of the PODO through POD3 pins is retained.

14.7.4 On execution of clock stop instruction
The status of the pin selected for the A/D converter is retained as is.
The previous status of the pull-down resistor of the PODO through POD3 pins is retained.

14.7.5 In halt status

The status of the pin selected for the A/D converter is retained as is.
The previous status of the pull-down resistor of the PODO through POD3 pins is retained.
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15. D/A CONVERTER (PWM mode)
15.1 Outline of D/A Converter

Figure 15-1 outlines the D/A converter.

The D/A converter outputs a signal whose duty factor is varied by means of PWM (Pulse Width Modulation). By
connecting an external lowpass filter to the D/A converter, a digital signal can be converted into an analog signal.

Each pin of the D/A converter can output a variable-duty signal independently of the others.

Whether an 8-bit counter or 9-bit counter is used for the D/A converter can be specified by software.

When the 8-bit counter is selected, two output frequencies, 4.4 kHz and 440 Hz can be selected, and the duty factor
of the output signal can be varied in 256 steps.

When the 9-bit counter is selected, two output frequencies, 2.2 kHz and 220 Hz, can be selected, and the duty
factor can be varied in 512 steps.

When the D/A converter is not used, it can be used as timer 3, which counts the basic clock (1.125 or 0.1125 MHz)
with an 8-bit counter.

For the details of timer 3, refer to 13. TIMER 3.

Figure 15-1. Outline of D/A Converter

Duty setting block

-

PWM data register 2

(PWMRO) (PWMR1) (PWMR?)

|
i
i
i
| |PWM data register 0] | PWM data register 1
\
i
i
i

IRQTM3

F’1BO/PW|V|0©—|Output selection block |——| Comparator | ﬂ Comparator | —' Comparator |

P1B1/PWM1 ©— Output selection block
PWM2SEL flag

i
|
|
i
i
P1B2/PWM2 <:>—| Output selection block I |
|
|
i
i
i

RES _ . "
9-bit or \ Clock generation|
8-bit counter [ | o] block !
I
PWMBIT ! PWMCK
‘ |
I

Remarks 1. PWM2SEL through PWMOSEL (bits 2 through 0 of PWM/general-purpose port pin function selection

register: refer to Figure 15-4) select a general-purpose output port of D/A converter.

2. PWMBIT (bit 2 of PWM clock selection register: refer to Figure 15-2) selects the number of bits (8
or 9 bits) of the PWM counter.

3. PWMCK (bit 0 of PWM clock selection register: refer to Figure 15-2) selects the output frequency
of PWM timer.

4. TMS3SEL (bit 3 of timer 3 control register: refer to Figure 15-5) selects timer 3 or D/A converter.

5. TMB3RES (bit 0 of timer 3 control register: refer to Figure 15-5) controls resetting of timer 3 counter.
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15.2 PWM Clock Selection Register

The PWM clock selection register specifies whether the PWM counter is used as an 8-bit counter or 9-bit counter

when the D/A converter is used for PWM output.
Figure 15-2 shows the configuration of the PWM clock selection register.

Figure 15-2. Configuration of PWM Clock Selection Register

Name Flag symbol Address Read/Write
bs| b2 | b1| bo
PWM clock selection 0:P:IO:P 26H R/W
oo
CIar
K
t Selects output frequency of timer 3

0 | 4.4 kHz (8 bits) /2.2 kHz (9 bits)

1 | 440 Hz (8 bits) /220 Hz (9 bits)

Fixed to “0”
Selects number of bits of PWM counter
10 8 bits
P 9 bits
Fixed to “0”
. | Power-ON reset 0:0:0:0
[0]
® | WDT&SP reset ‘ol o0
g O
CE reset 'R | 'R
Clock stop 0 0
R: Retained
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15.3 PWM Output Selection Block

The output selection block specifies whether each output pin of the D/A converter is used for the D/A converter
or as a general-purpose output port, by using the PWM2SEL through PWMOSEL flags of the PWM/general-purpose
port pin function selection register.

Figure 15-3 shows the configuration of the output selection block, and Figure 15-4 shows the configuration of the
PWM/general-purpose port pin function selection register.

Each pin can be changed between the D/A converter mode and general-purpose output port mode independently
of the others.

Because each output pin is an N-ch open-drain output pin, an external pull-up resistor is necessary.

When the D/A converter is used as timer 3, the P1B2/PWM2 through P1B0/PWMO pins are automatically set in
the general-purpose output port mode, regardless of the values set to the PWM2SEL through PWMOSEL flags.

Figure 15-3. Configuration of Output Selection Block

PWM2SEL through PWMOSEL flags

TM3SEL
Each output pin
1 O Comparator output
F@_
0 Ol F

Output latch
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Figure 15-4. Configuration of PWM/General-Purpose Port Pin Function Selection Register

Name Flag symbol Address Read/Write
bs | b2 | b1| bo
PWM/general-purpose port | 0 1 P P! P 27H R/W
pin function selection ; w ; Wi w
MMM
21110
S S S
E E E
L LiL
L Selects function of P1BO/PWMO pin
0 | General-purpose output port
1 | D/A converter
Selects function of P1B1/PWM1 pin
m General-purpose output port
I D/A converter
— Selects function of P1B2/PWM2 pin
T General-purpose output port
E D/A converter
Fixed to “0”
= Power-ON reset 0 : 0 : 00
§ WDT&SP reset 0i0}0
= CE reset i Retained
Clock stop | 0 0 0

Data Sheet U12330EJ2V0ODS

201



NEC

uPD17717,17718, 17719

Figure 15-5. Configuration of Timer 3 Control Register

Name Flag symbol Address Read/Write

bs | b2 | b1| bo
Timer 3 control T 0T T 28H R/W

MMM

3, 133

s |EIR

e inie

L s

t Resets counter
0 | Does not change
i 1 | Resets
Starts or stops counter
T Stops
Z Starts
Fixed to “0”
Selects timer 3 or D/A converter

T D/A converter (PWM output)

j Timer 3
.. | Power-ON reset 0 : 0 : 0 : 0
% WDT&SP reset 0; 100
< CE reset R iRetained
Clock stop 0 0 0
R: Retained
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15.4 Duty Setting Block

15.4.1 PWM duty with 8-bit counter selected

The duty setting block compares the value set to each PWM data register (PWMR2 to PWMRO0) with the value of
the basic clock counted by each 8-bit counter. If the value of the PWM data register is greater, the block outputs a
high level. If the value of the PWM data register is less, it outputs a low level.

Where the value set to the PWM data register is “x”, therefore, the duty factor can be calculated by the following
expression.

Duty: D= X925 400%
256

Remark 0.25 is an offset, and a high level is output even where x = 0.

Data is set to each PWM data register for each pin via data buffer (DBF). However, the same basic clock, PWM
counter, and output frequency must be selected for each pin. This means that each pin cannot output a duty factor
of a different cycle independently of the others.

Because the basic clock frequency is 1.125 or 0.1125 MHz, the frequency and cycle of the output signal can be
calculated as follows.

(1) Where output frequency is 4.4 kHz and basic clock frequency is 1.125 MHz

1.125 MH
Frequency: f= # = 4.3945 kHz
256
256
Cycle: T=——— =227.56 us
1.125 MHz

(2) Where output frequency is 440 Hz and basic clock frequency is 0.1125 MHz

Frequency: f= m =4839.45 Hz
256

256

T=——— =22756ms
0.1125 MHz

Cycle:

Because the duty setting register of the PWM data registers and timer 3 modulo register are the same register,
they cannot be used at the same time.
When timer 3 is used, PWM data registers 1 and 0 can be used as 8-bit data latches.
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Figure 15-6. Configuration of PWM Data Registers (with 8-bit counter selected)

Data buffer

DBF3 DBF2 DBF1 DBFO

Lo 1 Transferdata 1 | Lo

GET
16 bits
PUT
Name | PWM data register 2Noe
Symbol | PWMR2
Address | 46H
Bit b15§b14§b13§b12§b11§b10§ be i bs i b7 i bs i bsi b4§ bsi b2 i b1§ bo
Data [ 0/0/0{0:0/0:0{0 | | vaiddata | |
- — GET
PUT
Name PWM data register 1
Symbol | PWMR1
Address | 45H
Bit |bisibre! bribra b bro: bo : bs | by | be | bs: b bs! bz | b} bo
Data oooooooo Valid data
- GET
PUT
Name PWM data register 0
Symbol | PWMRO
Address | 44H
Bit b15§b14§b13§b12§b11§b10§ be i bs i b7 i bs i bsi b4§ bsi b2 i b1§ bo
Data |0/0/0{0:0:0:0{0 | | vaiddata | |
[ R N ]
\—v Sets PWM output duty of each pin
0
| |
X Duty:D:waO%
256
| |
FFH
—I Fixed to “0”
_ | Power-ON reset (INER TRER TR T TR IR IR
gWDT&SPreset EREREREREREREL
< CE reset Retained
Clock stop 11111111

Note This register is multiplexed with timer 3 modulo register.
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15.4.2 PWM duty with 9-bit counter selected

The duty setting block compares the value set to each PWM data register (PWMR2 to PWMRO) with the value of
the basic clock counted by each 9-bit counter. If the value of the PWM data register is greater, the block outputs a
high level. If the value of the PWM data register is less, it outputs a low level.

Where the value set to the PWM data register is “x”, therefore, the duty factor can be calculated by the following
expression.

Duty: D= <+%25  400%
512

Remark 0.25 is an offset, and a high level is output even where x = 0.

Data is set to each PWM data register for each pin via data buffer (DBF). However, the same basic clock, PWM
counter, and output frequency must be selected for each pin. This means that each pin cannot output a duty factor
of a different cycle independently of the others.

Because the basic clock frequency is 1.125 or 0.1125 MHz, the frequency and cycle of the output signal can be
calculated as follows.

(1) Where output frequency is 2.2 kHz and basic clock frequency is 1.125 MHz

1.125 MH
Frequency: f= AL . 2.197 kHz
512
12
Cycle: T= _sSl2 =455.11 us
1.125 MHz

(2) Where output frequency is 220 Hz and basic clock frequency is 0.1125 MHz

.1125 MH
Frequency: f= 0.1125 MHz =219.73 Hz
512
12
Cycle: = __ Stz =4.5511 ms
0.1125 MHz

Because the duty setting register of the PWM data registers and timer 3 modulo register are the same register,
they cannot be used at the same time.
When timer 3 is used, PWM data registers 1 and 0 can be used as 8-bit data latches.
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Figure 15-7. Configuration of PWM Data Registers (with 9-bit counter selected)

Data buffer

DBF3 DBF2 DBF1 DBFO

A i1 Transferdata i

GET
16 bits
PUT
Name | PWM data register 2Note
Symbol | PWMR2
Address | 46H
Bit b15§b14§b13§b12§b11§b10§ be i be i b7 i be i bsi b4§ bs i bzi b1§ bo
Data [010/0/0:0/0:0/ | | \vaiddata | |
- < — GET
PUT
Name PWM data register 1
Symbol | PWMR1
Address | 45H
Bit b15§b14§b13§b12§b11§b10§ boe 3 bs 3 b7 3 bes 3 b5§ b4§ bs 3 bzi b1§ bo
Data | 0/0010/0/0.0/ | | valddata |
— — GET
PUT
Name PWM data register 0
Symbol | PWMRO
Address | 44H
Bit b15§b14§b13§b12§b11§b10§ b 3 bs 3 b7 3 be 3 bsi b4§ bs 3 bzi b1§ bo
Data 010010000/ | | vaadata |
[ R F
\—» Sets PWM output duty of each pin
0
| |
X Duty: D = %MOO%
| |
1FFH
—I Fixed to “0”
_ | Power-On reset R ERNE R TR RS
§WDT&SPreset ERIREREREREREREN
< CE reset Retained
Clock stop 111111111

Note This register is multiplexed with timer 3 modulo register.
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15.5 Clock Generation Block

The clock generation block outputs a basic clock to set the duty factor of each output signal.
Two output frequencies, 1.125 MHz and 112.5 kHz, can be selected.

15.6 D/A Converter Output Wave

(1) shows the relationship between the duty factor and output wave.
(2) shows the output wave of each pin. Each output pin has a phase different from the others.

(1) Duty and output wave

(a) With 8-bit counter and 4.4 kHz selected

X=2 l 1

222ns

888 ns | 888 ns

x =255

: 227.56 s ~——=1 667 ns

(b) With 8-bit counter and 440 Hz selected

X=2 i

8.88 s | 8.88 s |

X =255

1 2.2756 ms 1 6.67 Uus
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(c) With 9-bit counter and 2.2 kHz selected

x =511

: 455.11 s ~——=1 667 ns

(d) With 9-bit counter and 220 Hz selected

2.22us |

X=2 i

8.88 s | 8.88 s |

x =511

! 4.5511 ms ~—=16.67 s

(2) Each pin and output wave

(a) With 8-bit counter and 4.4 kHz selected

PWMO (x = 0) al_lk222 ns |_| |_|
PWM1 (x = 0) *’l_lk 222 ns

PWM2 (x = 0)

! 227.56 us
! 227.56 us
! 227.56 us
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(b) With 8-bit counter and 440 Hz selected

PWMO (x=0) - |~—222us [ [

PWM1 (x = 0) %ﬂk2 22 us |_| |_|

PWM2 (x = 0) Aﬂﬁ 2.22 us |_| |_|
2.2756 ms

2.2756 ms

! 2.0756 ms

(c) With 9-bit counter and 2.2 kHz selected

PWMO (x=0) [ [-—222ns [ M
PWM1 (x = 0) i»jﬂezzz ns [ M
PWM2 (x = 0) »szzz ns |_| |_|
L 455.11 us BE
: 455.11 us e
. 455.11 s

(d) With 9-bit counter and 220 Hz selected

PWMO (x = 0) al_lkz_zz us |_| |_|
PWM1 (x = 0) #l_lk2.22ﬂs |_| |_|
PWM2 (x = 0) *’ 2.22 us | |_| |_|

B 45511 ms B

! 4.5511 ms

‘ 45511 ms
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15.7 Example of Using D/A Converter
An example of a program using the D/A converter is shown below.
Example This program increments the duty factor of the PWM1 pin every 1 second.
PWM1DATA DAT 0000H

INITIAL:
INITFLG NOT PWM2SEL, NOT PWM1SEL, NOT PWMOSEL
; (General-purpose port), (General-purpose port), (General-purpose port)
INITFLG PWMBIT , NOT PWMCK
; (9-bit counter), (1.125 MHz)

LOOPO:

BANK1

CLR1 P1B1

BANKO

CLR1 TM3SEL ; Selects D/A converter

MOV DBF2, #PWM1DATA SHR 8 AND OFH

MOV DBF1, #PWM1DATA SHR 4 AND OFH

MOV DBFO, #PWM1DATA AND OFH

SET1 PWM1SEL ; Sets PWM1/P1B1 pin in PWM output port mode
LOOP1: ; Duty: 0.25/512 to 511.25/512 (PWM output)

PUT PWM1R, DBF

GET2 TM3RES, TM3EN ; Resets and starts counter

Waits for 1 second

GET DBF, PWM1R
ADD DBFO, #1
ADDC DBF1, #0
ADDC DBF2, #1
SKGE DBF2, #2
BR LOOP1
LOOP2: ; Port outputs high level
BANK1
SET1 P1B1
BANKO
CLR1 PWM1SEL ; Sets PWM1/P1B1 pin in general-purpose output port mode

Waits for 1 second

BR LOOPO
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15.8 Status at Reset

15.8.1 At power-ON reset
The P1B0/PWMO through P1B2/PWM2 pins are set in the general-purpose output port mode.
The output value is “low level”.
The value of each PWM data register (including the timer 3 modulo register) is “1FFH”.

15.8.2 At WDT&SP reset
The P1B0/PWMO through P1B2/PWM2 pins are set in the general-purpose output port mode.
The output value is “low level”.
The value of each PWM data register (including the timer 3 modulo register) is “1FFH”.

15.8.3 At CE reset

The P1B0/PWM2 through P1B2/PWM2 pins retain the previous status.

That is, if the D/A converter is being used, the PWM output is retained as is. If timer 3 is being used, counting
continues.

15.8.4 On execution of clock stop instruction
The P1B0/PWMO through P1B2/PWM2 pins are set in the general-purpose output port mode.
The output value is the “previous contents of the output latch”.
The value of each PWM data register (including the timer 3 modulo register) is “1FFH”.

15.8.5 In halt status

The P1B0/PWMO through P1B2/PWM2 pins retain the previous status.

That is, if the D/A converter is being used, the PWM output is retained as is. If timer 3 is being used, counting
continues.
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16. SERIAL INTERFACE
16.1 Outline of Serial Interface
Figure 16-1 shows the outline of the serial interface.
Table 16-1 shows classification and communication modes of the serial interface.

The serial interface consists of serial interface 2 (SIO2) and serial interface 3 (SIO3).

Figure 16-1. Outline of Serial Interface

SDA/POA3 ©) Presettable shift register 2
SCL/POA2 @ (SIO2SFR)
SCK2/P0A1 O
502/P0A0 O
SI2/PoB3 O
SCK/P2D2 (O
SBo/P2D0 ©)

SB1/P2D1 O | Interrupt control block | IRQSIO2 flag

Serial interface 2

1/0 control

Clock control block 4.5 MHz

Transmit shift register
SCKaPoB2 O) (SIO3TXS) T
SO3/TxD/PoB1 ©) Receive buffer register
s (SIO3RXB)
SI3/RxD/POB0 ©) £ T
[&]
o Receive shift register

Clock control block 4.5 MHz

\——l Interrupt control block I IRQSIOS flag

Serial interface 3
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Table 16-1. Classification and Communication Modes of Serial Interface

Channel Communication Mode Pin Used

Serial interface 2 12C (Inter IC) bus mode POA2/SCL

2-wire serial 1/0 mode POA3/SDA

SBI (serial bus interface) mode P2D0/SBO
P2D1/SB1
P2D2/SCK
3-wire serial I/O mode POA0/SO2
POA1/SCK2
POB3/SI2

Serial interface 3 3-wire serial /0 mode POBO0/SI3
P0OB1/S0O3
P0OB2/SCK3

UART POBO/RxD
POB1/TxD
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16.2 Serial Interface 2
16.2.1 Outline of serial interface 2
Figure 16-2 shows the outline of serial interface 2.

Serial interface 2 can be used in the 12C bus, SBI, and 2-wire or 3-wire serial /0 modes.

Figure 16-2. Outline of Serial Interface 2

SIO2CSIE flag
S102MDO through 2 flags
SIO2CLC flag
SIO2CLD flag
SIO2TLCO and 1 flags
Wait signal
SCL/POA2 O~ ansgna
Clock /0 SIO2WATO0 and 1 flags
SCK2/POAT O)=—= Co‘r’]‘:rol block Clock control block 4.5 MHz
SCK/P2D2 (O)=—
Wait control
block
Clock counter
SIO2WATO and 1 flags
SIO2WREL flag
SIO2WUP flag
SIO2ACKD flag
SIO2RELD flag Interrupt control
SI02CMDD flag block
SIO2CSIE flag SIO2SIC flag
SI02MDO through 2 flags Start/stop/
acknowledge
I detection block
SDA/POA3 (O)=—=
SB0/P2D0 (O)=—
O ouT SIO2SFR
C Data I/0 IN
SB1/P2D1 control block ?
S02/POA0 (O=—
ﬂ S102COl flag
SI2/P0B3 O——
SIO2SVAM flag —= SIO2SVA
SIO2ACKT flag
Start/acknowledge SIO2ACKE flag
control block SIO2BSVE flag
SIO2RELT flag
SI02CMDT flag
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16.2.2 Control registers of serial interface 2
Serial interface 2 is controlled by the following six registers:

e Serial 1/02 operation mode register 0

e Serial 1/02 operation mode register 1

e Serial 1/02SBI register 0

e Serial I/O2SBI register 1

e Serial 1/02 interrupt timing specification register 0
e Serial 1/02 interrupt timing specification register 1
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(1) Serial 1/02 operation mode register 0
Figure 16-3 shows the configuration of the serial I/02 operation mode register 0.

This register controls the operation of serial interface 2, and select the clock to be used.

Figure 16-3. Configuration of Serial /02 Operation Mode Register 0

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Serial 1/02 operation mode $'§:8:S OFH R/W
register 0 | l | l I l |
0000
21222
ciciTiT
S o} C C
I I L L
El 1100
LE» Sets internal shift clock frequency
0 0 | 93.75 kHz
0 1| 375 kHz
110 281.25kHz
i 1 ; 1| 46.875 kHz
Coincidence signal from address comparator
T Does not coincide
E Coincides
Controls operation of serial I/02
T} Stops operation (wait status)
Z Enables operation
- Power-ON reset 0 : 0 : 0 : 0
% WDT & SP reset oioioio
< | CE reset 0i0i0}0
Clock stop 0 0 0 0

Caution Read the SI02COI flag after completion of transfer. This flag is undefined during

transfer.
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(2) Serial /02 operation mode register 1
Figure 16-4 shows the configuration of the serial I/02 operation mode register 1.
This register controls the operation of serial interface 2 and selects the clock to be used.

Figure 16-4. Configuration of Serial /02 Operation Mode Register 1

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Serial 1/02 operation mode S$:'8§:8:8 OEH R/W
register 1 | | | |
0000
2i212]2
W M M M
u D D D
P 2 1 0
T L
Sets direction of shift clock
SBI/I2C bus mode Serial I/0 mode
i 0 | Slave operation (external clock input) External clock input
i 1 | Master operation (internal clock output) | Internal clock output
Sets operation mode of serial /02
0 0 3-wire serial /O mode
0 1 SBI mode (SB1)
1 0 SBI mode (SBO)
i 1 ; 1 ; 2-wire serial /0O mode or I2C bus mode
Controls wake-up function
T} Stops wake up
Z Enables wake up (used in SBI and I°C bus modes)
. | Power-ON reset 0 : 0 : 0 : 0
% WDT & SP reset oioioio
2CEreset 0000
Clock stop 0 0 0 0

Caution Set the SIO2WUP flag before starting address reception.
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(3) Serial I/02SBI register 0
This register controls and detects the status of the serial bus interface.
Figure 16-5 shows the configuration of the serial I/O2SBI register 0.

Figure 16-5. Configuration of Serial /02SBI Register 0

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Serial 1/02 sisi!sis| opH AW
SBl register 0 I | I I
0000
2i2i2 2
B A A A
S Cc C C
Y K K K
EDIET
L Controls trigger output of acknowledge signal
0 | Automatically cleared after flag has been set
i 1 | Acknowledge signal is output in synchronization with next clock if this bit is
set after completion of transfer.
Controls output of acknowledge signal
T Stops automatic output of acknowledge signal (output by SIO2ACKT is possible).
T Before completion of transfer: Acknowledge signal is output in synchronization
3 3 with 9th clock.
i i After completion of transfer : Acknowledge signal is output in synchronization
with clock immediately after set instruction.
Unlike SIO2ACKT, this bit is not cleared
automatically after output of acknowledge signal.
Detects acknowledge signal
T Acknowledge signal is not detected.
Z Acknowledge signal is detected (in synchronization with rising of clock).
Control of synchronous busy signal output
T} Disables output of busy signal in synchronization with falling of clock
; immediately after clear instruction.
1 i Outputs busy signal in synchronization with falling of clock after acknowledge
i signal.
. | Power-ON reset 0 0 0 0
% WDT & SP reset oioioio
< | CE reset 0:0{0}0
Clock stop 0:0{0/0
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Cautions 1. When using the SIO2ACKE flag, set the flag until the falling of the 9th counting of
clock SCL during I2C bus operation.
2. When using the SIO2ACKT flag, clear SIO2ACKE to “0”. During I2C bus operation,
set the flag until the falling of the 9th counting of clock SCL.
3. Because the SIO2ACKT flag is automatically cleared after it has been set to “17, it
is always “0” when read.
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(4) Serial I/02SBI register 1

220

This register controls and detects the status of the serial bus interface.
Figure 16-6 shows the configuration of the serial I/O2SBI register 1.

Figure 16-6. Configuration of Serial I/02SBI Register

Name Flag symbol Address Read/Write

Serial 1/02 S S 0CH R/W

SBI register 1 |

o)
2
R
E
L
T
L Controls trigger output of bus release signal

0 | Automatically cleared after flag has been set.

1 | Sets SO2 latch by setting flag.

Used to output bus release signal.

Controls trigger output of command signal

10 Automatically cleared after flag has been set.

Resets SO2 latch by setting flag.

Used to output command signal.

Detects bus release signal

10 Bus release signal is not detected.

1 Bus release signal is detected.

Detects command signal

0! Command signal is not detected.

1 Command signal is detected.

Power-ON reset 0:0:0:0

WDT & SP reset 0:0:0:0

At reset

CE reset 0000

Clock stop 0/0i0:0

Cautions 1. The SIO2CMDT flag is disabled from being set during serial transfer.

2. Because the SIO2CMDT flag is automatically cleared after it has been set to “17, it

is always “0” when read.

3. Because the SIO2RELT flag is automatically cleared after it has been setto “1”, it is

always “0” when read.
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(5) Serial 1/02 interrupt timing specification register 0
This register controls and detects the status of the serial bus interface.
Figure 16-7 shows the configuration of the serial 1/02 interrupt timing specification register 0.

Figure 16-7. Configuration of Serial I/02 Interrupt Timing Specification Register 0

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Serial I/02 interrupt timing 1§88 0BH R/W
specification register 0 | | |
000
2022
0o .
cisis
Ly
bicia
L w
L Bits of SIO2SVA register used as slave address
i 0 | Bits 0 through 7
1 | Bits 1 through 7
Selects interrupt source of serial 1/02
T Interrupt occurs only on completion of serial transfer
Z Interrupt occurs on completion of serial transfer or on detection of bus release
Detects POA2/SCL pin level
F POA2/SCL pin is low
E POA2/SCL pin is high
Fixed to "0"
= Power-ON reset 0 : 0 : 0 : 0
§ WDT & SP reset 010100
= | CE reset 0/0:0/0
Clock stop 0 0 0 0

Caution Writing this register is inhibited during serial transfer.
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(6) Serial 1/02 interrupt timing specification register 1
This register controls and detects the status of the serial bus interface.
Figure 16-8 shows the configuration of the serial I/02 interrupt timing specification register 1.

Figure 16-8. Configuration of Serial I/02 Interrupt Timing Specification Register 1

Name Flag symbol Address Read/Write
bs [ bz | b1 | bo
Serial /02 interrupt timing §:8:8:8 0AH R/W
specification register 1 | ‘ | ‘ | ‘ |
o ) o 0]
21222
@ w W w
L R A A
C E T T
Litio
Li Controls wait and interrupt
0 0 | Issues interrupt request at rising of 8th clock
‘ 0 ‘ 1 | Issues interrupt request at rising of 8th clock
‘ 1 ‘ 0 | Used in I2C bus mode (8-clock wait).
Issues interrupt request at rising of 8th clock of SCL
‘ ‘ (master makes SCL output low and waits after 8 clocks have been output.
‘ ‘ Slave makes SCL pin low and requests for wait after it has input 8 clocks).
1 1 | Used in I2C bus mode (9 clock wait).
‘ ‘ Issues interrupt request at rising of 9th clock of SCL
w w (master makes SCL output low and waits after 9 clocks have been output.
‘ ‘ Slave makes SCL pin low and requests for wait after it has input 9 clocks).
Wait release control (used in I2C bus mode)
T Wait released status
‘T‘ Releases wait status (Flag is automatically cleared after wait status has been
‘ ‘ released.)
Control of POA2/SCL pin level (used in I2C bus mode)
T POA2/SCL pin is not affected.
j POA2/SCL pin goes into high-impedance state.
.. | Power-ON reset 0 0 0 0
é WDT & SP reset 0:0:0:0
< | GE reset oioioio
Clock stop 0:0:0:0
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Cautions 1. The SIO2WREL flag can be manipulated only in the wait status.

Because this flag is automatically cleared after it has been set to “1”, it is always “0”
when read.

2. The SIO2CLC flagis setto “1” when a start/stop signal is created in the I12C bus mode.
It is usually cleared to “0”.

3. The wait status set by SIO2WATO0 and SIO2WAT1 is released in the following
sequence:
e SIO2WREL =1
e Data is written to SIO2SFR.
e SIO2CSIE=0
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16.2.3 Presettable shift register 2 (SIO2SFR)

The presettable shift register 2 is an 8-bit register that is used to write serial out data and read serial in data.

This register writes or reads data via data buffer.

Because the input pin and output pin are multiplexed to configure the bus in the 2-wire serial 1/0, 12C bus,
and SBI modes, write FFH to SIO2SFR in the 2-wire serial I/O mode. In the I2C bus mode, set 1 to SIO2BSYE,
and write FFH to SIO2SFR. In the SBI mode, the device that is to receive data must write FFH to SIO2SFR
(except when the device receives address with 1 set to SIO2WUP).

In the SBI mode, the busy signal can be released by writing data to SIO2SFR. In this case, SIO2BSYE is
not cleared to 0.

Figure 16-9 shows the configuration of the presettable shift register 2.

Figure 16-9. Configuration of Presettable Shift Register 2

Data buffer
DBF3 DBF2 DBF1 DBFO
don't care ; don't care ; ;
i 1 Transfer data
‘ ‘ <> GET
8
PUT
Peripheral register
Name | b7 bsibsibsibs bzibiibo| Symbol | Peripheral
address
Presettable Mi i i i i i iL SIO2SFR 03H
shift register 2 S; ; ; ; ; ; ;S
5 Vaidawa | ®

Setting of serial-out data and reading of

serial-in data

‘D7‘D6‘D5‘D4‘D3‘D2‘D1 ‘DO ET«DG«DS«D4«D3«D2«D1«D0]

Serial out Serial in
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16.2.4 Serial /02 slave address register (SI0O2SVA)

This is an 8-bit register that sets a slave address value when the microcontroller is connected to the serial
bus as a slave device.

A slave address is output to the slave devices connected to the master to select a specific slave. The two
values (slave address output by the master and the value of SIO2SVA) are compared by the address comparator,
and if they coincide, the slave having that slave address is selected. At this time, the SIO2COI flag of the serial
1/02 operation mode register 0 is set to 1.

In addition, the data of the high-order 7 bits with the LSB masked can be compared as an address by using
the SIO2SVAM flag of the serial 1/02 interrupt timing specification register.

If coincidence is not detected during address reception, SIO2RELD of serial I/O2SBI register 1 is cleared to
0. If the SIO2WUP flag of the serial I/02 operation mode register is 1, an interrupt request is issued only when
coincidence is detected. This interrupt indicates that the master has requested communication.

This register also detects an error when the device is used as the master or slave in the 2-wire serial 1/0,
I2C bus, or SBI mode.

Figure 16-10 shows the configuration of the serial 1/02 slave address register.

Figure 16-10. Configuration of Serial I/02 Slave Address Register

Data buffer
DBF3 DBF2 DBF1 DBFO
don't care : don't care : :
‘ ‘ Transf;ar data
<> GET
8
PUT
Peripheral register
Name  |bribsibs:bsibsibeibiibe| Symbol | Peripheral
i : : : : : : address
Serial/O2 M | | | | | |L| SIO28VA 04H
slave address | S ‘ ‘ ‘ ‘ ‘ ‘ ‘ S
register B Valid data B
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16.2.5 Operation of serial interface 2
The serial interface 2 has the following four operation modes:

e 3-wire serial I/0 mode
¢ SBI mode

e 2-wire serial I/0 mode
* 12C bus mode

Table 16-2 shows the setting of each pin by a control flag in each operation mode.

Table 16-2. Setting Status of Each Pin by Each Control Flag (1/2)

Flag Pin
T T T T T T T T T T T T T T
S |[S 1S 1S Communication | S Clock direction | Pin name 1IPiPiPiPi{PIPP PP P Setting status of pin
[ I:I:I:mode |: :o:o:o:o:o:o:o:o:o:o
0[0:10:0; (O] IATATATATAAIAIAIBIB
22:2:2: 2: :B:3:B:2:B:1:B:O:B:3
C (MM W, M [0 T T B T I BT I
S DIDIAI DI Iol Iol Iol Iol Iol
o I [ g B R B R B
211, T) 0 131 120 11 01 13y
El 1 g I [ T T O R B A B B
1 1 1 1 1 1 1 1 1 1 1 1 1 1
1]0 :0 :0 : 3-wire 0 : External POA1/SCK2 : : : : :0 :>< : : : : External clock input
: : : serial 1/0 : (slave) : : : : : 1 : X : : : : General-purpose output port
b 1! Internal bbb g et bl External clock input
| | | | L Il Il Il Il Il Il 1 1 1
: : : : (master) : : : : : 1 : 1 : : : : Internal clock output
: : : x : POA0/SO2 : : : : : : : 0 : x : : General-purpose input port
o I R Serial output
I I I I 1 1 1 1 1 1 1 1 1 1
. ! POB3/SI2 ber bbb g b | Serial input
[ | I N T TN N N N S B
o I [ T T O Y N R B B}
Lo ! bbbt bt T Il General-purpose output port
1 : 1 :O : 2-wire 0 : External POA2/SCL : : :0 :>< : : : : : : External clock input
: : : serial 1/0 _: (slave) : : : 1 : X : : : : : : General-purpose output port
: : : 1 : Internal : : : 0 : X : : : : : : General-purpose input port
: : : : (master) : : : 1 : 1 : : : : : : Internal clock output
[ x| POA3/SDA 'Oo!x! b b bbbl Serial input
| | | | L 1 1 1 1 1 1 1 1 1
o I T T O O I B Serial output
111111 12C bus 0 ! External POA2/SCL ! I 1Qolx!t 11 b 1l External clock input
| | | | L 1 1 1 1 1 1 1 1 1
I 11 serial I/O I (slave) N L General-purpose output port
| | | L4 - — — — — — I | | | | | | | | |
: : : 1 : Internal : : : 0 : X : : : : : : General-purpose input port
(. I (master) bt Internal clock output
| | | | | | | | | | | | | |
: : : X : POA3/SDA : 0 : X : : : : : : : : Serial input
o I T T R A T T B Serial output
1 1 1 1 1 1 1 1 1 1 1 1 1 1

x: don’t care
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Table 16-2. Setting Status of Each Pin by Each Control Flag (2/2)

Flag Pin
T T T T T T T T T T
S |[S 1SS Communication | S| Clock direction | Pin name (PiPI/P/PIP P Setting status of pin
[ I:I:I:mode |: :2:2:2:2:2:2
0|0,0,0; (O} D /D/DD DD
22:2:2: 2: :B:2:B:1:B:0
C[M | M |W| M | | | | | | | | I |
SDIDIAI DI Iol Iol Iol
o I P
I12,1,T, 0, 121 111 10,
El 1 o1q I [ N T R
1 1 1 1 1 1 1 1 1 1
101 :0 :0 : SBI 0 : External P2D2/SCK :0 :>< : : : : External clock input
: : : (when data is _: (slave) : 1 : x : : : : General-purpose output port
: : : input to or 1 : Internal to!x! ' ! ! | General-purpose input port
: : : output from : (master) : 1 : 1 : : : : Internal clock output
: : : SBO pin) X : P2D0/SB0O : : : : : : x | Serial input
[ I b1 110 | Serial output
| | | | | | | | | |
0 : 1 :0 : SBI 0 : External P2D2/SCK :0 :>< : : : : External clock input
: : : (when data is _: (slave) : 1 : X : : : : General-purpose output port
: : : input to or 1 : Internal '0!x! I 1 1 | General-purpose input port
: : : output from : (master) : 1 : 1 : : : : Internal clock output
: : : SB1 pin) X : P2D1/SB1 : : :O :>< : : Serial input
[ I L R Serial output
1 1 1 1 1 1 1 1 1 1

x: don’t care
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16.2.6 3-wire serial I/0 mode

(1) Outline of 3-wire serial /0O mode
In the 3-wire serial I/O mode, communication is executed by using the SCK2, SI2, and SO2 pins.
Table 16-3 outlines the 3-wire serial /0 mode.

Table 16-3

. Outline of 3-Wire Serial I/0 Mode

Pins used for
communication

e SCK2 pin (seri
e SI2 pin (serial
e SO2 pin (seria

al clock 1/0 pin)
data input pin)
| data output pin)

Transmission/reception
operation

Transmit data

Sequentially output from MSB of shift register to data output pin in
synchronization with fall of SCK2 pin

Receive data

Value of data input pin is sequentially input from LSB of shift register
in synchronization with rising of SCK2 pin.

Transmission/reception
start

Master Transmission/reception is started by setting transfer data to shift
register after 3-wire serial I/O master mode has been set.
Slave Waits for clock from master with SCK2 pin going into high-impedance

state after 3-wire serial I/0 slave mode has been set.

Interrupt Issues interrupt request flag IRQSIO2 at rising edge of 8th count of clock.
Clock pin Master Stops output of SCK2 pin at rising edge of 8th count and keeps SCK2
pin high until next transmission/reception operation is started.
Slave Goes into high-impedance state.

Figure 16-11. Example of Serial Bus Configuration in 3-Wire Serial 1/0

Master Slave
SCK2 SCK2
SI2 S02
S02 SI2
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(2) Timing chart
Figure 16-12 shows the timing chart in the 3-wire serial I/O mode.

Figure 16-12. Timing Chart in 3-Wire Serial /0 Mode

Writing to shift register

SCK2 pin 1 2 3 4 5 6 7 8

SI2 pin \ X@? X DI6 X DI5 X DI4 X DI3 X DI2 X DI X DIO/
: DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X/DOO

SO2 pin

IRQSIO2 flag

End of transfer

— Starts transfer in synchronization with falling of SCK2
The SO2 pin serves as a CMOS output pin and outputs the status of the SO2 latch. Therefore, the SO2 pin
output status can be manipulated by setting the SIO2RELT and SIO2CMDT flags.

However, do not perform this manipulation during serial transfer.

(3) Signals
Figure 16-13 shows the operations of SIO2RELT and SIO2CMDT.

Figure 16-13. Operation of SIO2RELT and SIO2CMDT

SO2 latch >\

SIO2RELT

SI02CMDT
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(4) Program flowchart in 3-wire serial /0 mode
A program flowchart example in the 3-wire serial I/0 transmission mode is shown below.

Figure 16-14. Example Flowchart in 3-Wire Serial I/O Transmission Mode

< <1> Setting of pin >

<2> Setting of 3-wire serial /O mode

<3> Enables communication operation

<4> Setting of interrupt

<5> Writing to SIO2SFR, starting
transmission operation

End of transmission
(IRQSIO2 =1)

C <6> Interrupt routine >

Remark To execute a 3-wire serial I/O operation with the same setting as before, start from step <5>.

<1> Setting of pin
(a) Setting of data pin in 3-wire serial /0 mode
Set the 1/0 control mode of the data pin to “1” (output), and the port latch of the data pin to “0”.
(b) Setting of shift clock in 3-wire serial I/O mode
Set the 1/0 control mode of the shift clock to “1” (output), and the port latch of the shift clock to “1”.

<2> Setting 3-wire serial I/O transmission mode as communication mode
S1I02MD2 = 0, SI02MD1 = 0

<3> Enabling communication operation (SIO2CSIE = “1”)
(a) To output internal clock from shift clock (SIO2MDO = “1”)
Output the internal clock.
(b) To input external clock as shift clock (SIO2MDO = “0”)
Input the external clock.
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<4> Setting of interrupt
Execute the “El instruction” and set the IPSIO2 flag to “1”.

<5> Setting of transmit data to SIO2SFR (PUT SIO2SFR)
The 3-wire serial I/O transmission operation is started as soon as data has been set, and the 8-bit transmit
data is output from the SO2 pin.

<6> Interrupt routine
When the 3-wire serial I/O transmission operation has been completed, the interrupt request flag IRQSIO2

is issued. When the interrupt is accepted, execution branches to the vector address.

Caution Transfer is not started even if the SIO2CSIE flag is set to “1” after data has been written
to SIO2SFR.
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16.2.7 SBI mode

In the SBI (serial bus interface) mode, an “address” to select a target device for serial communication, a
“‘command” that gives the selected device an instruction, and actual “data” can be output to the serial data bus.
Therefore, a signal line for handshaking, which is necessary for connecting two or more devices with the
conventional clocked serial interface, is not necessary.

(1) Outline of SBI mode
In the SBI mode, communication is performed by using the SCK and SBO (or SB1) pins.

Table 16-4 shows the outline of the SBI mode.

Table 16-4. Outline of SBI Mode

Pin used for communication | ¢ SCK pin (serial clock 1/O pin)
e SBO (SB1) pin (serial data 1/0O pin)

Transmission/reception Transmit data Sequentially output from MSB of shift register to data I/O pin in
operation synchronization with falling of SCK pin
Receive data Value of data I/O pin is sequentially input from LSB of shift register in

synchronization with rising of SCK pin.

Transmission/reception Master Transmission/reception is started by setting transfer data to shift
start register after SBI mode has been set.
Slave Waits for clock from master with SCK pin going into high-impedance

state after SBI mode has been set.

Interrupt Issues interrupt request IRQSIO2 at rising edge of 9th count of clock.

Clock pin Master Outputs more than 10 counts and uses 9th count and those that follow
for acknowledge. Used to control busy after acknowledge has been
detected.

Clock line goes high after releasing of busy has been detected.

Slave Goes into high-impedance state.
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16.2.8 SBI mode operation

SBI is a high-speed serial interface in compliance with the NEC serial bus format.

SBI uses a single master device and employs the clocked serial 1/0O format with the addition of a bus
configuration function. This function enables devices to communicate using only two lines. Thus, when making
up a serial bus with two or more microcontrollers and peripheral ICs, the number of ports to be used and the
number of wires on the board can be decreased.

The master device outputs three kinds of data to slave devices on the serial data bus: “addresses” to select
a device to be communicated with, “commands” to instruct the selected device, and “data” which is actually
required.

The slave device can identify the received data into “address”, “command”, or “data”, by hardware. This
function enables the application program serial interface 2 control portions to be simplified.

The SBI function is incorporated into various devices including 75X/XL-series devices and 78K-series and
17K-series of 8-bit and 16-bit single-chip microcontrollers.

Figure 16-15 shows a serial bus configuration example when a CPU having a serial interface compliant with
SBI and peripheral ICs are used.

In SBI, the SB0O (SB1) serial data I/0 pin is an open-drain output pin and therefore the serial data bus line
behaves in the same way as the wired-OR configuration. In addition, a pull-up resistor must be connected to
the serial data bus line.

When the SBI mode is used, refer to (9) SBI mode precautions (d) described later.

Figure 16-15. Example of Serial Bus Configuration with SBI

Vop
Serial Clock
SCK SCK Slave CPU
Master CPU
Serial Data Bus
SBO (SB1) SBO (SB1) Address 1

SCK Slave CPU
SBO (SB1) Address 2
SCK Slave IC
SBO (SB1) Address N

Caution When exchanging the master CPU/slave CPU, a pull-up resistor is necessary for the serial
clock line (SCK) as well because serial clock line (SCK) input/output switching is carried
out asynchronously between the master and slave CPUs.
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(1) SBI functions
In the conventional serial I/0 format, when a serial bus is configured by connecting two or more devices, many
ports and wiring are necessary, to provide chip select signal to identify command and data, and to judge the
busy state, because only the data transfer function is available. If these operations are to be controlled by
software, the software must be heavily loaded.
In SBI, a serial bus can be configured with two signal lines of SCK and SBO (SB1). Thus, use of SBI leads
to reduction in the number of microcontroller ports and that of wirings and routings on the board.
The SBI functions are described below.

(a) Address/command/data identify function
Serial data is distinguished into addresses, commands, and data.

(b) Chip select function by address transmission
The master executes slave chip selection by address transmission.

(c) Wake-up function
The slave can easily judge address reception (chip select judgment) with the wake-up function (which can
be set/reset by software).
When the wake-up function is set, the interrupt request signal (IRQSIO2) is generated upon reception of
a match address.
Thus, when communication is executed with two or more devices, the CPU except the selected slave
devices can operate regardless of underway serial communications.

(d) Acknowledge signal (ACK) control function
The acknowledge signal to check serial data reception is controlled.

(e) Busy signal (BUSY) control function
The busy signal to report the slave busy state is controlled.
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(2) SBI definition
The SBI serial data format and the signals to be used are defined as follows.
Serial data to be transferred with SBI consists of three kinds of data: “address”, “command”, and “data”.
Figure 16-16 shows the address, command, and data transfer timings.

Figure 16-16. SBI Transfer Timings

Address Transfer

SCK |||||||||||||||8||9|||||||||||
ssosen  \_ £ /e OO (o) AOK/_BUSY

Bus Release
Signal

Command Transfer
Command Signal

_ S LS
SBO (SB1) Co ACK’: BUSY READY

Data Transfer

Remark The dotted line indicates READY status.

The bus release signal and the command signal are output by the master device. BUSY is output by the slave
signal. ACK can be output by either the master or slave device (normally, the 8-bit data receiver outputs).
Serial clocks continue to be output by the master device from 8-bit data transfer start to BUSY reset.
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(a) Bus release signal (REL)
The bus release signal is a signal with the SBO (SB1) line which has changed from the low level to the
high level when the SCK line is at the high level (without serial clock output).
This signal is output by the master device.

Figure 16-17. Bus Release Signal

The bus release signal indicates that the master device is going to transmit an address to the slave device.
The slave device incorporates hardware to detect the bus release signal.

(b) Command signal (CMD)
The command signal is a signal with the SBO (SB1) line which has changed from the high level to the low
level when the SCK line is at the high level (without serial clock output). This signal is output by the master
device.

Figure 16-18. Command Signal

ﬁ nyn ;
|

SBO (SB1) \

The slave device incorporates hardware to detect the command signal.
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(c) Address
An address is 8-bit data which the master device outputs to the slave device connected to the bus line
in order to select a particular slave device.

Figure 16-19. Addresses

SCK 1 2 3 4 5 6 7 8

ssosel) Lk b /A7 Xa6 X A5 X a4 X As X A2 X A1 X A0

Addvress
Bus Release

Signal Command Signal

8-bit data following bus release and command signals is defined as an “address”. In the slave device, this
condition is detected by hardware and whether or not 8-bit data matches the own specification number
(slave address) is checked by hardware. If the 8-bit data matches the slave address, the slave device has
been selected. After that, communication with the master device continues until a release instruction is
received from the master device.

Figure 16-20. Slave Selection with Address

Master _‘ Slave 1 Not selected
aS:i?:I\iszs transmission |_. Slave 2 Selected

Slave 3 Not selected

Slave 4 Not selected
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(d) Command and data
The master device transmits commands to, and transmits/receives data to/from the slave device selected

by address transmission.

Figure 16-21. Commands

SCK 1[ 2] 13[ 14 15[ 1s[ 17] |8

SBO(SBY) T /o7 XceXcs XcaXcaXczXciXco

V
Command Signal Command

Figure 16-22. Data

SCK 1[ 12 13 4] 1s] 1s[ |7[ |8

SBO (SB1) \ b7 X D6 X D5 X D4 X D3 X D2 X D1 X DO

J

N

\'4
Data

8-bit data following a command signal is defined as “command” data. 8-bit data without command signal
is defined as “data”. Command and data operation procedures are allowed to determine by user according

to communications specifications.
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(e) Acknowledge signal (ACK)

The acknowledge signal is used to check serial data reception between transmitter and receiver.
Figure 16-23. Acknowledge Signal

[When output in synchronization with 11th clock SCK]

SCK

SBO (SB1) ) G G & O O O / \AcK, "~

[When output in synchronization with 9th clock SCK]

s LT e e L

sBO(SBY) X X_ X X XXX \Ack,

Remark The dotted line indicates READY status.

The acknowledge signal is one-shot pulse to be generated at the falling edge of SCK after 8-bit data
transfer. It can be positioned anywhere and can be synchronized with any clock SCK.
After 8-bit data transmission, the transmitter checks whether the receiver has returned the acknowledge

signal. If the acknowledge signal is not returned for the preset period of time after data transmission, it
can be judged that data reception has not been carried out correctly.
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(f) Busy signal (BUSY) and ready signal (READY)
The BUSY signal is intended to report to the master device that the slave device is preparing for data

transmission/reception.
The READY signal is intended to report to the master device that the slave device is ready for data

transmission/reception.

Figure 16-24. BUSY and READY Signals

SCK |8||9|||||||||

SBO (SB1) X \AcCK /"~ BUSY / READY

In SBI, the slave device notifies the master device of the busy state by setting SBO (SB1) line to the low

level.

The BUSY signal output follows the acknowledge signal output from the master or slave device. Itis set/
resetatthe falling edge of SCK. When the BUSY signalis reset, the master device automatically terminates
the output of SCK serial clock.

When the BUSY signal is reset and the READY signal is set, the master device can start the next transfer.
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(38) Various signals in SBI mode
Figures 16-25 to 16-30 show various signals and each flag operation of serial I/O2SBI registers 0 and 1 in SBI.
Table 16-5 lists various signals in SBI.

Figure 16-25. SIO2RELT, SIO2CMDT, SIO2RELD, and SIO2CMDD Operations (Master)

Slave address write to SIO2SFR
(Transfer Start Instruction)

SI02SFR x

R /=
50 (sB1) ii% \ [ X

(R R
Y \‘I

SI02CMDD A\ 9

SI02CMDT

SIO2RELD

Figure 16-26. SIO2RELT and SIO2CMDD Operations (Slave)

Write FFH to SIO2SFR
(Transfer start instruction) Transfer start instruction

SIO2SFR )g( X A7 X Ae \/\CX A1 X Ao X \/\\/\ )%

SCK | o 21 J7] el Jeo] | \
READY

\
SBO (SB1) [ A7 X ne Xj/ Al X Ao/ [AcK
\ ((

Slave address

r When addresses coincides
)L

SIO2RELD } B \ /\\/\ \

When addresses do not coincide

|

) ) ) )
[ [

SI02CMDD {
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Figure 16-27. SIO2ACKT Operation

SCK 6 7 8 9 |
\

{(
SBO (SB1) X D2 X D1 X DO / " ACK ACK signal is output for
a period of one clock
just after setting

SIO2ACKT B
);

B ——

When set during
this period

Caution Do not set SIO2ACKT before completion of transfer.
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Figure 16-28. SIO2ACKE Operations

(a) When SIO2ACKE = 1 upon completion of transfer

X D7 X D6 ><22D2 X D1 X DO /\ﬁ/ ACK signal is output

( /T\

SBO(SB1)  \
SIO2ACKE
SCK |6

s

L When SIO2ACKE = 1 at this point

(b) When set after completion of transfer

o Lol LI LI LI

SBO (SB1):>< p2 X o1 X bo / ® ACK

ACK signal is output for

SIO2ACKE

a period of one clock
\ just after setting

. /

«

If set during this period and SIO2ACKE = 1
at the falling edge of the next SCK

(c) When SIO2ACKE = 0 upon completion of transfer

SBO(SB1)  \

ACK signal is not output

X D7 X D6 X?‘DZ D1 X DO

SIO2ACKE

( \

a\

t When SIO2ACKE = 0 at this point

(d) When “SIO2ACKE = 1” period is short

S I I I I O

s8o(se1) X b2 X b1 X po / ¢

ACK signal is not output

SIO2ACKE

, S\

«

If set and cleared during this period
and SIO2ACKE = 0 at the falling edge of SCK
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Figure 16-29. SIO2ACKD Operations

(a) When ACK signal is output at 9th clock of SCK

Transfer Start
r Instruction

SIO2SFR

i Transfer Start
=
SBO(SB1):>< p2 X b1 X Do \ \ACK/ \

SI02ACKD q 1

(b) When ACK signal is output after 9th clock of SCK

SCK

Transfer Start
r Instruction

)

I Transfer Start

SCK 6 7 8 9 \7|>_r
)),

SBO (SBY) :X p2 X b1 X Do / ¢ ACK \ \
SI02ACKD R

(c) Clear timing when transfer start is instructed in BUSY

Transfer Start
y Instruction

Sio2sFR KK ) S
SCK 6 7 8 9

SBO(SB1):X p2 X D1 X Do /

SI02ACKD

Figure 16-30. SIO2BSYE Operation

SCK 6 7 8 9 k | | | k |
SBO (SB1) :X p2 X o1 X oo / ¥ \ACK |\  BUSY p
SIO2BSYE ” / \

If reset during this period and

When SIO2BSYE = 1 at this point SIO2BSYE = 0 at the falling edge of SCK

244 Data Sheet U12330EJ2V0ODS



SAaoAer3oeeegin 199ys eieq

sve

Table 16-5. Various Signals in SBI Mode (1/2)

tput
Signal Name OUtF_)Ut Definition Timing Chart ou pu Effects on Flag Meaning of Signal
Device Condition
0 CMD signal is output
Bus release isi SCK  nyn
e SBO (SB1) rising edge H « SIO2RELD set |to indicate that
signal Master when SCK = 1 ¢ SIO2RELT set SI02CMDD ¢l ¢ it data |
o clear | transmit data is an
REL SBO (SB1
( ) ( ) address.
i) Transmit data is
an address after
Command . SCK  »Hr REL signal output.
signal Master Sﬁo (SSEé_L) fa':'”g edge « SI02CMDT set |+ SI02CMDD set | ii) REL signal is not
(CMD) when = SBO (SB1) output and trans-
mit data is an
command.
Low-level signal to be
Acknowledge output to SBO (SB1
OWIedge | \raster/ P (SB1) <1> SIO2ACKE = 1 Completion of
signal lave during one-clock period of <25 SI02ACKT set e SIO2ACKD set reception
(ACK) S SCK after completion of P
serial reception [Synchronous BUSY output]
[Synchronous BUSY signal]
Busv sianal Low-level signal to be L Serial receive
(%) Slave output to SBO (SB1) SCK | 9 | | (( | | | | ((l | | ¢ SIO2BSYE =1 — disable because of
following Acknowledge |<AcK>! BUSY processing
signal SBO (SB1) DO\ | . . READY
” o ACH < BU'éY» <1> SI02BSYE = 0
SB0(SB1) Do/ o READy | <> Execution of
High-level signal to be N instruction for
Readv signal output to SBO (SB1) data write to
(RE%AD?() Slave before serial transfer start SIO2SFR — Serial receive

and after completion of
serial transfer

(transfer start
instruction)
<3> Address signal
reception

enable

AN
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Table 16-5. Various Signals in SBI Mode (2/2)

tput
Signal Name OUtF_)Ut Definition Timing Chart ou pu Effects on Flag Meaning of Signal
Device Condition
Synchronous clock to
output address/command/ w
i - 1 2 7 8 9 10 imi i
Serial clock data, ACK S|gnal, synchro SCK Timing of 5|g.nal
(SF() Master | nous BUSY signal, etc. output to serial data
Address/command/data are SBO (SB1) :X:Xj) >< >< / bus
transferred with the first
eight synchronous clocks.
?-blt data tq be.trans.ferred SCK | 1 | | 2 | | 7 | | 8 | | Address value of
Address in synchronization with When SIO2CSIE .
(A7 to AO) Master 3CK aft tput of REL ) ) ; slave device on the
o after output o = )
and CMD signals instruction for (rising edge of
REL CMD ;
data write to . 9th clock of
SIO2SFR (serial SC_K)N°‘e 1
8-bit data to be transferred —MWI_ transfer start
in synchronization with SCK instruction)Note 2 Instructions and
Commands I~
C7 to CO Master | SCK after output of only messages to the
( o C0) CMD signal without REL ~ [SBO (SB1) l Z >< (D(:Xj- slave device
signal output CMD
8-bit data to be transferred —
o o . SCK | 1 | | 2 | | 7 | | 8 | | Numeric values to
Data Master/ | in synchronization with be processed with
— wi
(D7 to DO) slave SCK without output of REL sla\?e or master
and CMD signals SBO (SB1) \_)QDCX: ;
device
Notes 1. When SIO2WUP = 0, CSIIFO0 is set at the rising edge of the 9th clock of SCK.

When SIO2WUP = 1, an address is received. Only when the address coincides the serial I/02 slave address register (SIO2SVA) value, IRQSIO2
is set. (if the address does not coincide with the value of SIO2SVA, SIO2RELD is cleared).
In BUSY state, transfer starts after the READY state is set.
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(4) Pin configuration
The serial clock pin SCK and serial data 1/0 pin SBO (SB1) have the following configurations.

(@) SCK veveeeeurnns Serial clock input/output pin
<1> Master ... CMOS and push-pull output
<2> Slave ..... Schmitt input
(b) SBO (SB1)..... Serial data input/output dual-function pin
Both master and slave devices have an N-ch open drain output and a Schmitt input.

Because the serial data bus line has an N-ch open-drain output, an external pull-up resistor is necessary.

Figure 16-31. Pin Configuration

Slave device

Master device |

sck LI LI sex - (Clock outpu)

Clock output Clock input
Serial clock

(Clock input)

N-ch open-drain SBO (SB1) gRL SBO (SB1)]. N-ch open-drain

Data output | Serial data bus = Data output

Data input >§ >§ >§ >§ Data input

Caution Because the N-ch open-drain must be turned off at time of data reception, write FFH to
presettable shift register 2 (SIO2SFR) in advance. The N-ch open-drain can be turned
off at any time of transfer. However, when the wake-up function specification bit
(SIO2WUP) =1, the N-ch transistor is always turned off. Thus, itis not necessary to write
FFH to SIO2SFR.
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(5) Address coincidence detection method
In the SBI mode, the master transmits a slave address to select a specific slave device.
Coincidence of the addresses can be automatically detected by hardware. IRQSIO2 is set only when the slave
address transmitted by the master coincides with the address set to SIO2SVA when the wake-up function
specification bit (SIO2WUP) = 1.
If the SIO2SIC of the serial I/02 interrupt timing specification register 0 is set, the wake-up function cannot
be used even if SIO2WUP is set (an interrupt request signal is generated when bus release is detected). To
use the wake-up function, clear SIO2SIC to 0.

Cautions 1. Slave selection/non-selection is detected by the coincidence of the slave address
received after bus release (SIO2RELD = 1).
For this coincidence detection, the coincidence detection interrupt (INTCSI0) of the
address to be generated with SIO2WUP = 1 is normally used. Thus, execute
selection/non-selection detection by slave address when SIO2WUP = 1.

2. When detecting selection/non-selection without the use of interrupt with SIO2WUP

= 0, do so by means of transmission/reception of the command preset by program
instead of using the address coincidence detection method.

(6) Error detection
In the SBI mode, the serial data bus SBO (SB1) status being transmitted is fetched into the destination device,
that is, the presettable shift register 2 (SIO2SFR). Thus, transmit errors can be detected in the following way.

(a) Method of comparing SIO2SFR data before transmission to that after transmission
In this case, if two data differ from each other, a transmit error is judged to have occurred.

(b) Method of using the serial /02 slave address register (SIO2SVA)
Transmit data is set to both SIO2SFR and SIO2SVA and is transmitted. After termination of transmission,
S102COl flag (coincidence signal coming from the address comparator) of the serial /02 operating mode
register 0 is tested. If “1”, normal transmission is judged to have been carried out. If “0”, a transmit error
is judged to have occurred.

(7) Communication operation
In the SBI mode, the master device selects normally one slave device as communication target from among
two or more devices by outputting an “address” to the serial bus.
After the communication target device has been determined, commands and data are transmitted/received
and serial communication is realized between the master and slave devices.
Figures 16-32 to 16-35 show data communication timing charts.
Shift operation of the presettable shift register 2 (SIOSFR) is carried out at the falling edge of serial clock (ﬁ).
Transmit data is output with MSB set as the first bit from the SB0/P2D0 or SB1/P2D1 pin. Receive data input
to the SBO (or SB1) pin at the rising edge of SCK is latched into the SIO2SFR.
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Figure 16-32. Address Transmission from Master Device to Slave Device (SIO2WUP = 1)

Master device operation (Transmitter) |

102CMDT] smanuIﬂozcmm Write Interrupt service
sel set | st Jto SI02SFR (Preparation for the next serial transfer)

Software operation |5

Serial transmission IRQSI02 SI02ACKD SCK

Hardware operation :
generation set stop

Transfer line

SCK pin 1 2 3 4 5 6 7 8 9

SBO (SB1) pin A7XA6XA5XA4XA3XA2XA1XAO/
\

| Address }
Slave device operation (Receiver) |
Software operation SI02WUP0[SIOZACKT BUSY
set clear

Hardware operation T e e Serial reception IRQSIO T ACK[usy[ " [BUsY[

_____ s [ ol | o) generation) ~ foutput|output | | clear |

[SIO2RELD
st (When SIO2SVA = SIO2SFR)

AN
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Command Transmission from Master Device to Slave Device
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Figure 16-33.
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Figure 16-34. Data Transmission from Master Device to Slave Device
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Master device operation (Receiver) |

Figure 16-35. Data Transmission from Slave Device to Master Device
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(8) Transfer start
Serial transfer is started by setting transfer data to the presettable shift register 2 (SIO2SFR) when the following
two conditions are satisfied.

» Serial interface 2 operation control flag (SIO2CSIE) = 1
e Internal serial clock is stopped or SCK is at high level after 8-bit serial transfer.

Cautions 1. If SIO2CSIE is set to “1” after data write to SIO2SFR, transfer does not start.

2. Because the N-ch transistor must be turned off for data reception, write FFH to SIO0
in advance.
However, when the make-up function control flag (SIO2WUP) = 1, the N-ch transistor
is always turned off. Thus, it is not necessary to write FFH to SIO2SFR.

3. If data is written to SIO2SFR when the slave is busy, the data is not lost.
When the busy state is cleared and SBO (or SB1) input is set to the high level (READY)
state, transfer starts.

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag (IRQSIO2)
is set.

Data Sheet U12330EJ2V0ODS 253



NEC uPD17717,17718, 17719

(9) SBI mode precautions

(a) Slave selection/non-selection is detected by coincidence detection of the slave address received after bus
release (SIO2RELD = 1).
For this coincidence detection, match interrupt (IRQSIO2) of the address to be generated with SIO2WUP
=1is normally used. Thus, execute selection/non-selection detection by slave address when SIO2WUP
=1.

(b) When detecting selection/non-selection without the use of interrupt with SIO2WUP = 0, do so by means
of transmission/reception of the command preset by program instead of using the address coincidence
detection method.

(c) IfSIO2WUP is setto 1 during BUSY signal output, BUSY is not cleared. In SBI, the BUSY signal continues
to be output after BUSY clear instruction generation to the falling edge of the next serial clock (SCK).
Before setting SIO2WUP to 1, be sure to clear BUSY and then check that the SBO (SB1) has become high-
level.

(d) Forpins which are to be used for data input/output, be sure to carry out the following settings before serial
transfer of the 1st byte after RESET input.

<1> Set the P2D0 and P2D1 latches to 1.
<2> Set the SIO2RELT flag of serial I/02SBI register 1 to 1.
<3> Reset the P2D0 and P2D1 output latches from 1 to 0.

(e) When device is in the master mode, follow the procedure below to judge whether slave device is in the
busy state or not.

<1> Detect acknowledge signal (ACK) or interrupt request signal generation.
<2> Set the port 2D bit 1/0 selection register P2DBIOO0 (or P2DBIO1) of the SB0/P2D0 (or SB1/P2D1)
pin into the input mode.

<3> Read out the pin state (when the pin level is high, the READY state is set).

After the detection of the READY state, setthe P2DBIOO0 (or P2DBIO1) to 1 and return to the output mode.
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16.2.9 2-wire serial I/0 mode

The 2-wire serial /0O mode is validated when SIO2MD1 and 2 of the serial I/02 operation mode register are

set to 1 and SIO2WAT1 of the serial interface 2 interrupt timing specification register is cleared to 0.

(1) Outline of 2-wire serial /0 mode
In the 2-wire serial I/0 mode, the SCL and SDA pins are used for communication.

Table 16-6 shows the outline of the 2-wire serial I/O mode.

Table 16-6

. Outline of 2-Wire Serial I/0 Mode

Pin used for communication

e SCL pin (serial clock 1/O pin)

¢ SDA pin (seria

| data 1/0O pin)

Transmission/reception
operation

Transmit data

Sequentially output from MSB of shift register to data I/O pin in
synchronization with falling of SCL pin

Receive data

Value of data I/O pin is sequentially input from LSB of shift register in
synchronization with rising of SCL pin.

Transmission/reception Master Transmission/reception is started by setting transfer data to shift
start register after 2-wire serial I/O master mode has been set.
Slave Waits for clock from master with SCL pin going into high-impedance
state after 2-wire serial /0 slave mode has been set.
Interrupt Issues interrupt request IRQSIO2 at rising edge of 8th count of clock.
Clock pin Master Stops output of SCL pin at rising edge of 8th count and retains high
level until next transmission/reception operation is started
Slave Goes into high-impedance state in 2-wire serial 1/0 slave mode.

Caution The SIO2CMDT and SIO2RELT flags of the serial I/02SBI register 1 are disabled from being

used when the 2-wire serial I/0 mode is used.

Figure 16-36. Serial Bus Configuration Example in 2-Wire Serial /0 Mode

Master

Vob Vob

Slave

SCL

SDA

SCL

SDA
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(2) Timing chart
Figure 16-37 shows the timing chart in the 2-wire serial /0 mode.

Figure 16-37. Timing Chart in 2-Wire Serial /0 Mode

Writing to shift register

SCL pin 1 2 3 4 5 6 7 8

SDA pin X\DA7XD6XD5XD4XD3XD2XD1 X(\DO

IRQSIO2 flag

End of transfer

—— Starts transfer in synchronization with falling of SCL

The SDA pin is an N-ch open-drain I/O pin and must be externally pulled up. Because the N-ch transistor must
be turned off when data is received, write FFH to SIO2SFR in advance.

(3) Starting transfer
Serial transfer is started by setting data to the presettable shift register 2 (SIO2SFR) when the following two
conditions are satisfied.

e Control flag of operation of serial interface 2 (SIO2CSIE) = 1
e When internal serial clock is stopped or SCL is low after 8-bit serial transfer

Serial transfer is automatically stopped and the interrupt request flag (IRQSIO2) is set after completion of 8-
bit transfer.

(4) Detection of error
Because the status of the serial bus SDA during transmission is also input to SIO2SFR of the device that is
transmitting data in the 2-wire serial /0 mode, a transmission error, if any, can be detected as follows:

(a) By comparing SIO2SFR data before and after transmission
In this case, it is assumed that a transmission error has occurred if the two data differ.

(b) By using serial interface 2 slave address register (SIO2SVA)
The transmit data is set to SIO2SFR and SIO2SVA and transmission is executed. After completion of
transmission, the SIO2COlI flag of the serial /02 operation mode register 0 (coincidence signal from the
address comparator) is tested. If the flag is “1”, communication has been executed normally; if it is “0”,
it is assumed that a transmission error has occurred.
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(5) Program flowchart in 2-wire serial /0 mode
A program flowchart example in the 2-wire serial I/0O transmission mode is shown below.

Figure 16-38. Example Flowchart in 2-Wire Serial I/O Transmission Mode

C <1> Setting of pin )

<2> Setting of 2-wire serial /O mode

<3> Enables communication operation

<4> Setting of interrupt

<5> Writing to SIO2SFR

End of transmission
(IRQSIO2 = 1)

C <6> Interrupt routine )

Remark To execute a 2-wire serial I/O operation with the same setting as before, start from step <5>.

<1> Setting of pin
(a) Setting of data pin in 2-wire serial /O mode
Set the 1/O control mode of the data pin to “1” (output), and the port latch of the data pin to “0”.
(b) Setting of shift clock in 2-wire serial /O Mode
Set the 1/0 control mode of the shift clock to “1” (output), and the port latch of the shift clock to “1”.

<2> Setting 2-wire serial I/O transmission mode as communication mode
SI02MD2 = 1, SIO2MD1 = 1

<3> Enabling communication operation (SIO2CSIE = “1")
(a) To output internal clock from shift clock (SIO2MDO0 = “1”)
Output the internal clock.
(b) To input external clock as shift clock (SIO2MDO = “0”)
Input the external clock.

Data Sheet U12330EJ2V0ODS 257



NEC uPD17717,17718, 17719

<4> Setting of interrupt
Execute the “EI” instruction and set the IPSIO2 flag to “1”.

<5> Setting of transmit data to SIO2SFR (PUT SIO2SFR)
The 2-wire serial I/O transmission operation is started as soon as data has been set, and the 8-bit transmit
data is output from the SDA pin.

<6> Interrupt routine
When the 2-wire serial I/O transmission operation has been completed, the interrupt request flag IRQSIO2
is issued. When the interrupt is accepted, execution branches to the vector address.

Cautions 1. Transfer is not started even if SIO2CSIE is set to “1” after data has been written to
SIO2SFR.
2. Write FFH to SIO2SFR in advance because the N-ch transistor must be turned off
during data reception.
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16.2.10 I2C bus mode

The 12C bus mode becomes valid when SIO2MD1 and 2 of the serial 1/02 operation mode register 1 are set
to 1 and SIO2WAT1 of the serial I/02 interrupt timing specification register 1 is set to 1.

¢ In the 12C transmission mode, clear the SIO2BSYE flag to “0”.

* In the I12C reception mode, set the SIO2BSYE flag to “1”.

The functions that can be used in the 12C bus mode of the uPD17717, 17718, and 17719 are listed below.

Table 16-7. Functions in I2C Bus Mode of uPD17717,17718, and 17719

Operation Mode

Supported by serial interface 2

Multi-master

Single master

Basic transmission/reception
Acknowledge control

Wait control

Wait request
Wake-up function

Software-supported

Hardware-supported

(1) Outline of I12C bus mode
In the 12C bus mode, communication is performed by using the SCL and SDA pins.
Table 16-8 shows the outline of the 12C bus mode.

Table

16-8. Outline of I12C Bus Mode

Pins used for transmission

e SCL pin (serial
e SDA pin (seria

clock I/0 pin)
| data I/0O pin)

Transmission/reception
operation

Transmit data

Sequentially output from MSB of shift register to data I/O pin in
synchronization with falling of SCL pin.

Receive data

Value of data I/O pin is input from LSB of shift register in
synchronization with rising of SCL pin.

Transmission/reception Master Transmission/reception is started by setting transfer data to shift
start register after 12C master mode has been set.
Slave Waits for clock from master with SCL pin going into high-impedance
state after I12C slave mode has been set.
Interrupt Issues interrupt request IRQSIO2 at rising of clock of 8th count.
Clock pin Master 9th count and those that follow are used for acknowledge.
Slave Goes into high-impedance state.
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16.2.11 I2C bus mode operation

The 12C bus mode is provided for when communication operations are performed between a single master
device and multiple slave devices. This mode configures a serial bus that includes only a single master device,
and is based on the clocked serial I/0 format with the addition of bus configuration functions, which allows the
master device to communicate with a number of (slave) devices using only two lines: SCL and SDA.
Consequently, when the user plans to configure a serial bus which includes multiple microcontrollers and
peripheral devices, using this configuration results in reduction of the required number of port pins and on-board
wires.

In the I2C bus specification, the master sends start condition, data, and stop condition signals to slave devices
through the serial data bus, while slave devices automatically detect and distinguish the type of signals due to
the signal detection function incorporated as hardware. This simplifies I2C bus control sections in the application
program.

An example of a serial bus configuration is shown in Figure 16-39. This system below is composed of CPUs
and peripheral ICs having serial interface hardware that complies with the 12C bus specification.

Note that pull-up resistors are required to connect to both serial clock line and serial data bus line, because
open-drain buffers are used for the serial clock pin (SCL) and the serial data I/O pin (SDA) on the I2C bus.

The signals used in the I12C bus mode are described in Table 16-9.

Figure 16-39. Example of Serial Bus Configuration Using I2C Bus

Voo Vob

Master CPU Slave CPU1
sCL Serial clock scL
SDA Serial data bus SDA

Slave CPU2
SCL
SDA

Slave IC

SCL
SDA
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(1) 12C bus mode functions
In the 12C bus mode, the following functions are available.

(a)

(b)

(c)

(d)

(e)

Automatic identification of serial data
Slave devices automatically detect and identifies start condition, data, and stop condition signals sent in
series through the serial data bus.

Chip selection by specifying device addresses
The master device can select a specific slave device connected to the 12C bus and communicate with it
by sending in advance the address data corresponding to the destination device.

Wake-up function

When address data is sent from the master device, slave devices compare it with the value registered in
their serial 1/02 slave address registers (SIO2SVA). If the values in one of the slave devices coincide,
the slave device generates an interrupt signal (the interrupt also occurs when the stop condition is detected).
Therefore, CPUs other than the selected slave device on the 12C bus can perform independent operations
during the serial communication.

Acknowledge signal (ACK) control function
The master device and a slave device send and receive acknowledge signals to confirm that the serial
communication has been executed normally.

Wait signal (WAIT) control function
The slave device outputs a wait signal on the bus to inform the master device of the wait status.

(2) I2C bus definition
This section describes the format of serial data communications and functions of the signals used in the 12C

bus mode.

First, the transfertimings of the start condition, data, and stop condition signals, which are output onto the signal

data bus of the I2C bus, are shown in Figure 16-40.

Figure 16-40. 12C Bus Serial Data Transfer Timing

Start  Address R/W ACK Data ACK Data ACK  Stop
condition condition

The start condition, slave address, and stop condition signals are output by the master. The acknowledge signal

(ACK) is output by either the master or the slave device (normally by the device which has received the 8-bit

data that was sent). A serial clock (SCL) is continuously supplied from the master device.
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(a) Start condition
When the SDA pin level is changed from high to low while the SCL pin is high, this transition is recognized
as the start condition signal. This start condition signal, which is created using the SCL and SDA pins,
is output from the master device to slave devices to initiate a serial transfer. Refer to 16.2.12 Cautions
on using I2C bus mode for details of the start condition output.
The start condition signal is detected by hardware incorporated in slave devices.

Figure 16-41. Start Condition

(b) Address

The 7 bits following the start condition signal are defined as an address.

The 7-bit address data is output by the master device to specify a specific slave from among those
connected to the bus line. Each slave device on the bus line must therefore have a different address.
Therefore, after a slave device detects the start condition, it compares the 7-bit address data received and
the data of the serial I/O2 slave address register (SIO2SVA). After the comparison, only the slave device
inwhich the data are amatch becomes the communication partner, and subsequently performs communication
with the master device until the master device sends a start condition or stop condition signal.

Figure 16-42. Address

SCL 1 2 3 4 5 6 7
SDA \ /A6XA5XA4XA3XA2XA1XAOXR/\NX
Address

(c) Transfer direction specification
The 1 bit that follows the 7-bit address data will be sent from the master device, and it is defined as the
transfer direction specification bit. If this bit is 0, it is the master device which will send data to the slave.
If it is 1, it is the slave device which will send data to the master.

Figure 16-43. Transfer Direction Specification

SCL 1 2 3 4 5 6 7 8
SDA \ /A6XA5XA4XA3XA2XA1XAOXR/\NX
H_/
Transfer direction
specification
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(d) Acknowledge signal (Iﬁ)

The acknowledge signal indicates that the transferred serial data has definitely been received. This signal
is used between the sending side and receiving side devices for confirmation of correct data transfer. In
principle, the receiving side device returns an acknowledge signal to the sending device each time it
receives 8-bit data. The only exception is when the receiving side is the master device and the 8-bit data
is the last transfer data; the master device outputs no acknowledge signal in this case.

The sending side that has tranferred 8-bit data waits for the acknowledge signal which will be sent from
the receiving side. If the sending side device receives the acknowledge signal, which means a successful
data transfer, it proceeds to the next processing. If this signal is not sent back from the slave device, this
means that the data sent has not been received by the slave device, and therefore the master device
outputs a stop condition signal to terminate subsequent transmissions.

Figure 16-44. Acknowledge Signal

SCL 1 2 3 4 5 6 7 8 9

SDA—\ /AGXASXA4XA3XA2XA1XAOXW\ACK/i

(e) Stop condition
If the SDA pin level changes from low to high while the SCL pin is high, this transition is defined as a stop

condition signal.
The stop condition signal is output from the master to the slave device to terminate a serial transfer.
The stop condition signal is detected by hardware incorporated in the slave device.

Figure 16-45. Stop Condition

SCL

SDA 3 / }
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(f) Wait signal (WAIT)
The wait signal is output by a slave device to inform the master device that the slave device is in wait state
due to preparing for transmitting or receiving data.
During the wait state, the slave device continues to output the wait signal by keeping the SCL pin low to
delay subsequent transfers. When the wait state is released, the master device can start the next transfer.
For the releasing operation of slave devices, refer to 16.2.12 Cautions on using I12C bus mode.

Figure 16-46. Wait Signal
(a) Wait of 8 Clock Cycles

Set low because slave device drives low,
though master device returns to Hi-Z state.

— No wait is inserted after 9th clock cycle.
(and before master device starts next transfer.)

SCL of :
master device 6 7 8 9 1 2 3 4

SCL of
slave device

son Yoo Yo Loo ] \ s JorJoe )oY ol

t Output by manipulating SIO2ACKT

(b) Wait of 9 Clock Cycles

Set low because slave device drives low,
though master device returns to Hi-Z state.

SCL of 3
master device 6 7 8 9 1 | 2 3

SCL of
slave device

el v J[=I=

t Output based on the value set in SIO2ACKE in advance

SD

>
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(3) Various signals in 12C bus mode
A list of signals in the 12C bus mode is given in Table 16-9.

Table 16-9. Signals in 12C Bus Mode

Signal Name Output Definition Output Condition | Affected Flag(s) Signal Function
Device
Start condition | Master SDA falling edge when | SIO2CMDT is SI02CMDD is Indicates that sequent
SCL is highNote 1 set. set. transmission data are
address data and serial
communication starts.
Stop condition | Master SDA rising edge when SIO2RELT is set. | SIO2RELD is set. Indicates end of serial
SCL is highNote 1 SI02CMDD s cleared. | transmission.
Acknowledge Master or |Low-level signal of SDA |¢ SIO2ACKE = 1 |SIO2ACKD is set. | Indicates completion of
signal (ACK) slave output during one SCL ¢ SIO2ACKT is reception of 1 byte.
clock cycle after serial set.
reception
Wait (WAIT) Slave Low-level signal output | SIO2WAT1, - Indicates state in which
to SCL SIO2WATO = 1X. serial reception is not
possible.
Serial clock Master Synchronization clock for| Execution of IRQSIO2 is Serial communication
(SCL) output of various signals |instruction for data |set.Note 3 synchronization signal.
Address Master 7-bit data output in write to SI02SFR Indicates address value
(A6 to AO) synchronization with SCL whe.n SIO2CSIE = 1 for specification of slave
after start condition output | (Sérial transfer start on serial bus.
instruction).Note 2
Transfer direction | Master 1-bit data output in Indicates whether data
(R/W) synchronization with SCL transmission or reception
after address output is to be performed.
Data Master or |8-bit data output in Indicates data actually to
(D7 to DO) slave synchronization with be sent.
SCL, not immediately
after start condition output
Notes 1. The level of the serial clock can be controlled by SIO2CLC of serial I/02 interrupt timing

specification register 1.

2. In the wait state, the serial transfer operation will be started after the wait state is released.

3. If the 8-clock wait is selected when SIO2WUP = 0, IRQSIO2 is set at the rising edge of the 8th
clock cycle of SCL. If the 9-clock wait is selected when SIO2WUP = 0, IRQSIO2 is set at the rising
edge of the 9th clock cycle of SCL.
IRQSIO2 is set if an address is received and that address coincides with the value of the serial
1/02 slave address register (SIO2SVA) when SIO2WUP = 1, or if the stop condition is detected.
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(4) Pin configurations
The configurations of the serial clock pin SCL and the serial data I/O pins SDA are shown below.
(a) SCL
Pin for serial clock input/output dual-function pin.
<1> Master ... N-ch open-drain output
<2> Slave ..... Schmitt input
(b) SDA
Serial data input/output dual-function pin.
Uses N-ch open-drain output and Schmitt-input buffers for both master and slave devices.

Note that pull-up resistors are required to connect to both serial clock line and serial data bus line, because
open-drain buffers are used for the serial clock pin (SCL) and the serial data bus pin (SDAO or SDA1) on the

12C bus.
Figure 16-47. Pin Configuration
Vob ‘ Slave devices
Master device |
SCL SCL
Clock output —4% Vob fki(CbCk output)
(Clock input) ~—@— —[b—» Clock input
SDA SDA
Data output ——l% ;Elki Data output
Data input <—@7 —b—» Data input

Caution Toreceive data, the N-ch open-drain output mustbe in high-impedance state. Therefore,

set the SIO2BSYE flag of serial I/O2SBI register 0 to 1 in advance, and write FFH to the
presettable shift register 2 (SIO2SFR).
When the wake-up function is used (by setting the SIO2WUP flag of the serial 1/02
operating mode register 1, however, do not write FFH to SIO2SFR before reception.
Even if FFH is not written to SIO2SFR, the N-ch open-drain output is always in high-
impedance state.

(5) Address coincidence detection method
In the 12C mode, the master can select a specific slave device by sending slave address data.
IRQSIO2 is set if the slave address transmitted by the master coincides with the value set to the serial 1/02
slave address register (SIO2SVA) when a slave device address has a serial 1/02 slave address register
(SI028VA), and the SIO2WUP flag is 1 (IRQSIO2 is also set when the stop condition is detected).
When using the wake-up function, set SIO2SIC to 1.

Caution Slave selection/non-selection is detected by the coincidence of the data (address)
received after the start condition.
For this coincidence detection, the coincidence detection interrupt (IRQSIO2) of the
address to be generated with SIO2WUP = 1 is normally used. Thus, execute selection/
non-selection detection by slave address when SIO2WUP = 1.
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(6)

)

Error detection

Inthe I12C bus mode, transmission error detection can be performed by the following methods because the serial
data bus SDA status during transmission is also taken into the presettable shift register 2 (SIO2SFR) of the
transmitting device.

(a) Comparison of SIO2SFR data before and after transmission
In this case, a transmission error is judged to have occurred if the two data values are different.

(b) Using the serial 1/02 slave address register (SIO2SVA)
Transmit data is set in SIO2SFR and SIO2SVA before transmission is performed. After transmission, the
SI02COI bit (coincidence signal from the address comparator) of serial I/02 operation mode register 0
is tested: "1" indicates normal transmission, and "0" indicates a transmission error.

Communication operation

In the I2C bus mode, the master selects the slave device to be communicated with from among multiple devices
by outputting address data onto the serial bus.

After the slave address data, the master sends the R/W bit which indicates the data transfer direction, and starts
serial communication with the selected slave device.

Data communication timing charts are shown in Figures 16-48 and 16-49.

In the transmitting device, the presettable shift register 2 (SIO2SFR) shifts transmission data to the SO latch
in synchronization with the falling edge of the serial clock (SCL), the SO0 latch outputs the data on an MSB-
first basis from the SDA pin to the receiving device.

In the receiving device, the data input from the SDA pin is taken into the SIO2SFR in synchronization with the
rising edge of SCL.
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Figure 16-48. Data Transmission from Master to Slave
(Both Master and Slave Selected 9-Clock Wait) (1 of 3)

(a) Start Condition to Address

Master device operation |

Write SIO2SFR ,SIO2SFR « Address SIO2SFR « Data

SI02C0l jDDDDDDCX I XOOOX
SI02ACKD [
SI02CMDD 1l /
SIO2RELD L | /

siozol0 __ T 1 TU LTI ML

POA2 H ) / /
SIO2WUP _L

L

L

SIO2BSYE
SIO2ACKE
SI02CMDT
SIO2RELT
SI02CLC
SIO2WREL
SI102SIC
IRQSIO2

Transfer line

SCL
SDA

-

/- \\\
4 ]

1] 12| B 5

31 G0 05 60 oE

| Slave device operation | /
SIO2SFR « FFH
: —

Write SIO2SFR \ \
slo2col m | OOCX
SIO2ACKD I\ |
SI02CMDD | \ \ \ ]
SIO2RELD _L
siozoto __ I L MMM \MNr
POA2 | / LP
SI02WUP | 1
SIO2BSYE
SIO2ACKE
SI02CMDT
SIO2RELT
Slo2CLC
SIO2WREL
slozsic

IRQSIO2 ﬁ
SIO2CSIE

SDA
POABIO3
POABIO2

I ||| T| T
]

| Ll | i
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Figure 16-48. Data Transmission from Master to Slave

(Both Master and Slave Selected 9-Clock Wait) (2 of 3)

(b) Data

Master device operation |

,SIO2SFR « Data

Write SIO2SFR ,SIO2SFR « Address

slo2col
SI02ACKD ] |

sio2cMpd T | /
SIO2RELD _L

SI02CLD gEpEpigipipigayag!

POA2
SIO2WUP

SIO2BSYE

SI02CMDT

SIO2RELT

H
L
L
SIO2ACKE L | /
L
L
L

SI02CLC

/
SIO2WREL L
SI02SIC L

IRQSIO2 LTl

Transfer line

SCL

SDA

| Slave device operation |

Write SIO2SFR | !

si02col — T OO0

SIO2ACKD
SI02CMDD

SIO2RELD _L

|

\

\
siozoto _ \ MMM

SIO2WUP

e ||

SIO2BSYE

SIO2ACKE
SI02CMDT

SIO2RELT

SlI02CLC

SIO2WREL

Il | |- | | ||
—

slo2sic ﬁ
IRQSIO2

SIO2CSIE
SDA

POABIO3

| x

POABIO2
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Figure 16-48. Data Transmission from Master to Slave
(Both Master and Slave Selected 9-Clock Wait) (3 of 3)

(c) Stop Condition

Master device operation |

Write SIO2SFR ,SIO2SFR « Data SIOZSF:R « Address

siozcol ipocx:x:mcx:x OO
SIO2ACKD | | L

SI02CMDD \\ // 1
SIO2RELD _L | |j

SI02CLD pEgigipigigigny iyl |

POA2 H ) /
SIo2wuP L

L

L

E

SI02BSYE
SI02ACKE
SI02CMDT  __| / A I

SIO2RELT _] ‘ [ q [
/

sil020LC |
SIO2WREL L“ \
!

slozsic L
IRQSIO2

Transfer line

SCL
SDA

| Slave device operation |

Write SIO2SFR A

s102c01 7 OO0 |

SI02ACKD
SI02CMDD
SIO2RELD __| | 11

siozcto _ \ MMM
PoA2 — Lf J /

SI02WUP
SI02BSYE H / }
SIO2ACKE H
Slo2CcMDT L / /
SIO2RELT | / Il
sio2cLe L / |
SIO2WREL L / /
slo2sic H ﬁ ﬁ
IRQSIO2
SI02CSIE U
SDA 1

POABIO3 [ |
POABIO2 _L [ |
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Figure 16-49. Data Transmission from Slave to Master

(Both Master and Slave Selected 9-Clock Wait) (1 of 3)

(a) Start Condition to Address

Master device operation |

Write SIO2SFR ,SIO2SFR « Address

, SIO2SFR « FFH

SI02COl

XOOOEX

SIO2ACKD
SI02CMDD

SIO2RELD

SI02CLD

[

POA2
SI02WUP

SIO2BSYE

SIO2ACKE

SI02CMDT

SIO2RELT

Slo2CLC

SIO2WREL

Slo2SIC

IRQSIO2

Transfer line

SCL

1| |2| |3| |4| |5|

SDA

| Slave device operation |

Write SIO2SFR

N 3 6B )

SIO2SFR « Data

[
si0200 000000
SIO2ACKD [

SI02CMDD | \
SIO2RELD _L

/
M-

POA2
SIo2WUP

sio2ot0 __ [ LTI
|
!
]

SIO2BSYE

SIO2ACKE / |
SI02CMDT

SIO2RELT

SIO2WREL

L
L

sio2cle L /
L
H

slo2sic ﬁ
IRQSIO2

SIO2CSIE

POABIO3

H
SDA _L
L
L

POABIO2
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Figure 16-49. Data Transmission from Slave to Master
(Both Master and Slave Selected 9-Clock Wait) (2 of 3)

(b) Data

Master device operation |

Write SI02SFR  —yoIQ2SFR « FFH  SIO2SFR « FFH

S102COlI
SIO2ACKD
SI02CMDD
SIO2RELD
SI02CLD
POA2
SI02wWUP
SIO2BSYE
SIO2ACKE
SI02CMDT
SIO2RELT
Slo2CLC
SIO2WREL
Slo2SIC
IRQSIO2

Transfer line

SCL
SDA

XOOOX
[

[

||| ||| T
——1 1 | [

1[ el 3] Ta] Tg]
\
D7| XD6 XD5XD4XD3

SIO2SFR « Data
o

|
! I_\pnfuw

Write SIO2SFR
SI02COl
SIO2ACKD
SI02CMDD
SIO2RELD
SI02CLD
POA2
SI02WUP
SIO2BSYE
SIO2ACKE
SI02CMDT
SIO2RELT
SI02CLC
SIO2WREL
Slo2sIC

IRQSIO2
SIO2CSIE

SDA
POABIO3
POABIO2

%

— || I II_I_I_I_I_I_I_I
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Figure 16-49. Data Transmission from Slave to Master
(Both Master and Slave Selected 9-Clock Wait) (3 of 3)

(c) Stop Condition

Master device operation |

Write SIO2SFR
SI02COl
SIO2ACKD
SI02CMDD
SIO2RELD
SI02CLD
POA2
SIo2wupP
SI02BSYE
SIO2ACKE
SI02CMDT
SIO2RELT
SI02CLC
SIO2WREL
SI02SIC
IRQSIO2

Transfer line

SCL
SDA

,SIO2SFR « FFH

SIO2SER « Address

| Slave device operation |

Write SIO2SFR
S102COlI
SIO2ACKD
SI02CMDD
SIO2RELD

\
OO0 DOOXX
1 [ I_\i
ﬁ“ﬂ
L
MU
i |
L
| I
1 /
A i
// ( 1l [ ]
|
: —— | K\ '7;/
L
I ( \\ [
1 12 3] 4 6] 7] 1B\ 1 2] 8] 4
D7 | XD6 X5 XD4XD3XD2XD1 X0 /hak N__1/ABXASRALRAS
\ISIOZSFR « Data
:%:)C)DC)DDCX - OO0
1 \ )
'/ // ]1 —
soecto MMM ] L_MNnr

POA2 | ¢

SI02wWUP
SIO2BSYE
SIO2ACKE
SI02CMDT
SIO2RELT

Slo2CLC
SIO2WREL
Slo2sIC

IRQSIO2
SIO2CSIE

SDA
POABIO3
POABIO2

-

-

rjr|r I
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(8) Start of transfer
A serial transfer is started by setting transfer data in the presettable shift register 2 (SIO2SFR) if the following
two conditions have been satisfied:

* The serial interface 2 operation control flag (SIO2CSIE) = 1.
e After an 8-bit serial transfer, the internal serial clock is stopped or SCL is low.

Cautions 1. Setting SIO2CSIE to 1 after writing data in SIO2SFR does not initiate transfer operation.
2. Because the N-ch open-drain output must go into high-impedance during data reception,
set the SIO2BSYE flag of serial 1/02SBI register 0 to 1 before writing FFH to SIO2SFR.
Do not write FFH to SIO2SFR before reception when the wake-up function is used (by
setting the SIO2WUP flag of serial 1/02 operation mode register 1). Even if FFH is not
written to SIO2SFR, the N-ch open-drain output is always high-impedance state.
3. If data is written to SIO2SFR while the slave is in the wait state, that data is held. The
transfer is started when SCL is output after the wait state is released.

When an 8-bit data transfer ends, serial transfer is stopped automatically and the interrupt request flag (IRQSI02)
is set.

16.2.12 Cautions on using I12C bus mode

(1) Start condition output (master)
The SCL pin normally outputs a low-level signal when no serial clock is output. It is necessary to change the
SCL pinto highin order to output a start condition signal. Set 1in SIO2CLC of serial /02 interrupt timing specify
register 1 to drive the SCL pin high.
After setting SIO2CLC, clear SIO2CLC to 0 and return the SCL pin to low. If SIO2CLC remains 1, no serial
clock is output.
If it is the master device which outputs the start condition and stop condition signals, confirm that SIO2CLD
is set to 1 after setting SIO2CLC to 1; a slave device may have set SCL to low (wait state).

Figure 16-50. Start Condition Output

—
/

SCL

SDA

Slo2CLC

SI02CMDT

SI02CLD
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(2) Slave wait release (slave transmission)
Slave wait status is released by SIO2WREL flag (bit 2 of serial I/02 interrupt timing specification register 1)
setting or execution of a presettable shift register 2 (SIO2SFR) write instruction.
If the slave sends data, the wait is immediately released by execution of an SIO2SFR write instruction and
the clock rises without the start transmission bit being output in the data line. Therefore, as shown in Figure
16-51, data should be transmitted by manipulating the POA2 output latch through the program. At this time,
control the low-level width (“a” in Figure 16-51) of the first serial clock at the timing used for setting the POA2
output latch to 1 after execution of an SIO2SFR write instruction.
In addition, if the acknowledge signal from the master is not output (if data transmission from the slave is
completed), set 1 in the SIO2WREL flag and release the wait.
For these timings, refer to Figure 16-49.

Figure 16-51. Slave Wait Release (Transmission)

Master device operation |

Writing
Software operation FFH to
SI02SFR
Hardware operation Setting | Setting ) ]
ware operel / 51024CKD|IRQSI02 Serial reception

SCL 9 / a 1 2 3
——r

o M A\ Ak \ ol ) e ) o X

Slave device operation |

. POA2 | Write POA2
Software operation output | datato output
latch 0 |SIO2SFR latch 1
| 1
Hardware operation ACK | Setting Wait - i
P / output [RQSIO2 release Serial transmission
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(3) Slave wait release (slave reception)
The slave is released from the wait status when the SIO2WREL flag (bit 2 of the serial 1/02 interrupt timing
specification register 1) is set or when an instruction that writes data to the presettable shift register 2 (SIO2SFR)
is executed.
When the slave receives data, the first bit of the data sent from the master may not be received if the SCL line
immediately goes into a high-impedance state after an instruction that writes data to SIO2SFR has been
executed.
This is because SIO2SFR does not start operating if the SCL line is in the high-impedance state while the
instruction that writes data to SIO2SFR is executed (until the next instruction is executed).

Therefore, receive the data by manipulating the output latch of POA2 by program, as shown in Figure 16-52.
For this timing, refer to Figure 16-48.

Figure 16-52. Slave Wait Release (Reception)

Master device operation |

Writing
Software operation data to
SIO2SFR

Setting| Setting

5102400l IRQSIO2 Serial transmission

Hardware operation /

SCL 9

1

O R O 0 §

Slave device operation | \\

POA2 | Write POA2
output | FFHto | | output
latch 0 |SIO2SFR| | latch 1

/ !

ACK | Setting Wait . .
output [IRQSIO2 release Serial reception

Software operation /

Hardware operation /
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(4) Reception completion of salve
In the reception completion processing of the slave, check the SIO2CMDD flag of the serial I/O2SBI register
1 and SIO2COQI flag of the serial I/02 operation mode register 0 (CSIMO0) (when CMDD = 1). This is to avoid
the situation where the slave cannot judge which of the start condition and data comes first and therefore, the
wake-up condition cannot be used when the slave receives the undefined number of data from the master.

16.2.13 Restrictions in I2C bus mode

The following restrictions are applied to the uPD17719.

e Restrictions when used as slave device in 12C bus mode

Description:

Preventive measure:

If the wake-up function is executed (by setting the bit 3 of the serial /02 operation
mode register 1 to 1) in the serial transfer statusNote, the yPD17719 checks the
address of the data between the other slave and master. If that data happens to
coincide with the slave address of the uPD17719, the uPD17719 takes part in
communication, destroying the communication data.

Note Theserialtransferstatusisthe status since data has been written to the presettable
shift register 2 (SIO2SFR) until the interrupt request flag (IRQSIO2) is set to 1
by completion of the serial transfer.

The above phenomenon can be avoided by modifying the program.

Before executing the wake-up function, execute the following program that clears
the serial transfer status. When executing the wake-up function, do not execute an
instruction that writes data to SIO2SFR. Even if such aninstruction is not executed,
data can be received while the wake-up function is executed.

This program releases the serial transfer status. To release the serial transfer
status, the serial interface 2 must be once disabled (by clearing the SIO2CSIE flag
(bit 3 of the serial /02 operation mode register 0 to 0). If the serial interface 2 is
disabled in the 12C bus mode, however, the SCL pin outputs a high level, and SDA
pin outputs a low level, affecting communication of the I12C bus. Therefore, this
program makes the SCL and SDA pins go into a high-impedance state to prevent
the 12C bus from being affected.

For the timing of each signal when this program is executed, refer to Figure 16-48.
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e Example of program releasing serial transfer status

SET1 POA3 Do<1>
CLR1 POABIO3 : <2>
CLR1 POABIO2 : <3>
CLR1 SIO2CSIE: <4>
SET1 SIO2CSIE: <5>
SET1 SIO2RELT: <6>
SET1 POABIO2 : <7>
CLR1 POA3 D <8>
SET1 POABIO3 : <9>

<1> This instruction prevents the SDA pin from outputting a low level when the I2C bus mode is restored by
instruction <5>. The output of the SDA pin goes into a high-impedance state.

<2> This instruction sets the POA3/SDA pin in the input mode to protect the SDA line from adverse influence
when the port mode is set by instruction <4>. The POA3/SDA pin is set in the input mode when instruction
<2> is executed.

<3> This instruction sets the POA2/SCL pin in the input mode to protect the SCL line from adverse influence
when the port mode is set by instruction <4>. The POA2/SCL pin is set in the input mode when instruction
<3> is executed.

<4> This instruction changes the mode from 12C bus mode to port mode.

<5> This instruction restores the 12C bus mode from the port mode.

<6> This instruction prevents the SDA pin from outputting a low level when instruction <8> is executed.

<7> This instruction sets the POA2 pin in the output mode because the POA2 pin must be in the output mode
in the 12C bus mode.

<8> This instruction clears the output latch of the POAS pin to 0 because the output latch of the POAS3 pin must
be set to 0 in the 12C bus mode.

<9> This instruction sets the POA3 pin in the output mode because the POA3 pin must be in the output mode
in the 12C bus mode.

Remark SIO2RELT: Bit 0 of serial I/O2SBI register 1
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16.2.14 SCL/PO0A2 and SCK2/P0A1 pins output manipulation
The SCL/POA2 and SCK2/POA1 pins can execute static output via software, in addition to outputting the

normal serial clock.
The number of serial clocks can also be arbitrarily set by software.
The SCL/POA2 and SCK2/P0OA1 pins output should be manipulated as described below.

(1) In 2-wire serial I/O mode
The output level of the SCL/POA2 pin is manipulated by the POA2 output latch.

<1> Setthe serial /02 operation mode register 0 and 1 (SCL pin is set in the output mode and serial operation

is enabled). SCL = 1 while serial transfer is stopped.
<2> Manipulate the content of the POA2 output latch by executing the bit manipulation instruction.

Figure 16-53. SCL/P0A2 Pin Configuration

,ﬁ Manipulated by bit manipulation instruction

SCL/POA2 O I /L To internal logic POA2

output latch
W\I . SCL (1 while transfer is stopped)

From serial clock
controller

SIO2CSIE = 1 and SIO2MDO = 1, respectively
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(2) In I2C bus mode
The output level of the SCL/POA2 pin is manipulated by the SIO2CLC flag of the serial /02 interrupt timing
specification register 1.

<1> Set the SIO2 operation mode registers 0 and 1 (SCL pin is set in the output mode and serial operation
is enabled). Set 1 to the POA2 output latch. SCL = 0 while serial transfer is stopped.

<2> Manipulate the SIO2CLC flag by executing the bit manipulation instruction.

Figure 16-54. SCL/P0A2 Pin Configuration

s Set 1
SCL/P0A2 O I /L To internal logic POA2

output latch
W\I N scLMer
From serial clock

SIO2CSIE = 1 and SIO2MDO = 1, respectively {controller }

Note The level of the SCL signal is in accordance with the contents of the logic circuits shown in Figure 16-
55.

Figure 16-55. Logic Circuit of SCL Signal

SIO2CLC (manipulated by bit manipulation instruction)

SCL [O— Wait request signal
— Serial clock (low while transfer is stopped)

Remarks 1. This figure indicates the relation of the signals and does not indicate the internal circuit.

2. SIO2CLC: Bit 3 of serial I/02 interrupt timing specification register 1
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(3) In 3-wire serial I/O mode

SCK2/POA1O , IJ To internal logic POA1

The output level of the SCK2/POA1 pin is manipulated by the POA1 output latch.
<1> Set the serial 1/02 operation mode registers 0 and 1 (SCK2 pin is set in the output mode and serial
operation is enabled). SCK2 = 1 while serial transfer is stopped.

<2> Manipulate the content of the POA1 output latch by executing the bit manipulation instruction.

Figure 16-56. SCK2/P0A1 Pin Configuration

,ﬁ Manipulated by bit manipulation instruction

output latch
f_
N

SCK2 (1 while transfer is stopped)
[From serial clock}

SIO2CSIE = 1 and SIO2MDO = 1, respectively controller

16.2.15 Status of serial interface 2 at reset

M

()

(3

4

At power-ON reset
Each pin is set in the general-purpose input port mode.
The contents of the presettable shift register 2 and serial I/02 slave address register are undefined.

At WDT & SP reset
Each pin is set in the general-purpose input port mode.
The contents of the presettable shift register 2 and serial I/02 slave address register are undefined.

At CE reset
Each pin retains the previous status.
The contents of the presettable shift register 2 and serial I/02 slave address register are undefined.

On execution of clock stop instruction

Each pin is set in the general-purpose input port mode.
The contents of the presettable shift register 2 and serial 1/02 slave address register are undefined.
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16.3 Serial Interface 3

16.3.1 Outline of serial interface 3
Figure 16-57 shows the outline of serial interface 3.
Serial interface 3 can be used in UART and 3-wire serial I/0O modes.

Figure 16-57. Outline of Serial Interface 3

SIO3CSIE flag SIO3TCLO and 1 flags

l

SCK3 G Clock I/0
SCKa/PoB2 control block Clock control block 4.5 MHz
I Clock counter \é\lléi(i;tkcontrol
SIO3TXE flag
SIO3PS0 and 1 flags
SIO3CL flag
SIO3SL flag

Interrupt control

Transmission control block

block
SIO3TXS
SIO3PE flag, SIO3RXE flag
SO3/TXD/POB1 O=—— SIOSFE flag, SIO3CL flag Baud rate generator
SIO30VE flag, SIO3PS0 and 1 flags
SIO3ISRM flag
Data I/0
control block
Reception control block
SI3/RxD/POB0 (O——+

Receive shift register

SIO3RXB

16.3.2 Control registers of serial interface 3
Serial interface 3 is controlled by the following four registers:
e Serial 1/03 operation mode register
e Serial I/03 asynchronous status register
e Serial 1/03 asynchronous mode register 0
e Serial 1/03 asynchronous mode register 1
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(1) Serial /03 operation mode register
Figure 16-58 shows the configuration of the serial /O3 operation mode register.
This register controls the operation of 3-wire serial I/O mode, and select the clock to be used.

Figure 16-58. Configuration of Serial /03 Operation Mode Register

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Serial I/03 operatonmode | S:S:S: S 1AH R/W
register I I | I
o o o o
3:3/3)3
C 1 H 1 T 1 T
siiicic
| ; z ; L ; L
El 1100
LE» Selects clock of 3-wire serial /0O
i 0 : 0 | External clock
0 1| 187.5kHz
10| 375kHz
i 1 ; 1| 46.875 kHz
Status of SO3/P0OB1 pinNete
T General-purpose 1/0 port
E Serial data outputNete2
Enables or stops operation of 3-wire serial I/O
T} Stops operation (wait status)
Z Enables operation of 3-wire serial /0
~ Power-ON reset 0 : 0 : 0 : 0
é WDT & SP reset oioioio
< | CE reset 0i0i0}0
Clock stop 0 0 0 0

Notes 1. This flag is ignored in any mode other than 3-wire serial 1/0 mode.
2. Port OB bit I/O select flag POBBIO1 must be set to 1 and the port latch must be set to 1.

Caution Be sure to clear the SIO3TXE and SIO3RXE flags of the serial /03 asynchronous mode

register 0 to “0” when using the 3-wire serial /0 mode.
When using the UART mode, be sure to clear the SIO3CSIE flag to “0”.
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(2) Serial /03 asynchronous status register
Figure 16-59 shows the configuration of the serial I/03 asynchronous status register.
This register indicates the nature of a reception error if any when the UART mode is used.

The value of this register is cleared to “0” when data of the serial /03 receive buffer register (SIO3RXE) is

read.

Figure 16-59. Configuration of Serial /03 Asynchronous Status Register

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Serial /03 asynchronous 1$:8:8 1BH R
status register ; | ; I ; |
0i0}0
0/3:33
PiFlo
ElElV
Rl
L Contents of serial /03 overrun error
i 0 | When overrun does not occur or when data is read from serial I/O3 receive
buffer register
1 | If data of serial /O3 receive buffer register overlaps
Contents of serial I/O3 framing error
m If framing error does not occur or if data is read from serial /03 receive buffer
L register
If stop bit is not detected
Contents of serial I/0O3 parity error
T If parity error does not occur, or if data is read from serial /03 receive buffer
L register
i i If parity of transmit data does not coincide
Fixed to “0”
. | Power-ON reset 0 : 0 : 0 : 0
% WDT & SP reset ioioio
< CE reset 000
Clock stop 0 0 0
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(3) Serial /03 asynchronous mode register 0
This register sets the operation in the UART mode.
Figure 16-60 shows the configuration of the serial 1/0O3 asynchronous mode register 0.

Figure 16-60. Configuration of Serial I/03 Asynchronous Mode Register 0

Name Flag symbol Address Read/Write
bs [ b2 | b1 | bo
Serial /03 asynchronous $:8:8: 1DH R/W
mode register 0 | ; | ; | ;
oloiol
333
a0 0
TR |
Xix's!
clein
B
L]
Fixed to “0”
Enables or disables generation of reception completion interrupt on occurrence of error
m Enables interrupt
E Disables interrupt
Sets operation in UART mode
W Stops operation
E UART mode (reception)
1 0 UART mode (transmission)
1 1 UART mode (transmission/reception)
- Power-ON reset 0 0 0 0
% WDT & SP reset o§o§o§
< | CE reset 000
Clock stop 0 ; 0 ; 0 ;

Caution Be sure to clear the SIO3CSIE flag of the serial I/03 operation mode register to “0 when
using the UART mode. Clear the SIO3TXE and SIO3RXE flags to “0” when using the 3-
wire serial 1/0 mode.
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(4) Serial /103 asynchronous mode register 1
This register sets the parity bit, character length, and stop bit in the UART mode.
Figure 16-61 shows the configuration of the serial I/O3 asynchronous mode register 1.

Figure 16-61. Configuration of Serial I/03 Asynchronous Mode Register 1

Name Flag symbol Address Read/Write
bs [ b2 | b1| bo
Serial /03 asynchronous $:§:8:8 1CH R/W
mode register 1 I ; | ; I ; I
o} 0} o} O
3:3/3]3
PiPICIS
sisiLiL
1ol
CT T L
Specifies number of stop bits of UART transmit data
i 0 | Number of stop bits = 1
1 | Number of stop bits =2
Specifies character length of UART
F 7 bits
I 8 bits
Specifies parity bit of UART
0 : 0 : No parity
0 ; 1 ; Transmission: Parity appended
i i Reception: Parity error not generated
1 ; 0 ; Odd parity
1 1 1 1 Even parity
. | Power-ON reset 0 : 0 : 0 : 0
% WDT & SP reset oioioio
ECEreset 0000
Clock stop 0 0 0 0

Caution Be sure to rewrite this register when the operation in the UART mode is stopped.
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16.3.3 Serial I/03 transmit register (SIO3TXS) and serial /03 receive buffer register (SIO3RXB)

Both the serial 1/03 transmit register (SIO3TXS) and serial 1/03 receive buffer register (SIO3RXB) are
assigned to peripheral address 05H.

SIO3TXS is a register that sets transmit data in the 3-wire serial /O mode and UART mode. Data bs through
bo are transmitted when the character length is set to 7 bits in the UART mode.

SIO3RXB is a register that stores receive data in the 3-wire serial /O mode and UART mode. Data bs through
bo are received, and bz is always “0” when the character length is set to 7 bits in the UART mode.

When the PUT instruction is executed, the data of the data buffer is written to SIO3TXS. When the GET
instruction is executed, the data of SIO3RXB is read to the data buffer.

Figure 16-62 shows the configuration of the serial /O3 transmit register and serial I/O3 receive buffer register.

Figure 16-62. Configuration of Serial I/03 Transmit Register and Serial /03 Receive Buffer Register

Data buffer
DBF3 DBF2 DBF1 DBFO
don't care don't care
Transfér data
GET (SIO3RXB on execution of GET)
<8> PUT (SIO3TXS on execution of PUT)
Peripheral register
Name by be bs ba bs bz b1 bo|  Symbol Peripheral
address
Serial 1/03 SIO3TXS 05H

SIO3RXB

serial 1/03 receive

My
transmit register, | S
B! !

buffer register

Setting of serial-out data and reading of

serial-in data

‘ D7 ‘ DG‘ DS‘ D4‘ DB‘ DZ‘ D1 ‘ DO E7*D6+D5+D4*D3*D2+D1+DO ]

Serial out (TxS) Serial in (RxB)

Caution Do not write data to this register during operation in the 3-wire serial /0 mode.
During transmission operation in the UART mode, this register is masked and no data can
be written to it.
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16.3.4 Operation of serial interface 3
Serial interface 3 operates in the following two modes:

e 3-wire serial I/0 mode
¢ UART mode

Table 16-10 shows the setting of each pin by each control flag in each operation mode.

Table 16-10. Pin Setting Status by Each Control Flag

Flag Pin
S|S : S : Communication | S : S : Clock direction Pin name : S : P : P : P : P : P : P Setting status of pin
Fprte! mode re! "I''o'o'o'o'o'o
0|00 0,0/ |O/BBIBIB BB
3(3!3! 33! 'a'B'2'B'1!'B!0
c|TiR. TIT UL T
s|xix! cic' j1o! 1o! 10!
3 LIt 1Z121 111 10,
Bl 1o, IR
o L [ T T R T
1| x : X : 3-wire 0 : 0 : External M/POBZ : : 0 : X : : : : External clock input
: : serial 1/0 : : (slave) : : 1 : X : : : : General-purpose output port
: : 0,1 or: Internal : : 0 : X : : : : General-purpose input port
: : 1, x : (master) : : 1 : 1 : : : : Internal clock output
: : X : X : SO3/TxD/P0B1 : 0 : : : 0 : X : : General-purpose input port
: : : : : : : : 1 : X : : General-purpose output port
: : : : : 1 : : : 0 : X : : General-purpose input port
: : : : : : : : 1 : 1 : : Serial output
o L SIZRXDIPOBO | | | | 1 101x| Serial input
: : : : : : : : : : 1 : x | General-purpose output port
0|1 ; 0 ; UART X : X ; S03/TxD/P0OB1 ; : : ; 0 ; X : ; General-purpose input port
: : (transmission) : : I I I I 1 I 1 I I Serial output
: : : : SI3/RxD/POB0O I I I I I I 0 I x | General-purpose input port
; : : : I I I I I I 1 I x | General-purpose output port
0 : 1 : UART X : X : S03/TxD/P0OB1 I I I I 0 I X I I General-purpose input port
: : (reception) : : : : : : 1 : X : : General-purpose output port
: : : : SI3/RxD/P0B0 : : : : : :0 :>< Serial input
: : : : : : : : : : 1 : x | General-purpose output port
1 : 1 : UART X : X : S03/TxD/P0OB1 : : : : 0 : X : : General-purpose input port
: : (transmission/ : : : : : : 1 : 1 : : Serial output
: : reception) : : SI3/RxD/POBO ! ! ! ! ! 0!x| Serial input
: : : : : : : : : : 1 : x | General-purpose output port

x: don’t care
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16.3.5 3-wire serial I/0 mode
(1) Outline of 3-wire serial /0 mode
In the 3-wire serial I/O mode, communication is executed by using three pins: SCK3, SI3, and SOS3 pins.

Table 16-11 shows the outline of the 3-wire serial I/O mode.

Table 16-11. Outline of 3-Wire Serial I/0 Mode

Pin used for communication | ¢ SCK3 pin (serial clock 1/O pin)
e SI3 pin (serial data input pin)
e SOS3 pin (serial data output pin)

Transmission/reception Transmit data Sequentially output from MSB of shift register to data output pin in
operation synchronization with falling of SCK3 pin.
Receive data Value of data input pin from LSB of shift register in synchronization

with rising of SCK3 pin.

Transmission/reception Master Transmission/reception is started by setting transfer data to transmit
start register after 3-wire serial I/O master mode has been set.
Slave Waits for clock from master with SCK3 going into high-impedance

state after 3-wire serial 1/0 slave mode has been set.

Interrupt Issues interrupt request flag IRQSIO3 at rising of clock of 8th count

Clock pin Master Stops output of SCK3 pin at rising of 8th count and retains high level
until next transmission/reception is started

Slave Goes into high-impedance state

Figure 16-63. Serial Bus Configuration Example in 3-Wire Serial I/0 Mode

Master Slave
SCK3 SCK3
SI3 SO3
S03 SI3
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(2) Timing chart
Figure 16-64 shows the timing chart in the 3-wire serial /0O mode.

Figure 16-64. Timing Chart in 3-Wire Serial /0 Mode

Writing to shift register

SCKa pin 1 2 3 4 5 6 7 8

SI3 pin \ X\Dﬂﬂ X Dl6 X DI5 X Dl4 X DI3 X DI2 X DI X DIO/
SO83 pin X DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X/DOO

IRQSIO3 flag

End of transfer

Transfer starts in synchronization with falling of SCK3
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(3) Program flowchart in 3-wire serial /0 mode
An example of program flow chart in the 3-wire serial /O mode is shown below.

Figure 16-65. Example of Flow Chart in 3-Wire Serial /0 Mode

C <1> Setting of pin )

<2> Setting of 3-wire serial /O Mode

<3> Setting of interrupt

<4> Writing to SIO3TXS and starting of
transmission/reception

End of
transmission/reception
(IRQSIO3 = 1)

C <5> Interrupt routine )

Remark To execute a 3-wire serial I/O operation with the same setting as before, start from step <4>.

<1> Setting of pin
(a) To input serial data from SI3 pin
Set the 1/0 control mode of the SI3 pin to “0” (input).
(b) To output serial data from SO3 pin
Set the I/0 control mode of the SO3 pin to “1” (output) and the port register of the SO3 pin to “1” (output),
respectively.
In addition, set the SIO3HIZ flag of the serial /O3 operation mode register to “1” (at this point, the SO3
pin outputs a high level).
(c) Setting of SCK3 pin
¢ To output internal clock from SCK3 pin
Set the port register of the SO3 pin to “1”. In addition, select an internal clock by using the SIO3TCLO
and 1 flags of the serial I/O3 operation mode register in step <2>.
e To input external clock to SCK3 pin
Select an external clock by using the SIO3TCLO and 1 flags of the serial I/O3 operation mode register
in step <2>.
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<2>

<3>

<4>

<5>

292

Setting 3-wire serial I/0O transmission mode as communication mode
Set the following three by using the serial 1/03 operation mode register.

e 3-wire serial I/O mode
e Clock
e S03 pin

Caution Be sure to clear the SIO3TXE and SIO3RXE flags to “0”.

Setting of interrupt
Execute the “El instruction” to set the IPSIO3 flag to “1”.

Setting of transmit data to SIO3TXS register

Start the 3-wire serial I/O transmission/reception operation as soon as the data has been set. Output 8-bit
transmit data from the SO3 pin. Store the serial data input from the SI3 pin to the SIO3RXB register as 8-

bit receive data.

Interrupt routine

Interruptrequest flag IRQSIOS is issued when the 3-wire serial I/O transmission/reception has been completed,

and if the interrupt request is accepted, execution branches to a vector address.
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16.3.6 UART mode

The UART (Universal Asynchronous Receiver/Transmitter) mode is to transmit/receive 1-byte data following

a start bit. In this mode, full-duplex operation can be executed.
The baud rate is fixed to 9575 bps.

(1) Outline of UART mode
Table 16-12 shows the outline of the UART mode.

Table 16-12. Outline of UART Mode

Pins used for communication

e TxD (serial data output pin. Outputs high level when transmission is not executed)
* RxD (serial data input pin)

Transfer rate

9575 bps (automatic generation)

First bit

LSB

Transmission/reception
operation

Transmit data

Data of 7 or 8 bits is transmitted from TxD pin.
Start bit, parity bit, and stop bit are automatically generated.

Receive data

Data of 7 or 8 bits following start bit is received from RxD pin.
Reception errors such as parity error, framing error, and overrun error,
are detected.

Starting transmission/ Master Transmission/reception is started by setting transfer data to transmit
reception register after UART mode has been set.

Slave Low level is input to RxD pin after UART mode has been set. If RxD
pin remains low for about 52 us (9575 x 2 Hz), it is recognized as start
bit and reception is started.

Interrupt Interrupt request IRQSIO3 is issued on completion of transmission, reception, or

transmission/reception.
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16.3.7 Data format in UART mode

(1) Data format
The format of the transmit/receive data is as shown in Figure 16-66.
One data frame consists of a start bit, character bits, a parity bit, and stop bit(s). The transfer rate is fixed to
9575 bps (automatically generated from the internal clock).

Figure 16-66. Format of Transmit/Receive Data in UART Mode

1 data frame

St | o | o1 [ D2 | D8 | Da | D5 | De | D7 [FaT| SP
e Start bit .............. 1 bit
e Character bits .... 7 or 8 bits
e Parity bit............. Odd parity/even parity
e Transmission: 0 parity
e Reception: Parity error does not occur. No parity
e Stop bit............... 1 or 2 bits (always 1 bit for reception)

When the number of character bits is set to 7, only the low-order 7 bits (bits 0 through 6) are valid. When data
is transmitted, the MSB (bit 7) of the serial I/O transmit register (SIO3TXS) is ignored. When data is received,
the MSB (bit 7) of the serial I/O3 receive buffer register (SIO3RXB) is always 0.

If a reception error of serial data occurs, the nature of the error can be identified by reading the status of the
serial 1/03 asynchronous status register.
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(2) Type and operation of parity
The parity bit is used to detect a bit error in the communication data. Usually, the same type of parity is used
at the transmission and reception sides.
Odd parity and even parity can detect an error of 1 bit (the number of 1’sin data is odd). No error can be detected
when 0 parity or no parity is used.
Table 16-13 shows the type and operation of parity.

Table 16-13. Type and Operation of Parity

Even parity Transmission e |If number of 1’s in transmit data is odd — Parity bit is “1”.

e If number of 1’s in transmit data is even — Parity bit is “0”.

This controls number of 1’s included in transmit data and parity bit to
be even.

Reception e Counts number of 1’s included in receive data and parity bit. If it is
odd, parity error occurs.

Odd parity Transmission e |f number of 1’s in transmit data is odd — Parity bit is “0”.

e If number of 1’s in transmit data is even — Parity bit is “17.

This controls number of 1’s included in transmit data and parity bit to
be even.

Reception e Counts number of 1’s included in receive data and parity bit. If it is
even, parity error occurs.

0 parity Transmission Clears parity bit to “0” regardless of transmit data.

Reception Does not check parity bit. Therefore, parity error does not occur
regardless of whether parity bit is “0” or “1”.

No parity Transmission Parity bit is not appended.

Reception Reception is performed with no parity bit assumed.
Because no parity bit is used, parity error does not occur.
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(3) Reception error
Three types of reception errors may occur: parity error, framing error, and overrun error.
If the SIO3ISRM flag is “0” when a reception error occurs, the SIO3 interrupt request (reception completion
interrupt) is issued. If the SIO3ISRM flag is “1”, the SIO3 interrupt request (reception completion interrupt)
is not issued.
The cause of the reception error can be detected by reading the serial /O3 asynchronous status register after
completion of the reception operation.
The serial I/0O3 asynchronous status register is cleared to 0 when the serial 1/0O3 receive buffer register
(SIO3RXB) is read.
Therefore, the serial 1/03 asynchronous status register must be read before the serial 1/03 receive buffer
register is read.
Even if a reception error occurs, data is transferred to the serial I/0O3 receive buffer register.
Table 16-14 describes each reception error.

Table 16-14. Reception Error

Parity error Parity bit specified during transmission does not coincide with specified parity bit of
receive data.

Framing error Stop bit is not detected (RxD pin is low when stop bit is to be detected).
Overrun error Reception of next data is completed before data is read from serial 1/03 receive buffer
register.

(4) Detection of start bit

The reception operation is enabled when the SIOSRXE flag of the serial I/03 asynchronous status register
0 is set to 1, and the RxD pin input is sampled.

A start bit is recognized if the RxD pin is low about 52 us (9575 x 2 Hz) after a low level has been input to the
RxD pin, and the reception operation is started.

If a low level is input to the RxD pin and the RxD pin goes high after about 52 us (9575 x 2 Hz), the start bit
is not recognized, and the reception operation is not started. At this time, the reception is enabled again, and
the RxD pin input is sampled.
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16.3.8 Program flowchart in UART mode

(1) Flowchart in UART transmission mode
Here is an example of a program flowchart in the UART transmission mode.

Figure 16-67. Flowchart Example in UART Transmission Mode

C <1> Setting of pin )

<2> Setting of interrupt

<3> Setting of UART mode

<Transmission>

<4> Writing to SIO3TXS
(Starts transmission)

End of transmission

C <5> Interrupt routine )

Remark To execute transmission in the UART mode with the same setting as before, start from step

<4>.

<1> Setting of pin (to output serial data from RxD pin)
1. Set the POBBIO1 flag to “1” (output).
2. Set the port register of the TxD pin to “1” (at this point, the TxD pin outputs a high level).

<2> Setting of interrupt
Execute the “El” instruction and set the IPSIOS3 flag to “1”.

<3> Setting of UART
1. Set the following in the serial I/O3 asynchronous mode register 1.
e Parity bit
e Character length
e Stop bit
2. Set the UART mode (transmission) by using the serial /03 asynchronous mode register 0.

Caution Be sure to clear the SIO3CSIE flag to “0”.
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<4> Set transmit data to the SIO3TXS register (start transmission)
UART transmission is started as soon as data has been set. The TxD pin outputs the start bit, transmit data
(7 or 8 bits), parity bit, and stop bit (1 or 2 bits), and the transmission is completed.
If the character length is 7 bits, however, the bit 7 (MSB) of the SIO3TXS register is ignored.

<5> Interrupt routine

When the UART transmission operation is completed, the interrupt request flag IRQSIO3 is issued. When
this interrupt is accepted, execution branches to the vector address.
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(2) Flowchart in UART reception mode
Here is an example of a program flowchart in the UART reception mode.

Figure 16-68. Flowchart Example in UART Reception Mode

< <1> Setting of pin )

<2> Setting of interrupt

<3> Setting of UART mode

<Reception>

<4> Detection of start bit
(Starts reception)

End of reception

C <5> Interrupt routine )

Remark To execute reception in the UART mode with the same setting as before, start from step <4>.

<1> Setting of pin (to input serial data from RxD pin)
Set the POBBIO1 flag to “0” (input).

<2> Setting of interrupt
Execute the “El” instruction and set the IPSIO3 flag to “1”.

<3> Setting of UART
1. Set the following in the serial I/03 asynchronous mode register 1.
e Parity bit
e Character length
The number of stop bits is 1 during reception, regardless of the setting.
2. Set the following two to the serial I/03 asynchronous mode register 0.
e UART mode (reception)
¢ Reception completion interrupt in case of reception error

Caution Be sure to clear the SIO3CSIE flag to “0”.
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<4> Detection of start bit
UART reception is started as soon as the start bit has been detected from the RxD pin. The RxD pin inputs
the start bit, transmit data (7 or 8 bits), parity bit, and stop bit (1 bit) in that order. The received data is stored
to the SIO3RXB register and the reception is completed.

<5> Interrupt routine
When the UART transmission operation is completed, the interrupt request flag IRQSIO3 is issued. When

this interrupt is accepted, execution branches to the vector address.
Caution Because the serial /03 asynchronous status register is cleared to “0” when the

SIO3RXB register has been read, read the serial /03 asynchronous status register and
then the SIO3RXB register.
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(3) Flowchart in UART transmission/reception mode
Here is an example of a program flowchart in the UART transmission/reception mode.

Figure 16-69. Flowchart Example in UART Transmission/Reception Mode

( <1> Setting of pin >

<2> Setting of interrupt

<3> Setting of UART mode

<Transmission/reception>

<4> Setting of transmit data to
SIO3TXS register

Detection of start bit
(Starts transmission/reception)

End of transmission

<5> Interrupt routine (for transmission)

Execution of “EI” instruction

End of reception

< <6> Interrupt routine (for reception) )

Remark To execute reception in the UART mode with the same setting as before, start from step <4>.

Caution This program flowchart shows an example where transmission and then reception have

been completed in that order after transmission and reception have been started.

In the following cases, the interrupt request IRQSIO3 flag of serial /03 may not be

detected two times (completion of transmission/reception), unlike in the above flowchart:

¢ If transmission is completed before the IRQSIO3 flag is cleared to 0 after completion
of transmission .

e |If transmission is completed before the IRQSIO3 flag is cleared to 0 after completion
of reception.
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<1> Setting of pin (to output serial data from TxD pin and input serial data from RxD pin)
1. Set the POBBIO1 flag to “1” (output).
2. Set the port register of the TxD pin to “1” (at this point, the TxD pin outputs a high level).
3. Set the POBBIOO flag to “0” (input).

<2> Setting of interrupt
Execute the “El” instruction and set the IPSIO3 flag to “1”.

<3> Setting of UART
1. Set the following in the serial I/03 asynchronous mode register 1.
e Parity bit
e Character length
e Stop bit
The number of stop bits is 1 during reception, regardless of the setting.
2. Set the following in the serial 1/03 asynchronous mode register 0.
¢ UART mode (transmittion/reception)
* Reception completion interrupt in case of reception error

Caution Be sure to clear the SIO3CSIE flag to “0”.

<4> Set transmit data to the SIO3TXS register (start transmission)

UART transmission is started as soon as data has been set. The TxD pin outputs the start bit, transmit data

(7 or 8 bits), parity bit, and stop bit (1 or 2 bits) in that order, and the transmission is completed.

If the character length is 7 bits, however, the bit 7 (MSB) of the SIO3TXS register is ignored.

* Detection of start bit
UART reception is started as soon as the start bit has been detected from the RxD pin. The RxD pin inputs
the start bit, transmit data (7 or 8 bits), parity bit, and stop bit (1 bit) in that order. The received data is
stored to the SIO3RXB register and the reception is completed.

<5> Interrupt routine (for transmission)
When the UART transmission operation is completed, the interrupt request flag IRQSIO3 is issued. When
this interrupt is accepted, execution branches to the vector address.

<6> Interrupt routine (for reception)
When the UART transmission operation is completed, the interrupt request flag IRQSIO3 is issued, and data
is set to the serial /03 asynchronous status register (however, only if a reception error occurs). When this
interrupt is accepted, execution branches to the vector address.

Caution Because the serial 1/03 asynchronous status register is cleared to “0” when the

SIO3RXB register has been read, read the serial /03 asynchronous status register and
then the SIO3RXB register.
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16.3.9 Cautions on UART mode

The data of SIO3TXS is other than “FFH” after the following UART operation. To execute UART transmission
after that, be sure to set “FFH” to SIO3TXS and then set the SIO3TXE flag to 1.

This is because the UART transmit shift clock operates and the data of SIO3TXS is output from the TxD pin
if the SIO3TXE flag is set to 1.

e |f SIO3TXE is cleared to 0 during UART transmission.
¢ |If SIO3RXE is cleared to 0 during UART reception.

After completion of transmission in the UART mode, and after completion of the operation in the 3-wire serial
I/0 mode, the data of SIO3TXS is “FFH”.

16.3.10 Status of serial interface 3 at reset

(1) At power-ON reset
Each pin is set in the general-purpose input port mode.
The contents of the serial I/0O3 transmit register (SIO3TXS) and serial I/O3 receive buffer register (SIO3RXB)
are FFH.

(2) At WDT & SP reset
Each pin is set in the general-purpose input port mode.
The contents of the serial I/O3 transmit register and serial 1/03 receive buffer register are FFH.

(3) At CE reset
Each pin is set in the general-purpose input port mode.
The contents of the serial I/O3 transmit register and serial 1/03 receive buffer register are FFH.

(4) On execution of clock stop instruction

Each pin is set in the general-purpose input port mode.
The contents of the serial I/O3 transmit register and serial 1/03 receive buffer register are FFH.
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17. PLL FREQUENCY SYNTHESIZER

The PLL (Phase Locked Loop) frequency synthesizer is used to lock a frequency in the MF (Medium Frequency),
HF (High Frequency), and VHF (Very High Frequency) to a constant frequency by means of phase difference comparison.

17.1 Outline of PLL Frequency Synthesizer

Figure 17-1 outlines the PLL frequency synthesizer. A PLL frequency synthesizer can be configured by connecting
an external lowpass filter (LPF) and voltage controlled oscillator (VCO).

The PLL frequency synthesizer divides a signal input from the VCOH or VCOL pin by using a programmable divider
and outputs a phase difference between this signal and a reference frequency from the EOO and EO1 pins.

The PLL frequency synthesizer operates only while the CE pin is high. It is disabled when the CE pin is low. For
the details of the disabled status of the PLL frequency synthesizer, refer to 17.5 PLL Disabled Status.

Figure 17-1. Outline of PLL Frequency Synthesizer

DBF PLLSCNF flag

VCOH EO1
VCOL
Input select Programmable coﬁlr;)?rztor Charge EOO
@ block divider (PD) (p-DET) pump @ Y Note
Lowpass filter
(LPF)
Reference
4.5 MHz — frequency Unlock FF
generator Note
Voltage controlled
oscillator (VCO)

PLLMD1 flag PLLRFCK3 flag PLLUL flag
PLLMDO flag PLLRFCK2 flag

PLLRFCK1 flag

PLLRFCKO flag

Note External circuit

Remarks 1. PLLMD1 and PLLMDO (bits 1 and 0 of PLL mode selection register: refer to Figure 17-3) selects
a division mode of the PLL frequency synthesizer.
2. PLLSCNEF (bit 3 of PLL mode selection register: refer to Figure 17-3) selects the least significant
bit of the swallow counter.
3. PLLRFCK3through PLLRFCKO (bits 3 through 0 of PLL reference frequency selection register: refer
to Figure 17-6) selects a reference frequency fr of the PLL frequency synthesizer.
4. PLLUL (bit 0 of PLL unlock FF register: refer to Figure 17-9) detects the PLL unlock FF status.
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17.2 Input Selection Block and Programmable Divider

17.2.1 Configuration and function of input selection block and programmable divider

Figure 17-2 shows the configuration of the input selection block and programmable divider.

The input selection block selects an input pin and division mode of the PLL frequency synthesizer.

The VCOH or VCOL pin can be selected as the input pin.

The voltage on the selected pin is at the intermediate level (approx. 1/2Vop). The pin not selected is internally pulled
down.

Because these pins are connected to an internal AC amplifier, cut the DC component of the input signal by
connecting a capacitor in series to the pin.

Direct division mode and pulse swallow mode can be selected as division modes.

The programmable divider divides the frequency of the input signal according to the value set to the swallow counter
and programmable counter.

The pin and division mode to be used are selected by the PLL mode selection register.

Figure 17-3 shows the configuration of the PLL mode selection register.

The value of the programmable divider is set by using the PLL data register via data buffer.

Figure 17-2. Configuration of Input Selection Block and Programmable Divider

PLLMD1 flag DBF

PLLMDO flag

PLL data register

12 bits 4 bits M
o0

ST i

VCOH @ © 2-modulus prescaler 12 Swallow counter
1/32, 1/33 1 5bits
—1-O
O
1
O
7;7- Programmable counter | _ fn
12 bits -
O/O ) To ¢-DET

VCOL (O) {>O

@)

PLL disable signal

T

Note PLLSCNF flag
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Figure 17-3. Configuration of PLL Mode Selection Register

Name Flag symbol Address Read/Write
bs | bz | b1 bo
PLL mode selection P.O:IPIP 10H RW
si MM
¢ ipip
RN
LE* Selects division mode of PLL frequency synthesizer
0 0 | Disables VCOL and VCOH pins
0 1 | Direct division (VCOL pin, MF mode)
i 1 i 0 | Pulse swallow (VCOH pin, VHF mode)
i 1 ; 1 | Pulse swallow (VCOL pin, HF mode)
‘———| Fixed to 0
—_— Selects least significant bit of swallow counter
T} Clears least significant bit to 0
Z Sets least significant bit to 1
.. | Power-ON reset u : 0 : 0 : 0
% WDT&SP reset uijioio
< CE reset 1 R 00
Clock stop R 0 0
U: Undefined R: Retained

17.2.2 Outline of each division mode

(1) Direct division mode (MF)

In this mode, the VCOL pin is used.
The VCOH pin is pulled down.

In this mode, only the programmable counter is used for frequency division.

(2
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Pulse swallow mode (HF)

In this mode, the VCOL pin is used.
The VCOH pin is pulled down.

In this mode, the swallow counter and programmable counter are used for frequency division.
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(3) Pulse swallow mode (VHF)
In this mode, the VCOH pin is used.
The VCOL pin is pulled down.
In this mode, the swallow counter and programmable counter are used for frequency division.

(4) VCOL and VCOH pin disabled
In this mode, only the VCOL and VCOH pins are internally pulled down, but the other blocks operate.

17.2.3 Programmable divider and PLL data register

The programmable divider consists of a 5-bit swallow counter and a 12-bit programmable counter. Each counter
is a 17-bit binary down counter.

The programmable counter is allocated to the high-order 12 bits of the PLL data register, and the swallow counter
is allocated to the low-order 4 bits. Data are set to these counters via data buffer.

The least significant bit of the swallow counter sets data to the PLLSCNF flag of the control register.

The value by which the input signal frequency is to be divided is called “N value”.

For how to set a division value (N value) in each division mode, refer to 17.6 Using PLL Frequency Synthesizer.

(1) PLL data register and data buffer
Figure 17-4 shows the relationships between the PLL data register and data buffer.
Inthe direct division mode, the high-order 12 bits of the PLL data register are valid, and all 17 bits of the register
are valid in the pulse swallow mode.
In the direct division mode, all 12 bits are used as a programmable counter.
In the pulse swallow mode, the high-order 12 bits are used as a programmable counter, and the low-order 5
bits are used as a swallow counter.

(2) Relationship between division value N of programmable divider and divided output frequency
The relationship between the value “N” set to the PLL data register and the signal frequency “in” divided and
output by the programmable divider is as shown below.
For details, refer to 17.6 Using PLL Frequency Synthesizer.

(a) Direct division mode (MF)

fiv= ™ N: 12 bits
N

(b) Pulse swallow mode (HF, VHF)

fin= ™ N: 17 bits
N
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Figure 17-4. Setting Division Value (N Value) of PLL Frequency Synthesizer

Data buffer

DBF3 ! DBF2 | DBF1 @ DBFO
Transfér data
GET
16
PUT
Peripheral register Register file
Name  |ors bre/bis brelbrs bioibs | bobribs bs s lbs bz br bo|Symbol| Perbnera Name  |bsbz'biibo| address
PLL data Cb b | PR 42 PlLmode  |Pi0{PIP  10H
register T T selection L 'L'L
T R S R R R »oLiL
A T S MM
T R R R R T C, DD
.+ 1 1 1 Valddata | | | | | N 1.0
T A A B R FL
Sets high-order 16 bits of division value \FSets least significant bit of division value Net®
b153b143b133b123b113b103b9ibaib73b63b53b43b33b23b1iboibs
PLL bis!bis! bra!b13!b12!bi1 'bio! be I bs b7 ! be ! bs i baiba bz bt bo
Nvaledata | 1 1oL
(17 bits) R T S U N U N U N U N U A
\
‘ Sets division value (N value) of PLL
frequency synthesizer
Direct division 0 | dontcare
mode |
\ | Setting prohibited
15 (O0FH) don't care
16 (010H) ' don't care
X don't care Division value N: N = x
2'>-1 (FFFH) ' don't care
Pulse swallow 0
mode
\ Setting prohibited
1023 (3FFH)
1024 (400H)
X Division value N: N = x
2'7—1 (1FFFFH)

Note The value of PLLSCNF flagis transferred when a write (PUT) instruction is executed to the PLL data register
(PLLR). Therefore, data must be set to the PLLSCNF flag before executing the write instruction to the PLL

data register.
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17.3 Reference Frequency Generator

Figure 17-5 shows the configuration of the reference frequency generator.

The reference frequency generator generates the reference frequency “fr” of the PLL frequency synthesizer by
dividing the 4.5 MHz output of a crystal oscillator.

Thirteen frequencies can be selected as reference frequency fr: 1, 1.25, 2.5, 3, 5, 6.25, 9, 10, 12.5, 18, 20, 25,
and 50 kHz.

The reference frequency fr is selected by the PLL reference frequency selection register.

Figure 17-6 shows the configuration and function of the PLL reference frequency selection registerion.

Figure 17-5. Configuration of Reference Frequency Generator

PLLRFCKS3 flag
PLLRFCK2 flag
PLLRFCK1 flag
PLLRFCKO flag
MUX
1kHz ()
1.25kHz ()
25kHz ()
4.5 MHz Divider § —— Tog¢-DET
25kHz ()
50 kHz ()
OFF — PLL disable signal
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Figure 17-6. Configuration of PLL Reference Frequency Selection Register

Name Flag symbol Address Read/Write
bs| b2 | b1| bo
PLL reference P/ P PP 11H R/W
frequency selection
L|iL|L|L
L|iL|L|L
RIR|R|R
FIF|F|F
c|c|c|C
K|K|K|K
32|10

Sets reference frequency fr of PLL frequency synthesizer

1.25 kHz

2.5 kHz

—_

5 kHz

—_

10 kHz

6.25 kHz

o | ©

12.5 kHz

—_

25 kHz

oO|lo|lo|lo|lo|o|o | o

—_

50 kHz

3 kHz

o | o

9 kHz

—_

18 kHz

—_

Setting prohibited

1 kHz

o | ©

20 kHz

Setting prohibited

PLL disable

Power-ON reset

WDT&SP reset

At reset

CE reset

Clock stop

Remark When the PLL frequency synthesizer is disabled by the PLL reference frequency selection register, the
VCOH and VCOL pins are internally pulled down. The EO1 and EOO pins are floated.

310
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17.4 Phase Comparator (¢-DET), Charge Pump, and Unlock FF

17.4.1 Configuration of phase comparator, charge pump, and unlock FF
Figure 17-7 shows the configuration of the phase comparator, charge pump, and unlock FF.
The phase comparator compares the phase of the divided frequency “iN” output by the programmable divider with

the phase of the reference frequency “fr” output by the reference frequency generator, and outputs an up (W) ordown

(DW) request signal.

The charge pump outputs the output of the phase comparator from an error out pin (EO1 and EOO pins).
The unlock FF detects the unlock status of the PLL frequency synthesizer.
17.4.2 through 17.4.4 describe the operations of the phase comparator, charge pump, and unlock FF.

Figure 17-7. Configuration of Phase Comparator, Charge Pump, and Unlock FF

Reference frequency
generator

fr

Programmable
divider

i

PLLUL flag
UP
:>®—~ Unlock FF
Phase comparator
(¢- DET)
——©) EO1
DW Charge pump
—© EO00

\—> PLL disable signal
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17.4.2 Function of phase comparator
As shown in Figure 17-7, the phase comparator compares the phases of the divided frequency “iN” output by the

programmable divider and the reference frequency “fr”, and outputs an up or down request signal.
If the divided frequency fn is lower than reference frequency fr, the up request signal is output. If fn is higher than

fr, the down request signal is output.
Figure 17-8 shows the relationship between reference frequency fr, divided frequency fn, up request signal, and

down request signal.
When the PLL frequency synthesizer is disabled, neither the up request nor the down request signal is output.

The up and down request signals are input to the charge pump and unlock FF, respectively.

Figure 17-8. Relationship between fr, fv, UP, and DW

(a) If fn lags behind fr

LS I e I o e S I S D S—
L I S N e e e S e

bW

(b) If fn leads fr

L I S e S I S e S D S—

[JJ—

bW L L L L L

(c) If fn and fr are in phase

uP —
DW _

(d) If fn is lower than fr

e — 1 1 r— 1 1 L
A3 e W m IR p BN

up ;
DW __|

312 Data Sheet U12330EJ2V0ODS



NEC uPD17717,17718, 17719

17.4.3 Charge pump

As shown in Figure 17-7, the charge pump outputs the up request and down request signals output by the phase
comparator, from the error out pins (EO1 and EOO pins).

Therefore, the relationship between the output of the error out pins, divided frequency fn and reference frequency
fr is as follows:

Where reference frequency fr > divided frequency fn: Low-level output
Where reference frequency fr < divided frequency fn: High-level output
Where reference frequency fr = divided frequency fn: Floating

17.4.4 Unlock FF

As shown in Figure 17-7, the unlock FF detects the unlock status of the PLL frequency synthesizer from the up
request and down request signals of the phase comparator.

Because either the up request or down request signal is low in the unlock status, the unlock status is detected by
this low-level signal.

In the unlock status, the unlock FF is set to 1.

The unlock FF is set in the cycle of the reference frequency fr selected at that time. When the contents of the PLL
unlock FF register are read (by the PEEK instruction), the unlock FF is reset (Read & Reset).

Therefore, the unlock FF must be detected in a cycle longer than cycle 1/fr of the reference frequency fr.

The status of the unlock FF is detected by the PLL unlock FF register. Figure 17-9 shows the configuration of the
PLL unlock FF register.

Because this register is a read-only register, its contents can be read to the window register by the “PEEK”
instruction.

Because the unlock FF is set in a cycle of the reference frequency fr, the contents of the PLL unlock FF register
are read to the window register in a cycle longer than cycle 1/fr of the reference frequency.

The delay time of the up and down request signals of the phase comparator are fixed to 0.8 to 1.0 us.
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Figure 17-9. Configuration of PLL Unlock FF Register

Detects status of unlock FF

Name Flag symbol Address Read/Write
bs | b2 | b1| bo
PLL unlock FF 0:0:0:P 12H R & Reset
IR
B
Bt
BE
L L
i 0 | Unlock FF = 0: PLL locked status
i 1 | Unlock FF = 1: PLL unlocked status
Fixed to O
- Power-ON reset 0 0 0 u
g WDTA&SP reset i
= CE reset R
Clock stop ; ; ; R
U: Undefined R: Retained
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17.5 PLL Disabled Status

The PLL frequency synthesizer stops (is disabled) while the CE pin is low.
Likewise, it also stops when PLL disabled status is selected by the PLL reference frequency register (RF address

11H).

Table 17-1 shows the operation of each block in the PLL disabled status.
When the VCOL and VCOH pins are disabled by the PLL mode selection register, only the VCOL and VCOH pins

are internally pulled down, and the other blocks operate.

Because the PLL frequency selection register and PLL mode selection register are not initialized at CE reset (hold
the previous status), these registers return to the previous status when the CE pin has gone low, the PLL frequency
synthesizer has been disabled, and then CE pin has gone high.

To disable the PLL frequency synthesizer at CE reset, initialize these registers in software.

At power-ON reset, the PLL frequency synthesizer is disabled.

Table 17-1. Operation of Each Block under Each PLL Disable Condition

Condition

Each Block

CE Pin = Low Level
(PLL disabled)

CE Pin = High Level

PLL reference frequency
selection register = 1111B
(PLL disabled)

PLL mode selection
register = 0000B
(VCOH and VCOL disabled)

VCOL, VCOH pins

Internally pulled down

Internally pulled down

Internally pulled down

Programmable divider Division stopped Division stopped Operates
Reference frequency generator | Output stopped Output stopped Operates
Phase comparator Output stopped Output stopped Operates
Charge pump Error out pins are floated Error out pins are floated Operates.

However, usually outputs
low level because no
signal is input
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17.6 Using PLL Frequency Synthesizer

To control the PLL frequency synthesizer, the following data is necessary.

(1) Division mode : Direct division (MF), pulse swallow (HF, VHF)
(2) Pins used : VCOL and VCOH pins

(8) Reference frequency : fr

(4) Division value N

17.6.1 through 17.6.3 below describe how to set PLL data in each division mode (MF, HF, and VHF).
17.6.1 Direct division mode (MF)

(1) Selecting division mode
Select the direct division mode by using the PLL mode selection register.

(2) Pins used
The VCOL pin is enabled to operate when the direct division mode is selected.

(3) Selecting reference frequency fr
Select the reference frequency by using the PLL reference frequency selection register.

(4) Calculation of division value N
Calculate N as follows:

N = fvcoL
fr

fvcoL : Input frequency of VCOL pin
fr : Reference frequency

(5) Example of setting PLL data
How to set data to receive broadcasting in the following MW band is described below.
Reception frequency : 1422 kHz (MW band)
Reference frequency : 9 kHz
Intermediate frequency : +450 kHz
Division value N is calculated as follows:

f 1422 + 4
N o fveor + 450 = 208 (decimal)

f
' = ODOH (hexadecimal)

Set data to the PLL data register, PLL mode selection register, and PLL reference frequency selection register
as follows:
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PLL data register (PLLR) PLL mode | PLL reference
selection frequency

Note 1| register |selection register,

0o 0 0O o1 1 O 1|0 0O O O] don'tcare Note2}0 o 11 1 0 1
0 D 0 MF 9 kHz

Notes 1. PLLSCNF flag
2. don’t care
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17.6.2 Pulse swallow mode (HF)

(1) Selecting division mode
Select the pulse swallow mode by using the PLL mode selection register.

(2) Pins used
The VCOL pin is enabled to operate when the pulse swallow mode is selected.

(3) Selecting reference frequency fr
Select the reference frequency by using the PLL reference frequency selection register.

(4) Calculation of division value N
Calculate N as follows:

N = fvcoL
fr

fvcoL : Input frequency of VCOL pin
fr : Reference frequency

(5) Example of setting PLL data
How to set data to receive broadcasting in the following SW band is described below.
Reception frequency : 25.50 MHz (SW band)
Reference frequency : 5 kHz
Intermediate frequency: +450 kHz
Division value N is calculated as follows:

f 2 4
N o veoL | 29500 +450 o104 gecimal)

fr = 1446H (hexadecimal)

Set data to the PLL data register, PLL mode selection register, and PLL reference frequency selection register
as follows:

Caution The division value N is 17 bits long when the pulse swallow mode is selected, and the least
significant bit of the swallow counter is the bit 3 of the PLL mode selection register (PLLSCNF).
To set “1446H” as the division value N, the value to be actually set to the PLL data register

is “0A23H”.
PLL data register (PLLR) PLL mode | PLL reference

selection frequency
Note| register |selection register
o o o ot o 1 00 O 1 00 O 1 1 030110010

) J J
g g g
1 4 4 6 HF 5 kHz

Note PLLSCNF flag
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17.6.3 Pulse swallow mode (VHF)

(1) Selecting division mode
Select the pulse swallow mode by using the PLL mode selection register.

()

3)

4

®)

Pins used
The VCOH pin is enabled to operate when the pulse swallow mode is selected.

Selecting reference frequency fr
Select the reference frequency by using the PLL reference frequency selection register.

Calculation of division value N

Calculate N as follows:

fvcon

N=
fr

fvcon : Input frequency of VCOH pin

fr : Reference frequency

Example of setting PLL data
How to set data to receive broadcasting in the following FM band is described below.

Reception frequency
Reference frequency

1 98.15 MHz (FM band)
: 50 kHz

Intermediate frequency : +10.7 MHz

Division value N is calculated as follows:

fvcon

N =

98.15 + 10.7

fr

= 2177 (decimal)

0.050 = 0881H (hexadecimal)

Set data to the PLL data register, PLL mode selection register, and PLL reference frequency selection register

as follows:

Caution

The division value N is 17 bits long when the pulse swallow mode is selected, and the least
significant bit of the swallow counter is the bit 3 of the PLL mode selection register (PLLSCNF).
To set “0881H” as the division value N, the value to be actually set to the PLL data register
is “0440H".

0

PLL data register (PLLR) PLL mode | PLL reference
selection frequency

Note| register |selection register

0o 0o o) o 1 o 0/0O 1 0 0/0O O O O 1}0100111
0 8 8 1 VHF 50 kHz

Note PLLSCNF flag
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Note that data must be set to the PLLSCNF flag before a write (PUT) instruction is executed to the PLL data
register (PLLR).

Example
SET1 PLLSCNF
MOV DBFO, #0
MOV DBF1, #4
MOV DBF2, #4
PUT PLLR, DBF

17.7 Status at Reset

17.7.1 At power-ON reset
The PLL frequency synthesizer is disabled because the PLL reference frequency selection register is initialized

to 1111B.

17.7.2 At WDT&SP reset
The PLL frequency synthesizer is disabled because the PLL reference frequency selection register is initialized

to 1111B.

17.7.3 On execution of clock stop instruction
The PLL frequency synthesizer is disabled because the PLL reference frequency selection register is initialized

to 1111B.
17.7.4 At CE reset
The PLL frequency synthesizer is disabled because the PLL reference frequency selection register is initialized

to 1111B.

17.7.5 In halt status
The set status is retained if the CE pin is high.
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18. FREQUENCY COUNTER

18.1 Outline of Frequency Counter

Figure 18-1 outlines the frequency counter.

The frequency counter has an IF counter function to count the intermediate frequency (IF) of an external input signal

and an external gate counter (FCG: Frequency Counter for external Gate signal) to detect the pulse width of an external

input signal.

The IF counter function counts the frequency input to the P1C0O/FMIFC or P1C1/AMIFC pin at fixed intervals (1
ms, 4 ms, 8 ms, or open) by using a 16-bit counter.

The external gate counter function counts the frequency of the internal clock (1 kHz, 100 kHz, 900 kHz) from the
rising to the falling of the signal input to the P2A1/FCG1 or P2A0/FCGO pin.

The IF counter and external gate counter functions cannot be used at the same time.

Figure 18-1. Outline of Frequency Counter

FCGCH1 flag
FCGCHO flag
IFCCK1 flag
IFCCKO falg IFCSTRT flag DBF
P2A1/FCG1 O— i {}
P2A0/FCGO O 1/0O selection Gate time Start/stop control IF counter
P1CO/FEMIFC O block control block block (16 bits)
P1C1/AMIFC O—— i T
T IFCGOSTT flag IFCRES flag
IFCMD1 flag
IFCMDO flag
Remarks 1. FCGCH1 and FCGCHO (bits 1 and 0 of FCG channel selection register: refer to Figure 18-4) select

the pin used for the external gate counter function.

IFCMD1 and IFCMDO (bits 3 and 2 of IF counter mode selection register: refer to Figure 18-3) select
the IF counter or external gate counter function.

IFCCK1 and IFCCKO (bits 1 and 0 of IF counter mode selection register: refer to Figure 18-3) select
the gate time of the IF counter function and the reference frequency of the external gate counter
function.

IFCSTRT (bit 1 of IF counter control register: refer to Figure 18-6) control starting of the IF counter
and external gate counter functions.

IFCGOSTT (bit O of IF counter gate status detection register: refer to Figure 18-7) detects opening/
closing the gate of the IF counter function.

IFCRES (bit 0 of IF counter control register: refer to Figure 18-6) reset the count value of the IF
counter.
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18.2 Input/Output Selection Block and Gate Time Control Block

Figure 18-2 shows the configuration of the input/output selection block and gate time control block.

The input/output selection block consists of an IF counter input selection block and FCG 1/O selection block.

The IF counter input selection block selects whether the frequency counter is used as an IF counter or an external
gate counter, by using the IF counter mode register. When the frequency counter is used as the IF counter, either
P1CO/FMIFC or P1C1/AMIFC pin and a count mode are selected. The pin not used for the IF counter is used as a
general-purpose input port pin.

The FCG /O selection block selects the P2A1/FCG1 or P2A0/FCGO pin by using the FCG channel selection
register, when the frequency counter is used as the external gate counter. The pin not used is used as a general-
purpose I/O port pin.

When using the frequency counter as the external gate counter, the pin to be used must be set in the input mode
by using the port 2A bit I/O selection register. This is because the pin is set in the general-purpose output port mode
if it is set in the output mode even if the external gate counter function is selected by the IF counter mode selection
register and FCG channel selection register.

The gate time control block selects gate time by using the IF counter mode selection register when the frequency
counteris used as the IF counter, ora count frequency when the frequency counteris used as the external gate counter.

Figure 18-3 shows the configuration of the IF counter mode selection register.

Figure 18-4 shows the configuration of the FCG channel selection register.

Figure 18-2. Configuration of I/0 Selection Block and Gate Time Control Block

FCGCHT1 flag IFCMD1 flag
FCGCHO flag IFCMDO flag

¢

P2A1/FCGT (O) ceq 1
Selector O 5 nal
P2A0/FCGO (O) ate signa
/O port Gatesignal | [TT©
generator
Selector IFCCK1 flag " To start/stop control
IFCCK% flag —~ block
P1CO/FMIFC @ { 1/2 Frequency generatori l
40
P1C1/AMIFC (O) ( = o) Frequency
Input port AMIFC
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Figure 18-3. Configuration of IF Counter Mode Selection Register

Name Flag symbol Address Read/Write
bs| b2 | b1| bo
IF counter mode selection Pl 22H R/W
F F F F
c c cic
MiMiCiC
D D K K
1 0 1 0
CT Li
Selects gate time of IF counter and reference frequency of external gate counter
Gate time of IF counter Rg;?é?::ﬁgg?gggﬂ%g?
i 0 : 0| 1ms 1 kHz
1011 4ms 100 kHz
10| 8ms 900 kHz
i 1 ; 1| Open Setting prohibited
Selects function of IF counter or external gate counter
0 0 External gate counter (FCG)
0 1 IF counter (AMIFC pin, AMIF count mode)
1 0 IF counter (FMIEC pin, FMIF count mode, 1/2 division)
1 ; 1 ; IF counter (FMIFC pin, AMIF count mode)
% Power-ON reset 0 0 0 0
? WDT&SP reset 0{0/0:0
= CE reset 0%0%0%0
Clock stop 0 ; 0 ; 0 ; 0

Caution The IF counter and external gate counter functions cannot be used at the same time.
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Figure 18-4. Configuration of FCG Channel Selection Register

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
FCG channel selection 0:0 F:F 20H R/W
e
oo
M
i
CT Li
Selects pin used for FCG
i 0 : 0 | FCG not used (general-purpose 1/O port)
0 1 | P2A0/FCGO pin
1 0 | P2A1/FCG1 pin
i 1 ; 1 | Setting prohibited
Fixed to “0”
- Power-ON reset 0 : 0 : 0 : 0
é WDT&SP reset 0 0
< CE reset OO
Clock stop ; ; 0 ; 0
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18.3 Start/Stop Control Block and IF Counter

18.3.1 Configuration of start/stop control block and IF counter

Figure 18-5 shows the configuration of the start/stop control block and IF counter.

The start/stop control block starts the frequency counter or detects the end of counting.

The counter is started by the IF counter control register.

The end of counting is detected by the IF counter gate status detection register. When the external gate counter
function is used, however, the end of counting cannot be detected by the IF counter gate status detection register.

Figure 18-6 shows the configuration of the IF counter control register.

Figure 18-7 shows the configuration of the IF counter gate status detection register.

18.3.2 and 18.3.3 describe the gate operation when the IF counter function is selected and that when the external
gate counter function is selected.

The IF counter is a 16-bit binary counter that counts up the input frequency when the IF counter function or external
gate counter function is selected.

When the IF counter function is selected, the frequency input to a selected pin is counted while the gate is opened
by an internal gate signal. The frequency count is counted without alteration in the AMIF count mode. In the FMIF
counter mode, however, the frequency input to the pin is halved and counted.

When the external gate counter function is selected, the internal frequency is counted while the gate is opened
by the signal input to the pin.

When the IF counter counts up to FFFFH, it remains at FFFFH until reset.

The count value is read by the IF counter data register (IFC) via data buffer.

The count value is reset by the IF counter control register.

Figure 18-8 shows the configuration of the IF counter data register.

Figure 18-5. Configuration of Start/Stop Control Block and IF Counter

DBF
i

IF counter data

IFCSTRT flag register (IFC)
IFCGOSTT flag IFCRES flag
|
Gate signal
. RES

From gate time Start/Stop IF counter
selection block control (16 bits)

Frequency
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Figure 18-6. Configuration of IF Counter Control Register

Name Flag symbol Address Read/Write
bs [ b2 | b1 | bo
IF counter control 0:0:1:1 23H W
el
o
sia
e
iAls
L] L
Resets data of IF counter and external gate counter

0 | Nothing is affected

1 | Resets counter

Start IF counter and external gate counter

1 01 | Nothing is affected
1 Resets counter
Fixed to “0”

. | Power-ON reset 0:0:0:0

[0]

® | WDT&SP reset liolo

< N EE—

CE reset 11010
Clock stop Py 010
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Figure 18-7. Configuration of IF Counter Gate Status Detection Register

Detects opening/closing of gate of frequency counter

When external gate counter
function is selected

Sets IFCSTRT flag to “1” and is set to | Sets IFCSTRT flag to “1” and is set to

1 while gate is open, regardless of
input of P2A0/FCGO and P2A1/FCG1

pins

Name Flag symbol Address Read/Write
bs | b2 | b1| bo
IF counter gate status 0:0:0:I 21H R
detection oo
v . F
L
e
o
s
L
L L
When IF counter function is selected
0
1 until gate is closed
K
———| Fixed to “0”
- Power-ON reset 0 : 0 : 0 : 0
§ WDTA&SP reset o
< CE reset 0
Clock stop o
Cautions 1.

IFCGOSTT flag is set to 1.
2. The gate of the external gate counter cannot be opened or closed by the IFCGOSTT flag. Use
the IFCSTRT flag to open or close the gate.
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18.3.2 Operation of gate when IF counter function is selected

(1) When gate time of 1, 4, or 8 ms is selected
The gate is opened for 1, 4, or 8 ms from the rising of the internal 1-kHz signal after the IFCSTRT flag has
been set to 1, as illustrated below.
While this gate is open, the frequency input from a selected pin is counted by a 16-bit counter.
When the gate is closed, the IFCG flag is cleared to 0.
The IFCGOSTT flag is automatically set to 1 when the IFCSTRT flag is set.

H
Internal1kHzL ||||||||||||||||||||||||

OPEN —
CLOSE

1ms

Gate time 4 ms

8 ms

Count period (IFCGOSTT flag = 1)

f

End of counting
IFGOSTT flag is cleared

!
u—T Gate is actually opened at this point

IFCSTRT flag is set
IFCGOSTT flag is set at this point

(2) When gate is open
If opening of the gate is selected by the IFCCK1 and IFCCKO flags, the gate is opened as soon as its opening
has been selected, as illustrated below.
If the counter is started by using the IFCSTRT flag while the gate is open, the gate is closed after undefined
time.
To open the gate, therefore, do not set the IFCSTRT flag to 1.
However, the counter can be reset by the IFCRES flag.

H
Internal1kHzL ||||||||||||||||||||||||

OPEN —
CLOSE

Gate

Count period
Gate is closed after undefined time if IFCSTRT flag is set during this period

}
Sets IFCCK1 = IFCCKO = 1
Gate is actually opened at this point.
If gate is opened while IFCGOSTT flag is 1, it is closed after undefined time

The gate is opened or closed in the following two ways when opening the gate is selected as the gate time.
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(a) Resetting the gate to other than open by using IFCCK1 and IFCCKO flags

OPEN —
CLOSE

Gate

Count period

} }

IFCCK1 = IFCCKO = 1 Resetting the gate to other than open
by IFCCK1 and IFCCKO flags

(b) Unselect pin used by using IFCMD1 and IFCMDO flags
In this way, the gate remains open, and counting is stopped by disabling input from the pin.

Gate OPEN —

CLOSE Count period

} }

Sets IFCCK1 = IFCCKO = 1 Sets IFCMD1 = IFCMDO = 0 (FCG)
FMIFC and AMIFC pins are unselected and
count signal cannot be input

18.3.3 Gate operation when external gate counter function is selected

The gate is opened from the rising to the next rising of the signal input to a selected pin after the IFCSTRT flag
has been set to 1, as illustrated below.

While the gate is open, the internal frequency (1 kHz, 100 kHz, 900 kHz) is counted by a 16-bit counter.

The IFCGOSTT flag is set to 1 from the rising to the next rising of the external signal after the IFCSTRT flag has
been set.

In other words, the opening or closing of the gate cannot be detected by the IFCG flag when the external gate
counter function is selected.

Extemalsignal o — [ L[ L [ L 1

Gate OPEN— |

CLOSE .
Count period ‘

LTI et s oponedat— end ot counng

“““ [~ this point IFCGOSTT flag is “0”
IFCSTRT flag « 1

If reset and started while gate is open

Extemal signal o — I L[ 1T LT 1_
Gate OPEN— | | | |

CLOSE — . .
Count period | Count period ‘
A |
‘ Gate is opened at End of counting
this point IFCGOSTT flag is “0”

IFCSTRT flag « 1 IFCSTRT flag « 1
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18.3.4 Function and operation of 16-bit counter

The 16-bit counter counts up the frequency input within selected gate time.

The 16-bit counter can be reset by writing “1” to the IFCRES flag of the IF counter control register.

Once the 16-bit counter has counted up to FFFFH, it remains at FFFFH until it is reset.

The following paragraphs (1) and (2) describe the operations when the IF counter function is selected and when
the external gate counter function is selected.

The value of the IF counter data register is read via data buffer.

Figure 18-8 shows the configuration and function of the IF counter data register.

(1) When IF counter is selected
The frequency input to the P1CO/FMIFC or P1C1/AMIFC pin is counted while the gate is open. Note, however,
that the frequency input to the P1CO/FMIFC is divided by two and counted.
The relationship between count value “x (decimal)” and input frequencies (frmirc and famiFc) is shown below.

e FMIFC
frmIFC = x 2 (kHz) teaTe: gate time (1 ms, 4 ms, 8 ms)
tGatE
¢ AMIFC
famiFc = (kHz) teate: gate time (1 ms, 4 ms, 8 ms)
tGatE

(2) When external gate counter (FCG) is selected
The internal frequency is counted while the gate is opened by the signal input to the P2A1/FCG1 or P2A0/
FCGO pin.
The relationship between the count value “x (decimal)” and the gate width teaTe of the input signal is shown
below.

tGATE = (ms) fr: internal frequency (1, 100, 900 kHz)

fr
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Figure 18-8. Configuration of IF Counter Data Register

Data buffer

DBF2 | DBF1

Transfer data

GET can be executed
16
PUT changes nothing

Peripheral register

Name b1s|b14|b1s|bi2| b11|b1o| be | bs | b7 | be | bs | ba | bs | b2 | b1 | bo |Symbol|Peripheral address

S

IF counter IFC 43H

data register ' 0 0 1 ! Validdata @ 1110

Count value of frequency counter

IF counter function

¢ FMIF count mode of FMIFC pin
Counts rising edge of signal input to

P1CO/FMIFC pin via 1/2 divider

Counts rising edge of signal input to
P1C1/AMIFC pin

* AMIF count mode of AMIFC pin
3 ¢ AMIF count mode of FMIFC pin

X Counts rising edge of signal input to

P1CO/FMIFC pin

External gate counter function
Counts rising edge of internal reference
frequency signal from rising edge to next
rising edge of signal input to

P2A0/FCGO or P2A1/FCG1 pin

211 (FFFFH)

Once the IF counter data register has counted up to FFFFH, it remains at FFFFH until the counter is reset.
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18.4 Using IF Counter

The following sections 18.4.1 through 18.4.3 describe how to use the hardware of the IF counter, a program
example, and count error.

18.4.1 Using hardware of IF counter

Figure 18-9 shows the block diagram when the P1C0/FMIFC and P1C1/AMIFC pins.

As shown in the figure, the IF counter uses an input pin with an AC amplifier, the DC component of the input signal
must be cut with a capacitor.

When the P1CO/FMIFC or P1C1/AMIFC pin is selected for the IF counter function, switch SW turns ON, and the
voltage level on each pin reaches about 1/2Vob.

If the voltage has not risen to a sufficient intermediate level at this time, the IF counter does not operate normally
because the AC amplifier is not in the normal operating range.

Therefore, make sure that a sufficient wait time elapses after each pin has been specified to be used for the IF
counter until counting is started.

Figure 18-9. IF Count Function Block Diagram of Each Pin

R O\o SW

External frequecny I I + » To internal counter
FMIFC
AMIFC
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18.4.2 Program example of IF counter

A program example of the IF counter is shown below.

As shown in this example, make sure that a wait time elapses after an instruction that selects the P1CO/FMIFC
or P1C1/AMIFC pin for the IF counter function has been executed until counting is started.

This is because, as described in 18.4.1, the internal AC amplifier does not operate normally immediately after a
pin has been selected for the IF counter.

Example To count the frequency input to the P1CO/FMIFC pin (FMIF count mode) (gate time: 8 ms)

INITFLG IFCMD1, NOT IFCMDO, IFCCK1, NOT IFCCKO
; Selects FMIFC pin (FMIF count mode), and sets gate time to 8 ms

; Internal AC amplifier stabilization time

SET1 IFCRES ; Resets counter
SET1 IFCSTRT ; Starts counting
LOOP:
SKT1 IFCGOSTT ; Detects opening or closing of gate
BR READ ; Branches to READ: if gate is closed

BR LOOP ; Do not read data of IF counter with this processing A
READ:
GET DBF, IFC ; Reads value of IF counter data register to data buffer

18.4.3 Error of IF counter
The errors of the IF counterinclude a gate time error and a count error. The following paragraphs (1) and (2) describe
each of these errors.

(1) Gate time error
The gate time of the IF counter is created by dividing the 4.5-MHz clock. Therefore, if the system clock is shifted
from 4.5 MHz by “+x” ppm, the gate time is shifted by “—x” ppm.

(2) Count error
The IF counter counts frequency by the rising edge of the input signal.
If a high level is input to the pin when the gate is open, therefore, one excess pulse is counted.
If the gate is closed, however, a count error due to the status of the pin does not occur.
Therefore, the count error is “+1, —0”.
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18.5 Using External Gate Counter

18.5.1 Program example of external gate counter
A program example of the external gate counter is shown below.

Example To use the P2A0/FCGO pin as external gate input pin

INITFLG NOT IFCMD1, NOT IFCMDO, IFCCK1, NOT IFCCKO
; Selects external gate counter function and sets gate

time to 8 ms
INITFLG NOT FCGCH1, FCGCHO ; Selects FCGO pin as external gate input pin
SET1 IFCRES ; Resets counter
SETH1 IFCSTRT ; Starts counting
LOOP:
SKF1 IFCGOSTT ; Detects opening or closing of gate
BR READ ; Branches to READ: if gate is closed
Processing A ; Do not read data of IF counter with this processing A
BR LOOP
READ:
GET DBF, IFC ; Reads value of IF counter data register to data buffer

18.5.2 Error of external gate counter
The errors of the external gate counter include an internal frequency error and a count error. The following
paragraphs (1) and (2) describe each of these errors.

(1) Internal frequency error
The internal frequency of the external gate counter is created by dividing the 4.5-MHz clock. Therefore, if the
system clock is shifted from 4.5 MHz by “+x” ppm, the gate time is shifted by “—x” ppm.

(2) Count error
The external gate counter counts the frequency by the rising edge of the internal frequency.
If the internal frequency is low when the gate is opened (when the signal input to the pin rises), one excess
pulse is counted.
If the gate is closed (when the signal rises next time), the excess pulse is not counted due to the count level
of the internal frequency.
Therefore, the count error is “+1, —0".
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18.6 Status at Reset

18.6.1 At power-ON reset
The P1CO/FMIFC, P1C1/AMIFC, P2A0/FCGO, and P2A1/FCG1 pins are set in the general-purpose input port
mode.

18.6.2 At WDT&SP reset
The P1CO/FMIFC, P1C1/AMIFC, P2A0/FCGO, and P2A1/FCG1 pins are set in the general-purpose input port
mode.

18.6.3 On execution of clock stop instruction

The P1CO/FMIFC and P1C1/AMIFC pins are set in the general-purpose input port mode.

The P2A0/FCGO and P2A1/FCG1 pins are set in the general-purpose 1/O port mode, and retain the previous input
or output status.

18.6.4 At CE reset

The P1CO/FMIFC and P1C1/AMIFC pins are set in the general-purpose input port mode.

The P2A0/FCGO and P2A1/FCG1 pins are set in the general-purpose 1/O port mode, and retain the previous input
or output status.

18.6.5 In halt status

The P1CO/FMIFC, P1C1/AMIFC, P2A0/FCGO, and P2A1/FCG1 pins retain the status immediately before the halt
mode is set.
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19. BEEP

19.1 Outline of BEEP

Figure 19-1 outlines BEEP.

BEEP outputs a clock of 1, 3, 4, or 6.7 kHz from the P1DO/BEEPO pin, and a clock of 4 kHz, 3 kHz, 200 Hz, or
67 Hz from the P1D1/BEEP1 pin.

The duty factor of the BEEP output is 50%.

P1DO/BEEP0 O——

P1D1/BEEP1 O—

Remarks 1.

336

Figure 19-1. Outline of BEEP

BEEPOCK1 falg

P1DBIOO flag BEEPOSEL flag BEEPOCKO falg )
Clock generation
l l l block
1 kHz
1/0 selection Output selection S;T:clz(tion L
lock fl
bloc ag block 3kHz
t 4 kHz
Output latch | | Output latch
T 6.7 kHz
I/0 selection Output selection Clock 67 Hz
block flag selection
block 200 Hz

!

!

!

P1DBIO1 flag BEEP1SEL flag BEEP1CK1 flag

BEEP1CKO flag

BEEPOCK1 and BEEPOCKO (bits 1 and 0 of BEEP clock selection register: refer to Figure 19-4)
select the output frequency of BEEPO.

BEEP1CK1 and BEEP1CKO (bits 3 and 2 of BEEP clock selection register: refer to Figure 19-4)
select the output frequency of BEEP1.

BEEP1SEL and BEEPOSEL (bits 1 and 0 of BEEP/general-purpose port pin function selection
register: refer to Figure 19-3) select general-purpose 1/O port and BEEP.

P1DBIO1 and P1DBIOO (bits 1 and 0 of port 1D bit I/O selection register: refer to Figure 19-2) select
the input or output mode of the port.
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19.2 1/0O Selection Block and Output Selection Block

The 1/0 selection block selects the input or output mode of the P1DO/BEEPO and P1D1/BEEP1 pins by using the
port 1D bit I/O selection register. Set the pin to be used as a BEEP pin in the output mode.

The output selection block sets the P1D0/BEEPO and P1D1/BEEP1 pins in the general-purpose output port mode
or BEEP output mode by using the BEEP/general-purpose port pin function selection register.

Figure 19-2 shows the configuration of the port 1D bit I/O selection register.

Figure 19-3 shows the configuration of the BEEP/general-purpose port pin function selection registerion.

Figure 19-2. Configuration of Port 1D Bit I/O Selection Register

Name Flag symbol Address Read/Write

Port 1D bit I/O selection P P | (BANK15) R/W

1 6CH

o}
0
t Selects input or output port mode

0 | Sets P1DO/BEEPO pin in input mode

1 | Sets P1DO/BEEPO pin in output mode.

Selects input or output port mode

3 0 : Sets P1D1/BEEP1 pin in input mode

1 | Sets PAD1/BEEP1 pin in output mode

Selects input or output port mode

Sets P1D2 pin in input mode

Sets P1D2 pin in output mode

Selects input or output port mode

0 : Sets P1D3 pin in input mode

1 Sets P1D3 pin in output mode

Power-ON reset 0:0:0:0

WDTA&SP reset 0:0:0:0

At reset

CE reset Retained

Clock stop Retained
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Figure 19-3. Configuration of BEEP/General-Purpose Port Pin Function Selection Register

338

Name Flag symbol Address Read/Write

bs | b2 | b1 | bo

BEEP/general-purpose port | 01 0 1 B B 13H R/W
pin function selection ; ; Ei E
. JEIE
I
o
is's
e
i
L] t

Selects general-purpose I/O port or BEEP
0 | Uses P1DO/BEEPO pin as general-purpose 1/O port
1 | Uses P1DO/BEEPO pin for BEEP
Selects general-purpose I/O port or BEEP
m Uses P1D1/BEEP1 pin as general-purpose I/O port
E Uses P1D1/BEEP1 pin for BEEP
Fixedto O

o | Power-ON reset 0:0:0:0
| WDTaSP reset oo
= CE reset 00
Clock stop ; ; 0 ; 0
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19.3 Clock Selection Block and Clock Generation Block

The clock selection block selects the output frequency of BEEP1 and BEEPO by using the BEEP clock selection
register.

The clock generation block generates the clock to be output to BEEPO and BEEP1.

The clock frequency generated is 1 kHz, 3 kHz, 4 kHz, 6.7 kHz, 67 Hz, or 200 Hz.

Figure 19-4. Configuration of BEEP Clock Selection Register

Name Flag symbol Address Read/Write

bs | b2 | b1| bo

BEEP clock selection 14H R/W

o X O o wm m m @

L | Li
Sets output frequency of BEEPO

0| 1kHz

1| 3kHz

0| 4kHz

1] 6.7kHz

Sets output frequency of BEEP1

4 kHz

—_

3 kHz

200 Hz

67 Hz

Power-ON reset

At reset

CE reset

0
WDT&SP reset 0
0
0

Clock stop
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19.4 Output Waveform of BEEP

The duty factor of the BEEP output waveform is 50%.

Example
f=3kHz
166.7 us 166.7 us
f=1kHz
500 us 500 us
) —
f=200 Hz
— )}
2.5ms 2.5ms

f: output frequency of BEEP

19.5 Status at Reset

19.5.1 At power-ON reset
The P1D0/BEEPO and P1D1/BEEP1 pins are set in the general-purpose input port mode.

19.5.2 At WDT&SP reset
The P1D0O/BEEPO and P1D1/BEEP1 pins are set in the general-purpose input port mode.

19.5.3 On execution of clock stop instruction
The P1D0O/BEEPO and P1D1/BEEP1 pins are set in the general-purpose I/O port mode, and retain the previous
input or output status.

19.5.4 At CE reset
The P1D0O/BEEPO and P1D1/BEEP1 pins are set in the general-purpose I/O port mode, and retain the previous

input or output status.

19.5.5 In halt status
The previous status is retained.
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20. STANDBY

The standby function is used to reduce the current consumption of the device while the device is backed up.

20.1 Outline of Standby Function

Figure 20-1 outlines the standby block.

The standby function reduces the current consumption of the device by partly or totally stopping the device
operation.

The following three types of standby functions are available for selection as the application requires.

e Halt function
¢ Clock stop function
* Device operation control function by CE pin

The halt function reduces the current consumption of the device by stopping the CPU operation by using a dedicated
instruction “HALT h”.

The clock stop function reduces the current consumption of the device by stopping the oscillation of the oscillation
circuit by using a dedicated instruction “STOP s”.

The CE pin can be said to be one of the standby functions because it can be used to control the operation of the
PLL frequency synthesizer and to reset the device.

Figure 20-1. Outline of Standby Block

CPU
Interrupt control block
Halt control circuit Program counter
HALT h
BTMOCY
Instruction decoder
POD3/AD3 O—— -
POD2/AD2 O—— 5;; ALU
POD1/AD1 © - L, Clock stop
PODO/AD0 O——— E‘ control circuit
STOP s

System register
Oscillation circuit

Xout ©

Control register
Xn © D@
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20.2 Halt Function

20.2.1 Outline of halt function

The halt function stops the operating clock of the CPU by executing the “HALT h” instruction.

When this instruction is executed, the program is stopped until the halt status is later released. Therefore, the
current consumption of the device in the halt status is reduced by the operating current of the CPU.

The halt status is released by using basic timer 0 carry FF, interrupt, or port input (POD).

The release condition is specified by operand “h” of the “HALT h” instruction.

20.2.2 Halt status

In the halt status, all the operations of the CPU are stopped. In other words, execution of the program is stopped
at the “HALT h” instruction. However, the peripheral hardware units continue the operation specified before execution
of the “HALT h” instruction.

For the operation of each peripheral hardware unit, refer to 20.4 Device Operation in Halt and Clock Stop Status.

20.2.3 Halt release condition

Figure 20-2 shows the halt release condition.

The halt release condition is specified by 4-bit data specified by operand “h” of the “HALT h” instruction.

The halt status is released when the condition specified by “1” in operand “h”.

When the halt status is released, program execution is started from the instruction after the “HALT h” instruction.
If the halt status is released by an interrupt, the operation to be performed after the halt status has been released
differs depending on whether the interrupts are enabled (El status) or disabled (DI status) when an interrupt source
(IRQxxx = 1) is issued with the interrupt (IPxxx = 1) enabled.

If two or more releasing conditions are specified, the halt status is released when one of the specified condition
is satisfied.

If 0000B is set as halt release condition “h”, no releasing condition is set. If the device is reset (by means of power-
ON reset, WDT&SP reset, or CE reset) at this time, the halt status is released.

Figure 20-2. Halt Release Condition

HALT h (4 bits)

Operand

bs | b2 | b1 | bo

Sets halt status releasing condition

| Released when high level is input to port 0D

Released when basic timer O carry FF is set to 1

Undefined (Fix this bit to “0”.)

Released when interrupt is accepted

Not released even if condition is satisfied

—_

Released if condition is satisfied
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20.2.4 Releasing halt by input port (POD)

The halt releasing condition using an input port is specified by the “HALT 0001B” instruction.

When the halt releasing condition using an input port is specified, the halt status is released if a high level is input
to one of the PODO through PODS3 pins.

The PODO through POD3 pins are multiplexed with the A/D converter input pins ADO through AD3, and the halt status
is not released when these pins are used as A/D converter input pins.

An example is given below.

¢ To use as key matrix
The PODO through PODS pins are general-purpose input port pins which can be set in the input or output mode
in 1-bit units and can be connected to an internal pull-down resistor. If connection of the internal pull-down
resistor is specified by software, an external resistor can be eliminated as shown in this example (the internal-
pull down resistor is connected at power-ON reset).

JR—

5

POD3/AD3
e

~—— PODPLD3 flag

JR—

5

O—‘
O—‘

;%
i

;%

;

!

O—‘

POD1/AD1

Switch A >—O/O—‘

PODO/ADO

General-purpose output port

The “HALT 0001B” instruction is executed after the general-purpose output ports for key source signal are made
high. Note that if an alternate switch is used as shown by switch A in the above figure, the halt status is released
immediately because a high level is input to the PODO/ADO pin while switch A is closed.
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20.2.5 Releasing halt status by basic timer 0 carry FF

Releasing the halt status by using the basic timer 0 carry FF is specified by the “HALT 0010B” instruction.

When releasing the halt status by the basic timer O carry FF is specified, the halt status is released as soon as
the basic timer O carry FF has been set to 1.

The basic timer 0 carry FF corresponds to the BTMOCY flag on a one-to-one basis and is set at fixed time intervals
(100, 50, 20, or 10 ms). Therefore, the halt status can be released at fixed time intervals.

Example To release halt status every 100 ms to execute processing A

HLTTMR DAT 0010B ; Symbol definition
INITFLG  NOT BTMOCK1, NOT BTMOCKO ; Sets time interval of basic timer 0 to 100 ms
LOOP:
HALT HLTTMR ; Specifies setting of basic timer 0 carry FF as halt releasing condition
SKT1 BTMOCY ; Embedded macro
BR LOOP ; Branches to LOOP if BTMOCY flag is not set
; Executes processing A if carry occurs
BR LOOP

20.2.6 Releasing halt status by interrupt

Releasing the halt status by an interrupt is specified by the “HALT 1000B” instruction.

When releasing the halt status by an interrupt is specified, the halt status is released as soon as the interrupt has
been accepted.

Many interrupt sources are available as described in 12. INTERRUPTS. Which interrupt source is used to release
the halt status must be specified in advance in software.

To accept an interrupt, each interrupt request must be issued from each interrupt source and each interrupt must
be enabled (by setting the corresponding interrupt enable flag).

Therefore, the interrupt is not accepted even if the interrupt request is issued, and the halt status is not released.

When the halt status is released by accepting an interrupt, the program flow branches to the vector address of the
interrupt.

When the RETI instruction is executed after interrupt servicing, the program flow is restored to the instruction after
the HALT instruction.

Ifallthe interrupts are disabled (DI status), the halt status is released by enabling an interrupt (IPxxx = 1) and issuing
an interrupt source (IRQxxx = 1), and the flow of the program goes to the instruction after the HALT instruction.
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Example Releasing halt status by timer 0 and INTO pin interrupts
In this example, the halt status is released and processing B is executed when timer O interrupt is

accepted. And processing A is executed when INTO pin interrupt is accepted.
Each time the halt status has been released, processing C is executed.

HLTINT DAT 1000B
START:
BR MAIN
;** Interrupt vector address ***
NOP
NOP
NOP
NOP
NOP
BR INTTMO
NOP
NOP
NOP
NOP
BR INTO
NOP
INTO:

Processing A

El
RETI
INTMMO:
Processing B
El
RETI
MAIN:
INITFLG  NOT TMOCK1, TMOCKO
MOV DBF1, #0
MOV DBFO, #0AH
PUT TMOM,DBF
SET2 TMORES, TMOEN
SET2 IPTMO, IPO
LOOP:
Processing C
El
HALT HLTINT
<1>
BR LOOP

; Symbol definition
; Address 0000H

; SI03

; Sl102

; TIMERS

; TIMER2

; TIMER1

; Branches to timer 0O interrupt processing
; INT4

; INT3

; INT2

; INTH

; Branches to INTO interrupt processing

; CE DOWN EDGE

; INTO pin interrupt vector address (000BH)

; INTO pin interrupt processing

; Timer O interrupt processing

; Sets timer 0 count clock to 100 us

; Sets time interval of timer O interrupt to 1 ms
; Resets and starts timer O
; Enables INTO and timer O interrupts

; Main routine processing

; Enables all interrupts
; Specifies releasing halt status by interrupt

Ifthe INTO pin interrupt request and timer O interrupt request are issued simultaneously in the halt status,

processing A for the INTO pin, which has the higher hardware priority, is executed.
After execution of processing A and when “RETI” is executed, the program branches to the “BR LOOP”
instruction of <1>. However, the “BR LOOP” instruction is not executed, and timer O interruptis immediately

accepted.

When the “RETI” instruction is executed after processing B of timer 0 interrupt has been executed, the

“BR LOOP” instruction is executed.
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Caution To reset the interrupt request flag (IRQxxx) once before the halt instruction is executed, insert
a NOP instruction (or one or more other instructions) between the HALT instruction and the
instruction that resets the interrupt request flag (IRQxxx) as shown below. If a NOP instruction
(or one or more other instructions) is not inserted, the interrupt request flag is not reset, and
therefore, the halt status is released immediately.

Example
; IRQxxx is set at certain timing
CLR1 IRQxxx ; Resets IRQxxx flag once
NOP ; Resets IRQxxx flag at this timing
; Unless this period is missing, the IRQxxx flag is not reset,
; and the next HALT instruction is immediately released
HALT  1000B ;
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20.2.7 If two or more releasing conditions are specified at same time

If two or more halt releasing conditions are specified at same time, the halt status is released when one of the
conditions is satisfied.

The following program example shows how the releasing conditions are identified if two or more conditions are
satisfied at the same time.

Example
HLTINT DAT 1000B
HLTBTM DAT 0010B
HLTPOD DAT 0001B
POD MEM 0.73H
START:
BR MAIN
;*** Interrupt vector address ***
NOP ; SI03
NOP ; Sl102
NOP ; TIMERS
NOP ; TIMER2
NOP ; TIMER1
NOP ; TIMERO
NOP ; INT4
NOP ; INT3
NOP ; INT2
NOP ; INTA
BR INTO ; Branches to INTO interrupt processing
NOP ; CE DOWN EDGE
INTO: ; INTO pin interrupt vector address (000BH)
Processing A ; INTO pin interrupt processing
El
RETI
BTMOUP: ; Timer carry FF processing
| Processing B |
RET
PODP: ; POD input processing
| Processing C |
RET
MAIN:
INITFLG NOT BTMOCK1, NOT BTMOCKO
; Selects 100 ms as clock of basic timer 0
SET1 IPO ; Enables INTO pin interrupt
El
LOOP:

HALT HLTINT OR HLTBTM OR HLTPOC
; Selects interrupt, timer carry FF, and POD input as halt releasing conditions

SKF1 BTMOCY ; Detects BTMOCY flag

CALL BTMOUP ; Timer carry FF processing if flag is set to 1
SKF POD, 1111B ; Detects POD input

CALL PODP ; Port input processing if POD is high

BR LOOP
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In the above example, three halt status releasing conditions, INTO pin interrupt, 100-ms basic timer O carry FF, and
port OD input, are specified.

To identify which condition has released the halt status, a vector address (interrupt), BTMOCY flag (timer carry FF),
and port register (port input) are detected.

To use two or more releasing conditions, the following two points must be noted.

* When the halt status is released, all the specified releasing conditions must be detected.
¢ The releasing condition with the higher priority must be detected first.

20.3 Clock Stop Function

20.3.1 Outline of clock stop function

The clock stop function stops the oscillation circuit of a 4.5-MHz crystal resonator by executing the “STOP s”
instruction (clock stop status).

Therefore, the current consumption of the device is reduced to 30 uA MAX.

20.3.2 Clock stop status

In the clock stop status, all the device operations of the CPU and peripheral hardware units are stopped because
the generation circuit of the crystal resonator is stopped.

For the operations of the CPU and peripheral hardware units, refer to 20.4 Device Operation in Halt and Clock
Stop Status.

In the clock stop status, the power failure detection circuit does not operate even if the supply voltage Vop of the
device israised to 2.2 V. Therefore, the data memory can be backed up at a low voltage. For the power failure detection
circuit, refer to 21. RESET.

20.3.3 Releasing clock stop status

Figure 20-3 shows the stop status releasing conditions.

The stop status releasing condition is specified by 4-bit data specified by operand “s” of the “STOP s” instruction.

The stop status is released when the condition specified by “1” in operand “s” is satisfied.

When the stop status has been released, a halt period which is half the time (tse1/2) specified by the basic timer
0 clock selection register as oscillation circuit stabilization wait time has elapsed, and the program execution is started
from the instruction next to the “STOP s” instruction. If releasing the stop status by an interrupt is specified, however,
the program operation after the stop status has been released differs depending on whether the interrupt is enabled
(El status) or disabled (DI status) when an interrupt source is issued (IRQxxx = 1) with the interrupt enabled (IPxxx
=1).

If all the interrupts are enabled (EI status), the stop status is released when the interrupt is enabled (IPxxx = 1)
and the interrupt source is issued (IRQxxx = 1), and the program flow returns to the instruction next to the STOP
instruction.

If all the interrupts are disabled (DI status), the stop status is released when the interrupt is enabled (IPxxx = 1)
and the interrupt resource is issued (IRQxxx = 1), and the program flow returns to the instruction next to the STOP
instruction.

If two or more releasing conditions are specified at one time, and if one of the conditions is satisfied, the stop status
is released.

If 0000B is specified as stop releasing condition “s”, no releasing condition is satisfied. If the device is reset at this
time (by means of power-ON reset, or CE reset), the stop status is released.
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Figure 20-3. Stop Releasing Conditions

STOP s (4 bits)

Operand

bs | b2 | b1 | bo

Specifies stop status releasing condition

Releases when high level is input to port 0D

Undefined (Fix this bit to “0”.)

Undefined (Fix this bit to “0”.)

Released by interrupt of falling edge of INTO through INT4 pins and CE pin

Not released even if condition is statisfied

—_

Released if condition is satisfied

The “STOP s” instruction is executed as a “NOP” instruction when the CE pin rises and when the CE reset counter
operates.

The operating status of the CE reset counter can be detected by the CECNTSTT flag (for the CE reset counter,
refer to 21. RESET).

20.3.4 Releasing clock stop status by high level input of port 0D
Figure 20-4 illustrates how the clock stop status is released by the high level input to port 0D.

Figure 20-4. Releasing Clock Stop Status By High Level Input of Port 0D

5V
Vop LI A
{ 22V
ovV—
H J—
POD
L
Oscillation stops tset/2 ‘
HALT periode

— STOP s instruction Starts from instruction next to

STOP s

tser: basic timer 0 setting time

20.3.5 Cautions on releasing clock stop status
For the cautions on releasing the clock stop status, refer to (2) Releasing from clock stop status in 21.4.4
Cautions on raising supply voltage Vob.
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20.4 Device Operation in Halt and Clock Stop Status

Table 20-1 shows the operations of the CPU and peripheral hardware units in the halt and clock stop status.

In the halt status, all the peripheral hardware units continue the normal operation until instruction execution is
stopped.

In the clock stop status, all the peripheral hardware units stop operation.

The control registers that control the operations of the peripheral hardware units operate normally (not initialized)
in the halt status, but are initialized to specified values when the clock stop instruction is executed.

In other words, all peripheral hardware continues the operation specified by the control register in the halt status,
and the operation is determined by the initialized value of the control register in the clock stop status.

For the values of the control registers in the clock stop status, refer to 8. REGISTER FILE (RF).

Table 20-1. Device Operation in Halt and Clock Stop Status

Peripheral Hardware

Status

Halt

Clock stop

Program counter

Stops at address of HALT instruction

Stops at address of STOP instruction

System register Retained Retained
Peripheral register Retained Partly initializedNete 1
Control register Retained Partly initializedNete 1

Timer

Normal operation

Operation stops

PLL frequency synthesizer

Normal operationNete 2

Operation stops

A/D converter

Normal operation

Operation stops

D/A converter

Normal operation

Stops operation and used as general-
purpose output port

Serial interface

Stops operation when internal clock (master)
is selected and continues operation when
external clock (slave) is selected

Stops operation and used as general-
purpose 1/O port

Frequency counter

Normal operation

Stops operation and used as general-

purpose input port

BEEP output Stops operation and used as general-

purpose /O port

Normal operation

General-purpose 1/0O port Normal operation Retained

General-purpose input port Normal operation Input port

General-purpose output port Normal operation Retains output latch

Notes 1. For the value to which these registers are initialized, refer to 5. SYSTEM REGISTER (SYSREG) and
8. REGISTER FILE (RF).
2. The PLL frequency synthesizer is automatically disabled by the low level input to the CE pin.

20.5 Cautions on Processing of Each Pin in Halt and Clock Stop Status

The halt status is used to reduce the current consumption when, say, only the watch is used.

The clock stop function is used to reduce the current consumption of the device to only use the data memory.

Therefore, the current consumption must be reduced as much as possible in the halt status or clock stop status.

At this time, the current consumption significantly varies depending on the status of each pin, and the points shown
in Table 20-2 must be noted.
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Table 20-2. Status of Each Pin in Halt and Clock Stop Status and Cautions (1/2)

Pin Function Pin Symbol Status of Each Pin and Cautions on Processing
Halt status Clock stop status
General- Port OA POA3/SDA Retains status before halt All port pins are set in general-purpose
purpose POA2/SCL port mode (except POD3/AD3 through
1/0 port POA1/SCK2 (1) When specified as output pin PODO/ADO, P1A3/INT4, P1A2/INTS,
POA0/SO2 Currentconsumptionincreasesifpin | P1C3/AD5, and P1C2/AD4)
Port 0B POB3/SI2 is externally pulled down while it | Inputor output mode of general-purpose
POB2/SCK3 outputs highlevel, or externally pulled | 1/O port set before clock stop status is
P0OB1/SO3/TxD up while it outputs low level. retained.
POBO/SI3/RxD Exercise care in using N-ch open-drain
Port 0C POC3-P0OCO output (POA3, POA2, P1B3 through | (1) When specified as general-purpose
Port 1D P1D3 P1B0, P2D1, P2D0) output port
P1D2 Current consumption increases due
P1D1/BEEP1 | (2) When specified as input pin to noise if pin is floated
P1D0/BEEPO Current consumption increases due
Port 2A P2A2 to noise if pin is floated (2) When specified as general-purpose
P2A1/FCG1 input port
P2A0/FCGO (3) Port 0D (POD3/AD3 through PODO/ Current consumption does not
Port 2B P2B3-P2B0 ADO) increase due to noise even if pin is
Port 2C P2C3-P2C0 Currentconsumptionincreasesiif pin floated
Port 2D P2D2/SCK is externally pulled up because it is
P2D1/SB1 provided with pull-down resistor | (3) P1A3/INT4, P1A2/INT3
P2D0/SB0O selectable by software Set as interrupt pin and current
Port 3A P3A3-P3A0 consumptionincreases due to external
Port 3B P3B3-P3B0 (4) Port 1C (P1C3/AD5, P1C2/AD4, noise if pin is floated
Port 3C P3C30P3CO P1C1/AMIFC, P1CO/FMIFC)
Port 3D P3D3-P3D0 When P1C1/AMIFC or P1CO/FMIFC | (4) POD3/AD3 through PODO/ADO,
General- Port OD POD3/AD3 pin is used for IF counter, current P1C3/AD5, P1C2/AD4
purpose | consumption increases because Pin used for A/D converter is retained
input port POD0/ADO internal amplifier operates as is.
Port 1A P1A3/INT4 Pull-down resistor of POD3 through
P1A2/INT3 PODO pin retains previous status
P1A1
P1A0/TMOG
Port 1C P1C3/AD5
P1C2/AD4
P1C1/AMIFC
P1CO/FMIFC
General- Port 1B P1B3 Specified as general-purpose output port.
purpose P1B2/PWM2 Output contents are retained as is. If pin
output port | is externally pulled down while it outputs
P1B0/PWMO high level or externally pulled up while it
outputs low level, current consumption
increases
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Table 20-2. Status of Each Pin in Halt and Clock Stop Status and Cautions (2/2)

Pin Function Pin Symbol Status of Each Pin and Cautions on Processing
Halt status Clock stop status
External interrupt INT4-INTO Current consumption increases due to noise if pin is floated
PLL frequency VCOL CurrentconsumptionincreasesduringPLL | PLL is disabled
synthesizer VCOH operation.
EO0 When PLL is disabled, pin is in following | COH, VCOL: internally pulled down
EO1, EOO . floated
EO1 status:

VCOH, VCOL: internally pulled down
EO1, EOO : floated

PLL is automatically disabled if CE pin

goes low
Crystal oscillation Xin Current consumption changes due to | Xipinisinternally pulled down, and Xour
circuit Xout oscillation waveform of crystal oscillation | pin outputs high level

circuit.

The higher oscillation amplitude, the lower
current consumption.

Oscillation amplitude must be evaluated
becauseitisinfluenced by crystal resonator

or load capacitor used

20.6 Device Operation Control Function of CE Pin

The CE pin controls the following functions by the input level and rising edge of the signal input from an external
source.

¢ PLL frequency synthesizer
e Interrupt by falling edge of CE pin
¢ Resetting of device

20.6.1 Controlling operation of PLL frequency synthesizer

The PLL frequency synthesizer can operate only when the CE pin is high.

It is automatically disabled when the CE pin is low.

When the synthesizer is disabled, the VCOH and VCOL pins are internally pulled down, and the EOO0 and EO1 pins
are floated. For details, refer to 17.5 PLL Disabled Status.

The PLL frequency synthesizer can be disabled in software even when the CE pin is high.

20.6.2 Controlling interrupt by falling edge input of CE pin
An interrupt can be generated by the falling edge of the CE pin. For details, refer to 12. INTERRUPTS.
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20.6.3 Resetting device
The device can be reset (CE reset) by raising the CE pin.
The device can also be reset as follows:

e Power-ON reset on application of supply voltage Vop
e Watchdog timer reset for software hang-up detection and stack overflow/underflow reset
* Reset by RESET pin

For details, refer to 21. RESET.

20.6.4 Signal input to CE pin
The CE pin does not accept a low level or high level of less than 167 us to prevent malfunctioning due to noise.
The level of the signal input to the CE pin can be detected by the CE pin status detection flag of the CE pin interrupt
request register (RF address 3FH).
Figure 20-5 shows the relationship between the input signal and CE flag.

Figure 20-5. Relationship between Input Signal of CE Pin and CE Flag

CE pin

CE flag

o |t — |

Less than 167 us 167 us Lessthan 167 us 167 us

| \
PLL can operate PLL disabled PLL disabledNote

CE reset is effected in
synchronization with next
basic timer 0 carry FF
(When CE reset count
register is “17)

CE reset

Note Unless the PLL mode selection register and PLL reference frequency selection register are rewritten by
software, the PLL disabled status is retained.
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20.6.5 Configuration and function of CE pin interrupt request register
The CE pin interrupt request register detects the input signal level of the CE pin.
Figure 20-6 shows the configuration of the CE pin interrupt request register.

Figure 20-6. Configuration of CE Pin Interrupt Request Register

Name Flag symbol Address Read/Write
bs | b2 | b1| bo
CE pin interrupt request cio:C: I 3FH RNote
el lein
e
e
e
s
T
T
t Sets interrupt request issuance status of CE pin
0 | No interrupt request
1| Interrupt request
Detects status of CE reset counter
:Ti Stops
I Operates
Fixed to “0”
Detects status of CE pin
T} Low level is input
j High level is input
5 | Power-ON reset U : 0 : 0 : 0
E WDT&SP reset U 0 0
% CE reset U OR
Clock stop U 0 R

U: Undefined R: Retained

Note IRQCE is a R/W flag.
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21. RESET
21.1 Outline of Reset

The reset function is used to initialize the device.
The uPD17719 can be reset in the following ways:

e CE reset

¢ Power-ON reset

* Reset by RESET pin
e WDT&SP reset

Figure 21-1. Configuration of Reset Block

Xour O—————— FREEEEEEEEEE Power failure detection block =========ccmaenmcccmaannacnaas
: Timer FF block :
Xn O DO : Divider | Selector :
+ BTMOCY flag read :
: R Q Basic timer 0 :
[ STOP s : s carry 5
instruction : Basic tmer 0 :
carry disable FF
v
Voltage Power-ON clear signal (POC)
Voo O——— detection
circuit
Falling
RESET 07% detection
circuit Reset
control
Rising CE reset timer CE reset signal circuit
CE 07% detection carry counter
circuit
Watchdog timer stack WDT&SP reset signal
overflow/underflow
detection block

T

STOP instruction
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21.2 CE Reset

CE reset is effected by raising the CE pin.

When the CE pin goes high, the next rising edge of the basic timer 0 carry FF setting pulse is counted. When the
count value coincides with the value set to the CE reset timer carry counter register (1 to 15 counts), the reset signal
is generated.

When CE reset is effected, the program counter, stack, system registers, and some of the control registers are
initialized to the initial values, and program execution is started from address 0000H. For the initial value of each
register, refer to the description of each register.

Figure 21-2. Configuration of CE Reset Timer Carry Counter Register

Name Flag symbol Address Read/Write

bs [ b2 | b1 | bo

CE reset timer carry counter |C:C: C:C 06H R/W
E E E E
cicicic
NINININ
T T T T
3i2i110
\—|i Sets number of counts of timer carry counter for CE reset
0 ‘ 0 ‘ 0 ‘ 0 | Setting prohibited
0%0%0%1 1 count
0010 2counts
0101111 3 counts
0%1%0%0 4 counts
0%1%0%1 5 counts
0§1§1§O 6 counts
0%1%1%1 7 counts
1%0%0%0 8 counts
1%0%0%1 9 counts
1 ‘0‘1‘0 10 counts
1%0%1%1 11 counts
1100 12 counts
1 1 1011 13 counts
1111 0] 14counts
1%1%1%1 15 counts

. | Power-ON reset 0 ‘ 0 ‘ 0 ‘ 1

g WDT&SP reset Retained

% CE reset Retained

Clock stop 0 ‘ 0 ‘ 0 ‘ 1
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The operation of CE reset differs depending on whether the clock stop instruction is used or not.
This difference is described in 21.2.1 and 21.2.2 below.
21.2.3 describes the points to be noted when CE reset is effected.

21.2.1 CE reset without clock stop (STOP s) instruction
Figure 21-2 shows the operation.
When the CE pin has gone high, the CE reset timer carry counter starts counting at the rising edge of the basic
timer O carry FF setting pulse.
Figure 21-3. CE Reset Operation without Clock Stop Instruction (1/2)

(a) Normal operation

e When “N” is set to CE reset timer carry counter

(&}
<

H
Xout
L

Hi
g i | | [ I I R O

5
:

tseT

CE reset timer
carry counter

Set value of CE reset timer
carry counter

|

CE reset

CE reset signal

r TIr Ir—- T

e When “1” is set to CE reset timer carry counter

5V
Vop

ov —
H

CE
L L |
H
L

BTMOCY flag
setting pulse

r I
l_

tser

CE reset timer
carry counter

Set value of CE reset
timer carry counter

|

CE reset

CE reset signal

r Ir I r I
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Figure 21-3. CE Reset Operation without Clock Stop Instruction (2/2)

(b) If status of CE pin changes while CE counter operates
At this time, the CE reset timer carry counter status is not affected.

o
<

H
CE | | | |
Li

H
L
Hi
smoortes ") L L LT L L 1T

tseT

((
CE resettimer M )T
cany counter |- 0 X 1 X 2 X 3 [ N-2 X N1 AN O
((
Setvalueof CEreset ! N
timer carry counter | r) r)
H
CE reset signal ( -l
L )7
CE reset

21.2.2 CE reset with clock stop (STOP s) instruction used

Figure 21-4 shows the operation.

When the clock stop instruction is used, the clock stop signal is output when the “STOP s” instruction is executed,
and oscillation is stopped and the device operation is stopped.

When the CE pin goes high, the clock stop status is released, and oscillation is started (high level input of POD
or INT pininterrupt can also be used as the clock stop status releasing conditions. For details, refer to 20. STANDBY).

If the basic timer 0 carry FF setting pulse goes high after the CE pin has gone high, the halt status is released,
and program execution is started from address 0 (CE reset).

As the set time (tset) of the basic timer 0 carry FF setting pulse, the value immediately before the clock stop
instruction is executed is retained.

Because the set value of the CE reset timer carry counter is initialized to 1, CE reset is effected tset/2 after the
CE pin has gone high.
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Figure 21-4. CE Reset Operation with Clock Stop Instruction

5V
Vop
ov —
H
CE
L —
H
Xout
L
H —
BTMOCY flag
setting pulse L —
tseT
CE reset timer H 0 1
carry counter
[
Setvalue of CEresst  H N 1
timer carry counter L
H
CE reset signal —l
L
Halt
Normal operation Clock stop status status
tset/2
STOP s instruction Clock stop
status

released. CE reset

Q[scr:tillation Program execution starts from address 0
starts

21.2.3 Cautions on CE reset
Because CE reset is effected regardless of the instruction under execution, the following points (1) and (2) must
be noted.

(1) Time to execute timer processing such as watch
When creating a watch program by using the basic timer 0 carry, the processing time of the program must be
kept to within a specific time.
For details, refer to 13.2.6 Cautions on using basic timer 0.

(2) Processing of data and flags used in program
Exercise care in rewriting the data and flags whose contents must not be changed even when CE reset is
effected, such as security code.
An example is shown below.
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Example 1.
R1 MEM 0.01H ; 1st digit of key input data of security code
R2 MEM 0.02H ; 2nd digit of key input data of security code
R3 MEM 0.03H ; 1st digit data when security code is changed
R4 MEM 0.04H ; 2nd digit data when security code is changed
M1 MEM 0.11H ; 1st digit of current security code
M2 MEM 0.12H ; 2nd digit of current security code
START:
Key input processing
R1 « contents of key A ; Security code input wait mode
R2 « contents of key B ; Substitutes contents of pressed key to R1 and R2
SET2 CMP, Z ; <1> ; Compares security code and input data
SUB R1, M1
SUB R2, M2
SKT1 Z
BR ERROR ; Input data differs from security code
MAIN:
Key input processing
R3 « contents of key C ; Security code rewriting mode
R4 « contents of key D ; Substitutes contents of pressed key to R3 and R4
ST M1, R3 ; <2> ; Rewrites security code
ST M2, R4 7 <3>
BR MAIN
ERROR:

Must not operate

Suppose the security code is “12H” in the program in Example 1. The contents of data memory addresses M1 and
M2 are “1H” and “2H”, respectively.

If CE reset is effected, the contents of key input and security code “12H” are compared in <1>. If the two are the
same, the normal processing is performed.

If the security code is changed in the main processing, the new code is written to M1 and M2 in <2> and <3>.

Suppose the security code is changed to “34H”. Then “3H” and “4H” are written to M1 and M2 in <2> and <3>.

If CE reset s effected as soon as <2> has been executed, program execution is started from address 0000H, without
<3> being executed.

Consequently, the security code is set to “32H”, making it impossible to clear the security system.

In this case, create the program shown in Example 2.
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Example 2.
R1
R2
R3
R4
M1
M2
CHANGE

START:

MEM
MEM
MEM
MEM
MEM
MEM
FLG

0.01H ; 1st digit of key input data of security code
0.02H ; 2nd digit of key input data of security code
0.03H ; 1st digit data when security code is changed
0.04H ; 2nd digit data when security code is changed
0.11H ; 1st digit of current security code

0.12H ; 2nd digit of current security code

0.13H.0 ; “1” while security code is changed

Key input processing

SECURITY_CHK:

MAIN:

ERROR:

R1 « contents of key A | ; Security code input wait mode
R2 « contents of key B | ; Substitutes contents of pressed key to R1 and R2
SKT1 CHANGE ; <4>; If CHANGE flag is “1”
BR SECURITY_CHK
ST M1, R3 ; Rewrites M1 and M2
ST M2, R4
CLR1 CHANGE
SET2 CMP, Z ; <1>; Compares security code and input data
SUB R1, M1
SUB R2, M2
SKT1 Z
BR ERROR ; Input data differs from security code

Key input processing
R3 « contents of key C | ; Security code rewriting mode

R4 « contents of key D | ; Substitutes contents of pressed key to R3 and R4

SET1
ST
ST
CLR1

BR

CHANGE ; <5>; Until security code is changed,
; Sets CHANGE flag to “1”
M1, R3 ; <2> ; Rewrites security code
M2, R4 ; <3>
CHANGE ; If security code has been changed,

; Sets CHANGE flag to “0”
MAIN

Must not operate

The program in Example 2 sets the CHANGE flag to “1” in <5> before the security code is rewritten in <2> and

<3>.

Therefore, even if CE reset is effected before <3> is executed, the security code is rewritten in <4>.
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21.3 Power-ON Reset

Power-ON reset is effected by raising the supply voltage Vop of the device from a specific level (called a power-
ON clear voltage).

If supply voltage Vob is lower than the power-ON clear voltage, a power-ON clear signal (POC) is output from the
voltage detection circuit shown in Figure 21-1.

When the power-ON clear signal is input to the reset control circuit, the crystal oscillation circuit is stopped and
consequently, the device operation is stopped.

At this time, the program counter, stack, system registers, and control registers are initialized (for the initial value,
refer to the description of each register).

If supply voltage Vop exceeds the power-ON clear voltage, the power-ON clear signal is deasserted, crystal
oscillation is started, and the device waits for release of the halt status by the basic timer 0 carry which has been
initialized to 100 ms. Program execution is started from address 0 at the rising edge of the basic timer 0 carry FF
setting signal 50 ms after the supply voltage has exceeded the power-ON clear voltage.

Normally, the power-ON clear voltage is 3.5V, but it is 2.2 V in the clock stop status.

The operations of power-ON reset are described in 21.3.1 and 21.3.2.

The operation when supply voltage Voo is raised from 0 V is described in 21.3.3.

Caution Although it is stated that the normal power-ON clear voltage is 3.5V (MAX.) and that in the clock
stop status is 2.2V (MAX.), the actual power-ON clear voltage does not exceed these maximum

values.
Figure 21-5. Operation of Power-ON Reset
5V
Vob Power-ON
ov— clear voltage
H
CE
L—
H
Xout /VVWVVWVVWVVW
L
H —_— I
BTMOCY flag | | | | |
setting pulse |
H J—
Power-ON clear signal
Normal operation Device operation stops| Halt status
50 ms
Power-ON clear released  Program starts from
Oscillation starts address 0
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21.3.1 Power-ON reset during normal operation

Figure 21-6 (a) shows the operation.

As shown, the power-ON clear signal is output and the device operation is stopped if the supply voltage Voo drops
below 3.5V, regardless of the input level of the CE pin.

If Vop rises beyond 3.5 V again, program execution starts from address 0000H after a halt of 50 ms.

Normal operation means operation without the clock stop instruction, and includes the halt status set by the halt
instruction.

21.3.2 Power-ON reset in clock stop status
Figure 21-6 (b) shows the operation.
As shown, the power-ON clear signal is output and the device operation is stopped when supply voltage Voo drops
below 2.2 V.
However, it does not appear that device operation has changed because the device is in the clock stop status.
If Vob rises beyond 3.5 V, program execution starts from address 0000H after a halt of 50 ms.

21.3.3 Power-ON reset when supply voltage Vop rises from 0 V

Figure 21-6 (c) shows the operation.

As shown, the power-ON clear signal is output until supply voltage Voo rises from 0V to 3.5 V.

When Vb exceeds the power-ON clear voltage, the crystal oscillation circuit starts operating, and program execution
starts from address 0000H after a half of 50 ms.
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Figure 21-6. Power-ON Reset and Supply Voltage Vob

(a) Normal operation (including halt status)

5V
35V - v, Power-ON clear voltage
Vob
ov —
H
CE
L J—
H
L
Power-ON H —
clear signal L
Normal operation Device operation stops| Halt status
50 ms

Power-ON clear released ~ Program starts from address 0
Oscillation starts

(b) In clock stop status

5V /
\/ 35V / Power-ON clear voltage
Vi 22V
DD
ov —
H —
CE
L
H
L
Power ON H
clear signal L
Normal operation Clock stop Device operation stops | Halt status
50 ms
STOP s instruction Power-ON clear released ~ Program starts from address 0

Oscillation starts

(c) If supply voltage Voo rises from 0V

35V Power-ON clear voltage
Vob
ov
H —
CE
L
H —
L
Power-ON H
clear signal
Device operation stops | Halt status
50 ms

Power-ON clear released ~ Program starts from address 0
Oscillation starts
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21.4 Relationship between CE Reset and Power-ON Reset

On the first application of supply voltage Vop, power-ON reset and CE reset are performed at the same time.
The reset operations at this time are described in 21.4.1 through 21.4.3.
21.4.4 describes the points to be noted when raising supply voltage Voo.

21.4.1 If Voo pin and CE pin go high at the same time
Figure 21-7 (a) shows the operation.
At this time, the program starts from address 0000H because of power-ON reset.

21.4.2 If CE pin rises in forced halt status set by power-ON reset
Figure 21-7 (b) shows the operation.
At this time, the program starts from address 0000H because of power-ON reset, in the same manner as 21.4.1.

21.4.3 If CE pin rises after power-ON reset

Figure 21-7 (c) shows the operation.

At this time, the program starts from address 0000H because of power-ON reset, and the program starts from
address 0000H again at the rising edge of the next basic timer 0 carry FF setting signal because of CE reset.
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Figure 21-7. Relationship between Power-ON Reset and CE Reset

(a) When Vop and CE pin rise at the same time

5V —
35V / Power-ON clear voltage
Vob
ov
H —
CE
L
H —
BTMOCY flag
setting pulse L |
Ot‘i)gr:a' Halt status
stops 50 ms Normal operation

Power-ON reset
Program starts

(b) If CE pin rises in halt status

35V / Power-ON clear voltage
Vop

ov

H —
L

BTMOCY flag 1 — |
setting pulse
L Opera
Pera-|  Halt status

st{ggs 50 ms Normal operation

CE

Power-ON reset
Program starts

(c) If CE pin rises after power-ON reset

5V — /
35V Power-ON clear voltage
Vop
ov
H —
CE
L
H —_— e
BTMOCY flag
setting pulse
L Opera-
tpe Halt status
ion .
stops 50 ms Normal operation
Power-ON reset CE reset
Program starts Program starts

uPD17717,17718, 17719

(If CE reset timer carry counter is set to “1”)
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21.4.4 Cautions on raising supply voltage Vob
The following points (1) and (2) must be noted when raising supply voltage Voo.

(1) To raise supply voltage Voo from level lower than power-ON clear voltage
Supply voltage Voo must be raised once to a level higher than 3.5 V.
Figure 21-8 illustrates this.
As shown in the figure, if a voltage less than 3.5V is applied on application of Vop in a program that backs
up Vop at 2.2 V by using the clock stop instruction, the power-ON clear signal remains output, and the program

is not executed.

Atthis time, the output ports of the device output undefined values, increasing the current consumption in some

cases.

Consequently, the backup time when the device is backed up by batteries is substantially shortened.

Figure 21-8. Cautions on Raising Vop

5V —
35V
Voo 22V // /
oV
H
L
BTMOCY flag '
setting pulse
L
Power-ON H
clear signal L
) Ot;i)(;erga- Halt status i
Operation stops stops 50 ms Normal operation| | Back up

Because output ports are
undefined during this period,
current consumption may increase.

Initialize during this
period and then
execute clock stop
instruction

Power-ON reset STOP s instruction
Progarm starts
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(2) Releasing from clock stop status
If the device is released from the backup status when supply voltage Voo is backed up at 2.2 V by using the
clock stop status, Voo must be raised to 3.5V or more within tset/2 after the clock stop status has been released
by INT pin interrupt or high level input to port OD.
As shown in Figure 21-9, the device is released from the clock stop status by means of CE reset. However,
because the power-ON clear voltage is changed to 3.5 V tset/2 after the clock stop status has been released,
power-ON reset is effected unless Voo is 3.5 V or higher.
The same applies when Voo is raised.

Figure 21-9. Releasing from Clock Stop Status

5V —
35V Power-ON
Voo 22V clear voltage
ov —
H J—
POD
ov
H
L —
BTMOCYfag 1
setting pulse
L
Power-ON H
clear signal L
Backup in clock stop Halt status
status tset/2 Normal operation Backup
Program starts STOP s instruction
4 4
Power-ON clear voltage changes Power-ON clear voltage changes
to 3.5 V at this point. to 2.2 V at this point.
Therefore, Voo must be 3.5 V Therefore, Voo must be 3.5 V
or higher before this point. or higher before this point.

tset: basic timer 0 setting time
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21.5 Reset by RESET Pin

The device is reset by the RESET pin in the following cases:

¢ To reset the device at voltage higher than power-ON clear voltage

e External reset input in case of software hang-up

Caution Ifresetisexecuted by usingthe RESET pin during program execution, the data of the data memory
may be destroyed. Therefore, exercise care when executing reset by using the RESET pin.

The reset operation is the same as that performed at power-ON reset.
When a low level is input to the RESET pin, an internal reset signal is generated, the crystal oscillation circuit is

stopped, and the device stops operation.

At this point, the program counter, stack, system registers, and control registers are initialized (for the initial value,

refer to the description of each register).

When the RESET pin is raised next time, the crystal oscillation is started, and the device waits to be released from
the halt wait status by the basic timer 0 carry which has been initialized to a 100-ms cycle. The program starts from
address 0 at the rising edge of the basic timer O carry FF setting signal 50 ms after a high level has been input to the

RESET pin.

Because the uPD17719 has a power-ON reset function, connect the RESET pin to Voo via resistor if the RESET

pin is not used for the above application.

Figure 21-10. Reset Operation by RESET Pin

5V
Vop

ov —

RESET

Xout

BTMOCY flag H —
setting pulse

Device opeation stops

Halt status

50 ms

Oscillation starts
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21.6 WDT&SP Reset

WDT&SP reset includes the following:

¢ Watchdog timer reset

e Stack pointer overflow/underflow reset

Instruction
count clock

Figure 21-11. Outline of WDT&SP Reset

WDTCK1 flag WDTCKO falg
65536 O
instruction
counter \O h» WDTCY flag
WDT&SP
reset signal
131072 )
instruction
counter
WDTRES

Stack overflow/under

flow reset detection
circuit

T T

ASPRES flag  ISPRES flag

21.6.1 Watchdog timer reset
The watchdog timer is a circuit that generates a reset signal when the execution sequence of the program is

abnormal (hung-up).

Hanging-up means that the program jumps to an unexpected routine due to external noise, entering a specific

infinite loop and causing the system to be deadlocked. By using the watchdog timer, the program can be restored

from this hang-up status because a reset signal is generated from the watchdog timer at fixed time intervals and

program execution is started from address 0.

The watchdog timer does not function in the clock stop mode and halt mode.

Resetting by the watchdog timer initializes all the registers except the stack overflow selection register, watchdog

timer counter reset register, basic timer 0 carry register, and CE reset timer carry counter.

The watchdog timer reset is detected by the WDTCY flag (R&Reset).

370
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21.6.2 Watchdog timer setting flags
These flags can be set only once after power-ON reset on power application or reset by the RESET pin.
The WDTCKO and WDTCK1 flags select an interval at which the reset signal is output.
The reference time can be selected to the following three conditions:

e 655356 instructions
e 131072 instructions
e Watchdog timer not set

On power application, 131072 instructions are selected.

If the reset signal generation interval is specified to be 131072 instructions, the watchdog timer FF must be reset
at intervals not exceeding 131072 instructions. The valid reset period is from 1 to 131071 instructions.

If the reset signal generation interval is 65536 instructions, the watchdog timer FF must be reset at intervals not
exceeding 65536 instrutions. The valid reset period is from 1 to 65535 instructions.

Figure 21-12. Configuration of Watchdog Timer Clock Selection Register

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Watchdog timer 0:0 W:W 02H R/whote
clock selection ; ; Di D
T
ol
ki
BRI
C T Li
Selects clock of watchdog timer
0 ' 0 | Does not set watchdog timer
0 ! 1| 65536 instructions

0 | Setting prohibited

1 | 131072 instructions

Fixed to “0”
_ | Power-ON reset 0:0:1:1
[0
© | WDT&SP reset " | ! Retained
< CE reset fRetained
Clock stop : iRetained

Note Can be written only once.

Data Sheet U12330EJ2VODS 371



NEC

uPD17717,17718, 17719

The WDTRES flag is used to reset the watchdog timer counter.

When this flag is set to 1, the watchdog timer counter is automatically reset.
If the WDTRES flag is set to 1 once within a reference time in which the WDTCKO and WDTCK1 flags are set, the
reset signal is not output by the watchdog timer.

Figure 21-13. Configuration of Watchdog Timer Counter Reset Register

Name Flag symbol Address Read/Write
bs [ b2 | b1 | bo
Watchdog timer Wi0:0:0 03H W&Reset
counter reset Di ; ;
T
I
e
s
\—i Fixed to “0”

Resets watchdog timer counter

Invalid

Resets watchdog timer counter

. | Power-ON reset u.0:0:0
% WDT&SP reset U
2 CE reset U i i i
Clock stop U ; ; ;
U: Undefined
372
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21.6.3 Stack pointer overflow/underflow reset

A reset signal is generated if the address or interrupt stack overflows or underflows.

Stack pointer overflow/underflow reset can be used to detect a program hang-up in the same manner as watchdog
timer reset.

The reset signal is generated under the following conditions:

¢ Interrupt due to overflow or underflow of interrupt stack (4 levels)
¢ Interrupt due to overflow or underflow of address stack (15 levels)

Reset by stack pointer overflow or underflow initializes all the registers, except the stack overflow selection register,
watchdog timer counter reset register, basic timer 0 carry register, and CE reset timer carry counter.
Generation of stack pointer overflow or underflow reset is detected by the WDTCY flag (R&Reset).

21.6.4 Stack pointer setting flag

The stack overflow/underflow reset selection register can be set only once after power-ON reset on power application
or reset by the RESET pin. This register specifies whether reset by address stack overflow or underflow and reset
by interrupt stack overflow or underflow are enabled or disabled.
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Figure 21-14. Configuration of Stack Overflow/Underflow Reset Selection Register

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
Stack overflow/underflow 0:0: 1A 05H R/wNote
reset selection ; ; Si S
B
B
e
is's
CT ] L
Selects address stack overflow/underflow reset
i 0 | Disables reset
1 | Enables reset
Selects interrupt stack overflow/underflow reset
T Disables reset
E Enables reset
Fixed to “0”
- Power-ON reset 0 : 0 : 1 : 1
g WDT&SP reset ; iRetained
% CE reset iRetained
Clock stop iRetained

Note Can be written only once.
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Figure 21-15. Configuration of WDT&SP Reset Selection Register

Name Flag symbol Address Read/Write
bs | b2 | b1 | bo
WDT&SP reset 0:0:0:W 16H R&Reset

status detection

Detects occurrence of WDT&SP reset

0 | No reset request

1 | Reset request

Fixed to “0”
. | Power-ON reset 0 : 0 : 0 : 0
% WDT&SP reset 1
< CE reset R
Clock stop R
R: Retained

Data Sheet U12330EJ2VODS 375



NEC uPD17717,17718, 17719

21.7 Power Failure Detection

Power failure detection is used to identify whether the device has been reset by application of supply voltage Vob,
@pin, or CE pin.

Because the contents of the data memory and output ports are “undefined” on power application, these contents
are initialized by using power failure detection.

Power failure detection can be performed in two ways: by detecting the BTMOCY flag and the contents of the data
memory (RAM judgment).

21.7.1 and 21.7.2 describe the power failure detection circuit and power failure detection by using the BTMOCY
flag.

21.7.3 and 21.7.4 describe power failure detection by RAM judgment method.

Figure 21-16. Power Failure Detection Flowchart

Program starts

Power failure
detection

Initializes data
memory and output
ports

Not power failure

21.7.1 Power failure detection circuit

The power failure detection circuit consists of a voltage detection circuit, and basic timer O carry disable flip-flop
that is set by the output (power-ON clear signal) of the voltage detection circuit, and timer carry, as shown in Figure
21-1.

The basic timer 0 carry disable FF is set to 1 by the power-ON clear signal, and is reset to 0 when an instruction
that reads the BTMOCY flag is executed.

When the basic timer 0 carry disable FF is set to 1, the BTMOCY flag is not set to 1.

If the power-ON clear signal is output (at power-ON reset), the program starts with the BTMOCY flag reset. After
that, the BTMOCY flag is disabled from being set until an instruction that reads the flag is executed.

Once the instruction that reads this flag has been executed, the BTMOCY flag is set each time the basic timer 0
carry FF setting pulse rises. Therefore, by detecting the content of the BTMOCY flag when the device is reset, whether
the device has been reset by power-ON reset (power failure) or CE reset (not power failure) can be identified. That
is, the device has been reset by power-ON reset if the BTMOCY flag has been reset to 0. It has been reset by CE
reset if the flag has been set to 1.

Because the voltage at which a power failure can be detected is the same as that at which power-ON reset is
executed, Vop = 3.5 V during crystal oscillation and Vop = 2.2 V in the clock stop status.

The operation of the BTMOCY flag is the same regardless of whether the device has been reset by the RESET
pin or by power-ON reset.
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21.7.2 Cautions on detecting power failure by BTMOCY flag
The following points must be noted when counting the watch timer by using the BTMOCY flag.

(1

(2

3)

Updating watch

When creating a watch program using the timer carry, the watch must be updated after a power failure has
been detected.

This is because the BTMOCY flag is reset to 0 because it is read after a power failure has been detected. As
a result, counting of the watch is overlooked once.

Watch updating processing time

Updating the watch must be completed before the next basic timer O carry FF setting pulse rises.

This is because CE reset is executed before the watch updating processing has been completed if the CE pin
goes high during watch updating processing.

For the details of (1) and (2), refer to (3) Compensating basic timer 0 carry at CE reset in 13.2.6.

The following points must be noted when performing processing in case of a power failure.

Timing to detect power failure

When counting the watch by using the BTMOCY flag, the BTMOCY flag must be read to detect a power failure
before the next basic timer 0 carry FF setting pulse rises after the program has been started from address
0000H.

This is because, if the basic timer 0 carry FF setting time is set to, say, 10 ms, and if the power failure is detected
11 ms after the program has been started, the BTMOCY flag is overlooked once.

For further information, refer to (3) Compensating basic timer 0 carry at CE reset in 13.2.6.

Power failure detection and initial processing must be performed within the time in which the basic timer 0 carry
FF is set, as shown in the example below.

Thisisbecause, if the CE pinrises and CE resetis executed during power failure processing or initial processing,
the processing is stopped in midway, causing a problem.

To update the basic timer 0 carry FF setting time in the initial processing, the instruction that changes the setting
time must be executed at the end of the initial processing.

This is because, if the basic timer 0 carry FF setting time is changed before the initial processing, the initial
processing may not be executed to the end because CE reset may be executed.
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Example

START: ; Program address 0000H
;<1>

Processing at reset

; <2>
SKTH1 BTMOCY ; Power failure detection
BR INITIAL

BACKUP:

; <3>

Watch updating

BR MAIN
INITIAL:

; <4>

Initial processing

; <5>
INITFLG BTMOCK1, BTMOCKO ; Embedded macro
; Sets basic timer 0 carry FF
; Sets time to 10 ms
MAIN:

Main processing

SKT1 BTMOCY
BR MAIN

Watch updating

BR MAIN

Operation example (if CE reset timer counter is set to “1”)

5V — {5 4
Vob
ov
H—
E
R h—— | L
10-ms pluse I $—“—$S— I | I | |
50 ms 10 ms
JE— (
50-ms pluse ) ) 50 ms |
)
J— ( [r—
BTMOCY flag H *J_‘J | |
sefting pulse | _t’( <1> <4> <1> <3> |
)]
<2>Power failure detection <2>Power failure detection
If processing time of <1> + <4> is longer | |If processing time of <1> + <3> is
than 100 ms, CE reset is executed too long, CE reset is executed.
in the middle of processing <4>. <5>

CE reset CE reset

CE reset may be executed immediately depending on when
the basic timer 0 carry FF setting time is changed.
Therefore, if <5> is executed before <4>, power failure

processing <4> may not be executed to the end.
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21.7.3 Power failure detection by RAM judgment method

By the RAM judgment method, a power failure is detected by judging whether the contents of the data memory
at a specific address are a specific value when the device has been reset.

An example of a program that detects a power failure by RAM judgment method is shown below.

By the RAM judgment method, a power failure is detected by comparing an “undefined” value and a “specific” value
because the contents of the data memory are “undefined” on application of supply voltage Voo.

Therefore, a power failure may be judged by mistake by this method as described in 21.7.4 Cautions on power
failure detection by RAM judgment method.

Example Program example of power failure detection by RAM judgment method

Mo012 MEM 0.12H
M034 MEM 0.34H
M056 MEM 0.56H
M107 MEM 1.07H
M128 MEM 1.28H
M16F MEM 1.6FH
DATAO DAT 1010B
DATA1 DAT 0101B
DATA2 DAT 0110B
DATA3 DAT 1001B
DATA4 DAT 1100B
DATA5 DAT 0011B
START:
SET2 CMP, Z
SUB M012, #DATAOQ ; If MO12 = DATAO, and
SUB M034, #DATA1 ; M034 = DATAT1, and
SUB MO056, #DATA2 ; M056 = DATA2, and
BANK1
SUB M107, #DATAS3 ; M107 = DATAS, and
SUB M128, #DATA4 ; M128 = DATA4, and
SuUB M16F, #DATA5 ; M16F = DATAS5,
BANKO
SKF1 V4
BR BACKUP ; branches to BACKUP
; INITIAL:
Initial processing
MOV M012, #DATAOQ
MOV M034, #DATA1
MOV MO056, #DATA2
BANK1
MOV M107, #DATA3
MOV M128, #DATA4
MOV M16F, #DATA5
BR MAIN
BACKUP:
Backup processing
MAIN:

Main processing
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21.7.4 Cautions on power failure detection by RAM judgment method
Because the values of the data memory on application of supply voltage Voo are basically “undefined”, the following
points (1), (2), and (3) must be noted.

(1) Data to be compared
Where the number of bits of the data memory to be compared by the RAM judgment method is “n bits”, the
probability that the value of the data memory happens to coincide the value to be compared on application
of Vob is (1/2)".
In other words, a power failure detected by the RAM judgment method may be judged as backup at a probability
of (1/2)".
To minimize this probability, compare as many bits as possible.
Because the contents of the data memory on application of Vob are likely to be the same value such as “0000B”
and “1111B”, it is recommended that the data to be compared consist of a combination of “0”s and “1”s, such
as “1010B” and “0110B”.

(2) Cautions on program
If Vop rises from a level at which the contents of the data memory are destroyed as shown in Figure 21-17,
even if the value of the data memory to be compared is normal, the other parts of the data memory may be
destroyed.
If a power failure detection is performed by the RAM judgment method at this time, it is judged to be a backup.
Therefore, the program must be designed so that a hang-up does not occur even if the contents of the data
memory are destroyed.

Figure 21-17. Vop and Destruction of Data Memory Contents

5V
Vop ) i

ov —

Data memory destruction start voltage

e

Data memory

T

\
Data memory for RAM judgment (normal)

Values of data memory addresses not used for RAM judgment may be destroyed.

(3) Cautions on RESET pin
If reset is executed by using the RESET pin during program execution, the data of the data memory may be
destroyed. Therefore, exercise care when executing reset by using the RESET pin.
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22. INSTRUCTION SET

22.1 Outline of Instruction Set

b1a-b11 bis
0 1

BIN HEX
0000 0 ADD r,m ADD m,#n4
0001 1 SUB r,m SUB m, #n4
0010 2 ADDC r,m ADDC m,#n4
0011 3 SUBC r,m SUBC m,#n4
0100 4 AND rL,m AND m,#n4
0101 5 XOR rL,m XOR m,#n4
0110 6 OR rL,m OR m,#n4

INC AR

INC IX

RORC r

MOVT DBF,@AR

PUSH AR

POP AR

GET DBF,p

PUT p,DBF

PEEK WR,rf

POKE rf, WR
0111 7 BR @AR

CALL @AR

SYSCAL entry

RET

RETSK

RETI

El

DI

STOP

HALT

NOP
1000 8 LD rL,m ST m,r
1001 9 SKE m,#n4 SKGE m,#n4
1010 A MOV @r,m MOV m,@r
1011 B SKNE m,#n4 SKLT m,#n4
1100 C BR addr (page 0) | CALL addr (page 0)
1101 D BR addr (page 1) | MOV m,#n4
1110 E BR addr (page 2) | SKT m,#n4
1111 F BR addr (page 3) | SKF m,#n

Data Sheet U12330EJ2VODS 381



NEC

uPD17717,17718, 17719

22.2 Legend

AR
ASR
addr
BANK
CMP
CcY
DBF
entry
entryH
entry.

INTEF
INTR
INTSK

MP
MPE

mc

n4
PAGE
PC

pH
pL

rf
rfr
rfc
SGR

382

: Address register

: Address stack register indicated by stack pointer
: Program memory address (low-order 11 bits)
: Bank register

: Compare flag

: Carry flag

: Data buffer

: Program memory address (bits 10 through 8, bits 3 through 0)
: Program memory address (bits 10 through 8)
: Program memory address (bits 3 through 0)

: Halt release condition

: Interrupt enable flag

: Register automatically saved to stack when interrupt occurs
. Interrupt stack register

: Index register

: Data memory row address pointer

: Memory pointer enable flag

: Data memory address indicated by mr, mc

: Data memory row address (high-order)

: Data memory column address (low-order)

. Bit position (4 bits)

. Immediate data (4 bits)

: Page (bits 12 and 11 of program counter)

: Program counter

: Peripheral address

: Peripheral address (high-order 3 bits)

: Peripheral address (low-order 4 bits)

: General register column address

. Register file address

: Register file row address (high-order 3 bits)

: Register file column address (low-order 4 bits)
: Segment register (bit 13 of program counter)

: Stack pointer

: Stop release condition

: Window register

: Contents addressed by x
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22.3 Instruction List

Instructions | Mnemonic Operand Operation Instruction Code
Op code Operand
Add ADD rLm (r) < (r) + (m) 00000 MR mc r
m,#n4 (m) « (m) + n4 10000 mR mc n4
ADDC rL,m (r) « (r) + (m) + CY 00010 mR mc r
m,#n4 (m) < (m) + n4 + CY 10010 mr mc n4
INC AR AR < AR + 1 00111 000 | 1001 | 0000
IX IX — IX+1 00111 000 | 1000 | 0000
Subtract SuUB r,m (r) « (r) —(m) 00001 mr mc r
m,#n4 (m) « (m) —n4 10001 mR mc n4
SUBC rL,m (r) « (r) = (m) = CY 00011 mR mc r
m,#n4 (m) < (m) —n4 - CY 10011 mr mc n4
Logical OR rL,m (r) « (r) v (m) 00110 mR mc r
operation m,#n4 (m) < (m) v n4 10110 MR mc n4
AND rLm (r) « (r) A(m) 00100 MR mc r
m,#n4 (m) « (M)A n4 10100 mR mc n4
XOR r,m (r) « (r) ¥ (m) 00101 mr mc r
m,#n4 (m) < (m) ¥ n4 10101 MR mc n4
Judge SKT m,#n CMP « 0, if (m) A n = n, then skip 11110 mR mc n
SKF m,#n CMP « 0, if (m) A n =0, then skip 11111 mr mc n
Compare SKE m,#n4 (m) — n4, skip if zero 01001 mR mc n4
SKNE m,#n4 (m) — n4, skip if not zero 01011 mR mc n4
SKGE m,#n4 (m) — n4, skip if not borrow 11001 mr mc n4
SKLT m,#n4 (m) — n4, skip if borrow 11011 MR mc n4
Rotate RORC r |—> CY « (r) ba « (r) b2 « (r) b1 « (r) bo—l 00111 000 | O111 r
Transfer LD rLm (r) « (m) 01000 MR mc r
ST m,r (m) « (r) 11000 mr mc r
MOV @r,m if MPE =1 : (MP, (r)) « (m) 01010 mR mc r
if MPE = 0 : (BANK, mg, (r)) « (m)
m, @r if MPE =1 : (m) « (MP, () 11010 MR mc r
if MPE = 0 : (m) « (BANK, mg, (r))
m,#n4 (m) <« n4 11101 MR mc n4
MOVT DBF,@AR SP « SP -1, ASR « PC, PC « AR, 00111 000 | 0001 | 0000
DBF « (PC), PC « ASR, SP « SP + 1
PUSH AR SP « SP -1, ASR « AR 00111 000 | 1101 | 0000
POP AR AR « ASR, SP « SP +1 00111 000 | 1100 | 0000
GET DBF,p DBF « (p) 00111 pH 1011 pL
PUT p,DBF (p) « DBF 00111 pH 1010 pL
PEEK WR,rf WR « (rf) 00111 rfr 0011 rfc
POKE rf, WR (rf) « WR 00111 rfr 0010 rfc

Data Sheet U12330EJ2V0ODS

383



NEC uPD17717,17718, 17719

Instructions | Mnemonic Operand Operation Instruction Code
Op code Operand
Branch BR addr PC10-0 < addr, PAGE « 0 01100 addr
PCi0-0 < addr, PAGE « 1 01101
PC10-0 < addr, PAGE « 2 01110
PCi0-0 < addr, PAGE « 3 01111
@AR PC « AR 00111 000 | 0100 | 0000
Subroutine | CALL addr SP « SP -1, ASR « PC 11100 addr
PC11 < 0, PC10-0 « addr
@AR SP « SP -1, ASR « PC 00111 000 | 0101 | 0000
PC « AR
SYSCAL entry SP « SP -1, ASR « PC, SGR « 1 00111 | entrys | 0010 | entry.
PCi12,11 « 0, PCi0-s8 < entryn, PC7—4 « 0,
PCs-0 « entry.
RET PC « ASR, SP « SP + 1 00111 000 | 1110 | 0000
RETSK PC « ASR, SP « SP + 1 and skip 00111 001 1110 | 0000
RETI PC « ASR, INTR « INTSK, SP « SP + 1 00111 100 | 1110 | 0000
Interrupt El INTEF « 1 00111 000 | 1111 | 0000
DI INTEF « 0 00111 001 1111 | 0000
Others STOP s STOP 00111 010 | 1111 s
HALT h HALT 00111 011 1111 h
NOP No operation 00111 100 1111 | 0000
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22.4 Assembler (RA17K) Embedded Macro Instruction

Legend
flagn : FLG symbol
n Bit number
<> Can be omitted
Mnemonic Operand Operation n
Embedded | SKTn flag 1, --- flag n if (flag1) ~ (flag n) = all “1”, then skip 1<n<4
macro SKFn flag 1, --- flag n if (flag 1) ~ (flag n) = all “0”, then skip 1<n<4
SETn flag 1, --- flag n (flag 1) ~ (flag n) « 1 1<n<4
CLRn flag 1, --- flag n (flag 1) ~ (flag n) « O 1<n<4
NOTn flag 1, --- flag n if (flag n) = “0”, then (flag n) « 1 1<n<4
if (flag n) = “1”, then (flag n) « 0
INITFLG <NOT> flag 1, if description = NOT flag n, then (flag n) « 0 1<n<4
- <<NOT> flag n> if description = flag n, then (flag n) « 1
BANKn (BANK) < n 0< n<i5
Expanded BRX Label Jump Label —
instruction CALLX function-name CALL sub-routine —
SYSCALX function-name or CALL system sub-routine —
expression
INITFLGX <NOT/INV> flag 1, if description = NOT (or INV) n<4
- <NOT/INV> flag n flag, (flag) < O
if description = flag, (flag) « 1
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23. RESERVED SYMBOLS

23.1 Data Buffer (DBF)

Symbol Name | Attribute Value R/W Description
DBF3 MEM 0.0CH R/W Bits 15 through 12 of data buffer

DBF2 MEM 0.0DH R/W Bits 11 through 8 of data buffer

DBF1 MEM 0.0EH R/W Bits 7 through 4 of data buffer

DBFO MEM | 0.0FH R/W Bits 3 through 0 of data buffer

23.2 System Registers (SYSREG)

Symbol Name | Attribute Value R/W Description
ARS3 MEM 0.74H R/W Bits 15 through 12 of address register
AR2 MEM 0.75H R/W Bits 11 through 8 of address register
AR1 MEM 0.76H R/W Bits 7 through 4 of address register

ARO MEM 0.77H R/W Bits 3 through 0 of address register

WR MEM 0.78H R/W Window register

BANK MEM 0.79H R/W Bank register

IXH MEM 0.7AH R/W Bits 10 through 8 of index register

MPH MEM 0.7AH R/W Bits 6 through 4 of memory pointer

MPE FLG 0.7AH.3 R/W Memory pointer enable flag

IXM MEM 0.7BH R/W Bits 7 through 4 of index register

MPL MEM 0.7BH R/W Bits 3 through 0 of memory pointer

IXL MEM 0.7CH R/W Bits 3 through 0 of index register

RPH MEM 0.7DH R/W Bits 6 through 3 of general register pointer
RPL MEM 0.7EH R/W Bits 2 through 0 of general register pointer
BCD FLG 0.7EH.O R/W BCD operation flag

PSW MEM 0.7FH R/W Program status word

CMP FLG 0.7FH.3 R/W Compare flag

CcY FLG 0.7FH.2 R/W Carry flag

4 FLG 0.7FHA R/W Zero flag

IXE FLG 0.7FH.0 R/W Index enable flag
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23.3 Port Registers

Symbol Name | Attribute Value R/W Description
POA3 FLG 0.70H.3 R/W Bit 3 of port 0A
[ Pon2 | FLG | 070H2 | RW |Bit2ofportoA |
[Poat | FLG |070H1 | RW | BitiofpotoA ]
[ Pon0 | FLG | 070HO | RW |BitoofportoA |
POB3 FLG 0.71H.3 R/W Bit 3 of port 0B
[PoB2 | FLG |07iH2 | RW | Bt2ofpotoB |
[ PoB1 | FLG | 071HA | RW |Bttiofpotos |
[ PoB0 | FLG | 071HO | RW |Bitoofpotos |
POC3 FLG 0.72H.3 R/W Bit 3 of port 0C
(Poc2 | FLG |o072H2 | RW |Bit2ofpotoc |
(Poct | FLG | 07241 | RW |Bitiofpotoc ]
(Poco | FLG |o07240 | RW |[Bitoofpotoc ]
POD3 FLG 0.73H.3 RNete | Bit 3 of port 0D
(P02 | FLG | 07842 | Rwe |Bit2ofpotoo ]
(PoD1 | FLG | 07841 | Rwe [Bitiofpotoo ]
(PODO | FLG |078H0 | R |Bitoofpotop |
P1A3 FLG 1.70H.3 RNete | Bit 3 of port 1A
[ p1a2 | FLG |170H2 | R%e | Bt2ofportiA |
[ piar | FLG | 170H4 | R%e | BitiofportiA |
(P10 | FLG |170HO | R%e | BtoofportiA |
P1B3 FLG 1.71H.3 R/W Bit 3 of port 1B
(P12 | FLG | 171H2 | RW |Bt2ofportt8 ]
[ piB1 | FLG |171H1 | RW | Bittofporti8 ]
[piB0 | FLG |171HO | RW | Btootport8 ]
P1C3 FLG 1.72H.3 RNete | Bit 3 of port 1C
(pic2 | FLG | 17242 | Rwe [Bit2ofpottc ]
(pict | FLG | 17241 | Rwe [Bitiofpottc ]
(Pico | FLG | 172H0 | R%e |Bitoofportic |

Note These are input ports. However, even if an instruction that outputs data to these ports is described, the
assembler and in-circuit emulator do not output an error message. Moreover, nothing is affected in terms
of operation even if such an instruction is actually executed on the device.
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Symbol Name | Attribute Value R/W Description
P1D3 FLG 1.73H.3 R/W Bit 3 of port 1D

(D2 | FLG | 17842 | RW |Bit2ofpotso ]

(P01 | PG 17841 | RW [Bitiofpoto

(PO | FLG | 17840 | RW |Bttoofpotto ]
P2A2 FLG 2.70H.2 R/W Bit 2 of port 2A

[ poat | FLG | 270M1 | RW | Bitiofpot2a |

2 FLG | 270H0 | RW |Bitoofport2a ]
P2B3 FLG 2.71H.3 R/W Bit 3 of port 2B

22 FLG | 27tH2 | RW |Bit2ofpotzs |

[ PoB1 | FLG | 271H1 | RW |Bttiofpot2s ]

(P20 | FLG |271HO | RW |Btoofportzs |
P2C3 FLG 2.72H.3 R/W Bit 3 of port 2C

(Poc2 | FLG |272H2 | RW |Bit2ofpotzc |

(poct | FG 27241 | RW [Bitiofpotzc

(poco | FG 27240 | RW [Bitoofpotzc
P2D2 FLG 2.73H.2 R/W Bit 2 of port 2D

(pop1 | FlG 27841 | RW |Bitiofpotz0

(P20 | FG 27840 | RW |[Bitoofpotz
P3A3 FLG 3.70H.3 R/W Bit 3 of port 3A

(Par2 | FLG | 870M2 | RW |Bit2ofpotar |

(paat | FLG | 870M1 | RW |Bitiofpotan |

[ P3a0 | FLG | 870H0 | RW |BitoofportsA |
P3B3 FLG 3.71H.3 R/W Bit 3 of port 3B

(paB2 | FLG | 8712 | RW |Bit2ofpotas |

P31 | FLG | 871H1 | RW |Btiofportss ]

(pss0 | FLG | 871HO | RW |Bitoofpotas |
P3C3 FLG 3.72H.3 R/W Bit 3 of port 3C

(Psc2 | FLG |872H2 | RW |Bit2ofpotsc |

(Pact | FG [872H1 | RW |Bitiofpotsc

(Paco | FG 87240 | RW |[Bitoofpotac
P3D3 FLG 3.73H.3 R/W Bit 3 of port 3D

(PaD2 | FlG [872H2 | RW |Bitzofpotsd

(pap1 | FG 87841 | RW |Bitiofpotad

(PsD0 | FLG | 87840 | RW |Bitoofpotsp |
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23.4 Register File (Control Registers)

Symbol Name | Attribute Value R/W Description
SP MEM 0.81H R/W Stack pointer
WDTCK MEM 0.82H R/W Watchdogtimerclock selection flag (can be setonly once after power application)
WDTCKA1 FLG 0.82H.1 R/W Watchdogtimer clock selection flag (can be setonly once after power application)
_V_VD_TEZPEO_ e F_LC_E B _0_8_2I-;0_ ] _F;/V;/ - _V;a;cr:dc;g;in:er_clgciS;I;ct_ior:ﬂ;g_(c;n_b;s;t;nl_y(;n;e_af;ar_po_w;re_lpgli;a;io?w)_
WDTRES FLG 0.83H.3 R/W Watchdog timer counter reset (when read: 0)
DBFSP MEM 0.84H R DBF stack pointer
SPRSEL MEM 0.85H R/W Stack overflow/underflow reset selection flag (can be set only once after
power application)
ISPRES FLG 0.85H.1 R/W Stack overflow/underflow reset selection flag (can be set only once after
power application)
_A_ST’I;E_S_ e F_LE% B _O_B;I-IO_ ] _R_N:/ ) _S_ta_ck_O\_/e_rfI;w_/u_nd_er_flo_w_re_se-_t ;el_ec:ti(;n_ﬂ;g_(c_ar: t;e_s;t :)nly once after
power application)
CECNT3 FLG 0.86H.3 R/W CE reset timer carry counter
_C_E_Cl:lT_Z_ O _F_Lé B _0_.8;3I-;.2_ ] R/W CE reset timer carry counter
[cecNTt | FLG [o086H1 | RW | CE resettimer carry counter
[CEcNTo | FLG |086HO | RW | CEresettimercarry counter
MOVTSEL1 FLG 0.87H.1 R/W MOVT bit selection flag
[ MOVTSELO | FLG | 0.87HO | RW | MOVTbitselectionflag
SYSRSP MEM 0.88H R System register stack pointer
SI02CLC FLG 0.8AH.3 R/W Serial interface 2 clock level control flag
[ SI02WREL | FLG | 0.8AH2 | RW | Serial interface 2 wait release control flag
[ SI02WATI | FLG | 0.8AH1 | RW | Serial interface 2 interrupt generation timing/wait control flag |
I S_I(SZTN;\T?) - F_Lé - _O_BTM-_I(; ] _F;/V:I - _S_er_ial interface 2 interrupt generation timing/wait control flag
S102CLD FLG 0.8BH.2 R Serial interface 2 clock pin level detection flag
si02sIC | FLG | 0.8BH1 | RW | Serialinterface 2 interrupt source selection flag |
I S_ICSZ_S\;AK/I_ 1 F_LC_E - 0.8BH.0 R/W Serial interface 2 address mask function specification flag
SI02CMDD FLG 0.8CH.3 R Serial interface 2 command signal detection flag
[SI02RELD | FLG | 08CH2 | R | Serialinterface 2 bus release signal detection flag |
I S_I(SZE)I\_/ID_T_ 1 F_Lé B _0_8_Clj|1_ ] R/W Serial interface 2 command signal trigger output control flag
[ SI02RELT | FLG | 08CHO | RW | Serial interface 2 bus release signal trigger output control flag
SIO2BSYE FLG 0.8DH.3 R/W Serial interface 2 synchronization busy signal enable flag
I S_I(;27-\(;KTD_ 1 F_Lé - _O_BTDITIZ_ ] R Serial interface 2 acknowledge detection flag
SI02ACKE | FLG | 0.8DH.1 | RMW | Serial interface 2 acknowledge enable flag
[ SI02ACKT | FLG | 0.8DHO | RW | Serial interface 2 acknowledge signal trigger output control flag |
SI0O2WUP FLG 0.8EH.3 R/W Serial interface 2 wake-up function specification flag
[ slo2MD2 | FLG | 08EH2 | RW | Serial interface 2 operation mode selection flag
SI02MD1 | FLG | 0.8EM.1 | RMW | Serial interface 2 operation mode selection flag |
I S_I(SZR/IE)O_ - F_LC_E - _0_8_EI-_|(; o R/W Serial interface 2 clock direction selection flag
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Symbol Name | Attribute Value R/W Description
SIO2CSIE FLG 0.8FH.3 R/W Serial interface 2 operation enable/disable flag
_S_I(SZE:(_)I_ ] _F_LC_E B _0_.8;:I-_|.2_ o _R_ B _(;oi;c_id;n::e_si_gn_al_de_te::t;)r: flz:lg_fr;m_ s;r;aﬂ?nt_er;a;e_zgd;ir_es_s c_or;p_ar_at:)r_
[ si02TCL1 | FLG | 08FHA | RW | Serialinterface 2 clock selection flag
S102TCLO | FLG | 0.8FHO | RW | Serialinterface 2 clock selection flag |
PLLSCNF FLG 0.90H.3 R/W Swallow counter least significant bit setting flag
[PLLMD1 | FLG |090M1 | RW | PLLmodeselectonfag
(PLLMDO | FLG | 0.90HO0 | RMW | PLLmode selectionfag |
PLLRFCKS3 FLG 0.91H.3 R/W PLL reference frequency selection flag
[PLLRFCK2 | FLG | 091H2 | RW | PLL reference frequency selection fag
| PLLRFCK1 | FLG | 0.91H1 | RMW | PLLreference frequency selection flag |
|PLLRFCKO | FLG | 0.91HO | RMW | PLLreference frequency selection flag |
PLLUL FLG 0.92H.0 R&Reset| PLL unlock FF flag
BEEP1SEL FLG 0.93H.1 R/W BEEP1/general-purpose port pin function selection flag
I B:E_EF_’O_SE_L_ 1 F_L(_E B _()_Q?SI-;O_ ] _F;/V;/ B BEEPO/general-purpose port pin function selection flag
BEEP1CK1 FLG 0.94H.3 R/W BEEP1 clock selection flag
| BEEP1CKO | FLG | 0.94H2 | RMW | BEEP1 clock selectionfag |
| BEEPOCK1 | FLG | 094H1 | RMW | BEEPO clock selection flag
| BEEPOCKO | FLG | 0.94H0 | RW | BEEPO clock selection flag
WDTCY FLG 0.96H.0 R Watchdog timer/stack pointer reset status detection flag
BTMOCY FLG 0.97H.0 R Basic timer O carry flag
BTMOCK1 FLG 0.98H.1 R/W Basic timer 0 clock selection flag
[ BTMOCKO | FLG | 09840 | RW | BasictimerOclock selectionfag |
SIO3CSIE FLG 0.9AH.3 R/W Serial interface 3 operation enable/disable flag
[ siosHiz | FLG |09aH2 | RW | Serialinterface 3 SO3 pin status setting flag
SI03TCL1 | FLG | 0.9AH.1 | RMW | Serial interface 3 clock selection flag |
I S_I(SS;'(;L(_) | FLG 0.9AH.0 R/W Serial interface 3 clock selection flag
SIO3PE FLG 0.9BH.2 R Serial interface 3 parity error flag
SI0FE | FLG | 09BH1 | R | Serialinterface 3 framing error flag |
_S_I(SSE)\;E_ O _F_L(_E B _O_QIBI-_l(; o _R_ B Serial interface 3 overrun error flag
SIO3PSH FLG 0.9CH.3 R/W Parity bit specification flag of UART
S103PS0 | FLG | 0.9CH2 | RW | Parity bitspecification flag of UART |
_S_I(SSE)I: ] _F_Lé B _0_9_CI?|1_ ] _F;M B Character length specification flag of UART
[si03sL | FLG | 09CHO | RW | Number of stop bits specification flag of UART transmission data
SIO3TXE FLG 0.9DH.3 R/W UART transmission mode enable flag
_S_I(SSIR)ZE_ O _F_LC_E B _O_QTDIjm_ ] _F;/V;/ B UART reception mode enable flag
[ SI031SRM | FLG | 0.9DH.1 | RMW | Reception completion interrupt enable flag in the case of error
IEG4 FLG 0.9EH.3 R/W Edge direction selection flag for INT4 pin interrupt request detection
I I?\l'lj4éE_L_ O _F_Lé B _O_QIEI-_|2_ ] _F;/V;I B _Il:lT_4 pin interrupt request flag setting disable
< FLG | 09EH1 | RMW | Edge direction selection flag for INT3 pin interrupt request detection
[INTSSEL | FLG | 0.9EH.O | RMW | INTS pininterrupt request flag setting disable |
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Symbol Name | Attribute Value R/W Description
IEG2 FLG 0.9FH.2 R/W Edge direction selection flag for INT2 pin interrupt request detection

SR FLG | 09FHA | RM | Edge direction selection flag for INT1 pin interrupt request detection |

B FLG | 09FHO | RM | Edge direction selection flag for INTO pin interrupt request detection |
FCGCHA1 FLG 0.0A0H.1 R/W FGC channel selection flag

[FcacHo | FLG | 00AHO | RW | FGCchannel selectonfag
IFCGOSTT FLG 0.0A1H.0 R IF counter gate status detection flag (1: Open, 0: Closed)
IFCMD1 FLG 0.0A2H.3 R/W IF counter mode selection flag (10: AMIF, 11: FCG)

[ FcMDo | FLG [ 00A2H2 | RW | IF counter mode selection flag (00: CGP, 11: FMIF)

[ Fcoki | FLG [ o00A2H1 | RW [ IFcounterclock selectonfag

[ IFcoko | FLG | 00A2HO | RW | IFcounterclock selectionfag |
IFCSTRT FLG 0.0A3H.1 w IF counter count start flag

[ FcRes | FlG [ooasHo | w | IFcounterresetfg
ADCCH3 FLG 0.0A4H.3 R/W A/D converter channel selection flag (dummy)

[ ADcCH2 | FLG [ 00A4H2 | RW | AD converterchannel selection flag

| AbccH1 | FLG [ 00A4H1 | RW | AD converterchannel selectonflag

[ ADCCHO | FLG | 00A4HO | RW | AD converterchannel selection flag
ADCMD FLG 0.0A5H.2 R/W A/D converter compare mode selection flag

[ ADGSTT | FLG [00ASH1 | R | A/D converter operation status detection flag (0: End of conversion, 1:

Conversion in progress)

[ ADCCMP | FLG | 00ASHO | R | A/D converter compare result detection fag |
PWMBIT FLG 0.0A6H.2 R/W PWM counter bit selection flag (0: 8 bits, 1: 9 bits)

[ PwMck | FLG [ 00A6HO | RW | PWMtimeroutput clock selecton flag
PWM2SEL FLG 0.0A7H.2 R/W PWM2/general-purpose port pin function selection flag

| PWMISEL | FLG [ 00A7H1 | RW | PWMt/general-purpose port pin function selection flag

| PWMOSEL | FLG [ 00A7HO | RW | PWMo/general-purpose port pin function selection flag
TM3SEL FLG 0.0A8H.3 R/W PWM/modulo timer 3 selection flag

[ TM3EN | FLG [o00ASH1 | RW | Modulotimer3countstartfag

[ TM3RES | FLG | 00A8HO | RW | Modulotimer3resetfiag (when read:0)
TM2EN FLG 0.0A9H.3 R/W Modulo timer 2 count start flag

| TM2RES | FLG | 00A9H2 | RW | Modulotimer 2 reset flag (when read:0)

[ TMecki | FLG [ 00A9H1 | RW | Modulotimer2 clock selection flag

[ TMacko | FLG | 00ASHO | RW | Modulotimer2 clock selection flag
TM1EN FLG 0.0AAH.3 R/W Modulo timer 1 count start flag

[ TMIRES | FLG [ 00AAH2 | RW | Modulotimer 1 resetflag (when read:0)

[ TMICKI | FLG | 00AAH1 | RW | Modulotimer 1 clock selection fiag

[ TMicko | FLG | 00AAHO | RW | Modulotimer 1 clock selectionflag
TMOEN FLG 0.0ABH.3 R/W Modulo timer 0 count start flag

| TMORES | FLG | 00ABH2 | RW | Modulotimer O resetfiag (when read:0)

[ TMoCKt | FLG [ 00ABH1 | RW | Modulotimer 0 clock selection flag

[ TMocko | FLG | 00ABHO | RW | Modulotimer0clock selectonfiag
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Symbol Name | Attribute Value R/W Description
TMOOVF FLG 0.0ACH.3 R Modulo timer 0 overflow detection flag
| TMOGCEG | FLG | 0.0ACH2 | RMW | Modulo timer 0 gate close input signal edge selection flag |
| TMOGOEG | FLG | 0.0ACHA | RAW | Modulo timer 0 gate open input signal edge selection flag
[ TMOMD | FLG | 0.0ACHO | RMW | Modulo timer 0 modulo counterfgate counter selection flag |
IPSIO3 FLG 0.0ADH.3 R/W Serial interface 3 interrupt enable flag
[1psio2 | FLG [00aDH2 | RW | Serial interface 2 interrupt enable flag
(IPTM3 | FLG | 0.0ADHA | RMW | PWM timerinterrupt enable fag |
[IPTM2 | FLG | 0.0ADHO | RMW | Modulo timer 2 interrupt enable flag |
IPTMA FLG 0.0AEH.3 R/W Modulo timer 1 interrupt enable flag
[IPTMO | FLG | 00AEH2 | RMW | Modulo timer O interrupt enable fag |
(s ] FLG | 00AEH1 | RW | INT4 pininterrupt enable flag |
(ps ] FLG | 0.0AEHO | RM | INT3pin interrupt enable flag
1P2 FLG 0.0AFH.3 R/W INT2 pin interrupt enable flag
(pr ] FLG | 0.0AFH2 | R | INT1 pin interrupt enable fiag
(0] FLG | 0.0AFH.1 | RM | INTO pin interrupt enable flag
[pce | FLG | 00AFHO | RW | CEpininterruptenable flag |
IRQSIOS3 FLG 0.0B4H.0 R/W Serial interface 3 interrupt request detection flag
IRQSIO2 FLG 0.0B5H.0 R/W Serial interface 2 interrupt request detection flag
IRQTM3 FLG 0.0B6H.0 R/W PWM timer interrupt request detection flag
IRQTM2 FLG 0.0B7H.0 R/W Modulo timer 2 interrupt request detection flag
IRQTM1 FLG 0.0B8H.0 R/W Modulo timer 1 interrupt request detection flag
IRQTMO FLG 0.0B9H.0 R/W Modulo timer 0 interrupt request detection flag
INT4 FLG 0.0BAH.3 R INT4 pin status detection flag
[Ras | FLG | 0.0BAHO | RM | INT4 pin interrupt request detection flag
INT3 FLG 0.0BBH.3 R INT3 pin status detection flag
I II_:R(SS _____ - F_L(_E - _()_.OIBI;H_.O R/W INT3 pin interrupt request detection flag
INT2 FLG 0.0BCH.3 R INT2 pin status detection flag
[Raz | FLG | 00BCH.O | RMW | INT2pininterrupt request detection flag |
INT1 FLG 0.0BDH.3 R INT1 pin status detection flag
(Rat | FLG | 0.0BDHO | RM | INT1 pin interrupt request detection flag
INTO FLG 0.0BEH.3 R INTO pin status detection flag
I II_:R(SO _____ - F_L(_E - _()_.OIBI;H_.O R/W INTO pin interrupt request detection flag
CE FLG 0.0BFH.3 R CE pin status detection flag
| CECNTSTT | FLG | 0.0BFHA | R | CE resetcounter status detection flag |
I II_:K(SC_E_ o F_LC_E - _()_.OIBI;H_.O R/W CE pin interrupt request detection flag
PODPLDS3 FLG 15.66H.3 R/W PODS3 pin pull-down resistor selection flag
| PODPLD2 | FLG | 1566H2 | RMW | POD2 pin pull-down resistor selection flag |
I I;O_DF:L_D1_ | _F_LC_E - _1_5.236_H._1 ] R/W POD1 pin pull-down resistor selection flag
[ PODPLDO | FLG | 1566H0 | RAW | PODO pin pull-down resistor selection flag
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Symbol Name | Attribute Value R/W Description
P3DGIO FLG 15.67H.3 R/W P3D input/output selection flag
(PacGlo | FLG | 1567H2 | RW | PCinpuvoutputselectonfag
[ PaBGIO | FLG | 1567H1 | RW | P3B inputoutput selectionflag
P3AGIO FLG 15.67H.0 R/W P3A input/output selection flag
P2DBIO3 FLG 15.68H.3 R/W P2D3 input/output selection flag (dummy)
[ PaDBIO2 | FLG | 1568H2 | RW | P2D2 imputioutput selection fag
[ P2DBIOT | FLG | 1568H1 | RW | P2D1inputoutput selectionfag
[ P2DBIOO | FLG | 156840 | RW | P2DOimputioutput selection fag
P2CBIO3 FLG 15.69H.3 R/W P2C3 input/output selection flag
[ PacBIO2 | FLG | 1569H2 | RW | P2C2inputioutput selection fag
[ P2cBIOt | FLG | 1569H.1 | RW | P2C1 imputioutut selection fag
[ PacBIOO | FLG | 1569H0 | RW | P2COimputioutput selectionfag
P2BBIO3 FLG 15.6AH.3 R/W P2B3 input/output selection flag
PoBBIO2 | FLG | 156AH2 | RW | P2B2 inputoutoutselecton fag
[ PoBBIOT | FLG | 156AH1 | RW | P2B1inputoutoutselectonfag
PoBBIOO | FLG | 156AHO | RW | P2BO inputoutputselecton fag
P2ABIO3 FLG 15.6BH.3 R/W P2A3 input/output selection flag (dummy)
[ PoaBIO2 | FLG | 156BH2 | RW | P2A2 inputoutoutselectonfag
[ P2ABIOT | FLG | 156BH1 | RW | P2A1inputoutoutselectonfag
[ P2ABIOO | FLG | 156BHO | RW | P2A0 inputoutoutselectonfag
P1DBIO3 FLG 15.6CH.3 R/W P1D83 input/output selection flag
[ PiDBIO2 | FLG | 156CH2 | RW | PiD2inputoutput selection fag
[ PiDBIOT | FLG | 156CH.1 | RW | PD1inputoutput selection fag
[ PiDBIOO | FLG | 156CHO | RW | P1DOinputoutput selectionfag
POCBIO3 FLG 15.6DH.3 R/W POC3 input/output selection flag
[ PocBIO2 | FLG | 156DH2 | RW | POCZ inputioutput selection fag
[ PocBIOt | FLG | 156DH.1 | RW | POCT inputioutput selection fag
POCBIOO FLG 15.6DH.0 R/W POCO input/output selection flag
POBBIO3 FLG 15.6EH.3 R/W POB3 input/output selection flag
[ PoBBIOZ | FLG | 156EH2 | RW | POB2 inputoutoutselectonfag
[ PoBBIOT | FLG | 156EH1 | RW | POB1inputoutoutselectonfag
POBBIOO | FLG | 156EHO | RW | POBO inputoutoutselectonfag
POABIO3 FLG 15.6FH.3 R/W POA3 input/output selection flag
[ PoABIO2 | FLG | 156FH2 | RW | POAZ inputoutout selection fag
[ PoABIOT | FLG | 156FH1 | RW | POA! inputoutoutselecton fag
[ PoABIOO | FLG | 156FHO | RW | POAO inputoutoutselectonfag
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23.5 Peripheral Hardware Registers

Symbol Name | Attribute Value R/W Description
ADCR DAT 02H R/W A/D converter reference voltage setting register
SIO2SFR DAT 03H R/W Presettable shift register 2
SIO2SVA DAT 04H R/W Serial interface 2 slave address register
SIO3TXS DAT 05H w Serial interface 3 transmission register
SIO3RXB DAT 05H R Serial interface 3 receive buffer register
TMOM DAT 1AH R/W Timer modulo 0 register
TMOC DAT 1BH R Timer modulo O counter
TM1M DAT 1CH R/W Timer modulo 1 register
T™1C DAT 1DH R Timer modulo 1 counter
TM2M DAT 1EH R/W Timer modulo 2 register
T™M2C DAT 1FH R Timer modulo 2 counter
AR DAT 40H R/W Address register
DBFSTK DAT 41H R/W DBF stack register
PLLR DAT 42H R/W PLL data register
IFC DAT 43H R IF counter data register
PWMRO DAT 44H R/W PWMO data register
PWMR1 DAT 45H R/W PWM1 data register
PWMR2 DAT 46H R/W PWMZ2 data register
TM3M DAT 46H R/W Timer modulo 3 register
23.6 Others
Symbol Name | Attribute Value Description
DBF DAT OFH Operand of GET/PUT/MOVT/MOVTH/MOVL instruction (DBF)
1X DAT 01H Operand of INC instruction (1X)
AR_EPA1 DAT 8040H Operand of CALL/BR/MOVT/MOVTH/MOVTL instruction (EPA bit on)
AR_EPAO DAT 4040H Operand of CALL/BR/MOVT/MOVTH/MOVTL instruction (EPA bit off)
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* 24. ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings (Ta = 25°C)

Parameter Symbol Condition Rating Unit
Supply voltage Vob -0.3to +6.0 \%
Input voltage Vi Other than CE, INTO through INT4, and RESET pins -0.3 to Vop+0.3 v

CE, INTO through INT4, and RESET pins —0.3 to Voo+0.6 Y
Output voltage Vo Except P1B0 through P1B3 —0.3 to Voo+0.3 \%
High-level output current lox 1 pin -8.0 mA

Total of P2A0 through P2A2, P3AO0 through P3A3, -15.0 mA

and P3BO0 through P3B3

Total of POAO, POA1, POBO through POBS3, —25.0 mA
POCO through POC3, P1DO0 through P1D3, P2B0
through P2B3, P2CO0 through P2C3, P2D2, P3C0
through P3C3, and P3DO0 through P3D3

Low-level output current loL 1 pin of P1BO through P1B3 12.0 mA
1 pin of P1BO through P1B3 8.0 mA
Total of P2A0 through P2A2, P3A0 through P3A3, 15.0 mA

and P3B0 through P3B3

Total of POAO through POA3, POBO through POB3, 25.0 mA
POCO through POC3, P1DO0 through P1D3, P2B0
through P2B3, P2CO0 through P2C3, P2D0 through
P2D2, P3CO0 through P3C3, and P3DO0 through P3D3

Total of P1B0O through P1B3 pins 25.0 mA
Output voltage Vsps P1B0-P1B3 14.0 \%
Total power dissipation Pt 200 mwW
Operating ambient Ta —40 to +85 °C
temperature
Storage temperature Tstg —55 to +125 °C

Caution If the rated value of even one of the above parameters is exceeded even momentarily, the quality
of the product may be degraded. The absolute maximum ratings define the rated values exceeding
which the product may be physically damaged. Never exceed these ratings.

Recommended Operating Range (Ta = —40 to +85°C)

Parameter Symbol Condition MIN. | TYP. | MAX. | Unit
Supply voltage Vob1 When CPU and PLL are operating 4.5 5.0 5.5 \%
Vop2 When CPU and PLL are stopped 3.5 5.0 5.5 V

Recommended Output Voltage (Ta = —40 to +85°C)

Parameter Symbol Condition MIN. | TYP. | MAX. | Unit

Output voltage Vaps P1B0-P1B3 12 \Y
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DC Characteristics (Ta = —40 to +85°C, Voo = 3.5 to 5.5 V)

Parameter Symbol Condition MIN. | TYP. | MAX. | Unit

Supply current lop1 When CPU is operating and PLL is stopped with 1.5 3.0 mA
sine wave input to Xin pin.
(fin = 4.5 MHz+1%, Vin = Vop)

lop2 When CPU and PLL are stopped with sine wave 0.7 1.5 mA
input to Xin pin.

(fin = 4.5 MHz+1%, Vin = Vop)
With HALT instruction

Data retention voltage VDDR1 Crystal oscillation 3.5 55
Voorz | Crystal Power failure detection by timer FF | 2.2 5.5
Voors | oscillation stops | Data memory retained 2.0 5.5
Data retention current IbpR1 Crystal Voo =5V, Ta=25°C 2.0 4.0 UA
IopR2 oscillation stops 2.0 30.0 UA
High-level input voltage ViH1 POAO, POB1, POC0-POC3, P1A0, P1A1, P1C0-P1C3, [0.7Vop Vop \

P1D0-P1D3, P2A2, P2B0-P2B3, P2C0-P2C3,
P3A0-P3A3, P3B0-P3B3, P3C0-P3C3, P3D0-P3D3

ViHz POA1-POA3, POBO, POB2, POB3, P2A0, P2A1, 0.8Vop Vop \
P2D0-P2D2, CE, INTO-INT4, RESET
ViHg PODO-POD3 0.55Vop Vob
Low-level input voltage Vi1 POAO, POB1, POC0-POC3, P1A0, P1A1, P1C0O-P1C3, 0 0.3Vop

P1D0-P1D3, P2A2, P2B0-P2B3, P2C0-P2C3,
P3A0-P3A3, P3B0-P3B3, P3C0-P3C3, P3D0-P3D3

Vi POA1-POAS3, POBO, POB2, POB3, P2A0, P2A1, 0 0.2Vop \
P2D0-P2D2, CE, INTO-INT4, RESET
Vis PODO0-POD3 0 0.15Vop \%
High-level output current loH1 POAOQ, POA1, POBO-POB3, POCO-POC3, P1D0-P1D3, -1.0 mA

P2A0-P2A2, P2B0-P2B3, P2C0-P2C3, P2D2,
P3A0-P3A3, P3B0-P3B3, P3C0-P3C3, P3D0-P3D3

Von = Voo—1 V
loHz EQO0, EO1 Vob=4.5t0 5.5V, Von =Voo—-1V | -3.0 mA
Low-level output current loLt POA0-POAS, POB0-P0OB3, POC0-POC3, P1D0-P1D3, 1.0 mA

P2A0-P2A2, P2B0-P2B3, P2C0-P2C3, P2D0-P2D2,
P3A0-PA3A, P3B0-P3B3, P3C0-P3C3, P3D0-P3D3

Vo=1V

loL2 EOO, EO1 Voo =4.5t055V,Vo=1V 3.0 mA

loLs P1B0-P1B3 Voo=1V | 7.0 mA
High-level input current IH PODO through PODS3 pulled down Vin = Vop 5.0 150 UA
Output off leakage ILo1 P1B0-P1B3 Vin=12V 1.0 UA
current lLo2 EQO0, EO1 Vin=Vop, Vn=0V +1.0 UA
High-level input leakage ILim Input pin Vin = Vop 1.0 UA
current
Low-level input leakage Iuic Input pin Vn=0V -1.0 UA
current
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AC Characteristics (Ta = —40 to +85°C, Voo = 5 V£10%)

Parameter Symbol Condition MIN. | TYP. | MAX. | Unit
Operating frequency fint VCOL pin, MF mode, sine wave input 0.5 3 MHz
VIN = 01 Vp-mee
finz VCOL pin, HF mode, sine wave input 10 40 MHz
VIN = 01 Vp-mee
fing VCOH pin, VHF mode, sine wave input 60 130 MHz
Vin = 0.1 VppNote
fina AMIFC pin, sine wave input 0.4 0.5 MHz
VIN = 015 Vp-mee
fins FMIFC pin, FMIF count mode, sine wave input 10 11 MHz
Vin = 0.20 Vpp
fine FMIFC pin, AMIF count mode, sine wave input 0.4 0.5 MHz
Vin=0.15 Vp-p
SI102 input frequency finz External clock 1 MHz
SI103 input frequency fins External clock 0.7 MHz

Note The condition of sine wave inputVin=0.1Vp-pis the rated value when the uyPD17717,17718, or 17719 alone
is operating. Where influence of noise must be taken into consideration, operation under input amplitude
condition of Vin = 0.15 Vp-p is recommended.

A/D Converter Characteristics (Ta = —40 to +85°C, Vob = 5 V+10%)

Parameter Symbol Condition MIN. | TYP. | MAX. | Unit
A/D conversion total error 8 BIT +3.0 LSB
A/D conversion total error 8 BIT Ta=01t085°C +2.5 LSB

Reference Characteristics (Ta = +25°C, Vob = 5.0 V)

Parameter Symbol Condition MIN. | TYP. | MAX. | Unit

Supply current Ibps When CPU and PLL are operating with sine wave 6.0 12.0 mA
input to VCOH pin
(fin = 130 MHz, Vin = 0.3 Vp-p)
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* 25. PACKAGE DRAWING

80-PIN PLASTIC QFP (14x14)
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NOTE

Each lead centerline is located within 0.13 mm of
its true position (T.P.) at maximum material condition.
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26. RECOMMENDED SOLDERING CONDITIONS

Solder the uPD17719 under the following recommended conditions.

For the details of the recommended soldering conditions, refer to “Semiconductor Device Mounting Technology
Manual” (C10535E).

For the soldering method and conditions other than those recommended, consult NEC.

Table 26-1. Soldering Conditions of Surface Mount Type

UPD17717GC-xxx-3B9: 80-pin plastic QFP (14 x 14)
uPD17718GC-xxx-3B9: 80-pin plastic QFP (14 x 14)
uPD17719GC-xxx-3B9: 80-pin plastic QFP (14 x 14)

Symbol of
Soldering Method Soldering Condition Recommended
Condition
Infrared reflow Package peak temperature: 235°C, Time: 30 seconds MAX. (210°C MIN.) IR35-00-3
Number of times: 3 MAX.
VPS Package peak temperature: 215°C, Time: 40 seconds MAX. (200°C MIN.) VP15-00-3
Number of times: 3 MAX.
Wave soldering Soldering bath temperature: 260°C MAX., Time: 10 seconds MAX., Number of times: 1, WS60-00-1
Preheating temperature: 120°C MAX. (package surface temperature)
Partial heating Pin temperature: 300°C MAX., Time: 3 seconds MAX. (per side of device) —

Caution Do not use two or more soldering methods in combination (except partial heating method).

Data Sheet U12330EJ2V0ODS

399



NEC uPD17717,17718, 17719

APPENDIX A. CAUTIONS ON CONNECTING CRYSTAL RESONATOR

When using the system clock oscillation circuit, wire the portion enclosed by the dotted line in the figure below as
follows to prevent adverse influence from wiring capacity.

¢ Keep the wiring length as short as possible.

e Ifcapacitances C1and C2aretoo high, the oscillation start characteristics may be degraded or current consumption
may increase.

e Generally, connect a trimmer capacitor for adjusting the oscillation frequency to the Xin pin. Depending on the
crystal resonator to be used, however, the oscillation stability differs. Therefore, evaluate the crystal resonator
actually used.

e The crystal oscillation frequency cannot be accurately adjusted when an emulation probe is connected to the
Xout and Xin pin, because of the capacitance of the probe. Adjust the frequency while measuring the VCO
oscillation frequency.

UPD17717
UPD17718
UPD17719

Xout XiN

AH I:I I— ! 4.5-MHz crystal resonator

C1. 1 Cc2

,,,,,,,,,,,,,,,,,,,,
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APPENDIX B. DEVELOPMENT TOOLS

The following development tools are available for development of programs for the uPD17719.

Hardware

Name

Outline

In-circuit emulator
IE-17K
IE-17K-ETNote 1
EMU-17KNote 2

IE-17K, IE-17K-ET, and EMU-17K are in-circuit emulators that can be used with any model in the 17K
series.

IE-17K and IE-17K-ET are connected to a host machine, which is PC-9800 series or IBM PC/AT™,
with RS-232C. EMU-17K is mounted to the expansion slot of a host machine, PC-9800 series.

By using these in-circuit emulators with a system evaluation board (SE board) corresponding to each
model, these emulators operate dedicated to the model. When man-machine interface software
SIMPLEHOST™ is used, a more sophisticated debugging environment can be created.

EMU-17K also has a function to allow you to check the contents of the data memory real-time.

SE board
(SE-17709)

SE-17709 is an SE board for the uPD17719 subseries. This board can be used alone to evaluate a
system, or in combination with an in-circuit emulator for debugging.

Emulation probe
(EP-17K80GC)

EP-17K80GC is an emulation probe for the uPD17719 subseries. By using this probe with EV-
9200GC-80N°te 3 the SE board and target system are connected.

Conversion socket
(EV-9200G C-80QNote 3)

EV-9200GC-80 is a conversion socket for 80-pin plastic QFP (14 x 14). It is used to connect EP-
17K80GC and target system.

PROM programmer
(PG-1500)

PG-1500is a PROM programmer supporting uPD17P719.Itcan program uPD17P719 when connected
with PG-1500 adapter PA-17KDZ and programmer adapter PA-17P709GC.

Programmer adapter
(PA-17P709GC)

PA-17P709GC is an adapter to program uPD17P719. It is used with PG-1500.

Notes 1. Low-price model: external power supply type
2. Thisis a product of Naito Densei Machida Mfg. Co., Ltd. For details, consult Naito Densei Machida Mfg.
5Co., Ltd. ((045) 475-4191).
3. One EV-9200GC-80 is supplied with the EP-17K80GC. Five EV-9200GC-80 are also available as a set.

Remark Third party PROM programmers AF-9703, AF-9704, AF-9705, and AF-9706 are available from Ando
Electric Co., Ltd. Use these programmers with programmer adapter PA-17P709GC. For details, consult
Ando Electric Co., Ltd. ((03) 3733-1163).
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* Software
Name Outline Host Machine (OF) Supply Order Code
Media
17K assembler RA17K is an assembler PC-9800 series | Japanese 3.5"2HD | uSAA13RA17K
(RA17K) common to the 17K Series Windows™
products. To develop the IBM PC/AT- | Japanese 3.5"2HC | uSAB13RA17K
program of the uPD17719, compatible Windows
the RA17K is used in -
combination with the device English HSBB13RA17K
) Windows
file.
Device file AS17707 is a device file for PC-9800 series | Japanese 3.5"2HD | uSAA13AS17707
(AS17707) the uPD17719 subseries. Windows
Itis used in combination with | 15 po/AT. | Japanese 3.5"2HC | SAB13AS17707
an assembler common to the compatible Windows
17K Series (RA17K).
English uSBB13AS17707
Windows
Support software SIMPLEHOST is software PC-9800 series | Japanese 3.5"2HD | uSAA13ID17K
(SIMPLEHOST) that serves as a human Windows
interface on Windows for IBM PC/AT- | Japanese 3.5'2HC | uSAB13ID17K
program development using compatible Windows
an in-circuit emulator and -
personal computer. English uSBB13ID17K
Windows

402

Data Sheet U12330EJ2V0ODS




NEC uPD17717,17718, 17719

[MEMO]
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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note: Strong electric field, when exposed to a MOS device, can cause destruction
of the gate oxide and ultimately degrade the device operation. Steps must
be taken to stop generation of static electricity as much as possible, and
quickly dissipate it once, when it has occurred. Environmental control must
be adequate. When it is dry, humidifier should be used. It is recommended
to avoid using insulators that easily build static electricity. Semiconductor
devices must be stored and transported in an anti-static container, static
shielding bag or conductive material. All test and measurement tools
including work bench and floor should be grounded. The operator should
be grounded using wrist strap. Semiconductor devices must not be touched
with bare hands. Similar precautions need to be taken for PW boards with
semiconductor devices on it.

(2 HANDLING OF UNUSED INPUT PINS FOR CMOS

Note: No connection for CMOS device inputs can be cause of malfunction. If no
connection is provided to the input pins, it is possible that an internal input
level may be generated due to noise, etc., hence causing malfunction. CMOS
device behave differently than Bipolar or NMOS devices. Input levels of
CMOS devices must be fixed high or low by using a pull-up or pull-down
circuitry. Each unused pin should be connected to Voo or GND with a
resistor, if it is considered to have a possibility of being an output pin. All
handling related to the unused pins must be judged device by device and
related specifications governing the devices.

(3 STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note: Power-on does not necessarily define initial status of MOS device. Produc-
tion process of MOS does not define the initial operation status of the device.
Immediately after the power source is turned ON, the devices with reset
function have not yet been initialized. Hence, power-on does not guarantee
out-pin levels, I/O settings or contents of registers. Device is not initialized
until the reset signal is received. Reset operation must be executed imme-
diately after power-on for devices having reset function.

404 Data Sheet U12330EJ2V0ODS



NEC uPD17717,17718, 17719

Regional Information

Some information contained in this document may vary from country to country. Before using any NEC

product in your application, please contact the NEC office in your country to obtain a list of authorized
representatives and distributors. They will verify:

« Device availability
« Ordering information

o Product release schedule

« Availability of related technical literature

« Development environment specifications (for example, specifications for third-party tools and
components, host computers, power plugs, AC supply voltages, and so forth)

» Network requirements

In addition, trademarks, registered trademarks, export restrictions, and other legal issues may also vary

from country to country.

NEC Electronics Inc. (U.S.)

Santa Clara, California

Tel: 408-588-6000
800-366-9782

Fax: 408-588-6130
800-729-9288

NEC Electronics (Germany) GmbH
Duesseldorf, Germany

Tel: 0211-65 03 02

Fax: 0211-65 03 490

NEC Electronics (UK) Ltd.
Milton Keynes, UK

Tel: 01908-691-133

Fax: 01908-670-290

NEC Electronics Iltaliana s.r.l.
Milano, Italy

Tel: 02-66 75 41

Fax: 02-66 75 42 99

NEC Electronics (Germany) GmbH
Benelux Office

Eindhoven, The Netherlands

Tel: 040-2445845

Fax: 040-2444580

NEC Electronics (France) S.A.
Velizy-Villacoublay, France

Tel: 01-3067-5800

Fax: 01-3067-5899

NEC Electronics (France) S.A.
Madrid Office

Madrid, Spain

Tel: 091-504-2787

Fax: 091-504-2860

NEC Electronics (Germany) GmbH
Scandinavia Office

Taeby, Sweden

Tel: 08-63 80 820

Fax: 08-63 80 388
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NEC Electronics Hong Kong Ltd.
Hong Kong

Tel: 2886-9318

Fax: 2886-9022/9044

NEC Electronics Hong Kong Ltd.
Seoul Branch

Seoul, Korea

Tel: 02-528-0303

Fax: 02-528-4411

NEC Electronics Singapore Pte. Ltd.
Novena Square, Singapore

Tel: 253-8311

Fax: 250-3583

NEC Electronics Taiwan Ltd.
Taipei, Taiwan

Tel: 02-2719-2377

Fax: 02-2719-5951

NEC do Brasil S.A.
Electron Devices Division
Guarulhos-SP, Brasil
Tel: 11-6462-6810

Fax: 11-6462-6829
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Purchase of NEC I2C components conveys a license under the Philips I°C Patent Rights to use these
components in an I2C system, provided that the system conforms to the I2C Standard Specification as defined
by Philips.

SIMPLEHOST is a trademark of NEC Corporation.

Windows is either a registered trademark or a trademark of Microsoft Corporation in the United States
and/or other countries.

PC/AT is a trademark of IBM Corporation.
The export of this product from Japan is regulated by the Japanese government. To export this product may be prohibited
without governmental license, the need for which must be judged by the customer. The export or re-export of this product

from a country other than Japan may also be prohibited without a license from that country. Please call an NEC sales
representative.

The information in this document is current as of May, 2001. The information is subject to change
without notice. For actual design-in, refer to the latest publications of NEC's data sheets or data
books, etc., for the most up-to-date specifications of NEC semiconductor products. Not all products
and/or types are available in every country. Please check with an NEC sales representative for
availability and additional information.
No part of this document may be copied or reproduced in any form or by any means without prior
written consent of NEC. NEC assumes no responsibility for any errors that may appear in this document.
NEC does not assume any liability for infringement of patents, copyrights or other intellectual property rights of
third parties by or arising from the use of NEC semiconductor products listed in this document or any other
liability arising from the use of such products. No license, express, implied or otherwise, is granted under any
patents, copyrights or other intellectual property rights of NEC or others.
Descriptions of circuits, software and other related information in this document are provided for illustrative
purposes in semiconductor product operation and application examples. The incorporation of these
circuits, software and information in the design of customer's equipment shall be done under the full
responsibility of customer. NEC assumes no responsibility for any losses incurred by customers or third
parties arising from the use of these circuits, software and information.
While NEC endeavours to enhance the quality, reliability and safety of NEC semiconductor products, customers
agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To minimize
risks of damage to property or injury (including death) to persons arising from defects in NEC
semiconductor products, customers must incorporate sufficient safety measures in their design, such as
redundancy, fire-containment, and anti-failure features.
NEC semiconductor products are classified into the following three quality grades:
"Standard", "Special" and "Specific". The "Specific" quality grade applies only to semiconductor products
developed based on a customer-designated "quality assurance program" for a specific application. The
recommended applications of a semiconductor product depend on its quality grade, as indicated below.
Customers must check the quality grade of each semiconductor product before using it in a particular
application.

"Standard": Computers, office equipment, communications equipment, test and measurement equipment, audio
and visual equipment, home electronic appliances, machine tools, personal electronic equipment
and industrial robots

"Special": Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support)

"Specific": Aircraft, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems and medical equipment for life support, etc.

The quality grade of NEC semiconductor products is "Standard" unless otherwise expressly specified in NEC's
data sheets or data books, etc. If customers wish to use NEC semiconductor products in applications not
intended by NEC, they must contact an NEC sales representative in advance to determine NEC's willingness
to support a given application.
(Note)
(1) "NEC" as used in this statement means NEC Corporation and also includes its majority-owned subsidiaries.
(2) "NEC semiconductor products" means any semiconductor product developed or manufactured by or for
NEC (as defined above).
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