PRELIMINARY PRODUCT INFORMATION

NEC/ MOS INTEGRATED CIRCUIT

uPD784217Y,7/84218Y

16/8-BIT SINGLE-CHIP MICROCONTROLLERS

The puPD784218Y is based on the uPD784218 with an 12C bus control function appended, and is ideal for
applications in audio-visual.

A flash memory version, the uPD78F4218Y, which can operate in the same supply voltage range as the mask
ROM version, and various development tools are under development.

The functions are explained in detail in the following user’s manuals. Be sure to read these manuals when
designing your system.
uPD784218, 784218Y Subseries User's Manual Hardware : Planned

78K/IV Series User’'s Manual Instructions : U10905E
FEATURES
« On-chip 12C bus » Standby function
* ROM correction function HALT/STOP/IDLE mode
* Inherits peripheral functions of uPD78078Y Subseries In power-saving mode: HALT/IDLE mode (with
e Pin-compatible with yPD784218 Subseries subsystem clock)
* Minimum instruction execution time e Clock division function
160 ns (main system clock fxx = 12.5 MHz) e Watch timer: 1 channel
61 us (subsystem clock fxt = 32.768 kHz) e Watchdog timer: 1 channel
¢ High-capacity memory e Clock output function
* ROM: 192 Kbytes (uPD784217Y) fxx, fxx/2, fxx/22, fxxI23, fxx/24, fxx/2°, fxx/28, fxx/27 , fxT
256 Kbytes (uPD784218Y) selectable
¢ RAM: 12 800 bytes (uPD784217Y, 784218Y) e Buzzer output function
e |/O port: 86 pins fxx/210, fxx/211, fxx/212, fxx/213 selectable
e Timer/counter: 16-bit timer/counter x 1 unit e A/D converter: 8-bit resolution x 8 channels
8-bit timer/counter x 6 units * D/A converter: 8-bit resolution x 2 channels
» Serial interface: 3 channels e Supply voltage: Voo =1.8t0 5.5V

UART/IOE (3-wire serial I/0): 2 channels
CSI (3-wire serial I/0, multi-master supporting 12C bus): 1 channel

APPLICATION FIELDS
Cellular telephones, PHS, cordless telephones, CD-ROM, AV systems, etc.

Unless mentioned otherwise, references in this document to the uPD784218Y refer to the puPD784217Y
and pyPD784218Y.

The information contained in this document is being issued in advance of the production cycle for the
device. The parameters for the device may change before final production or NEC Corporation, at its
own discretion, may withdraw the device prior to its production.

Document No. U12304EJ1VOPMOO (1st edition)
Date Published July 1997 N
Printed in Japan

© NEC Corporation 1997



NEC UPD784217Y,784218Y
ORDERING INFORMATION
Part Number Package Internal ROM (Bytes) Internal RAM (Bytes)
UPD784217YGC-xxx-TEA  100-pin plastic QFP (fine pitch) (14 x 14 mm) 192 K 12 800
UPD784217YGF-xxx-3BA  100-pin plastic QFP (14 x 20 mm) 192 K 12 800
UPD784218YGC-xxx-TEA  100-pin plastic QFP (fine pitch) (14 x 14 mm) 256 K 12 800
UPD784218YGF-xxx-3BA  100-pin plastic QFP (14 x 20 mm) 256 K 12 800

Remark xxx indicates a ROM code suffix.

78K/IV Series Product Development

: : Under mass production

T I2C bus supporting models
HE 1 : Under development ppomng Multi-master 12C bus supporting models
| {PD784038Y prmmmmmmmeemeeeones ‘
H HPD784225Y
uPD784038 Pt :_:
Standard models i\ UPD784225 .
Internal memory capacity enhanced TP R '
Pin-compatible with uPD784026 80-pin
{PD784026 ROM correction added
A/D, 16-bit timer, power Multi-master I°C bus supporting models Multi-master I2C bus supporting models
management enhanced ! LPD784216Y uPD784218Y
HPD784216 HPD784218 i
100-pin Internal memory capacity enhanced
I/0, internal memory ROM correction added

ASSP models

For CD-ROM

Flash memory: 56 Kbytes

capacity enhanced
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UPD784915

Function of HPD784915 enhanced

Software servo control
On-chip VCR analog circuit

Timer enhanced
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uPD784217Y,784218Y

FUNCTIONS (1/2)

Item

Part Number

uPD784217Y

uPD784218Y

(mnemonics)

Number of basic instructions

113

General-purpose register

8 bits x 16 registers x 8 banks, or 16 bits x 8 registers x 8 banks (memory mapping)

Minimum instruction execution

e 160 ns/320 ns/640 ns/1 280 ns/2 560 ns (main system clock: fxx = 12.5 MHz)

time e 61 us (subsystem clock: fxr = 32.768 kHz)
Internal ROM 192 Kbytes | 256 Kbytes
memory RAM 12 800 bytes
Memory space 1 Mbyte with program and data spaces combined
1/0 port Total 86
CMOS input 8
CMOS I/0 72
N-ch open-drain 1/0 | 6
Pins with Pins with pull-up 70
ancillary resistor
functionsNote | LED direct 22
drive output
Medium- 6
voltage pin

Real-time output port

4 bits x 2, or 8 bits x 1

Timer/counter

16-bit timer/counter :

Timer register x 1
Capture/compare register x 2

Pulse output

* PWM/PPG output

» Square wave output

* One-shot pulse output

8-bit timer/counter 1 :

Timer register x 1
Compare register x 1

Pulse output
* PWM output
» Square wave output

8-bit timer/counter 2 :

Timer register x 1
Compare register x 1

Pulse output
* PWM output
» Square wave output

8-bit timer/counter 5 :

Timer register x 1
Compare register x 1

Pulse output
* PWM output
» Square wave output

8-bit timer/counter 6 :

Timer register x 1
Compare register x 1

Pulse output
* PWM output
» Square wave output

8-bit timer/counter 7 :

Timer register x 1
Compare register x 1

Pulse output
* PWM output
» Square wave output

8-bit timer/counter 8 :

Timer register x 1
Compare register x 1

Pulse output
* PWM output
» Square wave output

Note The pins with ancillary functions are included in the I/O pins.




NEC UPD784217Y,784218Y

FUNCTIONS (2/2)

Part Number uPD784217Y HPD784218Y
Item
Serial interface UART/IOE (3-wire serial 1/0): 2 channels (on-chip baud rate generator)
CSI (3-wire serial 1/0, 12C bus supporting multi-master): 1 channel
A/D converter 8-bit resolution x 8 channels
D/A converter 8-bit resolution x 2 channels
Clock output Selectable from fxx, fxx/2, fxx/22, fxx/23, fxx/24, fxx/25, fxx/26, fxx/27, fxT
Buzzer output Selectable from fxx/210, fxx/211, fxx/212, fxx/213
Watch timer 1 channel
Watchdog timer 1 channel
Standby e HALT/STOP/IDLE mode
* In power-saving mode (with subsystem clock): HALT/IDLE mode
Interrupt Hardware 29 (internal: 20, external: 9)
Software BRK instruction, BRKCS instruction, operand error
Non-maskable Internal: 1, external: 1
Maskable Internal: 19, external: 8
e 4 programmable priority levels
* 3 service modes: vectored interrupt/macro service/context switching
Supply voltage Voo =1.8t0 5.5V
Package 100-pin plastic QFP (fine pitch) (14 x 14 mm)
100-pin plastic QFP (14 x 20 mm)
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1. DIFFERENCES AMONG MODELS IN uPD784218Y SUBSERIES

The only difference among the uPD784217Y and 784218Y lies in the internal memory capacity.
The uPD78F4218Y is provided with a 256-Kbyte flash memory instead of the mask ROM of the uPD784218Y.

These differences are summarized in Table 1-1.

Table 1-1. Differences among Models in

uPD784218Y Subseries

Part Number uPD784217Y uPD784218Y uPD78F4218Y
Item
Internal ROM 192 Kbytes 256 Kbytes 256 Kbytes

(mask ROM) (mask ROM) (Flash memory)

Internal RAM 12 800 bytes
Internal memory | None Provided
size switching
register (IMS)
Vep pin None Provided
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2. DIFFERENCES BETWEEN uPD784218Y AND uPD784216Y

The differences between the uPD784218Y and 784216Y are summarized in Table 2-1.

Table 2-1. Differences between pPD784218Y and pyPD784216Y

status function

Part Number HPD784218Y HPD784216Y
Item
Internal ROM 256 Kbytes 128 Kbytes
Internal RAM 12 800 bytes 8 192 bytes
ROM correction | Provided None
External access | Provided None
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3. MAIN DIFFERENCES FROM puPD78078Y SUBSERIES

Item

Series Name

uPD784218Y Subseries

uPD78078Y Subseries

CPU

16-bit CPU

8-bit CPU

Minimum instruction
execution time

With main
system clock

160 ns (at 12.5 MHz)

400 ns (at 5.0 MHz)

With subsystem
clock

61 us (at 32.768 kHz)

122 ps (at 32.768 kHz)

Memory space 1 Mbyte 64 Kbytes
1/0 port Total 86 88
CMOS input 8 2
CMOS 1/0 72 78
N-ch open-drain I/O | 6 8
Pins with ancillary | Pins with pull-up 70 86
functionsNote resistor
LED direct drive 22 16
output
Medium-voltage pin | 6 8

Timer/counter

e 16-bit timer/counter x 1 unit
e 8-bit timer/counter x 6 units

e 16-bit timer/counter x 1 unit
e 8-bit timer/counter x 4 units

Serial interface

* UARTI/IOE (3-wire serial 1/0)
x 2 channels

e CSI (3-wire serial /0, multi-master
supporting 12C bus) x 1 channel

¢ UARTI/IOE (3-wire serial 1/0)
x 1 channel

e CSI (3-wire serial 1/0, 2-wire serial
I/0, 12C bus) x 1 channel

e CSI (3-wire serial 1/0, 3-wire serial
1/0 with automatic transmit/receive
function) x 1 channel

Interrupt

NMI pin Provided None
Macro service Provided None
Context switching Provided None
Programmable priority | 4 levels None

Standby function

* HALT/STOP/IDLE mode
 In power-saving mode: HALT/IDLE mode

2 modes: HALT/STOP

ROM correction

Provided

None

External access status function

Provided

None

Package

* 100-pin plastic QFP (fine pitch)
(14 x 14 mm)
* 100-pin plastic QFP (14 x 20 mm)

e 100-pin plastic QFP (fine pitch)
(14 x 14 mm)
* 100-pin plastic QFP (14 x 20 mm)
e 100-pin ceramic WQFN
(14 x 20 mm) (uPD78P078Y only)

Note The pins with ancillary functions are included in the I/O pins.
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4. PIN CONFIGURATION (Top View)

e 100-pin plastic QFP (fine pitch) (14 x 14 mm)
UPD784217YGC-xxx-TEA
UPD784218YGC-xxx-TEA

W N~ O W
g SEEE o
i) N 4 O 0 I~ © W = o
§EBr:BEREECE higps
LT ONAONN O IFT O ANIdO0 O O o O ol © 10 < ™M
T ERRRRERRRRRERREERESERERR
T
100 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 80 79 78 77 76
P120/RTPO O=— 1 75 [=—0O P62/A18
P121/RTP1 O=—| 2 Q 74 |=—0O P61/A17
P122/RTP2 O=— 3 73 [=—O P60/A16
P123/RTP3 O=— 4 72— Vss
P124/RTP4 O=~—+5 71 [=—0O P57/A15
P125/RTP5 O=— 6 70 [+=—=O P56/A14
P126/RTP6 O=—~ 7 69 [=—O P55/A13
P127/RTP7 O=—~| 8 68 [=—O P54/A12
Voo O——— 9 67 [~—O P53/A11
X2 O— 10 66 [~—O P52/A10
X1 O—— 11 65 [«—=O P51/A9
Vss O— 12 64 |=~—) P50/A8
XT2 O—+ 13 63 |[«=—O P47/AD7
XT1L O—| 14 62 |~—0 P46/AD6
RESET O—= 15 61 |=—O P45/AD5

=
o

POO/INTPO O=~—
POL/INTPL O=—
PO2/INTP2/NMI Oe—n
PO3/INTP3 O=~—
PO4/INTP4 O~—
PO5/INTP5 O=—
PO6/INTP6 O=—]

60 [=——O P44/AD4
59 |=——=O P43/AD3
58 [«——=( P42/AD2
57 =—0O P41/AD1
56 [«—=(O P40/ADO
55 [=—(O P87IA7

54 |«—=( P86/A6

N NN BB P
N P O © 0 N

AVDDNOteZ O — 123 53 <—’CJ P85/A5
AVrero O— 24 52 [«——O P84/A4
P10/ANI0 O—{ 25 51 |+=—=(O P83/A3
26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
CLCL(LCL(LCL(L(LOO OOO0OO0OO0OOOOOOOLOOO
Z223225185F50/8a0[Koyg8388¢
5222251800005 088P 88358
S InormdILna2a a3 L L oo
Ao do 3o d =0 o9 T 0o0dXOoSdNqASN|Saaan
noooooono <Comm F XX ¥ XXx 0o pmo|x
— - =F O =FO 2 (@]
o o LSIan&an 2 (%)
o F <o gl <g o N
~ N N
~ N a
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Notes 1. Directly connect the TEST pin to Vss.
2. Connect the AVop pin to Voo.
3. Connect the AVss pin to Vss.
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e 100-pin plastic QFP (14 x 20 mm)
UPD784217YGF-xxx-3BA
UPD784218YGF-xxx-3BA

399999000008 080808~ o
LT LL L L L L L L L LI ILLLLL
A BB OB BIITIIIITIID R
>SN o W N a HYa NS N a MY N N o WY o N o MR WA o WY WA o WY o N a WY o WY o 1§
O
100 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81
P60/A16 O=—1 80 [~—O P84/A4
P61/A17 O=—|2 O 79 [=—O P83/A3
P62/A18 O=—> 3 78 [=—O P82/A2
P63/A19 O=—" 4 77 [=—O P81/A1
P64/RD O=~—+ 5 76 [«——=O P8o/A0
P65/WR O~—+] 6 75 |=—=0 P27/SCKO0/SCLO
P66/WAIT O 7 74 |=~—0 P26/SO0
P67/ASTB O 8 73 [=—=(O P25/SI0/SDAO
Voo O——19 72 [=—=(O P24/BUZ
P100/TI5/TO5 O 10 71 [=—=0O P23/PCL
P101/TI6/TO6 O 11 70 |=——=0 P22/ASCK1/SCK1
P102/T17/TO7 O 12 69 |=—(O P21/TxD1/SO1
P103/TI8/TO8 O 13 68 |=—=(O P20/RxD1/SI1
P30/T00 O 14 67 |+~——0O P72/ASCK2/SCK2
P31/T01 O 15 66 [«~—=(O P71/TxD2/S0O2
P32/T02 O 16 65 [«—=(O P70/RxD2/SI2
P33/TIL O=— 17 64 ———O AVrert
P34/TI2 O=— 18 63 [=—=O P131/ANO1
P35/TI00 O=—{ 19 62 |[=—( P130/ANOO
P36/TI01 O=~—>+| 20 61— Avsshores
P37/EXA O 21 60 [«——O P17/ANI7
TESTMtet (O 22 59 |[«—O P16/ANI6
P90 O=—~| 23 58 [«——(O P15/ANI5
P91 O~ ~| 24 57 |=——0O P14/ANI4
P92 O=—»| 25 56 [«—O P13/ANI3
P93 O=—| 26 55 [=—O P12/ANI2
P94 O=—+] 27 54 l«——O P11/ANI1
P95 O=—1 28 53 f«——O P10/ANIO
P120/RTPO O=— 29 52— AVkero
P121/RTP1 O=—->{ 30 51— Avpphote?
31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
i LT
N MO T IO O~ 2N d 29N Al O d = M < 0O O
CELfeaSXXSLEEEsEEEt
crrook w2zg52z:2¢<
S

Notes 1. Directly connect the TEST pin to Vss.
2. Connect the AVop pin to Voo.
3. Connect the AVss pin to Vss.
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AO to A19 : Address Bus P100 to P103 : Portl10
ADO to AD7 : Address/Data Bus P120 to P127 : Portl2
ANIO to ANI7 : Analog Input P130, P131 : Portl3
ANOO, ANO1 : Analog Output PCL : Programmable Clock
ASCK1, ASCK2 : Asynchronous Serial Clock RD : Read Strobe
ASTB : Address Strobe RESET . Reset
AVbD : Analog Power Supply RTPO to RTP7 : Real-time Output Port
AVRero, AVREF1 : Analog Reference Voltage RxD1, RxD2 : Receive Data
AVss : Analog Ground SCKO to SCK2 : Serial Clock
BUZ : Buzzer Clock SCLO : Serial Clock
EXA : External Access Status Output ~ SDAO : Serial Data
INTPO to INTP6 . Interrupt from Peripherals SI0 to SI2 : Serial Input
NMI : Non-maskable Interrupt SO0 to SO2 : Serial Output
P00 to P06 : Port0 TEST : Test
P10 to P17 : Portl TI00, TIO1,
P20 to P27 . Port2 TI1, TI2, TI5 to TI8 : Timer Input
P30 to P37 : Port3 TOO to TO2, TO5 to TO8: Timer Output
P40 to P47 . Port4 TxD1, TxD2 : Transmit Data
P50 to P57 : Ports Vbb : Power Supply
P60 to P67 : Port6 Vss : Ground
P70 to P72 . Port7 WAIT : Wait
P80 to P87 : Port8 WR : Write Strobe
P90 to P95 : Port9 X1, X2 : Crystal (Main System Clock)
XT1, XT2 : Crystal (Subsystem Clock)

12
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5. BLOCK DIAGRAM
INTP2/NMI ——=| PROGRAMMABLE ] ] UART/IOEL [ RB1SE,
INTPO, INTPL, INTERRUPT ) )| BAUD-RATE N
INTP3 0 INTPE | CONTROLLER GENERATOR ASCKI/SCKL
S ~—— RxD2/SI2
i:gg TIMERICOUNTER = Biﬁ?gi?é [~ TxD2/s02
| @esIT ! -
ot assirs) [ CENERATOR ASCK2/SCK2
TI1 ——=| TIMERICOUNTERL CLOCKED SI0/SbA0
- cens K () SERIAL = S00
— INTERFACE _j~— SCKO/SCLO
Ti2 ——| TMERICOUNTER2 | 1) (> ADO to AD7
102 —  (8BITS) > AOto A7
[ ABt0 ALS
TIMER/COUNTERS
TIS/TOS carTs) [ ¢ BusuE [ Al610A19
— RD
H67TOG TIMERICOUNTERS | ) R
(8 BITS) 78KIV |1 pom WAIT
CPU CORE = ASTB
- EXA
TIMERICOUNTERY
TI7ITO7 @BITS) - @ @ (>  PORTO P00 to P06
() PorT1 K" IP10toP17
TIMER/COUNTERS
TIBos ~—=| " e K @ () Port2 K Pootop27
(— ) PORT3 (" P30to P37
WATCHTIMERK ) || RAM (] PorT4 | paotopa7
(— ) PORTs (" Ps50to P57
WATCHDOG TIMERK > (] Porte > Pe0to P67
() PORT7 K™% p70to P72
REAL-TIME
RTPO 10 RTP7 | S51puT PORT Kt ()| PORT8 K> pgoto P87
ANOO ~— (—){__PORTe K" p9otoP9s
ANO1 =——— D/A PORT10
ANOL =] DI errer - > P100 to P103
AVss —— (—{ PORTI12 P120 to P127
ANIO 1 ANI7 — I (| PorT13 P130, P131
AVoo — | CONVERTER — _
AVss — [~—— RESET
pCL CLOCK OUTPUT [+ X1
CONTROL SYSTEM CONTROL|—— x2
BUZ BUZZER OUTPUT ~—— XT1
——— XT2
— Vop
o o — Vss
——— TEST

Remark The internal ROM capacity differs depending on the model.
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6. PIN FUNCTION
6.1 Port Pins (1/2)
Pin Name 110 Alternate Function Function
P00 110 INTPO Port 0 (P0):
PO1 INTP1 e 7-bit 1/0 port
* Can be set in input or output mode bit-wise.
pPo2 INTP2/NMI * Pins set in input mode can be connected to internal pull-up
P03 INTP3 resistors by software bit-wise.
P04 INTP4
P05 INTPS
P06 INTP6
P10 to P17 Input ANIO to ANI7 Port 1 (P1):
 8-bit input port
P20 110 RxD1/SI1 Port 2 (P2):
P21 TXD1/SO1 * 8-bit I/0 port
—— » Can be set in input or output mode bit-wise.
p22 ASCK1/SCK1 * Pins set in input mode can be connected to internal pull-up
P23 PCL resistors by software bit-wise.
P24 BUZ
P25 SI0/SDAO
P26 SO0
P27 SCKO0/SCLO
P30 110 TOO Port 3 (P3):
P31 To1  8-bit 1/0 port
» Can be set in input or output mode bit-wise.
P32 TO2 * Pins set in input mode can be connected to internal pull-up
P33 TI1 resistors by software bit-wise.
P34 TI2
P35 TIOO
P36 TIO1
P37 EXA
P40 to P47 110 ADO to AD7 Port 4 (P4):
 8-bit 1/0 port
* Can be set in input or output mode bit-wise.
« All pins set in input mode can be connected to internal pull-up
resistors by software.
e Can directly drive LEDs.
P50 to P57 110 A8 to A15 Port 5 (P5):
 8-bit 1/0 port
» Can be set in input or output mode bit-wise.
« All pins set in input mode can be connected to internal pull-up
resistors by software.
» Can directly drive LEDs.
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6.1 Port Pins (2/2)
Pin Name 110 Alternate Function Function
P60 110 Al6 Port 6 (P6):
P61 A17 e 8-bit 110 por.t . o
* Can be set in input or output mode bit-wise.
P62 Al8 « All pins set in input mode can be connected to internal pull-up
P63 A19 resistors by software.
P64 RD
P65 WR
P66 WAIT
P67 ASTB
P70 110 RxD2/S12 Port 7 (P7):
« 3-bit /0 port
P71 TXD2/SO2 . C.an be s.et'm input or output mode b|t-W|se.. .
« Pins set in input mode can be connected to internal pull-up resistor
by software bit-wise.
P72 ASCK2/SCK2
P80 to P87 110 A0 to A7 Port 8 (P8):
 8-bit 1/0 port
* Can be set in input or output mode bit-wise.
* Pins set in input mode can be connected to internal pull-up
resistor by software bit-wise.
« Interrupt control flag (KRIF) is set to 1 when falling edge is
detected at a pin of this port.
P90 to P95 110 — Port 9 (P9):
* N-ch open-drain medium-voltage 1/O port
* 6-bit 1/0 port
» Can be set in input or output mode bit-wise.
» Can directly drive LEDs.
P100 110 TI5/TO5 Port 10 (P10):
P101 TI6/TO6 * 4-bit 1/ port - o
¢ Can be set in input or output mode bit-wise.
p102 TI7iTo7 * Pins set in input mode can be connected to internal pull-up resistor
P103 TI8/TO8 by software bit-wise.
P120 to P127 110 RTPO to RTP7 Port 12 (P12):
 8-bit 1/0 port
* Can be set in input or output mode bit-wise.
* Pins set in input mode can be connected to internal pull-up
resistor by software bit-wise.
P130, P131 110 ANOO, ANO1 Port 13 (P13):
e 2-bit 1/O port
» Can be set in input or output mode bit-wise.

15
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6.2 Non-port Pins (1/2)

Pin Name l{e] Alternate Function Function
TI00 Input P35 External count clock input to 16-bit timer register
TIO1 P36 Capture trigger signal input to capture/compare register 00
TI1 P33 External count clock input to 8-bit timer register 1
TI2 P34 External count clock input to 8-bit timer register 2
TI5 P100/TO5 External count clock input to 8-bit timer register 5
TI6 P101/TO6 External count clock input to 8-bit timer register 6
TI7 P102/TO7 External count clock input to 8-bit timer register 7
TI8 P103/TO8 External count clock input to 8-bit timer register 8
TOO Output P30 16-bit timer output (shared by 14-bit PWM output)
TO1 P31 8-bit timer output (shared by 8-bit PWM output)
TO2 P32
TO5 P100/TI5
TOG6 P101/TI6
TO7 P102/TI7
TOS8 P103/TI8
RxD1 Input P20/SI1 Serial data input (UART1)
RxD2 P70/SI12 Serial data input (UART2)
TxD1 Output P21/SO1 Serial data output (UART1)
TxD2 P71/S0O2 Serial data output (UART2)
ASCK1 Input P22/SCK1 Baud rate clock input (UART1)
ASCK2 P72/SCK2 Baud rate clock input (UART2)
SI0 Input P25/SDA0O Serial data input (3-wire serial 1/00)
Si1 P20/RxD1 Serial data input (3-wire serial 1/01)
SI2 P70/RxD2 Serial data input (3-wire serial 1/02)
SO0 Output P26 Serial data output (3-wire serial 1/00)
SO1 P21/TxD1 Serial data output (3-wire serial 1/01)
S0O2 P71/TxD2 Serial data output (3-wire serial 1/02)
SDAO 110 P25/SI10 Serial data input/output (12C bus)
SCKO 110 P27/SCLO Serial clock input/output (3-wire serial 1/00)
SCK1 P22/ASCK1 Serial clock input/output (3-wire serial 1/01)
SCK2 P72/ASCK2 Serial clock input/output (3-wire serial 1/02)
SCLO P27/SCKO Serial clock input/output (12C bus)
NMI Input PO2/INTP2 Non-maskable interrupt request input
INTPO P00 External interrupt request input
INTP1 PO1
INTP2 PO2/NMI
INTP3 P03
INTP4 P04
INTP5 P05
INTP6 P06

16
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6.2 Non-port Pins (2/2)

Pin Name l{e] Alternate Function Function

PCL Output P23 Clock output (for trimming main system clock and subsystem clock)

BUZ Output P24 Buzzer output

RTPO to RTP7| Output P120 to P127 Real-time output port that outputs data in synchronization with
trigger

ADO to AD7 110 P40 to P47 Low-order address/data bus when external memory is connected

AO to A7 Output P80 to P87 Low-order address bus when external memory is connected

A8 to A15 P50 to P57 Middle-order address bus when external memory is connected

Al6 to A19 P60 to P63 High-order address bus when external memory is connected

RD OQutput P64 Strobe signal output for read operation of external memory

WR P65 Strobe signal output for write operation of external memory

WAIT Input P66 To insert wait state(s) when external memory is accessed

ASTB Output P67 Strobe output to externally latch address information output to ports
4 through 6 and port 8 to access external memory

EXA Output P37 Status signal output when external memory is accessed

RESET Input — System reset input

X1 Input — Crystal connection for main system clock oscillation

X2 —

XT1 Input — Crystal connection for subsystem clock oscillation

XT2 —

ANIO to ANI7 Input P10 to P17 Analog voltage input for A/D converter

ANOO, ANO1 Output P130, P131 Analog voltage output for D/A converter

AVREFo — — To apply reference voltage for A/D converter

AVReF1 To apply reference voltage for D/A converter

AVop Positive power supply for A/D converter. Connected to Voo.

AVss GND for A/D converter and D/A converter. Connected to Vss.

Vob Positive power supply

Vss GND

TEST Directly connect this pin to Vss (this pin is for IC test).

17
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6.3 Pin I/O Circuits and Recommended Connections of Unused Pins
Table 6-1 shows symbols indicating the I/O circuit types of the respective pins and the recommended connection
of unused pins.

For the circuit diagram of each type of 1/0O circuit, refer to Figure 6-1.

Table 6-1. 1/0O Circuit Type of Respective Pins and Recommended Connections of Unused Pins (1/2)

Pin Name 1/0 Circuit Type 110 Recommended Connections of Unused Pins
POO/INTPO 8-A 110 Input : Individually connected to Vss via resistor
PO1/INTP1 Output: Open

PO2/INTP2/NMI

PO3/INTP3 to PO6/INTP6

P10/ANIO to P17/ANI7 9 Input Connected to Vss or Vop

P20/RxD1/SI11 10-A 1/0 Input : Individually connected to Vss via resistor
P21/TxD1/SO1 Output: Open

P22/ASCK1/SCK1

P23/PCL

P24/BUZ

P25/SDA0/SIO

P26/S00

P27/SCLO/SCKO

P30/TOO0 to P32/TO2 8-A

P33/TI1, P34/TI2

P35/TI00, P36/TI01

P37/EXA

P40/ADO to P47/AD7 5-A

P50/A8 to P57/A15

P60/A16 to P63/A19

P64/RD

P65/WR

P66/WAIT

P67/ASTB

P70/RxD2/SI2 8-A

P71/TxD2/S0O2

P72/ASCK2/SCK2

P80/A0 to P87/A7

P90 to P95 13-D

P100/TI5/TO5 8-A

P101/TI6/TO6

P102/TI7/TO7

P103/TI8/TO8

P120/RTPO to P127/RTP7

P130/ANOO, P131/ANO1 12-A

18
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Table 6-1. 1/0O Circuit Type of Respective Pins and Recommended Connections of Unused Pins (2/2)

Pin Name 1/0 Circuit Type 110 Recommended Connections of Unused Pins
RESET 2 Input —
XT1 16 Connected to Vss
XT2 — Open
AVREF0 — Connected to Vss
AVREF1 Connected to Voo
AVob
AVss Connected to Vss
TEST Directly connected to Vss

Remark Because the circuit type numbers are standardized among the 78K Series products, they are not
sequential in some models (i.e., some circuits are not provided).
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Figure 6-1. Types of Pin I/O Circuits

20

Type 2 Type 10-A Vop
pullup 'l> |
enable P-ch
IN Vop
IN/OUT
Schmitt trigger input with hysteresis characteristics open drain
output disable N-ch
o<
Type 5-A Voo Type 12-A Voo
pullup pullup i>o_| }
enable DO—| P-ch enable P-ch
Vob
Voo data 7:D3_| p-ch
data 4‘:D3_| P-ch O IN/OUT
% output E )o—l N-ch
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enable
TR i R oo s
inpu voltage -
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pullup >0 . »—OIN/OUT
enable P-ch
daa ——) So— [~ ~-
Vop output disable N-ch
data 7:D3—| P-ch Vop
IN/OUT
output N-ch RD 4' P-ch
disable Q<}
°<7|I Medium-voltage input buffer
Type 9 Type 16
feedback
P-ch — Comparator cut-off
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INO——ch P-ch
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VRer
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7. CPU ARCHITECTURE

7.1 Memory Space
A memory space of 1 Mbyte can be accessed. Mapping of the internal data area (special function registers and

internal RAM) can be specified by the LOCATION instruction. The LOCATION instruction must be always executed

after reset cancellation, and must not be used more than once.
(1) When LOCATION O instruction is executed

* Internal memory
The internal data area and internal ROM area are mapped as follows:

Part Number Internal Data Area Internal ROM Area
HPD784217Y OCDOOH to OFFFFH 00000H to OCCFFH
10000H to 2FFFFH

uPD784218Y 00000H to OCCFFH
10000H to 3FFFFH

Caution The following areas that overlap the internal data area of the internal ROM cannot be used when

the LOCATION 0 instruction is executed.

Part Number Unusable Area

uPD784217Y 0CDOOH to OFFFFH (13 056 bytes)

uPD784218Y

« External memory
The external memory is accessed in external memory expansion mode.

(2) When LOCATION OFH instruction is executed

* Internal memory
The internal data area and internal ROM area are mapped as follows:

Internal ROM Area

Part Number Internal Data Area
uPD784217Y FCDOOH to FFFFFH 00000H to 2FFFFH
uPD784218Y 00000H to 3FFFFH

« External memory
The external memory is accessed in external memory expansion mode.

21



uPD784217Y,784218Y

NEC

‘eale \Cucw 19SalJ B Sk pPasn 10U S| eale AVY |eulalul ayl .._w>w>>0_|_ .HQ_.,_\_._Q—C_ 10 ]19Sal 10} eale \Cucw pue eale aseyg
$814q 809 96T :UOHONASUI H40 NOILYDOT JO UOINd8Xa UO ‘SlAg 2GS €8T :UORONAISUI 0 NOILYDOT JO UOINIaxXa uo

‘PaIN92aXa SI UONINASUI H40 NOILYDOT 8yl uaym Ajuo NOY [eulalul ue se pasn aqg ued eale 31A0-950 £T SIyL

"apow uoisuedxa AloWwal [eUIBIXS Ul PaSSa20y

14
€
c

T

uondnisul H40 NOILVYOOT
JO uonndaxs uQ

ALTZy8.Aadr  jo de Alowsiy "T-2 8inbi

H00000 AwOH\AD?@v HO00000
eale ajqel JOIaA |
(se1ha z6T) (s@14q t9) eaue 107000
¥ 810N NOY [euisiu] a|ger 111vD Ha1000
H08000
Hd4444¢ H44.00
H0000€¢ H00800
(se1hay] 2) eale (s@¥4q 08 29)
Anus 477vD NOY [ewssu]
H44400
HO0O0O0OTO
¢ oo BOE EIEP/WeIBOId SIoN
\\\\\\\\\\\\\\\\ H440200
Z 910N
\\\\\\\\\\\\\\\\ H0000T
Hd4d4d44¢ H4444¢
H00dO4d HO00ddDO0
(sa14q 88z 2T)
(se1hq Z16 8€8) eale elep/welbolid (se1kd 008 2T)
T Eoz\coEmE [euiex3 H44044 H44040 WV [euisiul
HooQ4d4d Hoo0d4do0
sa eaJR BlR
(sa1hq 219) eal N\ G R
T 910N
H9 0344 (so1Aq pg) eare [190340 (:i4S) sia1siBa. UoIUN] 21530
Haeaa PIOM [0.U0D BIINIBS IR [, (sa1Aq 220 TET)
NOY [euiaqu]
H44004 H42344 H42340
H00dJd H083d4d H08340
(se14d 008 21) (s@14q 8zT) siaisibal
VY [eusa| asodind-jessusn (sa1hg¥ z€8)
. Soz\coEoE [eusa1x3
H44344 H4d4344d H44340
\\\\\\ (sagosy) _ _ _ [H00d4d
\\\\\\\\\\\\\\HWHWZ\IH_DU_H_H_
4S) siaisifias uonduny [e109ds|Hy 4444

S9)0N

H00000

H442000
H00dD0

H44340
HO00440
HoAdd44do0
H4a440
H44440
HO0O0O0T

H4d4d44d¢
H0000€

H4d4d444

uondnisul 0 NOILVYOOT
JO uonNJaXa UQ

22



€c

Figure 7-2. Memory Map of pPD784218Y

On execution of On execution of
LOCATION 0 instruction LOCATION OFH instruction
FFFFFH FFFFFHISpecial function registers (SFR
FFFDFHN&;{ ”””””””
FFFDOHF === - — = — = — — — — — — — ]
FFFOOH (256 bytes)
OFEFFH FFEFFH FFEFFH
External memory"°*® !
(768 Kbytes) General-purpose Internal RAM
registers (128 bytes) (12 800 bytes)
OFE8OH FFESOH FCDOOH
40000H OFE7FH FFE7FH FCCFFH
3FFFFH
Internal ROM
. FFE3BH
10000H (196 608 bytes) OFE3BH \acro service control word
o FFDpH[oPecial function registers (SFR) oFEoeH| area (54 bytes) FFEOGH
A A N
0rFoon Y Data area (512 bytes)
OFDOOH FFDOOH
Internal RAM oFerEn FRCRFH External memory™**®*

0CDOOH 0CDOOH FCDOOH
OCCFFH

00000H 00000H

Notes 1.

2.
3.
4.

(12 800 bytes) Program/data area (773 376 bytes)
(12 288 bytes)

3FFFFH 3FFFFH
10000H

Note 3

OCCFFH

Note 4 Program/data area

01000H
O0FFFH
Internal ROM CALLF entry

(52 480 bytes) area (2 Kbytes)

00800H 40000H
007FFH 3FFFFH

00080H
0007FH

CALLT table Internal ROM Note 4

00040n| area (64 bytes) (256 Kbytes)
0003FH

Vector table area
(64 bytes)

00000H

Accessed in external memory expansion mode.

This 13 056-byte area can be used as an internal ROM only when the LOCATION OFH instruction is executed.

On execution of LOCATION 0 instruction: 249 088 bytes, on execution of LOCATION OFH instruction: 262 144 bytes
Base area and entry area for reset or interrupt. However, the internal RAM area is not used as a reset entry area.

J3AN
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7.2 CPU Registers
7.2.1 General-purpose registers

Sixteen 8-bit general-purpose registers are available. Two 8-bit registers can be also used in pairs as a 16-bit
register. Of the 16-bit registers, four can be used in combination with an 8-bit register for address expansion as
24-hit address specification registers.

Eight banks of these register sets are available which can be selected by using software or the context switching
function.

The general-purpose registers except V, U, T, and W registers for address expansion are mapped to the internal
RAM.

Figure 7-3. General-Purpose Register Format

A (R1) ; X (RO)
AX (RPO)
B (R3) 3 C (R2)
BC (RP1)
R5 } R4
RP2
— R7 } R6
= RP3
v R9 | R8

VVP (RG4) VP (RP4)
R11 1 R10

U

T D(R13) ' E(R12)

TDE (RG6) DE (RP6)

H(R15) L (R14)

(

UUP (RGS) UP (RP5)
(
woo

8 banks

WHL (RG7) HL (RP7) —

Parentheses () indicate an absolute name.

Caution Registers R4, R5, R6, R7, RP2, and RP3 can be used as X, A, C, B, AX, and BC registers,
respectively, by setting the RSS bit of the PSW to 1. However, use this function only for recycling
the program of the 78K/Ill Series.
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7.2.2 Control registers
(1) Program counter (PC)

The program counter is a 20-bit register whose contents are automatically updated when the program is
executed.

Figure 7-4. Program Counter (PC) Format

19 0

PC

(2) Program status word (PSW)
This register holds the status of the CPU. Its contents are automatically updated when the program is
executed.

Figure 7-5. Program Status Word (PSW) Format

15 14 13 12 11 10 9 8

PSWH UF RBS2 RBS1 RBSO - - - -

PSW
7 6 5 4 3 2 1 0

PSWL S z RssN*®| AC IE PV 0 cY

Note This flag is provided to maintain compatibility with the 78K/Ill Series. Be sure to clear this flag to 0,
except when the software for the 78K/Ill Series is used.

(3) Stack pointer (SP)

This is a 24-hit pointer that holds the first address of the stack. Be sure to write 0 to the higher 4 bits of this
pointer.

Figure 7-6. Stack Pointer (SP) Format

23 20 0

SP 0j0|0]|0O
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8. PERIPHERAL HARDWARE FUNCTIONS

8.1 Ports

The ports shown in Figure 8-1 are provided to make various control operations possible. Table 8-1 shows the
function of each port. Ports 0, 2 through 8, 10, 12 can be connected to internal pull-up resistors by software when
inputting.

Figure 8-1. Port Configuration

— P70 POO [~
PORT 7 @ i DEEE—
DU
0 PORT 0
S a— L :
D<—> R
oz T
PORTS O
D<—>
D<—> ]
O
-~ P87 P10 to P17 8 PORT 1
-~ P90
PORT9 Oo o 2
-~ . P20 [—
-~ P95 -1
[ L <~ "0 PORT?2
PORT 10 O { g
e~ P103 DI
q=—|P120 p27 |1
oz : P30 [+~
D<—>
PORT 12 O ~—0
B‘ ] . TOPORTS3
- <—>D
Do lp127 al
o= P130 P37 |1
PORT 13 O P40 [+
U =[p131 - i
[}
* ™~ [0 PORT 4
<—>D
<—>|:|
pa7 f+—="U
P50 [~
. .0
<—>D
- 0 PORT 5
<—>|:|
<—>|:|
P57 |1
P60 [~
. .0
<—>D
- 0 PORT 6
<—>D
<—>|:|
P67 |1
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Table 8-1. Port Functions

Port Name Pin Name Function Specification of Pull-up Resistor
Connection by Software

Port 0 P00 to P06 » Can be set in input or output mode bit-wise Can be specified bit-wise

Port 1 P10 to P17 e Input port —

Port 2 P20 to P27 » Can be set in input or output mode bit-wise Can be specified bit-wise

Port 3 P30 to P37 e Can be set in input or output mode bit-wise Can be specified bit-wise

Port 4 P40 to P47 » Can be set in input or output mode bit-wise Can be specified in 1-port units
» Can directly drive LEDs

Port 5 P50 to P57 » Can be set in input or output mode bit-wise Can be specified in 1-port units
e Can directly drive LEDs

Port 6 P60 to P67 « Can be set in input or output mode bit-wise Can be specified in 1-port units

Port 7 P70 to P72 e Can be set in input or output mode bit-wise Can be specified bit-wise

Port 8 P80 to P87 » Can be set in input or output mode bit-wise Can be specified bit-wise

Port 9 P90 to P95 * N-ch open-drain 1/O port —
e Can be set in input or output mode bit-wise
e Can directly drive LEDs

Port 10 P100 to P103 | * Can be set in input or output mode bit-wise Can be specified bit-wise

Port 12 P120 to P127 | « Can be set in input or output mode bit-wise Can be specified bit-wise

Port 13 P130, P131 * Can be set in input or output mode bit-wise —

8.2 Clock Generation Circuit

Anon-chip clock generation circuit necessary for operationis provided. This clock generation circuit has a divider
circuit. If high-speed operation is not necessary, the internal operating frequency can be lowered by the divider
circuit to reduce the current consumption.

Figure 8-2. Block Diagram of Clock Generation Circuit

XT1 O—=] Subsystem
clock fxr Watch timer,
oscillation clock output function
XT2 0 circuit
Prescaler
X1 O—| Main system 5
clock fx‘ 3 P | Clock to
lation D , rescaler :
x2 O—| 03¢ 3 xx peripheral hardware
circuit Divider|
circuit fx fxx | fxx| fxx
2 2| 22| 28 L o]
STOP
5 .
E’: | Start]dllay Wait N CPU
2 CF)I’I I’.O c_ontr_o clock
N circuit circuit (fcru)
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Figure 8-3. Example of Using Main System Clock Oscillation Circuit

(1) Crystal/ceramic oscillation (2) External clock

e— IT X2 X2
51 g
|
it | X1 External X1

Vss clock

Crystal resonator HPD74HCUO4

or
ceramic resonator

Figure 8-4. Example of Using Subsystem Clock Oscillation Circuit

(1) Crystal oscillation (2) External clock
Vss XT2
XT2
XT1 External XT1
clock
uPD74HCUO4

Caution When using the main system clock and subsystem clock oscillation circuits, wire the dotted
portions in Figures 8-3 and 8-4 as follows to avoid adverse influence from wiring capacitance.

« Keep the wiring length as short as possible.

* Do not cross the wiring with other signal lines.

« Do not route the wiring in the vicinity of lines through which a high alternating current flows.

« Always keep the potential at the ground point of the capacitor in the oscillation circuit the same
as Vss. Do not ground to a ground pattern through which a high current flows.

« Do not extract signals from the oscillation circuit.

Note that the subsystem clock oscillation circuit has a low amplification factor to reduce the
current consumption.
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8.3 Real-Time Output Port

The real-time output function is to transfer data set in advance to the real-time output buffer register to the output

latch by hardware as soon as the timer interrupt or external interrupt has occurred in order to output the data to an
external device. The pins that output the data to the external device constitute a port called a real-time output port.
Because the real-time output port can output signals without jitter, it is ideal for controlling a stepping motor, etc.

34

Figure 8-5. Block Diagram of Real-Time Output Port

Internal bus
Real-time output port control register 8
(RTPC)
Real-time output buffer Real-time output buffer
INTP2 register, high-order register, low-order

) 4 bits (RTBH) 4 bits (RTBL)

INTTM1 Output trigger
control circuit *
INTTM2
4 4

Output latch
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8.4 Timer/Counter
One unit of 16-bit timers/counters and six units of 8-bit timers/counters are provided.
Because a total of eight interrupt requests are supported, these timers/counters can be used as eight units of

timers/counters.

Table 8-2. Operations of Timers/Counters

Name | 16-Bit 8-Bit 8-Bit 8-Bit 8-Bit 8-Bit 8-Bit
Timer/ Timer/ Timer/ Timer/ Timer/ Timer/ Timer/

Item Counter | Counter 1 | Counter 2 | Counter 5 | Counter 6 | Counter 7 | Counter 8
Count width 8 bits — O O O O O O
16 bits O O @] O
Operation mode | Interval timer 1ch 1ch 1ch 1ch 1ch 1ch 1ch
External event counter O @) @) O O O O
Function Timer output 1ch 1ch 1ch 1ch 1ch 1ch 1ch
PPG output O — — — — — —
PWM output O O O O O O O
Square wave output O O O O O O O
One-shot pulse output O — — — — — —
Pulse width measurement 2 inputs — — — — — —
Number of interrupt requests 2 1 1 1 1 1 1
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Figure 8-6. Block Diagram of Timers/Counters (1/2)

16-bit timer/counter

fxx/4 Clear
16— &
§ 16-bit timer register (TMO)
INTTM3 2
16
TIo1 O—|grdeereten 5 INTTMOO
‘g 16-bit capture/compare register 00 J =
o) (CRO0) S
0 C
S
16 g O TOo0
o
o ’ J INTTMO1 2
O—]|Edge detection 16-bit capture/compare register 01 5
Tioo circuit (CRO1) O
8-bit timer/counter 1
faxf22 ———=
fxx/28 ———— Clear
fxx/24 —— 5 OVE
fxx/25 <§ 8-bit t|m$u$glster 1 Output
3 (TM1) control [—O TO1

frod2 8 circuit
fxx/28 ———
TIL o—|Edge detection

circuit 8-bit compare register 10
(CR10)

INTTM1

Selector

INTTM2

8-bit timer/counter 2

™1

fxx[22 ————

Clear

faxf28 ———=

OVF

fxx[24 ————

8-bit timer register 2
T™2) Output
fin/28 ———= ( control |[—O TO2

circuit
fxx/27 —— {8}

fxx/2® ————

Selector

12 Edge detection 8-bit compare register 20

circuit (CR20) INTTM2

Remark OVF: overflow flag
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8-bit timer/counter 5, 7

Figure 8-6. Block Diagram of Timers/Counters (2/2)

OVF

5

Selector

Output
control
circuit

—O TOn

OVF

INTTMn

fxx/22 ————
fxx/28 ——— Clear
/24— 5
fox/25 2 8-bit timer register n
© (TMn)
fxx/27 ———— o
8
fxx[2® ————
O—]|Edge detection
Tin circuit 8-bit compare register n0
(CRNO)
INTTMn + 1
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8.5 A/D Converter

An A/D converter converts an analog input variable into a digital signal. This microcontroller is provided with
an A/D converter with a resolution of 8 bits and 8 channels (ANIO through ANI7).

This A/D converter is of successive approximation type and the result of conversion is stored to an 8-bit A/D
conversion result register (ADCR).

The A/D converter can be started in the following two ways:

* Hardware start
Conversion is started by trigger input (P03).
* Software start
Conversion is started by setting the A/D converter mode register.

One analog input channelis selected from ANIO through ANI7 for A/D conversion. When A/D conversionis started
by means of hardware start, conversion is stopped after it has been completed. When conversion is started by
means of software start, A/D conversion is repeatedly executed, and each time conversion has been completed,
an interrupt request (INTAD) is generated.

Figure 8-7. Block Diagram of A/D Converter

Series resistor string

:----: ------- ——O AVbp
ANI0O O— ' 1 AV
1 1 REFO
ANI1 O—>= Sample & hold circuit ! !
............... .
ANI2 O—= : : | R
5 Voltage comparator [
ANIZ O— £ — oo o ! ge comp P 8
Q ' _L 1 o :
ANI4 O— % : ; : ' %.
1 1
ANI5 O—~ : : A
ANIE O—= -
! ! AVss
ANI7 O ; Successive approximation : '
register (SAR) . '( Shemmmemes
Edge
INTP3/P03 detection Control INTAD
circuit circuit
A/D conversion result register
Edge (ADCR)
detection T
circuit

| INTP3
\J

g Internal bus %
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8.6 DJ/A Converter

A D/A converter converts an input digital signal into an analog voltage. This microcontroller is provided with a
voltage output type D/A converter with a resolution of 8 bits and two channels.

The conversion method is of R-2R resistor ladder type.

D/A conversion is started by setting DACEO of the D/A converter mode register 0 (DAMO) and DACEL1 of the D/
A converter mode register 1 (DAM1).

The D/A converter operates in the following two modes:

* Normal mode
The converter outputs an analog voltage immediately after it has completed D/A conversion.
* Real-time output mode
The converter outputs an analog voltage in synchronization with an output trigger after it has completed D/A

conversion.
Figure 8-8. Block Diagram of D/A Converter
DACSO0
o
2R
O ANOO
AVrer1 O R
2R
Selector ‘
R
2R
DACS1
2R
o
2R
O ANO1
% R
2R
Selector ‘
R
2R
AVss O

2R
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8.7 Serial Interface
Three independent serial interface channels are provided.

« Asynchronous serial interface (UART)/3-wire serial 1/0O (IOE) x 2
» Clocked serial interface (CSI) x 1

« 3-wire serial I/O (IOE)
« 12C bus interface (12C)

Therefore, communication with an external system and local communication within the system can be simultaneously
executed (refer to Figure 8-9).

Figure 8-9. Example of Serial Interface
(a) UART +12C

uPD784218Y (master)

Vbbb Vop
UPDA711A g g uUPD78054Y (slave)
UAR [1°C]
[ 1 RxD1 SDAO SDA
RS-232-C TxD1 SCLO SCL
driver/receiver g
o Port
0 1 PD78062Y (slave)
HUPDA4711A SDA o
[UART]
RxD2 SCL
RS-232-C TxD2
driver/receiver o
o Port
0
(b) UART + 3-wire serial 1/0
uPD784218Y (master) PD75108 (slave)
UPD4711A so1 [3-wise serial 1/0] S
[UART] I
RS-232-C TxD2 Note
driver/receiver o INTPm ( Port
E Port Port INT

Note Handshake line
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8.7.1 Asynchronous serial interface/3-wire serial 1/0 (UART/IOE)
Two channels of serial interfaces that can select an asynchronous serial interface mode and 3-wire serial I/O
mode are provided.

(1) Asynchronous serial interface mode
In this mode, data of 1 byte following the start bit is transmitted or received.
Because an on-chip baud rate generator is provided, a wide range of baud rates can be set.
Moreover, the clock input to the ASCK pin can be divided to define a baud rate.
When the baud rate generator is used, a baud rate conforming to the MIDI standard (31.25 kbps) can be
also obtained.

Figure 8-10. Block Diagram in Asynchronous Serial Interface Mode

g Internal bus %

AN

Receive buffer register
1,2 (RXBL, RXB2) 8
Jo>
RxD1, RxD2 O I|> Receive shift register Transmit shift register
1, 2 (RX1, RX2) 1,2 (TXS1, TXS2)

TXD1, TXD2 O—<}

Receive control [ _ INTSR1, [Transmitcontrol] _ INTSTI,
parity check INTSR2  |parity append INTST2

E - — fxx to fxx/2°

ASCK1, ASCK2 O

41



NEC UPD784217Y,784218Y

(2) 3-wire serial /0 mode
In this mode, the master device starts transfer by making the serial clock active and communicates 1-byte
data in synchronization with this clock.
This mode is used to communicate with a device having the conventional clocked serial interface. Basically,
communication is established by using three lines: serial clocks (SCTL and SCW), serial data inputs (SI11
and Sl12), and serial data outputs (SO1 and SO2). To connect two or more devices, a handshake line is

necessary.
Figure 8-11. Block Diagram in 3-wire Serial /0 Mode
g Internal bus %
8
| Direction control circuit |
| Serial I/O shift register
Si1, 812 O |ﬂ 1,2 (SlO1, SI02)
S01,S02 O I
| Serial clock Interrupt INTCSI1,
SCK1, SCK2 T e
© |ﬁ counter generation circuit INTCSI2
; ~—— INTTM2
| Serial CIQCk. Selector [=— fxx/8
control circuit /16
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8.7.2 Clocked serial interface (CSI)

In this mode, the master device starts transfer by making the serial clock active and communicates 1-byte data

in synchronization with this clock.

(1) 3-wire serial /O mode

This mode is to communicate with devices having the conventional clocked serial interface.
Basically, communication is established in this mode with three lines: one serial clock (SCKO0) and two serial

data (S10 and SOQ) lines.

Generally, a handshake line is necessary to check the reception status.

Figure 8-12. Block Diagram in 3-wire Serial /0 Mode

Internal bus
J8¢C
| Direction control circuit |
i8¢t
Serial I/O shift register 0
SI0 O (s100)
SO0 O
SCKO O Serial clock Interrup_t o
counter generation circuit
Serial clock

control circuit

Selector

(2) 12C (Inter IC) bus mode (Multi-master supporting)
This mode is to communicate with devices conforming to the 12C bus format.
This mode is to transfer 8-bit data with two or more devices by using two lines: serial clock (SCLO) and serial

data bus (SDADO).

INTCSIO

INTTM2
fxx/8
fxx/16

During transfer, a “start condition”, “data”, and “stop condition” can be output onto the serial data bus. During
reception, these data can be automatically detected by hardware.
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Figure 8-13. Block Diagram in | 2C Bus Mode

2 Internal bus 2
i 151

. .. Slave address register
| Direction control circuit | (SVAO)

8 {} Wakeup
< T control circuit

Serial I/O shift
SDAQ0 O— .
|ﬂ register 0 (SI00) Output latch
I Acknowledge
| generation
Start condition/ circuit
acknowledge
detection circuit
Stop condition
detection circuit Interrupt
| generation [— INTIICO
Serial clock circuit
SCLo © |ﬂ counter
: TO2/18 to TO2/68
| foer:'tfcljf Ic?rcclfjit Selector [~—— fxx/24 to fxx/178

8.8 Clock Output Function
Clocks of the following frequencies can be output as clock output.
* 97.7 kHz/195 kHz/391 kHz/781 kHz/1.56 MHz/3.13 MHz/6.25 MHz/12.5 MHz
(main system clock: 12.5 MHz)
* 32.768 kHz (subsystem clock: 32.768 kHz)

Figure 8-14. Block Diagram of Clock Output Function

fxx ————=
fxx/2 ———=

fxx/22 —————]

x| 5
o2t ———| B
o) .
fxx/2° 2 cSi}r/;(J:iI;ronlzauon Output control circuit |——— O PCL

fxx/28 ———

fxxf2T —————

fxr ——
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8.9 Buzzer Output Function
Clocks of the following frequencies can be output as buzzer output.
¢ 1.5 kHz/3.1 kHz/6.1 kHz/12.2 kHz (main system clock: 12.5 MHz)

Figure 8-15. Block Diagram of Buzzer Output Function

fxx/210 —————

fxx/21t

fxx/212 —————

Output control circuit O BUzZ

Selector

fxx/213 ————

8.10 Edge Detection Function

The interrupt input pins (INTPO, INTP1, NMI/INTP2, INTP3 through INTP6) are used not only to input interrupt
requests but also to input trigger signals to the internal hardware units. Because these pins operate at an edge
of the input signal, they have a function to detect an edge. Moreover, a noise reduction circuit is also provided to
prevent erroneous detection due to noise.

Pin Name Detectable Edge Noise Reduction

NMI Either or both of rising and falling edges By analog delay

INTPO through INTP6

8.11 Watch Timer
The watch timer has the following functions:

* Watch timer
« Interval timer

The watch timer and interval timer functions can be used at the same time.
(1) Watch timer
The watch timer sets the WTIF flag of the interrupt control register (WTIC) at time intervals of 0.5 seconds

by using the 32.768-kHz subsystem clock.

(2) Interval timer
The interval timer generates an interrupt request (INTTM3) at predetermined time intervals.
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Figure 8-16. Block Diagram of Watch Timer

= fw
g _ 2
/2" —— & g % —1 5-bit counter 5
§ Yo o Prescaler , n § L - INTWT
r—= 3 o)
XT n [0}
fw | fw| fw| fw| fw| fw fw
24 25 26 27 28 2° 25
S
o INTTM3
©
0
To 16-bit timer/counter

8.12 Watchdog Timer
A watchdog timer is provided to detect a hang up of the CPU. This watchdog timer generates a non-maskable

or maskable interrupt unless it is cleared by software within a specified interval time. Once enabled to operate, the
watchdog timer cannot be stopped by software. Whether the interrupt by the watchdog timer or the interrupt input

from the NMI pin takes precedence can be specified.

Figure 8-17. Block Diagram of Watchdog Timer

fok —= Timer

feLk/222

fok/220

foLk/210 — INTWDT

Selector

fow/2%7

Clear signal

Remark fcwk: Internal system clock (fxx to fxx/8)
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9. INTERRUPT FUNCTION

As the servicing in response to an interrupt request, the three types shown in Table 9-1 can be selected by

program.

Table 9-1. Servicing of Interrupt Request

Servicing Mode

Entity of Servicing

Servicing

Contents of PC and PSW

and /O (servicing is fixed)

Vectored interrupt Software Branches and executes servicing routine Saves to and restores
(servicing is arbitrary) from stack

Context switching Automatically switches register bank, Saves to or restores from
branches and executes servicing routine fixed area in register bank
(servicing is arbitrary)

Macro service Firmware Executes data transfer between memory Retained

9.1 Interrupt Sources

Table 9-2 shows the interrupt sources available. As shown, interrupts are generated by 29 types of sources,
execution of the BRK instruction, BRKCS instruction, or an operand error.
The priority of interrupt servicing can be set to four levels, so that nesting can be controlled during interrupt
servicing and that which of the two or more interrupts that simultaneously occur should be serviced first. When the

macro service function is used, however, nesting always proceeds.
The default priority is the priority (fixed) of the service that is performed if two or more interrupt requests, having
the same priority, simultaneously generate (refer to Table 9-2).
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Table 9-2. Interrupt Sources

Type Default Source Internal/ Macro
Priority Name Trigger External Service
Software — BRK instruction Instruction execution — —
BRKCS instruction Instruction execution
Operand error If result of exclusive OR between operands
byte and byte is not FFH when MOV STBC,
#byte instruction, MOV WDM, #byte inst-
ruction, or LOCATION instruction is executed
Non-maskable — NMI Pin input edge detection External —
INTWDT Overflow of watchdog timer Internal
Maskable 0 (highest) | INTWDTM Overflow of watchdog timer Internal O
1 INTPO Pin input edge detection External
2 INTP1
3 INTP2
4 INTP3
5 INTP4
6 INTPS
7 INTP6
8 INTHCO End of 12C bus transfer by CSIO Internal
INTCSIO End of 3-wire transfer by CSIO
9 INTSER1 Occurrence of UART reception error in ASI1
10 INTSR1 End of UART reception by ASI1
INTCSI1 End of 3-wire transfer by CSI1
11 INTST1 End of UART transmission by ASI1
12 INTSER2 Occurrence of UART reception error in ASI2
13 INTSR2 End of UART reception by ASI2
INTCSI2 End of 3-wire transfer by CSI2
14 INTST2 End of UART transmission by ASI2
15 INTTM3 Reference time interval signal from watch timer
16 INTTMOO Signal indicating coincidence between 16-bit
timer register and capture/compare register
(CRO0)
17 INTTMO1 Signal indicating coincidence between 16-bit
timer register and capture/compare register
(CRO1)
18 INTTM1 Occurrence of coincidence signal of 8-bit
timer/counter 1
19 INTTM2 Occurrence of coincidence signal of 8-bit
timer/counter 2
20 INTAD End of conversion by A/D converter
21 INTTM5 Occurrence of coincidence signal of 8-bit
timer/counter 5
22 INTTM6 Occurrence of coincidence signal of 8-bit
timer/counter 6
23 INTTM7 Occurrence of coincidence signal of 8-bit
timer/counter 7
24 INTTM8 Occurrence of coincidence signal of 8-bit
timer/counter 8
25 INTWT Overflow of watch timer
26 (lowest) | INTKR Detection of falling edge of port 8 External

Remark ASI : Asynchronous Serial Interface
CSl:
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9.2 Vectored Interrupt

Execution branches to a servicing routine by using the memory contents of a vector table address corresponding
to the interrupt source as the address of the branch destination.

So that the CPU performs interrupt servicing, the following operations are performed:

* On branching: Saves the status of the CPU (contents of PC and PSW) to stack
* On returning : Restores the status of the CPU (contents of PC and PSW) from stack

To return to the main routine from an interrupt service routine, the RETI instruction is used.
The branch destination address is in a range of 0 to FFFFH.

Table 9-3. Vector Table Address

Interrupt Source Vector Table Address Interrupt Source Vector Table Address
BRK instruction 003EH INTST1 001CH
Operand error 003CH INTSER2 001EH
NMI 0002H INSR2 0020H
INTWDT (non-maskable) | 0004H INTCSI2
INTWDTM (maskable)| 0006H INTST2 0022H
INTPO 0008H INTTM3 0024H
INTP1 000AH INTTMOO 0026H
INTP2 000CH INTTMO1 0028H
INTP3 000EH INTTM1 002AH
INTP4 0010H INTTM2 002CH
INTP5 0012H INTAD 002EH
INTP6 0014H INTTMS 0030H
INTIICO 0016H INTTM6 0032H
INTCSIO INTTM7 0034H
INTSER1 0018H INTTM8 0036H
INTSR1 001AH INTWT 0038H
INTCSI1 INTKR 003AH
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9.3 Context Switching

When an interrupt request is generated or when the BRKCS instruction is executed, a predetermined register
bank is selected by hardware. Context switching is a function that branches execution to a vector address stored
in advance in the register bank, and to stack the current contents of the program counter (PC) and program status
word (PSW) to the register bank.

The branch destination address is in a range of 0 to FFFFH.

Figure 9-1. Context Switching Operation When Interrupt Request Is Generated

|
|
|
|
rl
0000B Regi)ster7bank i
/ <7> Transfer _ (0to7) H
Register bank n (n=0to 7) | |
PC19-16 PC15-0 A X s

<2> Save

B C
<6> Exchange RS R4
(bits 8 through 11 R7 R6
of temporary register)
<5> Save VP
uUpP

\%
O U <3> Switching of register bank
porary reg T E (RBSO to RBS2 - n)
<4> <RSS - 0>
w L E <0

<1> Sav%
PSW

9.4 Macro Service

This function is to transfer data between memory and a special function register (SFR) without intervention by
the CPU. A macro service controller accesses the memory and SFR in the same transfer cycle and directly transfers
data without loading it.

Because this function does not save or restore the status of the CPU, or load data, data can be transferred at
high speeds.

Figure 9-2. Macro Service

Read Write

CPU Memory Macro service <R

) controller
Write Read

% Internal bus
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9.5 Application Example of Macro Service

(1) Transmission of serial interface

Transmit data storage buffer (memory)

Data n

Data n—-1

Data 2

Data 1

i

2 Internal bus 2

TxD1, TxD2 o—<—| Transmit shift register | TXS1, TXS2(SFR)

Transmit control —— INTSTL1, INTST2

Each time macro service requests INTST1 and INTST2 are generated, the next transmit data is transferred from
memory to TXS1 and TXS2. When data n (last byte) has been transferred to TXS1 and TXS2 (when the transmit
data storage buffer has become empty), vectored interrupt requests INTST1 and INTST2 are generated.

(2) Reception of serial interface

Receive data storage buffer (memory)

Data n

Data n—-1

Data 2

Data 1

G

2 Internal bus 8

|Receive buffer registerl RXB1, RXB2(SFR)

A

RxD1, RxD2 © I l Receive shift register |

Reception control INTSR1, INTSR2

Each time macro service requests INTSR1 and INTSR2 are generated, the receive datais transferred from RXB1
and RXB2 to memory. When data n (last byte) has been transferred to memory (when the receive data storage
buffer has become full), vectored interrupt requests INTSR1 and INTSR2 are generated.
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10. LOCAL BUS INTERFACE

The local bus interface can connect an external memory or 1/O (memory mapped 1/0) and support a memory
space of 1 Mbyte (refer to Figure 10-1).

Figure 10-1. Example of Local Bus Interface

(1) Multiplexed bus mode

M\ ™
uPD784218Y g Veo
SRAM

cs
- 7J/7-7 o Data bus
20 ‘ OE
WR we

1/01 to 1/08

Address bus
A8 to A19 ADto AL9
Address latch
ASTB LE
i QO to Q7
ADO to AD7 DO to D7
OE
77 -
(2) Separate bus mode
Vobp
uPD784218Y ~ SRAM ™
& 1
RD OE Data bus
WR WE
Address bus /01 to 1/08 :>
AO to A19 > AOto A19

ADO to AD7 < >
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10.1 Memory Expansion
External program memory and data memory can be connected in two stages: 256 Kbytes and 1 Mbyte.
To connect the external memory, ports 4 through 6 and port 8 are used.
The external memory can be connected in the following two modes:

* Multiplexed bus mode: The external memory is connected by using a time-division address/data bus. The
number of ports used when the external memory is connected can be reduced in this
mode.

» Separate bus mode : The external memory is connected by using an address bus and data bus independent
of each other. Because an external latch circuit is not necessary, this mode is useful
for reducing the number of components and mounting area on the printed wiring board.

10.2 Programmable Wait

Wait state(s) can be inserted to the memory space (00000H through FFFFFH) while the RD and WR signals are
active.

In addition, there is an address wait function that extends the active period of the ASTB signal to gain the address
decode time.

10.3 External Access Status Function

The P37/EXA pin outputs an active-low external access status signal. This signal informs the other devices
connected with the external bus of the external access status, disables data output to the external bus by the other
devices, and enables reception.

The external access status signal is output while the external memory is accessed.
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11. STANDBY FUNCTION

This function is to reduce the power dissipation of the chip, and can be used in the following modes:

* HALT mode . Stops supply of the operating clock to the CPU. This mode is used in combination
with the normal operation mode for intermittent operation to reduce the average
power dissipation.

* IDLE mode . Stops the entire system with the oscillation circuit continuing operation. The
power dissipation in this mode is close to that in the STOP mode. However, the
time required to restore the normal program operation from this mode is almost
the same as that from the HALT mode.

* STOP mode . Stops the main system clock and thereby to stop all the internal operations of the
chip. Consequently, the power dissipation is minimized with only leakage current
flowing.

* Power-saving mode : The main system clock is stopped with the subsystem clock used as the system

clock. The CPU can operate on the subsystem clock to reduce the current
consumption.

* Power-saving HALT mode: Thisis a standby function in the power-saving mode and stops the operation clock
of the CPU, to reduce the power dissipation of the entire system.

* Power-saving IDLE mode : This is a standby function in the power-saving mode and stops the entire system
except the oscillation circuit, to reduce the power dissipation of the entire system.

These modes are programmable.
In addition, the macro service can be started in the HALT mode or power-saving HALT mode. The HALT mode

is restored again after execution of the macro service processing.
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Caution Purchase of NEC | 2C components conveys a license under the Philips | 2C Patent Rights to use
these components in an | 2C system, provided that the system conforms to the | 2C Standard

Specification as defined by Philips.

IEBus is a trademark of NEC Corporation.

MS-DOS and Windows are either registered trademarks or trademarks of Microsoft Corporation in the United
States and/or other countries.

IBM DOS, PC/AT, and PC DOS are trademarks of International Business Machines Corporation.
HP9000 Series 700 and HP-UX are trademarks of Hewlett-Packard Company.

SPARCSstation is a trademark of SPARC International, Inc.

SunOS is a trademark of Sun Microsystems, Inc.

NEWS and NEWS-OS are trademarks of Sony Corporation.

The related documents indicated in this publication may include preliminary versions. However, preliminary
versions are not marked as such.

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.

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in
this document.

NEC Corporation does notassume any liability for infringement of patents, copyrights or other intellectual property
rights of third parties by or arising from use of a device described herein or any other liability arising from use
of such device. No license, either express, implied or otherwise, is granted under any patents, copyrights or other
intellectual property rights of NEC Corporation or others.

While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customers must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.

NEC devices are classified into the following three quality grades:

"Standard", "Special", and "Specific". The Specific quality grade applies only to devices developed based on a
customer designated "quality assurance program" for a specific application. The recommended applications of
a device depend on its quality grade, as indicated below. Customers must check the quality grade of each device
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: Aircrafts, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems or medical equipment for life support, etc.

The quality grade of NEC devices is "Standard" unless otherwise specified in NEC's Data Sheets or Data Books.
If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact an NEC sales representative in advance.

Anti-radioactive design is not implemented in this product.
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