DATA SHEET

NEC / MOS INTEGRATED CIRCUIT

1PD784217,784218

16/8-BIT SINGLE-CHIP MICROCONTROLLERS

The uPD784218 is a member of the £PD784218 Subseries of the 78K/IV Series. Besides a high-speed and high-
performance CPU, it features various peripheral hardware such as ROM, RAM, 1/O ports, 8-bit resolution A/D and
D/A converters, timer, serial interface, real-time output port, interrupts, etc.

A flash memory version, the uPD78F4218, which can operate in the same supply voltage range as the mask ROM
version, and various development tools are under development.

Detailed function descriptions are provided in the following user’s manuals. Be sure to read them before

designing.
uPD784218, 784218Y Subseries User’'s Manual Hardware : U12970E
78K/IV Series User’s Manual Instructions : U10905E
FEATURES
* ROM correction function » Standby function
» Inherits peripheral functions of £PD78078 Subseries HALT/STOP/IDLE modes
* Pin-compatible with zuPD784218Y Subseries In power-saving mode: HALT/IDLE modes (with
* Minimum instruction execution time subsystem clock)
160 ns (main system clock fxx = 12.5 MHz) * Clock division function
61 us (subsystem clock fxr = 32.768 kHz) * Watch timer: 1 channel
* High-capacity memory * Watchdog timer: 1 channel
* ROM: 192 Kbytes (uPD784217) ¢ Clock output function
256 Kbytes (4zPD784218) Selectable from fxx, fxx/2, fxx/22, fxx/23, fxx/2%, fxx/25,
* RAM: 12,800 bytes (uPD784217, 784218) fxx/26, fxx/27, fxv
¢ /O port: 86 pins * Buzzer output function
» Timer/counter: 16-bit timer/counter x 1 unit Selectable from /219, fxx/211, fxy/212, fxx/213
8-bit timer/counter x 6 units * A/D converter: 8-bit resolution x 8 channels
* Serial interface: 3 channels » D/A converter: 8-bit resolution x 2 channels
UART/IOE (3-wire serial 1/0): 2 channels * ¢ Supply voltage: Vob =22to 5.5V

CSI (3-wire serial YO): 1 channel

APPLICATIONS
Cellular phones, PHS, cordless telephones, CD-ROM, AV equipment, etc.

Unless otherwise specified, references in this document to the xPD784218 refer to the (/PD784217 and
1PD784218.

The information in this document is subject to change without notice.

Document No. U12303EJ1V0DS00 (1st edition)
Date Published February 1999 N CP(K)
Printed in Japan

The mark % shows major revised points.

© NEC Corporation 1997
M L427525 0151k4Y4 3T2 A
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NEC uPD784217,784218

ORDERING INFORMATION

Part Number Package Internal ROM (bytes) Internal RAM (bytes)
*  PD784217GC-xxx-8EU Note  {00-pin plastic LQFP (fine pitch) (14 x 14 mm) 192 K 12,800
1PD784217GF-xxx-3BA Note  100pin plastic QFP (14 x 20 mm) 192 K 12,800
* uPD784218GC-xxx-8EU 100-pin plastic LQFP (fine pitch) (14 x 14 mm) 256 K 12,800
uPD784218GF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) 256 K 12,800

Note Under development
Remark xxx indicates ROM code suffix.

* 78K/IV SERIES LINEUP

: : Under mass production

TR 12C bus supported
Lemmmana H Under development e Multi-master 12C bus supported
uPD784038Y pommmmmmmmemsem-oe- :
i uPD784225Y i
uPD784038 poTTTTTmTmmmmmmTene HH
Standard models ' uPD784225 i
Internal memory capacity enhanced R LEEE .
Pin-compatible with PD784026 80-pin

uPD784026

ROM correction added

A/D, 16-bit timer, power Multi-master [PC bus supported Multi-master 12C bus supported

management enhanced

! uPD784216Y ! uPD784218Y i

uPD784216 | uPD784218 |
100-pin Internal memory capacity enhanced
/O, internal memory ROM correction added

capacity enhanced

HPD784054

uPD784046

ASSP models On-chip 10-bit A/D

/E ©PD784937
Function of uPD784908 enhanced

On-chip IEBus™ Internal memory capacity enhanced
n-chip us ROM correction added

1PD784908

controller
Multi-master 12C bus supported

................... .

! uPD784928Y

------------------- [

/E uPD784928 |

1PD784915 iy '
Function of (tPD784915 enhanced

Software servo control
On-chip VCR analog circuit
Timer enhanced

2 Data Sheet U12303EJ1V0DS00

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



NEC

uPD784217,784218

FUNCTIONS (1/2)

Item

Part Number

uPD784217

uPD784218

(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

+« 160 ns/320 ns/640 ns/1280 ns/2560 ns (main system clock: fxx = 12.5 MHz)

voltage pin

time « 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/O port Total 86
CMOS input 8
CMOS I/0 72
N-ch open-drain I/O | 6
Pins with Pins with pull-up 70
anclllary resistor
functionsNote LED direct 22
drive output
Middle- 6

Real-time output port

4 bits x 2, or 8 bits x 1

Timer/counter

Timer/counter:
(16 bits)

Timer register x 1
Capture/compare

register x 2

Pulse output
¢ PPG output
« Square wave

output

+ One-shot pulse output

Timer/counter 1:

Timer register x 1

Pulse output

(8 bits) Compare register x 1 « PWM output

* Square wave output
Timer/counter 2: Timer register x 1 Pulse output
(8 bits) Compare register x 1 « PWM output

« Square wave output
Timer/counter 5: Timer register x 1 Pulse output
(8 bits) Compare register x 1 « PWM output

« Square wave output
Timer/counter 6: Timer register x 1 Pulse output
(8 bits) Compare register x 1 * PWM output

* Square wave output
Timer/counter 7: Timer register x 1 Pulse output
(8 bits) Compare register x 1 * PWM output

« Square wave output
Timer/counter 8: Timer register x 1 Pulse output
(8 bits) Compare register x 1 « PWM output

* Square wave output

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

Data Sheet U12303EJ1V0DS00
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NEC

uPD784217,784218

FUNCTIONS (2/2)

Part Number

Item

uPD784217 uPD784218

Serial interface

« UART/IOE (3-wire serial 1/0): 2 channels (on-chip baud rate generator)
* CSI (3-wire serial I/0): 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/2%, fxx/25, fxx/28, fxx/27, fxr

Buzzer output

Selectable from fxx/210, fxx/211, fxx/212, fxx/213

Watch timer 1 channel
Watchdog timer 1 channel
Standby *+ HALT/STOP/IDLE modes
« In power-saving mode (with subsystem clock): HALT/IDLE modes
Interrupt Hardware source 29 (internal: 20, external: 9)

Software source

BRK instruction, BRKCS instruction, operand error

Non-maskable

Internal: 1, external: 1

Maskable

Internal: 19, external: 8

* Up to 4 priority levels can be programmed.
« 3 types of service modes: vectored interrupt/macro service/context switching

Supply voltage

Vob=221055V

Package

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

Data Sheet U12303EJ1V0DS00
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NEC uPD784217,784218
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NEC uPD784217,784218

1. DIFFERENCES AMONG MODELS IN PD784218 SUBSERIES

The only difference between the uPD784217 and 784218 lies in the internal memory capacity.
The uPD78F4218is provided with a 256-Kbyte flash memory instead of the mask ROM of the uPD784218. These
differences are described in Table 1-1.

* Table 1-1. Differences among Models in uPD784218 Subseries
Part Number uPD784217 uPD784218 uPD78F4218
Item
Internal ROM 192 Kbytes 256 Kbytes 256 Kbytes
(mask ROM) (mask ROM) (Flash memory)
Internal RAM 12,800 bytes
Internal memory | None Provided Nete

size switching
register (IMS)

Supply voltage Vob=22to 55V Vob=271t055V
CPU clock Main system clock, subsystem clock Main system clock
Electrical Refer to individual data sheets.

specifications

Recommended

soldering

conditions

TEST pin Provided None
Vep pin None Provided

Note Internal flash memory capacity and internal RAM capacity can be changed using the internal memory size
switching register (IMS).

Caution There are differences in noise immunity and noise radiation between the flash memory and mask
ROM versions. When pre-producing an application set with the flash memory version and then

mass-producing It with the mask ROM verslon, be sure to conduct sufficlent evaluations on the
commercial samples (not engineering samples) of the mask ROM version.

Data Sheet U12303EJ1V0DS00 7
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NEC

uPD784217,784218

2. DIFFERENCES BETWEEN uPD784218 AND 1PD784216

The differences between the uPD784218 and uPD784216 are summarized in Table 2-1.

status function

Table 2-1. Differences between uPD784218 and uPD784216
Part Number uPD784218 uPD784216
Item
Internal ROM 256 Kbytes 128 Kbytes
Internal RAM 12,800 bytes 8,192 bytes
ROM correction Provided None
External access Provided None

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003
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NEC

uPD784217,784218

3. MAJOR DIFFERENCES FROM PD78078 SUBSERIES

Series Name

uPD784218 Subseries

uPD78078 Subseries

execution time

clock is selected

Item
CPU 16-bit CPU 8-bit CPU
Minimum instruction | When main system 160 ns (at 12.5 MHz operation) 400 ns (at 5.0 MHz operation)

When subsystem
clock is selected

61

us (at 32.768 kHz operation)

122 us (at 32.768 kHz operation)

Memory space 1 Mbyte 64 Kbytes
1/O port Total 86 88
CMOS input 8 2
CMOS 11O 72 78
N-ch open-drain I/O | 6 8
Pins with ancillary | Pins with pull-up 70 86
functions Note resistor
LED direct drive 22 16
output
Middle-voltage pin 6 8

Timer/counter

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

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

Serial interface

UART/IOE (3-wire serial 1/0)
x 2 channels
CSI (3-wire serial 1/0) x 1 channel

« UART/IOE (3-wire serial 1/0)
x 1 channel

« CSI (3-wire serial 1/O, 2-wire serial
1/0, SBI) x 1 channel

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

HALT/STOP modes

100-pin plastic QFP (14 x 20 mm)

ROM correction Provided None

External access status function Provided None

Package * 100-pin plastic LQFP (fine pitch) * 100-pin plastic LQFP (fine pitch)
(14 x 14 mm) (14 x 14 mm)

* 100-pin plastic QFP (14 x 20 mm)
+ 100-pin ceramic WQFN
(14 x 20 mm) (uPD78P078 only)

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

Data Sheet U12303EJ1V0DS00
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NEC uPD784217,784218

4. PIN CONFIGURATION (Top View)

* - 100-pin plastic LQFP (fine pitch) (14 x 14 mm)
UPD784217GC-xxx8EU Note 1
1PD784218GC-xxx8EU

80688
i<sgsa.8582525 E‘L—‘zrxom
f v en.oBOEEEERBEEEREE LiEllEE
R R R RRARRRRRaaasserere
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 (Or=—=] 1 75 [=—0O P62/A18
P121/RTP1 O=—] 2 O 74 |=—) P61/A17
P122/RTP2 O=—=] 3 73 |=—=() P60/A16
P123/RTP3 O=—m] 4 72— Vss
P124/RTP4 O=—=| 5 71 ) P57/A15
P125/RTP5 (O=— 6 70 |=—O P56/A14
P126/RTP6 (== 7 89 |=—( P55/A13
P127/RTP7 O=— 8 68 |[=—() P54/A12
Voo O———1 9 67 [+—= P53/A11
X2 O——— 10 66 =— P52/A10
X1 O—f 11 65 f=—=O P51/A9
Vss O—— 12 64 |=—) P50/A8
XT2 O——| 18 63 |=—O P47/AD7
XT1 O—] 14 62 |=——= P46/AD6
RESET O—— 15 61 |«——= P45/AD5
POO/INTPO (O=—{ 16 60 |=———=() P44/AD4
PO1/INTP1 O=—] 17 59 |=——= P43/AD3
PO2/INTP2/NMI O=~—{ 18 58 |=—=( P42/AD2
PO3/INTP3 (O=—r] 19 57 f=—=) P41/AD1
PO4/INTP4 (=—--] 20 56 |«—=() P40/ADO
PO5/INTP5 (=—{ 21 55 |l«—=() P87/A7
PO6/INTP6 (=—] 22 54 l«—=() P86/AG
AVppNetes (1 23 53 [=—=() P85/A5
AVrero (O— 24 52 fe——=() P84/A4
P10/ANI0 O—] 25 51 f«—=() P83/A3
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

§!

Jot———

L1

J———}

§!

-

|

J——mf
J———f

|

Jo———]

5y

e
-
—]
C—
]
j—

OOOOOOO0OOOOOO0OO0OOOOOOOOOOOO0O0O
Z2222£53185is08agko858g2x¢e
s2222::182128]533[884288333
e e A R R R
oooaooono<x®® T XX o x X 0 0o o o
ia o58sE8
FELRL 2
o
N &N
I~ N
[a [a T
Notes 1. Under development
2. Connect the TEST pin directly to Vss.
3. Connect the AVop pin to Vob.
4. Connect the AVss pin to Vss.
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NEC uPD784217,784218

» 100-pin plastic QFP (14 x 20 mm)
1IPD784217GF-xxx-3BA Note 1
HPD784218GF-xxx-3BA

8 O Vss

9 [«—0 P57/A15
Q [«—0O P56/A14
9 |=—O P55/A13
©Q [«—0 P54/A12
© [«—0 P53/A11
@ [«—0O P52/A10
Q [«—=O P51/A9
©Q [«—=0O P50/A8
© l«—=( P47/AD7
© [«—=0 P46/AD6
% [«—=0 P45/AD5
Q@ (+~—0 P44/AD4
® |0 P43/AD3
Q [«—=0 P42/AD2
% f«—=) P41/AD1
Q [«—=0O P40/ADO
& l«—=0) P87/A7
Q l«—=() P86/AG
®© le—=( P85/A5

1
P60/A16 O=—] 1 80 [=—=( P84/A4
P61/A17 O=~— 2 O 79 |=—=O P83/A3
P62/A18 O=~—= 3 78 [+~—O P82/A2
P63/A19 O=——" 4 77 +—=0O P81/A1
P64/RD O=—{ 5 76 f~——=O P80/A0
P65/WR O=—= 6 75 |[=—=O P27/SCKO

PBE/WAIT O=—n] 7 74 =~—=0 P26/SO0
P67/ASTB O~—=1 8 73 [=—=O P25/SI0
Voo O—— 9 72 [=—= P24/BUZ

P100/TI5/TO5 O=—= 10 71 |=—O P23/PCL

P101/TI6/TO6 O=e—r] 11 70 =——O P22/ASCK1/SCK1

P102/TI7/TO7 O=——] 12 69 |=—O P21/TxD1/SO1

P103/TI8/TO8 O=~—={ 13 68 [=——O P20/RxD1/SI1
P30/TO0 O=—=] 14 67 |=—=( P72/ASCK2/SCK2
P31/TO1 O=— 15 66 f=——=O P71/TxD2/SO2
P32/T02 O=—] 16 65 [=—=O P70/RxD2/SI2
P33/TH OQ=——] 17 64 —CO AVrer1
P34/TI2 O=—=] 18 63 [=——=(O P131/ANO1
P35/TI00 O=— 19 62 |=——=( P130/ANCO
P36/TI01 O=—»{ 20 61 | AVssNotes
P37/EXA O=— 21 60 [«—O P17/ANI7

TEST Note2 O—— 22 59 f~——O P16/ANI6
P20 O=—>| 23 58 f«——O P15/ANI5
P91 Q=] 24 57 =—O P14/ANI4
P2 O=—»] 25 56 |=— P13/ANI3
P93 O~—n] 26 55— P12/ANI2
P94 Q=—on] 27 54 l«——( P11/ANI1
P95 O=—= 28 53 f«——O P10/ANIO

P120/RTPO0 Q= 29 52— O AVrero

P121/RTP1 O=—>{ 30 51 |——(O AVoppNote3

31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

OCOO0OO0OO0OOO0OOOO0OOOOOOOOOO
N ot O~ 2NN 2N —[F-O - S o 0 ©
g aaoaon S XXLEEBEULWAEo 20 00 a
E EEEEE X XlmEEZEEEE
O @owwierEoio UZZaZzZZZ
N FO S cs5=Za35555%
N AN NN sobEos oo
ooo0ooo o oo =0o0a0a0
S
o
Notes 1. Under development
2. Connect the TEST pin directly to Vss.
3. Connect the AVpp pin to Vob.
4. Connect the AVss pin to Vss.
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NEC uPD784217,784218
A0 to A19: Address Bus P100 to P103: Port10
ADO to AD7: Address/Data Bus P120 to P127: Port12
ANIO to ANI7: Analog Input P130, P131: Port13
ANOO, ANO1: Analog Output PCL: Programmable Clock
ASCK1, ASCK2: Asynchronous Serial Clock RD: Read Strobe
ASTB: Address Strobe RESET: Reset
AVpD: 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 SI0 to SI2: Serial Input
EXA: External Access Status Output SO0 to SO2: Serial Output
INTPO to INTP6: Interrupt from Peripherals TEST: Test
NMI: Non-maskable Interrupt TIOO, TIO1,
POO to PO6: Port0 T, TI2, TI5 to TI8: Timer Input
P10 to P17: Port1 TOO to TO2, TO5 to TO8: Timer Output
P20 to P27: Port2 TxD1, TxD2: Transmit Data
P30 to P37: Port3 Vob: Power Supply
P40 to P47: Port4 Vss: Ground
P50 to P57: Port5 ‘WAIT: Wait
P60 to P67: Port6é WR: Write Strobe
P70 to P72: Port7 X1, X2: Crystal (Main System Clock)
P80 to P87: Port8 XT1, XT2: Crystal (Subsystem Clock)
P90 to P95: Port9

12
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NEC uPD784217,784218
5. BLOCK DIAGRAM
B RxD1/SI1
TR0, INTP1. | INTERRURT - K SAUD-RATE TXD1/SO1
INTP3 o INTPS L] CONTROLLER GENERATOR ASCK1/SCK1
RxD2/SI2
Tioo —] UART/IOE2
TIMER/COUNTER TxD2/302
Tio] ——= - K] BAUD-RATE s
16 BITS
T00 ( ) GENERATOR ASCK2/SCK2
CLOCKED Sio
Ti TIMERICOUNTERT L K SERIAL S00
To1t =—— (8BITS) INTERFAGCE SCKO
SCKO
TI2 ——~| TMERICOUNTER2 | 1) "> ADO to AD7
To2 =—— (8 BITS) > A0 to A7
> A8 1o A15
TIMER/COUNTERS
TI5T05 =— " TS K K BusiF > A1610 A19
RD
BT TIMER/COUNTERS ) WR_
1 (BT 78K/V ROM WAIT
CPU CORE ASTB
EXA
TIMER/COUNTER?
Tizmo7 == M Sars) - K @ @ (] PorTo POO to P06
(—>3  PORT1 P10to P17
TIMER/COUNTERS
TIB/TO8 =—=1 " 3 BITS) <:> @ - PORT2 P20 to P27
1 PORT3 P30 to P37
wATCHTIMERK Y || RaM (] Porta P40 to P47
(—Y PORTS P50 to P57
WATCHDOG TIMERK " PorTs P60 to P67
K PORTY P70to P72
RTPO to RTP7 {—|BEALTIME >
° OUTPUT PORT ()| PORTs P80 to P87
ANOO —~— — PORT9 P90 to P95
ANO1 -—| D/A M PorTi0 P100 to P103
AVreri —| CONVERTER - o
AVss — () PORT12 P120 to P127
ANIO 1g ANI7 — I (] PorTi3 P130, P131
AVos —| CONVERTER K—)
AVss — RESET
bl CLOCK OUTPUT |1 x1
CONTROL SYSTEM CONTROL x2
BUZ BUZZER OUTPUT XT1
XT2
L] Vobp
Vss
TEST

Remark The internal ROM capacity differs depending on the product.
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uPD784217,784218

6. PIN FUNCTIONS

6.1 Port Pins (1/2)

Pin Name 1/0 Alternate Function Function
POO 1/10 INTPO Port 0 (PO):
PO INTPA « 7-bit 1/0O port
« Can be set in input or output mode in 1-bit units.

* | Poz2 INTP2/NMI * Regardless of input mode/output mode specification, an on-chip pull-
PO3 INTP3 up resistor can be specified in 1-bit units by means of software.
PO4 INTP4
P05 INTP5
PO6 INTP6
P10 to P17 Input ANIO to ANI7 Port 1 (P1):

« 8-bit input port
P20 1/0 RxD1/SI1 Port 2 (P2):
P21 TxD1/SO1 * 8-bit 1/O port
p— + Can be set in input or output mode in 1-bit units.

* P22 ASCK1/SCK1 + Regardless of input mode/output mode specification, an on-chip pull-
P23 PCL up resistor can be specified in 1-bit units by means of software.
P24 BUZ
P25 SIo
P26 SO0
P27 SCKo
P30 1/0 TOO Port 3 (P3):

P31 TO1 « 8-bit 1/0 port
* Can be set in input or output mode in 1-bit units.

* P32 Toz2 « Regardless of input mode/output mode specification, an on-chip pull-
P33 TN up resistor can be specified in 1-bit units by means of software.
P34 TI2
P35 TIOO
P36 TIOA1
P37 EXA
P40 to P47 1/10 ADO to AD7 Port 4 (P4):

« 8-bit 1/0 port

« Can be set in input or output mode in 1-bit units.

+ Allpins setin input mode can be connectedto internal pull-up resistors
by means of software.

* Can directly drive LEDs.

P50 to P57 1/10 A8 to A15 Port 5 (P5):

« 8-bit 1/0 port

« Can be set in input or output mode in 1-bit units.

+ Allpins setin input mode can be connectedto internal pull-up resistors
by means of software.

* Can directly drive LEDs.

14
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6.1 Port Pins (2/2)
Pin Name 1/0 Alternate Function Function
P60 1/10 A16 Port 6 (P6):
P61 A7 « 8-bit 1/0 port
« Can be set in input or output mode in 1-bit units.
P62 Al8 « All pins set in input mode can be connectedto internal pull-up resistors
P63 Al9 by means of software.
P64 RD
P65 WR
P66 WAIT
P67 ASTB
P70 1710 RxD2/S12 Port 7 (P7):
« 3-bit /O port
P71 TxD2/SO2 « Can be set in input or output mode in 1-bit units.
* « Regardless of input mode/output mode specification, an on-chip pull-
up resistor can be specified in 1-bit units by means of software.
P72 ASCK2/SCK2
P80 to P87 1/10 AO to A7 Port 8 (P8):
« 8-bit 1/0 port
« Can be set in input or output mode in 1-bit units.
* « Regardless of input mode/output mode specification, an on-chip pull-
up resistor can be specified in 1-bit units by means of software.
« Interrupt control flag (KRIF) is set to 1 when falling edge is detected
at a pin of this port.
P90 to P95 1/10 —_ Port 9 (P9):
* N-ch open-drain middle-voltage 1/0O port
« 6-bit 1/0 port
« Gan be set in input or output mode in 1-bit units.
+ Can directly drive LEDs.
P100 1/0 TI5/TOS Port 10 (P10):
P101 TI8TOs6 * 4-bit /O port
« Can be set in input or output mode in 1-bit units.
* P102 Tivmor * Regardless of input mode/output mode specification, an en-chip pull-
P103 T18/TO8 up resistor can be specified in 1-bit units by means of software.
P120 to P127 1/0 RTPO to RTP7 Port 12 (P12):
« 8-bit 1/0 port
« Can be set in input or output mode in 1-bit units.
* + Regardless of input mode/output mode specification, an on-chip pull-
up resistor can be specified in 1-bit units by means of software.
P130, P131 1/0 ANOO, ANO1 Port 13 (P13):
« 2-bit 1/0 port
« Can be set in input or output mode in 1-bit units.

Data Sheet U12303EJ1V0DS00 15
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6.2 Non-port Pins (1/2)

Pin Name 1/0 Alternate Function Function
TIOO Input P35 External count clock input to 16-bit timer register
TIO1 P36 Capture trigger signal input to capture/compare register 00
TH P33 External count clock input to 8-bit timer register 1
TI2 P34 External count clock input to 8-bit timer register 2
TIS 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
TOS P100/TI5
TO6 P101/TI6
TO7 P102/TI7
TOS8 P103/TI8
RxD1 Input P20/SI1 Serial data input (UART1)
RxD2 P70/S12 Serial data input (UART2)
TxDA1 Output P21/SO1 Serial data output (UART1)
TxD2 P71/802 Serial data output (UART2)
ASCK1 Input P22/SCK1 Baud rate clock input (UART1)
ASCK2 P72/SCK2 Baud rate clock input (UART2)
SIo Input P25 Serial data input (3-wire serial 1/00)
SN 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)
SO2 P71/TxD2 Serial data output (3-wire serial 1/02)
SCKo 11O P27 Serial clock input/output (3-wire serial 1/00)
SCK1 P22/ASCK1 Serial clock input/output (3-wire serial /O1)
SCK2 P72/ASCK2 Serial clock input/output (3-wire serial /02)
NMI Input PO2/INTP2 Non-maskable interrupt request input
INTPO POO External interrupt request input
INTP1 PO1
INTP2 PO2/NMI
INTP3 P03
INTP4 P04
INTPS P05
INTP6 Po6

16
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6.2 Non-port Pins (2/2)

Pin Name 1/0 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
A16 to A19 P60 to P63 High-order address bus when external memory is connected
RD Output 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
XA 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
AVREeF1 To apply reference voltage for D/A converter
AVobp Positive power supply for A/D converter. Gonnect to Vob.
AVss GND for A/D converter and D/A converter. Connect to Vss.
Voo Positive power supply
Vss GND
TEST Connect this pin directly to Vss (this pin is for IC test).
Data Sheet U12303EJ1V0DS00 17
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6.3 Pin I/O Circuits and Recommended Connection 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 I/O circuit, refer to Figure 6-1.

Table 6-1. Types of Pin Input/Output Circuilts and Recommended Connection of Unused Pins (1/2)

Pin Name 1/O Gircuit Type 110 Recommended Gonnection of Unused Pins
POO/INTPO 8-A l{e] Input : Independently connect to Vss via a resistor
PO1/INTPA Output: Leave open

PO2/INTP2/NMI

PO3/INTP3 to PO6/INTP6

P10/ANIO to P17/ANI7 9 Input Connect to Vss or Vob

P20/RxD1/SIA1 10-A 110 Input : Independently connect to Vss via a resistor
P21/TxD1/SO1 Output: Leave open

P22/ASCK1/SCK1

P23/PCL

P24/BUZ

P25/S10

P26/SO0

P27/SCKO

P30/TOO0 to P32/TO2 8-A
P33/TI1, P34/TI2

P35/TI00, P36/TIO1

P37/EXA

P40/ADO to P47/AD7 5-A

P50/A8 to P57/A15

P60/A16 to PB3/A19

P64/RD

PB5/WR

P66/WAIT

P67/ASTB

P70/RxD2/S12 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 Data Sheet U12303EJ1VODS00
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Table 6-1. Types of Pin Input/Output Circuits and Recommended Connection of Unused Pins (2/2)

Pin Name 1/0 Circuit Type 110 Recommended Connection of Unused Pins
RESET 2 Input —
XT1 16 Connect to Vss
XT2 — Leave open
AVREeFo — Connect to Vss
AVREF1 Connect to Voo
AVop
AVss Connect to Vss
TEST Connect directly 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).

Data Sheet U12303EJ1V0DS00 19
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Figure 6-1. Pin I/O Circuits
Type 2 Type 10-A Vobp
T
pullup D - |
enable P-ch
IN ¢ Vob
OIN/OUT
Schmitt trigger input with hysteresis characteristics open drain
output disable N-ch
Type 5-A Voo Type 12-A \‘/IED
. " >
ullu . pullup .
Znab‘I)e D‘)_l P-ch enable i P-ch
Voo
Voo data ———9 1] |~pP-ch
—
data 7:D3_| P-ch O IN/JOUT
- output i )o—l N-ch
% IN/OUT disable IETL
output N-ch
disable inp‘jut E Pchg
enable
inout ‘:‘«S Ii Analog output
inpu voltage -
enable g N ChF
Type 8-A Voo Type 13-D
pullup DO | ~ O IN/OUT
enable P-ch i
data :) >(‘, _l .
Voo output disable " N-ch
data 7:D:>—| P-ch Voo
| +
. o IN/OUT
output N-ch RD —| P-ch
disable OQ
:@ Middle-voltage input buffer
Type 9 Type 16
feedback
L Comparator cut-off
. P-ch
IN &— N-h P-ch
T
I rmm >
VRer
(Threshold voltage) DC
input &
enable XT1 XT2
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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 0 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

uPD784217

1uPD784218

O0CDOOH to OFFFFH

00000H to 0OCCFFH
10000H to 2FFFFH

00000H to OCCGFFH
10000H to 3FFFFH

Caution Thefollowing areas thatoverlap the internal data area ofthe internal ROM cannot be used when

the LOCATION 0 instruction is executed.

Part Number Unusable Area

uPD784217 OCDOOH to OFFFFH (13,056 bytes)

uPD784218

» 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:

Part Number Internal Data Area Internal ROM Area

uPD784217 FCDOOH to FFFFFH 0O0000OH to 2FFFFH

0O0000H to 3FFFFH

uPD784218

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

Data Sheet U12303EJ1V0DS00
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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-bit 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.

Flgure 7-3. General-Purpose Reglster Format

A (R1) : X (RO)
AX (RPO)
B (R3) : C (R2)
BC (RP1)
R5 i R4
RP2

— R7 ! R6
I aa— RP3

R9 ! R8

VVP (RG4) VP (RP4)
R11 | R10

T D (R13) E (R12)

UUP (RG5) UP (RP5)

TDE (RG6) DE (RP6)
H (R15) ; L (R14)

w i
WHL (RG7) HL (RP7) —
Parentheses ( ) indicate an absolute name.

8 banks

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 Serles.

24 Data Sheet U12303EJ1V0DS00
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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 ‘ RBSA ‘ RBSO ‘ - ‘ - ‘ - ‘ - |
PSW
6 5 4 3 2 1 0
PSWL | S ‘ z ‘RSS Nete\  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-bit pointer that holds the first address of the stack. Be sure to write O to the higher 4 bits of this
pointer.

Figure 7-6. Stack Pointer (SP) Format

23 20 0

SP o|o0|0]|O

Data Sheet U12303EJ1V0DS00 25

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



NEC uPD784217,784218

7.2.3 Special function registers (SFRs)

The special function registers, such as the mode registers and control registers of the internal peripheral
hardware, are registers to which special functions are allocated. These registers are mapped to a 256-byte space
of addresses OFFOOH through OFFFFH Note,

Note On execution of the LOCATION 0 instruction. FFFOOH through FFFFFH on execution of the LOCATION
OFH instruction.

Caution Do notaccessanaddress inthisareatowhichno SFRis allocated. If such an addressis accessed
by mistake, the yPD784218 may be in the deadlock status. This deadlock status can be cleared
only by inputting the RESET signal.

Table 7-1 lists the special function registers (SFRs). The meanings of the symbols in this table are as follows:
* Symbol ..o Symbol indicating an SFR. This symbol is reserved for NEC’s assembler

(RA78K4). It can be used as an sfr variable by the #pragma sfr command with
the C compiler (CC78K4).

o R/W e, Indicates whether the SFR is read-only, write-only, or read/write.
R/W : Read/write
R : Read-only

w : Write-only

+ Bit units for manipulation.. Bit units in which the value of the SFR can be manipulated.
SFRs that can be manipulated in 16-bit units can be described as the
operand sfrp of an instruction. To specify the address of this SFR, describe
an even address.
SFRs that can be manipulated in 1-bit units can be described as the operand
of a bit manipulation instruction.

« Afterreset.....ccccccinecinnnnn. Indicates the status of the register when the RESET signal has been input.
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Table 7-1. Special Function Register (SFR) List (1/4)

Address Note1 Special Function Register (SFR) Name Symbol R/W Bit Units for Manipulation | After Reset
1 bit 8 bits |16 bits

OFFOOH Port 0 PO R/W o O — 00H Note 2
OFFO1H Port 1 P1 R ] O —
OFFO2H Port 2 P2 R/W O O —
OFFO3H Port 3 P3 O O —
OFF04H Port 4 P4 O O —
OFFO5H Port 5 P5 (@) (@) —
OFFO6H Port 6 P6 O O —
OFFO7H Port 7 P7 O O —
OFFO8H Port 8 P8 o & —
OFFO9H Port 9 P9 ] o —
OFFOAH Port 10 P10 o o —
OFFOCH Port 12 P12 ©] O —
OFFODH Port 13 P13 O O —
OFF10H 16-bit timer register TMO R — — O 0000H
OFF11H
OFF12H Capture/compare register 00 CROO R/W — — @]
OFF13H (16-bit timer/counter)
OFF14H Capture/compare register 01 CRO1 — — O
OFF15H (16-bit timer/counter)
OFF16H Capture/compare control register O CRCO @] @] — O0H
OFF18H 16-bit timer mode control register TMGCO (@] (@] —
OFF1AH 16-bit timer output control register TOCO O O —
OFF1CH Prescaler mode register 0 PRMO O O —
OFF20H Port 0 mode register PMO O O — FFH
OFF22H Port 2 mode register PM2 O o —
OFF23H Port 3 mode register PM3 O O —
OFF24H Port 4 mode register PM4 (@] (@] —
OFF25H Port 5 mode register PM5 O O —
OFF26H Port 6 mode register PM6 O O —
OFF27H Port 7 mode register PM7 @] @] —
OFF28H Port 8 mode register PM8 O O —
OFF29H Port 9 mode register PM9 O O —
OFF2AH Port 10 mode register PM10 O O —
OFF2CH Port 12 mode register PM12 O O —
OFF2DH Port 13 mode register PM13 @] @] —

Notes 1. When the LOCATION O instruction is executed. Add “FOO00H” to this value when the LOCATION OFH

instruction is executed.
2. Because each port is initialized to input mode after reset, “O0H” is not actually read. The output latch

by 1 Cmi ner.com El ectronic-Library Service CopyRi ght 2003

is initialized to “0”.
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Table 7-1. Special Function Register (SFR) List (2/4)

Address Note Special Function Register (SFR) Name Symbol R/W Bit Units for Manipulation | After Reset
1 bit 8 bits |16 bits
OFF30H Pull-up resistor option register 0 PUO R/W Q Q — OOH
OFF32H Pull-up resistor option register 2 PU2 O O —
OFF33H Pull-up resistor option register 3 PU3 O O —
OFF37H Pull-up resistor option register 7 PU7 O O —
OFF38H Pull-up resistor option register 8 PU8 O O —
OFF3AH Pull-up resistor option register 10 PU10 O O —
OFF3CH Pull-up resistor option register 12 PU12 O O —
OFF40H Clock output control register CKS O O —
OFF42H Port function control register PF2 (@] (@] —
OFF4EH Pull-up resistor option register PUO O O —
OFF50H 8-bit timer register 1 ™1 |TMIW | R — O O 0000H
OFF51H 8-bit timer register 2 TM2 — QO
OFF52H Compare register 10 (8-bit timer/counter 1) [CR10 |[CR1W | R/W — O O
OFF53H Compare register 20 (8-bit timer/counter 2) CR20 — O
OFF54H 8-bit timer mode control register 1 TMC1 [TMCIW (@) (@) (@)
OFF55H 8-bit timer mode control register 2 TMC2 O O
* | oFF56H Prescaler mode register 1 PRM1 [PRMIW (@) (@) (@)
* | OFF57H Prescaler mode register 2 PRM2 O O
OFF60H 8-bit timer register 5 TM5 |TM5W| R — O O
OFF61H 8-bit timer register 6 T™M6 — O
OFF62H 8-bit timer register 7 TM7 [TM7W — O O
OFF63H 8-bit timer register 8 ™S8 — O
OFF64H Compare register 50 (8-bit timer/counter 5) CR50 |CR5W | R/W —_ O O
OFF65H Compare register 60 (8-bit timer/counter 6) CR60 — O
OFF66H Compare register 70 (8-bit timer/counter 7) | CR70 [CR7W — O O
OFF67H Compare register 80 (8-bit timer/counter 8) CR80 — O
OFF68H 8-bit timer mode control register 5 TMC5 |TMC5W O O O
OFF69H 8-bit timer mode control register 6 TMC6 O O
OFF6AH 8-bit timer mode control register 7 TMC7 |TMC7TW O O O
OFF6BH 8-bit timer mode control register 8 TMC8 O O
* | OFF6CH Prescaler mode register 5 PRM5 |PRM5W O O O
* | oFF6DH Prescaler mode register 6 PRM6 O O
* | OFF6EH Prescaler mode register 7 PRM7 |PRM7W O O O
* | OFF6FH Prescaler mode register 8 PRM8 (@] (@]
OFF70H Asynchronous serial interface mode register 1 ASIM1 O O — 00H
OFF71H Asynchronous serial interface mode register 2 ASIM2 (@) O —
OFF72H Asynchronous serial interface status register 1 ASIS1 R (@) O —
OFF73H Asynchronous serial interface status register 2 | ASIS2 (@) (@) —

Note When the LOCATION O instruction is executed. Add “FO000H” to this value when the LOCATION OFH
instruction is executed.
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Table 7-1. Special Function Register (SFR) List (3/4)

Address Note Special Function Register (SFR) Name Symbol R/W Bit Units for Manipulation | After Reset
1 bit 8 bits |16 bits

OFF74H Transmit shift register 1 TXS1 w — @] — FFH
Receive buffer register 1 RXB1 R — O —

OFF75H Transmit shift register 2 TX82 w — O —
Receive buffer register 2 RXB2 R — O —

OFF76H Baud rate generator control register 1 BRGC1 R/W O O — OOH

OFF77H Baud rate generator control register 2 BRGC2 (@] (@] —

OFF7AH Oscillation mode select register CcC O O —

OFF80H A/D converter mode register ADM O O —

OFF81H A/D converter input select register ADIS QO QO —

OFF83H A/D conversion result register ADCR R — O — Undefined

OFF84H D/A conversion value setting register 0 DACSO0 R/W O O — OOH

OFF85H D/A conversion value setting register 1 DACS1 O O —

OFF86H D/A converter mode register 0 DAMO O O —

OFF87H D/A converter mode register 1 DAMA1 O O —

OFF88H ROM correction control register CORC O O —

OFF89H ROM correction address pointer H CORAH —_ O —_

OFF8AH ROM correction address pointer L CORAL — — O 0000H

OFF8BH

OFF8CH External bus type select register EBTS (@] (@] — OOH

OFF8DH External access status enable register EXAE O O —

OFF90H Serlal operation mode register 0 CSIMO O O —

OFF91H Serial operation mode register 1 CSIM1 O O —

OFF92H Serial operation mode register 2 CSIM2 O O —

OFF94H Serial I/O shift register O SIO0 — @] —

OFF95H Serial I/O shift register 1 SIO1 — O —

OFF96H Serial I/O shift register 2 SIo2 — O —

OFF98H Real-time output buffer register L RTBL — O —

OFF99H Real-time output buffer register H RTBH — O —

OFF9AH Real-time output port mode register RTPM O O —

OFF9BH Real-time output port control register RTPC O O —

OFF9CH Watch timer mode control register WTM O O —

OFFAQH External interrupt rising edge enable register | EGPO O O —

OFFA2H External interrupt falling edge enable register | EGNO O O —

OFFA8H In-service priority register ISPR R O O —

OFFA9H Interrupt select control register SNMI R/W @] @] —

OFFAAH Interrupt mode control register IMC O O — 80H

OFFACH Interrupt mask flag register OL MKOL | MKO O O O FFFFH

OFFADH Interrupt mask flag register OH MKOH @] @]

Note When the LOCATION O instruction is executed. Add “FOO00H” to this value when the LOCATION OFH
instruction is executed.
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Table 7-1. Special Function Register (SFR) List (4/4)

Address Note Special Function Register (SFR) Name Symbol R/W Bit Units for Manipulation | After Reset
1 bit 8 bits |16 bits

OFFAEH Interrupt mask flag register 1L MK1L|MK1 [ R/W (@) (@) (@) FFFFH

OFFAFH Interrupt mask flag register 1H MK1H O O

OFFCOH Standby control register STBC — O — 30H

OFFC2H Watchdog timer mode register WDM — O — OOH

OFFC4H Memory expansion mode register MM O O — 20H

OFFC7H Programmable wait control register 1 PWC1 O O — AAH

OFFCEH Clock status register PCS R O O — 32H

OFFCFH Oscillation stabilization time specification register | OSTS R/W O O — OOH

OFFDOH to | External SFR area — O O — —

OFFDFH

OFFEOH Interrupt control register (INTWDTM) WDTIC O O — 43H

OFFE1H Interrupt control register (INTPO) PICO O O —_

OFFE2H Interrupt control register (INTP1) PIC1 O O —

OFFE3H Interrupt control register (INTP2) PIG2 O O —

OFFE4H Interrupt control register (INTP3) PIC3 O O —

OFFESH Interrupt control register (INTP4) PIC4 O O —

OFFEBH Interrupt control register (INTP5) PIC5 (@] O —

OFFE7H Interrupt control register (INTP8) PIC6 O O —

OFFE8H Interrupt control register (INTCSIO) cslico O O —

OFFE9H Interrupt control register (INTSER1) SERIC1 O O —_

OFFEAH Interrupt control register (INTSR1/INTGSI1) SRICH O O —

OFFEBH Interrupt control register (INTST1) STICA (@) O —

OFFECH Interrupt control register (INTSER2) SERIC2 O O —

OFFEDH Interrupt control register (INTSR2/INTCSI2) SRIC2 O O —

OFFEEH Interrupt control register (INTST2) STIC2 O O —

OFFEFH Interrupt control register (INTTM3) TMIC3 O O —

OFFFOH Interrupt control register (INTTMOO) TMICO0 O O —

OFFF1H Interrupt control register (INTTMO1) TMICO1 (@] (@] —

OFFF2H Interrupt control register (INTTM1) TMICA O O —

OFFF3H Interrupt control register (INTTM2) TMIC2 O O —_

OFFF4H Interrupt control register (INTAD) ADIC O O —_

OFFF5H Interrupt control register (INTTMS) TMIC5 O O —

OFFF6H Interrupt control register (INTTM6) TMIC6 O O —

OFFF7H Interrupt control register (INTTM7) TMIC7 O O —

OFFF8H Interrupt control register (INTTM8) TMIC8 O O —

OFFF9H Interrupt control register (INTWT) WTIC (@) (@) —

OFFFAH Interrupt control register (INTKR) KRIC (@] (@] —

Note When the LOCATION O instruction is executed. Add “FOO00H” to this value when the LOCATION OFH
instruction is executed.
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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, and 12 can be connected to internal pull-up resistors by software
when inputting.

Figure 8-1. Port Configuration

P70 POO |——
PORT 7 { : -~
! P72 > e ——
P8O0 ( = L PORTO
PORT 8
pa7 P10 to P17 8 PORT 1
P90
PORT 9 2
PY5 D
P100 - -
PORT 10 { { .~ [PORT2
P103 S
P120 P27 e
PORT 12 B
= LPORTS3
P127 S
P130 P37 fe—— =
PORT 13{ P40 [=——
P131 P

PORT 4

P47 |-

PORT 5

PORT 6
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Table 8-1. Port Functions

Port Name Pin Name Function Specification of Pull-up Resistor
Connection by Software
Port O POO to PO6 « Gan be set in input or output mode in 1-bit units Can be specified in 1-bit units
Port 1 P10 to P17 « Input port —
Port 2 P20 to P27 « Gan be set in input or output mode in 1-bit units Can be specified in 1-bit units
Port 3 P30 to P37 « Gan be set in input or output mode in 1-bit units Can be specified in 1-bit units
Port 4 P40 to P47 « Can be set in input or output mode in 1-bit units Can be specified in 1-port units
+ Can directly drive LEDs
Port 5 P50 to P57 « Can be set in input or output mode in 1-bit units Can be specified in 1-port units
* Can directly drive LEDs
Port 6 P60 to P67 * Can be set in input or output mode in 1-bit units Can be specified in 1-port units
Port 7 P70 to P72 « Can be set in input or output mode in 1-bit units Can be specified in 1-bit units
Port 8 P80 to P87 ¢ Can be set in input or output mode in 1-bit units Can be specified in 1-bit units
Port © P90 to P95 ¢ N-ch open-drain 1/O port —
« Can be set in input or output mode in 1-bit units
+ Can directly drive LEDs
Port 10 P100 to P103 | « Can be set in input or output mode in 1-bit units Can be specified in 1-bit units
Port 12 P120 to P127 | + Can be set in input or output mode in 1-bit units Can be specified in 1-bit units
Port 13 P130, P131 « Can be set in input or output mode in 1-bit units —

8.2 Clock Generation Circuit

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

Figure 8-2. Block Diagram of Clock Generation Circuit

XT{ O—=] Subsystem

clock fxr Watch timer,
oscillation clock output function
XT2 O— cireuit
Prescaler
X1 O—»] Main system 5
clock fx, °
lati @ Prescaler Clock to
X2 O— O,SC' .atlon $ fxx peripheral hardware
clreult Frequency| |
divider fx x| x| fxx
2 2 22 23 L )
STOP
8 Standby Wait CPU
Q@ |—= control control [ (|ock
(0] . . . .
(%] circuit circuit (fcru)
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Figure 8-3. Example of Using Main System Clock Oscillation Circuit

(1) Crystal/ceramic oscillation

.._sz

X1
Vss

Crystal resonator
or
ceramic resonator

External
clock

(2) External clock

uPD74HCUO4

X2

X1

Filgure 8-4. Example of Using Subsystem Clock Osclllatlon Circult

(1) Crystal oscillation

Vss
XT2

XTH1

External
clock

(2) External clock

uPD74HCUO4

XT2

XTH1

Caution Whenusingthe main system clock and subsystem clock oscillation circuits, wire the broken-lines

portlons In Flgures 8-3 and 8-4 as follows to avold adverse Influence from wiring capacltance.

- Keep the wiring length as short as possible.

« Do not cross the wiring with other signal lines.
» Do not route the wiring near a signal line through which a high fluctuating current flows.

» Always make the ground point of the oscillator capacitor the same potential as Vss. Do not
ground the capacitor to a ground pattern through which a high current flows.

» Do not fetch signals from the oscillator.

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.

* Figure 8-5. Block Diagram of Real-Time Output Port
Internal bus S
1T ]/ \[Real-time output port /\ 1T
J Lecontrol register (RTPC)

|RTPOE‘ BYTE ‘ EXTR |

N

INTP2TRG . High-order 4 bits of | Low-order 4 bits of
INTTMA .| Output trigger real-time output real-time output
control circuit buffer register buffer register

INTTM2 —— (RTBH) (RTBL)
Real-time output
port mode register
(RTPM)

L Port 12 output latch Real-time output port output latch
P127 ...................................... P120 RTP7 ...................................... RTPO
RTPOE bit
'

P12n/RTPn pin output (n = 0 to 7)

ERERERN

PA27/ P120/
RTP7 RTPO
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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 O O
Function Timer output 1ch 1ch 1ch 1ch 1ch 1ch 1ch
PPG output (@} — — — — — —
PWM output — O O O O O O
Square wave output O O O O O O O
One-shot pulse output (@) — — — — — —
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

16-bit timer/counter

fxx/4 ——— Clear
fxx/16 — _§
E 16-bit timer register (TMO)
INTTM3 3
16
Tio1 O |(I:Ei(rjglﬁtdetectionl 5 . NS - J INTTMOO
o 16-bit capture/compare register 00 =
© (CR00) o
@ S
e
16 t O TO0
o
— INTTMO1 | B
Tioo Edge detection 16-bit capture/compare register 01 %
circuft (GRO1) o

8-bit timer/counter 1,5, 7

fxx/22 ———=

fxx/23 ———] Clear

fxx/24 ———

OVF

fxx/25 8-bit timer register n Output

S (TMn) control |—O TOn
fxx/27 ———] @ circuit
fxx/28 ———

Tin O |Edge detectionl -

circuit 8-bit compare register nO

(CRnO) '
INTTMn + 1

Selector

INTTMn

Selector

Remarks 1. n=1,5,7
2. OVF: overflow flag

8-bit timer/counter 2, 6, 8

fxx/22 ———

Clear

fxx/23 ————

OVF

fxx/24 ———

8-bit timer register n Output
- (TMn) control |—O TOn

circuit
P g

fxx/2° —————
) 8-bit compare register n0O
Edge detection
T O (GAn0) INTTMY

Remarks 1. n=2,6,8

2. OVF: overflow flag
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8.5 A/D Converter

An A/D converter converts an analog input variable into a digital sighal. 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 (ADM).

One analog input channelis selected from ANIO through ANI7 for A/D conversion. When A/D conversion is 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 AVop
ANlO O— ! : AV
[] REFO
ANIH O— Sample & hold circuit E '
_______________ '
ANI2 O—= ! ' -
5 ' Voltage comparator 1 9
L + ! @
ANI3 O 2 o0 o 1 =
—_ 1 1
ANI4 O——] % : ; H ' %:
ANI5 O—] 1 : ; = '
ANIE O— ! :
' ' AVss
ANI7 O " Successive approximation : i
register (SAR) "'T’ Slmmmmmms
Edge
INTP3/P03 detection Control INTAD
circuit circuit
NI
= A/D conversion result register
ge
detection —| (ADCR)

circuit {} INTP3

% Internal bus S
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8.6 D/A Converter

A D/A converter converts an input digital sighal 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 DACE1 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
8
2R
—VVV O ANOO
AVrer1 O % R
2R
Selector L
R
2R
DACS1
2R
B
2R
VW O ANO1
R
s
Selector L
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 1/0 (IOE) x 2
* Clocked serial interface (CSI) x 1

+ 3-wire serial /0O (IOE)

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

UART + 3-wlre serlal 1/0

1PD784218 (master)

HPDAT11A 1PD75108 (slave)
[UART] [3-wire serial /O]
RxD1 SO1 Sl
RS-232-C TxD1 Si1 SO
driver/receiver SCK1 SCK
Port
} ° INTPm ( Note Port
Port [ INT
UPDA711A
[UART]
RxD2
RS-232-C TxD2
driver/receiver|
} Port
Note Handshake line
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8.7.1 Asynchronous serial interface/3-wire serial /O (UART/IOE)
Two channels of serial interfaces that can select an asynchronous serial interface mode and 3-wire serial /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

)

Internal b

us

7o

Receive buffer register

1,2 (RXB1, RXB2) 8
s>
RxD1, RxD2 O |'> Receive shift register Transmit shift register
1, 2 (RX1, RX2) 1, 2(TXS1, TXS2)

TxD1, TxD2 o—<}

Receive control | _ INTSR1, |Transmit control] _ INTSTH,
Baud rate generator LPaMcReck | INTSRZ lpalyamend | INTST2
H H 5
E Selector <7E fxx to fxx/2
ASCK1, ASCK2 O : i
s s s s sE s s EEEEE S S S S E S s S S EEE S SRS S EEEESE S S SRS EEEEEESESEEEEEEEEEE .. L]
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(2) 3-wire serial I/O 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 (SCK1 and SCK2), serial data inputs (SI1
and SI2), 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 /O Mode

% Internal bus %

Serial I/O shift register

sh.si2 © [ﬂ/ 1,2 (SIO1, SI02)
SO1,s02 O <|I
SCK1. SCK2 I\ Serial clock Interrupt INTCSIA,
’ e lﬂ/ counter generation circuit INTCSI2
Serial clock INTTM2
erial cloc j———— fxx/8
<]I control circuit Selector L. /16
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8.7.2 Clocked serial interface (CSl)
In this mode, the master device starts transfer by making the serial clock active and communicates 1-byte data

in synchronization with this clock.

» 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 SOO0) lines.
Generally, a handshake line is necessary to check the reception status.

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

2 Internal bus 8

1

IF\ Serial I/O shift register 0
slo O > 8100)
S00 O <|I
SCKO O Serial clock Interruplt o INTCSIO
counter generation circuit
Serial clock INTTM2
erial clocl fe——— fxx/8
<]I control circuit Selector 1. w16

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)

Flgure 8-13. Block Dlagram of Clock Output Function

fxx ———=
fxx/2 ————=]
fxx/22
fxx/23
fxx/24
fxx/25 3}:}1&?ronization Output control circuit |——— O PCL
fxx/28

fxx/27
fxr —————

Selector
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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 (@12.5-MHz operation by main system clock)

Figure 8-14. Block Diagram of Buzzer Output Function

fxx/210 —————=

fxx/2M

fxx/212 —————=

O BUZ

Output control circuit

Selector

/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 elimination circuit is also provided

to prevent erroneous detection due to noise.

Pin Name Detectable Edge Noise Elimination

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 8-15. Block Diagram of Watch Timer
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8.12 Watchdog Timer
A watchdog timer is provided to detect a CPU runaway. This watchdog timer generates a hon-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 8-16. Block Diagram of Watchdog Timer

fork —————— Timer

fok/22!

foLk/22°

INTWDT

foLk/21°

Selector

fo/2'7

Clear signal

Remark fcik: Internal system clock (fxx to fxx/8)

Data Sheet U12303EJ1V0DS00

44

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



NEC uPD784217,784218

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

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
and I/O (servicing is fixed)

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 instruction,
or LOCATION instruction is executed

Non-maskable — NMI Pin input edge detection External —
INTWDT Overflow of watchdog timer Internal
Maskable O (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 INTCSIO End of 3-wire transfer by CSIO Internal
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 INTSTH 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
(CROO)
17 INTTMO1 Signal indicating coincidence between 16-bit
timer register and capture/compare register
(CRoO1)
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 INTTMS 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: Clocked Serial Interface
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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 INTSER2 001EH
* TRAPO (operand error) [ 003CH INSR2 0020H
NMI 0002H INTCSI2
INTWDT (non-maskable) [ 0004H INTST2 0022H
INTWDTM (maskable) [ 0006H INTTM3 0024H
INTPO 0008H INTTMOO 0026H
INTP1 000AH INTTMO1 0028H
INTP2 000CH INTTM1 002AH
INTP3 000EH INTTM2 002CH
INTP4 0010H INTAD 002EH
INTP5 0012H INTTMS 0030H
INTPB 0014H INTTM6 0032H
INTCSIO 0016H INTTM7 0034H
INTSER1 0018H INTTM8 0036H
INTSR1 001AH INTWT 0038H
INTCSI1 INTKR 003AH
INTSTH 001CH
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9.3 Context Switching

When an interrupt request is generated or when the BRKGCS 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
Register bank
0000B
/ <7> Transfer (0to7)
Register bank n (n =0 to 7)
|PC19-16‘ PC15-0 | A X
\ B C
<2 Save <6> Exchange R5 E R4
(bits 8 through 1‘.I R7 : R6
of temporary register) i
<5> Save v VP
| Temporary register | u il <3> Switching of register bank
porary reg T E (RBSO to RBS2 < n)
<4> (RSS <« 0)
<1> Save w IE <0
| 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 SFR
controller
Write Read
S 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

NS

(s |
N

TxD1, TxD2 O—Q—l Transmit shift register | TXS1, TXS2 (SFR)

Transmit control

INTSTH, 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

8 Internal bus 8

| Receive buffer registerl RXB1, RXB2 (SFR)
RxD1, RxD2 o—D—' Receive shift register |

Reception control INTSR1, INTSR2

Each time macro service requests INTSR1 and INTSR2 are generated, the receive data is 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 I/O (memory mapped I/O) and support a memory
space of 1 Mbyte (refer to Figure 10-1).

Figure 10-1. Example of Local Bus Interface

(a) Multiplexed bus mode

N ™A
uPD784218 I Voo
3 SRAM
cs
[ 7 ; ; - Data bus
RD : OE

WR WE
WR VO1 to 1/08 <:>

Address bus
A 1o A10 >AOtoA19
Address latch
ASTB LE
/—i ST —
ADO to AD7 DO to D7
OE
™/
(b) Separate bus mode
1PD784218 Ve SRAM ™
A |8
RD OE Data bus
WR WE
Address bus 1101 to 1108 <:>

AO to A19 > AO to 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 sighals 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: This is 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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Figure 11-1. Transition of Standby Status

Macro
service

Sets power-saving HALT mode Power- Sets power-saving IDLE mode

Power-saving saving mode Power-saving
HALT mode (operafion on NMI, INPO to INTP6 input, INTWT, IDLE mode
Interrupt request Note 1

(standby) subsystem key return interrupt Nete 2 (standby)
>
Interrupt request of Interrupt request of
masked interrupt /%& . masked interrupt
5\) O
7 2>
3 é
- Normal Macro service request
na of 05F3\\a-me operation End of one processing D Macro
Waits for ization ¥ (operation on : service
ste main system End of macro service

oscillation clock)

(standby) (standby)

Interrupt request
of masked
interrupt

Interrupt request Interrupt request ‘ (standby)
of masked of masked
interrupt interrupt

Notes 1. Only interrupt requests that are not masked
2. INTPO to INTP6, INTWT, and key return interrupts (P80 to P87) only when they are unmasked

Remark An NMI is valid for external input only.
The watchdog timer cannot be used to release a standby mode (HALT mode/STOP mode/IDLE mode).

Data Sheet U12303EJ1VODS00 53

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



NEC uPD784217,784218

Power ed

*

12. RESET FUNCTION

When a low-level sighal is input to the RESET pin, the system is reset, and each hardware unitis initialized (reset).
During the reset period, oscillation of the main system clock is unconditionally stopped. Consequently, the current
consumption of the entire system can be reduced.

When the RESET signal goes high, the reset status is cleared, oscillation stabilization time (84.0 ms at 12.5 MHz)
elapses, the contents of the reset vectortable are set to the program counter (PC), execution branches to an address
set to the PC, and program execution is started from that branch address. Therefore, the program can be reset
and started from any address.

Figure 12-1. Oscillation of Main System Clock during Reset Period

Main system clock
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Oscillation is unconditionally
stopped during reset period

b)) b))

1€s 1€s
fork —| |_

RESET input
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The RESET input pin has an analog delay noise elimination circuit to prevent malfunctioning due to noise.

Figure 12-2. Accepting Reset Signal
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13. ROM CORRECTION

ROM correction is a function to replace part of the program in the internal ROM with a program in the internal
RAM for execution.

By using this function, the instruction bug found in the internal ROM can be avoided, or the program flow can
be changed.

ROM correction can be used in up to four places in the internal ROM (program).

Figure 13-1. Block Diagram of ROM Correction

Program counter (PC)

=

Coincidence

Comparator 4D—' Correctlop branch processing
request signal

(CALLT instruction)

-

Correction address
pointer n

(=

CORENnN|CORCHm

Correction address
register (CORAH, CORAL)

ROM correction control register
(CORC)

S Internal bus S

Remark n=0to 3, m=0, 1

(=
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14. INSTRUCTION SET

(1) 8-bit instructions (The instructions in parentheses are combinations realized by describing A as r)
MOV, XCH, ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP, MULU, DIVUW, INC, DEC, ROR, ROL, RORC,
ROLC, SHR, SHL, ROR4, ROL4, DBNZ, PUSH, POP, MOVM, XCHM, CMPME, CMPMNE, CMPMNC,

* CMPMC, MOVBK, XCHBK, CMPBKE, CMPBKNE, CMPBKNC, CMPBKC

Table 14-1. Instruction List by 8-Bit Addressing

Second Operand #byte A r saddr sfr laddr16 mem r3 [WHL+] n None Nete 2|
r saddr' lladdr24 | [saddrp] PSWL [WHL-]
First Operand [%saddrg] PSWH
A (MOV) (MOV) MOV  [(MOV)Nete8 MOV (MOV) MOV MOV (MOV)
ADD Nete1[  (XCH) XCH (XCH)Nete8 | (XCH) (XCH) XCH (XCH)
(ADD) Note 1 (ADD) Note 1 (ADD) Notes 18| (ADD) Note 1 ADD Note 1 ADD Note 1 (ADD) Note 1
r MOV (MOV) MOV MOV MOV MOV ROR Nete3 | MULU
ADD Nete']  (XCH) XCH XCH XCH XCH DIVUW
(ADD) Note 1 ADD Note 1 ADD Note 1 ADD Note 1 INC
DEC
saddr MOV  [(MQV)Nete&| MOV MOV INC
ADD Nete 1| (ADD) Nete 1 |ADD Note 1 XCH DEC
ADD Nete? DBNZ
* sfr MOV MOV MOV PUSH
ADD Note 1 (ADD) Note 1 ADD Note 1 POP
laddr16 MOV (MOV) MOV
lladdr24 ADD Nete
mem MOV
[saddrp] ADD Nete1
[Y%saddrg]
mem3 ROR4
ROL4
r3 MOV MOV
PSWL
PSWH
B, C DBNZ
STBC, WDM MOV
[TDE+] (MOV) MOVBK Nete®|
[TDE-] (ADD) Nete
MOVM Note 4

Notes 1. The operands of ADDC, SUB, SUBC, AND, OR, XOR, and CMP are the same as that of ADD.
Either the second operand is not used, or the second operand is not an operand address.

The operands of ROL, RORC, ROLC, SHR, and SHL are the same as that of ROR.

The operands of XCHM, CMPME, CMPMNE, CMPMNC, and CMPMC are the same as that of MOVM.
The operands of XCHBK, CMPBKE, CMPBKNE, CMPBKNC, and CMPBKC are the same as that of
MOVBK.

6. The code length of some instructions having saddr2 as saddr in this combination is short.

@ p RN
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(2) 16-bit instructions (The instructions in parentheses are combinations realized by describing AX as

rp)

MOVW, XCHW, ADDW, SUBW, CMPW, MULUW, MULW, DIVUX, INCW, DECW, SHRW, SHLW, PUSH,
POP, ADDWG, SUBWG, PUSHU, POPU, MOVTBLW, MACW, MACSW, SACW

Table 14-2. Instruction List by 16-Bit Addressing

Second Operand #word AX e saddrp sfrp laddr16 mem [WHL+] byte n None Netez
rp’ saddrp’ lladdr24 | [saddrp]
First Operand [Y%saddrg]
AX (MOVW) | (MOVW) | (MOVW) |(MOVW)"™e=3[ MOVW | (MOVW) | MOVW | (MOVW)
[ADDW Nete ! (XCHW) [ (XCHW) [(XCHW)"3| (XCHW) [ XCHW [ XCHW [ (XCHW)
(ADD) Note 1 (ADDW) Note 1 (ADDW) Notes 1,3 (ADDW) Note 1
rp MOVW | (MOVW) | MOVW | MOVW [ MOVW | MOVW SHRW  [MULW MNete#
ADDW Nete ! (XCHW) [ XCHW [ XCHW | XCHW SHLW INCW
(ADDW) Mot= 1 [ADDW Nete T[ADDW Nete T ADDW Nete ! DECW
saddrp MOVW |(MOVW) ™3| MOVW | MOVW INCW
[ADDW Nete ' [(ADDW) "t [ADDW Nete [ XCHW DECW
ADDW Note 1
sfrp MOVW | MOVW | MOVW PUSH
[ADDW Nete ' [(ADDW) Nete ' [ADDW Nete t POP
laddr16 MOVW | (MOVW) | MOVW MOVTBLW
lladdr24
mem MOVW
[saddrp]
[Yesaddrg]
PSW PUSH
POP
SP ADDWG
SUBWG
post PUSH
POP
PUSHU
POPU
[TDE+] (MOVW) SACW
byte MACW
MACSW
Notes 1. The operands of SUBW and CMPW are the same as that of ADDW.
2. Either the second operand is not used, or the second operand is not an operand address.
3. The code length of some instructions having saddrp2 as saddrp in this combination is short.
4. The operands of MULUW and DIVUX are the same as that of MULW.
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(3) 24-bit instructions (The instructions in parentheses are combinations realized by describing WHL
as rq)
MOVG, ADDG, SUBG, INCG, DECG, PUSH, POP

Table 14-3. Instruction List by 24-Bit Addressing

Second Operand | #imm24 WHL rg saddrg lladdr24 mem- [Y%saddrg] SP None Note
rg'
First Operand
WHL (MOVG) | (MOVG) | (MOVG) | (MOVG) | (MOVG) MOVG MOVG MOVG
(ADDG) | (ADDG) | (ADDG) ADDG
(SUBG) | (SUBG) | (SUBG) SUBG
rg MOVG (MOVG) MOVG MOVG MOVG INCG
ADDG (ADDG) ADDG DECG
SUBG (SUBG) SUBG PUSH
POP
saddrg (MOVG) MOVG
lladdr24 (MOVG) MOVG
mem1 MOVG
[Yesaddrg] MOVG
SP MOVG MOVG INCG
DECG

Note Either the second operand is not used, or the second operand is not an operand address.
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(4) Bit manipulation instructions
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR, BFSET

Table 14-4. Instruction List by Bit Manipulation Instruction Addressing

Second Operand cY saddr.bit sfr.bit /saddr.bit /sfr.bit None Note
A.bit X.bit /A.bit /X.bit
PSWL.bit PSWH.bit /PSWL.bit /PSWH.bit
memz2.bit /mem2.bit
First Operand laddr16.bit lladdr24.bit /laddr16.bit /lladdr24 .bit
CcY MOV1 AND1 NOTH1
AND1 OR1 SETH1
OR1 CLR1
XOR1
saddr.bit MOV1 NOTH1
sfr.bit SETH1
A bit CLR1
X.bit BF
PSWL . bit BT
PSWH.bit BTCLR
mem2.bit BFSET
laddr16.bit
lladdr24.bit

Note Either the second operand is not used, or the second operand is not
an operand address.
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(5) Call and return instructions/branch instructions
CALL, CALLF, CALLT, BRK, RET, RETI, RETB, RETCS, RETCSB, BRKCS, BR, BNZ, BNE, BZ, BE, BNC,
BNL, BC, BL, BNV, BPO, BV, BPE, BP, BN, BLT, BGE, BLE, BGT, BNH, BH, BF, BT, BTCLR, BFSET, DBNZ

Table 14-5. Instruction List by Call and Return Instructions/Branch Instructions Addressing

Operand of Instruction $addr20 ($laddr20 | laddr16 |/laddr20 rp rg [rp] [rg] laddr11 | [addr5] RBn None
Address
Basic instruction BC Note[CAlL |CALL |[CALL |CALL |[CALL |CALL [CALL |CALLF |[CALLF |BRKCS|BRK
BR BR BR BR BR BR BR BR RET
RETCS RETI
RETCSB RETB
Compound instruction BF
BT
BTCLR
BFSET
DBNZ

Note The operands of BNZ, BNE, BZ, BE, BNC, BNL, BL, BNV, BPO, BV, BPE, BP, BN, BLT, BGE, BLE, BGT,
BNH, and BH are the same as that of BC.

(6) Other Instructions
ADJBA, ADJBS, CVTBW, LOCATION, SEL, NOT, El, DI, SWRS
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* 15. ELECTRICAL SPECIFICATIONS
Absolute Maximum Ratings (Ta = 25°C)
Parameter Symbol Conditions Ratings Unit
Supply voltage Voo —0.3 10 +6.5
AVobp —0.3to Voo + 0.3 A
AVss —0.3to Vss + 0.3 \%
AVrero | A/D converter reference voltage input —0.3to Voo + 0.3 \%
AVrer1 | D/A converter reference voltage input —0.3to Voo + 0.3 \%
Input voltage Vi Other than P90 to P95 —0.3to Voo + 0.3 \Y
Viz P90 to P95 N-ch open drain —-0.3 to +12 \Y
Analog input voltage Van Analog input pin AVss — 0.3 to AVrero + 0.3 \Y
Output voltage Vo —0.3 to Voo + 0.3 \Y
Output current, low loL Per pin 15 mA
Total of P2, P4 to P8 75 mA
Total of PO, P3, P9, P10, P12, P13 75 mA
Output current, high lon Per pin -10 mA
Total of P2, P4 to P8 -50 mA
Total of PO, P3, P9, P10, P12, P13 =50 mA
Operating ambient Ta —40 to +85 °C
temperature
Storage temperature Tsig —65 to +150 °C

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
parameter. That is, the absolute maximum ratings are rated values at which the productis on the
verge of suffering physical damage, and therefore the product must be used under conditions that
ensure that the absolute maximum ratings are not exceeded.

Data Sheet U12303EJ1V0DS00 61

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



NEC uPD784217,784218

Operating Conditions
+ Operating ambient temperature (Ta): —40 to +85°C
+ Power supply voltage and clock cycle time: see Figure 15-1

Figure 15-1. Power Supply Voltage and Clock Cycle Time

600

500

400

320 Guarapteed
operating
300 range

Clock Cycle Time tcvk [ns]

200

160 |----==-===1-===mmmmm=-- -

100

Supply Voltage [V]

Capacitance (Ta = 25°C, Vbb = Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input capacitance Ci f=1MHz Other than Port 9 15 pF
Unmeasured pins Port 9 20 pF

returned to O V.
Output capacitance Co Other than Port 9 15 pF
Port 9 20 pF
1/O capacitance Cio Other than Port 9 15 pF
Port © 20 pF
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Main System Clock Oscillator Characteristics (Ta = —40 to +85°C)

Resonator |[Recommended Circuit Parameter Test Conditions MIN. TYP. MAX. Unit
Ceramic Oscillation 45V <Vob<55V 2 12.5 MHz
resonator frequency (fx)
or crystal X1 VSEJ
resonator | 27V <Voo <45V 2 6.25
i 22V <Vob <27V 2 3
External X1 input frequency 45V <Vop<55V 2 25 MHz
clock (f) 27V <Voo <45V 2 12.5
X2 X1 22V < Voo <27V 2 6.25
X1 input high/low- 35 250 ns
uPD74HCUO4 level width (twxH, twxi)
X1 input rising/ 45V <Vop<55V 0 5 ns
falling time (txs, txr) | 57 v <Vop < 4.5V 0 10
22V <Vopb <27V o] 20

Cautlons 1. When using the maln system clock osclllator, wire the broken-lines portlons In the above
figures as follows to avoid an 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 near a signal line through which a high fluctuating current flows.
» Always make the ground point of the oscillator capacitor the same potential as Vss.

» Do not ground the capacitor to a ground pattern through which a high current flows.

» Do not feich signals from the oscillator.

2. When the maln system clock Is stopped and the system Is operated by the subsystem clock,
the subsystem clock should be switched back to the main system clock after the oscillation
stabilization time is secured by the program.
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Subsystem Clock Oscillator Characteristics (Ta = —40 to +85°C)

Resonator |Recommended Circuit Parameter Test Conditions MIN. TYP. MAX. Unit

Crystal Oscillation 32 32.768 35 kHz

resonator frequency (fxt
llss XT2 d y (b

XTH1

stabilization time Nete

i Oscillation 45V<Vop<55V 1.2 2 s

Bl SRR 22V <Vopb<45V 10
™
External XT1 input 32 35 kHz
clock frequency (fxt)
nPD74HCUO4 XT1 input high/low- 5 15 us

level width (txtH, txtL)

Note Time required to stabilize oscillation after Vop reaches oscillator voltage MIN.

Cautions 1. When using the subsystem clock oscillator, wire the broken-lines portions inthe above figures
as follows to avold an adverse Influence from wirlng capacltance.
» Keep the wiring length as short as possible.
Do not cross the wiring with other signal lines.
+ Do not route the wiring near a signal line through which a high fluctuating current flows.
» Always make the ground point of the osclllator capacitor the same potential as Vss.
- Do not ground the capacitor to a ground pattern through which a high current flows.
» Do not fetch signals from the oscillator.

2. When the main system clock is stopped and the system is operated by the subsystem clock,
the subsystem clock should be switched back to the main system clock after the oscillation
stabilization time is secured by the program.
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DC Characteristics (Ta = —40 to +85°C, Vobp = AVob = 2.2 t0 5.5V, Vss = AVss = 0 V) (1/2)

Parameter Symbol Conditions MIN. | TYP. [ MAX. Unit
Input voltage, low Vit Note 0 0.3Vop \Y
ViLz Total of POO to P06, P20, P22, P33, P34, P70, 0 0.2Vop \%
P72, P100 to P103, RESET
Vis P90 to P95 (N-ch open drain) 0 0.3Voo \Y%
ViLa Total of P10 to P17, P130, P131 0 0.3Voo \%
Vis Total of X1, X2, XT1, XT2 0 0.2Vop \%
Vie P25, P27 0 0.3Vop \%
Input voltage, high Vin1 Note 0.7Voop Voo A
Vinz Total of POO to POB, P20, P22, P33, P34, P70, |0.8Voo Voo \%
P72, P100 to P103, RESET
ViHa P90 to P95 (N-ch open drain) 0.7Vop 12 \%
ViHa Total of P10 to P17, P130, P131 0.7Vop Vbbb \Y
ViHs Total of X1, X2, XT1, XT2 0.8Voop Voo \%
Vine P25, P27 0.7Vop Vbbb \Y
Output voltage, low VoLt For pins other than P40 to Vob=451055V 0.4 \%
P47, P50 to P57, P90 to P95
loL = 1.6 mA
Total of P40 to P47, Voo=45t0 55V 1.0 \%
P50 to P57
lo. = 8 mA
P90 to P95 loL = 15 mA Vob=451055V 0.4 2.0 \%
VoLz loL = 400 uA 0.5 A
OQutput voltage, high VoH1 lon = —1 mA Vobo=4.51t0 55V [Voo-1.0 \%
lo. = —100 uA Voo-0.5 A
Input leakage current, low ILiLs Vin=0V Except X1, X2, -3 LA
XT1, XT2
ILiLz X1, X2, XT1, XT2 —20 HA
Input leakage current, high ILiHA Vin = Vob Except X1, X2, 3 LA
XT1, XT2
ILiHz X1, X2, XT1, XT2 20 HA
Output leakage current, low ILot Vour=0V -3 LA
Output leakage current, high ILoH1 Vout = Vbb 3 HA

Note P21, P23, P24, P26, P30 to P32, P35 to P37, P40 to P47, P50 to P57, P60 to P67, P71, P80 to P87, P120
to P127
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DC Characteristics (Ta = —40 to +85°C, Vobp = AVbp = 2.2 to 5.5 V, Vss = AVss = 0 V) (2/2)

Parameter Symbol Conditions MIN. | TYP. [ MAX. Unit
Supply current Iop1 Operation fxx = 12.5 MHz 20 40 mA
mode fxx= 6 MHz, 2.7 V < Vop < 3.3 V 8 17 | mA
fxx=3MHz, 22V <Vop <27V 4 8 mA
Ibp2 HALT mode | fxx = 12.5 MHz 8 20 mA
fxx=6MHz, 27V £Vop <33V 3 8 mA
fxx=3MHz, 22V <Vop <27V 1.3 35 mA
Iops IDLE mode fxx = 12.5 MHz 1 25 mA
fxx=6MHz, 27V <Vop <33V 05 1.3 mA
fxx=3MHz, 22V £Vopb <27V 03 09 mA
Iopa Operation fxx = 32 kHz 100 200 HA
mode NOt | 4 @ 35 KHz, 27V < Voo <33V 55 110 | uA
fxx =32 kHz, 22V <Vob < 2.7 V 50 100 LA
lops HALT fxx = 32 kHz 80 160 A
mode Nete | 4 30 KHz, 27V < Voo 3.3V 40 80 UA
fxx =32 kHz, 22V <Vob < 2.7 V 35 70 LA
Iobe IDLE fxx = 32 kHz 75 150 A
mode Note | 4 3o KHz, 27V < Voo <33V 35 70 LA
fxx =32 kHz, 22V <Vop <27V 30 60 LA
Data retention voltage VobpDR HALT, IDLE modes 2.2 55 \Y
Data retention current IpobR STOP mode | Voo =2.2V 2 10 A
Voo =451t055V 10 50 LA
Pull-up resistor Rc Vin=0V 10 30 100 kQ

Note When main system clock is stopped

Remark Unless otherwise specified, the characteristics of alternate-function pins are the same as those of port

pins.
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AC Characteristics (Ta = —40 to +85°C, Vop = AVbp =2.2to 5.5V, Vss = AVss = 0 V)

(1) Read/write operation (1/2)

Parameter Symbol Conditions MIN. | TYP. [ MAX. Unit

Cycle time tovk 45V <Vobs55V 80 ns
(Minimum instruction 27V <Vop< 45V 160 ns
execution time) 22V<Vop<27V 320 ns
Address setup time (to ASTBl) | tsast Vob=5.0V (05+a)T-11 29 ns
Vob=3.0V (05+a)T—-15 65 ns

Address hold time (from ASTBU)| tnstia Vob=5.0V 0.5T - 19 21 ns
Voo =3.0V 0.5T - 24 56 ns

ASTB high-level width twsTH Vob=5.0V (05+a)T—-17 23 ns
Vobo=3.0V (0.5+a)T—40 40 ns

Address hold time (from ﬁT) tHRA Voo=50V 0.5T-14 26 ns
Voo =3.0V 0.5T - 14 66 ns

RDL delay time from address toar Voo=5.0V (1+a)T-24 56 ns
Vobo=3.0V (1+a)T-24 136 ns

Address float time (from ﬁi) tFrA 0 ns
Data input time from address tbaip Vobo=5.0V (25+a+n)T-37 403 ns
Vobo=3.0V (25+a+n)T-52 828 ns

Data input time from ASTB{ tbsTiD Vobo=5.0V (2+n)T-35 285 ns
Vob=3.0V (2+n)T-50 590 ns

Data input time from RDL toriD Voo=50V (1.5+n)T—-40 240 ns
Vobo=3.0V (1.5+n)T-50 510 ns

RD! delay time from ASTBl tosth Voo =5.0V 0.5T-9 31 ns
Voo = 3.0V 05T -9 71 ns

Data hold time (from RDT) tHRID 0 ns
Address active time from RDT tora Voo=50V 05T -2 38 ns
Voo =3.0V 0.5T - 12 68 ns

ASTBT delay time from RDT torsT Voo =5.0 V 05T-9 31 ns
Voo =3.0V 0.5T -9 71 ns

RD low-level width twrL Voo =50V (15+n)T-25 95 ns
Vobo=3.0V (1.5+n)T-30 210 ns

WRL delay time from address toaw Voo=50V (1+a)T-24 56 ns
Vob=3.0V (1+a)T-24 136 ns

Address hold time (from WRT) tHwa Voo=5.0V 0.5T - 14 26 ns
Vob=3.0V 0.5T - 14 66 ns

Data output delay time from tbsToD Vobo=5.0V 0.5T + 15 55 ns
ASTBL Voo =3.0V 0.5T + 20 100 | ns

Remark T: tevk = 1/fxx (fxx: main system clock frequency)
a: 1 (during address wait), otherwise, 0
n: Number of wait states (n > 0)
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AC Characteristics

(1) Read/write operation (2/2)

Parameter Symbol Conditions MIN. | TYP. | MAX. Unit

Data output delay time from towop 10 62 ns
WRL

‘WRU delay time from ASTBL tostTw Voo = 5.0 V 05T -9 31 ns

Voo =3.0V 05T -9 71 ns

Data setup time (to WRT) tsoowr | Voo =5.0V (1.5+n)T-20 100 ns

Voo =3.0V (1.5+n)T—-25 215 ns

Data hold time (from WRT) tHwob Voo =50V 0.5T - 14 26 ns

Voo =3.0V 0.5T - 14 66 ns

ASTBT delay time from WRT towst Voo =50V 05T -9 31 ns

Voo =3.0V 0.5T -9 71 ns

WR low-level width twwe Voo = 5.0 V (15+n)T-25 95 ns

Voo =3.0V (1.5+n)T-30 210 ns

Remark T: tcvk = 1/fxx (fxx: main system clock frequency)
a: 1 (during address wait), otherwise, 0
n: Number of wait states (n = 0)

68 Data Sheet U12303EJ1VODS00

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



NEC uPD784217,784218

AC Characteristics

(2) External wait timing

Parameter Symbol Conditions MIN. | TYP. [ MAX. Unit

WAIT! input time from address | toawr Vobo=5.0V (2+a)T—-40 200 ns
Vob=3.0V (2+a)T-60 420 ns

WAIT! input time from ASTBL! | tostwr | Voo =5.0V 1.5T — 40 80 ns
Voo =3.0V 1.5T — 60 180 ns

WAIT hold time from ASTB. tistwr | Vob =50V (05+n)T+5 125 ns
Voo = 3.0 V (05 +n) T+ 10 250 ns

WAITT delay time from ASTBL | tostwrn | Voo = 5.0 V (15+n)T—40 240 ns
Voo = 3.0 V (15 +n) T — 60 500 ns

WAIT! input time from RD{ forwrL | Vob=5.0V T-40 40 ns
Voo =3.0V T-60 100 ns

WAIT! hold time from RD1 tHRwT Voo =5.0V nT+5 85 ns
Voo =3.0V nT + 10 170 ns

WAITT delay time from RD{ forwtH | Vob=5.0 V (1+n)T—-40 200 ns
Vob=3.0V (1+n)T-60 420 ns

Data input time from WAITT towTip Voo =5.0V 0.5T-5 35 ns
Voo =3.0V 0.5T — 10 70 ns

RDT delay time from WAITT towTrR Voo =5.0V 0.5T 40 ns
Vob=3.0V 0.5T 80 ns

WRT delay time from WAITT towtw Voo =50V 0.5T 40 ns
Vobo=3.0V 0.5T 80 ns

WAIT! input time from WRJ towwtt | Voo =5.0V T-40 40 ns
Voo = 3.0V T -60 100 ns

WAIT hold time from WRJ tHwwT Vob=5.0V nT +5 85 ns
Voo =3.0V nT + 10 170 ns

WAITT delay time from WRL towwtH | Voo =5.0V (1+n)T-40 200 ns
Voo =30V (1+n)T—-60 420 ns

Remark T: tcyk = 1/fxx (fxx: main system clock frequency)
a: 1 (during address wait), otherwise, 0
n: Number of wait states (n = 0)
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Serial Operation (Ta = —40 to +85°C, Voo = AVbb =2.2t0 5.5V, Vss = AVss = 0 V)

(a) 3-wire serial /O mode (SCK: internal clock output)

Parameter Symbol Conditions MIN. | TYP. [ MAX. Unit
Serial clock cycle time (SCK) tkovt 27V<Vobs55YV 800 ns
3200 ns
Serial clock high-/low-level width| tkn1, 27V<Vop<55V 350 ns
(SCK) tius 1500 ns
S| setup time (to SCKT) tsik1 27V<Vop<55V 10 ns
30 ns
Sl hold time (from SCKT) tisit 40 ns
SO output delay time tkso1 30 ns
(from SCKl)

(b) 3-wire serial /O mode (SCK: external clock input)

Parameter Symbol Conditions MIN. | TYP. [ MAX. Unit
Serial clock cycle time (ﬁ) tkova 27V<Vop<55V 800 ns
3200 ns
Serial clock high-/low-level width| tkhz, 27V<Vop<55V 400 ns
(SCK) tkie 1600 ns
S| setup time (o SCKT) tsika 27V<Vop<55V 10 ns
30 ns
S| hold time (from SCKT) trsiz 40 ns
SO output delay time tksoz 30 ns
(from SCK{)

(c) UART mode

Parameter Symbol Conditions MIN. | TYP. [ MAX. Unit

ASCK cycle time tkoys 45V <Vopb<55V 417 ns
27V <Vob <45V 833 ns

1667 ns

ASCK high-/low-level width tkHs, 45V <Vop<55V 208 ns
tkis 27V <Vopb <45V 416 ns

833 ns
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Other Operations (Ta = —40 to +85°C, Vob = AVbp = 2.2 t0 5.5 V, Vss = AVss = 0 V)

Parameter Symbol Conditions MIN. | TYP. [ MAX. Unit
NMI high-/low-level width twiiL 10 us
twNIH
INTP input high-/low-level width | twitL INTPO to INTP6 10 us
twitH
RESET high-/low-level width twrsL 10 s
twrsH

Clock Output Operation (Ta = —40 to +85°C, Vob = AVop = 2.2 to 5.5 V, Vss = AVss = 0 V)

Parameter Symbol Conditions MIN. | TYP. [ MAX. Unit
PCL cycle time toveL Voo =451t 55V, nT 80 31250 ns
PCL high-/low-level width touL Vob=4.51t0 5.5V, 0.5T — 10 30 15615 ns
toLH
PCL rising/falling time tor 45V <Vop<55V 5 ns
torr 27V<Voo<45V 10 ns
22V <Vop<27V 20 ns

Remark T: tcyk = 1/fxx (fxx: main system clock frequency)
n: Divided frequency ratio set by software in the CPU
* When using the main system clock: n =1, 2, 4, 8, 16, 32, 64, 128)
* When using the subsystem clock: n =1
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A/D Converter Characteristics (Ta = —40 to +85°C, Vbp = AVbp = 2.2 to 5.5 V, Vss = AVss = 0 V)

Parameter Symbol Conditions MIN. | TYP. [ MAX. Unit
Resolution 8 8 8 bit
Total error Note 2.7 V < AVrero < AVbp 1.2 %

2.2 V <€ AVrero < 2.7 V (only when AVRrero = AVbp) 1.6 %
Conversion time tcony 14 144 us
Sampling time tsamp 24/fxx us
Analog input voltage Vian AVss AVREFo
Reference voltage AVRero 2.2 AVop \Y%
Resistance between AVrero and AVss | Ravrero 29.4 kQ

Note Quantization error (£1/2 LSB) is not included.

Remark fxx: Main system clock frequency

D/A Converter Characteristics (Ta = —40 to +85°C, Vob = AVbp = 2.2 to 5.5 V, Vss = AVss =0 V)

Parameter Symbol Conditions MIN. | TYP. [ MAX. Unit
Resolution 8 8 8 bit
Total error R=2MQ, 2.2V <« AVrer1 €55V 1.2 %

R=4MQ, 2.2V < AVrer1 €55V 0.8 %

R=10MQ, 2.2V < AVrer1 €55V 0.6 %

Settling time Load conditions: 4.5V < AVrer1 <55V 10 us
C=30pF 2.7V < AVrert < 4.5V 15 us

22V <AVrer1 < 2.7 V 20 us

Output resistance Ro DACS0,1=7FH 53 kQ
Reference voltage AVREF 22 Vob \Y%
AVrer1 current AlRerF1 For only 1 channel 25 mA
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Data Retention Characteristics (Ta = —40 to +85°C, Vob = AVbopb = 2.2 to 5.5 V, Vss = AVss = 0 V)

Parameter Symbol Conditions MIN. | TYP. [ MAX. Unit

Data retention voltage VDDDR STOP mode 2.2 5.5 \%
Data retention current Ioobr Vooor = +4.51t0 5.5 V 10 50 HA
Vooor = +2.5 V 2 10 LA

Voo rising time trvD 200 us
Voo falling time trvp 200 us
Vop retention time tHvp [¢] ms

(from STOP mode setting)

STOP release signal input time | torec 0 ms
Oscillation stabilization wait time| twarr Crystal resonator 30 ms
Ceramic resonator 5 ms
Low-level input voltage Vi RESET, POO/INTPO to PO6/INTP6 0 0.1Vooor v
High-level input voltage Vin 0.9VooDR VoooR

AC Timing Test Points

Voo—1V

0.8Vooor22V 0.8Vooor2.2V
> Test Points <
0.8V 0.8V

045V
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Timing Wave Form

(1) Read operation

(CLK)
| tevk
A A
AOto A15 Higher address Higher address
(Output) N N
toaiD la—tiRa
i tosTiD [e—tDRA—
ADO to AD7 Hi-Z f Lower address Hi-Z 4 Hi-Zz £ Lower address
(Input/output) _g( (Output) g Data (Output) -g§ (Output)
[=tsasT [=—tHsTLA tHRID—=
— tFRA 1 tHsTHA
ASTB
(Output) HtwsTH N 7
— tDsTR —= [=—{DRST —=
toar toriD
- \ [
RD |
(Output) X( twa {
toRWTH
torwTL : towtr
toawr HRwT towrip
WAIT \ Z‘
(Input) X 7
tosTwT
tosTWTH
tHsTWT
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(2) Write operation

(CLK)
tovk
4 4
A0501A115 k Higher address Higher address
(Cutput) k S
tbaiD | —tiwa
i tosTop le—tpAw —=|
ADO to AD7 Hi-Z 4 Lower address Hi-Z Hi-Z £ Lower address
................... D O R
(Input/output) _g( (Output) ata (Output) {( (Output)
[=tsasT r—1HsTLA thwop —=
. trra [——tsobwR——| — tHsTHA
ASTB
(Output) —twsTH N
—tosTw——m [=—towsT
toaw towop
YT A [
WR |
twwi
(Output) X( IZ
towwTH
towwTL towTw
tHwwT:
toawt towtip
WAIT \ Zl
(Input) N 7
tostwr
tosTwTH
tHsTWT
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Serial Operation

(1) 3-wire serial /O mode

tkev1,
tKH1, 2 —o=y
N [k, 29
SCK \ /_
N
tkso1, 2

tksi,

tsik1, 2

SI/SO ____d//____\\ // sz ><::

(2) UART mode

ASCK
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Clock Output Timing

to toLL

CLKOUT /l \\ /

— 7 \

tcLr tcLF

Sy

tevel

Interrupt Input Timing

twniH twiiL

NMI / /
twitH { | twitL

INTPO to INTPB / /

Reset Input Timing

twrsH {1 twRrsL

RESET / /
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Clock Timing
twxH twxL
/ \
XA / \
— 7 N\ /
txr txF
1/fx
txTH { | txTL
XTH1 /
/
1/fxt
Data Retention Characteristics
STOP mode setting
(C
)
Vobp
VDDDR
tHvD tFvD trvD torer twarr

RESET .
NMI “\
(Clearing by falling edge)

)

Pan
Pan

NMI
(Clearing by rising edge)
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* 16. PACKAGE DRAWINGS

100 PIN PLASTIC LQFP (FINE PITCH) (14x14)

HHAHAHAARAHAR
51N\

50

==
==
O
==
O
O
==
O
O
==
O
O
==] C D
O
O
==
O
O
==
O
O
==
O
O
L ==
=
G
—P | K
T FM
E - B !
7| N
L
NOTE

Each lead centerline is located within 0.08 mm (0.003 inch) of
its true position (T.P.) at maximum material condition.

detail of lead end

—
S0 A
ta YR

ITEM MILLIMETERS INCHES

A 16.00+0.20 0.630+0.008

+0.009

B 14.00%£0.20 0'551—0.008

+0.009

C 14.00+0.20 0.55‘1_0_008

D 16.00+0.20 0.630+0.008
F 1.00 0.039
G 1.00 0.039

+0.05

H 0.22_0_04 0.009+0.002
| 0.08 0.003

J 0.50 (T.P.) 0.020 (T.P.)

+0.009

K 1.00+0.20 0.03975°6p8

+0.008

L 0.50+0.20 0.020_0_009

+0.03 +0.001

M O.‘1770_07 0.00770_003
N 0.08 0.003

P 1.40%+0.05 0.055+0.002

Q 0.10+£0.05 0.004+0.002
o+7° 0+7°
R 3 T3 3 T3

S 1.60 MAX. 0.063 MAX.

S$100GC-50-8EU

Remark The external dimensions and material of the ES version are the same as those of the mass-produced

version.
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100PIN PLASTIC QFP (14x20)

A A
i =
= . =
-

G -9
HiPl | ®
FP | *'7*K
‘ M
I i
7] N L
NOTE

Each lead centerline is located within 0.15 mm (0.006 inch) of
its true position (T.P.) at maximum material condition.

detail of lead end

ITEM MILLIMETERS INCHES
A 23.6+0.4 0.929+0.016
+0.009
B 20.0+0.2 0.79575 508
+0.009
C 14.0+0.2 0'551—0.008
D 17.6£0.4 0.693+0.016
F 0.8 0.031
G 0.6 0.024
+0.004
H 0.30+0.10 0.01273 095
| 0.15 0.006
J 0.65 (T.P.) 0.026 (T.P.)
+0.008
K 1.8+0.2 0.07‘1_0_009
+0.009
L 0.8+0.2 0'031—0.008
+0.10 +0.004
M 0'15—0.05 0.00670_003
N 0.10 0.004
+0.005
P 2.7+0.1 0.106_0_004
Q 0.1+0.1 0.004+0.004
R 5°+5° 5°+5°
S 3.0 MAX. 0.119 MAX.

P100GF-65-3BA1-3

Remark The external dimensions and material of the ES version are the same as those of the mass-produced

version.
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* 17. RECOMMENDED SOLDERING CONDITIONS

The uPD784218 should be soldered and mounted under the following recommended conditions. For the details
of the recommended soldering conditions, refer to the document Semiconductor Device Mounting Technology
Manual (C10535E).

For soldering methods and conditions other than those recommended below, contactyour NEC sales representative.

Caution Soldering conditions forthe uPD784217GC-xxx-8EU and uPD784217GF-xxx-3BA are undetermined
because these products are under development.

Table 17-1. Soldering Conditions for Surface Mount Type

(1) ©PD784218GC-xxx-8EU: 100-pln plastlc LQFP (Fine pltch) (14 x 14 mm)

) ) . Recommended
Soldering Method Soldering Conditions .
Condition Symbol
Infrared reflow Package peak temperature: 235°C, Time: 30 sec. Max. (at 210°C or higher), IR35-107-2

Count: two times or less, Exposure limit: 7 days Note (after that, prebake at
125°C for 10 hours)

VPS Package peak temperature: 215°C, Time: 40 sec. Max. (at 200°C or higher), VP-15-107-2
Count: two times or less, Exposure limit: 7 days Note (after that, prebake at
125°C for 10 hours)

Partial heating Pin temperature: 300°C Max., Time: 3 sec. Max. (per pin row) —

Note After opening the dry pack, keep it in a place at 25°C or less and 65% RH or less for the allowable storage
period.

Cautlon Do not use different soldering methods together (except for partlal heating).

(2) uPD784218GF-xxx-3BA: 100-pin plastic QFP (Fine pitch) (14 x 20 mm)

. . . Recommended
Soldering Method Soldering Conditions .
Condition Symbol
Infrared reflow Package peak temperature: 235°C, Time: 30 sec. Max. (at 210°C or higher), IR35-00-2

Count: two times or less

VPS Package peak temperature: 215°C, Time: 40 sec. Max. (at 200°C or higher), VP15-00-2
Count: two times or less

Wave soldering Solder bath temperature: 260°C Max., Time: 10 sec. Max., Count: once, WS60-00-1
Preheating temperature: 120°C Max. (package surface temperature)

Partial heating Pin temperature: 300°C Max., Time: 3 sec. Max. (per pin row) —

Caution Do not use different soldering methods together (except for partial heating).
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* APPENDIX A DEVELOPMENT TOOLS

The following development tools are available for system development using the uPD784218.
Also refer to (5) Cautions on Using Development Tools.

(1) Language Processing Software

RA78K4 Assembler package common to 78K/IV Series
CC78K4 C compiler package common to 78K/IV Series
DF784218 Device file common to yPD784218 Subseries
CGC78K4-L C compiler library source file common to 78K/IV Series

(2) Flash Memory Writing Tools

Flashpro Il

(Model number: FL-PR2),
Flashpro 11l

(Model number: FL-PR3, PG-FP3)

Dedicated flash programmer for microcontroller incorporating flash memory

FA-100GF Adapter for writing 100-pin plastic QFP (GF-3BA type) flash memory. Connection must
be performed depending on the target product.
FA-100GC Adapter for writing 100-pin plastic LQFP (GC-8EU type) flash memory. Connection

must be performed depending on the target product.

Flashpro Il controller,
Flashpro Il controller

Control program that runs on a personal computer and is attached to Flashpro II,
Flashpro Ill. Operates on WindowsTM95, etc.

(3) Debugging Tools

« When IE-78K4-NS In-circuit emulator is used

IE-78K4-NS

In-circuit emulator common to 78K/IV Series

|E-70000-MC-PS-B

Power supply unit for IE-78K4-NS

|E-70000-98-IF-C

Interface adapter used when PC-9800 series PC (except notebook type) is used as host
machine (C bus supported)

|IE-70000-CD-IF-A Note

PC card and cable when PC-9800 series notebook PC is used as host machine (PCMCIA
socket supported)

IE-70000-PC-IF-C

Interface adapter when using IBM PC/ATT™ and compatibles as host machine (ISA bus
supported)

IE-70000-PCl-|F Note

Interface adapter when using PC that incorporates PCI bus as host machine

IE-784225-NS-EM1

Emulation board to emulate uPD784218 Subseries

NP-100GF

Emulation probe for 100-pin plastic QFP (GF-3BA type)

NP-100GC

Emulation probe for 100-pin plastic LQFP (GC-8EU type)

EV-9200GF-100

Socket to be mounted on a target system board made for 100-pin plastic QFP (GF-3BA type)

TGC-100SDW Conversion adapter to connect the NP-100GC and a target system board on which a 100-
pin plastic LQFP (GC-8EU type) can be mounted

ID78K4-NS Integrated debugger for IE-78K4-NS

SM78K4 System simulator common to 78K/IV Series

DF784218 Device file common to yPD784218 Subseries

Note Under development
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. When IE-784000-R in-circuit emulator is used

IE-784000-R

In-circuit emulator common to 78K/IV Series

IE-70000-98-1F-C

Interface adapter used when PC-9800 series PC (except notebook type) is used as host
machine (C bus supported)

IE-70000-98N-IF

Interface adapter and cable used when PC-9800 series notebook type PC is used as host
machine

IE-70000-PC-IF-C

Interface adapter when using IBM PC/AT and compatibles as host machine (ISA bus
supported)

IE-70000-PC|-|F Note

Interface adapter when using PC that incorporates PCI bus as host machine

IE-78000-R-SV3

Interface adapter and cable used when EWS is used as host machine

IE-784225-NS-EM1
IE-784218-R-EM1

Emulation board to emulate uPD784218 Subseries

|E-784000-R-EM

Emulation board common to 78K/IV Series

|IE-78K4-R-EX3

Emulation probe conversion board necessary when using |IE-784225-NS-EM1 on |E-784000-R.
Not necessary when |IE-784218-R-EM1 is used.

EP-78064GF-R

Emulation probe for 100-pin plastic QFP (GF-3BA type)

EP-78064GC-R

Emulation probe for 100-pin plastic LQFP (GC-8EU type)

EV-9200GF-100

Socket to be mounted on atarget system board made for 100-pin plastic QFP (GF-3BA type)

TGC-100SDW

Conversion adapter to connect the NP-100GC and a target system board on which a 100-
pin plastic LQFP (GC-8EU type) can be mounted

ID78K4 Integrated debugger for IE-784000-R
SM78K4 System simulator common to 78K/IV Series
DF784218 Device file common to uPD784218 Subseries

Note Under development

(4) Real-time OS

RX78K/IV

Real-time OS for 78K/IV Series

MX78K4

OS for 78K/IV Series
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(5) Cautions on Using Development Tools

+ The ID78K4-NS, ID78K4, and SM78K4 are used in combination with the DF784218.

+ The CC78K4 and RX78K/IV are used in combination with the RA78K4 and DF784218.

+ The FL-PR2, FL-PR3, FA-100GF, FA-100GC, NP-100GF, and NP-100GC are products made by Naitou
Densei Machidaseisakusho Co., Ltd. (TEL: +81-44-822-3813). Contact an NEC distributor regarding the
purchase of these products.

+ The TGC-100SDW is a product made by TOKYO ELETECH CORPORATION.

= For further information, contact Daimaru Kogyo, Ltd.

Tokyo Electronics Department (TEL: +81-3-3820-7112)

Osaka Electronics Department (TEL: +81-6-6244-6672)
+ For third party development tools, see the 78K/IV Series Selection Guide (U13355E).
+ The host machine and OS suitable for each software are as follows:

Host Machine PC EWS
[0S] PC-9800 series [Windows] HP9000 Series 700™ [HP-UXTM]
IBM PC/AT and compatibles SPARCstation™ [SunOS™, SolarisT™™]
Software [Japanese/English Windows] NEWSTM (RISC) [NEWS-OST™]
RA78K4 ~ Note v
CC78K4 + Note ~
ID78K4-NS ~ -
ID78K4 v v
SM78K4 N —
RX78K/IV « Note
MX78K4 J Note

Note DOS-based software

84 Data Sheet U12303EJ1VODS00

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



NEC uPD784217,784218

* APPENDIX B. RELATED DOCUMENTS

Documents related to device

Document Name Document No.

Japanese English
uPD784217, 784218 Data Sheet U12303J This document
uPD78F4218 Preliminary Product Information U12439J U12439E
uPD784218, 784218Y Subseries User's Manual Hardware uU12970J U12970E
uPD784218 Subseries Special Function Register Table u12918J -
78K/IV Series User’'s Manual Instructions U10905J U10905E
78K/IV Series Instruction Table U10594J -
78K/IV Series Instruction Set U10595J -
78K/IV Series Application Note Software Basics U10095J U10095E
Documents related to development tool (User’s Manual)

Document Name Document No.
Japanese English
RA78K4 Assembler Package Operation U11334J U11334E
Language u111e62J U11162E
RA78K Series Structured Assembler Preprocessor U11743J U11743E
CC78K4 C Compiler Language u11571J U11571E
Operation u11572J U11572E
IE-78K4-NS U13356J U13356E
IE-784000-R U12903J U12903E
|IE-784218-R-EM1 U12155J U12155E
|IE-784225-NS-EM1 uU13742J To be prepared
EP-78064 EEU-934 EEU-1469
SM78K4 System Simulator Windows Based Reference U10093J U10093E
SM78K Series System Simulator External Part User u10092J U10092E
Open Interface
Specifications
ID78K4-NS Integrated Debugger PC Based Reference u12796J U12796E
ID78K4 Integrated Debugger Windows Based Reference u10440J U10440E
ID78K4 Integrated Debugger HP-UX, SunQOS, Reference U11960J U11960E
NEWS-OS based

Caution Therelated documents listed above are subjectto change without notice. Be sure to use the latest
version of each document for designing.
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Documents related to embedded software (User’s Manual)

Document Name Document No.
Japanese English
78K/IV Series Real-Time OS Basics U10603J U10603E
Installation uU10604J U10604E
Debugger uU10364J -
78K/IV Series OS MX78K4 Basics U11779J -
Other documents
Document Name Document No.
Japanese English
NEC IG Package Manual (CD-ROM) - C13388E
Semiconductor Device Mounting Technology Manual C10535J C10535E
Quality Grades on NEC Semiconductor Devices C11531J C11531E
NEGC Semiconductor Device Reliability/Quality Gontrol System C10983J G10983E
Guide to Prevent Damage for Semiconductor Devices Cc11892J C11892E
by Electrostatic Discharge (ESD)
Guide to Quality Assurance for Semiconductor Devices - MEI-1202
Guide to Microcontroller-Related Products by Third Parties uii416J -

Caution Therelated documents listed above are subjectto change without notice. Be sure to use the latest
version of each document for designing.
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