NEC

DATA SHEET

MOS INTEGRATED CIRCUIT

uPD78233,78234,78237,78238

8-BIT SINGLE-CHIP MICROCOMPUTER

DESCRIPTION

The uPD78233,78234,78237 and 78238 are 78K/l series products. The 78K/l is an 8-bit single-chip microcomputer
which can access the memory space of TM-byte with an external expansion.

Functions are described in detail in the following user’'s manuals, which should be read when carrying out design
work.
uPD78234 Series User's Manual Hardware Volume : IEU-718
78K/ll Series User’'s Manual Instruction Volume  :IEU-754

FEATURES
¢ High-speed instruction executiong (12 MHz operation) : 333 ns {zPD78234, 78238}
500 ns (uPD78233, 78237)
¢ On-chip memory
+ ROM : 16K bytes (uPD78234)
32K bytes (uPD78238)
Not incorporated (uPD78233, 78237)
« RAM : 640 bytes (uPD78233, 78234)
1024 bytes (uPD78237, 78238)
e |/O pin: 64 pins (uPD78234, 78238)
46 pins (uPD78233, 78237)
o A/D converter {analog 8 inputs)
¢ D/A converter (analog 2 outputs)
¢ PWM output (2 outputs)

APPLICATION

LBP engine, typewriter, HDD, FDD, PPC, FAX, electronic musical instrument, inverter, camera, air-conditioner,
etc.

The information in this document is subject to change without notice.
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NEC 1uPD78233, 78234, 78237, 78238
ORDERING INFORMATION
Ordering Code Package Internal ROM Internal RAM
,uPD782336C-3BB 80-pin plastic QFP {(J14 mm) None 640
puPD78233GJ-5BG 94-pin plastic QFP (020 mm) None 640
uPD78233LQ 84-pin plastic QFJ ((J1150 mil) None 640
UPD78234GC->0cx-3B9 80-pin plastic QFP (0J14 mm) 16K 640
UPD78234GJ-xxx-5BG 94-pin plastic QFP (020 mm) 16K 640
UPD78234LQ-xxx 84-pin plastic QFJ (J1150 mil) 16K 640
puPD78237GC-3B9 80-pin plastic QFP {3014 mm) None 1024
uPD78237GJ-5BG 94-pin plastic QFP (CJ20 mm) None 1024
uPD78237LQ 84-pin plastic QFJ ({11150 mil) None 1024
HPD78238GC-xxx-3B9 80-pin plastic QFP ({314 mm) 32K 1024
uPD78238GJ-xxx-5BG 94-pin plastic QFP ({CJ20 mm) 32K 1024
84-pin plastic QFJ (C1150 mil} 32K 1024

HPD78238LQ-xxx

Remarks “>xx” is a ROM code number.

QUALITY GRADE
Standard

Please refer to “Quality grade on NEC Semicondcutor Devices” (Document number IEI-1209) published by
NEC Corporation to know the specification of quality grade on the devices and its recommended applications.

78K/I} Product Development

AJ/D Converter .

D/A Converter } On-Chip
PWM Output Function Added
Macro Service } Enhanced
Timer/Counter

Comparator Deleted

uPD78224 Series

Timer/Counter

Baud Rate Generator Function

uPD78234 Series

/\

‘ EEPROM Added 4PD78218A Series
D/A Converter On-Chip Macro Service } Enhanced
PWM Output Function Added Timer/Counter
Macro Service
Timer/Counter} Enhanced

pPD78244 Series

On-Chip Memory Capacity Expansion
Macro Service

uPD78214 Series Timer/Counter } Enhanced

A/D Converter On-Chip

} Enhanced

Comparator Deleted
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NEC

uPD78233, 78234, 78237, 78238

FUNCTION LIST
item uPD78233 ] uPD78234 | uPD78237 | uPD78238
No. of basic instructions {(Mnemonic) 65
Minimum instruction execution
500 ns 333 ns 500 ns 333 ns
time (at 12 MHz operation)
On-chip memory ROM None 16K bytes None 32K bytes
capacity RAM 640 bytes 1024 bytes
Memory space Program memory: 64K bytes, data memory: 1M bytes
Input 16
Cutput 12
/O pins d
Input/output 18 36 18 36
Total 46 64 46 64
Pins | Pin with pull-up
. 24 42 24 42
with | resistor
addi- | LED direct drive
8 24 8 24
tional | output
func- | Transister direct 8
tion® § drive output

Real-time output port

4 bits x 2 or 8 bits x 1

General register

8 bits x 8 bits x 4 banks {(memory mapping)

Timer/counter

Timer register x 1
16-bit timer/counter { Capture register x 1

Compare register x 2

Pulse output enabled

Toggle output
[ PWM/PPG output

One-shot pulse output

)

Timer register x 1
8-bit timer/counter 1 Capture/compare register x 1

Compare register x 1

Pulse output enabied

[ Real-time output:]
4 bits x 2

Timer register x 1

B-bit timer/counter 2 Capture register x 1

e |

Compare register x 2

Pulse output enabled

[ Toggle output ]
PWM/PPG cutput

o Timer register x 1
8-bit timer/counter 3 { .
Compare register x 1

PWM output function

12-bit resolution x 2 channels (PWM frequency: 23.4 kHz)

Serial interface

UART
CSl| (3-wire serial I/O, SBI):1 channel

:1 channel (specialized baud rate generator incorporated)

A/D converter

8-bit resolution x 8 channels

D/A converter

8-bit resolution x 2 channels

Interrrupt

19 sources (external 7, internal 12) + BRK instruction
Priority order of 2 levels (programmable)

2 types of sevicing (vectored interrupt, macro service)

Instruction set

16-bit operation
Multiplication/division (8 bits x 8 bits, 16 bits + Bbits)
Bit manipulation

BCD adjustment, others

Package

80-pin plastic QFP (014 mm)
94-pin plastic QFP {020 mm)
84-pin plastic QFJ (01150 mil}

Pins with additional function included in the I/O pin.
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uPD78233, 78234, 78237, 78238

4
3
2
0

1

o P71/AN

SINV/SLd O——=
9INVALd O—*
LINV/LLd O—™

48 je—=0 P11/PWM1
47 f=——=0 P10/PWMO

59 je——0 P73/AN
58 le——o0 P72/AN
56 je——o0 P70/AN
55 b——0 Voo

54 je—0 P17

53 fo—0 P16

52 fs—e0 P15

51 je—=0 P14

50 je—0 P13

49 po—»0 P12

46 f+———0 MODE
45 —0 Vss

44 —0 ASTB
43 pe——e0 P40/ADO
42 fo—=0 P41/AD1

57

0 EQV/EVd
0 pAV/rPd
>0 SAV/SYd
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PIN CONFIGURATION (TOP VIEW)
80-Pin Plastic QFP {014 mm)

NEC
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uPD78233, 78234, 78237, 78238

94-Pin Plastic QFP ({20 mm)

3]
€ 0
PIPSTe_ ~ows
8852555552 .:.0 . 2222
ESCS555858 500y psSggs
NN B NN
/94939291 908988 8786858483 8281807978 7776 75 14 73 725, |l o PTI/ANI3
P32/SCK 1 70 —o NC
P33/SO/SBO 2 69 f+——0 P72/ANI2
P34/TO0 O=—1 3 68 l=——0 P71/ANIN
P35/TO1 Oe— 4 67 f+——0 P70/ANIO
P36/T02 Oe—e1 5 66 ———0 Voo
P37/TO3 O+— 6 65 ——o0 Voo
RESET 0———= 7 64 }e—e0 P17
Voo O—1 8 %g%‘a 63 je—=0 P16
X1 0 10 Egg 61 -—0 P14
Vss o0———1{ 11 a B 60 —°0 NC
Vss o0—— 12 ; T 59 f——0 P13
NC o—] 13 § 88 3 58 fe—s0 P12
PO0 Oe— 14 g g 57 f=—0 P11/PWM1
PO1 0e——] 15 ) 56 fe—e0 P10/PWMO
P02 o—1 16 55 —o NC
P03 0e—r 17 54 l——0 MODE
P04 Oe—1 18 531 ——0 NC
P05 0— 19 52 0 Vss
P06 O=— 20 51 —o0 Vss
NC o—— 21 - 50 |——o0 ASTB
PO7 O—o/ 22 49 fe—0 P4D/ADO
PE7/REFRQ O*—"| 254 7526 2728 2930 31 3233 3435 3637 3839 40 41 4243 444546 47° O P41/ADI
:mommhwumvmuuwomwuvxwwvmw
|<§E322222222222§$222%922
S2353C-3 533 FIoNEB SEEESS
gﬁ- aocaao aaa oaa coadaanaoao
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NEC uPD78233, 78234, 78237, 78238

84-Pin Plastic QFJ (01150 mil)
0o =9 s S o —
211t PN T
SRS RBygghrewraonN=950, 4,583
TTTTTTTT??TTTTTTTTTEQ
/1110 9 8 7 6 5 4 3 2 1 848382818079 7877 76 75
P74/ANM O] 12 74 [e—0 P42/AD2
P75/ANI5S O—— 13 73 fe—=0 P43/AD3
P76/ANIE O——{ 14 72 (e—=0 P44/ADA
P77/ANI7 0——» 15 71 fe—w0 P45/ADS
AVop O—nr]{ 16 70 fe—0 P46/ADS
AVrers O——— 17 69 [e+—=O P47/AD7
AVss O————1 18 68 pe—»-O P50/A8
ANOO Ow—] 19 67 pe—0 P51/A9
ANO10=——1 20 §PD78233LQ o0 [T PeaATo
AVrer2 O————— 21 65 pe—e-O P53/A11
AVaess O 22 #PD78234LQ- x x x 64 |e—s-0 P54/AT2
P20MMI O——| 23 uPD78237LQ 63 fe—e0 P5E/AT3
P21/INTPO O—| 24 HPD78238L0- x x x 62 fe—s0 PSE/A14
P22/INTP1 O———| 25 61 Je—0 p57/a15
P23/INTP2/CI O—| 26 60 —O peO/ATE
P24/INTP3 O——| 27 59 |—wo0 P61/A17
P25/INTP4/ASCK O——| 28 58 |—0 P62/A18
P26/INTP5 O——| 29 57 f—© PE3/A19
p22/s1 o—=| 30 56 fe—e-0 PE4/RD
P30/RxD Oe—=] 3; 55 te—eO PESAVR
P31/TxD Ow—e| 32 54 je—e-O PEEWAIT
3334 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53
VLT L]
§58oBBmEN 223582885
S233gske ¢
g e
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NEC pPD78233, 78234, 78237, 78238

P00 to PO7 : Port0 A8 to A19 : Address Bus
P10 to P17 : Port 1 RD : Read Strobe
P20 to P27 : Port2 WR 1 Write Strobe
P30 to P37 : Port3 WAIT : Wait

P40 to P47 : Port 4 ASTB : Address Strobe
P50 to P57 : Porth REFRQ : Refresh Request
P60 to P67 : Porté RESET : Reset

P70 to P77 : Port?7 X1, X2 : Crystal

TOO to TO3 : Timer Output MODE : Mode

Ci : Clock Input ANIO to ANI7 ¢ Analog Input
RxD : Receive Data ANOO, ANO1 : Analog Output
TxD : Transmit Data AVrer1 to AVeers : Reference Voltage
sCK : Serial Clock AVoo : Analog Power Supply
ASCK : Asynchronous Serial Clock AVss : Analog Ground
SBO : Serial Bus Voo : Power Supply
Si : Serial Input Vss : Ground

sO : Serial Output NC : Non-connection
PWMO, PWM1 : Pulse Width Modulation Output

NMI : Non-maskable Interrupt

INTPO to INTP5 : Interrupt From Peripherals

ADO to AD7 @ Address/Data Bus
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uPD78233, 78234, 78237, 78238

NEC

SYSTEM CONFIGURATION EXAMPLE (LBP ENGINE)

Monitor Diode Output
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uPD78233, 78234, 78237, 78238

NEC

INTERNAL BLOCK DIAGRAM
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NEC uPD78233, 78234, 78237, 78238
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NEC

uPD78233, 78234, 78237, 78238

1. PIN FUNCTIONS

1.1 PORTS
. Dual- :
Pin Name 110 Function
Function Pin
Port 0 (PO):
P00 to PO7 Output —_— Can be used as a real-time output port (4 bits x 2}
Transistor drive capability.
P10 pwmo | Port T(PIX
The input/output specifiable bit-wise.
P11 Input/ PWM1
output Input mode pins specifiable for on-chip pull-up resistor connection as a batch by
software.
P12 to P17 _
LED drive capability.
P20 NMI
P21 INTPO
Port 2 (P2):
P22 INTP1Y
P20 cannot be used as a general-purpose port. (Non-maskable interrupt)
P23 Input INTP2/CI i
However, the input level can be confirmed in the interrupt routine.
P24 INTP3 . .
The connection of the on-chip pull-up resistor can be specified as a 6-bit unit for
P25 INTP4/ASCK
P22 1o P27 by software.
P26 INTPS
P27 Sl
P30 RxD
Port 3 (P3):
P31 i TxD
nput/ — The input/output specifiable bit-wise.
P32 output SCK . . .
Input mode pins specifiable for on-chip pull-up resistor connection as a batch by
P33 S0O/SBO
software.
P34 to P37 TOO to TO3
Port 4 (P4):
input/ The input/output specifiable as an 8-bit unit.
P40 to P47* output ADO to AD?7 ) ) )
The connection of the on-chip pull-up resistor
specifiable as a 8-bit unit by software.
LED drive capability
Port 5 (P5):
input/ The input/output specifiable bit-wise.
P50 to P57* A8 to A15 . .
output Input mode pins specifiable for on-chip puil-up
resistor connection as a batch by software.
P60 to P63 | Output A16_tiA19 Port 6 (P6):
P64r E P64 to P67 enables to specify the input/output bit-wise.
P65 Input/ WR The connection of the on-chip pull-up resistor can be specified as a batch for P64
P66 output WAIT
to P67 by software.
P67 REFRQ
P70 to P77 | Input ANIO to ANI7 | Port 7 (P7)

* The uPD78233/78237 cannot use P40 to P47, P50 to P57, P64 and P65 as ports.

M L4y2?525 008bL110 807 WA
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HPD78233, 78234, 78237, 78238

1.2 OTHERPORTS

AVREF2, AVREF3

AVoD

AVss

Voo

Vss

NC

Reference voltage apply for DfA converter

Positive power supply for A/D converter

GND for A/D converter

Positive power supply

GND

Not connected internally

Dual-
Pin Name 110 Function Function Pin
TOOto TO3 | Output | Timer output P34 to P37
Ci input Count clock input to 8-bit timer/counter 2 P23 /INTP2
RxD Input Serial data input {UART) P30
TxD Output | Serial data output (UART) P31
ASCK Input Baud rate clock input {UART) P25/INTP4
SBO joBit st | Serial data input/output (SBI) P33/S0
Sl Input Seria! data input (3-wire serial I/0) P27
SO Qutput | Serial data output (3-wire serial I/0) P33/SB0
SCK jabtnat | Seriel clock inputioutput (SBI, 3-wire serial /0) P32
NMI P20
INTPO P21
INTP1 P22
INTP2 Input External interrupt request P23/CI
INTP3 P24
INTP4 P25/ASCK
INTPS P26
ADO to AD7 }ggtu;ut Time multiplexing address/data bus (external memory connection) P40 to P47*
A8 to A1 Output | Upper address bus (external memory connection) P50 to P57*
A16 to A19 Output Upper address when extending address {external memory connection) P60 to P63
RD Output | Read strobe into external memory P64*
WR Output Write strobe into external memory P65*
WAI Input Wait insertion P66
Time multiplexing address (A0 to A7) latch timing output {at external memory
ASTB Output -
accessed)
REFRQ Output Refresh pulse output into external pseudo-static memory P67
RESET Input Chip reset —
X1 Input
" — Crystal connection for system clock oscillation (capability of clock input to X1) e
MODE Input ROM:-less operating specification (external access of the same space as internai ROM), .
This is used by high level in uPD78233, uPD78237 and by low level in uPD78234, uPD78238.
ANIC to ANI7 | Input Analog voltage input for A/D converter P70 to P77
ANOOD, ANO1 | Output | Analog voltage output for D/A converter —_
AVREF1 Reference voltage apply for A/D converter

* The uPD78233/78237 cannot use P40 to P47, P50 to P57, P64 and P65 as ports.
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NEC uPD78233, 78234, 78237, 78238

1.3 PINI/O CIRCUITS AND RECOMMENDED CONNECTION OF UNUSED PINS
The input/output circuit type of each pin and recommended connection of unused pins are shown in Table 1-1.
For the input/output circuit configuration of each type, see Fig. 1-1.

Table 1-1 Input/Output Circult Type of Each Pin and Recommended Connection of Unused Pins

Pin Name Input/Output /0 Recommended Connection when not Used
Circuit Type

P00 to PO7 4 Output Leave open.

Input : Connected to Voo.
P10 to P17 5-A input/output Output : Leave open.

P20/NMI
P21/INTPO
P22/INTP1
P23/INTP2/CI Input
P24/INTP3 Connected to VDo .
P25/IN TP4/ASCK A
P26/INTP5
P27/sl
P30/RxD
P31/TxD
P32/SCK 8-A
P33/SB0/SO 10-A
P34/TOO to P37/TO3
P40/ADO to P47/AD7 5-A

2 Connected to VoD or Vss.

5-A

Input/output Input : Connected to Voo.

Output : Leave open.

PS0/A8 to P57/A15

P60/A16 to PE3/A19 4 Qutput Leave open.
P64/RD
PESAWR 5.A Input/output Input : Connected to Voo.
PE6/WAIT Output : Leave open.
P87/REFRQ
P70/ANIO to P77/ANI7 9 Input Connected to Vss.
ANQO, ANO1 12

Output Leave open.
ASTB 4
RESET 2
MODE 1

Input

AVREF1to AVREF3

Connected to Vss.
AVss e ——

AVDD \ Connected to Voo.

Remarks Thetype numbers are standardized by 78K series, therefore they are not always consecutive numbers
in each product. (Some circuit is not incorporated.)

Note [f the input and output modes are not stable on the pin which has an input/output dual-function, connect %
to Voovia tens of k2 resistor. (Especially, if theresetinput pin exceeds the low-level input voltage at power-
on or in case of change the input/output by software.)
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Fig. 1-1 Pin Input/Output Circuits

Type 1 Voo Type 2-A

P
I puliup
p=} °<} enable

IN O——

N

Schmitt-Triggered Input with Hysteresis Characteristic
Type 2

IN © b‘ Type S-A Ve

. ! . . e pullup
Schmitt-Triggered input with Hysteresis Characteristic enable bo—l P

Type 4 Voo

data :_D)_l P data

Voo
—{{f-r
ouT IN/OUT
| output
output disable

disable
Push-pull output which enables output to be high-impedance
(both P-ch and N-ch off). input
enable
Type 8-A Voo
Type 9
pullup
=>o—| p
enable p L Comparator
Voo IN O—— N
T 7
date——=—"1"% {|=r
Vret
IN/OQUT {Threshold Voltage)
output
disable ——E_D>_—*
input
0@ enable
Type 10-A Voo Type 12

pullup
enable b: I P

data :D I
P Analog Output Voltage —:1 ——0 OUT

open IN/OUT
drain l

output

e

disable

L B L427525 008L113 51bL WM



NEC uPD78233, 78234, 78237, 78238

2. INTERNAL BLOCK FUNCTION

2.1 MEMORY SPACE
The uPD78233,78234,78237 and 78238can access a 1M-byte memory space. Figs. 2-1and 2-2showthat memory
space. The program memory mapping depends on the MODE pin status.

{1} pPD78233 {(MODE = H)

The program memory is mapped into the external memory(64640 bytes: 00000H to OFC7FH). This area is
shareable with a data memory.

The datamemory hasbeen mapped into the internal RAM {640 bytes: 0OFC80H to OFEFFH). inthe 1M-byte extended
mode, the external memory (960K bytes: 10000H to FFFFFH) is mapped as the expansion data memory.

{2) pPD78234 (MODE =1L)

The program memory has been mapped onto the internal ROM (16K bytes: 00000H to 03FFFH) and the external
memory (48256 bytes: 04000H to OFC7FH). The external memory is accessed by the external memory expansion
mode. The mapping area into the external memory is shareable with the data memory.

The data memory has been mapped into the internal RAM (640 bytes: OFC80H to OFEFFH). In the 1M-byte
expansion mode, the external memory (960K bytes: 10000H to FFFFFH) is mapped as a expansion data memory.

{3) pPD78237 (MODE = H)
The program memory is mapped onto the external memory (64256 bytes: 00000H to OFAFFH). This area is
shareable with a data memory.

The data memory has been mapped onto the internal RAM (1024 bytes: OFBOOH to OFEFFH). In the TM-byte
extended mode, the external memory (960K bytes: 10000H to FFFFFH) is mapped as an expansion data memory.

(4) pPD78238 (MODE =1)

The program memory has been mapped onto the internal ROM (32K bytes: 00000H to 07FFFH) and the external
memory (31488 bytes: 08000H to OFAFFH). The external memory is accessed by the external memory expansion
mode. The mapping area into the external memory is shareable with the data memory.

The data memory has been mapped onto the internal RAM (1024 bytes: OFBOOH to OFEFFH). In the 1M-byte
extended mode, the external memory (960K bytes: 10000H to FFFFFH) is mapped as an expansion data memory.

M Luy27525 00BLL1Y4 452 WA 15
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22 PORT

The uPD78233, 78234, 78237 and 78238 are equipped with ports as Fig. 2-3, operable for various controls. The
function of each port describes Table 2-1. The port 1 to port 6 can be specified to use the internai pull-up resistor

by software at input.

Fig. 2-3 Port Configuration

POO-P0O7 8 > Port 0
P10 po——r
2 e ¢ Port1
P17 p——o
a7l & Jon
P30 f———
2 - [ Pont3
P37 p—
P40-P47 \1/1E> Port 4*
P50 f—
2 I - } PortS*
P57 f——
Peo-P63| 4 >
P?dj . > Port 6*
P67 fb———
P70-P77RK B Port 7

* The uPD78233/78237 cannot use P40 to P47, P50 to P57, P64 and P65 as ports.
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Table 2-1 Port Function

Designation of Software
Name Pin Name Function Pull-Up
Outputs or high-impedance specifiable as an
B-bit unit.
Port 0 P00 to PO7 Also operable as 4-bit real-time output (POO
to P03, PO4 to PO7).
Transistor drive capability.
input or output specifiable bit-wise. Input mode pins specifi-
Port 1 P10 to P17 -
LED drive capability. able as a batch
Port 2 P20 to P27 input port 6-bit unit (P22 to P27)
Input mode pins specifi-
Port 3 P30 to P37 Input or output specifiable bit-wise.
able as a batch
Input or output specifiable as an 8-bit unit.
Port 4* P40 to P47 i . 8-bit unit
LED drive capability.
input or output specifiable bit-wise. Input mode pins specifi-
Port 5* P50 to P57
LED drive capability. able as a batch
P60 to P63 Output port
Port 6° Input mode pins specifi-
P64 to P67 Input or output specifiabie bit-wise.
able as a batch
Port 7 P70 to P77 Input port

* The uPD78233/78237 cannot use P40 to P47, P50 to P57, P64 and P65 as ports.

B Luy2?525 008L1L8 OTS HR
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2.3 REAL-TIME OUTPUT PORT

The real-time output port outputs the data stored in the buffer in synchronization with a timer match interrupt
or external interrupt. Therefore, a pulse output without jitter can be acquired.
Accordingly, this is suitable for the application {open loop control of a stepping motor etc.) which outputs any

pattern at any interval.

As Fig. 2-4, the port 0 and buffer register are the core of the configuration.

Fig. 2-4 Real-Time Output Port Block Diagram

Internat Bus

Real-Time Qutput Port
Control Register

INTPO (From Outside)
INTC10 (From Timer) ——— Output Tr!gggr

Control Circuit
INTC11 (From Timer) —————=

Buffer
Register

@ @
POH POL

4

N

~

Output Latch {P0)

/\_
N

T
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2.4 TIMER/COUNTERUNIT
The uPD78233, 78234, 78237 and 78238 incorporate one channe! of a 16-bit timer/ counter unit and 3 channels
of an 8-bit timer/counter unit.

Table 2-2 Types and Functions for Timer/Counter

Unit 16-Bit Timer/ 8-Bit Timer/ 8-Bit Timer/ 8-Bit Timer/
Type & Function Counter Counter 1 Counter 2 Counter 3
Interval timer 2ch 2ch 2ch 1ch
é External event counter — —_ O —
One-shot timer —_— -— O —_—
Timer output 2ch —_ 2ch —
Toggle output O J— O —
.E PWM/PPG output '®) — @) —
E’ One-shot pulse output (®) - — -
* Real-time output —_ @) —_ —_
Pulse amplitude measurement '®) @) ®) —_
Number of interrupt requests 2 2 2 1
Clock source of serial interface — —_— — @)

As 7 interrupt requests are supported in total, this functions as the timer of the 7 channels.
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Fig. 2-5 Timer/Counter Unit Block Diagram

16-bit timer/counter unit

Software Trigger
foucm Timer Register TMO OVF
I
Compare Register CROO Match 2 O TOO
59
4 ?, g
) Mateh| |2
Compare Register CRO1 a —=O TO1
=— {/L - INTCO0
INTP3O— Detection L Capture Register CR02 L INTCO1
INTP3
8-bit timer/counter unit 1
faxe—— Prescaler Timer Register TM1 |- OVF
N
Compare Register |Match
U } To Real-Time
Output Port
| Edge Capture/Compare
INTPOO Detection I Register CR11__ [March NTCT!
INTPO
8-bit timer/counter unit 2
f —e! P
awne rescaler - Timer Register TM2 OVF
INTP2/CIC Edge Event Input
Detection L— Compare Register Match 5 -0 TO2
INTP2 CR20 23
- rd 2 g
(7]
Compare Register  |Match] 15
CR21 a 0O TO3
: Fooe c.mu%im T INTC20
INTP? Detection L CR22 —=[NTC21
INTP1
8-bit timer/counter unit 3
. . Clear
fake ——{ Prescaler Timer Register TM3
J\/L — UART
Compare Register = CSI
CR30
= Match INTP4/
INTP4/ O——] "d8® {  INTC30
ASCK

OVF : Overflow Flag
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25 PWM OUTPUT (PWMO, PWM1)
The uPD78233, 78234, 78237 and 78238 have an on-chip 12-bit resolution PWM (Pulse Width Modulation) with

23.4 kHz repeat frequency (fax = 6 MHz) output circuit for two channels. The active level of these channels can be
selected independently as high or low level. This output is perfect for DC motor speed control.

Fig. 2-6 PWM Output Unit Block Diagram (n =0, 1)

3 Internal Bus 2

{(Module Register) '

T 1 11711 T (. T 0T . 7T PMWC
PWMn 115 817 413 0 {PMW Control Register)

k.

- Reload
O Control
fcuk—e| 8-Bit Down Counter Pulse Control Qutput PWMn
Circuit Control (Output Pin)

- — - — — —— - —— ]

‘—' 4-Bit Counter

feL/256
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2.6 A/D CONVERTER

An analog/digital (A/D) converter with 8 multipiexed analog inputs (ANIO to AN{7) is incorporated.

The conversion is a successive approximation and the conversion result is stored in the 8-bit A/D conversion
result register {ADCR). Therefore, the conversion can be executed at high speed and accuracy {converting time:
approximately 20 us at 12 MHz operation).

This prepares the following modes to start the A/D converting operation.

C Hardware start: Starts the conversion with a trigger input (INTP5).
O Software start : Starts the conversion by setting a bit of A/D converter mode register (ADM),

Also, the following modes are prepared for the operation after started.
O Scan mode : Selects analog inputs one after another and acquires the converted data from all pins.
O Select mode : Fixes analog inputs to one pin and acquires the continuous conversion value.

When stopping the above modes and the converting operation, all of them are specified by ADM.
The interrupt request {INTAD) occurs when the converted result is sent to ADCR (except for software start select

mode). Therefore, by a macro service, the converted values can be sent into the memory continuously.

Table 2-3 INTAD Generation Mode

Scan Mode Select Mode
Hardware start O O
Software start O —_—

24 M L42?525 0086123 465 WE
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2.7 D/ACONVERTER

Two 8-bit resolution voltage output type digital/analog (D/A) converters are incorporated.

The conversion method isresistance string. The value to be output is written in 8-bit D/A conversion value setting
register DACSn and the analog value is output to the ANOn pin. The voltage applied to the AVaer: pin and AVrers pin
determines the output voltage range.

Since the outputimpedance is high, a current cannot be taken from the output. When the load impedance is low,
use by inserting a buffer amp between the output and the load.

The ANOnR pin becomes high impedance during the period the RESET signal is low level. After reset is cleared,
the DACSn register becomaes 0.

Fig. 2-8 D/A Converter Block Diagram (n=0, 1)

T T
AVrer2 ! I

] | |

i R | |

| [ I

| R | i

] 1 g1

{ % PR

| ] I 2 beo————0 ANOn

! i gt

| H I al

| ! 2

| ! i |

| ! |

| R | 1

| I |

I R I |
AVrer3 | 1

_________ L

DACSn

2 Internal Bus 2
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2.8 SERIALINTERFACE

The uPD78233, 78234, 78237 and 78238 are equipped with 2 independent channels for serial interfaces.

O
O

This

Asynchronous serial interface (UART)
Clocked seria! interface

+ 3-wire serial I/0

« Serial bus interface (SBI)

enables both a communication with the external system and a local communication in the system

simultaneously (see Fig. 2-9).

Fig. 2-9 Example of Serial Interface

{a) UART «+ SBI

LCD

uPD78234 (Master) Voo
#PDATIA uPD75402A (Slave)
UAR [SBI]
[ Al RxD SBO SBoO
RS-232-C T« SCk SCK
Driver
} Port
#PD75328 (Slave)
SBO
5CK
(b) UART + 3-wire serial I/0
uPD78234 (Master) uPD78C11A (Slave)
uPD4ATHIA [3-Wire Seria! /O]
UART] 50 >
[ RxD Sl SO
RS-232C T«D 5CK < SCK
Driver INTPm ‘TA Port
} Port Port A INT
nPD78C14 (Slave)
Sl
SO
5CK
-
INTPR | Port
Port [ INT

* Handshake line
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2.8.1 Asynchronous Serial Interface
A UART (Universal Asynchronous Receiver Transmitter) has been incorporated as an asynchronous serial

interface. This is the method to transmit the one byte data following the start bit.
As UART dedicated baud rate generator is incorporated, communications are possible with a wide range of any

baud rate.
Also, the baud rate can be defined by dividing the input clock for the ASCK pin.

Moreover, a baud rate can be generated with 8-bit timer/ counter 3.
If the UART dedicated baud rate generator is used, the baud rate (31.25 kbps) of the MIDI specification can be

acquired.

Fig. 2-10 Asynchronous Serial Interface Block Diagram

ﬁ

Receive Buffer | RXB

ﬁ

Internal Bus e

)

N Receive Shift Transmit Shift
RxD O |V Register Register ™s
™0 O <}
| INTSR
Receive Control Transmit Control }—e INTST

Parity Check 1. |NTSER Party Addition

116 1716

UART Dedicated Baud Rate Generator

!
|
- 1
e N] &1 1
bmm e m = | S a4
V3l /]
ASCK 1
1 ! 8
- = o o o - ] g
[}
[72]
TM3 Qutput 12
fax : Internal system clock frequency {system clock frequency/ 2)
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2.8.2 Clocked Serial Interface

This is a method to communicate one byte data in synchronization with the serial clock which is activated by

master device and starts to transmit.

Fig. 2-11 Clocked Serial Interface Block Diagram

fo—— TM3 Output/2

fo—— faix/8

S Internal Bus
Set Clear
sl o—b——- - SI0 b
S
© . . Output
;: Shift Register Lateh
S0O/SBO
{ ‘ Busy/
L‘ Acknowledge
N-ch Open-Drain Output Generator
also Possible {SBO: SBI)
Bus Release
Command/
Acknowledge
Detector
| D Serial Clock Interrupt
§CK O Counter Generator INTCSI

Serial Clock 5
Controller 5
2
;]
7

]

be—— fax/32

fex

(1) 3-wireseriall/O

Internal system clock frequency (system clock frequency / 2)

This is a interface to communicate with a device which incorporates a conventional clocked serial interface.
Basically, the communication is made through 3 wires of serial clock (SCK) and serial data (Sl, SO). In case of

connecting with muitiple device, the handshake line is required.

(2) sBI

is a NEC standard serial interface.

This can communicate with a multiple davice through 2 wires of serial clock (SCK) and serial bus (SB0) and this

The master device outputs "address” from the SBO pin and selects the communicated slave device. Then,

“command" and "data” are transmitted and received between the master and slave.
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3. INTERNAL/EXTERNAL CONTROL FUNCTION

3.1 INTERRUPT
The interrupt request servicing can be selected from 2 service modes in the following table.

Table 3-1 Interrupt Request Servicing

Service Mode Servicing Subject Service PC, PSW Contents

Branches to service routine, and executes (any
Vectored interrupt Software With save and return
service contents)

Data transmission etc. between memory and I/

Macro service Firmware Hold

O (fixed service contents)

30 B L427525 008LL2Y 983 |
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3.1.1 Interrupt Source

The interrupt source includes the 19 types and a BRK instruction execution as shown in Table 3-2.

The priority of the interrupt servicing can be setto 2 levels (high and low priority levels). Therefore, itcan separate
the levels ofthe nast control whichthe interruptisin progress and theinterrupt request which occurs simultaneously
(see Figs. 3-1, 3-2), But the nesting advances certainly in the macro service (not held).

The default priority is the priority level (fixed) to service the interrupt requests which occur at the same level
simultaneously (see Fig. 3-2).

Table 3-2 Interrupt Source

B L427525 0086130 LTS WA

Default Source Internal/ Macro
Type Priority Name Trigger External Service
Software BRK Instruction execution —_—
Non- NMI Pin input edge detection
maskable
0 (highest) INTPO Pin input edge detection (TM1 capture trigger)
1 INTP1 Pin input edge detection (TM2 capture trigger) External
2 INTP2 Pin input edge detection (TM2 event counter input)
3 INTP3 Pin input edge detection (TMO capture trigger)
4 INTCOO TMO to CR00 match signal generation
5 INTCO1 TMO to CROT match signal generation
6 INTC10 TM1 to CR10 match signal generation Internal
7 INTC11 TM1 to CR11 match signal generation O
Maskable 8 INTC21 TM2 to CR21 match signal generation
INTP4A Pin input edge detection External
9 INTC30 TM3 to CR30 match signal generation Internal
INTPS Pin input edge detection External
10 INTAD A/D converter conversion termination (transfer to ADCR)
11 INTC20 TM2 to CR20 match signal generation Internal
12 INTSER ASl receive error generation —_
13 INTSR AS| receive termination
14 INTST AS! transmit termination O
15 (lowest) INTCSI CSl transfer termination
™O 16-bit timer ASI Asynchronous serial interface
TM1 to TM3 : 8-bit timer Csi Clocked serial interface

N
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Fig. 3-1 Servicing Example for Another Interrupt Request Occurrence while an Interrupt Servicing

( Main Routine )

Vectored interrupt Requesta —
{Low Priority Level)

Vectored Interrupt Request e —
{High Priority Level)

[Nesting 1] [Nesting 2] [Nesting 3}

Servicing of a

. Servicing of b
Macro Service

Reguest b —
Servicing of ¢
M Vectored - Servicing of d
interrupt Macro Service
Request ¢ = Requestd —
{High Priority

Level

Servicing of e

] Servicing of
Macro Service
« Vectored Interrupt Request g (Low Priority

yuest f—
™ Servicing Servicing of h Level Pending)

Macro Service | of
Request h =

AR

Fig. 3-2 Servicing Example for Simultaneous Occurred Interrupt Request

( Main Routine ’

s Vectored Interrupt Request a
{Low Priority Level)
o Macro Service Request b
(High Priority Level)
* Macro Service Request ¢
{Low Priority Level)
« Vectored Interrupt Request d
{High Priority Level)
Default Priority:a>b>c¢c>d

32

M Lu275e5
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Servicing of b

Servicing of d Servicing of ¢
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3.12 Vectored Interrupt

The memory contents of the vector table address, which corresponds to the interrupt source, is branched into
the processing routine as a destination address.

As the CPU executes the interrupt servicing, the following operations occur.

O When branch: Saving the CPU status (PC, PSW contents) to the stack.
O When return : Returning the CPU status (PC, PSW contents) from the stack.

The RETI instruction executes returning to the main routine from the processing routine.

Table 3-3 Vector Table Address

Vector Table Vector Table
Interrupt Source Interrupt Source
Address Address

BRK DO3EH INTC21 001CH
NMI 0002H INTP4 000EH
INTPO 0006H INTC30
INTP1 0008H INTPS

0010H
INTP2 000AH INTAD
INTP3 000CH INTC20 0012H
INTC00 0014H INTSER 0020H
INTCO1 0016H INTSR 0022H
INTC10 0018H INTST 0024H
INTC11 001AH INTCS! 0026H

3.1.3 Macro Service

This is a function to transfer the data between the memory special functional registers (SFR) without CPU
operation. The macro service controlier accessesthe memory and SFR during the sametransfer cycle, andtransfers
directly without data collection.

The high-speed data transfer is enabled because no data is saved, returned nor fetched.

Fig. 3-3 Macro Service

Read | pMacro Service | Write

CPU Memory Wi Controller — SFR
’,' Sy

o] el

by

< >

~ 7

S Internal Bus

M LLY27525 008L1L32 478 EE 3



NEC uPD78233, 78234, 78237, 78238

3.1.4 Macro Service Application Example

(1) Transmit operation of serial interface

Transmit Data Storage Buffer (Memory)

Datan
Data n-1

e‘)

Data 2
Data 1

2

S Internal Bus

TxD o——<——-|rsansmn Shift Register] TXS (SFR)

Transmission Control f——e INTST

Whenever the macro service request INTST is generated, the next send data is transferred to TXS from the
memory. When the data n {last byte) is transferred to TXS (The transmit data storage buffer becomes empty.}, a
vectored interrupt request INTST is generated.

(2) Receive operation of serial interface

Receive Data Storage Buffer (Memory)

Data n
Data n-1
= =
Data 2
Data 1

ﬁ
S Internal Bus g
ﬂ

| Receive Buffer ]RXB (SFR)

it

R0 O— > fReceive Shift Register]

Receive Control |——= INTSR

Whenever the macro service request INTSR is generated, the receive dataistransferredtothe memory from RXB.
When the data n (last byte) is transferred to the memory (The receive data storage buffer becomes empty.), the

vectored interrupt request INTSR is generated.
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{3) Real-time output port

The INTC10 and INTC11 become output triggers of the real-time output port. In the macro service to them, the
next output pattern and interval can be set simultaneously. Therefore, the INTC10 and INTC11 can control 2 system
stepping motor independently. Also, it can be applied to control a PWM or DC motor, etc.

Output Pattern Profile (Memory) Qutput Timing Profile (Memory)
Pn Tn
P T
= = o 2o
P2 T2
P1 T

! 17
C i § e
J Match U

SFR) | POL I l | CR10 | sFRI
L weoo 1 T
Output Latch ™

Whenever the macro service request INTC10 is generated, the pattern and timing are transferred toPOL and CR10
respactively. When the contents of the TM1 match with the contents of the CR10, the nextINTC10is generated and
the contents of the POL is senttothe output latch. If Tn {last byte) is sentto CR10, a vectored interrupt request INTC10
is generated.

The same operation is available for INTC11 (different point: CR10 —» CR11, POL — POH, P00 to P03 — P04 to PO7).
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32 LOCALBUS INTERFACE
A memory and an I/O {(memory mapped I/O) can be connected externally and the 1M-byte memory space is

supported (see Figs. 2-1, 2-2).

Fig. 3-4 Local Bus Interface Example

uPD78234 J I_'\
v/

S
A16-A19 ki
=l X
EE PROM Kanji-Character
WR Pseudo SRAM 4PD27C256A Generator
REFRQ 'e 4PD24C1000

@A l/A U‘/\

ADG-AD7 < Data Bus ~

ASTB Latch

Address Bus

A

Gate Array
11O Extension
Centronics UF, etc.

AB-A15

3.21 MemoryExpansion
The following modes have been prepared as a memory expansion function.
QO External memory expansion mode:
Expands the program memory and data memory to 48256 bytes externally. But this area can be used
unconditionally under the ROM-less mode {(MODE=H).
O 1M-byte expansion mode:
Expands the data memory by 960K bytes and become a TM-byte memory space.

3.22 Programmable Wait
Awaitcan beindependently inserted to the memory mapped on both anormal address (uPD78233, 78234: 00000H

to OFC7FH, uPD78237, 78238: 00000H to OFAFFH) and an extended address (10000H to FFFFFH). Therefore, the
efficiency of the entire system is not decreased.

3.2.3 Pseudo-Static RAM Refresh Function
The refresh operations are as follows.
O Pulse refresh:
Outputs the refresh pulse to REFRQ pin in synchronization with a bus cycle.

O Power-down self refresh:
Outputs a low-level to the REFRQ pin in the standby mode and holds the contents of pseudo-static RAM.
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3.3 STANDBY
This is a function to reduce the power consumption of the chip. The following modes have been prepared.

O HALT mode: Stopstheoperation clockofthe CPU. The average powerconsumption is reduced by the normal
operation and the intermittent operation during normal operations.

O STOP mode: Stopsthe oscillator. This stops all operation in the chip and makes the minute power consump-
tion status only with leakage current.

These modes are programmable.
Also, the macro service is started from the HALT mode.

Fig. 3-5 Standby Status Flow

Program
Qperation

STOP
{Standby)

)__ Service

X

Vectored Intemrupt
Request *2

HALT Setting

RESET Input

{Standby)

Interrupt Request
at Interrupt Disable Vectored Interrupt Request *1

* 1. Incaseavectored interruptrequestisalow priority level (statusto disable interrupt of a low priority sequence

under the HALT setting).

2. Incase a vectored interrupt request is a high priority level or the status to enable interrupt of a low priority
sequence under the HALT setting.

3. Incase a macro service is a low priority level {status to disable interrupt of a low priority sequence under the
HALT setting).

4. Incaseamacro serviceis a high priority level orthe statusto enable interrupt of a low priority sequence under
the HALT setting.
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3.4 RESET
When a low level is input to the RESET pin, the internal hardware is initialized (reset state).

When the RESET input becomes from a low level to a high level, the following data is set in the program counter
{PC).

O Lower 8 bits of PC: Contents of 0000H address
O Upper 8 bits of PC: Contents of 0001H address

The contents of the PC set the destination address and the program starts to be executed from the address.

Therefore, it can start from any address by reset start.

Please set the program for the contents of each register as required.

A noise eliminator has been incorporated the RESET input circuit to prevent any error from noise. This noise
eliminator circuit is a sampling circuit based on analog delay.

Fig. 3-6 Reset Acknowledge

Delay Delay Delay PC Initialization Instruction Execution
, of Reset Start Address

RESET

(Input) 0\8 [

Internal
Reset Signal [

l |

Reset Start Reset End

Set the RESET signal active in the reset operation at power-on until oscillator stabilization time (approx. 40 ms)

elapses.
Fig. 3-7 Reset Operation at Power-On
Oscillator Stabilization Time , Delay PC Initialization . Instruction Execution of Reset Start Address

i T
Voo
RESET
(input)

internal
Reset Signal
Reset End
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4. INSTRUCTION SET

(1) 8-bit Instructions
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

Table 4-1 8-Bit Instructions Classified by Addressing

2nd
perand r saddr
#byte A sfr mem | & mem {!addr16 |&laddr16| PSW n None*2
1st r saddr’
Operand
MOV MOV MOV MOV MOV
A ADD*1 XCH XCH XCH XCH XCH MOV MOV MoV
ADD*1 | ADD*1 | ADD*1 | ADD*1
ROL
MOV ROLC | MULU
r MOV XCH ROR | DIVUW
ADD*1 RORC INC
SHR DEC
SHL
r1 DBNZ
dd MOV MOV :(ng: o
saddr ADD*1 DBNZ
ADD*1 DEC
str MOV MOV PUSH
ADD*1 POP
mem MOV
& mem
mem1 ROR4
& mem1 ROL4
taddr16 MOV
&!addr16 MOV
PSW MOV MOV PUSH
POP
STBC MOV

* 1. ADDC, SUB, SUBC, AND, OR, XOR and CMP are the same as ADD.
2. There is no 2nd operand or the 2nd operand is not an operand address.
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(2) 16-bitinstructions
MOVW, ADDW, SUBW, CMPW, INCW, DECW, SHRW, SHLW, PUSH, POP

Table 4-2 16-Bit Instructions Classified by Addressing

2nd
18t Qperand #tword AX :: saddrp sfrp mem1 | & mem1 sP n None
Operand
ADDW ADDW ’:gm ":g[‘)’v":/’
AX SUBW SUBW SUBW SUBW MOVW | MOWW MOVW
CMPW CMPW
CMPW CMPW
INCW
rp MOVW MOovVWwW SHLW DECW
SHRW PUSH
POP
saddrp MOVW MOVWwW
sfrp MOVW | MOVW
mem1 MOVW
& mem1
sP Mow | MOww INCW
DECW
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{3) Bit manipulation instructions
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR

Table 4-3 Bit Manipulation Instructions Classified by Addressing

2nd
perand
1st
Operand

cy

Abit

fA.bit X.bit

X.bit

saddr.bit

/saddr,
bit

sfr.bit

/sfr.bit

PSW.bit

/PSW
bit

None*®

cy

MOV1
AND1
OR1
XOR1

OR1

MoV

AND1 | AND1

OR1
XOR1

AND1
OR1

MOV

AND1
OR1

XOR1

AND1
OR1

MOV1
AND1
OR1
XOR1

AND1
OR1

MOV1
AND1
OR1
XOR1

AND1
OR1

SET1
CLR1
NOT1

A.bit

MOV1

SET1
CLR1
NOTH
BT
8F
BTCLR

X.bit

MOV1

SET
CLR1
NOT1
8T
BF
BTCLR

saddr.bit

MOV1

SET1
CLR1
NOT1
BT
BF
BTCLR

sfr.bit

MOov1

SET1
CLR1
NOT1
BT
BF
BTCLR

PSW.bit

MOoVv1

SET1
CLR1
NOT1
8T
BF
BTCLR

* There is no 2nd operand or the 2nd operand is not an operand address.
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{4) Call/branch instructions
CALL, CALLF, CALLT, BR, BC, BT, BF, BTCLR, DBNZ, BL, BNC, BNL, BZ, BE, BNZ, BNE

Table 4-4 Call/Branch Instructions Classified by Addressing

Instruction
Addressing $addr1é taddr16 rp taddrit [addr5}
Operand
Basic instruction BR CALL CALL CALLF CALLT
BC* BR BR
BT
Compound BF
instruction BTCLR
DBNZ

* BL, BNC, BNL, BZ, BE, BNZ and BNE are the same as BC.

(5) Otherinstructions
ADJBA, ADJBS, BRK, RET, RETI, RETB, NOP, El, DI, SEL
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5. ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C)

PARAMETER

SYMBOL TEST CONDITIONS RATING UNIT
Voo —0.5t0 +7.0 v
Supply voltage
PPl 0 AVoo AVss to Voo +0.5 Vv
AVss -0.5 to +0.5 v
Input voltage Vi -0.5 to Voo +0.5 v
Output voltage Vo -0.5 to Voo +0.5 v
1 pin 1% mA
Output current low lou
All output pins total 100 mA
1 pi -10
Output current high fomn pn mA
All output pins total -50 mA
A/D converter reference
input voltage AVRer1 =0.5 to Voo +0.3 Vv
D/A converter reference AVrer2 -0.5 to Voo +0.3 v
input voltage AVrers -0.5 to Voo +0.3 v
Operating temperature Topt —40 to +85 oC
Storage temperature Tug -65 to +150 °C

Note Product quality may suffer if the absolute maximum rating is exceeded for even a single param-
eter, or even momantarily. In other words, the absolute maximum ratings are rated values at

which the product is on the verge of suffering physical damage, and therefore the product must
be used under conditions which ensure that the absolute ratings are not exceeded.

OPERATING CONDITIONS

CLOCK FREQUENCY

OPERATING TEMPERATURE (Topt)

SUPPLY VOLTAGE (Vob)

4 MHz < fxx € 12 MHz

-40 to +85 °C +5.0V £10%
CAPACITANCE (Ta=25°C, Voo = Vs =0 V)
PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. MAX. UNIT
Input capacitance C f=1MHz 20 pF
Output capacitance Co unmeasured pins 20 pF
1/O capacitance Cio returned to 0 V. 20 pF
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OSCILLATOR CHARACTERISTICS {Ta = 4010 +85 °C, Voo = +5 V110 %, Vas=0 V)

RECOMMENDED MIN. MAX. UNIT
RESONATOR CIRCUIT PARAMETER
Ceramic . VSS X1 X2 -
resonator H '
)
or ' 1] i Oscillator frequency (fxx) 4 12 MHz
crystal H H
resonator ' ¢ CZ:
' i
[} |
t ]
t < ]
e oo o e o o o o o e - Fl
basal
X1 input frequency (fx) 4 12 MHz
X1 X2
External
clock ¢ I>o X1i ce talli .
. m::.;t rising/falling time 0 30 ns
XR ,
HCMOS
Inverter
X1 input high/low level width 30 130 ns
(twxr, twia)

Note When the ciock oscillator is used, the following should be noted concerning wiring in the area in

the figure enclosed by a dotted line to prevent the influence of wiring capacitance, ete.

+ The wiring should be kept as short as possible.

« No other signal lines should be crossed.

+ Keep away from lines carrying a high fluctuating current.

o The oscillator capacitor grounding point should always be at the same potential as Vss. Do not
connect to a ground pattern carrying a high current.

« A signal should not be taken from the oscillator.
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RECOMMENDED OSCILLATION CIRCUIT CONSTANTS

(1) uPD78233,78234

CERAMIC RESONATOR
FR RECOMMENDED CONSTANTS
MANUFACTURER EQUENCY PRODUCT NAME
[MHz] C1 [pF] C2 [pFl

CSA12.0MT 30 30
Murata Mfg. Co., Ltd. 12

CST12.0MT* Built-in capacitor type
Kyocera Corporation 12 KBR12.0M 33 33
Matsushita Electronics 12 EFOGC1205C4 Built-i itor t
Component Co., Ltd. EFOEC1205C4 utit-in capacitor lype

* Production discontinued.

CRYSTALRESONATOR
RECOMMEN NSTANTS
MANUFACTURER FREQUENCY PRODUCT NAME ENDED co
[MHz) C1 [pF] C2 (pF)
Kinseki, Ltd. 12 HC-49/U 18 18
(2) uPD78238
CERAMIC OSCILLATOR
F RECOMMENDED CONSTANTS
MANUFACTURER REQUENCY PRODUCT NAME
IMHz] C1 [pF) €2 [pFl
CSA12.0MT 30 30
Murata Mfg. Co., Ltd. 12
CST12.0MTW Built-in capacitor type
i i F 205C4
Matsushita Electronics 12 EFOGC1 Built-in capacitor type
Component Co., Ltd. EFOEC1205C4
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DC CHARACTERISTICS (Ta = ~40 to +85 °C, Voo = AVoo = 45 V210 %, Vss = AVes =0 V)

PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. | MAX. | UNIT
input volitage low Vi 0 08 v
Vin Pins except for *1 2.2 Voo v
Input voltage high
pu ge hig Vik2 Pin of ®*1 0.8Voo Voo v
Vous loo = 2.0 MA 0.45 \'4
Output voltage low
Vou loL = 8.0 mA *2 1.0 \'
Vous lon = -1.0 mA Voo-1.0 v
Output voltage high Vonz low = -100 A Voo-0.5 v
Vous lon = -5.0 mA *3 2.0 A%
Input leakage current lu 0V <SVigs Voo +10 HA
Output leakage current ho 0 Vs Vos Voo +10 HA
X1 input current low I 0OVsVisVu -100 HA
X1 input current high I Viz € Vi € Voo 100 uA
loo1 Operating mode fxx = 12 MHz 20 40 mA
Voo supply current
loo2 HALT mode fxx = 12 MHz 7 20 mA
Data retention voltage Vooor STOP mode 2.5 55 v
STOP Voopr =2.5 V 10 HA
Data retention current loooR
mode | yooon =5V 10 % 20 uA
Pull-up resistor R Vi=0V 15 40 80 kQ

* 1. X1, X2, RESET, P20/NMI, P21/INTPO, P22/INTP1, P23/INTP2/CI, P24/INTP3, P25/INTP4/ASCK, P26/
INTP5, P27/S1, P32/SCK, P33/S0/SB0, MODE pins
2. P10 to P17, P40/ADO to P47/AD7, P50/A8 to P57/A15 pins
3. P00 to P07 pins
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AC CHARACTERISTICS (Ta=-401t0 +85°C, Voo = 45 V£10 %, Vs =0 V)
READ/WRITE OPERATION {1/2)

PARAMETER SYMBOL| TEST CONDITIONS MIN. MAX. UNIT

X1 input clock cycle time tevx 82 250 ns
Address setup time (to ASTBI) tsasT 52 ns
Address hold time {from ASTBL)*| tusva 25 ns
Address hold time (from RDT) tHaa 30 ns
Address hold time (from WRT) thwa 30 ns
RD! delay time from address toan e 129 ns
Address float time (from RDJ) tran e 1 ns
Data input time from address toaD * No. of waits = 0 228 ns
Data input time from ASTBl tosTio * No. of waits = 0 181 ns
Data input time from RD{ tomo * No. of waits = 0 100 ns
RDJ delay time from ASTB! tosTh e 52 ns
Data hold time (from RDT) thAID 0 ns
Address active time from RDT tora » 124 ns
ASTBT delay time from RDT tonsT ¢ 124 ns
RD low-level width twae | No. of waits = 0 124 ns
ASTB high-level width twsTi ¢ 652 ns
WRU delay time from address toaw ¢ 129 ns
Data output time from ASTBl tosTop * 142 ns
Data output time from WR{ towoo 60 ns
WAL delay time from ASTBL tostwi* | Refreshing disabled 52 ns

tosTwz * Refreshing enabled 129 ns
Data setup time {to WRT tsoowne | No. of waits = 0 146 ns
Data setup time (to W_Rl) tsopwr * Refreshing enabled 22 ns
Data hold time {from WRT) ® thwoo 20 ns
ASTBT delay time from WRT towsT* 42 ns

Refreshing disabled

. tuwr © No. of waits = 0 196 ns
WR low-level width Refreshing enabled

oz * No. of waits =0 e ne
WAITL input time from address toawr o 146 ns
‘WAIT! input time from ASTBL tosTwT * 84 ns

* The hold time includes the time to hold the Vo and Vo. under the load conditions of C. = 100 pF and Ru =2 kQ.
Remarks 1. The values in the above table are based on “fxx = 12 MHz and C. = 100 pF”.

2. For a parameter with a dot (s} in the SYMBOL column, refer to DEFINITION OF tcvx DEPENDENT
BUS TIMINGS as well.
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READ/WRITE OPERATION {2/2)

PARAMETER SYMBOL TEST CONDITIONS MIN. MAX. UNIT

WAIT hold time from ASTB{ tHeTwWT * No. of external waits = 1 174 ns
WAITT delay time from ASTBL 1DeTWTH ¢ No. of external waits = 1 273 ns
WAIT! input time from RDJ toawrL @ 22 ns
WAIT hold time from RDJ tHAwT * No. of external waits = 1 87 ns
WAITT delay time from RD{ toawTH * No. of external waits = 1 186 ns
Data input time from WAITT towTip ¢ 62 ns
WRT delay time from WAITT towTw ¢ 154 ns
RDT delay time from WAITT towTn * 72 ns
WATT input time from WR{

(Refreshing disabled) towwrL © 2 ns
WAIT hold time Refreshing disabled| twwrie No. of external waits = 1 87 ns
from WR{ Refreshing enabled twwr2 + No. of external waits = 1 5 ns
WAITT delay Refreshing disabled| towwrnie No. of external waits = 1 186 ns
time from WR{ Refreshing enabled | towwmize | No. of external waits = 1 104 ns
REFRQA! delay time from RDT toanra * 154 ns
REFRQ! delay time from WRT townea ¢ 72 ns
REFRQ low-leve! width twaraL ¢ 120 ns
ASTBT delay time from REFRQT torrasT ¢ 280 ns

Remarks 1. The values in the above table are based on "fxx = 12 MHz and C. = 100 pF".

2. For a parameter with a dot («} in the SYMBOL column, refer to DEFINITION OF tevx DEPENDENT
BUS TIMINGS as well.
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SERIAL OPERATION
PARAMETER SYMBOL TEST CONDITIONS MIN. MAX. UNIT
Input External clock 1.0 Hs
Serial clock cycle time tevex Internally divided by 16 1.3 HS
Output
Internally divided by 64 6.3 Hs
Input External clock 420 ns
Serial clock low-level width twexL Internally divided by 16 556 ns
Output —
Internally divided by 64 25 us
Input External clock 420 ns
Serial clock high-level width twakH Internally divided by 16 556 ns
Output
P Internally divided by 64 25 us
S, SB80 setup time (to SCKT) tassx 150 ns
Sl, SBO hold time {from SCKT) thesc 400 ns
CMOS push-pull output
toessx1 0 300 ns
SO/SBO output delay time (3-wire serial IfO mode)
{from SCKI) Open-drain output {SBI mode),
tosask2 0 800 ns
Ri= 1kQ
SBO high hold time (from SCKT) thsask 4 tovx
SBI mode
SBO low setup time (to SCKI) tasasx 4 tovx
SBO low-level width twssL 4 tovx
SBO high-level width twasH 4 tovx
Remarks The values in the above table are based on "fxx = 12 MHz and C. = 100 pF*.
OTHER OPERATIONS
PARAMETER SYMBOL TEST CONDITIONS MIN. MAX. UNIT
NM! low-level width twniL 10 Hs
NMI high-level width twiid 10 us
INTPO to INTP5 low-level width twitL 24 tovx
INTPO to INTP5 high-level width twirk 24 tevx
RESET low-ievel width twnst 10 us
RESET high-level width twask 10 s
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EXTERNAL CLOCK TIMING
PARAMETER SYMBOL TEST CONDITIONS MIN. MAX. UNIT
X1 input low-leve! width twxi 30 130 ns
X1 input high-level width twxH 30 130 ns
X1 input rise time i 0 30 ns
X1 input fall time e 0 30 ns
X1 input clock cycle time tovx 82 250 ns

A/D CONVERTER CHARACTERISTICS (Ta = —40 to +85 °C, Voo = AVoo = 45V 210 %, Vas = AVes = 0 V)

PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. | MAX. | UNIT
Resolution 8 bit
40V s AVaer1 € AVoo
Ta = -10 to +70°C 04 %
Overall error *1
34V < AVrerr s AVoo 0.8 9
40V £ AVmerr € AVoo 0.6 o,
Quantization error 11/2 LSB
The FR bit of ADM is to be "0" 360 t
Conversion time teonv i
The FR bit of ADM is to be *1" 240 tevx
The FR bit of ADM is to be "0" 72 terx
Sampling time tsamp
The FR bit of ADM is to be "1" 48 torx
AVnaer
Analog input voltage Vian - -0.3 v
+0.3
Analog input Raw 1000 MQ
impedance
Reference voltage AVhe#1 3.4 AVoo v
fax = 12 MHz 15 3.0 mA
AVrer current Alrer1
.2 0.7 1.5 mA
Aloo1 fxx = 12 MHz 1.4 3.0 mA
AVop power current
Aloo2 3 10 20 HA

* 1. Quantization error is not included. Represented by the ratio to full-scale value.
2. When ADM register CS bit is 0
3. When ADM register CS bit is 0 and STOP mode is set

50 B Lu27525 008bL14S 771 M



