DATA SHEET

NEC MOS INTEGRATED CIRCUIT
uPD781 34A, 78136, 78138

8 BIT SINGLE-CHIP MICROCOMPUTER

The uPD78138 is an 8-bit single-chip microcomputer. it contains a high-speed, high-performance 8-bit CPU.

With on-chip peripheral hardware, the uPD78138 can be used in VCRs and other devices that require digital
servo control via the software. The yPD78138 can support system control on one chip in addition to servo
control, thus further miniaturizing the application set.

The pPD78P138 with the PROM is also provided, which is suited for evaluation and trial manufacture during
systemn development, early stage start-up of applications, and short-run and multiple-device production.

FEATURES
« High-speed instruction execution via internal multiplexed bus: 333 ns {at 12 MHz}
« Built-in super timer unit that best suits VCR servo control
- Speed and phase control of drums, capstans, and motors
. Head switch signal output of two channels including audio and video
. Vertical synchronizing signal detection function
- Input pulse duty ratio determining function (applicable to VCR index searching system etc.)
. Built-in two-channel PWM output circuit that can specify active levels
+ Additional functions that improve responsibility of servo control
« Signal multiply instruction
. Variable PWM output carrier frequency (23.4/46.9 kHz)
« Built-in real-time output port best suited for outputting the VCR head switching signal and controlling a step
motor
- Built-in powerful interrupt functions providing two scrvice modes
- Vector interrupt function
. Macra service function (Facilitates automatic data transfer and AMSS function on VCRs.)
+ 44 built-in pull-up resistor eliminating the need for external resistors
« Various ROM sizes {18K/24K/32K bytes)

APPLICATIONS
The uPD78134A applies to servo controlling of VCRs {normal type and camcorder type} and DATs.

Some references made to the uPD78138 in this document pertain to functions common to the HPD78134A,
1PD78136, and uPD78138.

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

Jocument No. 1C—3065A The mark = shows major revised points.
(0.D.No.  10—8447A)
Jate Published January 1993 P © NEC Corporation 1992

Jrinled In Japan
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ORDERING INFORMATION

Part number Package Quality grade
1PD78134 AGF-xxx-3B9 80-pin plastic QFP {14 x 20 mm) Standard
1PD78136GF-xxx-389 BO-pin plastic QFP (14 x 20 mm) Standard
uPD78138GF-xxx-3B9 80-pin plastic QFP (14 x 20 mm} Standard

Remark xxx represents the code of the ROM chip you want to purchase

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

PIN CONFIGURATION (TOP VIEW)

80-PIN PLASTIC QFP {14 x 20 mm excluding the dimensions of the pins}
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PO0-PO7 : Port 0 CTI00, CTHiQ, CTI11: Capture trigger input
P10-P17 ¢ Port 1 CLRQ, CLR1 : Timer clear input
P20-P27 : Port 2 PTO00-PTOO2Z, : Programmable timer input
P30-P37 : Port 3 PTO10, PTO11
P40-Pa7 : Port 4 NMI : Nonmaskable interrupt
P50-P57 : Porth INTPO-INTP2 ¢ Interrupt from peripherals
P60-P67 : Port 6 Sl : Serial input
P70, P71 : Port?7 SO 1 Serial output
PWMO, PWM1 : Pulse width modulation output SBO : Serial bus
CLO : Clock output SCK 1 Serial clock
ANIO-ANI7 : Analog input ADO-AD7 : Address data
AVrer : Reference voltage AB-A15 : Address
AVss : Analog Vss RD - Read
X1, X2 . Crystal WR . Write
RESET : Reset ASTB : Address strobe
EA : External access
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FUNCTIONAL OVERVIEW

ltem T Product uPD78134A ‘ uPD78136 ©PD78138
Internal memory : ROM 16K bytes i 24K bytes 32K bytes
! {16384 x B bits) | (245786 x 8 bits) | {32768 x 8 bits)
RAM 384 bytes 640 bytes

Number of basic Instructions

Minimum instruction

executicn time |
\

e §

Memory expansion

64

333 ns (at 12 MHz)

Externally expandable up to 64K bytes

General register

8 hits x B x 4 banks {memory mapping)

Instruction set

1/C line

Super timer unit

Real-time output port

Serial interface

A/D converter

Interrupt

Standby

Pull-up resistor

+ 16-bit addition, sublraction, comnmparison

- Unsigned multiplicatien/division {16 bits x 8 bits, 16 bits +~ 8 bits)
. = Bit manipulation {transfer, Boclean operation, set, reset, [est)

| = Either select or scan mode can be selected.

I T

« Signed multiplication (signed 16 bits x unsigned 8 bits)

+ BCD correction

- 66 total

Input port 10

Qutpul port 12

1O port 36

Analog input 8

+» Timer 16 bits = 3
7 bits = 1

= Counter 18 bits = 1
» Capture register 18 bits « 1
16 bits x 4

7 bits x 1

- Compare register 16 bits x 6
7 buts x

* PWM outpurt 12 bits = 2

{variable active level, variable carrier frequency (23.4/46.9 kHz)

« Timer connected port output function
=4 bits x 2 or B bits x 1

« Either NEC format serial bus interface (SBI) or 3-wire seria! interface can be selected.

= 8-bit resoifution x 8 inputs
- Conversion time: 30 us/1 analog input (at 12 MHz)

» Interrupt source 17 (5 external and 12 internal)
* One cf the two service modes can be selected (macro service/vector interrupt).
- Vanable 2-level interrupt priority

STOP mode

44, built-in {enable/disable built-in can be specified via software)

80-pin plastic QFP {14 x 20 mm excluding the dimensions of the pins}
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1. PIN FUNCTIONS

1.1 PORT PINS
Pin name | 11O iDuaI-funclion Function
| L pin
| ‘ Port 0 (PO) :
PO0-PO7 | Q —_— Can be specilied to output or high impedance B bits by 8 bits.
+ Also function as an 8 bits x 1 or 4 bits x 2 real-time output port.
- Port 3 (P1) :
P10-P17 170 —_— ! Can be specified to input or cutput bit by bit.
! Can directly drive LED.
! Software pull-up resistor (P10-P17} can be built in
P20 NMI
P21 INTPO ‘
P22 INTPT
P23 ! | i INTPZ " Port 2 (P2):
I Pm—m s e " " ~ . ) . .
P24 | i CTI0 ‘ Software pull-up resister [P22-P27) can be built in.
P25 | . cTioo !
SRR | SN
P26 | LoCcTit
——— __.i e e o — - _1‘
P27 f ! CLR1 ;
P30 PTOOD |
T T |
P31 PTOO1 i
T s Ve o Lpor 3P
P32 PTOo2  Tot 3R o o
- ce e - P30-P33, P36, P37: IO port {Can be specified to input or cutput bit by bit.}
P33 7 i PTVQV-” P34, P35 Input port
P34 ‘ I ! CLRO Software pull-up resistor (P30-P37) can be built in.
e - S meim e e e s .
P35 | | ' s :
P36 : 4O S0/SB0 |
P37 | 0 SCK |
S S VY - . — ————— ]
‘ ! Port 4 (Pd) :
P40-P47 1/0 - ADO-AD7 Can be specified to input or output bit by bit
i Sottware pull-up resistor {P40-P47) can be built in.
. ke e [ - .. . R e e e e e e e e e e e —
} Port 5 (P5) .
P50-PS7 110 | AB-Al5 Can be specified to input or output bit by bit
; <} ! Software puil-up resistor {P50-P57} can be built in.
- ,,,l PR — — o — - ‘ . . R — —— - — - — ———— .
PE0-P I ‘ — ‘
| reores o] | Port 6 (PG} :
P64 I o | RD ‘ PB0-PB3: Output port
— - - i - I ; . . . .
PEE | Vo ! WA P64-P67: 1/O port (Can be specified tc input or output bit by hit.)
— b e ~—-———-----< Software pull-up resistor {P64-P&7) can be builtin.
Pe6, P67 11O .  — 1
| Port 7 (PT)
P70, P71 1O i —_ Can be specified to input or output 2 bits by 2 bits.

Software pull-up resistor (P70, P71) can be built in.




NEC uPD78134A, 78136, 78138

1.2 NON-PORT PINS

Pin name 17O D_ual-funclion Function
pin
PWMO, 8] —_ Super timer unit PWM output
PWM1
ANIQ-ANI7 | —_ Analog voltage input to A/D converter
AVREF -—_ Reference voltage input to A/D converter
AVss —_ Ground potential of A/D converter
NMI | P20 Non-maskable interrupt request input.
Either rising edge or falling edge can be selected via mode register (INTMO)
INTPO P21 External interrupt request input . Rising edge, falling edge, or rising and falling
. edges can be selected via mode register (INTMO),
INTP1 | P22 External interrupt request input. Can select rising edge, falling edge, or rising and
INTP2 P23 falling edges by mode register (INTMO}
Sl | P35 Serial data input (3-wire serial /O mode)
SO 11O P36/580 Serial data cutput {3-wire serial /O mode)
SBO /O P36/S0 Serial data input (SBl mode)
SCK 110 P37 | Serial clock input/output
CTIO0 P25
cTho 1 P24 Super timer unit capture trigger input
CTi P26
CLRO P34 . . . .
| Super timer unit timer clear signal input
CLR1 P27
PTO00 P30
PTOO1 [F{0] P31
PTO02 P32 Super timer unit timer output
PTO10 0 e
PTO11 Fe] P33
ADO-AD? ifla] PA0-P47 Time multiplexing address/data bus for when external memeory is connected
AS8-A15 O P50-P57 Address output port for when external memory is connected
RD (v) P&4 Strobe signal output for reading external memory
WR 0 P65 Strobe signal output for writing external memory
ASTB o cLo Timing signal output that externally latches address data for accessing external
memaory
CLO 0 ASTB Clock output
EA | e External expansion function control input
X1 | Crystal connection for system clock signal oscillation.
X2 _ Input the externally supplied clock signal to X1 and input its inverted phase to X2.
I System reset input,
RESET _— . . . -
Contains an analog delay noise reduction circuit.
Voo —_ Positive power supply
Vss -— GND potential
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INPUT/OUTPUT CIRCUITS AND CONNECTION OF UNUSED PINS

Table 1-1 and Fig. 1-1 show simplified pin input/output circuits.

Table 1-1 1/0 Circuit Type of Each Pin and Recommended Connection of Unused Pins

Pin name /O circuit type Recommended connection of unused pins
| PO0-POT B Open e B
P10-P17 i 5 A I(_n;\:j)::)tut gzr;:ected 10 VoD via pull-up resistor
”F’72D/NMriﬂ_ _ o 5
P21;‘INT.PO. o ;
P22/NTP |
P23INTE? Connected to VoD
Poyetne 2.4
P25/CTIOD
| PaeicTinT T '
7PZ?/CL7H1 V o ,,;, o - B -
P30/PT000
;:’31/%;6[;{ o i 5A Input Connected to Voo via pull-up resistor
P32/PTO02 Output : Open
P3ZPTON
- PIMCLRO - - 2-A Connected to Voo
P35/SI
P36/S0/5BO 10-A Input Connected to Vob via pull-up resistor
P37/m i 7 i é—A Output Open
P“O-P”MDOAD-’ ) 5 A \ Input Connected to Vop via pull-up resistor
P50-P57/A8-A15 i Output Open
V P&0-P&3 3 | Cpen 7
PE4/RD
PGS/ WHR Input Connected to Vop via pull-up resistor
P&6, P67 ; A Qutput Open
P70, P71 o |
_PWMO,PWNH I - S
- 3 Open
PTO10
ANIO-ANIT 7 ~ Connected to Vss .
EA 1 | -
AS"i;é/CLO 3 w VOpen
RE-S-ET- - 2 o _ S S
Aveer o | S B )
e B - Connected 1o Vss
AVss

10
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Fig. 1-1 Pin input/Output Circuits

Type 1

Type 2-A Vop

Type 2

Schmitt trigger input with hysteresis characteristics

, q Pull-up
P enable

Schmitt trigger input with hysteresis characteristics

Type 5-A Voo

Pull-up

onable o DO ' P
Tvpe 3 Voo Voo
e 1 o e
p INJOUT
Qutput N
Data ouT disable
N Input
enable
Vi
Type 4 Type 8-A o
Data Pull-up
anable DO
out Data -—ED I
Cutput
. IN/CQUT
disable Output
disable

Push-pull output that can output high impedance
{Positive and negative channels are both off )

Type 7

_J_ Comparator

VRer

(Threshold voltage)

Type 10-A
Voo
Pull-up D o I
enable P
Voo
e —— 1D
INJOUT

Cpen

drain
Qutput N
disable
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2. CPU ARCHITECTURE

MEMORY SPACE
The uPD78138 allows access to a memory space of up to 64K bytes. Fig. 2-1, 2-2, and 2-3 show the memory $pace

2.1

of each product. Program memory is mapped differently according to the state of the external access pin (EAL.

(1} EA = high
Program memory is mapped in internal ROM and external memory. (See Table 2-1.) External memory is
accessed in the external memory expansion mode. The external memory area can also be used as data
memory.
Data memory is mapped in the internal RAM. {See Table 2-1.)

Table 2-1 Memory Mapping (When EA = High)

.

~~..__ Product

e —

ltem ~——.

LPD78134A

uPD78136 uPD78138

Internal ROM

External memaory

Internal RAM [

16K bytes
{0000H 3FFFH)

48512 bytes
{4000H-FD7FH)
384 bytes
{FO80H-FEFFH)

32K byles
{0000H-7FFFH)

24K bytes

{0000H-5FFFH)

40064 bytes ; 31872 hytes

{B000H-FC7FH) I {BOOQH-FC7FH)
|

640 bytes
{FCBOH-FEFFH)

{2} E = low

All program memory is mapped in external memory in the ROM-less mode. (See Table 2-2.} This area can

also be used as data memory.

Data memory is mapped in the internal RAM. (See Tahle 2-2.}

Table 2-2 Memory Mapping {(When EA = Low)

==

Interna! RAM

{0000H-FD7FH)

T Product ‘ |
om e uPD78134A f uPD78136 i uPD78138
External memory | 64896 byles 64640 bytes

{0000H-FC7FH}

384 bytes
{FD8OH-FEFFH}

640 byles
(FCBOH-FEFFH)

12




Fig. 2-1 Memory Map (uPD78134A)

EA = L {ROM-less mode)

£l

Memory space (64K x 8)

FFFFH
FFOOH FEFFH General register
* FEEGH {32 x 8}
Macro service control
ab FECOH 32 x 8}
@ £
a g Data area
(384 x B)
+ FD8OH FD8OH
= 3FFFH
cEn = Program area
e} A A
e £ - J N T~ y External memory A
Ea - External memory -~ ~ (64896 x 8} -~
g S {48512 x 8} DFFEH
g% A CALLF Instruction A
a T entry area (2048 x 8) T
l 0B800H
~ Program area —
3FFFH i
007FH
E > CALLT Instruction OFFFH
g g table area 64 x 8)
£ S - J_, A
£ 0040H o~ ol
é‘% Program area
o
0023H Vector table area
0000H 0000H 36 x B) Q000H

* Accessed in the external memory expansion mode

Shaded portions indicate internal memory.

8EL8Z ‘9EL8L ‘ViELBLAd!
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Fig. 2-2 Memory Map ({:PD78136)

Memory space (64K x 8)

EA = L (ROM-less mode}

JHN

External memory
{64640 x B)

— " FEFFH (eneral register
Macro service control
<5 FECOH (32 x 8
o £
e g Data area
. 1640 = 8)
+ _________i—_CSOH
= 5FFFH
gg 1 Program area
g é -~ External mermory!™ o~ ; T T o~
5 = 40064 & OFFFH
g% A CALLF Instruction A
o T entry area (2048 x B) T
l / 08004
- Prograrn area et
r C07FH
S . .
2z CALLT Instruction OFFFH
£ g table area 64 x 8)
Ea
£ g 0040H o~
o m
arv Program area
o
G023+ Vector table area
0000H __0000H (36 x 8} 0000H

3 L
—

3 )
14

* Accessed in the external memory expansion mode

Shaded portions indicate internal memory.

8C1L8L ‘9EL8L ‘'vhELBLQdT




Fig. 2-3 Memory Map (:PD78138)

EA = L (ROM-less made!

! FFFFH
FFOOH FEFFH General register
* FEEQH {32 x B}
Macre service control
w5 FECCH (32 x 8)
585
£ Data area
(640 x B)
FCBOH FCBOH
& > 7FFFH
= g g Program area E
e 2 E T , External mem
© Eo o~ External memory'® -~ A X t6i4ﬁa40 e )Or\" A
3 EE 131872 x 8| T x8 1
g 5o OFFFH
z g8 A CALLF Instruction i
g a T entry area (2048 x B} T
[:})
= l 0800H
f: Program area ‘j
T 007FH
e ,
ez CALLT Instruction OFFFH
g2 table area (64 x Bl
E o J
£ 5 0040H = ~
o3
3 Program area
a
0023H Vector table area
i 00OOH (36 x 8) 000H

Si

Accessed in the external memory expansion mode
Shaded portions indicate internal memory.

8EL8L '9EL8L ‘YhEL8LAdT
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2.2 PROCESSOR REGISTER

Registers of the uPD78138 are classified into three groups according to their functions:

- Control register

- General register

» Special function register {SFR}

2.2.1 Control Register

The control register group controls the program sequence, status, and stack memory. There are three control

register:

16

+ Program counter (PC): 16-bit register
» Program status word (PSW): 1B-bit register
- Stack pointer {SP}): 16-bit register

Fig. 2-4, 2-5, and 2-6 show the formats of each register.

Fig. 2-4 Format of Program Counter {PC)

15 14 13 12 1 10 g 8 7 6 5 4 3 2 1 0
PC [PC15 [ PC14 | PC13IPC12 M’CH | PC10[ PC9 l PCBi PC7 l PCé& l PC5 [PCd TF‘CI} I PC2 ‘ PC1 | PCO I

Fig. 2-5 Format of Program Status Word (PSW)

7 § 5 4 3 2 1 0
PSwy [ IE | Z ‘RBS‘.\ AC iHBSO[ 0 ] ISP | CY I

CY Carry flag
ISP e Interrupt priority status flag
RBS0, RBS1.......... Register bank selection flag
AC Auxiliary carry flag
Zoviiviiiieecee o Lera flag

LIE Interrupt request enable flag

Fig. 2-6 Format of Stack Pointer {SP)
15 14 13 12 11 10 9 2] 7 6 5 4 3 2 1 0

SP lSP]SlSPM|SP13JSP12|SPH 181310-[ SPg JiF’S ‘ SP7 | SP6 I SPo | SPa | SP3 I SpP2 l SP1 [ SFM
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2.2.2 General Register

The general register group of the uPD78138 consists of four banks of general registers. Each bank consists of eight

8-bit registers, so there are 32 registers in total. A pair of 8-bit registers can function as a 16-bit register pair.

The general register group is mapped into addresses from FEEOH to FEFFH of the internal RAM space. Fig. 2-7
shows the configuration of the general register and Table 2-3 shows the correspondence between function names
and absolute names.

FEFFH

FEEGCH

Table 2-3 Correspondence between Function Names and Absolute Names

Fig. 2-7 Format of General Register

(8-bit processing!

{16-bit processing)

Register bank 0

Register bank 1

Register bank 2

Register bank 3

H L ren
O fon B ren
B rau C vanm
A FoH X FiH

HL

DE

1Ci

BC

AN

AX

FHH

Absolute name

RPO

Function name | Absclute name Function name
X RO AX
“_A__m__ o ﬁ71 BC o
¢ Rz - OE |
——— ] e R
B R HL
E | R4
D R
L R6 |
H - R“.'“ ]
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2.2.3 Special Function Register (SFR)
The special function register group consists of the registers to which special functions are given such as mode

register of the peripheral hardware.
This register group is assigned to the 256-byte space from FFOOH to FFFFH, Short direct memaory addressing can
be applied to the 32-byte area from FFOOH to FF1FH, atlowing short-word data processing.

Bit manipulation, arithmetic, and move instructions can be executed in all the areas.

Table 2-4 lists the special function registers (SFRs). The items in Table 2-4 mean:

= Abbreviation .................

= Manipulation hit unit

= At resetting

A symbol indicating the address of a built-in special function register

This can be specified in the operand field of an instruction.

Indicates whether data can be read from the special function register and/or data can
be written into the register.

RMW . Can be read and written.

R: Can be read. (The bits of the register can be tested.)

W Can be written.

Indicates the unit of bits that can be manipulated at one time.

The SFR which can be manipulated in units of 16 bits can be specified in the sfrp
operand. An even address is specified for the address specification.

The SFR which can be manipulated bit by bit can be specified by a bit manipulation

instruction.

Indicates the status of each register for the input to the RESET pin.

Cautions 1. The addresses to which a special function register is not assigned in the area from FFOOH to FFFFH

can not be accessed.

2. Do not write data into the register which is only used for data reading. If an attempt is made to

write data into such registers, the internal circuit may not operate normally.

18
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Table 2-4 Special Function Registers {SFRs} (1/3)

‘ . . Manipulation bit unit
Address ! Special function register (SFR) name Abbreviation RW L p, . At resetting
o1 8 16
FFOOH Port 0 PO O 0]
- - - RAW - -
FFOTH Port1 P1 O @]
FFO2H Port 2 P2 R Q O !
o - Undefined
FFo3H Port 3 P3 O @}
FFO4H iPort 4 P4 o] &
FFO5H Port & P5 O O
FFOBH  ‘Poit6 PB ) O xxxx 0000
FFOTH | Port 7 | P7 : o O
: - — l
FFO8H b=
[~ 16-bit timer 0 compare register 0 CR0OO Q
FFOSH . | RAW - -
FFOAH -
——— | 18-bit timer 0 compare register 1 CRO1 ; : @]
FFOBH \ L= -
FFOCH j 7 = - |
I ~ 16-bit timer O compare register 2 CRO2 ‘ i ) "['—_“—‘ [
FFODH i : IS
F————— - e — s s m Rl e - .- ---—i ! - : -
FFOEH : ! - =
-~ ~——— 16-bit timer 1 compare register { ' CR10 | — e BN
FFOFH ‘ ' - - '
FF10H | - -
I~ 16-bit timer 1 compare register 1 f CR11 ‘ e S 9] ‘
FF11H f ! - - -
e e - o - T - Undefined
FF12H | -
[————— 16-bit timer 1 compare register 2 CR12 - @]
FF13H - - !
FF14H i - -
- 16-bit FRC capture register 0 CPTO P = @]
FF15H | - -
FF16H . - -
16-bit FRC capture register 1 CPT1 -— O
FF17H R - -
FF18H ! - -
16-bit FRC capture register 2 i CPT2H . G
FF19H - -
FF1AH - - |
[~ —— 16-bit FRC capture register 3 I ¢PT3 ; Lo
FF1BH : - - !
FFACH | 16-bit FRC capture register 2 CPT2L - < - =x=300000
= - - : R e med —
FF1DH Prescaler mode register 3 PRM3 O S! - Oxxxx000
i . RAW —— e ]
FF1EH ‘ - - F
[~ '16-bit timer 2 compare register CR20 ; T G Undefined
FF1FH ‘ - -
G Allowed

—: Not allowed

18
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Table 2-4 Special Function Registers (SFRs)} (2/3)

Address E Special function register (SFR} name | Abbreviation Riw | Manipulation bir Unsil Al resetling
E | 1 8 1 ‘
FF20H i Port 0 mode register PMO - © - ;
F?Z 11—7{77 ‘7 Portl—‘l mc_JEe_ register " mi;Mi'l - . o
FF23H—| P;);l 3 mode register 77 7777@377% - (1 q - FrH
FF25H N 'Po['l 5 mode register ‘PM5 B 7) W - i O -
Fr26M ' Pon 6 mode register PMB : oo O - FOH
FFZ?H__F_’ENLT mode register 7 FiIVIT o __;_______J - i O j - FFH
FF30H ! ‘ _ - )
- —————— 16-bil timer register 0 T™Q g " R
FRIIH . ' ‘ - - é Undefined
iﬁﬂfl , 16-bil timer re 1 ™M1 i - — - | < for wp o 18
| FF33H : gister i - __—! clock putses
FF34H I ) o I R - - | . Clearedto 0
T:Fféé;rﬁ 16-bit free running counter FRC E %—:—' C after the 171h
e e e - = - - ————}- -~ clock pulse
FF36H i S P
16-bit timer register 2 bOTM2 - O
FRaH o B ;__lr‘ -
FF38H jﬁwry{erici{nlirfgil rggts§er E,,,,,, - TMCco oW - . 0xx00000 |
FF3_9I-_|_____.T\m_ei.-_r _c_omr0| reglster e J!'TMC1 I RW - 7’) ; _—___ _' OEI_-L______
FF3A|-7|” 7! Captuﬁl’fﬁmﬁgde register | CEIM, i, W . O - xx_>f>ix0x0
FF3DH i?-bit timer register 3 |3 R - o - 00H
WI;ZQEH 0 7 bit imer 3 compare register A éRB(; o R/W' | _j O - “ x'l 1 1 111 'I
_;F;l-:-l_-lm_ L? b|;l;e_r ;-:e-l;ure register CPT30 ‘ R __“—__ T O - Undefmed
FF40H : Register for optional pull-up resistor PUO 41 O O - GOH
s rensmedscomatregme e 1 T o el U am
FF4AH  Port 0 buffer register . POL aw i oo oo oo
— S bl R . [ -1 Undefined
FF4BH F’ort 0 buffer regf_tfi o | POH [ __EJ____; o j,,,i,,,,iu.._
FF4CH Recal time output port comrol reglster T RTPC !_ o} @] : - : 00H
FESOH  Inputcontrol register | ICA ‘ T o ] o1 ox0x0xxx
FFS_é;_-__jE_v_e-r:; dlwder ccﬁrirriglﬂriegwsler o EiDVC l o —_ G - V Undefl-n_ed__'
FFE:d}iii éivrénl counter compare register 1 ECCt W - -O - xx1111 11 _
FFSSH W!ﬁgvem counter compare register O Ecco | o | e e
FF56H I Evenr counter -____“__-_m_-_}_--_E_(-:___- | R o - - ”C) —W 7| xxGOOOOO
FF58H | Timer 0 oulput mode register - T_OMO - o - &)_-__ - i xx000000
FFSOH | Timer 0 output control register | Toco w - | o | - | xxo00000
FFSAH | Timer 1 outpul mode regls-t-er ‘ TOIVH N - @] _— ) xxxx0000
Fpssﬁm}?’.};’h output control register . Tocl | AW | - | © | | «xx0000 |
* Only bit 0 of TOC1 can be read. O Allowed

-: Not allowed
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Table 2-4 Special Function Registers {SFRs) (3/3)

: . e Manipulation bit unit i
Address [ Special tunction register {SFR) name Abbreviation R/W - At resetting
! 1 8 16
FFegH A/D conversion mode register ADM R/W < @] - 00H
. - .- -
FF6AH A/D conversion result register ADCR R - G - i Undefined
.- — -
FF70H | PWM control register PWMC RW | © o - i 05H
FFT2H - - !
— | PWMG0 modulo register PWMO o
FF73H - -
e — w Undefined
FF74H - -
—— —— PWM1 modulo register PWM1 O
FF75H - -
FF7FH Clock output mode register CLOM R O O - 00H
FF80H Serial interface mode register CsSIM R/W O C - 00H
FF82H Serial bus interface control register SBIC o O - 00H
FF86H Serial shift register S0 RAN O - Undefined
FFCOH Standby control register | STBC - @] - 00H
[ - - i - -
FFC4H - Memory mapping register i MM W - C - 20H
FFEOH IFOL @} O 00H
—- - | Interrupt request flag register —— ", IFO L T
FFE1H IFOH o O 00H
FFE4H MKOL i & @] FFH
[——— - i Interrupl mask register T~ MKO T O - T
FFESH ! MKOH | | O o] FFH
e g T - el
FFEBH i PROL O O FFH
———| Priority specification flag register P PRO . - U E—
FFESH PROH . RwW O C FFH
- - - - =l —_— .-
FFECH ISMot { o o 00H
— - — Interrupt service mode register ISMO | — —t e e O I —
FFEDH . ISMOH ! ] (o O I 00H
- SR c : : o
FFFaH | External interrupt mode register ! INTMO ! RO o | 50H
: o | — -
FFF5H i External capture input mode register i INTM1 e T RS 0000xx01
Q: Allowed

Not allowed
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2.3 DATA MEMORY ADDRESSING
Fig. 2-8 shows the data memory map of the uPD78138 and the applied addressing scheme. With these various
addressing, uPD78138 programs can be coded efficiently.

Fig. 2-8 Memory Map and Addressing of Data Memory

EA=H

SFR ad(liressmg

FF1FH

FFOOH

FEFFH A

Register addressing
FEEQH Short direct Register
addressing indirect

addressing
(ID] [EL [E+]}

FEZ0H

FEQOH

Register indirect
addressing { [HL],
[HL+], [OE], [DE4+]}

Indirect
addressing

31
S

c ‘ Stack indirect
«ternal memory ﬁ_, addressing

Direct
addressing

*1 |f EA is low, external memory is mapped.
*2 See the following Table
*3 See the following Table.

: 1

| uPDIB134A | upD78136 4PD781328
2 3FFFH BFFFH TFFFH
. FDBOH FCBOH

Caution Do not place the stack pointer in the SFR area or ROM area.

Remark Shaded partions indicate internal memory.
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3. PERIPHERAL HARDWARE FUNCTIONS

3.1 PORT FUNCTIONS

The uPD78138 is provided with the digital /O ports shown in Tabie 3-1.

Every port enables 1-bit manipulation on I/O data as well as 8-bit manipulation, providing various ways of control.

The use of a built-in pull-up resistor can be specified for ports 1to 7 by software. Fig. 3-1 shows the configuration

of the ports.

Table 3-1 Port Functions

P | Pi F . Specification of the use of a pull-up
ort n unction resistor by software
Output or high impedance can be specified in units of 8 bits.
Port 0 POO-PO7 Also functions as a real-time output port of one 8-bit channel —
or two 4-bit channels,
Port 1 P10-P17 Input or output can be specified bit by bit. Forthe pinsintheinput mode atonetime
{ Can directly drive an LED.
Port 2 P20-P27 8-bit input port In units of 6 bits at one time (P22-P27}
8-bit IO port Forthe pins intheinput mode atonetime
Port 3| P30-P37 Input or output can be specified bit by bit.
P30-P33, P36, P37: 1/0 can be specified bit by hit.
P34, P35: Port far input onty
Port 4 P40-P47 8-bit /0 port fn units of 8 bits at ane time
Input or output canr be specified in units of 8 bits.
Port 5 P50-P57 8-bit I/O port Forthepinsintheinput mode atonetime
Input or cutput can be specified bit by bit.
8-bit 1/0 port Forthe pinsintheinpur mode atonetime
Port & P&0-PB7 P60-PE3: Port for output only tP64-P87)
P64-P87: Input or output can be specified bit by bit.
Port 7 P70-P71 2-bit /O pont In units of 2 bits at one time
Input or output can be specified in units of 2 bits.
Caution In the ports which provide bit by bit specification of the pull-up resistors, the pull-up resistors can be

usad only for port pins in the input mode.
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Fig. 3-1 Port Configuration

POO-PC7 8 Port ©
P10 je———»
g e
ft————————
frag——————————
I, Paort 1
[
[——————-
P17 e
P20-P27 & 8 Port 2
P30 le——m = w
ot ——————
-
P33z e
L — > Port 3
P34 P35 /\ 2
P3g  je——
B37 Fen- - y
P40-P47 8 Dot 4
psg fe—m ]
[ ———
{ g
\ bl % Porb
j f— ———————
P57 e ™ )
- ~
P60-P53 4 N
P64 et > Port 6
R P—
P67 R
-
Pr0P7" <jj> oo 7
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3.2 REAL-TIME OUTPUT PORT

As shown in Fig. 3-2, the real-time output port consists of port 0, buffer registers, and other hardware.

Upon generation of a timer match interrupt or external interrupt, data stored in the buffer registers is transferred
to the output latch on a hardware basis for output. This enables obtaining pulse output without jitters. So, this port

is suitable forthe application of arbitrary pattern cutput at any intervals such as contrellingthe open loop of a stepping

motor.

Fig. 3-2 Configuration of Real-Time Output Port

Internal bus

Real-time output
pon control
register

Buffer register

POH ;' POL

INTPG ——»
INTCRO1  —-—~
INTCRO2 ——

Output trigger
control circuit

4 4

SN

Output latch {PO)

TYYYYYYY

Remark [INTPQ: Valid edge input to the P21/INTPO pin

INTCRO1, INTCRO2: Signal issued when the contents of 16-bit timer (TM0} and compare register (CRO1,

CR02) match
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3.3 SUPER TIMER UNIT

The PD78138 contains a super timer unit which consists of the following timer units.

Table 3-2 Components of the Super Timer Unit

Unit name

Timer/counter

1 Register

Remarks

Timer 0

16-bit timer x 1 (TMO)

16-bit compare register x 3

Free running

counter

Timer 1

Timer 2

PWM output

18-hit counter x 1 (FRC)

16-bit caplure register x 3
18-bit capture register x 1

Contains an auxihary
B-bit counter

O S

Contains a digital noise

eliminator.

16-bit timer x 1 {TM1)
|

i 16-bit compare register x 2
16-bit capture register x 1

. » Pulse width detection

7-bit count register x 1 {TM3]

¢ 16-bit timer x 1 {TM2)

" {8+4}-bil counter x 2
~(PWMO, PWM1)

e e e

. 7-bit compare register x 1
' 7-bit capture register x 1

' 16-bit compare register x 1
16-bit modulo register x 2
{with 12 tits used)

- Contains an auxiliary
6-bit counter

function

B I. ————— C—

- Variable active level of
" output.

Fig. 3-3 shows the configuration of the super timer unit.
The most significant feature of the supertimer umit of the uPD78138 includes timer 0 {TMO), the free running counter
(FRC}, and timer 1 {TM1).
Fig. 3-4 shows the configuration of these timer units. The timer units facilitate VCR index search, DC motor control,

and servo control using software.
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CLRO

CTIo0

CLR1

CT110

cTn

{Clear)

6-bit event
O counter
{EC)

[Cloar)

Fig. 3-3 Configuration of the Super Timer Unit

16-bit timer 0 {TMQ)
» Compare
register x 3

—=0 PTO00

=0 PTOO01

< PTOOG2

INTCRCO
INTCRO1

INTCRO2

i

Digital noise
aliminator

18-bit tree running

counter (FRC}

» Capture
register x 4

e INTTB
INTCPT!

INTCPT2

INTCPT3

i

6-bit event
Cc—= divider
{EDVD)

(Clear)

=0 PTON0
INTCLRI

7-hit umer 3

{TM3)

» Compare
register x 1

- Capture
register x 1

18-t timer 1 (TM1}
+ Compare
register x 2
« Capture
register x 1

i

INTCR1O
O PTO1T
INTCR1

INTCR12

16-bil Lime: 2 (TM?2)

« Compare

register x 1

N

INTTM

[ ewmn

PWM cutput unit
PWMO)
12-bit resolution

———0 PWMI
=0 PWMO
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Fig. 3-4 Configuration of Timer 0, Timer 1, and the Free Rurning Counter

CLRO O

£ ]

Write Oxxx xxxxB

to ECCO or £CC1.) RESET

Clear

CTI00 O—M EC

Selector

| a

I Seiecrorl l Selec[orl

fo/ 16

| = INTCROD )
|Dutpuloonl

| circuit el | =O PTO00

INTCROT )

o Outpcl.ll'tqojﬂnlrm | o PTOO1
=( INTCRO2 )

[¢] t Iral
% U e I——-—O PTG0O2

ECCH s ol ‘
ECCO
j CROO Maltch
Match
fei/8 CRO1 "
t CROZ atch
Dignal
a noise I_{l E
CLRTO—{ 7> g eliminator L] ki T
s 2 L(})) INTTB
1 - | s )
IS R = St | S SR
CLRI St icaptue 1)
Capture EEE} __—-—INTCPT]
Capture
CPT2 INTCPT2

Clear

B-bit counter

CTno ©

Selector

Caplure
CPT3 INTCPT3

Selector

T o—{b—<

Selector

Match

Cuipul control
o IS o Rl

{ INTCR10 )

Match

=( INTCR11 )

I ?UIDUI control I 9
circull PTO

Puise width detection ci

reult

Internal bus

CR10

‘ CR1M

L CR12
Capture

={ INTCR12 )

8EL8L ‘9EL8L ‘VYrELSLALT
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3.3.1 Overview of the Super Timer Unit

(1) Timer 0 (TMO): 16-bit timer
Timer 0 is a timer unit suitable for pulse output timing control, By using an external input signal, TM0 enables
the timing of pulse output to be delayed by programming. Three channels of pulse output are available, and
can be used, for example, for VCR sound and video head switching signals.
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Fig. 3-5 Configuration of Timer 0

={ INTCROO )

|——=0 PTO00

«{ INTCRO1 )

(—0 PTOO!1

INTCROZ2

—#0 PTO02

CLAO O—D T . N
| 5 .
8 .
J{ D
[¥2]
{ L
: Lo &
Selector i g
R
Mrite Do xxxxB =
——— T ! b |
to ECCO or ECC1) i RESET e J‘ nternal bus
[}
© Clear
Clear a —y o | Output cantrol
—] £ J \ CICUN
CTIa0 &% L~ e ' |
ThAO {16} pa—— /16
-C =S OfF- —- —
ECCT (6! arch ‘ — J [
ECCO (8} R
Match L I — |, - Ourpcal,l(rcilolmrm
! [~
— i !
| | |
1 v i |
ceT2 CPTI .7 S~
Capture Capture Comparator Comparalor Comparator Output controi
rigger rigger {p¥ March P Match pa Match circuit
{To free running counter! [ {} {\r
CROO (16} CRO1 116} CRO2 (16}
18 16 16
8 Internal bus 8

JHN

8€187 ‘9€1L8L ‘wrEL8Lad”
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{2) Free running counter (FRC): 18-bit counter

The free running counter can be used for external pulse period measurement. This unit contains four capture

registers, so that pericd measurements can be performed for four triggers in parallel. Since an 18-bit counter

is used for this unit, a high-precision phase and speed detection is possible for a VCR drum rotating at high

speed.

CPT2 capture trigger

CPT3 capture trigger

CPT1 capture trigger

From CLR1
input pin

From
timer 1

Fig. 3-6 Configuration of the Free Running Counter

INTCPT1
INTCPTOQ

S Internal bus S
P
16
CPT2H (16} CPT3 (16}
CPT2L
(2! AN
Capture Capture Terr==
Capture | - NTCPTZ )
TMC1 bits 2 and 1 I
= fen/d
f
ovrz | ovr |2erlow ERC (16)
23 fouk
Bit 10
{ INTTS )
Capture
Capture
~N ~7
CPTO 1N6) CPT1 116)

i+ L
> ~
v

g Internal bus S

TRGSOY CPTM register
TRGS02 bits 0 and 1
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32

{3} Timer 1 (TM1): 16-bit imer
Timer 1is atimer unit for generating a reference signal for internal processing. Timer 1canbe used for various
applications such as pulse output and reference signal generation using external trigger input. Timer 1 aiso
allows programmable delay pulse output as with timer 0. Tirmer 1 contains timer 3{TM3}, whichis a7-bittimer.

Timer 3 can be used for external pulse width detection and period measurement,



£e

CTNno

cim

i

1]

i

Fig. 3-7 Configuration of Timer 1

Selector

Lo B-bit counter

]

Timer 1
clear Input
section)
TM1 clear
signal

(Timer 1

clear input
section)

CPTO

caplure trigger

Internal bus

F
g

CR10 (18)

CR11 0186}

PTOOO pin output

{from timer 0}

L

={ INTCR1O )

l..]
Match
Comparatorl -~
Malch

Cutput
control circuit

-——=0 PTON

={ INTCR11 )

Edge detection Match
B4 Bit 1
-
INTM1 (8} : EDVC 16)
I——-
. 7sb l
Internal bus {Clear) Y
foux/8 ™1 [16)
; : I
=1 2| Capt
e e
i_d P (.9'})
&
j | @ ¥ (Clean 1
B2 CR12 (16}
M3 (7
Elcricgjtdelecnon v CETM 18)
ba CPTA 16 16
CR20 (7} -{CK t[:apture m
fgger
cpTacn | Mateh (togERc, g Internal bus

Capture

Internal bus

——=0 PTO10

={ INTCR1Z )

DHN

gs18. '9€1L8L ‘YyEL8LAdY
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Fig. 3-8 Configuration of Timer 1 Clear Signal Input Section

YSYNCS ICR register bit 4¢!

} SEL ICR register
1 fox/8 CLRT | b3

Dignal noise : .
eliminator j I
CLR1 o——% _J, ! ——( INTCLR!

Selector
Selector

ES INTM1 "
CLRY | b G

CPTO capture
| = trigger
ito FRC)

Selector

TRGSOM CPTM register
TRGSOO | bislandQ

Capture trigger
{trom umer 1}

EN
CLR1

TM1 clear signal
{to umer 1}

+ Ppulses with a width in either of the following ranges are removed as noise. Either

range is selected according to the setting of bit 4 of the ICR register.
- Less than {fcik/8) x 5
- Less than (fck/81 x 10

JHN

gcL8L ‘9EL8L ‘vheEL8LAdT
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{4) Timer 2 (TM2): 16-bit timer
Timer 2 is a general-purpose 16-bit timer unit. When the contents of the compare register match the contents
oftimer 2, timer 2 is automatically cleared, and functions as an interval timer to initiate an interrupt at the same
time.

Fig. 3-9 Block Diagram of Timer 2

5 Internal bus 5
PN
16
16
16-bit compare register (CR20}
TMCI
bit 7 @
Match
16-bit comparator =-{ INTTM )

frk /16 qj'—’ 16-bit counter (TM 2

Clear
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{5) PWM output (PWMO0, PWM1): 12-bit PWM

This unit contains 2 channels of a pulse width modulation {(PWM) output circuit with a 12-bit resolution. An
active level, high or low, can be selected for each channelindependently. This unitis most suitable for DC motor

speed control.
Either 23.4 kHz or 46.9 kHz {at 12 MHz) can be selected as the carrier frequency of the PWM output of the

uPD78138. This 46.9-kHz PWM output especially enables the servo control with better responsibility.

Fig. 3-10 Block Diagram of the PWM Output Unit{in =10, 1)

S Internal bus )
16 8

IModulo register)

15T 1 |

1 I IE ",'1 ol 3{ l \O PAMC

PWMn (PWM control register)
To
8 4 selector
From Reload
PWMC control
foe —= &
i 8-bit down-counter Pulse controiler Output —D—’O PWn
> control {Output pin}
fosc —= A
ﬁﬂ— 4-bit counter
From PWMC  — Selector
e, /256 fo. /128
{from FRCY

Remark fck = fose/2
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3.4 A/D CONVERTER

The uPD78138 contains a fast, high-accuracy 8-bit analog-to-digital (A/D) converter with eight multiplexed analog
inputs (AN10 to ANI7). Fig. 3-11 shows the block diagram of the A/D converter.

The A/D converter uses successive approximation system, and provides the A/D conversion result register {ADCR)
to store the converted result.

There are two operation modes: Select mode converts analog inputona particular pin continuously. Scan mode
converts analog inputs sequentially. A/D conversion can also be started with the synchrenization with the external
interrupt request signal.

Conversion requires 30 us when the system operates at 12 MHz.

Fig. 3-11 Block Diagram of A/D Converter

Resistor
ladder
i 1
ANIO O—] Sample and | | AVacr
ANIT O— hold cireurt O |
ANIZ O—e] = . ) : : ;
ANZO—= & [0 I A '
ANI4 O—» 3 ! b :
2 .
ANIEO—] = : } 3 } ! |
ANIE O—= T 8 | ‘
ANI7 O—e La! ! |
g | ‘
Comparater R | |
I ‘
[ | R }
| |
SAR (8] 8 L an !
| b
| AVss
)

ADM (8) —l |
|
J 8 L —
INTP1/P22 cantrof INTAD

{A/D conversion
completion interrupt)

8 ADCR (8)

l]

87 Internal bus )

Caution Be careful not to apply voltage exceeding the reference voltage for A/D converter (AVaer) to the ANIO

to ANI7 pins in any circumstance.
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3.5 SERIAL INTERFACE
The uPD78138 is provided with one channel for synchronous serial interface. The serial interface operates in one

of the following two modes:

+ Three-wire serial interface
+ Serial bus interface (SBI)

Remark Serial bus interface (SBI)
The serial bus interface mode enables communication with more than one device by using the two lines

including serial clock {SCK ) and serial data bus (SB0). Following the NEC ariginal format, the transmit-

ted data can be identified as "address," "command,” or "data® by serial data manipulation.

Fig. 3-12 Example of SB| Connection

uPD78138
{Master) v
[ oo #PD75008
= {Slave}
SCK SCK e 2
ey fet
S80 SBO é £
&)
uPD75308
L {Slave} Disolay
—=1 SCK Qcon.
SRO troller
LoDy

38



NEC

4PD78134A, 78136, 78138

o

S0/SBO oﬁ—.

Fig. 3-13 Block Diagram of Synchronous Serial Interface

3

Internal bus

Selector

SI10

Shift register

Set Clear

{

Qutput
latch

N-ch open-drain
output enabled

SCK C—

]
AN

Busy/

Bus release/
command/
acknowledge
detecuon crrcuit

>

Senal ¢clock counter

acknowledge
putpul circuit

Interrupt

0

Serial clock control
circuit

generator

Seleclor

o fow /B

le—— foix /32
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4. INTERRUPT FUNCTIONS

The uPD78138 has a powerful interrupt function that can handle up to 17 interrupt requests {internal and external).
Processing for each interrupt request is divided into two processing modes, vectored interrupt handling and macro

service, one of which can be selected by software.
4.1 VECTORED INTERRUPT AND MACRO SERVICE

{1} Vectored interrupt
When an interrupt is accepted, the interrupt service routine is executed according to the data contained in the
vector table area. The data indicates the start address of the interrupt service routine created by the user.
In the vectored interrupt of the uPD78138, two priority levels can be specified by software. This facilitates the

control of multiple interrupts.

{2) Macro service
When an interrupt is accepled, a service set beforehand by firmware is executed.
The following macro services are provided.
. Datatransfer mode in which data is transferred between the memary and the special function register (SFR)
- Real-time output port control mode in which the real-time output port can be controlled easily
Counter mode in which the number of interrupt occurrence is counted

Data pattern identification mode in which data string from external source is identified

Since these services are not performed via the CPU, the CPU statuses (such as SP and PSW) need not be saved

and returned. Thus, CPU service time is greatly improved.
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4.2 INTERRUPT SOURCES

Table 4-1 lists the interrupt request sources of the uPD78138. An interrupt vector table is assigned to each source.

All the maskable interrupts are provided with macro service routines.

Table 4-1 Interrupt Request Sources

Interrupt source Vectors table
Type Defaull priority ! N;me Trager Macro service address
Nonmaskable - NMI Pin input edge detection Not provided 0002H
7 0 thighest} INTPO Pin input edge detection M 0bb4H
0 1| NTcpts | epve output (CPT3 capture) " oo06H
- 2 INTCPTZ Pin input edge detection (CPT2 capture} | W()Sl-ii
3 U INTCR12 Pin inpul/EDVC (CR12 capture) T | oo0aH
i 4 INTCROO | TMO CROO match ' o00CH |
5 INTCLR? - Pm input edge detecnon _—_BEH o
6 -INfCRm ~ TM1CRI0 match_;lgnal T 0010H
Maskable 7 INTCROT  TMO-CROT match signal Provided 0012H |
B 8 INTCRO2 . TM0-CRO2 match signal [ N 0014H |
- o | INTCRIT | TM1.CR11 match signal | | ooten |
10 T INTCPT'I | Pin mpul.’ECCO ECC1 ' : 0018H
1 | INTTM | TM2.CR20 match signal R . 001AH |
__’12_ L INTCSI o Serial transfer end I ' ‘ 66;CH i
- 71377 ) INTTB - FRC overflow S - : l 001E_H )
T ;INTP‘UINTADq' Pin Input/A/D conversion end™ 1 T 0020H
T owent | iNtp2 | P inpuredge detesion | oo |
EDVC Event divider compare register
ECCO, ECC1: Event counter compare registers 0 and 1
TMO, TM1 16-bit timers 0 and 1
CRxx Compare register {xx=00, 01, 02, 11, 20)
CR12: Capture register
FRC 18-bit free running counter

= An external interrupt {INTP1} is also used as an INTAD interrupt {A/D conversion end interrupt).

Remark The default priority indicates the priority used when two or more interrupts occur simultaneously.
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4.3 MACRO SERVICE FUNCTIONS
One of the interrupt processing functions of the uPD78138 is a built-in macro service function set by the firmware.

There are four kinds of macro service function, each of which can be selected by software.

{1} Data transfer mode
When an interrupt occurs, 8-bit data is transmitted between the SFR corresponding to the interrupt and data
mernoty. The address stared in data memory changes every time an interrupt occurs, so that consecutive data
can be transmitted. The address in data memory {one from FEOOH to FEFFH) and the number of transfer are

controlled by software. After the specified number of transfer is completed, a vectored interrupt occurs.

Data memory (FEQQH-FEFFH)

) s

)
b
>

5 interr.al bus 5
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(2} Real-time output port control mode

This macro service is effective the real-time output port. Whenever INTCRO1 or INTCR0O2 occurs, the output
pattern profile is transmitted to the buffer registers (POL, POH), and the output timing profile is transmitted to

the compare register (CR01 or CR02}.

After the data transfer of each profile is completed, a vectored interrupt occurs.

This macro service enables various application such as the control of two stepping motors independently, or

control of the PWM output or the output of the Head switching signal of the VCR.

Qutput pattarn prolile

Dn

Ba

!

D2

D

N2V Y,

5 Internal bus

L

Butfer
register

QOutput timing profile

Tt

Ta

—

Internal bus

iy

(H)

CRO1 or CROZ

L

NS

Output
latch {PO)

POC-PO7 gx

{3) Counter mode

INTCRO1

or INTCRO2

7
{}

T™MO

This mode decrements the macro service counter IMSC} according to aninterrupt oceurrence. This can be used

to count the number of interrupt occurrence or to divide an interrupt.

When the counter reaches 0, a vectored interrupt occurs.

Macro service counter
IMSC)

TN
.~

©
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{4} Data pattern identification mode (VCR index search control etc.}

This

matches the data in the comparing area which is set beforehand, a vectored interrupt occurs {data

macro service transfers the data from the control F/F {CTL F/F) to the buffer area when INTCR12 occurs.
Then, the buffer area stores the transferred data by shifting itto the right. And if stored data in the buffer area

pattern

identification function).

This

a vectored interrupt whenever a number of data storing specified by software is reached.

macro sefvice can be applicable to easy control of the index search of a VCR.

of the buffer area and data of the comparing area need not match.

It can also be used to issue
In this case, data

Caution Storing of data to the buffer area is fixed to right shift.
INTCR12
Right-shif1
input
Bufter area Comparing area
Match
< interral bus g

CTin

4.3.1

—— INTCR12

Shaded portion:  Pulse width detection circuit

Determines the width of the pulse input
from CTI11 with 7-bit Timer 3 {TM3).

Macro Service Modes and Interrupt Raquests

The macro service mode depends upon the type of interrupt request source. Table 4-2 lists the correspondence

between the macro service modes and interrupt request sources.

Table 4-2 Macro Service Modes and Interrupt Request Sources

Macro service mode

! Interrupt request source which can process the
corresponding macro service

Data transfer mode

INTCSI, INTAD

Real-time output port control mode

Counter mode

Data pattern identification mode

INTCRO1, INTCRO2

All maskable interrupt requests

‘ INTCR12
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5. STANDBY FUNCTION

The uPD78138 has a STCOP mode as a standby function to reduce power consumption of the system. Inthis mode,
the oscillator is stopped to stop the entire system. Data can be held at very low power consumption in which only
a leakage current flows.

The STOP mode is set when the STOP flag {STP) is set to 1 by software. The STOP mode is released by a
nonmaskable interrupt (NMI} or reset {RESET) input. Fig. 5-1 shows standby status transition.

Fig. 5-1 Standby Status Transition

NMI input

Set STP
Normal STOP mode

operation

RESET input
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6. RESET FUNCTION

When input to pin RESET becomes low, the systemn is reset and each hardware component is put in the status
shown in Table 6-1.

When input to pin RESET becomes high, the reset status is released. The contents at address 0000H in a reset
vector table are then set in bits 7 to 0 in the program counter (PC) and the contents of bits 4 to 0 at address 0001H
are set in bits 12 to 8in the PC. The branch is taken in this way and program execution starts atthe branch destination
address. Reset start is possible at any address.

Initialize the contents of registers in the program as required.

A noise eliminator using analog delay is provided forthe RESET input pin to prevent miss-operation due to noise
{see Fig. 8-1}.

For the resel operation at power-on, reserve time for the oscillation to stabilize from power-on to releasing the

reset signal as shown in Fig. 6-2.

Fig. 6-1 Accepting a Reset Signal

'
. |

—-— - o
'

|

w—— [Executes an
! ! . SFIS I:f Cocrlg‘:r‘”ts ' instructicn al
“Analog’ "Analog: 'Analog! ?abrlism F:'é ;ZZ?;:éanCh
delay detay delay ' {nitaiizes PC) '
VAN AN
Removes Accepls Releases
noise. reset reset.

Fig. 6-2 Reset at Power-On

'
J
|

~— Oscillanon

~————wra—— Executes an instruclion

stabilization Analog  Sets the contents of ' at resel branch address
me delay 1 resetvector lablen PC
v Ainmahzes PC Y
JAN
Releases
reset
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Table 6-1 Hardware Statuses after Reset (1/2)

T

Counters (TM0O, TM1, FRC, and TM2}

" Compare registers {CRO0, CR01, CRO2, CR10.
| CR11, and CRz0)

Hardware Status after reset
Pregram counter {PC) The contents of a reset vector table (0000H,
0001H) are set.
Stack pointer fSP) Undéfineé
Program status word (PSW) 02H
Built-in RAM Data memor;' ) ] .
General registers (X, A, C. B, E, D, L, and H) Undefined
P00-POT High impedance {output buffer offl
P20-P27, and P34.P37 Input
/0 line P10.P17, P30-P33, P40-P47, P50-PST. PB4-67, input o
P70, and P71 {output buffer off}
P&0- P63 Low-level output
_Oulput latch PorISO 1, 3. 4 5, and':' - Undefined
- Port 6 - i xxxxOOOO T
| Port mode _PMO, PM1, PM3, PM5, and PM7 T T e o
register ! PMB FOH
PortAB-Ede control reglste;' (F’MC_S)__ - } ' - 30H S o
Memory mappmg register (MM) o 7 o - 7 - 20!—7IW - o
Register for optional pull up re5|st6T(PUO;__ o T OOH--__ - ]

‘ Undefmed for up to 'IE clock pulses after releasmg

i the reset signal.
Zero clear after 17th clock pulse after releasing
| the resel signal.

Capture regrsters (CR12, CPTO, CPT1, CPT2H, o Undefined
CPT2L, and CPT31}
Timer control register 0 (TMCO) T 7 gexo0000
Timer control register 1 {TMC1) 77 oon T
\ Capture mode register [CPTM) xxxxx0x0 o o]
Input control register [ICR) Ox0x0xxx T
External capture mput mode reglster tINTM‘I) 0000xx01
“Event counters {(CTI0O EC xxOOObOO o
Super timer unit | input section} ’»éCCO xx111111
| " Eccr o111
i
- ™3 ! ) ooH
Pulse width detection circuit EPRMS ! OxxxxOOO )
| {CT1 input section) | CR30 At ]
| cPT30 Undefined
Timer output mede register ! TOMO xx000000 ]
TOM1 xxxx0000 ]
_TTn-e_r'gutpu[ control reglster“ TOCO ‘ XXOOOdOO
ToC1 T wxxx 0000

* When the STOP mode is released by RESET input, the values before the STOP mode was set are restored.
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Table 6-1 Hardware Statuses after Reset (2/2)

Super timer unit

Real time outpul
port

AD converter

Serall |nterface

Interruplt

ASTB/CLO output

Slandbv comrol regrsler (STBCJ

Hardware | Status after reset
| PTO1O output IPTO10) ‘ Hrgh Ievel outpur L 1
PWM oulp;rs_(VF'WrMD and PWM‘!) - jL iiiiii o Lcﬂlevel outpul ]
PWM control register (¢ PWMO) T T eH R
WM 'T‘_E‘E‘flif_eg's'ters [PWMO and EWM‘I] 7j7—£:j_7: Undifl'rLeE _7 -
Porl 0 buffer regrsrers (POL and PUH) U_ndefined ]
Real-time output port cc conrr_c;i -Vreigt;-t;r-(ﬁ?PC)__ __17:{7 aCH - o
T Mode register (ADM) - T o0H ]
LAD conversron re;ult regrsler V(ADCE :ji_ :7:: . ::iinéméj___ __7:77 |
| Mode regrsler (CSIM) Q_T_ - 00H L - ]
|—Sh|ft regrster (SIO) - T T Undefmed - o
TS_e:ra-I bus controt regrster (S_BlC) - I I OOH -
Interrupt reﬁucst?ag rﬂegrsrers (1“FO}V-I7)4-_ o _’_ T DOH S
‘ (IFOL) 1 00H o
| e mesk registers ko | T FFH
(MKOL! FFH ]
Vlnrerrruiptr Jb}ny SD(-E(;fICaIlon o (PF_ior-i) iii - TFFH —
l ﬂag reglsters - ) (PROU ) e FFE - o
| Interrupt service mode regrsrers ISMOH) i 00H
o . fismoLy L L
N External rmerrupt mode regrsters (INTMO} ‘ B50H
ST T T T Ten ]
I - ook -

Clock output mode-regrster (CLOIVH

Low- Ievel output
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7. INSTRUCTION SET

7.1 INSTRUCTION SET AND OPERATIONS OF INDIVIDUAL INSTRUCTIONS

{1} Operand notation and coding format
QOperands are coded in the operand field of each instruction as listed in the coding column of the table below.

For details of the operand format, refer to the relevant assembler specifications. When several coding forms

are presented, any one ofthem is selected. Uppercase letters and the symbols, +. #,

and must be written as they are. These symbols have the following meanings.

+

#
1

!
L1

For immediate data, an appropriate numeric or label must be written. The symbols +,

Auto increment

Immediate data

Address by immediate addressing
Address by relative addressing
Bit inversion

Indirect addressing

be omitted when describing labels.

1, %,/ and (], are keywords

#.1 %,/ and 1] must not

Notation I Coding
r.r X(RO}, A(R1), C(R2), BIR3], E(R4), DIR5), LIR6), H(RT)
ri A, B
r2 B.C
r3 D, E E+
rd D, E
rp, rp’ AX(RPO], BC(RP1), DE(RP2), HL{RP3)
sfr Special function register abbreviation o
sfrp Special function register abbreviation {16-bit manipulation register)
saddr FEZOH-#F‘IFH fmmediate data or labet o i
saddrp FE20H-FF1EH Immediate data {bit 0=0, however) or label {for 16-bit manipulation}
laddri16 OOOOH-FFFFH Immediate data or label: Immediate addressing ) )
$addr1b 0000H-FFFFH Immediate data or label: Relative addressing
addr11 800H-FFFH Immediate data or label
addrb 40H-7EH Immediate data (bit 0=0, however) or label
word 16-bit immediate data or label
byte 8-bit immediate data or label
bit 3-bit immediate data or label
n 3-bit immediate data {0 to 7]
RBn | RBO-RB3
Remarks 1. Absolute names {R0to R7 and RPO to RP3} can be specified inr, r', rp, and rp’, as well as functional
names (X, A, C, B, E, D, L, H, AX, BC, DE, and HL}.
2. Immediate addressing is effective for entire address spaces. Relative addressing is effective for the

locations within a displacement range of -128 to +127 from the starting address of the next

instruction.
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50

{2)

(3)

Legend
A

X
B
C
D
E
H
L

RO-R7
AX

BC

DE

HL
RPO-RP3
PC

SP

PSW

CY

AC

z
RBS0-RBS1
IE

STBC
jdisp8
{}

xxH

XH, AL

Register A; 8-bit accumulator

Register X

Register B

Register C

Register D

Register E

Register H

Register L

Register 0 to register 7 {absolute name}
Register pair (AX) 16-bit accumulator
Register pair {BC}

Register pair {DE)

Register pair {HL)

Register pair O to register pair 3 (absclute name)
Program counter

Stack pointer

Program status word

Carry flag

Auxiliary carry flag

Zero flag

Register bank select flag

Interrupt request enable flag

Standby control register

Signed 8-bit data {displacernent: -128 to +127}

Contents at an address enclosed in parenthesesoratan address indicated in aregister enclosed

in parentheses
Hexadecimal number

Eight high-order bits and eight low-order bits of 16-bit register pair

Descriptions in clock field

(il  The digit in the clock filed is the number of clocks when the program is f

(i

Refer to the User's Manual {or detalls.

{4} Notational symbols in flag operation field

Symbol ! Explanation
{Blank) ‘ No change
¢ ; Cleared to zero.
1 | Setto 1.
» " get or reser according to the result.
R ‘ Saved values are restored.

etched from the internai ROM.

The number of clocks varies according to the memery area to be accessed.
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It?::::; Mnemonic Operand Byte Clock Operation . F:Cg v
r, #byte 2 2 re-byte
_saddr, #byte 3 3/5 {saddri—byte I
str, #byte Y 3 5 sfre—byte ]
rr 2 2 fer' ]
Ar 1 2 At N
A, saddr 2 2/4 Aelsagdr) T ]
| saddr, A 2 35 |(saddri—A ]
T,sfr 2 4 Acstr T
hn, A 2 5 |sfreA T ]
A, [r3] 2 1 5 | Ac{FEOOH+r3) acooREFH |
[r3], A ¢2 1 5 |(FFOOH-r3)-A r3=00H-FFH ]
A N A i
MOV }”,"L]' A | VT HueA S
= AL (L] R : 810 j.AHtE), RLeHLt o ﬁ -
3 [ (HL-1. A 4‘_1 T E0 LA, WLeHer I
I B A L R ]
2 |1DE). A R l(DEhi R
3 A, IDE+] 1 810 | AI(DE), DE—DE+1 o Jr ]
@ [DE+], A 1 8/10  |{DE)- A, DE<DE+1 ;
A. laddr16 I F;ﬂjdns - ___ __i;_ ::
laddr16, A L4 ‘ 6-8 ]addne.—A - o _ - L ]
'LA, word(r1] 7 r_x_tim | A wordsril - I
rword(rl], A 4 | /9 .(word+r1)e-A -
cow e 3 1 s |eswebpe T T Tk <
[F:S—W,T E s TES'WT_’A_ T T T T .
|, PsW 2 T4 |AePsw 0 '
TA, r 1 4 7A«—ar o ]
A, saddr 2 48 | Acsisaddr) ]
XCH A, sir 3 10 Acrsfr
A, [rd] 1 9 Acs(FEQOH+r4) r4=00H-FFH
A, [HL] 2 9/13 | AeHL)
e T o s ]
A, word[r1] 4 | 93 &An—a(wordwﬂ |
*1 If STBC is written in sfr, a different dedicated instruction having the different byte and clock counts is

generated. {See CPU control instructions.}
*2  [fE+is written in r3, the contents of register E are incremented by 1 after instruction execution, and the

number of clocks is 6.

51



NEC

uPD78134A, 78136, 78138

T
1?05:::! Mnemonic Operand Byte i‘ Clock Operation Flag
Z AC CY
rp, #word 3 3 1 rpe—word
Vs-a_dgr_p-,-#‘word 4 4/E§‘- (saddr;):‘iis;ddrp)t—;h;ord
«E ‘s%frirr).,“#word - 4 : 8 ‘-.;frp:f\n;'“o-rd ]
%  MOVW rp, rp’ 2 | 7 4 Hrpi—rp' B
E ’_AX, saddrp 2 6/10 AX—{saddrp+1}saddrp)
-_E—', saddrp, AX 2 : 5/9 {saddrp+1)}saddrpl-AX
o AX, sfrp 2 | 10 |AXesfrp
'sfrp, AX 2 g }s(r;ﬁ—AX
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:?:,:n;; Mnemonic Operand Byle Clock Operation Flag
z AC CY
A, #byte 2 2 A, CY—A+byte X x x
saddr, #byte 3 4/8 {saddr), CY«(saddrl+byte X x x
sfr, #byte 4 10 sfr, CY«-sfr+byte x x x
e 2 3 r CYerar X x x
DD A, saddr 2 | 3/ | A CYe Arisaddr) O x x o«
A, sfr 3 7 A, CYAssfr x x X
A, [rd] 2 7 |A CYCAs(FEGOH+r&) 4QOH-FFH | x  x x|
A. [HL] 2 | 810 |A CY—A=HL) . . x x|
A, IDEI 2 | 810 A CY—A-DE X % X
| A, wordir1] 4 | 810 |A CYcAslwordsrD) ) . x x|
LA, #byte 2 2 | A CYeAsbytesCY x  x x
saddr, #byte 3 4/8 (sﬁaddr), C‘f’-k(saddr)+by1e+CY X % x
shr, #byte o 10 Isfr, CYesfrsbytesCY i
e 2 | 3 lneverasoy T T
| A, saddr 2 | 35 |ACYcAssaddricy . % x
ADDC "A. sfr 3 7 |A CYeAssfaCY o
A, (r4] 2 7 | A CYeA+(FEQOH+r4)+CY A-00H-FFH | x  x  x
3 A, [HL] 2 | 810 |A CYeA«HLICY ' X x  x
% A, {DE] 2 | 810 |A, CYeA#DECY < x  x
E A, wordir1] s | 810 |A CYeAstworder1)+CY ] o « x f;
= A, #byte 2 2 | A, CY A-byte x % x
= | sadar, sbyte 3 | a8 | (saddrh CYe (saddr) byte - xix 7><
@ 'sfr, #byte 4 . 10 sfr, CYesfr-byte * x %
e 2 | 3 |rCYer-r S o D < x x|
—A, saddr 2 3/5 A, CY(—A—(saEér) - x- x X
SUB A el
A, sir 3 7 A, CY—A-sfr x x x
A. [r4] 2 7 | A, CYeA-(FEOOHr4} (4=00H-FFH | x  x  x
A, [HL] 2”7 8-10 A, CYe<—A-(HL) 7 X x %
A. [DE] 2 | 810 |A CY—A-DE) < x x
A, wordIr1] 4 1 810 |A CYeA tworder) - x  ox x
A sbyte 2, 2 |ACYoAbytetY . x x
L saddr, #byte 3 | 48 |(saddr), CYetsaddri-byte-CY « x x
i sfr, #byte 4 10 sfr, CY«sfr-byte-CY ( o X X x—
rr 2 3 r, CY-<—r—r'—CY x x X
A, saddr 2 35 | A, CYe A-{saddr)-CY x x x
SuBC A, sfr 3 |7 [AcYeAsstcy x %  x
A, [ra] 2 | 7 |A CY—A-(FEOOH+ra) CY F=00H-FFH | x  x  x
A, [HL] 2 8-10 A, CY—A-IHL}-CY ' x %X X
A, [DE] 2 | 810 |A CYA-DEI-CY . x x
A, wordir1) 4 810 | A, CYe A-tword+r1-CY e X ]
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LT;:::! Mnemeonic Operand Byte Clock Operation __Flagii
; Z AC CY
: A, #oyie |2 2 lacanbye x
| | saddr. #oyte 3 48 | |(5addr):—-(saddr)/\byte . -
sfr, #byte 4 10 | sfre-sfrabyte T
7r,-r 2 ! 3 re—rar' N - __i_"xﬂ S
D Eéwsﬂaddr 2 35 lAHAq}fzﬁqu 7 7 47} -
A, sfr 3 7 .As—AAsfr X
A Grd) 2 7 ACAAIFEQOH<r4) A-00H-FFH | x
A HLI RENED AcAAHLL ) I
:A',_IBE{ T " 810 1A;A}\ibé) - .
A, wordir1] s | 810 ‘AHA/\(wordﬁ-r'l) R IV
A_-;lbvte 2 2 \ A«—Av byte ) o x i
5.;;(1_1' #hyte B : 3 _ 4/8 B tsad(ir)H(dedr?vate ) o :
‘ Esifrj#pyte ) b4 107 Isfn— sfrvbyte ) ii L
j IT r' _-2 3 7 Irk ™' T o LX
| A";;Adr } o HER _”315 71'75( Avuadd—r—)_;__ - _' |_; WW
%OH A s s 7 Fhe-Avste L
\A ir4] o 2 ”im 7 Aﬁ-Aeroon» TL4SQOH-FFH o«
- I T I S S
S | \A IDE] 2 | B0 AcAVIDE y
% ‘ A wordIrH ) _-_-:i__ir“ 8-10 J‘-\e—Avtwordfr‘l_}—_- ) _T--x— -
ET amwe 2T mesmwe
S saddr, #byte 3 48 | (saddric(saddr)wbyte T,
> ' srr #byzeﬂﬁ T4 w0 {} fn—hfr‘v‘bv-r_ei_" - ' ‘ .
F, r o a 727 7 i 3 - 1 P M et - B * -
o !A' saddr __ Ty 1 3;57 j_rm Av(s_:;:a;&}'{;;;_'_"_ _:___ } /_ o ;
| Aoste 3T AR S R
‘ A ___Z__L 7 AcATFEOOHw) rtOOH -FFH 41__5 ]
‘ EA. [HLI L ] | 727i” 8-10 _”A(—AleL) - o ,;X ]
! A [DE} 2 | 8 10  Ac-Aw(DE} ox
fA,rword[r'l] .._.J[._.;...,. 8- 10 A Av(word;ﬁy___m o .
' 77777777 A, #byte 2 2 IA byle S RV
; \baddr #byte 37 7: 731‘5 (dedr) bYTE S 7)(777)'7(7 -X“_
| i, #byt;_m“ T e . % x|
e 2 3 e S ’ x % x|
A, saddr P _'3_/5';_ A-(saddn) o w x w0
CMP k”A’. Sfr i o 3 ;l' ‘A sfr N a . 7X7 7”):" x l
A [r4] 2 1 ’ ' rei"'EbH FFH v x x
l_A [HL) 2 | 810 ___,,_,, - .« xox
| A, IDE] 2 | 8w A- (DE) X oxox
| iA,-v;o_r-a[“r-‘H_- o 47778‘16 | Aciword+rl) - o v ok x|
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. Fla
1?:::;, Mnemonic Operand Byte Clock Operation T -
Z AC C¥Y
AX, #hword 3 4 AX, CY—AX+word x x x
AX, rp 2 [ AX, CY—AX+rp x x x
ADDW - - -
. AX, saddrp 2 1M AX, CY—AX+saddrp+1) (saddrp) x X x
= i ‘ :
% AX, sfrp 3 13 AX, CYe-AX+sfrp X x X
g .
5 AX, #word 3 4 AX, CY—AX—word x x x
E AX, rp 2 6 AX, CY—AX-rp x x x
= SUBW
E‘ AX, saddrp 2 711 AX, CYe-AX-{saddrp+1) {saddrp) x X X
5 AX, sfrp 3 13 AX, CY+ AX-sfrp X X %
< AX, #word 3 3 AX-word X x x
AX, rp 2 5 AX-rp | x % x
CMPW . -
AX, saddrp 2 6/10 AX—{saddrp+1} {saddrp) x % x
AX, sfrp 3 12 : AX-sfrp x x P
L Imusw e o ) ) “ a ;A).((‘IS high-order bits), 1118 low-order bitsle— AX -
2 o (signed 18 bits) x r1labsolute 8 bits)
l"‘; 'E MULUW rt* 2 47 AX{16 high-order bits), ri8 low-order bits}eAX <1
2T - ‘ - : - -
DIVUW ri* 2 74 AX (quotient), r {remainder)—AX = r
r [ 2 re—r+1 > b
INC L. - ? . : ]
saddr P2 347 i {saddri—(saddri+1 x X
= e . - . .. . _ ‘ —
5 5 r 1 2 rer-1 ox x
g E |DEC — R — - —— - R - C———
g = saddr 2 37 {saddri— (saddr)-1 ko
o @ — . - . —— L ———— e g - . —
L INCWY rp bl 3 rpe—rp+1
DECW rp 1 3 irperp=1
i ROR r,n 2 i 3+2n (CY, r1ero, rm-1e—rm) x n n=0-7 X
ROL r.n 2 1 3+2n {CY. roe—r7, rmelé—rm} x N n=0-7 x
RORC r.n 2 3+2n {CYer0, r7+CY, rm-1<rm) x N n=0-7 x
ROLC r.n .2 3+2n {CYer?, roe—CY, rmele—rm) x N n=0-7 X
< |SHR fr.n 2 3+2n  |{CYe-ro, 170, rm-te—rml x n n=0-7 x 0 x
:9:} iSHL L n 2 | 3+2n [CYerr7, 100, rmste=tm) x N n=0-7 x 0 x
g SHRW p, n 2 } 3+3n ICY—rpo, rp15—0, rpm<lerpml x n n=0-7 x 0 x
SHLW rp, n o2 3+3n (CYe—rp15, rpoe—0, rpmste—rpm} xn n=0-7 x 0 x
ROR4 (rd] 2 92 A3-0e-{FEQD+r4)a-0, (FE0Q+rd4)7-2—A3-0,
| (FEQO+14)3-0—IFE0Q+rd})7-4
t FiTe - -
ROL4 [r4] 2 23 A3-0{FE0Q+rd)i-4, (FEOO+r4)3-0—A3-0, !
(FEQO+r8)7-4—(FEQQ+rd)3.0 ]
. . 1
| ADJBA 1 3 Decimal Adjust Accumulater N N . N
= after Addition
[:1] I - o N - e o - N
et 1
8 £ | ADJBS ] 2 Decimal Adjust Accumulator . . .
a o after Subtract

* Excluding registers A and X.

Remark n in the shift/rotate instructions indicates the number of bits to be shifted.
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:?::‘r:;: Mnemonic Operand Byle Clock Operation Flag
, Z AC cY
i CY, saddr.bit 3 b7 CY«{saddr.bit) x
r(?;”s%r bit e 3 7 | CYq—sfr-_t;lt i - >;—
}cv A.bit 2 | B [CYeAbi o ) - ‘
7:7#7 X bil 2 | s CYe X bit i ) | x|
. :_cv PSW.bit 2 | s CYq—_PgW_t;t ‘ﬁiqiﬁ ] _____ _ _,, L
saddr bll CcyY 3 8/12 ! (Saddr bl”‘*CY
| hsfr bit, CY T 3 12 'isf} b.{._cv - o ]
| (,&.EI_E:_YH ) 2 8 lAbiecy I o
| X.bit, €Y 2 8§  !Xbite-CY - R
' PSW.bit, CY 2 7 PSWeiteCY B ko x
i_ CY. saddr.bit |3 §/7 ' CYeCYAlsaddr.bit) 7 _ ; o
! Y. /saddr bit 3 1 87 | CYeCYn isaddr bit . x
‘ CY. sirbit 3 L 7 |eve-Cyasirbit o - ) x
| oveen a7 loveewdwee [ <
! ey, AbiL 2 & |CYeCYAADIL <
| AND1 e ShehE S
. Cv, iAbit 2 | 5 CYeCYARBE x
' ovoxbn 2 | s Teveovaxer B -
i Icv xen 2 s TCY& cw\x_t;;t S N &
2 ; ‘cv pswbit 2 | & cvkchPsw bt x
Fi } LY. /PSW but 2 5 cvb CYA P-é-\.u‘;f LT;_“ N T
S B B o e
& | .cv fsaddr. bit | 3 5/7 cvkcvvm x
B e
‘ CY, ssfrbit P37 . CYe-CYV S BT ; %
ovoaoe b2 T Teve cm;.?*”' I
OR1 SRR IR N
Cvoabe 2 8 G ﬁﬂ? . . | x
CY, X.bit 2 5 CY&CYVX bit x
LCY, /X bit l 2 5,,,,,4&‘ cvvx e ]
. CV.PSWBt ¢ 2 | B CYeCYwPSWOit _ O
: oY PSWbIt | 2 | 5 CYeCYv Ps-‘,-\_l;./_b_nm-_ - ]
' ¢V, saddr. 6.?7757 " 87 CYeCywlsaddrbin ) T e
; ov.stebit L3 | 7 CYt—CY'v‘sfrilei - o ]
' XORT cy.Abt | 2 | B _rc_{((_cva bit - ]
| OV, X.bit 2 | 5 CYeCYyexbit o 7% x|
}L,,ﬂ, :cv PSW. bl[ o 2 5 cv:c”\?:ﬁé}v?f I T
} ‘saddr bit B 2 3/7____ (saddr b|t)(-1 - . -
| str bt 3010 fsfrote '
}SET1 Abr 2 6 ;A.bm—1 - S
‘ Kot |2 8 |Xbierl B S
PSWhit | 2 5 |PSWhite - I RV
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! Fla
. g
:?::::1 Mnemonic Operand Byte Clock Operation — —|
* Z AC CY
saddr.bit Vo2 377 (saddr blt)HO
' sfr_bit 3 10 sir. bm—O
CLR1 Abit 2 6 Abite0
X.bit 2 6 gx.b;n_o
5 . PSW.bit 2 5 PSW bit—0 x  ox X
= saddr.bit 3 6/10 | tsadar. bn)(— fsaddr bin
o [ A J— - —_— e —— - —]
E sfr.bit 3 10 sfr burksfr bit
£ Ino Abit 2 & |AbitcAbL
= _
X.bit 2 6 X bit— X.on
E .. - 1
PSW.bit 2 5 PSW.bite— PSW.bit | =«
SET1 cv 1 2 CYe1 | ]
CLR1 cY 1 2 CYe | 0
) _ S DU R A o e
NOT1 cy b1 2 CYe OY P
R a } T T 1iSP-11 (8P _2)c PC+3, PCeaddr16 i 1
| taddr1e .3 11/15 | < \
CALL Jf ISP §P-2
L S S Al : el e
" R 1216 (SSPP 1S)P(szp _2}PC+2, PCrp ‘
s T S (SF:_H(SP 29ePCr2, PClze01, - ]
S |cALLF laddr11 2 | 1118 Tele Pl s ie
g } PCro-0+—addril, SP—SP-2 B
3 CALLT (addr] 1 1ng | 'SP {SP-2)—PC+1, PCH« (addr5+1),
: | PCie{addr5}, SP—SP-2 !
(- - - - i . _I.._____ P _ T p—
RET 1 1 10/14  PCL{SP), PCHe-({SP+1], 5P SP+2
—_—— e — — = - —
RETI 1 \ 15/21 PClH(SP) PCHt—(SP+H PSW(—(SP*Z) A A R
| SP<—SP+3 )
e 1 . 812  (SP- anH (SP- 23(_ rpL. SP«—SP 2
< |PUSH - s s = T ]
c PSW 1 5/7 (SP-11c_PSW, SP—SP-1
=z . ctp 1 11/15 rch—(SPl rDHt—v(SP+U SPSP42
a OP ; . _ e —]
H PSW 1 6/8 PSWH(SP) SPSP+1 R R R
L . }
E 1 SP, #word 4 8 SP«—word
(S - .
S MOvW  {SP AX 2 9  |SP—AX ‘
|~ \ . .
AX, SP 2 10 AX—SP
T . 'addr16 3 | s PC-addr16
P —_— e e e
T £ BR rp 2 6 PCHn—rpH PCLHpL
q g 4 . —_— I
£z Saddr16 N PCPC+2+jdisp8

Remark When high-order 8 bits {SP8-SP15) are changed in the call return or the stuck manipulation instructions,

the number of clocks is incremented by cne or two.
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] 1 Flag
:?ﬁ::; Mnemonic Operand I Byte Clock Operation ]
Z AC CY
BC . .
L. |%addr16 2 4(2} PCePC+2+disp8 if CY=1
BL
.. Ji S : - - —
BNC ! i o
|~ . _|S%addri6 i 2 4(2) PC—PC+2+|dispB if CY=0
BNL !
BZ i o
o _l%addr16 2 42} PC—PC+2+jdisp8 if Z=1 ‘
 BE i ;
'BNZ | o R
ﬁBil\!Z ___ |%addrné 2 4(2) PC—PC+2+idisp8 it Z=0
ENE i
saddr bll $addri6 3 7(5) PC«—PC+3+jd|sp8 if (saddr bit}= 1 :
sfr blt $addrib 4 H7) PCe-PC+d4+joisp8 if sfr.blt_‘l i
BT A blt $addr16 3 7{5) PC:—PC+3+|di5p8 if A.bit=1
- )( blt $addr16 3 75} PCFPC+3+)d|sp8 if X.bit=1
e PSW.bit. Saddr‘ls 3 715) PC.—PC+3+jd|sp8 it PSW.bit=1
. - ; : o S F
‘fu ,saddr bu $addr16 4 7(5) PC&—PC+4+]d|sp8 |Hsaddr bit)=0
_E sfr bit, $addr16 4 (7) PC«-—F’C+4+|d|sp8 it sfr b\l =
= — _ ] T — -
g 'BF | A bII SaderG 3 . 75 ‘F’Cn— PC+3+|d|sp8 |f A bit= 0
] e — I -—
e ' ‘ X bil Saddr‘lG 3 : 7{5) PCHPC+3+|d45p8 |f X bit= 0
_ e S .
PSW bit, $addr16 3 75 |PC.—PC+3+1d|sp8 it PSW bit=0
- S — ———- T T s e e e e
. P + i . =
'saddr.bn. $addr16 2 ! ai5) ;PC«—— C 4 1d|sps if (saddr.biti=1 .
‘ ‘ }» then reset (saddr.bit)
| sfrbit, $addr16 4 [» 137y (PO PCedidisp8 if sirbit=1
: i then reset sfr, bll .
S P 1 I
BTCLR  Abit, Saddr16 | 3 oz PCePCe3vidisp if Albit- _ !
I i . 1 then reset A hit
T T I T ipE Aeidi T T
X bit, Saddr16 3 0 a5 | CePC131jdispd if X bit=1 |
: l then resct X bir J
U ‘ PC - o o o
I PSW.bit, Saddr1s | s | s PCe 03+|d|sp8 if PSW.bit=1 5 . .
i then reset PSW it ,
2. Saddr16 2, B3 [r2er2-1, then PC«-PC+2+|dlsp8:fr2x0 |
DBNZ ; : Do N
| saddr, Saddr16 3| 6 \Sadd“'“dd( ", ‘
i ! : } then PCePC+3+jdisp8 il saddr=0 ‘
MOV _ILSTBC #oyte o4 9 STBC+byte ‘
_ [Mov M e ] P
g SEL 'RBn 2 T 2 RBS1-0«n n=0-3
c —_ —_—— ——— . } _— _— ——— _ __— —_—_—
g :NOP ) 1 2 -No Operanon ;
g El 1 1. 2 ‘IE+- 1 (Enable Interrupl)
_ L - B _ - - e
Dt : 1 2 MB -0 (Dlsable Interrupﬂ
Remark Values in parentheses in the clock field indicate the number of clocks when there is no branch.
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7.2

INSTRUCTION CODES OF EACH INSTRUCTION

{1) Symbols of instruction codes

rr r r2
Rz R1 Ro Rs reg Ro reg
A6 Rs Ra | 8 0 A 0 c
0 0o | RO | x w 8 v |8
0 1 R1 A
0 1 0 R2 C
0 1 1 Rz | B r3 rd
1 o 0 R4 E Ri Ro reg R
1 o 1 A5 D 0 0 E 53277 reg
1 10 [ R L oy | B Ra
1 N S L © ] ¢
1 D
rp, p’
Pi PO
- P2 __F;I{W reg-par
7Pa_ Ps )
0 0 RPG AX
0 i RP1 BC
1 0 RP2 DE
1 ‘ 1 RP3  HL
Bn : Immediate data for the bit operand
Nn . Immediate data for the n operand
Data . 8-bit immediate data for the byte operand

Low/High Byte
Saddr-offset
Sfr-offset

Low/High Offset :

Low/High Addr.
jdisp

fa
ta

16-bit immediate data for the word operand
. Offset data for eight low-order bits of 16-bit address for the saddr operand
. Offset data for eight low-order bits of 16-bit address of special function register (sfr)
16-bit offset data for the word operand in indirect addressing
: 16-bit immediate data for the addr16 operand
. Signed 2'scomplement data {8 bits} indicating the relative address displacement from the
starting address of the instruction next to the branch address
11 low-order bits of immediate data for the addr11 operand
. Five low-order bits of immediate data for {add5 x 1/2}
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Caution If registers or register pairs are specified as both the first and second operands in the operand field,

the instruction code is as follows.
In a register specification byte, four high-order bits are used for the first operand specification code,

and our low-order bits are used for tha second operand specification code.

Example MOV, r'

Instruction Code Fo 10 0 1 0 of I?Ra R8s Ra O Rz RIM

If register B is specified as the first operand and register C as the second aperand, the following

instruction must be written:
MOV B, C
Then, the instruction code is as follows:

Instruction Code [b g 1 0 0 1 0 Ol [5_ o1 1 0 0 10
i \

L. RegmsterC

|
‘ specification
‘ code

- ~e--- = Register B
specification
code
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Instruc- . I Instruction code
tion set | Mnemonic Operand r 81 o2 83 Bd.
r, #byte 10 1 1 1RzRiRoe Data —
| saddr, #byte 0011 1010k Saddrofiset -  Daa | |
| sfr, #byte '(-)-"dr‘l 0 10 1”1 i Sfr.-offset —i i Data 7
nr 0010 0100 0RsRsRs 0 R2R1R0 ]
T,;' 111 0 1 0RzR1Ra. ) 7 i ]
A, saddr 0010 0000k Saddeoffser D
saddr, A 6010 0010k Saddroffset 7j|wrﬁ' 1 N
A, sfr 0001 9"?___6_.,0 - ns_ff-éffsc-e-t- __»:_ _‘ j ___:
sfr, A 0001 00 10« Str-offser - i
| A, 1r3] 0111 11RR i l
131, A “To1 11 10RR B T )
TTHll _ 0101 O I | :
LA leoior o101 S I )
MoV "A, [HLs T 0101 1000 ) B |
B HLLA  jo101 0001 7 |
§ A DEI lor1e1 11700/ o :
a DELAa o101 0100 : |
3 e ek 1 SR
2 A, [DE+] 0101 100 0 ;
5 | ! — - - = BT
® [[DE+], A ‘0101 000 0: |
"A. 1addr16 5000 10011111 0000 LowAdd  HighAddr. |
addr16.A 0000 1001|1111 600 1 { “Low Addr. High Addr. |
Awordldl 0000 101 0/00R1 0000 \ " Low Offset - High Offset
word1LA 0000 1010!10R1 0000 \ Low Offsel High Offset
Esw. gbyte _ow 010 1011 1111 111 oi " Data - L ;__
| PSW, A ‘6001 0010 1111 1110 :
"a, PSW D001 60001111 1110 |
A 1101 1RzR1Re ' o i
A, saddr 00 10 000 1 Saddroffset »1} ' N 7
A, sfr 0000 0O0O01/0010 000 1! SkOffser |
XCH Alrd]l 0111 1821 1 ‘ N ' ‘ N
AHLL 0001 01100101 061001 L )
ADEl 0001 01100100 0100 S
A, word [r1] 0000 1010|00R 1 0100 LowOffset | High Offset
rp. #wor::!_-_ 7 ‘0 1 1 o0 90 Pz_P10:—77Low Bv_te- o — H|gh Byte B 7 o
Saddrp. #WOr_d ‘0 0 0 0 110 0:— Saddr-off-!;e-l__m:r LO:Viéivrtie _"H-i-g-hﬁBV\.:(;ﬂ’”
x | sfrp. #word 0000 1011k  Sfroffset —~ “LlowByte . High Byte
EE E"}p' Too10 01 0 0/0PsPs 0 1P P‘__(.]i, " L 7 ]
% E MOVW | AX, saddrp 0001 1100k  Saddroffset |
o | saddep, AX 0001 107104« Saddrofiset o
[AX, sfrp 0001 0001  shofiser o
sfrp. AX 0001 001 {”J'I,.f T Sh-oftser Wﬁf.{ o ) o
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Ipstruc—!M _ ! 5 l‘ S _Instructioncode
tion set : nemaonic } Qperan r 81 : 8o —’— B3 T B4

| a #byle 7_(!&9_1_0* 000 Data - \*7 -
! saddr #bvte 0110 1 0 0 0 Saddr-offset - Data ]
i é—fﬁbyte T a0 00 000110110 1000« ShOffset 4 Data
o 000 1000 0RAsRa ORaRiR| j B
‘ A, saddr 17001 1000 Saddrofiset  — -
| AL A, shr 0000 0001/1001 1000/ St -Offset
| AL Ir4] 0001 011001 1R 1000: S
| i_E:[I] 0001 011 0lo 101 1 ooo0| ]
} a0 oo oiropio0 1000
‘I wA word [r1] 0000 1010 0 0 R51 1000 Low Offset | ngh__Oifse[
e roie oo ow 4]
saddr #byte 0110 100 1 Saddr-oftset — Data
1 \sfr #byteﬁﬂ o000 000 TTo 1 1_5__'177670"1_ gfr offsel ] " Data
| HEye e e B
A, saddr ‘1001 1001 «  Saddroffsel | T
ApDC A st oo 000 wil o1 100 stofsa |
, Aua oo o01 017 0'01 1R 100 1*\ _ | o
3 AL TILL oo 1 o1 olb 101 100 1_| ‘ _ .
§ ‘ "[DEI _ Lo 0”0' J ”0717"'1 0 bﬂrjio_i(_)m{p:F T '4‘7“ N : :
: Awordltl] 0000 101 0_!_0 0Rs 1 1 00 1" Low Offset High Offset |
£ | S 7TA éb'wé T i 1" 610  Daa I N I
.2 . sraadr #byte N i_0_"1 717”70 ) Viiro_L_-iwsgddrEsel ) DaTa o :‘Wi N o
p ‘ \sTuby[e 00 00 0 o'_o_"1—|o 1710 101 o_} Sfr--c;ffser l__ Data
i e o000 101 cﬁo Hsﬂsm_o_ Ra RTnoT T
o (Ao et ron o st o 1T
| A, sfe 0000 000171001 1010! “Siroffset |
: A (rd] G001 01 o_uo a 1-_R_4- 101 of' T -
i i.'E'\[HLI : IOD 4] 'I O-:'I 1 CI 0 _1 0 j, -;l_f)_ 1 OJ i- ) ]
i | A, LDE] leoo 1 0110 ‘o 100 10 1__0I | B )
| A wordlﬂl ”ﬂ‘"p ooo0 101 oﬁLo o_Rs 1 10 10! LowOffset ‘» igh Offset
' A, #oyte 1010 o 01 = El‘f’f_ 71_“ - ‘, ]
saddr, #byte 0110 1011 !K'— Saddr offset - Data !>
sfr, #byte ~  Toooo 000 ijo1 10 101 1| Shoffser 7 Daa
rr - .‘iOOO 10 1TF0FiéR5R4 OVRZF“HU_-_ ; R B
e e oo aothe st o p
A, st 6000 00011001 1010 Sir-offset
A o001 o1 to0lotR 1ot - )
S X R R USRI I S R
[A[DE] L0001 01100100 1011 ﬂ
A,word fril io 0 0 0 177077‘71 0|0 0CRs1 1 0 11 Lov;r CEQBI_T Hl'g;;?f-sel
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Instruc- . Instruction code
tion set Mnemonic Cperand B BZ- I B3 B4 —
A, #byte 1010 1100k Data ~ ]
. saddr, #byte 0110 1100 | Saddr-offset -J‘ Data
str, #byte 0000 00010110 11 0 0| Sfroffset C Data |
! e 10060 1100 0RsRsR: 0 R2RIRo o |
| A, sadar 001 1100k Saddroffser o N
‘AND A, sfr 000906 0001 1001 1 1_007}-""57@?&.(::1 _; -
‘ A lra] 0001 04110071 ??77{ 00| 1_____'_'L’—___ ;—_
- A, [HLI ‘0001011o=o1o111oo :
| A. [DE] 00010110010011067'_“ T ]
li A, word Ir1) 0000 1010,00Rs1 1‘_1 00 Low Offsei E;_rj (3ffset N
‘ A toyte 1010 1110 Data 5 ] I
" isaddr #hyle 0110 1110« Saddroftset  — Data
| sir, #byte 00 67"6—00'*0”1'3_1 10 11 1"{" ‘Strooffset r Dats
}r_r_m T T o000 1110 0H6H5R4 oRszo I ]
e Treen ook seews o
‘ "A, sfr 0000 000110011110‘Sfroﬂset
| Flrﬁ"""' T 9001 e11o0lotam va1ol T’ T
E ‘ ;fHT_!__“ _VIO 001 0110][010°1 7171_ ];6. ”j ; j 7_7 j 7
;_‘oj’ ! |A lDEI oo 0 1__0 1100700 11 1,9,,,i o f_ -
é %7 __rAiuicird [(_11____ 9 0 o 0 10 10 ‘079, Rs 1 1110 Low Oftset ‘ H.g_h_orrser |
£ ‘ LA, #byre 1 0 ‘I 0 11 0 1 '« Data — |
_E | saddr _#_t;;'ie N |D 11 07 71 _1“—0 1}& Saddroffset —a: Data A
oy | :sfr_ébvfe o000 00010110 110 1 Sfr-olfset 3_' Data
e o 00 1101 0RsRsRe O R2R1Ro | 1
o Twaw  root a0l sweete o[
- A, sfr 0000 00017001 1101 Sfr-offsel .
A tdl B 001 0110/01 1R 1101 L h
o Teeen o vowaar e [T
A, (DE] 0001 01100100 1101
L A, word [r1] 0000 1010 ,00KRsI Ty 101 " Gwo Offsel T"High Offset |
- Tibvre_ TTo10 1111k Daa o T T
saddr, #byte 0110 11114 Saddiottser :{_ pata ||
sfr, #byte 6006 0001 o110 111 '""érr offset | Daa |
r,r 1000 111 1|0RsRsRs 0H2H7R-0|
A, saddr 5001 1111k  Saddr- offset i T -
CMP - —- : i —
, A, sfr ‘0000 000 1]1001 1111 snorrse:; B
A, (A1 0001 0110101 1R 1111 _1 777777 -
A 000 0naeion T R
A DEL 100 077177770_1__1_()7& 100 1111 ]
. | A, word 11 0000 101 0{00RT 1111 Low Offset Hngh Offset
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Instruc- | i Instruction code
tion set | Mnemonic Operand e T T T a3 EYR
‘AX #word 0010 1101« Low Byte —  High Byte
AX, 1p 17000 10000000 1PP:i0 | o o
ADDW AX, sadd_rp coo0o1 11 0‘-1 e Saddr-;)ﬂset — -
__S AX, sfrp 0000 00010001 110177-Sfr~offsetk N
% ~1 T LAX, #word 0010 1110k Low Byte ) HighByte | ]
‘g }suaw AX, rp 1000 101 "_oi_o_ 000 1PzPi0 _:_'77 :_j__
= {AX, saddrp D0 Cc1 1110k Saddroffser -
g 'Ax shp 0000 00 610001 1110 Shofiset | ]
e TAX #word oo 10 1111k towByte - H.gﬁvtr'"_w o
'AX, tp 1000 11110000 1P2Pi0
CMP AX, saddrp 00061 1111 Saddroffset
- ;A)( sfrp ‘[o 000 00 s1joo0o1 1111 Sfr-offset |
< \IVIULSW r 0000 01010011 0RRIR
23 muiow rr o000 0101 io 00 o Tl
33 IS{QUW 77777 PR o000 _'o" fo’ '1 000 1 1RRIRl - )
B T e e
g : I'saddr 0 O 10 0 11 0 — Saddr-offset —
T A R S R R
2 | ! saddr 0010 011 1%«  Saddroftser
E new (w0100 01 PiPo e
£ oiew T T T Tdi o0 1Rl o -
T Thor em oo 11 000 001NN NoRzRiRa ' T
ol e T T so00 ‘0777N2N1 e
RoRe e T 0000 ,0 0NN Nu_R;_F_hHo A
o IROLC  |nn T e e 1o 0 Nens NeRzRiRG|
S s a0 T 00001 0NNy NeReRiRO| |
-:;f skt e 1;____ 00 0 11 0NNt NoR R1Ro - T
® swmw e | 0000 11NN No Pz P1 0 R
suw [ || w00 tyiatm Nepepio ]
ROR4 (ra] 0000 0101 000 10R:1
'ROL4 [14] 6000 01011001 10R" - -
BCD-cor-ADJBA I Toooo 1110 ] T -
rection |ADJSS | T o000 11 Ti—_ o . L -
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Instruc- ! ) Instruction code
tion set | Minemonic QOperand » B2 - T By "*!7__-847——
CY, saddr.bit 0000 1000/0000 0B2B1Bo Saddr offset
v, strbit 100 0 1 B2BiBo| Siofet | B
_CY, A bit 00 11 1 Bz B1Bo T
CY, X.bit 060 11 0 Bz B Bo B
CY. PSW.bit a 0010 0 B2B1Bo E
MOV saddr.bit, CY 1000|0001 0828180 Seddrofset | |
Uste bit, CY 1000 1 B2Bi8a| Sfr offse{_-‘ii ]
A.bit, CY 00 11 1 Bz B1 Bo ‘ _1:_ i ___i
Xbit, CY 0011 0 Bz B1Bo L o
"PSW.bit, CY 0010 T Ba - N
CY, saddr.bit 0000 10000010 0 B2 B1 Bo Saddr- offset—r T
v, isaddr. bt I {o 011 0B28180 Saddr “offset B
\cv sir. b[: L 1 “oce10 18 éfo Strottset ||
oy stron | 0611 1B2B1Ba __Sf_r-offset P ]
ey, A_b;r - ﬂ‘i " do1i1loo1o 1_52 B1 Bo S B
AND1 i e e e — e e
c CY/Ablt \ 0011 1828180‘ :
= cv /. X.bit e oo 16 omrBime.
2 v, /T(gn___ Too11 o BzE{héoIﬁ o —L__ o
E CY., PSW. bit T 60100010 08 81 Bo o )
& ov.pswor | 1 oeo10loo11 o8 81 Bo | I B
. CY.saddrbi 0000 10000100 08 BrBo| Saddrofiset | |
E\“’__f;addr bit ;_ q!__'__ :_ ] __o_wjo 1“ 0 _Bz B Bp | --Saddr %’-f';Ei_Li,if__ B
CY. sfr.bit } ¢ 100 1B2B1Be Sfe- offset !
cv, ssir, b.: T To 1 01 1BzB1Bo \_-_“Sfr offsel iﬁw -
‘om oy, Abit _! 501 1]0 100 18818 _ ______ }' :,:,f—
CY, /A.bit ! '¢ 101 1B2B1Be’ !
Y, X.bit o 0100 0B2B Bo‘ o ]
cv X bT“'i | 6T o1 ommm 1T T
'CY. PSW.bit I 1T 7 oeo010l010 _9_ 0 B2B1 8o | S
oy, pswobit |} 601700101 0881B0 = B
S 77\' é;idr b; " 0o0o0e 100001 i)—OBerw BJ Saddroffset | |
CY. sebit ! T i o00. | 1emmise WS;r o?f;e[ ]
XOR1 oAb | 00 1 1'%_”7” 1 B2Br Bo| o P h
ey, J:(.Eir | i—_ 00 11| N o"é_z___m Bo | B "_7 ;%_77 __'_7
!E' PSW bit | 0010 3 0B:B1Bo| ]l
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Instrue- M | o d i Instruction code
tion set nemonic | peran b - - ) 4
' ‘ B2 B3 Ba

I B1

| sadde.bit

1 0 B2B1Be Saddr-offset

1
J PP S
0

0
':rsfr.bit 0770 0 _1___0 Uinl)iro 0_0_ _0 1VB;-B1_BO Wisﬁl’r-;_fget- I
SET1 A | ] e 4__ 1828180 A
Xiblt - 70 01 1 0 BzB1Bo o I
swbn |y o0o010| |  0B:BiBo ]

saddr.bit 170 1 0 0 BzB1Bo« Saddr-offset -

str.bit o000 1000[1001 1 B2 B1 Be Sfr-offset

CLR1 A.bnt ! 00 1 11 1 Bz B1Bo

"X bit : G o1 87 B1 Bo

{
| PSW bit 00 10! 0 B2 B1Bo
0

Bit manipulation

. ~|saddrbit j0000 10001111 082818 ‘Sadds-otfset ]
1 ‘r—sfrbiti o I,, _____1”707"9 0 ! ) 1 Bz B_‘,BO ?lr-offsetw ]
NoTT o amr | 001 ) aEBiBe L
| [xpw | L oo | omemse) |

PSW.bit a0 140 0 B2B1Bo!

— - 4 = [ [
irsen 1cY \
"CLR1 Y

If"_' —

INOT1

CY
-l . .

P00 0 Low Addr. —|  High Addr.

"laddr16

TCALL
i e

01010101 1P2P10O

0
= ‘ R s - - r - - - ]
E | CALLF Maddr11 i1 01 0« ! fa —
[ [— e e e b e R - RS - — —— ——
= iCALLT laddr5] 11 e 1a -
ol T e o I o _

“ |RET i 0r01 0110 i

- - B s it e B B e —_ — - - = —

RETI o101 0411

PUSH p—es - — ——— e —— e —eb e m ———

‘ 0
lsP, #word 0000 tO011 1111 1100 LowByme l High Byte
MOVW SP, AX

Stack manipulation

o
o
=3
-
=
o
-
=
—
-
-
=
-
-
o
o

‘
| Ax s
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Instruc- Instruction code
Mnemonic Operand -
tion set ! B1 B2 B3 B4
Uncondi- taddr16 0010 1100 Low Addr. = High Addr.
tional !BR p 0000 01010100 1PzP1 0
branch $addr16 D001 0100 idisp S
BC 1
$addr16 1000 0011 e jdisp -
BL
BNC ;
L———%addr16 00 10 e jdisp — i
i BNL b |
BZ ]
- $addr16 000 1 |« jdisp —
BE :
BNZ .
b—— ——— $addr16 0000 |~ jdisp —
BNE !
saddr.bil, $addr16 0 1 1 1 0 BzB1Box  Saddroffset idisp
'sfr.bit, Saddr16  t0 0 00 100 0|10 1 1 1 BzBiBo| Sfroffset idisp
= I - - P - e - - - . r— . -
§ BT | A.bit, $addr16 00 11 1 B2B1Bo idisp
o X.pit, $addr16 . 00 11 0 Bz2B1Be jdisp ‘
o r JR— —_ — . . . N ) —
3 PSW.bit, $addr16 0010 0 Bz2E1Bo idisp :
b} saddr.bit. $addr16 0 0 00 1000|1010 0B2B81Bo| Saddroffset | idisp
(=] . o - - )
© 'sfr.bit, $addr16 1000 1 B2B1Bo| Stoffset idisp
BF | A.bit, $addr16 00 11 1 B2BsBo ! jdisp
| X bit, Saddr16 040 11 0 BzB1Bo. [disp
ST e e SR S It A _
PSW.bit, $addr16 | 0010 0 B2B1Bo|  jdisp |
—_— hfif - - —————— . — - _— == - _ k- _—_——— —
'saddr.bit, $addr16 ;0 0 0 0 1 0 0 01 1 0t 0 B:B1Bo| Saddr-offset + jdisp
ésfr.bil. $addr16 1000 1 Bz B1Bo Sfr-ofiset jdisp
BTCLR A_bit, $addri6 0011 1 Bz B1 8o idisp
X bit, $addr16 0011 0 B2 B1Bo; jdisp
PSW.bit, $addr16 00110 ¢ B2B1Bo idisp
r2, Saddr16 100 11 00 1Rk idisp -
DBNZ — - T — —
_saddr. $addr16 0011 1011k Saddroffset - idisp :
MOV STBC, #byte o000 10011100 1000 Data Data
© SEL RBn 0000 010111010 10NN,
£ ——t - e - — e - —— -
S NOP 0000 0000
= B 0100 1011
(4] | - . I _ - e e ]
DI i 9100 1010
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8. ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS {T. = 25 °C}

Parameter ! Symbol 1 Conditions | Rating Unit
| Voo : -051t0 +7.0 v
Supply voltage T AVREF | i -0.5 10 VDD v
I AVss ) —-0.6t0 +0.5 Ay
input voltage ‘ Vi ‘ -0.5to VoD + 0.5 v
| MPULVOAGE L L e e e e e e e
Output vollage l Vo l -0.5to Voo + 0.5 v
3 1 pin 15 mA
Low output current | loL — e — -— —
I | Total of all output pins 100 mA
e — S — ]
1 pin -10 mA
High output current | lon pro—— — - _r
| i_ Total of all output pins | -B0 mA
Operating temperature . TorT : -10 to +70 | °C
Storage temperature [ Tste i -65 to +150 “C
OPERATING CONDITIONS
Clock frequency . Operating temperature {Ta) Supply voltage (Vop)
i !
4 MHz < foc < 12 MHz : 210 *C to +70 °C +5.0V £10 %
CAPACITANCE (T = 25 “C, Voo = Vss = 0 Vi
| . i .
Parameter ' Symbol : Condilions Min. Typ. i Max. | Unit
- i T ] \ ‘
Inputcapacitance S -1 MM A USRI N
Qutput capacitance L Co j 0V anpinsotherthan : P20 1' pF
1/0 capacitance : Cio : measured pins 1 20 : pF
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OSCILLATOR CHARACTERISTICS (Ta = -10 °C to +70 °C, Voo = +5.0 V £10 %, Vss = 0 V)

Resonater Recommended circuit Parameter Min. Max. Unit
Ceramic or Oscillation frequency (fxx} 4 gor g2 12 MHz
crystal resonator *V

X1 input frequency (fx] 4orgld 12 MHz
X1 X2
External clock X1 input rising {falling} time 0 30 ns
| D {txR, 1xF)
HCMOS
inverter X1 input high-leve! {low-level) 30 130 ns
width (twxH, twxL)

Cautions 1.

2. No signals are allowed in the shaded portion.

The oscillation circuit must be as near pins X1 and X2 as possible.

*1 When a crystal resonator is used, the external circuit with a capacity of C1 = C2 = 15 pF is recommended.
*2  When an A/D converter is used
When an A/D converter is not used :

6 MHz
4 MHz

RECOMMENDED CONSTANTS FOR THE OSCILLATION CIRCUIT

Recommended constants

Resonator Manufacturer Part number Frequency [MHz]
C1 [pF] C2 [pF]
CAT12.0MTZ 30 30
Ceramic resonator Murata Mig. Co., Ltd. 12
CST12.0MTW Built-in capacitor type
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DC CHARACTERISTICS {Ta = -10 °C to 470 °C, Vo = +6.0 V £10 %, Vss = oV)

Parameter . Symbol 1 Conditions Min. Typ. Max. Unit
Low-level input voltage ViL ‘7 o L 0 0.8
VIH1 Pins olher than those shown in ('1) 2.2 Voo v
High-level input voltage - —— s i
ViHz Pms shown in {*1} 0.8Voo Voo v
7 i V0L1 }OL = 2.0 mA, except for {*2 0.45 v
Low-level output voltage - ——— —— —— —
VoLz |0L =8.0 mA ('2) 1.0 v
VoH1 |DH =-1 0 mA except for (*3) Voo ~ 1.0 v
High-level output voltage VoHz loH = —100 ,u.A excepr for ('3! Voo -0.5 Vv
VoH3 lon = —5.0 mA('?.l 2.0 Ay
Input Ieakage current ILi 0V <VisVop +10 A
Output ieakage currPnt I Lo V < Vo < VDD 110 HA
‘AVker current Alper Operatuon mode fxx = 12 MHz 1.5 5.0 mA
Voo supply current ¢ o Operation mode fxx = 12 MHz 20 40 mA
Data relentuon voltage VopoR STOPVmode 2.0 7 b5 v
STOP | " VDDDR = 2.0 V 1 10 HA
Data retention current loopR "mode T T .C .
| Vopps =5V +10 % * 2 20 pA
| [ . - _ - |
Puil -up resistor i RL | Vi=0V 15 40 80 k1

*1 Pins X1, X2, RESET, P20/NMI, P21/INTPC, P22/INTP1, P23/INTP2, P24/CTIN0, P25/CTI00, P26/CTINY,
P27/CLR1, P34/CLRO, P35/SI, P36/S0/SBO, P37/SCK. and EA

*2 Pins P10-P17

*3 Pins POO-PO7
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AC CHARACTERISTICS (T. = -10 °C to +70 °C, Voo = +5 V 10 %, Vss = 0 V)

Read/Write Operation

Parameter Symbol Conditions Min. Max. Unit
X1 input clock cycle time tcYx 82 250 ns
Address setup time (to ASTBJ) t5AST 52 ns
Address hold time {to ASTBU} twsTA | RL= 5k, CL =50 pF 2 ns |
Address —=RD | delay time tDAR 129 ns
Address float time (to RD 1) tFaR 1 - ns
— ——
Address — data input time tnaio 228 ns
o
ASTBl - data input time L tDsTID 181 ns
RD | - data input time IDRID i 59 ns
ASTBL — RD | delay time | tpsTR ' ' 52 ns
Data ho'e time (1;) ARD M) ) thAo ”:ﬁ S 0 T s
_ﬁT — at-ddress agtive time o W;SRA " ) o o ! ‘lé_4___ 0 ns o
RD T ASTBT delay time torsT | ' T e T s
RD low-level width _— T o 12¢ 1 ns
ASTB high-level width tWSTH | : 52 | B n;ii
_l;ddress —» WR . delay time tDaw 129 . Hs
ASTBl —» ;ata output time ;DSTDD ‘ 142 ns“ o
-Wﬁ 1l - data outp-ul time ‘ 1DWOD " _ | 7607’ —;----—-
_A‘STBl — :Vﬁl delay time ID-STW T : -52 i ) ns
Data’setup time {to WﬁT) tsouﬁrn “ B ) 146 ﬁrs
Data hald time (to WR TH! thwop | 22 o - ns
_mT — ASTBT delay time | towsT \ 42 ' ns--%
WR low-level width twwli i | 196 ns

Remark The values listed in the above table are obtained when fxx = 12 Mle and CL = 100 pF.

* The hold time includes the time for holding Vou and Vou on the load conditions of CL = 100 pF and RL = 2 k2.
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tevx-dependent Bus Timing Definition

Parameter ‘ Symbol ; Calculation formula ! Max./Min.| 12 MHz ‘ Unit
- X1input g clock cycletime _‘_ evx { L L L Min. 82 L_ns
Address setup time (to ASTE!J.) 1 1SAST lcyx - 30 Min. 52 | ns
A;l;r.;ss —>RVD i dela-y time T IDAI-R ! E’-‘YX - 35 o . Min. 129 ji_ﬁ
Address;_-floal nrr:(lo RD i)_ ) Ctran \T revx2 - 0 - kT' Min. | 11 } s
—A_ddress_:;ata Inplﬂme o T 7 toAID N | (Z'é.{n:m___ﬂm T Max | 228 7!7 ns
| ASTBL ;_c}at,f inputtime wene | 3e2norx-65 T 7] Mae | 81 ons |
o ammamome T T e | e e
ASTBL  AD | delay time | tosta  tovx-30 Min. 52 | ns
51 L, adaress active time Com | mew g0 T e T
T_szizs;éTc_iel:;\T(i%e i LDRST o 2teyx - 40 Min. ‘léd : ns
RD low-level width T e | (2 v 2nitcvx - 40 Min. 126 | ns |
| ASTB high-tevel w.dm T msn;' ']}m;’i’ » T min | 82 | ns |
T U -
ASTBL — data output time ,,,mSTE)_E_’ | tevxs 60 ) S 7__.__Mg 1 ‘Ii oons ]
ASTBi _» WR | delay time . TDSTW . reyx - 30 ! Min, - 52 . ns
7 E);t; s;:p tlﬁe (m“WR T)ﬁ o Lsobwn er (3 » 2nitcrx - 10_0 77777 o T Min. 126 | ns |
Déra selup lime (ro WR l} W EwlSODWF !7 tovx - 60 - ' Min. 2 ns B
WRT - ASTBT deLa\;' ime T Towst | aew-e0 Min. iz | ns |
77\;\;R lou:eveW wldrh ------ %IL 7 1\.-.;'\;'-f_|_ 77? (3_:1-_2n)£C;r; - E;-C-l__ - .__I{Ain. _;—— 15; _._ ns B

Remarks 1. n represents the number of wait cycles inserted according to the specification of the memory
mapping register (MM)
The standard values for 12 MHz are obtained when n is 0.

The itemns that are not listed in the above table do not depend on the clock frequency {fxx).
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Serial Operation

Parameter Symbol Conditions Min '\ Max. Unit

CInput External clock 7 71.0 - s

Serial clock cycle time tCcysK fcik divided by 8 1.3 ﬂ Hs
Output [~ : —

fcux divided by 32 53 us

Input External clock ‘. 420 ns

Serial clock low-level width twskL teLk divided by 8 | 556 ' ns
Qutput — - e

fcuk divided by 32 2.5 ! uS

Input External clock 420 ns

Serial clock high-level width TWSKH fak divided by B 556 ns
Qutput - - - | -

‘ fcik divided by 32 25 us

S|, SBO setup time (to SCK 1) 1SS5K 150 : ns

- — - - i
St SBO hold time {to sCK T) tHSSK 400 | ns
ol o .

o (DSESKT ﬁgﬂ?nig:)sh pull output {three-wire serial 0 300 s
S0/SBO output delay time {to SCK {) LT Ll I I

tosesk2  Qpen-drain output {SBI model, RL = 1k{2 0 i 8BGO ns
, ; R A ) SRS I ,,} R

SBO high hold time (to SCK T} hHsBSK | i 4 tevx
I R — - . SBl mode | —— B

SBO low setup time [to SCK !} 158BSK | ! 4 i teyx

SBO low-level width IWSEL ‘T ‘ 4 r R (w2
. — - f——— .. [E— -_— - N —_— ",,, —_ H —]

5B0 high-level width IWSBH | 4 lcyx

Remarks 1.

The values listed in the above table are obtained when fxx = 12 MHz and €. = 100 pF.

2. fewx indicates the internal system clock {fx or fxx divided by 2).
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Other Operations

Parameter Symbo! Conditions ! Min Max. Unit
CTIOO cTnho, CTI1'I low- Ievel wudrh et ) 4 tcrYx
CTlOO CTI‘IO CTIH high-level wndth ) tweTH | 4 teyx
- i ) —WDLgTaiI F;OISE,eIIrr;;ti)r_nQI,UiEd ) 4 L —T‘?:Y,x_
CLR1 low-level width | wemil ! Digital noise [ icR.am = 40 tevx
i i ehminater used L (CR.AM = 1 ! 80 oYX
B B T o o I S 7 Dlé-i-l_ix?n-wmse em-nmaior not us_;j_- 4 7 tc-\v'x
CLR1 high-level width ., WCRTH hI:)Tg;ﬂ noise " ICR.4" = 40 botovx
i eliminator used {_VEZH.4"'_=_1_ 80 tovx N
! ) Herﬁoved pulse width__i } ICR. 41" = - 32 T teyx
Digital noise i Passed pulse width i ‘ 40 teyx
eliminator rRemo\.Ted puis—e_m ‘ SR |ch§"! =1 . 7 ; ___-E\;x -
( Fé’assed pulse w=drh - T - W T tc; N
NMI low level width e T T T e Cus
UNMI highlevel width e o | ps
TINTPO-INTPZ low-level width — twin 7 7 o 4 T e
wreniie g e |t - T T e
RESET 1ow \nvei w1d1h _--IZ-V\;'RSrLrﬂ . B - __1_(-).” R - ps_-
7 F;Erng high- level WIdT.h - im--tWRSHWTV ) . - 10 1D ,u_s N
* Bit 4 of the input control register (ICR}
Clock Output Operation
Parameter Symbol Calculation formula Min Max ! Uni
CLO cycte tlme el 333 2667 ns
CLO low-level W|dth _ . -;C-ZLL lCYCL/2 +50 S 116 1384 l ns
CLO high- |;}velnw1dlh V o T 7 [CL;“— I [Cvici‘.JZV t50 - 1186 1384 I B 65
 CLO rising time T T T T T e T 56_ﬂ ns |
CLO falling nmiew -- o 1‘ ;ClF I - _‘-1777‘ R 50_ TW V ns N
Remark The values in the table are obtained when fxx = 12 MHz and C. = 100 pF.
External Clock Timing
Parameter ‘ Symbol { Conditicns Min ! Max Unut
X1 |npu1 Iow Ievel W|dth ! WL ! 30 130 ns
X1 input high-level WIdTh N i IW;H ) . ) B o -30 130 ns
X1 |npu_t_r|s;:g?;r1& N 7 _i N txﬂﬁi | N - 0 3_0 ] ns
TXtinpwt fallingdime 1w o o | 3 | ns |
X17|nput clock c;cgie tlmem _1cvx I - - a J 82 l 25() B ns
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A/D CONVERTER CHARACTERISTICS

(Te = =10 °C to +70 °C, Voo = +5.0 V 10 %, 3.8 V < AVaer < Voo, AVss = Vss = 0 V)
Parameter Symbol Conditions Min Typ. Max. ‘ Unit
Resolution 8 # bit
' 4.0 V s AVReF S VDD 0.4 | %
Total error b- - i —
3.B V < AVREF < VDD ! 0.8 1 Yo
Quantization error | +1/2 | LS8
] 83 ns <tcyx £ 125 ns 360 " 'otoYx
Conversion time tconw —- - - s
125 ns € tcyx £ 250 ns 240 3 , tovx
" 83ns <tcyx £ 126 ns 72 ‘ tcyx
Sampling time 1SAMP - i _T IR
i 125 ns < tovx £ 250 ns 48 | tevx
Analog input voltage Vian -0.3 AVREF + 0. v
Analog input impedance Ran 1000 " _T- Ml.’zr
Reference voltage AVREF 38 Voo : ;7 v )
! MNormal cperation mode, fxx = 12 MHz 1.5 5.0 i mA
AVREF current i Alrer - — - - - —_ = PR —
‘ . STOP mode i 0.7 1.5 } mA
DATA MEMORY LOW-VOLTAGE DATA RETENTION CHARACTERISTICS (T. = -10 °C to +70 °C)
T
Parameter Symbol Conditions | Min. | Typ. Max. Unit
. |
Data relention voltage VDDODA STOP mode { 2.0 ! 5.5 E v
| VDDOR = 2.0V | 1 10 uA
Data retention current |IDDDR frm—mme s o s s - Co- : - -—]
) VoDpR =5 V £10 % 1_ 2 e 20_ ) | 7&’5‘ B
VDD rising time 1RVD i 200 | us
- - - . S T T T
Voo falling time tFvD ! 200 ! us
STOP release signal input time tDREL 0 [ ms
Low-level input vollage VIL . 0 ‘ 0.1veo
- -— Specified pins! —— L. )
High-level input voltage L Vi J 0.9Vop | VDD

* Pins RESET, P20/NMI, P21/INTPO, P22/INTP1, P23/INTP2, P24/CTI10, P25/CTI00, P26/CTI11, P27/CLRT,
P34/CLRO, P35/SI, P36/S0/SB0, P37/SCK, and EA

AC Timing Test Points

Voo -1V

0.8Voo or 2.2V

08V

Test
points

> e <

08Vpoor2.2V

0BV

045V
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Timing Waveform

Read operation:

feyx

AB-A1S x x(

XX

ASTE J

X

[\

tnan
toaH
e e »
R | K J
tHAID
thsTa 1FaR
oA
tos7 3
i ]5
L
[ livg o —— | sTA — tomn toAsT
twA_ !
\ Jk
k

Write operation:

SRV o VD 2 W A WO W O WOV

AB-ATE :x )[r

p————=— iAW ——- -

ADO-AD7 ——( )[

18AST fusia

ASTB 1 \
TWSTH ————er|

-
\ Oz
- k
LoD
~—— [Ds'on 150DwW4
1owon
sE
e 1OWST ——4
oy ——
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Serial Operation
Three-wire serial /O mode:

twskL i twskh

TR \J_1§

fervse

1553k | | trissx

4 X

—r [bs35k1

SO X Qutput data x X

SBl1 Mode

Bus release signal transfer:

SCK
{-sa5K twsaL TS BH tsshsk

XX

Command signal transfer:

SCK
tHsssk tssnse
1nsasK2 15550

SB0 /- X ¥ vodam X

— (hS5Kk —=
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Super Timer Unit Input Timing

I

TwWCTH f—— TWECTL
CTI0G, CTI10 0.8Voo
CTInM F ogv

TwCATH— tweAL

T‘

0 8Voo
CLR1

0.8V

Iinterrupt Input Timing

twH TWNIL
0.8Von
NMI
o8V

|
| ol RN —1 ! twiel

oBv

0.8V
INTPO-INTP2

Reset Input Timing

- Tringsg e I i TwAsl
0 8Vp>
RESET
08V

INRRERI
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Clock Output Timing

teLn

0.8Vop
CLC /

08V 4

| o Tr_a

—=] (3

Tow

External Clock Timing

LeycL

T

o.8von £
X1 /

08V A

—= [ txp

v

Data Retention Timing

Sets STOP mode.

[Cvx

Vnnna

fHvD LEvy

RESET S

Tawn

NMI
{Released by a falling edge)

NI
{Released by a nising edge!

—

) )

b
1ongL
[ c— hwwan
0.8Voo \
BV
R 08 < ¢ /
0.8Voo \
0.8V
N o
IR
{{
L]

0.8Voo
08Yv
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Drum

Capstan

molor

motor

Electrenic
tuner

uPD78138
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10. PACKAGE DIMENSIONS

80-PIN PLASTIC QFP (14 x 20} (UNIT: mm)

A
B
) “HHHHHHHHHHHHHHHHHHHHHHHH |
= Detail of lead end
11 - - —
—rT] = - o
| — - —|
171 .
—r T 1
| —— _ - — G a W
= - — |
- —
111
| o o e
13 o o
- —
- —
“w 2 FI e |
r
K
| |
|
o 1
3 —+t =
al N ...‘_I__
L
PRQGF-80-389-2E
NOTE ITEM MILLIMETERS INCHES
Each lead centerline is located within 0.15 mm T0d To08 —
(0.006 inch) of its true position (T.P.) at maxi- A 23.6% 0.929
mum material condition. B 20.0%°? 07955068
C 140072 0.551°0068
D 176294 0.693008
F 1.0 0.039
G 0.8 0.031
H 0.35%010 0.014'8884
I 0.15 0.006
J 08 (T.P) 0.031{T.P.)
K 1802 0.07120883
L 0.8t 0.031-0668
M 0.15828 0.006°0883
N 0.15 0.006
P 27 0.106
Q 0.1=" 0.004700%
R 01 0.1 0.0041{).004
S 3.0 MAX. 0.119 MAX.
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11. RECOMMENDED SOLDERING CONDITIONS

The following conditions {see table below} must be met when -oldering uPD78138.
Please consult with our sales offices in case other soldering process is used, or in case soldering is done

under different conditions.

Table 11-1 Recommended Soldering Conditions

Part number Package Symbol

uPD78134AGF xxx-3B9 | 80-pin plaste QFP IR30-107-1

uPD78136GF-xxx-3B9 ¥P15-107-1
pPD78138GF-xxx-3B9 WSB0-107-1

Partial heating method

Table 11-2 Soldering Conditions

Symbol ‘ Soldering process ‘ Soldering conditions
IR30-107-1 1 Infrared ray ! Peak package's surface temperature: 230 ‘C
reflow ! Reflow time: 30 seconds cr less (210 °C or higher)
| Number of reflow processes: 1
| ! Exposure limit: 7 days "1 {10 hours of pre-baking is required at 125 °C
777777 - _1__ o I ﬁrrward.)
VP15-107-1 I VPS | Peak package's surface temperature: 215 C
; Reflow time: 40 seconds or less {200 °C or higher)
i t Number of reflow processes: 1
I Exposure limit; 7 days {1110 hours of pre-baking is required at 125 °C
i afterward.)
WS60-107-1 ? Wave soldering ‘ Solder temperature: 260 °C or less
Flow time: 10 seconds or less
! i1 Number of flow processes: 1
! ! Fxposure Hint; 7 days ¢ {10 hours of pre-baking is required a1 125 °C
| l afterward.)
i Pre-baking temperature: 120 "C max. (package surface temperature)
Partial heating | Partial heating irTermir‘lal temperature: 300 °C or less
method i method | Flow time: 3 seconds or less lone side per device)}

* Exposure limit before soldering after dry-pack package is opened.
Storage conditions: Temperature of 25 *C and maximum relative humidity at 85 % or less

Caution Do not apply more than a single process at once, excepl for “Partial heating method.”

Remark For the details of the recommended soldering conditions refer to our document “SMT MANUAL"
{IE}-1207}.
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APPENDIX A DIFFERENCES BETWEEN THE uPD78138 SERIES AND ;:PD78134

The differences between the yPD78138 series (tPD78134A, uPD78136, uPD78138, and yPD78P138) and uPD78134

are as follows:

@ ROM/RAM size

T
Iltem uPD78134 uPD78134A xPD78136 uPD78138 uPD78P138
ROM 16K bytes 24K byles 32K bytes 32K byles
{Mask ROM) {Mask ROM) {Mask ROM) (PROM)
RAM 384 bytes 640 bytes

(I} Added instructions

The following 15 instructions are added in the uPD78138 series.

+ Signed multiply instruction
+ 8-hit data transfer instruction

MULSW r

MOV A, [HL+|
MOV [HL+], A
MOV A, [DE]
MOV [DE], A
MOV A, |DE+]
MOV [DE+}, A
MOV A, laddr16
MOV !addr16, A

XCH A, [HL]
XCH A, [DE]
XCH A, word [r1)
«+ 8-bit arithmetic/lagical instruction: ALU A, [DE]
ALU A, word [r1]
+ Call instruction CALL rp
Remark Legend
A : Register A
rp : AX, BC, DE, or HL
r : A, X.B,C.D,E,HorlL
rl : AorB
word 16-bit immediate data or label
laddr16: 0000H-FFFFH immediate data or label
HL : Register pair
DE : Register pair
ALU

Generic for all the mnemonics of the 8-bit arithmetic/logical instructions

(ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP)
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84

Operation when a value is written in an event counter compare register (ECCO or ECC1)
- uPD78134 . Clears the event counter {EC).
- uPD78138 series: Clears the event counter (EC) when OxxxxxxxB is written. Does not clear event counter

(EC) when TxoooaxxxB is written.

Threshold width for pulse elimination for the digital noise eliminator
- uPD78134 1 40/fcux
» uPD78138 series: 32/fck or 72/fcux selectable

PWM carrier frequency
» puPD78134 . 23.4 kHz
« PD78138 series: 23.4 kHz or 46.9 kMHz selectable

Restrictions are lifted for the real-time output port control mode in macro service
ln the uPD7B138 series, the restriction that the output timing data must be stored in ROM inthereal-time output
control mode in macro service in the uPD78134 is lifted.

Remark Refer to the nPD78134 DATA SHEET (IC-7839) for the details of the uPD78134.
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APPENDIX B DEVELOPMENT TOOLS

The following development tools are readily available for development of systems using the uPD78138.

|E-78130-R is an in-circuit emulator which can be used for developing and debugging

application systems for uPD78138. This emulator is connected to the hast machine or

console when debugging is performed. The connection of the emulator to the host

|E-78130-R machine enables symbolic debugging and file transfer between the emulator and the

host machine for enhancement of debugging efficiency. |IE-78130-R has the Centronics

§ interface in addition to two channels of the RS-232-C serial interfaces, so that it can be

% connected to the PROM programmer such as PG-1500.

5 _ _
EP-78130GF-R EP-78130GF-R is an emulation probe for connecting the IE-78130-R to a target system.
PA-78P13BGF PA-78P138GF and PA-78P138K are socket adapters for writing a program into
PA-78P138K uPD78P13BGF/K using PG-1500.

Host machine 0s Distribution media Part number
MS-DOS™ 5-inch 2HD 4S5A101E78130
IE-78130-R control program PC-9800 series Ver. 3.10 to i
{IE-controller) Ver 3.30C 3.5-inch 2HD uS5A13IETBI130
PC DOS™

o IBM PC series Ver. 3.1to 5-inch 2HC | HSTB10IE78130

% Ver 3.3 5

z [ B A ]

-g e

%] Host machine os Distribution media | Part number

MS-DOS 5-inch 2HD 2S5AT10RATEK
RA7BK/| relocatable assembler | FC-9800 series Ver. 3.10 10 I -
Ver 3.30C 3.5-inch 2HD uS5A13RATBK1
PC DOS
IBM PC series Ver. 3.110 5-inch 2HC HSTB10RATBKA
Ver 3.3
Remark IE-controller and assembler operations are guaranteed only on the host machine and by the OS

mentioned above.
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In-circuit emulator

Emulation probe

EP-78130GH-R

Target system

Product contaiming
PROM

RS-232-C
Host machine IE con- IE-78120-R
PC-9800 seres troller
IBM PC sernes
o Centronics
s} b
|
|
PROM |‘ RS-232.C
programmer +
O
0 PG-1500
Relocarable PA-78P138GF
assembler
{RATSK/
K PA-78P138K

uPD78P138GF -3B9

uPD78P13BK

Remark PA-T8P138GF/K can be directly connected to the PG-2000 when the PG-2000 is used.
{The PG-2000 is no longer manufactured.)
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APPENDIX C SERIES PRODUCT FUNCTIONS

Product

Number of baS|c |nstruct|ons

|
i
Internal memory |

Memorv expanrsion

S —_— e —

General register

Instruction set

1O hine

Super timer unit

Real-time output port

Serial interface

A/D converter

Interrupt

Slandby

Pull- up resistor

Package

RAM

R

ROM

anmum mstrucnon executnon t|me

uPD78134A uPD78136 uPD78138 1 uPD78P138
64
- _ 0.33 us {at 12 MHZ)_ ) o
" lekbyes . 24Kbytes | 32Kbytes | 32K bytes
{(Mask ROM) {Mask ROM) {Mask ROM) ‘ {PROM)
384 bytes T saobytes N

Externallv expandable up to 64K bvtes

8 bns x B x 4 banks (memorv mappng

. S|gned mulhpllcallon tsigned 16 bits x absolute 8 bits)
Unsigned multiplication/division (16 bits x B bits, 16 bits + 8 bits)
+ 16-bit addition, subtraction, comparison
«  Bit manipulation {transfer, Boolean operation, set, reset, test)
+ BCD correction
= Addre -mng ensabling dala access to 64K- byte space

Input por[ . 10
66 Total Output port c 12
1D port - 36
Anatog mput 8
Timer : 16 bits x 3
Timer, counter 7 bits x 1
Counter ;18 bits x 1
Capture register : 18 hits x 1
. 16 bits » 4
+  Register .
7 bits x 1
Compare register © 16 bits x 6
7 bits x 1

PWM: 12 hits x 2 (variable aclive level, two selectable carrier tfrequencies
(23.4/46.9 kHz)) tat 12 MHz}
+ Clear operanon of event counter (EC) added

+  Timer-connecled port output hmctlon
4 bits x 2 or 8 bits » 1

- Either NEC format serial bus interface (SBI} or 3-wire serial interface can be

selected

+  8-bit precision x 8 inputs
- Conversion time: 30 us/1 analog mpur {at 12 MHz)

mlerrupl source: 17 (5 external and 12 Lnternal)
One of the two service modes can be selected {macro service/veclor

nterrupt].
Variable 2 Level |nrerrup1 pnorntv

STOP mode

44, built-in (enable/dlsab\e built-in can be specrhed via sohware)

80-pin plasnc QFF (14 = 20 m excludmg the dlmen5|ons of the p|n5)
+  80-pin LCC with window {uPD78P138 only)

87




NEC uPD78134A, 78136, 78138

[MEMO]

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in this
document
NEC Corporation does not assume any liability for infringerment of patents, copyrights or other intetlectual
property rights of third parties by or arising from use of a device described herein or any other liability arising
from use of such device. No license, either express, implied or otherwise, is granted under any patents,
copyrights or other intellectual property rights of NEC Corporation or others.
The devices listed in this document are not suitable for use in aerospace equipment, submarine cables, nuclear
reactor controt systems and life support systems. If customers intend to use NEC devices for above applications
of they intend to use "Standard” quality grade NEC devices for applications not intended by NEC, please contact
our sales people in advance.
Application examples recommended by NEC Corporation
Standard: Computer, Office equipment, Communication eguipment, Test and Measurement equipment,
Machine tools, Industrial robots, Audio and Visual equipment, Other consumer products, etc.
Special: Automotive and Transportation equipmaent, Traffic control systemns, Antidisaster systems, Anticrime
systems, etc.

M4 926
MS-DOST™ is a trademark of Microsoft Corporation.
PC DOS™ is a trademark of IBM Corporation.




