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Advanced, 8-Bit

Real-Time Control Microcomputers

With A/D Converter

Description

The wPD78213, pPD78214, and p.PD78P214 are high-per-
formance, 8-bit, single-chip microcomputers. They con-
tain extended addressing capabilities for up to 1M byte of
external memory. The devices also integrate sophisticated
analog and digital peripherals as well as two low-power
standby modes that make them ideal for low-power/bat-
tery backup applications.

The tPD7821x family focuses on embedded control with
features like hardware multiply and divide, two levels of
interrupt response, four banks of main registers for multi-

‘tasking, and macroservice for processor-independent -

peripheral and memory DMA: Augmenting this high-per-
formance core are advanced components like a high-pre-
cision A/D converter, two independent serial interfaces,
several counter/timers for PWM outputs as well as a real-
time output port. On board memory includes 512 bytes of
RAM and 16K bytes of mask ROM, EPROM, or OTP ROM:

The macroservice routine allows data to be transferred
between any combination of memory and peripherals inde-
pendent of the current program execution. The four banks

. of processor registers allow simplified context switching to
be performed. Both features combined with powerful-on-
chip peripherals make this part ideal for a wide variety of
embedded control applications.

Features

O Complete single-chip microcomputer
— 8-bit ALU
— 16K ROM
— 512 bytes RAM
— Both 1-bit and 8-bit logic

0O Instruction prefetch queue
O Hardware multiply and divide

[T Memory expansion
— 8085 bus-compatible
— 64K program address space
— 1M data address space

- Large I/0 capacity: up to 54 1/0 port lines
O Software pullup options

0O Extensive timer/counter functions
— One 16-bit timer/counter/event counter
— Three 8-bit timer/counter/event counter

[ Four timer-controlied PWM channels

[ Two 4-bit real-time output ports .

[T Extensive interrupt handler
— Vectored interrupt handling
— Programmable priority
— Macroservice mode -

O Two independent serial ports
O Refresh output for pseudostatic RAM

1 On-chip clock generator
— 12-MHz maximum CPU clock frequency
— 0.33-ps.instruction cycle

[0 CMOS silicon gate technology
1 5-volt power supply

Ordering Information
PartNumber ROM

pPD78213CW . ROMless
pPD78213GQ-36

pPD78213G) M

pPD78213L

1PD78214CW
1WPD78214GQ-36
pPD78214GJ
pPD78214L

uPD78P214CW
nPD78P214GQ-36
#PD78P214GJ
rPD78P214L

wPD78P214DW
pPD78P214R

Note:
A 74-pin plastic QFP that can be reflow soldered will be available.

Package

64-pin plastic shrink DIP
64-pin plastic QUIP
74-pinplasticQFP
68-pinPLCC

64-pin plastic shrink DIP
64-plastic QUIP

74-pin plastic QFP
68-pin PLCC

64-pin plastic shrink DIP-
64-pin plastic QUIP
74-pin plastic QFP
68-pin PLCC

64-pinshrink cerdip -
64-pinceramic QUIP

16K Mask
ROM

_16KOTP
ROM

16KUV
EPROM
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Pin Identification Pin Configurations

Symbo! Function " *64-Pih Shrink DIP and QUIP (Plastic or Ceramic)
P0g-PO; Outputport0 | )
P2g/NMI Input port 2/Non-maskable interruptinput P05 Ch1 Ayl P0p
P2-P2o/INTPO-INTP1  Input port 2/External intefruptinput/timer Pog L2 63 [1P0y
trigger ) R PogL]3 62 [1Pog
PogC] 4 61[1P37/TO3 -
P25/INTP2/CI Input port 2/External interruptinput/.-- Po;C]5 0 [1P3g/TO2
Clockinput ) P67/REFRQ/ANT [ 6 59 [1P35/TO1
P24/INTP3 Input port 2/External interruptinput/timer P6g/WAIT/ANG C} 7 58 [J P34/TO0
trigger Pes/WRL] 8 57 [0 P7g/AND
- P64/RD ]9 86 [1P74/AN1
P25/INTP4/ASCK Input port 2/External Interruptinput/ P6a/Ase L] 10 85 [1P72/AN2
Asynchronous serlal clock - PeaiAtg O] 11 54 [1P7a/AN3
P2g/INTP5 input port2/External interruptinput PéyiA7 L] 12 53 [1P74/AN4
- P6g/A1g L] 13 52 [1P75/ANS
P24/8I Input port 2/Serial inptit - s = I oy = AV*’F{EF
P3g/RxD 1O port3/Serial teceive input T xeC]4s 50 [ AVsg
~-xi1}1e 49 I vpp
P31I'E 1/0 port 3/Serial transmitoutput Vs O] 17 whE
P32/SCK 1/0 port 3/Serial clock input/output " P87/A15C] 18 47 |1 P343/80/SBO
- ) P5g/Ay4 O] 19 46 [1P35/8CK
B
P33/S0/SBO 170 port 3/Serial oulput/gerlél bus I/Q i Psg/Ata ] 20 ssf1paymD
P34-P37/T0Q-TO3 1/Q port 3/Timer output P54/Ap 0} 2 44 [1P3¢/RxD
P4q-P4;/ADg-AD 1/0 port 4/Lower address byte/data bus PSglAyy L] 22 43 [1P27/81
0-P4/ADo-AD; . HOport th PBplAgo [] 23 42 [ P2g/INTPS
P5g-P57/Ag-Ass 1/0 port 5/Upper address byte P54/Ag ] 24 4171 P25/INTP4/ASCK
P6o-P63/A1g-Atg Output port 6/Extended address nibble © PholAg]25 40 DP24/INTP3 . -
— P47/AD7 L] 26 39 [Jp24/INTR2/CI
P64/RD 1/0 port 6/Read strobe output P4/ADg ] 27 38 [1P25/INTP1
Pé5/WR /O port 6/Write strobe output * P4g/ADg L] 26 a7 1 P24/INTPO
—— - - Pa4/ADy T} 20 36 [ P2g/NMI -
P6g/WAIT/ANG 1/0 port 8/Wait input/A/D converter input Pag/ADg [ 30 a5 |7 ASTB
P67/REFRQ/AN7 1/0 port6/Refresh output/A/D converter input P45/AD, [ 31 34 [1P4g/ADg
P70-P75/ANO-ANS Input port 7/A/D converter input Ves 32 38 H P44/AD1 :
= 49TB-495A

ASTB

Address strobe output

RESET External resetinput

EA External memory access control input
X1,X2 External crystal or external clock input
AVRer A/D converter reference voltage

AV Anélog ground

Vbp Positive power supply Input

Vss Power return; normally ground

NC No connection
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68-Pin PLCC

60 [ P24/INTP3

P25/ INTP4/ASCK I
P2g/INTP5 [
P27/8IL
P3g/RxD [
P3yT:D 0
P35/SCK [}
P33/SO/SBO [
EAL

Vpp O

Vpp [

Avgg [

AVRer g
P75/ANS [
P74/AN4 []
P73/AN3 [
P72/AN2[]
P74AN1T]

o
ped

23

-/mmwmmaom‘agggg

59 |1 P25/INTP2/CI
58 [1P2,/INTP1
57 {1 P24/INTPO
56 [ P2g/NMI

55 [0 AsTB

54 [1 P4g/ADg
53 [1 P44/ADq
52 [ Vgs
51{1Vss

50 {1 P4o/ADo
49 [1P43/ADg
48 |J P44/AD4
47 |3 P45/AD5
46 |1 P4g/ADg
45 [ P47/AD7
44 11 P5g/Ag

|3 P54/Ag.

7 P55/A40
] P53/A44
[1 P54/A40
N PSg/Aig
[ P5g/A14
[1P57/A45
1 Vgs

1 Vss

[1 X1

[1 X2

[ RESET

[1.P6g/As6
[1P64/A17
[1P6o/A{g
[1P63/A19
] P64iRD

P7p/AN0 [ 10

P34/T00 [ 11

P35/TO1 1 12

P3g/TO2 [ 13

Pa7/103 [} 14

Pog ] 15
Po4 L] 18
PO, 0 17
Po5 [] 18
Pog [ 19

Pos O 20
Pog [] 21
POy [ 22

No O 28

P67/REFRQ/AN? [ 24

P6g/WAIT/ANG [ 25

P65/WR [] 26
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74-Pin Plastic QFP

ay/red
6lyrBed
8ly/2ed 1
Liyitgd
9ly/0od ]
ON.]
13534 [
exX O

X

SSA
SsSA

Slyrlea ]

PhySed [
Ehy/Sed
Shyred
Hy/ed ]
Olyrsa

Byted

55 {1 P6g/WAIT/ANG
54 [1P67/REFRQUANT

53 (I POy

56 [11 P65/ WR
52 [ING

43 [1 P37/T03
42 [1P3g/TO2
41 [ P35/TOT
40 [ANG

89 [1P34/TO0
38 [0 P7g/AND

51 A Pog
50 {1P05
49 [1PO4
48 I Pog
47 AQNC
46 [J POy
45 11P0y
44 O POy

o)

[
©

10N

1 iNwrhed

se [Jenv/ezd

ve [1eNy/Bzd

€€ 1 ¥NV/VLd

2e [DsNvALd

1€ [193ay

o¢ [1SSav

6c [0 d0A

82 [300A
Zva

g2 [0 ogs/os/Bed
52 [1308/%¢ed

y2 paxi/ited
£2 10xd/%d
ze
12

0
(4]

[oN

His/tzd

02 |1 SdINI/S2d

61 {1M0SV/vdINI/Sed

-

NC[] 18

P2g/NMi ] 14

Ves] 9
P2y/INTPO ] 15

P5glAg O] 1
P47/AD; [ 2
P4g/ADs ] 3
P4g/AD5 [] 4
P44/AD4 L] 5
P4g/AD3 [] 6
P4g/AD, ] 7

vgsl] s

P44/AD4 L} 10
P4/ADg O 11
ASTBL] 12
P2,/iNTP1L] 16
P25/INTP2/CILY 17
P24/INTP3 [} 18

"N E C ELECTRONICS INC

49TB-501B
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Pin Functions

P0y-P07. Port 0 is an 8-bit, tristate output port with direct
transistor drive capability. Port 0 can also be configured as
two 4-bit, real-time (timer-controlled) output ports.

P2y~P27.-Port 2 is an 8-bit input port with the.programma-
ble pullup option except for P2¢ and P2;.

NML. Non-maskablé interrupt input.

INTPO-INTPS5. External interrupt inputs. INTPO, INTP1,
and INTP3 are timer capture trigger inputs.

Cl. External clock input to the timer.’
ASCK. Asynchronous serial clock input.
Sl. Serial data input for three-wire serial I/0 mode.

P3¢p-P37. Port 3 is an 8-bit tristate 1/0 port with the pro-
grammable pullup option.

RxD. Receive serial data input.

TxD. Transmit serial data output.

SCK. Serial shift clock output.

S0. Serial data output for three-wire serial 1/0 mode.
S$BO. /0 bus for the clocked serial interface.
TOO0-TO3. Timer flip-flop outputs.

P4y-P47. Port 4 is an 8-bit, bidirectional fristate port with
the programmable pullup option. Port 4 has direct LED
drive capability.

AD(-AD7. Multiplexed address/data bus used with exter-
nal memory or expanded /0.

P5y-P57. Port 5 Is an 8-bit, bidirectional tristate port with
the programmable pullup option. Port 5 has direct LED
drive capability. )

Ag-Ai5. Upper-order address bus used with external
. memory or expanded I/O.

P6y-P63. Pins P6y-P63 of port 6 are outputs.

Aqg-A1g9. Extended-order address bus used with external
memory. )

P64-P67. Pins P64-P67 of port 6 are tristate 1/0s with the
programmable pullup option.

RD. Read strobe output used by external memory (or data
registers) to place data on the 1/O bus during a read
operation.

WR. Write strobe output used by external memory (or data
registers) to latch data from the 1/0 bus during a write

operation. -
WAIT. Wait signal input.

" REFRQ. Refresh pulse output used by external pseudo-

static memory.

ANS, AN7. Analog voitage inputs to A/D converter.
P7,-P7s. Port 7 is a 6-bit input port.

ANO-ANS. Analog voltage inputs to A/D converter,

ASTB. Address strobe output used by external circuitry to
latch the low-order 8 address bits during the first part of a
read or write cycle.

RESET. A low level on this external reset input sets all re-
gisters to their specified reset values. This pin, together
with P2¢/NM|, sets the nPD78P214 in the PROM program-
ming mode.

EA. Control signal input that selects external memory (EA
low) or internal ROM (EA high) as the program memory.
When EA is low, pPD78214 is set in ROMless mode and
external memory is accessed.

X1, X2. For frequency control of the internal clock oscil-
lator, a crystal is connected to X1 and X2. If the clock is
supplied by an external source, the clock signal is con-
nected to X1 and the inverted clock signal is connected
to X2.
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nPD7821x Block Diagram
: Bus Contro}, ’
SFR Addrese/Data Bus i j ArgAsgl
— : P8o-P6
P2o/NMI —1 programmable : ' : A OA 3
Interrupt : ; N :> 85
P2y - P2g/ Controller <;:> ] Address Bus E vV P5o-P57
INTPO-INTP5 -AD‘O AD-/
PC D <:> oo
P3¢g/RxD" —» g UART‘ .ot - P40.P47
P3O <+ <:> AV
au ate
stm)gré?(/ > Generator U
P35 /SCK w—»] o > —» P64 /RD
Clocked Serial Internal
- Program IS,
PaalsgIZS?;, Interface <:> Momery L Peg /WA
7
oo || Lscan | [ Lo g
TS T rimencoumer || | ) — ) . P6 (REFRAG/
imer/Counter — A 7/RE
P34/TO0 <—1 " (45 Bits) - — TANT-
P35 /TO1 =—| [ [—> AsTB -
' T VICo ! Micro ROM
mer/Counter L
INTPO —»{ -Channel-t K| Micro
. (PS + 8 Blis) ! Temporary Sequencer Sjyelempomrol .
) Registers - | e— X
INTP1 ™1 Timer/Counter A4
P2g/INTP2ICI —»] - Channel . - V——_/!\_ P — o -~ x2
P3g/TO2 <—| (PS + 8 Blis) v PSW R
P37/TO8 ~—1—. ) o ) . . la—— _RESET
Timer/Counter | o . Je— EA
Channel-3 <:> N4 P?ggéiigr ) -
(PS + 8 Bits) - ¥ k ——— VDD
’ — — —— Vss
P0g-PO Real-Time : : > RAM
. Output Port <:> = *"General :
P04-PO; <: (4 Bits x 2) ’ Re I
. <:> glsters 3
ANO-AN7Z — Macroservice
AVRer " AD Channels
AVsg —]  Converter © (256 Byles) - _
INTPE — : : — R/
T . Internal Data Bus
nternal Data . ) L
"o [ Ko ¢ —
tes] _—
@ Peripheral Bus I/F
[ Port -]
o &
POg P29 P3g P4gp PSo P6p P64 Pip
-P0y -P27 -P3y -P47 -P55 -PGa -P67 -P75
B83ML-607¢B
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FUNCTIONAL DESCRIPTION
Timing

The maximum clack frequency is 12 MHz. The clock is de-
rived from an external crystal or an external oscillator. The
internal processor clock is two-phase and the machine
states are executed at a rate of 6 MHz. The shortest in-
structions require.two states (333 ns). The CPU contains a
one-byte instruction prefetch. This allows a subsequent
instruction to be fetched during the executlon of aninstruc-
tion that does not reference memory.

Memory Map

The pPD7821x has 1M byte of address space This
address space is partitioned into 64K bytes of program

Flgure 1. Memory Mép

" memory starting at address 00000H. (See figure 1.) The

remainder of the 1M bytes can be accessed as data mem-
ory space.

External memory is supported by I/O port 4, an 8-bit multi-
plexed address/data bus. The memory mapping register
controls the size of external memory as well as the number
of added walt states. The upper address byte is derived
from port 5, and the extended address nibble is derived
from port 6.

The pPD78214 has on- chlp mask ROM occupying the
space from 00000H to 03FFFH. When the ROM is used

*and no other program or data space is required, ports 4, 5,

and 6 are available as additional I/O ports.

On-Chip ROM- .-
16,384 Bytes

s (Must be external
_memory
In uPD78213)

03FFFH
04000H

w External Memory

OFCFFH

00000H
0003FH
00040H

0007FH
00080H

C07FFH
00800H

Interrupt Vector
Address Table Area |

CALLT Table Area

Program Area

J CALLF Entry
N Area

OOFFFH
01000H

¥ Program Area
03FFFH

OFD0oOH
On-Chip RAM
512 Bytes

OFEFFH

OFFoOH Special Function
Register (SFR)

OFFFFH Area

OFDOOH
On-Chip
RAM
OFEDFH
OFEECH
OFEFFH

General-Purpose
Registers

10000H
External
Memory
~3 (Extended
Address
Area)

EFFFFH

83ML-60818
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General-Purpose Registers

The general-purpose registers are mapped into specific
addresses in data memory. They are made up of four
banks, each bank consisting of elght 8-bit or four 16-bit
registers. The register bank used is specified by a CPU
instruction. This can be checked by reading RBSO0-and
RBS1 in the program status word (PSW).The general-
purpose register configuration is shown in figure 2.

Figure 2. Reglster Mapping

OFEEOH { Register
Bank
3
For 8-Blt For 16-Blt
Processing Processing
1 -
AT R)A | (RO X (RPO) AX | OFEF8H
0 (R3)B | (R2) C -(RP1)BC | OFEFAH
OFEFFH (R5)D [ (R4 E (RP2) DE :| OFEFCH
“J®nH | meL (RP3) HL | OFEFEH

()} =Absolute Name

8IML-6082A

6-10

Special Registers Sl

There are three different special registers. The firstis a16-
bit binary counter that holds the next program address to
be executed and is named the program counter. The stack
pointer is the sécond special 16-bit register. The stack
pointer holds- the address of the stack area (a last in, first
out system). The third spegcial register'is an 8- bit program
status word. This register contairis various:flags that are
set or reset depending dn the results of instruction execu-
tion. The prograin status word format is as follows: -

7 - ' 0
| E|z |RBS1| ACIRBso|o||SP|0Y|

CY .. ' ‘Carryflag

ISP Interrupt priority status flag
RBS0, RBS1 Register bank selection flags
AGC  Auxiliary carry flag -
Z . Zero flag

IE Interrupt request enable flag

Special Function Registers

These registers are assigned to special functions such as
the mode and conitrol registers for on-chip peripheral
hardware. They are mapped into the 256-byte memory
space from OFFO0H to OFFFFH. Table 1 is a list of special
function registers. -
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Table 1. Speclal Function Registers , - )
o Handleable
Bit Unit
. . it 8 16
Address Speclal Functlon Reglster (SFR) Name Symbol - R/W. Bit. Bit Bit OnReset
OFFOOH - Port0 ' , PO RW o o - Indeterminate
OFF02H Port2 P2 R 0.0 -~ Indeterminate
OFFO3H Port3 P3 R/W o 0 . Indeterminate
OFF04H Port4 - : P4 R/W o o -~ Indeterminate
OFFOSH. Ports P5 RW 00 =~ - Indeterminate
OFFOBH Port6 P6 RW o o - xO0H
OFFO7H Port7 P7 R/W o o -~ Indeterminate
OFFOAH-: Port0 bufter register (low) . POL RW a o - Indeterminate
OFFOBH ' Port 0 buffer register (high) ) POH RW o 0 - . Indeterminate
OFFOCH Real-time output port controiregister . RTPC RW o 0 — O0H
OFF10H, 16-bitcompare register 0 (16-bit timer/counter) CR0O R/W. - - .0 " Indeterminate
OFF11H )
OFF12H, 16-bit compareregister 1 (16-bit timer/counter) CRO1 RW - = o - Indsterminate
OFF13H
OFF14H 8-bit compare register (8-bittimer/counter 1) CR1I0O = RW - o = Indeterminate
OFF15H - - 8-bitcompareregister (B-Bit timerlcountér 2) CR20 . RW .- 0 - Indeterminate
OFF16H 8-blt compare register (8-bftiimerlcounter 2) CR21 . RW ) - 0 - Indeterminate
OFF17H 8-bitcompare register (8-bltilmerlcounter 3) CR30 RW - 0 =7 indeterminate
OFF18H, 16-blt capture register (16-bittimer/counter) - CRO02 B - = 0 Indeterminate
OFF19H : .
OFF1AH 8-bit capture register (8-bit timer/counter 2) CR22 R - o - Indeterminate
OFF1CH 8-bit capture/compare reglster (8-bittimer/counter 1) CR11 R/W -. 0 = Indeterminate
OFF20H Port0mode register PMO W . -0 - - FFH
OFF23H Port3 mode register PM3 w -. 0. - FFH
OFF25H Port5 mode register PM5 w -. 0 - FFH .
OFF26H Port6 mode register PM6 R/W - 0 - FxH
OFF30H Capture/compare control register 0 CRCO - W - 0 - 10H
OFF31H Timer output control register - TOG w - o - ) 00H-
OFF32H Capture/compare control register 1 GRC1 - W -0 .-~ 00H
OFF34H Capture/compare control register 2 : " CRC2 W - 0 .- 00H
OFF40H Pull-up option register PUO R/W o 0 - 00H
OFF43H ~__ Port3mode controlregister . PMC3 RW . o o - 00H
OFF50H, 16-bittimerregister 0 T™MO R - - 0 ~ 0000H
OFF51H ) ’
OFF52H 8-bittimerregister 1 TM1 R - 0 - 00H

6-11
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Table 1. Speclal Function Registers (cont)
Handleable
Bit Unit
1 8 16
Address Speclal Function Reglster (SFR) Name Symbol - RIW Bit Bit BIt On Reset.
OFF54H 8-bittimer register 2 ) ) T™M2 R - 0 - 00H
OFF56H 8-bittimerregister 3 TM3 R - 0 - 00H
OFFSCH- Prescalermode register0 PRMO w - 0o - 00H
OFFsDH Timer control register 0 TMCO R/W - 0 - 00H
OFF5EH Prescalermoderegistert - PRM1 w - o - 0ooH
OFFSFH Timer control register 1 . ) TMC1 R/W - o - 00H-
OFF68H A/D converter mode register ) ADM RW o o - ' 00H
OFF6AH A/D conversion resultregister ADCR R o o - Indeterminate
OFF80H Clocked serialinterface mode register CSIM R/IW o o -~ 00H
OFF82H Serial bus interface control register SBIC RW ‘0 .0 - 00H
OFF86H Serial shiftregister Slo RW -0 - Indeterminate
OFF88H Asynchronous serial Interface mode register ASIM R/W o o - . 80H
OFF8AH Asynchronous serial intertace status register ASIS R o o - 00H
OFF8CH Serialreceive buffer:  UART i RxB R - 0o - Indeterminate
OFF8EH " Serlalsendshliftregister: UART xS w - 0 - Indeterminate
OFFg0H Baud rate generator control register BRGC w - 0o - 00H
OFFGOH Standby control register STBC AW - o - 0000 x000B
OFFC4H . Memory expansion mode register MM R/W o 0o - 20H
OFFCSH Programmable wait control register PW RW o o - 80H
OFFC6H - Refresh mode register ) . RFM . -RW o o - 00H
OFFEOH Interrupt request flag register L IFOL - " IFO R/W -0 .0 © 0000H -
OFFE1H Interruptrequest flag register H 7 IFOH RW o o 0000H
OFFE4H Interrupt mask flag register L ) MKOL MKO RW o o o FFFFH
OFFESH " Interruptmaskflag register H MKOH ' RW o o FFFFH -
OFFESH Priority specification flag register L . PROL PRO RW o o0 o FFFFH '
OFFESH Priority specification flag register H . ) PROH R/W: o o . FFFFH
OFFECH Interruptservice mode specification flagregisterL. - ISMOL.  ISMO RW o o o0 - 0000H
OFFEDH Interrupt service mode specification flag register H {SMOH RW - o o 0000H
OFFF4H External interrupt mode register 0 : INTMO RW o o - 00H
OFFF&H Externalinterrupt mode register 1 ) INTM1 . RW 0. 0 — Q0H
OFFF8H Interrupt status register - IST RW o o - ) 0oH
6-12
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Input/Output Ports

Port 0 is a byte programmable tristate output port. Port 2 is
bit selectable as input or control pins. Port 3 is bit pro-
grammable as input, output, or control pins. Port 4 is byte
programmable as an I/O port or as the external address/
data bus. Port 5 Is bit prograimmable as I/O or the upper
address byte. Port 6 is bit programmable as 1/O, control
pins, or the extended address nibble. Port 7 is an input
only port. '

Real-Time Output Port

The real-time output port (figure 3) shares pins with port 0.
The high and low nibbles may be treated separately or to-
gether. In the real-time output fuhction, data stored be-
forehand in the buffer register is transferred to the output
latch simuitaneously with the generation of either a timer
interrupt or external interrupt. Using the real-time output
function in conjunction with the macroservice function
enables port 0 to output preprogrammed patterns at pre-
programmed variable time intervals.

Figure 3. Real-Time Output Port

A/D Converter

The WPD7821x A/D converter (figure 4) uses the succes-
sive-approximation method of tonverting any or all of the
eight multiplexed analog inputs into 8-bit digital data. This
data s stored in a result register that can be dccessed at
any time. The conversion time is 30 ps at 12-MHz opera-
tion. Quantization error is =1/2 LSB; maximum full-scale
error is 0.4%.

Theré are two methods for starting the A/D conversion

operation. Conversion may be started by hardware by
_using an external inteirupt as a trigger. The setond method
- of starting conversion is with a software command.

There are also two methods by which the pPD7821x will
operate affer- conversion has begun. The first, the scan
method, selects several analog input signals sequentially
and obtains data from each pin producing an interrupt with
each conversion. The converted data can be successively
transferred to memory by using the macroservice function.
The second, the select mode, chooses any one input
and the resuit is updated continuously, with or without in-
terrupt generation depending on the chosen start method.
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Flgure 4. Analog-to-Digital Converter
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Serial Interface

The pPD7821x has two indepéndent serial interfaces.
e Asynchronous serial interface (UART) (figure 5)

o Clock-synchronized serial interface (figuré 6)

A unlversal asynchronous receiver transmitter (UART) is
used as an asynchronous serial interface. This interface
transfers one byte of data following a start bit. The
pPD7821x contains a baud rate generator. This allows
data to be transferred over a wide range of transfer rates.
Transfer rates may also be defined by dividing the clock
input to the ASCK pin, Transfer rates may also be generat-
ed by 8-bit timer counter 3. '

6-14

The clock-synchronized serial interface has two different
modes of operation: -

¢ Three-line serial I/O mode. . .
In this mode, data 8 bits long is transferred along three
_lines: a sefial clock (SCK) line and two serial bus lines
(SO and SI). This mode is convenient when the
wPD7821x is connected to peripheral I/Os and display
controllers that have the conventional clock-
synchronized serial interface. |

e Serial bus interface mode (SBI).

In this mode the nPD7821x can communicate data with
several devices using the serial clock (SCK) and the se-
rial data bus (SBO) lines. This mode conforms to NEC's
serial bus format. In SBI mode, addresses that select a
device to communicate with, commands that direct the
device, and actual data are output to the serial data bus.
A handshake line, which was required for connecting
several devices in the conventional clock-synchronized
serial interface, is not needed.
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Figure 5. Asynchronous Serial Interface
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Figure 6. Clock-Synchronized Serlal Interface
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Timer/Counters

The pPD7821X has four timer/counters: one 16-bit and - The first two 8-bit timet/counters can provide the basic
three 8-bit. The 16-bit timer/counter .(figure 7) has the  functions of an interval timer and a pulse width measurer,
basic functionality of an interval timer, a programmable  Timer/counter 1 can also be used as a timer for output
square-wave output, and a pulse width measurer. These  trigger generation for the real-time output port. Timer/
functions can provide a digital delayed one-shot output,a  counter 2 can also provide an external event counter, a
pulse width modulated output, and a cycle measurer. one-shot timer, -a programmable square-wave output, a
: ) pulse-width modulated output, and a cycle measurer.
-Timer/counter 3 can operate as an internal timer or as a
“counter to generate clocks for a' baud rate generator. See

figures 8, 9, and 10.

Figure 7. 16-bit Timer/Counter
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Figure 8. 8-Bit Timer/Counter 1
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Figure 9. 8-Bit Timer/Counter 2
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Intérrupts

There are 20 interrupt request sources; each source is allo-
cated a location in the vector table. (See table 2.) There is
one software interrupt request and one of the remaining 19
interrupts is non-maskable. The software interrupt and the
non-maskable interrupt are unconditionally received even
in the DI state, These two interrupts possess the maximum
priority. The maskable interrupt requests are subject to
mask control by the setting of the interrupt mask flag.

There are default priorities associated with each maskable
interrupt and these can be assigned to either of two pro-
grammable priority levels. Intetrupts may be serviced by
the vectored interrupt method where a branch to a desired
service programis executed. Interrupts may also be handled
by the macroservice function where a preassigned proc-
ess is performed without program intervention.
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Figure 10. 8-Bit Timer/Counter 3

INTPaIASCK —> oo F—

Prescaler Mode
Reg,sw,(,lpﬁm]l PRS3 | PRS2 | PRS1 | PRSOl

- foLr/612 ~——
" foLk/266 —>

g Internal Bus N
8
e
L )
ES41, ES40 “mpfé;;‘;g‘s‘er
Edge N INTP4

. \/C'oincidence INTC30

—> INTP4 *

AN

Clear

foLk/128 ——> - -
foLk/os —>| mpx |— 8'BE'TE'§]°’3
foLk/82 —>| - ’ -

foLk/16 —>|

foLk/8 —»

ki

L > Serlal Interface

9 Internal Bus 0
. 49TB-497B
Table 2. Interrupt Sources and Vector Addresses
Interrupt Vector
Request Default - Macroservice Table
Type Priority Interrupt Request Generation Source Mode . Address
Software None BRK instruction execution - - .. Q03EH
Noh-maskable None - NMI (pin input edge detection) - .- 0002H .
Maskable - 0° - INTPO(pin inpui edge detection) i = Yes - 0006H
‘ "1 INTPA (plnInputedge detection) : ' " Yes ] ’ 0008H
2 INTP2 (pin Input edge detection) Yes ] ) OOQAH' )
-8 INTP3 (piri input edge detection) - [ Yes 000CH -
4 INTC00 (TMO0-CROO coincidence signal generation) Yes 0014H ~
5 INTCO1 (TMO-CRO1 coincidence signal generation) Yes 0016H
6 INTC10 (TM1-CR10 coincidence signal generation) Yes 0018H
7 INTC11 (TM1-CR11 colncldence signal generation) Yes 001AH
8 INTC21 (TM2-CR21 coincidence signal generation) Yes 001CH
9 INTP4 (pIn input edge detection)/INTC30 (TM3-CR30 coincidence signal generation) Yes 000EH
10 INTPS (pin input edge detection)/INTAD (end of A/D conversion) Yes 0010H
11 INTC20 (TM2-CR20 coincidence signal generation) Yes 0012H
12 INTSER (generation of asynchronous serlal interface receive error) - 0020H
18 INTSR (end of asynchronous serlal interface reception) Yes 0022H
14 INTST (end of asynchronous serial interface transmission) Yes 0024H
15 INTCSI {end of clocked serial interface transmission) Yes 0026H

6-20.
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Macroservice

The macroservice function can be programmed to transfer
data from a special function register to memory or from

memory to a special function register. Transfer events are-

triggered by interrupt requests and take place without soft-
ware intervention. There are 17 interrupt requests where
macroservicing can be executed. The macroservice func-
tion is controlled by the macroservice mode register and
the macroservice. channel pointer. The macroservice
mode register assigns the macroservicing mode and the
macroservice channel pointer indicates the address of the
memory location pointers. The location of each register
and its corresponding intérrupt is shown in figure 11.

Refresh

The refresh signal is used with a pseudostatic RAM. The
refresh cycle can be set to one of four intervals ranging
from 2.6 to 21.3 us. The refresh is timed to follow a read or
write operation so there is no interference.

Standby Modes

Hait and stop functions. reduce system power consump-
tion. In the halt mode, the CPU stops and the system clock
continues to run. A release of the halt mode is initiated by
an unmasked interrupt request, an NMI, or a RESET
input. In the stop mode, the CPU and system clock are
both stopped, reducing the power consumption even
further. The stop mode is released by an NMI input or a
RESET input.

' 0

Figure 11. Macroservice Control Word Map
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ELECTRICAL SPECIFICATIONS
Absolute Maximum Ratings
TA = +25°C, - .
Item Symbol Conditions Rating Unit
Operating voltage Vbp —0.5t0+7.0 ("
AVReF -0.5t0Vpp v
. AVgg -0.5t0+0.5 Y
Input voltage Vit Note 1- o -0.5toVpp + 0.5 Vo
Viz Note2 —0.5t0 AVRgr+ 0.5 v
Via Note 3; for ,PD78P214 —0.5t0 +13.5 v
Outputvoltage Vo -0.5toVpp + 05 V.
Low-level output current loL One output pin 30 (peak) mA
- 15 (mean value) ‘mA
All output pins total 150 (peak) mA
"100 (mean value) mA
High-level outputcurrent loH One output pin . -2 mA
) Alloutputpins total -—50 mA '
Qperating temperature TopT —40to +85 °Cc
Storage temperature Tsta ~65t0 +150 °C
Notes: _ - '
(1) Pins P7y-P75/ANO-ANS, P6g/WAIT/ANG, and P6;/REFRQ/ANT
except when Note 2 is applicable. ’
(2) Pin used as the A/D converter Input or pin selected by bits ANIO-
ANI2 of the ADM register when the A/D converter is not in operation.
(8) P2g/NMI, EA/Vpp, and P24/INTPO/Ag pins in the PROM program-
ming mode.
Operating Frequency Capacitance
Osclllation Frequency Ta Voo Ta = +26°C;Vpp = Vgg =0 V.
fxx = 41012MHz —40t0 +85°C . +8V £ 10% Item Symbol Typ Max Unit Conditions
’ Input capacitance C 20 pF f=1MHz;pinsnot
used formeasure-
QOutput capacitance Co 20 pF mentare atoV
Input/output capacitance  Cig 20 pF

6-22
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DC Characteristics
Ta=—40t0 -If85°C; Vpp = +5V £10%; Vgg=0V.

~ ltem Symbol - Conditlons

Low-levelinputvoltage ) VL

High-levelinputvoltage ViH1 Exceptthe specified pins (Notes 1, 2)
“ViH2 Specified pins (Note 1)
ViHs Specified pins (Note 2)
Low-level outputvoitage VoLt lo.=2.0mA '
Vora loL = 8.0mA (Note 3)
High-level output voltage VoHi oy =-1.0mA
VoHz lon=-100pA
) VoHs lo=-5.0mA(Note 4)
Inputleakagecurrent M 0Vs=sVi=Vpp

Qutputleakage current ILo oV=Vo=Vpp

AVRegcurrent AlRer Operatingmode, fxx = 12MHz
Vpp power supply current op1 Operating mods, fyy =12 MHz
Ibp2 HALT mode, fxx = 12MHz
Dataretention voitage VobbR - §TOPmode
Dataretention current IbDDR STOPmede Vpppr=2.5V
) : Vbppr =5V £10%
Pullup resistor R Vi=0V i . 15 40

<1212 B8 |<i<|<|<|<|<i<]|<i=

553

Notes: o
(1) Pins P7¢-P75/ANO-AN5, P8g/WAIT/ANS, and P&;/REFRQ/AN7 (3) Pins P4g-P44/ADg-AD; and P&g-P57/Ag-Ays.
when the pin is used as the-A/D converter input or is selected by bits {4) Pins P0g-P07.
ANIO-ANI2 of the ADM register when the A/D converter is-not in -
operation. .,
(2) X1, X2, RESET, P2o/NMI, P24/INTPO, P2,/INTP1, P23/INTP2/CI,
" P24/INTP3, P25/INTP4/ASCK, P2g/INTP5, P27/8l, P32/SCK,
P33/80/SBO, and EA pins.

Figure 12, Voltage Thresholds for Timing Measurements
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Read/Write Opefration
Tp = —40to +85°C; Vpp = +6 V = 10%; Vgg = 0 V; fyx = 12 MHz; C|_= 100 pF. e N
item - Symbol . Gonditlons - Min Max ~ Unit
X1 Input clock cycle time toyx 82 250 . ns
Address setuptimeto ASTB | tsAST - : - 52 ©ons-
Address hold time from ASTB | (Note 1) tHSTA R =5kQ, G =50pF 25 ns
Addressto D L délay time tpAR - 129 ns
Addressfloattime from RD ) tFAR . 11 ns
Addresstodata Iriputtime tpAID : » 228 ns
ASTB ! todataInputtime tpsTID : 181 . . ns
RD 4 to data inputtime ) tbrID . 99 ns
ASTB 1 toFD | delaytime sTR 52 ns
Data hold time from RD t tHRID 0 ns
AD 1 to addreds active ime ) tDRA ’ 124 : .- ns
RD 1 to ASTE 1 delaytime _tpRsT 124 ns
RD low-level width  twRL ' : . . 124 ' - . ns
ASTB high-level width ) twsTH ) 62 ns
AddresstoWR ! delay time tpaw : 129 : ns
ASTB ! to dataoutput time tpsToD ; ' . 142 ns
WR | todata outputtime towop - 60 ns
ASTB | toWR ¢ delaytime o tosTWi 52 . ns
tbsTwe Refreshmode 129 ) ns
DatasetuptimetoWR t i " tsopwr ’ ’ S 146 - : " ns
Data setup time to WR ¢ (Note 1) fSODWF Refresh mode: 22 ' . ns
Datahold time fromWR 1 tHwop ] 20 ns
WR tto ASTB t delaytime towsT i .42 : . ns
WR low-level width twwie 196 Y ns
twwie Refresh mode 114 . ns
Addressto WAIT | Inputtime tpAawT : 146 ns
ASTB | to WAIT 4 inputtime tDSTWT ; . 84 ns
WAITholdtimefromX1 ¢ tHWTX 0 ns
WAIT setup time to X1 t tawTx ' , o - ns
Notes:

(1) The hold time includes the time during which Vo and Vg are
retained under the following load conditions: C, = 100 pF and
RL=2kQ.

6-24
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Figure 13. Read Operation Timing
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Figure 14. Write Operation Timing

g DAW — :
y \
ADg-AD- Add ) Output Data
k Vo
tsAST (™ tHsTA ]
~tpsToD e tSODWR——*]
. t .
DWQD | je—ia—ni t
ASTB . - 3 SODWF
twsTH <+ tpwsT
LWL —*
*—twwe — ]
. ) — — p— l—: ) L
WA \ M /
X A b,
[~ DSTW1->]
—tpsTWe ———®

83ML-60928

Figure 15, External WAIT Input Timing
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item

Symbol

Conditions

Serial clock tycle time

toysk

Input  External clock

Output internal clock/16

Intemal clock/64

Serlal clock low-level width

twskL

Input  Externalclock

Output  Internal clock/16

Internal clock/64

Serial clock high-level width

twskH

Input ~ External clock

Output _Internal clock/16

Internal clock/64

81, 8BO setuptime to SCK t

tsssK

St, SBO hold time from SCK ¢

tHssK

S0/SBO output delay time from SCK 1

tpsBSK1

CMOS push-pulloutput
(3-line serial I/O mode)

tpseske

" Open-drain output
(881 mode), Ry = 1O

SBO high, hold time from SCK 1

tHsBSK

SBImode

SBO low, setup time to SCK

tssesk.

SBO low-leve! width

twssL

SBimode

SBOhigh-level width

twseH

RxDsetuptime to SCK 1

1saxsk

RxD hold time after SCK

tHSKRX

SCK | toTxD delay time

DSKTX
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Figure 16. Three-Line Serial 1/0 Timing
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Figure 17. Asynchronous Mode Timing
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A/D Converter Operation
Tp =—4010 +85°C; Vpp = + 5V % 10%; Vgg = AVgg =0 V.

item Symbol Conditions

Aesolution ) :
Full-scale error ’ * AVRep=4.0VioVpp;Tao==-1010+70°C ~
) ' AVRgr=34VioVpp; TA=~1010+70°C " -,
" AVRer=4.0VioVpp

Quantization error

Conversiontime . 82ns=tgyx=125ns

’ 125 ns =tcyx = 250ns
Samplingtime 82ns =toyx =125ns

y 126 ns S fcyx =250ns

Analog Inputvoitage
Inputimpedance
- Analogreference voltage .
AVRgpourrent - Operatingmode, fxx = 12MHz
STOP mode
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Interrupt Timing Operation Figure 18. Interrupt Input Timing
item Symbol Conditions Min Max Unit
NMI low-level width tWNIL 10 1S
NMI high-level width tWNIH <10 ps "
INTPO-INTP5 low-level width  tywrL 24 toyx  *
INTPO-INTPS high-level width  twTH 24 . toyx
RESET low-level width twhsL 10 ps
RESET high-level width tWRSH 10 1S
INTPO-
INTPS

83ML-5990A

Figure 19. Reset Input Timing

tWRSH

RESET

- 83ML-5391A

Data Retention Characteristics )
’ ltem Symbol Conditions Min Typ Max Unit

Data retention voltage Vbbor STOPmode . - - s 25 5.5 \Y%
Dataretention current IDDDR VpbpR =25V ) ‘ s 2 15 pA
Vbppr=5Y £10% : 5 20 pA
Vppfsetime tavd ‘ . . 200 . s
Vppfalltime . t7vD . ST T oo - ps
Vpp retentiontime . thvp - o 0 ms
(for STOP mode setting) P - .
STOP release sighat Inputtime {DREL" - 0 ms
Oscillation stabllization walt time twalr Crystal osclllator 30 ms
. Ceoramicresonator ' 5 ' ms
Low-level input voltage ViL Specified pins (Note 1) 0 ' 0.1 VpppR o \%
High-levelinput voltage VIH o R ) . 0.9VppDR VDDDR A

Notes: -
(1) RESET, P2y/NMI, P2,/INTPO, P2,/INTP1, P2;/INTP2/Cl, P2,/

INTP3, P25/INTP4/ASCK, P2¢/INTP5, P2;/8I, P3,/SCK, P35/S0/

SBO, and EA pins.
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Figure 20. Data Retention Characteristics
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NMI 08 VDD
(Releass by falling \ VDDDR /
edge Input) -
L 0.8V
: 0.8V, 4
NMI oD
{Release by rising
edge input)
A o8V
83IML-59928
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Timing Dependent on tgyx - : . !
Item ‘ Symbol " Calculation Formula Min/Max 12 MHz Unit
X1 input clock cycle time toyx Min 82 ns
Address setuptimetoASTB 1 = . tsasT . toyx—80 Min - 52 ns
AddresstoRD delay time tbAR 2toyx—35 E Min - 129 ns
Address floattime from RD - tEaR = toyx/2-30 Min 11 ns
Addresstodata inputtime - -7 tpAD T (4+2n)tgyx~100 Max 228 ns
ASTB { to dataInputtime tbstD (3+2n)tcyx—65 Max 181 ns
RD 4 to datainputtime toRID . @+2n)toyx—65 Max .~ 99 ns
ASTB | toRD ¢ delaytime tbstTR toyx=30 . Min 52 ns
RD 1 to address active time torA 3 2tcyx—40 Min 124 ns
RD t o ASTB t delay time o toRsT 2toyx—40 Min 124 ns
RD fow-level width twAL (242n) tgyx—40 Min 124 ns
ASTB high-level width twsTH " toyx—30 Min - 52 ns
AddresstoWR | delay time toaw 2tcyx—35- < Min? 129 - ns
ASTB | todataoutputtime o tpstop, ¥ - toyx + 60 Max - a2 ns
ASTB ! toWR ¢ delay time tosTWi toyx—30 Min 52 ns
i tosTwWz | 2tgyx—35 Min 129 ns
: ~ - . (refreshmode)
Datasetuptime toWR tsoDwR (3+2n) tgyx— 100 Min 146 ns-.
DatasetuptimetoWR | tsoDWE toyx—60 Min 22 ns
: (refresh mode) - -
WR 1 to ASTB t delaytime o towsT T tgyx-40T ' Min 42 ns
WR low-level width hwwLi (3+2n)toyx—50 Min 196 ns
twwie (2+2n)toyx—50 Min 114 ns -
) (refresh made)
AddresstoWAIT | Inputtime tDAWT Bicyx—100 Max 146 ns
ASTB | toWAIT | Inputtime tosTWT igyx—80 Max 84 ns

Notes:
(1) nindicates the number of wait states.
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Figure 21. Recommended Osclllator Circult - External Clock Operation
] item _Symbol Conditions _Min
o x1 ’ Xiinputlow-levelwidth  twxy. 30

15 pF X1 inputhigh-leveiwidth  tyxH 30
] N s | pPD7821X T

c2
15pF

X1inputrise time txr

- Xtinputfall time txr

X2

X1 Inputclockcycletime tovx .

Crystal frequency f xx= 4to0 12 MHz
SMe0hl  Figure 23. External Clock Timing

Flgure 22, Recommended External Clock Circuit )

HCMOS | ! )
Inverters #PD7821X

Clock frequency fxx =4to 12 MHz

BIML-5534A
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wPD78P214 PROGRAMMING Table 3. Pin Functions During EPROM Programming
In'the 78P214, the mask ROM of 78214 is reptaced by a P . Function
one-time programmable ROM (OTP ROM) or a repro-  P0y-PO; Ag-A;  Inputpinsfor PROM write/verify
grammable, ultraviolet erasable ROM (UV EPROM). The operations
ROM is 16,384 X 8 bits and can be programimed usinga  p5y/Ag Ag- Input pin for PROM write/verify operation

general-purpose PROM writer W|th a uPD27C256A pro-

gramming mode.

P24/INTPO Ag. Input pin for PROM write/verify operation

P55-P5g/Aig-A1s  Agp-Aq4  Inputpins for PROM write/verify
The PA-78P214CW/GJ/GQ/L are the -socket adaptors : operations
used for configuring the }LPD78P214 to f|t a standard P4q-P47/ADy-AD; Dg-D; - Datapinsfor PROM wme/Venfy
PROM socket. - operations
Refer to tables 3 through 6 and flgures 24 and 25 for spe- P6/WR . CE  StobedataintothePROM )
cial information applicable to PROM programming. P64/RD . OE -  Enabloadatareadfromthe PROM -.°
: : "P2g/NMI NML - PROM programming mode is entered by

applying a high voltage fo this pin :
RESET RESET PROM programming mode requires
. - applying alow voltage to this pin
EA ) Vpp High voltage applied to this pin for
program write/verify

Von ' Vbp Positive power supply pin

Ves Ves Ground
Table 4. Summary of Operation Modes for PROM Programming
Mode NMI RESET CE OE Vop Voo Dg-D;
Program write +12.6V L L H +12.5V +6V Datainput
Program verify +125V L H L +12.5V +6V Data output
Program Inhibit +12.5V L - H H +12.5V +6V HighZ
Read out +125V L L L +5V +5V Data output
Outputdisable +1285V L L H +5V +5V HighZ
Standby +12.5V L H L/H +5V +5V HighZ
Notes:

When +12.5 Vs applied to V,,; and +86 V1o Vpp, both CE and OE cannot
be set to low level (L.} slmultaneously
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Table 5. DC Programming Characteristics :
Ta = 25 £6°C, Vjp = 12,5 = 0.5 V applied to NMI pin, Vzs =0 V. .

Parameter Symbol Symbol* = ' Condition Min  Typ . Max Unit
High-level input voltage ViH - Vi - ) -~ 24 - Vppp +0.3 A
Low-levelinputvoltage Vi ViL ’ -03 . - - 0.8 \
Inputleakage current VLP Vit 0=V{=Vppp : ) LT 10 pA
High-level outputvoitage T Vo VoH . lon=-400pA T 24 ’ v

Vorz  Vouz loH=-100 A Vpp-0.7 . v
Low-level output voltage VoL . VoL loy=2.1mA* ) i 0.45 . '
Outputleakage current o 0= Vo =Vppp, OE =V i 10 pA
NMI pin high-voltage inputcurrent lip - : =10 pA
Vppp power voltage Vopp Ve Program memory write mode 6.76 6.0 6.25
C ) " Programmemoryreadmode - 4.5 5.0 55 v
Vpp power voitage Vep Vep Program memory write mode 122 125 .. 128 \
) Prograrm memory read mode Vpp = Vppp v
Vppp power current - Ipp e Program memory write mode = - . 5. - 30 .. mA
: Program memory read mode A 5 30 " mA.
CE = Vi, Vi= Vi ;
Vpp power current ipp Ipp Program memory write mode '8 30 mA
CE=V),0E=V}y. - :
Program memory read mode 1 100 rA
* Corresponding symbols of the pPD27C256A. ' _ 6

Table 6. AC Programming Characteristics
Ta =25 £5°C, Vip = 12.5 = 0.5 V applied to NMI pin, Vs = 0V, Vpp =6 £0.25V, Vpp = 12503 V.

Parameter Symbol Symbol* Conditlon Min - Typ Max Unit
Address setup timeto CE tsac tas 2 us
DatatoOE ! delaytime . tbpoo toes 2 Bs
Inputdata setuptime to CE | tsin 1ps 2 ps
Address hold time from CE 1 tHCA tAH 2 ps
Input data hold time from CE t tHoib toH 2 ps
Outputdataholdtimeto OE t tHoob toF - 130 ns
VppsetuptimetoCE | tsvpe tvps i 1 o ms
Vppp setuptimetoCE ¢ tsvoc ) tvps 1 - ms
Initial program pulse width ot tw : 0.95 10 105 ms
Additional program pulse width twie topw 2.85 78.75 ms
NMI high-voltage input setup time tspe 2 ’ ) us
(vs.CE 1) a )
Address to data output time fpACD taca CE=DE=V, ’ 200 ns
CE ! todata outputtime tbcon -t OE= ViL 200 ns
OE | todataoutputtime tboob tok i CE=W . 75 - ns
Data holdime from OE t tHcoD toF CE=ViL 0 ' 60 ns
Datahold time from address thaoD - toH CE=0E=V|_ 0 : ns

* Corresponding symbols of the nPD27G256A.
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Figure 24. PROM Write Mode Timing

' — - Y
Ag-Aqs >gl L . . Effective Address p : E(
: X . A
- fe—tsAC - Iq— HOOD tHCA
> ¢ . Dpaia b ' Data .
Do-D7 g“_ Input 7 X Output | .. }
sipc - , - |HeiD o .
—» —» SIDC tHoID
Vip lr
NMI o /
Vi
tspc
- |—
Vpp
4
Vpp /
VDDP: -
tsvec
- l—
VDDP +1 I
_Voop
Vpop
svbe
> [—
VIH 55 \ r
o \
viL
le—twi2
N ViH 55
OE
ViL
Notés:
(1} . Vppp must be applied befors applylng Vpp. Itshould be removed after removing Vpp.
(2} Vpp must not exceed +13 v, |nc|ud|ng overshoot,
8IML-5996B
Figure 25.- PROM Read Mode Timing : :
J - \
Ag-Agg ){ Effective Address K
N ‘ /
_ 4
Cl
E 7]
tpcop ——»
T\ . /
OE . )Z
I-—IDOOD—— tHcoD
tpAcD tHAOD —» r— :
Hi-Z L Hi-Z
DD - ——— - _g Data Output ' Wik SR S
R ’ 8IML-59978
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PROM Write Procedure

(1) Connect the RESET pin to a low level and apply
+12.5 V to the NMI pin.

(2) Apply +6 Vtothe Vpp pinand +12.5Vto the Vpp pin.
(3)  Provide the initial address.

(4) Provide write data.

(5) Provide 1-ms program pulse (active low) to the CE pin.

(6) This bit is now verified with a pulse (active low) to the
OE pin. If the data has been written, proceed to step 8;
if not, repeat steps 4 to 6. If the data cannot be cor-
rectly written after 25 attempts, go to.step 7.

(7) Classify as defective and stop write operation.

(8) Provide write data and supply program pulse (for
additional writing) for 3 ms times the number of
repeats performed between steps 4 to 6.

(9) Increment the address.
(10) Repeat steps 4 to 9 until the end address.

PROM Read Procedure

(1) Fixthe RESET pintoalow Ievel and apply +12.5Vto
the NMI pin.

(2) Apply +5V to the Vpp and Vpp pins.
(3) Inputthe address of the data to be read to pins Ag-Ay4.

(4) Read mode is entered with a pulse (actlve low)on both
the CE and OE pins.

(5) Datais output to the Dg to D7 pins.

EPROM Erasure

Data in an EPROM is erased by exposing the.quartz win-
dow in the ceramic package to light having a wavelength
shorter than 400 nm, including ultraviolet rays, direct sun-
light, and fluorescent light. To prevent unlntentxonal era-
sure, mask the window. .

Typically, datais erased by 254-nm u!traviolet rays. A mini-
mum lighting level of 15 W+ s/cm? (ultraviolet ray intensity
X exposure time) is required to completely erase written
data. Erasure by an ultraviolet lamp rated at 12 mW/cm?
takes approximately 15 to 20 minutes. Remove any filter
on the lamp and place the device within 2.5:cm of the
lamp tubes.
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INSTRUCTION SET L Table 7. Operands (cont)

All microcomputers in the pPD7821x family have a 1-byte ~ Symbol ._Meaning

instruction lookahead buffer. This allows the first byte of  sfip  Speciatfunctionregisterpair: .

the next opcodse in program memory to be fetched while the CR00-CRO02, TMO, [F0, MKO, PRO, ISMO

current opcode is being executed. This pipeline architec-  mem  Memory address Indirectly addressed

ture allows instruction fetch and excute.cycles to overlap. Register indirectmode: [DE], [HL], [DE-t], [HL+], [DE-], [HL-)-

An instruction can be fetched from program memory while Iste g‘dWZﬁD.E‘“bz"ZL lH'-;fgyfel- li"[;fbvfel AL

data is being read from or written to RAM or an'l/O port: ndexed mode: word[A], word[B}, word[DE], word [HL]

Lo ) g L oo memi  Memory address addressed by means of indirectaddressing
The advantage ofthe pipeline is that one instruction can be group :y [DE], [HL] ' :
executed while another.is being fetc,heq, virtually halving  c=r Memory address Indirectly addressed:
thz tir.ne'requlr"ed for these two operations and thereby *.  FE20H-FF1FHImmediate data or label
teducing overall program execution time. saddrp Memory address addressed by means of direct addressing pair:
Operands and operations FE20H-FF1EH Immediate data (LSB=0; odd address)or label

. . - : . i lab
Refer to tables 7 and 8 for the meanings of symbols inthe 2011 _16-bitaddress 0000H-FEFFH immediata data or label
operand and operations columns of the Instruction Set  addrt1 - 11-bitaddress:800H-FFFH Immediate data ortabel
table. addr5 .. 5-bitaddress: 40H-7EH immediate data or label
Specify operands in accordance with the rules of operand ~ Word__16-bitdata: 16-bit immediate data or label
representation; for details, refer to the assembler specifi- ~ byte  8-bitdata:8-bitimmediate dataor label
cations, If two or more description methods are available, 3-bit data; 3-bitimmediate dataor label
select one. The symbols +, -, #, 1, §, /, [ ], and & are n NumberofshlﬂEltS'3-bltimmedlatedata(0-7)
keywords and must be used in conjunction with each -

RBn  Registerbank: RBO-RB3

instruction.

When describing immediate data as a label, use one of the
following modifiers: +,—, #, 1, $,/,{ ], and &. Symbolsr and
rp can be described in both the function name and absolute
name.

Table 7. Operands
Symbol

+ Autoincrement

Meaning

- Autodecrement

Immediate data

Absolute address

BitInversion

1 Indirect addressing
Subbank

r Register
Functionname: X, A,C,B,E,D,L,H
Absolute name: R0to R7

ri Registergroup 1:C, B

Registerpalt
Functionname: AX, BC, DE, HL
Absolute name: RP0to RP3

sfr Speclal function register:
PO, P2-P7, POH, POL, RTRC, CR10, CR11, CR20, CR21, CR22,
CR30, PM0, PM3, PM5, PM6, PMC3, PUO, CRC0-CRC2, TOC,
TM1-TM3, TMCO, TMC1, PRMO, PRM1, ADM, ADCR, CSIM,
SBIC, SIO, ASIM, ASIS, RxB, TxS, BRGC, STBC (dedicated in-
struction only), MM, PW, RFM, IFOL, IFOH, MKOL, MKOH, PROL,
PROH, ISMOL, ISMOH, INTMO, INTM1, IST

#

|

$ Relative address
/

[

&
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Table 8. Registers and Flags

Symbol Meaning

A Aregister; 8-bit accumulator

X Xregister =~ '

B " Bregister

C Cregister

D Dregister

E Eregister

H Hregister

L Lregister

RO-R7 Registers 0 to 7 (absolute names)

AX Register pair (AX); 16-bit accumulator
BC Reglster pair (BC) '

DE Reglster pair (DE)

HL Register pair (HL) )
RP0O-RP3 Reglster pairs 0 to 3 (absolute names)
PC Program counter

SP Stack pointer

PSW Program status word

cY Carryflag

AC Auxiliary flag

z Zeroflag

RBS1-RBSO Reglsterbankselect flags

IE " Interuptenableflag

STBC Standby control register
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Table 8. Registers and Flags (cont)
Symbol

() Memory contents Indicated by address orregistercontents
in( )
xxH Hexadecimal number

Meaning

XH XL Higher 8 bits and lower 8 bits of 16-bit register pair

Clocks

The clock field specifies the number of clocks required
under the conditions deflned by the four column headings
as follows:

IROM Program in internal ROM is executed.

IRAM  Program in external ROM is executed and internal

RAM is accessed.

SFR"  Program in external ROM is executed and special -

function register is accessed.. -

EMEM Program in external ROM is executed and extemal
memory is accessed.

In a shift/rotate instruction, nin the clock field indicates the
number of bits by which data is shifted. -

The hyphen (-) indlcates arange of values, for example
10-13 means 10, 11, 12, or 13.

The virgule symbol (/) means either/or for example, a/b
means either a or b.

The number of clocks when execution-is branched by a
conditional branch instruction is shown eﬂerthe symbol (/).

The number of clocks for instruction having the saddr or
saddrp operand-and when an SFR is accessed with FFOOH
to FFFFH described as saddr or saddrp is shown after the
symbol (/).

Bytes and Clocks . -

The number of bytes and clocks for instructions with amem
or &mem operand depends on the particular instruction
and the memory addressing mode (register indirect, base,
or Indexed). Table 9 is applicable when the program in
internal ROM is executed (ROM clock column of the In-
struction Set table). Table 10 is applicable when the pro-
gram in external ROM Is executed (IRAM, SFR, and
EMEM clock columns).

Flags
The symbols in the flag field have the following meanings.

Blank No change

0 Clearedto 0

1 Setto 1

X Set or cleared depending on the result
R Value previously saved is restored

-Instruction
‘MOVrr

Operation Codes
Table 11 defines the symbols used in the operation code

field.

Registers and Register Pairs. The r, rl, and rp operands
are specified in the opcode by one or more bits as shown in
figure 26. For example, 001 as bits R2R1Ro (or ReRsR4)
specifies register A.

In the first and second operands are registers or register
pairs, the higher 4 bits of the register specification byte
define the first operand and the lower 4 bits define the sec-
ond operand. For example, in the MOV A,L instruction
(transfer-L register contents to register A), the second byte
of the opcode is obtained from figure 26 as shown below.

_ Opecode, Bytes 1 and 2

0010 0100

ReRsR4 2R1Ro
0 0 00
0 1 10

MOVA,L

OR
1 01
0 01
Memory Addressing Modes. The 3-bit mem code and the

5-bit mod code are selected fromfigure 27 according to the
description of mem in the operand field (table 7).

A MOV instruction with register indirect mode specified for
mem is a special 1-byte instruction. When base mode or
indexed mode is specified for mem, the 8-bit or 16-bit
offset data corresponding to byte and word, respectively, is
added from the third byte onward.

The opcode for an &mem-or &mem1 operand is modified
by inserting a 01H code as the first byte preceding the first-
byte code listed in the Instruction-Set table. Subsequent
bytes are as shown in the table.

- Figure 26. Opcodes forkReglsters (r, 11, rb)

r t1 p

Ro

el
Ky

o]
o

Ro | r Py Pp

o)
(2]
&

el
&

o Py Py
1

reg-pair

Pg Pg

0
0
1
1

- - -0 000
- e OO0 - - 00
-0 - O -0 -0
T rommO> X
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Flgure 27. Opcodes for Memory Addressing Modes N
(mem, mod)
Med |1 01100 o110 [0 1010
Reglster e
Mom N\ |ndirect Mode [ BaseMede | index Mode
000 [DE4] (DE+byte] | ‘word [DE] )
00 1 [HL+] [SPsbyte] | ward [A)
01 0 | [DE]. | [HLsbyte] | word[HL)
0.1 1 [HL] - word [B] "
100 og - . - .
101 [HL] [ -

BSML-5999A

Table 9. Bytes and Clocks for Instructions With “mem” and “&mem " Operands, lnternal ROM (IROM)

Register Indirect X Indexed
Mode Base Mode Mode
.[DE+] word[A]
4 [DE-] [DE] [DE +byte] : word[DE]
Instruction [HL-] [HL] [HL+byte]  [SP-+byte] word[HL]
Bytes : mem - S 170 ie* 3 . 3 4
B gmem 2/3" 2/3" 4 4 5
Clock - . Mov A, mem 6/8 6/8 " 811 o912 S8
Cycles ) . mem, A :
A, &mem 8/10 8/10 10-13 11-14- ° © 10-18
&mem;A .. - ' '
XCH A, mem 11-15 9-13 .~ " 10-15 11-16 1015
Lo Agmem - . 1317 1115 12-17 13-18 ' 12-17
ADD,ADDC, - A,mem - 1012 812 , 9z .. 10-18 R
SUB, SUBG, , - : ' —
AND. OR, A, &mem 214 10/14-. - 11714 12-15 11-14
XOR, CMP ‘

* When Internal RAM-Is accessed with an insfruction having a mem When the external memory (Including the SFR area) is accessed, the
operand, the- number of bytes Is the number before the symbol (/). number of bytes Is the number after the symbol (/). -
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Table 10. Bytes and Clocks for lnstructlogs With “mem” and “&mem” Operands; External ROM
(IRAM, SFR, EMEM) N ’ ; ’ ’

Register Indirect B : ) Indexed
- Mode Base Mode Mode

[DE+] » : T word[A]

[HL +] : 4 word[B]

. [DE-] [DE] [DE +byte] word[DE]

Instruction _ [HLA] [HL] [HL +byte] [SP+byte] word[HL]
* T2t 3 3 4

3* 4 4 5

mem 2
&mem 3
A, mem 9/11
mem,A
A, &mem 12/14
&mem, A ’
XCH ~ Amem 14/18
) ) A &mem 17/21
ADD, ADDG, A,mem . 13/15
I - Torte
XOR, CMP

* When [BE], [HL], [DE+], [HL+], [DE-], or [HL-]is specified as the mem
operand of a MOV Instruction, the insteuction is used as a dedicated
1-byte type. When the operand is &mem, the instruction is 2-byte.

*

Table 11. Opcode Symbols
Symbol Meaning

Bn Immaediate data corresponding to bit

Nn Immediate data corresponding ton

Data 8-bitimmediate data corresponding to byte

Low/HighByte 16-bitimmediate data corresponding to word

Saddr-offset t ower 8-bit offset data of 16-bit address corresponding
fosaddr

Sfr-offset Lower 8-bit offset data of 16-bit address of special
- functionregister (sfr)

Low/High Offset 16-bitoffset data corresponding to word InIndexed
addressing

Low/High Addr  16-bitimmediate data corresponding to addr16

jdisp . Signed 2's complement data (8 bits) indicating relative
. address distance between firstaddress of next
instruction and branch destination address

Lower 11 bits of immediate data corresponding to addr11

Lower 5bits ofimmediate data corresponding to
(addr5xdis)
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Instruction Set _
Clocks Flags *  operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM [RAM SFR EMEM Z ACCY Bytes B1 thru BS
8-Bit Data Transfer ' ' -
Mov t,#byte t + byte ' 2 2 6 1011 1RyRyRy
Data
saddr,#byte (saddr) < byte : 3 3/5 9 9 12 - 60011 1010
Saddr-offset
Data
sfr,#byte sfr + byte 3. 5 9 12 o010 1011
Sfr-offset
Data
nr rer 2 2 6 0010 0100
0 RgRsRs 0 RaR{ Ry
Ar Aer 1 2 3 1101 0RyRiRy
A,saddr A « (saddr) 2 2/4 6 6 9 0010 0000
Saddr-offset
saddr,A (saddr) « A - 2 a/5 6 8 0010 0010
, Saddr-offset
saddr, saddr (saddr) « (saddr) 3 37 9 0011 1000
Saddr-offset
Saddr-offset
Asfr A« sfr 2 4 . 6 . 0001 0000
' ’ " Sfr-offset
sfr,A sfr « A 2 5 6 0001 0010
Sfr-offset
A,mem A & (mem) 1-4 6-12 6-14 8-16 8-16 *0101 1 mem
000 mod
0 mem 0000
Low Offset
High Offset *-
A&mem A « (&mem) 25 814 917 1119 11-19 *0000 00O
) 0101 1 mem
0000 0001
000 mod
0 mem 0000
Low Offset
High Offset
Note:

* If [DE], [HL], [DE+], [DE-], [HL+] or [HL~} Is described as mem, these
instructions are used as dedicated 1-byte codes. If the register name is
described as &mem, the instructions are used as dedicated 2-byte

codes.
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Instruction Set (cont)

: ' . Clacks Flags  operation Code (Bits 7-0)
Mnemonic. Operand Operation - Bytes . IROM IRAM SFR EMEM ZACCY Bytes B1 thru B5

8-Bit Data Transfer (cont)
MOV mem,A (mem) « A -~ 14 - 612 614 8-16 8-16: 0101 0 mem
: ' 000  mod
1 _mem 0000
Low Offset
High Offset
(&mem) « A 917 1119 11-19 00 O0O0CO0OT1

01 0 mem
00 0001

0 mod

mem 00

Low Offset

High Offset

A laddri6 A « (laddr16) 00 10
' 11 00

Low Addr

High Addr

A,&laddri6 A + (8laddri6) 6000 00
00 10

11 00

Low Addr

High Addr

taddri6, A (laddr16) « A - ‘000 10
11 00

Low Addr

High Addr

&laddri6,A (8laddr16) « A 0000 00
000 10

11 00

Low Addr

. High Addr

PSW,#byte 10 10
11 11

.. Data
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Instruction Set (cont)

: A . Clocks Flags  gperation Code (Bits 7-0)
Mnemonic Operand -Qperation’ = - - - .Bytes IROM IRAM SFR EMEM ZACCY Bytes B1 thru B5

8-Bit Data Transfer (cont) ) ] :
XCH A TOAesr . - -1 4 4 1101 1RR4Ry
re Fémdr 2 3 6 0010 0101
. 0 RgR5Rs 0 RoRyRg
000 mod
0 mem 0100
S . Low Offset
- High Offset
t A&mem’ - A +— (&mem) 35 11-18 15-19 19-23 0000 O0OOI1
000 mod
mem 0100
Low Offset
o ) High Offset
A,saddr A +— (saddr) 2 4/8 6 . 0010 0O0O0HI1
’ Saddr-offset
" Asfr A > sft 3 6/10 13 0000 O0OO0OT1
. 0010 0001
Sfr-offset
saddr,saddr . (saddr) «= (saddr) 3 6-14 10 o011 1001
Saddr-offset
Saddr-offset

A,mem A +— (mem) 24 916 1216 16-20

16-Bit Data Transfer o
MOVW p,#word - 1p + word 8 3 9 2o 0110 0PP; 0
' Low Byte

High Byte

saddrp,#word (saddrp) « word 4 4/8 12 12 18 0000 1100
: : ' : Saddr-offset
Low Byte
, High Byte

- sfm,#word sfrp + word 4 8 12 0000 1011
e . ] . Saddr-ofiset
. . : - : . .. LowByte
High Byte

.1p e . 2 4 6 0010 0100

3 0PsPs 0 1 PPy

AX,saddrp AX  (saddrp) 2 610 8 12 0001 1100
. ’ Saddr-offset

saddrp,AX - (saddrp) < AX ) 2 5/9 8 12 0001 1010
Saddr-offset

o
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Instruction Set (cont)

. . Clacks FI2gs  gperation Code (Bits 7-0)
Mnemonic Operand Operation - : Bytes IROM IRAM SFR EMEM Z ACCY Bytes B1 thru B5

16-Bit Data Transfer (cont) ) P
MOVW. - AXsfp AXesfp - ‘2 10 12 ) 000t.0001
) ) Sir-offset
sfrp,AX sfrp « AX 12 001 00O
' Sfr-offset
0 0

~ AX,memf AX « (mem1) 2 16

AX,&memi AX + (&mem1) 19

(mem1) « AX

(&mem1) « AX

<100 |=|O|= 100 | =|C]|,
= |lo|jlo|=]|lO|=|O|lO|=|O
= |0oj0o|~jlOo|= OO |~=|O
o|o|lo O OVO [T = )
ol|lo|j|o|lo|oj0o|0o|Oo |

s |t Q| == OO |O | =
“wlo|lo/=|lo|l=]0o]|o

o]
S

8-Bit Operation ) ) .
ADD A, #byte ACY « A+byte 0o 1
. Data
saddr,#byle (saddr),CY +« (saddr) +byte 10 10
Saddr-offset
Data
sfr,#byte - si,CY « sfr + byte 0000 00
o110 10
Sfr-offset
o Data
nr ) r,CY(fr+r 000 1000
) Rs RsRs 0 RaR{Ry
Ajsaddr ALY « A+ (saddr) 001 1000
_ ) Saddr-offset
A,sfr ACY * A+sfr ’ 000 00
' 001 10
Sfr-offset
saddr,saddr (saddr),GY € (saddr) + (saddr) _ _ | 111 10
‘ ’ ’ : Saddr-offset
Saddr-offset
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wPD7821x N E C

Instruction Set (cont)

. i Clocks Flags  gperation Code (Bits 7-0)
Mnemonic Operand * Operation o Bytes IROM IRAM SFR EMEM -ZACCY Bytes B1thruB5 .

8-Bit Operation (cont) L
ADD - Ammem ACY « A+ (mem) 24 813 1115 1847 1317 ' x x x 0 0 0O mod
0 mem 1000
Low Offset
] o ) ) High Offset
A,&mem ACY « A+ (&mem) 35 1015 14-18 16 1620 x x x 0 0 00 0 0 0 1
000 mod
mem 1000
Low Offset
. » ) High Offset
ADDC A, #byte ACY « A+ byte+CY 2 2 6 x x x 10101001
’ ) Data
saddr,#byte (saddr),CY « (saddr) + byte 3 3/7 9 11 x x x 0110 1001
: +CvY Saddr-offset
_ Data
sfr, #byte sfr,CY + sfr + byte + CY ) '4 9 14 X X X 0000 .000 1
110 1001
Sfr-offset
Data
ne rCY ¢ r+r+CY 2 3 7 x x x 1001 1001
) 0 RgRsRy 0 RaRyRp
A,saddr ] A,CY « A+ (saddr) + CY -2 - 25 6 7 8 'x.x x 1060 -1 100 1-
- Saddr-offset
Agfr ACY + A+sfr+CY 3 7 10 Xx Xx x 0000 O0O0OI1
co01 1001
Sfr-offset
saddr,saddr (saddr),CY + (saddr) + (saddr) 3 3-9 9 11 X x x 0111 1001
+eY Saddr-offset
Saddr-offset
Amem - A,CY « A+ (mem) + CY 2-4 8-13 1116 1847 1847 x - x x 0 0 O mod
’ mem 1001
Low Offset
) ) . - ~ High Offset
A,&mem ACY « A+ (&mem) + CY 35 1015 14-18 162 1620 x x x 0 0 0 0 0 0 O 1
00 mod
mem 1000
Low Offset
High Offset

o
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Instruction Set (cont)

: 4  Ctacks Flags  operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM ZACCY Bytes B1 thru B5

8-Bit Operation (cont) P
sSuB A,#byte . A,CY « A-byte 010 101,
Data
saddr#byte - (saddr),CY + (saddr)—(byte) - : . 110 101
' Saddr-offset
Data
sir,#byte sfr,CY + sfr-byte 0000 000
0110 101
‘ Sfr-offset
Data
nr LCY «r—r 0oo 1010
0 RgRsRs 0 RoRyRy
A,saddr ACY « A—(saddr) 001 1014
Saddr-offset
Asfr ACY « A—sfr 000 000
' : ' 001 101
Sfr-offset
saddr,saddr (saddr),CY « (saddr) — (saddr) 111 101
Saddr-offset
Saddr-offset

ACY « A-(8mem) 1-16 1347 13-17 000  mod

mem 1 0 1
Low Offset
High Offset
A,&melﬁ ACY « A—(&mem) 1015 14-18 1620 16-20 0000 00O
) 000 mod
mem 1 0 1
Low Offset
) High Offset
Abyte ACY + A-byte-GY - - 1010 101
) ' Data
saddr,#byte (saddr),CY + (saddr)—~byte—CY x 0110 .10 1
Saddr-offset
) Data
sfr, #byte sfr,CY « sfr—byte—CY. 0000 0O0OO0
110 101
Sfr-offset
Data
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wPD7821x

30E D

B L427525 002L093 7

Instruction Set (cont)

NEC

Mnemonlc Operand

Operation

Clocks

Flags

Bytes IROM

IRAM SFR EMEM ZACCY

Operation Code (Bits 7-0)
Bytes B1 thru BS

8-Bit Operation (cont)

SuBC [N

r,CY « r—r-CY

i000 1011

0 RgRsRy 0 RaR{Rp

A,saddr

A,CY « A—(saddr)-CY

1001 1011

Saddr-offset

Asir

A,CY « A-sfr-CY

10

0000 0O0O01

-y

001 1011

Sfr-offset

saddr,saddr

(saddn),CY « (saddr)—(saddr)

-CY

3 3-9

o111 1011

Saddr-offset

Saddr-offset

A,mem

A,CY « A-(mem)-CY

2-4  8-13

11-15 1347 13-17

x

000 mod

0 mem 1011

Low Offset

High Offset

A,&mem

A,CY « A—(&mem)—-CY

35 10-15

14-18 1620 16-20

0000 00O

000 mod

. mem 1011

Low Offset

High Offset

AND A #byte

A « AAbyte

1010 1100

Data

saddr,#byte

(saddr) « (saddr) Abyte

o110 1100

Saddr-offset

Data

sfr,#byte

sfr « sfr Abyte

14

0000 0O0O01

0110 1100

Sfr-offset

Data

r+ rir

iy

000 1100

0 RgRsRy 0 RaRyRy

A,saddr

A+ AA(saddr)

-

o011 1100

Saddr-offset

A,sfr

A« AA(sfr)

0000 0001

1001 1100

Sfr-offset

saddr,saddr

(saddr) + (saddr)A (saddr)

o111 1100

Saddr-offset

Saddr-offset
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Instruction Set (cont) -

" Clocks

_Flags

Operafioh’ - -

ZAGCY

Operation Gode (Bits 7-0)

8-Bit Operation (cont)

i1 Bytes IROM

IRAM_SFR_EMEM

- BytesBi-thruB5- -

AND - : Amem -

A € AA(mem) T ko4 ;5;;.173

1115 1347

13-17-

0-0 0

. “mod

- 0. mem .

11 0

- Low Offset -

' High Offset

‘Agmem

A« AA(&mem) -

35 1015 _14-i8 1620 1620

0000

000 1

0°0.0° - mod

0. mem 1.1:°0

. deOﬂ'set )

" High Offsat

OR Ad#byte .

A «'AVbyte e

1010 111,
' ‘Data

sadgr,#byje -

(séddr). er'(sat.i;i,r) bete

01 1.0-1 11

Saddr-offset -

k . . ) : s - Data.. -
sir#byte” - st «sfrVbyle 4 9 14 X 0000 0001
‘ ' 0110 1110
. B - } " froffset
- - . Data -
i rerve EE R x . 1000 1110
. ‘ SR . o “.% - "0RgRsRy- 0 RaRyRy

-7 Asaddr.

A« AV(saddr) -

1001 1110

Saddr-offset

- Asfr

A+ A_Vsﬁ o

D000 0001

1.00:131 1 1

Sfr-offset

.7 saddrsaddr. -

(saddr) « (saddr)V ('saddr)

39

0111 1114

Saddr-offset

T e B . . - Saddr-ofiset
Amem - A« AV (mem) 24 B3 1115 1347 1347-.x 00 0-: mod- -
- : : 0 mem 1140
- AR . LowOffset
. . I R ) High Offset
Agmem A« AV (&mem) - '35 -10-15 1418 1620 1620 x 0000 0001
s — o s 000 - mod

-0 mem - 4101,

~ . “Low Offset” -

High Offset

649
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| 5

Instruction Set (cont) . - o R
S el BREE __Clocks . Flags  gperation Code (Bits 7-0)
Mnemonlc -Operand” - = Operation:-, -« 5 -~ Bytes - IROM _[RAM SFR EMEM:. ZACCY Bytes B1 thruB5. . -
8-Bit Operation (cont) C S e B o e
XOR —  Adbyle - . A«Aybye. - - . .2 -2 6 . % 1010,110:41
e o L T Data
. .saddr,#byte (saddr) « (saddr)y¥byte 3 3/5 9 M X 00110 1101
Sl ) - - o - 7 ) Saddr-offset .
o ] RTINS o o - E . .. Data
strtbyte” = - sfr« siritbyte _ 4 7. 14 X 6000 00 0-1
: y ' : - 0110 1101
—_ . R ' : S - - Sfr-offset
e o - : ’ ’ Data
o . terwr - o 2 8 7 .- - _x © 1000 1101
- e ) | 0 RgRsRy 0. Ry Ry Ry
Asaddr A« AVsaddr) ° 2 a5 6 .7 .8 x.- 1001 1101
‘ , T Saddr-offset
Asstr - A € AM(sfr) ‘3. 7 T X 0000 000 1
) : o R 1001 .1101
. . B ' " str-offset
- saddr,saddr (séddr)A-(saddr)‘V-(saddr) 3.. 39 - 9 1 X 01 1 17 1107
A ’ : : ' Saddr-offsst
- . N N .“ i Saddr-offset
- Amiem A+ A¥(mem) o 24 813 1115 1347 1347 x 000 mod
’ . : ) ce T . 0 mem. 110 1
- - Low Offset
E Higf\dﬁset
Ag&mem - A + A¥{&mem) 35 10-15 14-18 1620 1620 X 0000 0001
) o i R R B 000 mod -
L L S T " 0. mem- 1°1 0 f
o ' ' Low Offset '
s 7 L ) "High Offset . -
CMP Agbyjte” ~- A-byle - ... . 2 2 6 . X X x 1010 1111
) L . - L Data
 saddr,#byte (saddr)—byte ' R - - BT - B B x x x 0110 11711
: N _ . o ) Saddr-offset
U T - R
sfr,#byte -+ . sir=byte ' - 4 7 : 14 - . X X x 0000 0001
' R . 0110 1111
Lo T : ' . L - . Sfr-offset .
e . o S : o Data
6-50
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Instruction Set (cont)

Mnemoni¢ -Operand -

Operation . --Bytes IROM IRAM SFR EMEM ZAC CY

Clocks Flags Operation Code (Bits 7-0)
. Bytes Bi thru BS

8-Bit Operation (cant)

CMP nr o - r=r

10001111

2 .3 -7 X X X

0 RgRsRy- 0'RaRyRp -

Asaddr A—(saddr)

2. a5 6 7 8 x xx 1001 1111
R *  Saddr-offset

- A <A-sfr

.3 7 10 "X x x 0000

0.00 1

001 11711

sy

_ Sfr-offset

saddrsaddr - (saddr)—(saddr)

3 .87 9 1 . xx%x 0111 1111

S - Saddroffset

Saddr-offset

Amem A—(mem) )

24478148 11-15 1347 1317 xx x 0 0 0 - mod

mem - 1 1 1 1

Low Offsst

- High Offset - -

Agmem A—(&mem)

735 1045 1418 1620 1620  x- x X

0000 0001

0.0 .0 . mod

mem 1111

Low Offset

High Offset

16-Bit Operation -

T ADDW - AX#word . AXCY & AX+word

3. 4 9 XX x 0010 1101

Low Byte

High Byte

AX,CY «AX+1p- )

0001000

000 1PPy0O

~ AX,CY « AX + (saddrp) -

2. 7M1 9 18 .+ Lx x X 00041 110 1

Saddr-offset

_AX,CY « AX +sfmp -

3 13 16 - X' X X 0000-0.001

00 1.1 101

Sfr-offset

SUBW . AX,#word AX,CY « AX—word

a3 4 g S X X X000 10

1110

Low Byte

" HighByte

AX,;p AX,CY + AX-1p

2 8- 8 T x x X 1000

1010

00 0 1PPRy

- AXsaddrp AX,CY ¢« AX—(saddip)

2 71 9 13 XX x 000 1-111:0
) Saddr-offset

' 6-561
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wPOTB21x R NEC | ::,.

Instruction Set (cont) S , ' BT el
: sem e it ’ : Clacks .VﬁFlags Operation Code (Blts 7-0)
Mnemonlc -Operarid + Operation. = ..+ - » © ‘Bytes .IAROM  IRAM SFR EMEM:.ZACCY . Bytes Bl thruB5
16-Bit Operation (cont) . ) :»: R ::
SUBW  AX.sfrp - AX,CY « AX—sfp - 3 ¢ 18 i6 T X X x 0000:00 0 i
o . - ’ o s o001 1110~
N . . e E ) ) ) . - Sir-offset
CMPW - AX,#word AX—word o 83 3 9 X X X 0010 1111
s . s o o - : E N o ' LowByte -
' . ) o ' i High Byte
SAXIp AX-tp — 2 5 7 X x x 1000 1111
o e ¢t e 0000 PPy 0
w AXsaddrp " AX~(saddrp) - 2 610 8§ 12 X x x 0001 11741
. . ‘ ) . - ' Saddr-offset |
: AXsfrp AX—stp -~ —or .. 8o {2 5 - x x x 00QO0- 0001
’ i ‘ C 0001 1111
el B B ) Sir-offset
Multiplication/Divislon , '
MULU® =1« s A EAXr L. e S n@l..u22 24 Seiedd 0 0.040°04 0 1 04
- " : b ‘ 0000 1RsRRy
DIVUW 1w AX{cuotient), r (remalnder) + 2 71 76 0 00 0101
o AX<r 0 1 1 RpRy Ry
Incrémentl'Decremer_lt o o . ) L i i o . o
ING r Per+1 , 1. 2--'8 X X 1 1 0 0--0RyRy Ry
. saddr ' (saddr) « (saddr) +1 -2 26 6 7w TxEx. 0 041 0" 0 1 1.0
s ' ’ _ Saddr-offset
DEC - ~.r. rer—1 4 2 3 x x --1100 1RaRyRy
: saddr - (saddr) ¢ (sadd)—1 . - - 2 26 6 T. . XX 0.0,7.0 0111
S n ) R : Saddr-offset
INOW: - 1p- pemprt {03 3 e, 0 1:0.:0< 0 1 PyPy
DECW .~ --1p. - P «ip—1i _ 1. 38 - 3 . - 00100 11P PR
. Shift/Rotate ' . K ' : i '
CROR P nn o u o (CYiap € To et 2" g+2n Bi2n o x 0011 0000
o | xnimesnTOT L 0 1NNt NoRgRiRy
ROL - -rn © - < {CY g € 7 mt + ) 2 -3+20 B+2n ST x 0 01 0001
xntimes,n=0-7 - " ’ 0 1 NaN; NyRp Ri Ro
6_-_52
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NEC Lo e . upp7821x

e e

Instruction Set(cont) = Lo R

S S : : . Clocks Flags - gperation Code (Bits 7-0)
Mnemonic Operand.. - - Operation = - - ) IROM IRAM SFR EMEM Z AC'CY Bytes Bt thru B5

Shift/Rotate (cont)

" RORG:  tn (CY « 10,17 = OV, tpat < ) 3+2n  5+2n. - L i x
- N —xntimes,n=(_),—7_ . T E .

011 0000
NaNt NoRs Ry Ry
11 0001
Na Ny NgRa Ry Ro
11 0000
Na Nj No Ro Ry Rg
11 0001
‘Nz Ni_NoRs Ry Rg
-11-.0-00 0
Na Ny NgRo Ry Rg
1100 0.1
N2 Ny NgRoR{Rg
101
Ry 0
01
01
By 0 
01
Ry 0
0.1
01
R{ 0

ROLC CYerlo € CY,Iney & 1m) 2 842n _5+2n
xntimes, n=0-7 .

SHRR : T OY € g € Oy e ) 3+2n 5H2n
: xntimes, n=0-7 ’ i o

SHL s T OY Mo + 0.t €T 2 3420 5+2n
o < - .xntimes,n=0-7

SVHRW' © - (CY € 1pg, P45 « 0, 1pmeq « . 3+3n 5+3n
- L S ) Xntimes, n=0-7 -

SHLW .. - (CY«mismo«0,pnig . 2 3¥3n 5430
' T Pm) xntimes, n=0-7 - - ) -

Ag.p ¢ (memi)z.g, (memi)z.q - 24 26
© + Az, (memi)g.g « (meimi)zy

Agg+ (&memi)gg,(@memi)z4 - 3 26 29
+Ago (Bmemi)z.p & . . :
(&memil)7.4

A3.p « (memi)7_g, (memi)z.g -
4 Ag.p,(memi)z.4 « (meml)sg

Ag.p + (&memi)7.4, (&memi)g.g
+ Az g.(&memi)s.4 € . ’
(&rem1)z.g

~<|lo]ol+|eo|=x|eolej=]ol=lo|=]le|~|lo|~|o|olo]lo]|o
oflofo|olo|olo|o|ole|-|o|=|o|o]|olale]e]lol]le

Z]lololalols|olo|=]lo
afalolalwlalalo |-
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gpn7821x | o | NEC

0
Instruction Set (cont) _
. - . S Clacks _Flags  ogeration Code (Bits 7-0)
Mnemonic  Operand Operation - o - Bytes IROM |RAM SFR EMEM:-Z ACCY Bytes B1 thruBS5 .
BCD Adjustment , ' R o e
ADJBA - Decimal adjust accumulator after 1 3 . 3 ..x xr Wx AO 000 1110
. s addition - _ . .
ADJBS = . ' B ,'peclmaladjustaccumﬁlatoyaﬂer L - . 3 X'x x 0000 11 11
: ) addition - : ' :
Bit Manipulation , _
MOV  CY,saddr.bit CY « (saddrbit) 3 s7. "9 T 9 11, 7 x 000.0 1000
R ' 000 0ByBiBy
- ) _ . Saddr-offset
' cYsibit CY « sfr.bit , 3 7 9 . x 0000 1:000
R ' ) R C 0000 1ByB;By
e - ] Sfr-offset
OY,Abit  ~ CY«Abit S 2 5 7 e x 0000 0011
' 3 0000 18B3ByiBy
CY.Xbit OY « X.bit 2 "6 7 . 7 x000%0 00411
. ' 0000 0ByBBg
. ) . " sir-offset
CY,PSW.bit CY + PSW.bit 2 5 7 © x 0000 0010
oL e 0000 0ByBBy
saddrbit,GY-  (saddrbit) «CY 3 ez 12 14 14 0000 10070
’ C : o 0001 0ByByBg
- " Saddr-offset
sfrbit oY sfr.bit « CY -8 12 14 0000 1000
’ 0001 1BpByBy
' Sfr-offset
AbItCY Abit « CY 2 8 10 0000 0011
] 0001 1B;BB
X.bit,CY Xbit«CY _ . .2 8 10 0000 0011
' 0001 0B8yB; B
A Sfr-offset
PSW.bit,CY PSW.bit + CY 2 7 9 X x - 0000 0010
0001 0ByByBy
AND1 CY,saddr.bit CY « CY A{saddr.bit) T3, 87 9 11 Xx 0000 1000
6010 0ByBB,
Saddr-offset
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Instruction Set (cont) LTI TR T

Mnemon!c Operand

Clocks

Flags

bperalloh Code (Bits:7-0)

" Bit Ma'nlpul'ailon (cont)

Qpej'atlbn : -

" Bytes IROM IRAM. SFR EMEM ZAC GY

~ .Bytes B1 thruB5 -

AND1  GY/saddrbit = . CY«CYA(saddrom) - 3 UE7T 9 1. X 0000 1.000
: : ' : : 00 1.1 0ByBBy

. - ’ 5 B 7 o 'VSfr-‘bffset i
_CYsiblt .. - GY «CYAsirbt 3 .7 1 X. 0000 1000

- 0 01 0: 1ByByBg
¥ , - . ) - 'Sfr-oﬁSet . -

OY,/sfr.bif CY«CYASTBR . - 8 7 1. X 0.0.00-1000
- : , 001 1. 1ByByBy
CYAbit * . - CY+«CYAAbI 2 B 7 X 0000 0011
: e ' 7 7 0010 1ByBBy
. cY/AbI OY«CYAABR - . - 2 .8 .7 X 0.00°0 0011
ol o L 0011 1ByBBy
CV,X.bit CY «CYAXbIt = 2 s 7 X 0°0.0-0 00 1 1
) - 7 ) 0010 08B B
CY,/%.bit CY ¢ OYAXBR .- = "2 5. 7 X 00000 00 1:1
PR . S 0011 0ByB B
CY,PSW.bit CY«CYAPSWHt .2 5 - 7 X 0000 0010
L R “- 0 0.1 0.-0ByBBy
CY/PSWhit - -CY « CYAPSWBR = 2 - 5 i7 X 0000 0010
: o T c 0011 0ByB B
ORt . CYjaddrblt  OY«CYV(saddrbl) - . 8 - 57 9o 11 "X 0.0:0.0 1000
L S : : a B 0 1.00 08,88

s -7 ’ . . ’ E Saddt—oﬁset.
_CY/saddrbit - CY«CYV(saddrbh) . 8 &7 -9 11 X 0000 1000
: . o R o 7 e 0 150°1 0 ByByBy
: . ) S . . Sir-offset ]
OVsitbit - OY «CYVafrbl) - YT X 0000 10 0-0

0101 1B3BBy

. Sir-offset
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Instruction Set (cont)

30E D WM Lu27525 002kL0

NEC

12 M

0

Mnemonl¢ Operand

Clocks

Flags

-~ 7 “"Bytes IROM IRAM SFR EMEM ZACCY

Operation Code (Bits 7-0)

- Vop‘e.rgthn oo Bytes B1 thru BS
Bit Manipulation (cont) 7 ' 7 .
OR? " CYsirbit CY « GYVsfrbit 3 7 -1 x 00700 1000
: . : 0101 1ByBiBy
-, ~CY,Abit GY ¢ CYVAbIt. 2. 5 7 x 0000 0011
: 0-1°0:0 1 ByByBy
47T Y /Abit CY + CYVADR 2 5 7 x 0000 0011
L 010 1 1ByByBg
CY X bit CY « CYVXubit - 2 5 7. X 0000 0011
- ) 0100 0ByB(Bg
CY, /X bit CY «CYVXbit 2 5 7 "x 0000 0011
] ) 0101 0BpBiBy
CY,PSW.bit © - CY « CYVPSW.bit 2 5 7 Xx 0000 0010
‘ o 7 ) ] 0100 0ByBBy
~ GY,/PSW.bit CY « CYVPSWbit 2 5 7 x 00%00-0010
. L : 0101 0ByByBg -
XORl  CYsaddrbit.  CY ¢ CY¥{(saddrbit) 3 57 9. 11 X 0000°1000
) 0110 0ByBiBg
- * Saddr-offset
CY,sfr.bit CY « CY¥sirbit 3 7 1 X 0000 1000
- 0110 1ByByBy
Str-ofset
CY,AbRt - CY + GY¥Abit 2 5 7 X 0000 00 1-1
) . 0110 1ByBiBy
’ -G, X bit  CY « CYAXbit 2 5 7 X 0000 0011
B ' 5 01 10 0ByByBy
. CY,PSW.blt €Y + CYV-PSW.bit 2 5 7 x 0000 0010
o o 0110 0ByBiBy
SET{ saddr.bit (saddr.bit) + 1 2 87 6 10 1.1 :0BpByBy
' Saddr-offset
" sft.bit sfr.bit < 1 3 10 14 0000 1000
: 1000 .1ByByBy
Sfr-offset '
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NEC S  uPD7821x
Instruction Set (cont) L o o - i, ,
B LT Clocks .~ - _Flags ' gperation Code (Bits 7-0)
Mnemonic Operand . Operation™ ~ .. = % IROM IRAM' SFR EMEM ZACCY ‘Bytes B1 thruB5 . -
Bit Manlpulation (cont] . L - ) : -
SEF1- - ABit < AbteT o2 6 o Lo T 70000 0011
O . , , LTI 10 0 1 B3 By By
e 7 3. 000 0011
B ] v , e 00 0° 0 ByByBy
PSWbit . PSWhit«1 - h LU T T x x 000 0010
i : i 5

N E C ELECTRONICS INC  30E D WM L427525 0026102 4 WM .

" Xobit

Lo N L . , 100 . By By By
saddrbit  ~ _ (saddrbi) «0 e 6 - - U. 7 1010 0BsBB
o B S e Sl " Saddr-offset
Csfrblt oo sfrbite0- oo g e o - -0000 1000

‘ LT L 00 1-°1 ByB; B,
Sft-offset
0-001 1
1 Bp By By
0011
0 By By By
0010
0 By VB1LBVO
170 00
1 1 0 ByBy By
: ) ! : ) ) Saddr-offset
sfrbit Csfrbit e sfrb 0 S10- A4 G 000 1000
: ' : o ' o : T 1°1 1ByByBy
- Sir-offset .

"0 0011

1 1BpByBy -
011
By By By :
010
By By By
001
000
010

AbIE Abite0 -

Xbit Xbit 0

PSW.bit PSWhit €0~~~

~lololo|olo|ole
e |lololo|olojo

saddrblt "~~~ (saddrbit) « O(saddrbl)

0
K
0
1

0.
1
-0
0

Abit- © - - Abit«Ablt

v

Xbt . Xbit«XBE

. BSW.bit PSW.bit « PSW.IL.

oY CY &1
oY - - OYe0
cY CY«CY - -

Vx »
olojo|olo|elo]|ole
-—--‘-‘~o-“o—~‘ow
olo olalo|aloix]o

x/|o [~

‘




N E C ELECTRONICS INC 30E D WM L427525 0026103 b WM

LPD7821x
. 0
Instruction Set (cont) ale
. S Clocks Fiags  operation Code (Bits 7-0)
Mnemonle Operand Operation. :Bytes IROM [RAM SFR EMEM ZACCY Bytes B1thruB5 -
Call{Return o : .- :
CALL laddri6 (SP—1) « (PC+ 3)n, . 3 1015 17 21 0010 1000
(SP-2) « (PC+3), ' )
PC « laddri6, SP « SP~2 Low Addr
High Addr
" (SP—1) « (PC+2)y; 2 1247 .15 19 000 0101
(SP~-2) « (PC+2),PCH « - C -
P, PCL « 1L, SP « SP-2 010 1 1 P2Py O
CALLF  laddri (8P-1) « (PC+24,(SP=2) ¢ = 2 - 1015 14 18 1001 0 «
- (PC +2),PCy5411 + 00001, ' . fa 5
- PCyg-o + laddri1,SP-« SP-2. N
CALLT [addr5) (SP-1) « (PC + 1)y, (SP-2) « 1 1420 20 . 24 111« ta . =+
. : (PC+ 1), PCH « (00000000,
addr5 + 1), PG «+ (00000000,
addrs), SP + SP-2
BRK (SP—1) « PSW, (SP-2) « S o1 1826 22 .28 .. 0101 1110
- (PC + 1)y, (SP=3) « (PC+ 1), N S
PCH.+ (003FH), PCy +
(003FH), SP + SP-3,IE « 0 )
RET- PGL + (SP), PCH « (SP+ 1), 1 1015 11 15 010170110
: SPesP+2 - k
RETI PGl (SP),PCy«(SP+1), 1 1220 16 . 21 RRR 0101 0.1 171
PSW « (SP +2),SP + 8P +38, ’
NMIS «0
RETB PCL « (SP), PGy + (SP + 1), 1 1220 13 19 R-AR 0101 1111
) PSW « (SP +2),8P «SP+3 o
Stack Manipulation L ; ' i .
PUSH - PSW (SP—1) « PSW,SP « 8P-1 1 48 5 7- - 01001001
: sfe (SP—1)<-sfr,sR<-SP—i- 2 7-9 9 12 0010 1001
7 : ' Sfr-offset )
Top - (SP—1) + rp (SP-2) « 1 813 - 8 12 ) 0011 11PPg

pL, SP « SP-2
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instruction Set(cont) -~ - Lo Lo

"N E C ELECTRONICS INC 30E D WM L427525 002104 & WA

&, - s Tl

s et e T e o . Clocks __  Flags ~ gperation Code (Bits 7-0)
Mnemonlc™ Operand - “Operation = . . 7.t : ‘Bytes. IROM IRAM SFR_EMEM.-Z AC'CY - Bytes B1 thru-B5
Stack Manipulatlon (cont) L ' _ ' _ , R
-POP. PSW. . PSW+(SP)SP+SP+1 .1 48 6  8-RRBR 0100:100.0
Coostt o efre(SP)SPeSP+1 L2 et e 2 - 0100 001 1

L S, : S 7 sir-offset

" toL + (SP),tpy « (SP+ 1), ' 15 011 01PP
8P« SP.42” : B TSR

"MOVW  SP#word - SPeword . 8 ' L 000 10
= 2 R - o . . 1.

1
11 110
' 'LowByte )

"High Byte
1. 0

8P « AX

o = |

O AX 8P

SP « 8P+ .

8P +8P-1

ojo|lo|lo|=lo |~ |0
Ol |lolalajol=|o
ol|lojololo|o o]~

2lo|x]o|lx|a|=]e
awlo|=|lo|=lo|-]lo
- |- <'>. - || -




N E C ELECTRONICS INC 30E D MM k427525 0026105 T mm

Instruction Set (cont) : N ;- L N
- R R . Clocks _Flags  operation Code (Bits 7-0)
Mnemoni¢ -Operand: * Operation? . i . -'Bytes IntROM Branch NoBranch:Z.AC CY: ‘Bytes:B1:thru B85 -
Uncénéltldnal Branch - . B : Co v e
BR:  ‘laddrl6 - PC«laddrie -3 B Hes o 00 1-0-1100
L T P " LowAddr ¢
e PGy <1y, PCL e« myL 2 6 107 - 0000 0101
S - C e 0 el 01000 1PP O
$addrt6 .. PC+Saddr6. . .. 2. 4 . 9 . 7 0001 0100
Lo : T T oTdisp
Conditional Branch - - : : _ s
BC- "'$addrie . PC+ $addriBif CY=1 2 2/4 9 6 1000 0011
BL C . : B - s e jdisp
BNC - $addri6 PC « $addr16if CY =0 T2 24 9 6 1000 0010
BNL e S : . Jdisp
BZ $addri PC « $addri6if Z=1" 2 24 9 6 - 1000 0001
BE : : e T : . isp -
BNZ -~ -$addri6 - - PC .« $addri6ifz=0 - 2 2/4 9 6" 10000000
BNE- . - - - - - - - jdisp
A1 saddrbi, $addris PG « $addri6ft(saddrbi=1 3 59 12 9 .01 11 °0B,B;By
' - -_ ) o ’ -A - - : . Saddr-offset -
: o ’ S jdisp
sirbit, §addri6 PG « $addri6ifsfr.bit =1 4 79 16 13 0000 1000
, 3 o 1011 1BsByBg
T . ) - Sfr-offset
B _ ' jdisp
Abit$addris PG + $addri6ifAdbit=1 S8 &7 12 9 0000 0011
: : : 101 1.1ByB;8
| _ . - " jdisp
‘ : _ Xbit$addri6 PG < $addri6ifX.bit=1 3. &7 12 9 : 00000011
‘ ’ - 1.0 1.1 0ByByBy
‘ R ] o Jdisp
PSW.bit,$addri6  PC « $addri6 if PSW.bit=1 3 - &7 12 9 0000 0010
' . 1011 0ByByBy
© jdisp ’
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" Instruction Set(cont)

I

* Mnemonlc “Operand - -

" Opération % -+«

 Clocks " Flags:

* Operation Gode (Bits 7-0>)7

_Conditional Branch (cont) '

* Bytes InNfROM Branch- No Branch 'Z AC CY.

Bytes B1 thru BS-

- saddribit,$addri6

15

00:0 0. 1000

PC.+ $addri6lf (saddrbiy <0 - 4 . 59

oo - A1

0 18 1ByBy B

-~ Saddrdffset

: idiSp .

- sfrbit$addris

_ PO« $addri6itsirbit=0 -

000 1000

101 07 4 ByBBy

Sfr-bff_s'et

idisp :

Abit$addris

PG + $addr16ifAbit=0

0000 6041

1 01 6 1525130

Jdisp

Xbit$addris -

o~ .e

_“PC « $addriBif X bit =0

000 001 1

0.1 0 0 BpBiBy

idisp”

_ PSW.bit,$addr16

0 -

PG « $addriBit PSW.bit =

000 00 1 0:

0 10 0ByByBy
- jdisp

BTCLR - saddrbit,$addrie-

thenreset (saddr.bit)

PG+ $addri6if (saddr.bit) =1

0-0° 0 1000

- 1°0.1 - 1 BpB{By

" Sadldr-offset ]

jdisp

sfrbit,$addr 6

PC « $addr16ifsfr.bit =1

000 1000

then resetsfr.bit

10 1 1 ByByBy

Sfr-offset -

jdisp

Abit,$addr1s

PG « $addri6if Abit="1" .

0 0.0

6011

thenresetA.bit -~ -

10 1 1 B3BjBy
. jdisp. -

X.bit;$addr16

PC « $addri6ifX.bit=1-

0 0.00

0-0-1 1

thenreset X.bit

1-0 1 0 782 By By

jdisp

PSW.blt,$addr16 -

.

thenreset PSW.bit

000 0010

PC « $addri6ifPSW.bit=1

 1°0.1 0 ByByBy

Jdisp
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Instruction Set (cont) o ' : ST
o BT _ Clocks - _Flags  operation Code (Biis 7-0)
Mnerianic - Operand . ‘Operation -~ ¢ r'i.v.».. -  Bytes ntROM Branch NoBranch ZACCY . BytesB1thruB5 . -:
Conditional Branch (cont) R R T
DBNZ - rl$addr6 Het—tthenPCE - - 2. 85 Q.- 6 oo =:0-0.1 1. 0 0 1Ry’
LT Sedarieifi=0 R el - T e -
. saddnaddrie (saddr)+ (saddr)—1,then 3 410 12 9 0011 1011
o i "PC 4-.$addr16If(saddr)f=0 - ) : Saddr-offset
R ’ o B ’ ' - 7‘ e - i:;;]disf) .
CPU Control ) : : 7_ o R
MOV - STBC#byle . STBC « byte . 4 10 16 . . . 0000 1001
] o 1100 0000
e
- . 7 _ ' Data
SEL RBn _RBS10enn=08 2. 2 = 8 0000 0101
. . . P o S5 f 014001 ON{Ng ..
NOP- .~ : - - NoOperation - - | 1- 2 3 0000 0000
El - " [E «1(Enablelnterrupt) 1. 2 “ 3 0t 1011
DI : MRS IEGO'(DisabIeInterrupt) sl -2 i ﬁ.3.' 01 1010
1 . P < -
6-62




