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Single-Component 8-Bit Microcomputer

The M8031/AH/M8051AH is Intel's HMOS Il version of the high performance 8-bit M8031/M8051
microcomputer. While the M8031AH/M8051AH features the same powerful architecture and instruction
set as its HMOS | predecessor, it offers the additional benefit of lower power supply current.

The M8031AH/M8051AH provides a cost-effective solution for those controller applications requiring up
to 64K bytes of program and/or 64K bytes of data storage. Specifically, the M8031AH contains 128 bytes
of read/write data memory; 32 I/O lines configured as four 8-bit parallel ports; two 16-bit timer/counters;

a five-source, two-priority level, nested interrupt structure; a programmable serial 1/0 port; and an on-
chip oscillator with clock circuitry. The M8051AH has all of these M8031AH features plus 4k bytes of
nonvolatile read only program memory. Both microcomputers can use standard TTL compatible memories
and most byte-oriented MCS-80 and MCS-85 peripherals for additional I/O and memory capabilities.
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M8051AH/M8031AH
SINGLE-COMPONENT 8-BIT MICROCOMPUTER
Miltary T49-9.59

® MB031AH—Control-Oriented CPU with - =’ Two 16-Bit Timer/Counters

RAM and I/0 m Programmable Full-Duplex Serial
®m M8051AH—AN M8031AH with Factory Channel .
Mask-Programmable ROM W 128K Accessible External Memory
] F?g;lecsasted with Intel's HMOS* 1| m’ Boolean Processor
B 12 MHz Operation ® 4 s Multiply and Divide
m 4K x 8 ROM (M8051AH only) W 256 User Bit-Addressable Locations
m 128 x 8 RAM m 100 mA Typical Supply Current
® 321/0 Lines (Four 8-Bit Ports) " Mised jremperature Range:

—55°C to +125°C (Tg)

The M8031/AH/M8051AH is Intel's HMOS Hi version of the high performance 8-bit M8031/M8051 microcom-
puter. While the M8031AH/MB051AH features the same powerful architecture and instruction set as its
HMOS | predacessor, it offers the additional benefit of lower power supply current,

The MBO31AH/MB051AH provides a cost-effective solution for those controller applications requiring up to
64K bytes of program and/or 64K bytes of data storage. Specifically, the M8031AH contains 128 bytes of
read/writa data memory; 32 1/0 lines configured as four 8-bit parallel ports; two 16-bit timer/counters; a five-
sourcs, two-priority level, nested interrupt structure; a programmable serial 1/0 port; and an on-chip oscillator
with clock circuitry. The M8051AH has all of these M8031AH features plus 4K bytes of nonvolatile read only
program memory. Both microcomputers can use standard TTL compatible memories and most byte-oriented
MCS®-80 and MCS-85 peripherals for additional 1/0 and memory capabilitias.

The M8031AH/M8051AH ricrocomputer, characteristic of the entire MCS-51 family, is efficient in both control
and computational type applications. This results from extensive BCD/binary arithmetic and bit-handling facili-
ties. The MB031AH/MB051AH also makes sfficlent use of its program memory space with an instruction set
consisting of 44% one-byte, 41% two-byte, and 15% three-byte instructions. At the 12 MHz CPU operation,
over half of the instructions executs in just 1.0 ps, while the longest instructions, multiply and divide, require
only 4 ps. T

*HMOS is a patented process of Intel Corporation. i
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M8031AH/M8051AH
PIN DESCRIPTIONS

Vce
Supply voltage.

Vss
Circuit ground.

PORT 0

Port 0 Is an 8-bit open drain bidirectionat 1/0 port. As
an output port each pin can sink 8 LS TTL inputs.

Port 0 pins that have s written to them float, and in
that state can be used as high-impedance inputs.

Port 0 is also the muitiplexed low-order address and
data bus during accesses to external Program and
Data Memory. In this application it uses strong inter-
nal pullups when emitting 1s and can source and
sink 8 LS TTL inputs. .

Port 0 also outputs the code bytes during program
vetification of the ROM device. External pullups are
required during program verification.

PORT 1

Port 1 is an 8-bit bidirectional 1/0 port with internal
pullups. The Port 1 output buffers can sink/source 4
LS TTL inputs. Port 1 pins that have 1s written to
them are pulled high by the internal pullups, and in
that state can be used as inputs. As inputs, Port 1
pins that are externally being pulled low will source
cutrent (. on the data sheet) bacause of the inter-
nal pullups.

Port 1 also receives the low-order address bytes
during program verification of the ROM device.

PORT 2

Port 2 is an 8-bit bidirectional 1/0 port with internal
pullups. The Port 2 output buffers can sink/source 4
LS TTL inputs. Port 2 pins that have 1s written to
them are pulled high by the internal pullups, and in
that state can be used as inputs. As inputs, Port 2
pins that are externally being putled low will source
current (ljL. on the data sheet) because of the inter-
nal pullups.

T97-19-59

Port 2 emits the high-order address byte during
fetches from external Program Memory and during
accesses to external Data Memory that use 16-bit
addresses (MOVX @DPRTR). In this application it
uses strong internal pullups when emitting 1s. Dur-
ing accesses to external Data Memory that use 8-bit
addresses (MOVX @Ri), Port 2 emits the contents of
the P2 Special Function Register.

Port 2 also receives the high-order address bits dur-
ing program verification of the ROM device.

5

PORT 3 ;

Port 3 is an 8-bit bidirectionat 170 port with internal
pullups. The Port 3 output buffers can sink/source 4
LS TTL inputs. Port 3 pins that have 1s written to
them are pulled high by the internal pullups, arid in
that state can be used as inputs. As inputs, Port 3
pins that are externally being pulled low will source .
current (I on the data sheet) because of the pull-
ups.

Port 3 also serves the functions of various special
features of the MCS-51 Family, as listed below:

10-2

';,‘:: Alternative Function

P3.0 | RXD (serial input port)

P3.1 | TXD (serial output port)

P3.2 | INTO (externalinterrupt 0)

P3.3 | INT1 (external interrupt 1)

P3.4 | TO (Timer O external input)

P3.5 | Ti (Timer 1 external input)

P3.6 | WR (external data memory write strobe)

P3.7 | RD (external data memory read strobe)
RST

Reset input. A high on this pin for two machine cy-
cles while the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the
low byte of the address during accesses to external
memory. In normal operation ALE is emitted at a
constant rate of 14 the oscillator frequency, and may
be used for external timing or clocking purposes.
Note, however, that one ALE pulse is skipped during
each access to external Data Memory.
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PSEN

Program Store Enable is the read strobe to external
Program Memory,

When the device is_executing code from external
Program Memory, PSEN s activated twice each ma-
chine cycls, except that two PSEN activations are
skipped during each access to external Data Memo-
ry.

EA/Vpp

External Access enable EA must be strapped to Vgg
in order to enable any MCS-51 device to fetch cods

from external Program memory locations 0 to
OFFFH,

XTAL1
Input to the inverting oscillator amplifier.

c2
—)— XTAL2
1
=
— XTALt
¢t
Vss
271012-10

G1,C2 = 30 pF £ 10 pF for Crystals
= 40 pF £ 10 pF tor Ceramic Rasonators

T-99-79-59
XTAL2
Output from the inverting oscillator amplifier.

~ OSCILLATOR CHARACTERISTICS

XTAL1 and XTAL2 are the input and output, respec-
tively, of an inverting amplifier which can be config-
ured for use as an on-chip oscillator, as shown in
Figure 3. Either a quartz crystal or ceramic resonator
may be used. More detailed information concerning
the use of the on-chip oscillator is available in Appli-
cation Note AP-155, “Oscillators for” Microcontrol-
lers,” published in the"Embedded Controller Hand-
book.

To drive the device from an external clock source,
XTAL1 should be grounded, whila XTAL2 is driven,
as shown in Figure 4. There are no requirements on
the duty cycle of the external clock signal, since the
input to the internal clocking circuitry is through a
divide-by-two flip-flop, but minimum and maximum
high and low times specified on the Data Sheet must
be observed.

" Figure 3. Oscillator Connections

EXTERNAL
OSCILLATOR | XTAL2
SIGNAL
XTALt
Vss
271012-11

Figure 4. Externalinrive Contfiguration
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ABSOLUTE MAXIMUM RATINGS* ' *Notice: Stresses above those listed under “Abso-

Jute Maximum Ratings" may cause psrmanent dam-
Case Temperature Under Bias. .. —55°C to +125°C age to the device. This is a stress rating only and

Storage Temperature .......... —65°Cto +150°C  functional operation of the device at these or any
: other conditions above those indicated in the opera-
Vogt:%g&r: gné rzwn‘gf(ls] 6S) teernnes ~05Vio +7V tional sections of this specification is not implied. Ex-

posure to absolute maximum rating conditions for

Power Dissipation «..vveviieisniriiniiiiaiaes 1w extended periods may affect device reliability.
Operating Conditions : )
Symbol Description Min Max Units
To Case Temperature (Instant On) —~55 +126 ' °C
Voo Digital Supply Voltage 4.50 550 \)

D.C. CHARACTERISTICS (Over Specified Operating Conditions)

Symbol Parameter Min Max Unit Comments
ViL Input Low Voltage -0.5 0.7 \ '
VIH Input High Voltage 22 Vgt 05} V
(Except RST/Vpp and XTAL2) .
ViH1t Input High Voltage to 28 {Vog+ 06| V | XTAL1toVgs
RST/Vpp For RESET, XTAL2 o
Vep Power Down Voltage to RST/Vpp 45 5.5 V {Veg=0V
VoL Output Low Voltage Ports 1, 2, 3 (Note 1) 0.45 V lloL=12mA
Voui Output Low Voltage Port 0, ALE, PSEN 0.45 V |lgL=24mA
(Note 1)
Vo | Output High Voltage Ports 1,2, 3 24 V |loy = —60 pA
Vori | Output High Voltage Port 0, ALE, PSEN 2.4 . V |loy = —400 pA
L Logical O Input Current Ports 1, 2, 3 —800 pA | Vin = 0,45V
liLe Logical 0 Input Current for XTAL2 -3.2 mA | XTAL1 = Vggs,
7 Vip = 0.45V
I Input Leakage Current to Port 0, EA +10 | pA 045V <V, <Vco
liH1 Input High Current to RST/Vpp For RESET 600 pA | Vin < Voo — 1.5V)
Icc Power Supply Current 140 mA | All Outputs Disconnected
leD Power Down Current ) 15 mA | Vgg =0V
Co Capacitance of 1/0 Buffer ' 10 pF | fc = 1 MHz, Tg = 25°C
NOTES:

1. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the Voys of ALE and Ports
1 and 3. The noise is due to external bus capacitance discharging into the Port O and Port 2 pins when these pins make 1-
10-0 transitions during bus operations. In the worst cases (capacitive loading > 100 pF), the noise pulse on the ALE line may
axcoed 0.8V. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt
Trigger STROBE input.

VoL
Emitting | Degraded ® eoak)
Ports 1/0 Lines (Max)
Address P2, PO P1,P3 0.8V

Write Data PO P1,P3,ALE | 0.8V

Datum

10-4
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EXTERNAL CLOCK DRIVE CHARACTERISTICS (XTAL2)
: Variable Clock
Symbol |  Parameter Fred otz unit
7 Min Max
TCLCL Oscillator Period 83.3 285.7 ns
TCHCX | HighTime 20 ns
TCLCX Low Time 20 ns
TCLCH | Rise Time 2 ns
TCHCL | Fall Time 20 . ns '
[~———TCHCX —— TCLCH—=} -—TCHCL

254 25
,Z Los 08,

TCLCX

271012-3

A.C. CHARACTERISTICS
Cy. for Port 0, ALE and PSEN Outputs = 100 PF; G for afl other outputs = 80 pF

EXTERNAL PROGRAM MEMORY CHARACTERISTICS

Variable Clock

Symbol Parameter 12 MHz Clock 1/TCLCL = 3.5 MHz to 12 MHz

Min | Max | Unit Min - Max Unit
TLHLL ALE Pulse Width 112 ns 2TCLCL—55 ns
TAVLL Address Setup to ALE 28 ns TCLCL—55 ns
TLLAX Address Hold After ALE 33 ns TCLCL—~50 ns
TLLIV ALE to Valid Instr In 218 ns 4TCLCL—-115 ns
TLLPL | ALEto PSEN 43 ns | TCLCL-40 ns
TPLPH | PSEN Pulse Width 190 ns | 3TCLCL-#60 ns
TPLIV | PSENto Valid InstrIn 110 | ns 3TCLCL—140 | ns
TPXIX | Input lnstr Hold Atter PSEN | 0 ns 0 , ns
TPXIZ | Inputinstr Float After PSEN 48 | ns TCLCL-85 | ns
TPXAV | Address Valid After PSEN | 58 ns | TOLCL—25 ns
TAVIV Address to Valid Instr In 287 ns 5TCLCL—-130 ns
TPLAZ | PSEN Low to Address Float 20 ns 20 ns

10-56
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A.C. CHARACTERISTICS '
Oy for Port 0, ALE and PSEN Outputs = 100 pF; C for all other outputs = 80 pF (Continued)

EXTERNAL DATA MEMORY CHARACTERISTICS

) Variable Clock
Symbol Parameter 12 MHz Clock 1/TCLCL = 3.5 MHz to 12 MHz
Min | Max | Unit Min Max | Unit

TRLRH | RD Pulse Width 400 ns | 6TCLCL-100 ns
TWLWH | WR Pulse Width 400 | ns | 6TCLCL-100 - ' ns
TLLAX Address Hold After ALE 33 ns TCLCL-50 - ns
TRLDV RD t6 Valid Data In 232 ns STCLCL-185 ns
TRHDX | Data Hold Atter RD 0 ' ns 0 ns
TRHDZ | DataFloat After RD 82 ns 2TCLCL-85 ns
TLLDV ALEtoValidDatain | 497 ns 8TCLCL-170 | ns
TAVDV Address to Valid Data In 565 ns 9TCLCL-185 ns
TLLWL | ALEtoWRorRD 185 | 315 | ns | 3TCLCL-65 | 3TCLCL+65 | ns
TAVWL | Address to WR or RD 188 ns | 4TCLCL-145 ns
TWHLH | WRorRDHightoALEHigh | 18 | 148 | ns | "TCLCL-65 | TCLCL+65 | ns
TDVWX | Data Valid to WR Transition 8 ns TCLCL-75 ns
TQVWH | Data Setup Before WR 508 ns 7TCLCL-75 ns
TWHQX | Data Hold After WR 18 ns TCLCL-65 ns
TRLAZ | RD Low to Address Float 20 ns 7 20 ns

A.C. TIMING DIAGRAMS

EXTERNAL PROGRAM MEMORY READ CYCLE

»l

T = 12 TCLCL: .
ALE —TLLIV—>§ )

TAVLLF— TLLPL |

\‘4——TPLPH7——-\—-_/—
FSEN TPLIV
4 TPYAY »

TPLAZ -» PXIZ
i Tiiax e [TPXIX o
PORT O INSTR IN)={  A0=A7 INSTR IN A0=A7 Y=l INSTR IN )=

TAVIY
PORT 2 of srrep2 ADDRESS AB=A15 )X ADDRESS AB=A1S

y

271012-4
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A.C. TIMING DIAGRAMS (Continued)
EXTERNAL DATA MEMORY READ CYCLE
TLLOV TWHLH -]
ALE _/ \g
PSEN — TLLwL
R TALRH . -
N D2
TAVOV T e e PR L
PORT 0 A0-A7 DATAIN * @(
—t TRLAZ '
PORT2 ORSFR.B? ADDRESS A8-A15 OR SFR-P2 D
) 271012-5
EXTERNAL DATA MEMORY WRITE CYCLE
TWHLH—=]
e /7 N .
PSEN — TULWL
WR TWLWH —
TAVWL N /)
e TLLAX ], T TOVWX TQUWH TWHOX
PORTO AG-A7 DATA OUT
PORT2 g@ ADDRESS AR-ATS OR SFA.F2 D]
271012-6
A.C. TESTING INPUT/QUTPUT, FLOAT WAVEFORMS
Input/Output Float
24 = — FLOAT
24 24
TEST POINTS T X Ty o
X X - 7
271012-7 0.45 e A0 ;\:_._ 045
: 271012-8

AG inputs during testing are driven at 2.4V fora
0.8V for a logic "0, For timing purposes, the
test lavels.

logic “1" and 0.45V for & logic 0", Timing measurements are made at 2.0V for alogic "1™ and

float state is defined as the point at which a PO pin sinks 2.4 mA or sources 400 pA at the voltage

10-7
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CLOCK WAVEFORMS
INTERNAL | STATE4 | STATES I STATEG | STATE1 | STATE2 | STATES.| STATE4 | STATES
cLack prlralpi|ezlelealer]le2iplea|p]r|e]|r]|p]e
XTAL2
e —— 1 1 1 1 I I
THESE SIGNALS ARE NOT .
EXTERNAL PROGRAM MEMORY FETCH ACTIVATED DURING THE .
EXECUTION OF A MOVX INSTRUCTION
FSEN
ATA PCLOUT DATA PCLOUT DATA PCLOUT
SAMPLED SAMPLED SAMPLED
FLOAT e roAT——] e——¢toAT
P2LEXT) [INDICATES ADDRESS TRANSIONS | ]
READ CYCLE
R | |
00H IS EMITTED PCL OUT (IF PROGRAM
, ,DURING THIS PERIOD MEMORY IS EXTERNAL)
1)
oo [orLoRAl | i _Joatal. v L
v ourt AMP
poLofe—————ploar SAMRLED |
P2 —_ INDIGATES DPH OR P2 SFR TO PCH TRANSITIONS —_
WRITE CYCLE K
WA 1 [PCL OUT(EVEN IF PROGRAM

MEMORY IS INTERNAL) -

I OPL OR Ri l Fa
PO

our ——— ———DATA OUT——————=s}e | PCL QUT (IF PROGRAM

p2 I NDICATES DPH OR P2 SFR TO PCH TRANSITIONS MEMORY IS EXTERNAL)
PORT OPERATION )
MOV FORT, SRC - OLD DATA [FEW DAT,
J W A PO PINS SAMPLED

MOV DEST, P ] d

MQV DEST. PORT (P1, P2, P3) PO PINS SAMPLED
{INCLUDES INTQ, INT1, T0, T1)

Y

P1. P2, P3 PINS SAMPLED P1, P2, P3 .
SERIAL PORT SHIFT CLOCK PINS SAMPLED
™0 h : 1 , h
(MODE 0) “RXD SAMPLED "RXD SAMPLED
271012-9

This diagram indicates when signals are clocked internally. The time it takes the signals to propagate to the pins, however, ranges from 25 1o
125 ns. This propagation delay is dependent on variables such as temperature and pin loading. Propagation also varies from output to output
and component to componant,
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INTEL CORP (UP/PRPHLS) c0E D B 482L175 008L7LY 2 i

ntel . M8O51AH/MBO31AH

.
. ‘l' 934 15%s9

SERIAL PORT TIMING—SHIFT REGISTER MODE

Symbol Parameter 12 MHz Oscillator Variable Osciilator Units
Min Max Min Max

TXLXL | Serial Port Clack Cycle Time 1.0 ~ 12TCLCL ps

TQVXH | Output Data Setup to Clock Rising 700 10TCLCL-133 ns
Edge )

TXHQX | Output Data Hold after Clock 50 2TCLCL—117 ns
Rising Edge "

TXHDX | Input Data Hold after Clock Rising 0 : 0 R ns
Edge )

TXHDV | Clock Rising Edge to Input Data 700 10TCLCL—133]| ns
Valid

SHIFT REGISTER TIMING WAVEFORMS

WETALCNON | ] I ) | 2 I 3 I 4 l s l L] l 7 l ] '

Iq—mn.—»l .
o Ll
"l“l“"'l‘-—'lml |
QuPuT oATA \,—.I‘ Lq :us X 3 X ' 7
4
Wt 10 saue ranov |<_’| ’I I"""‘" )
et oara D @ OO 6D O 6 OO 6 CD 6 CD 6 O @ OO
' : '
o 271012-12
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Table 1. MCS®-51 Instruction Set Description
ARITHMETIC OPERATIONS LOGICAL OPERATIONS (Continued)
Mnemonic Description Byte Cyc Mnemonic Description Byte Cyc
ADD A,Rn Add register to ORL A, @Ri OR indirect RAM to
Accumulator 1 1 Accumulator 1. 1
ADD A, direct Add direct byte to ORL A, #data OR immediate data to :
Accumulator 2 1 Accumulator 2 1
ADD A, @Ri Add indirect RAM to ORL direct, A OR Accumulator to
Accumulator 1 1 direct byte ) 2 1
ADD A, #data Add immediate data to ORL direct, #data OR immediate data to
Accumulator 2 1 direct byte 3 2
ADDC A, Rn Add register to XRL A,Rn Exclusive-OR régister to
AccumulatorwithCamy 1 1 Accumulator L
ADDC A, direct Add directbyte to A XRL A, direct Exclusive-OR direct
with Carry flag 2 9 byte to’Accumulator 2 1
ADDC A, @Ri Add indirect RAM to A XRL A, @Ri Exclusive-OR indiract
with Garry flag 1 1 RAMto A - 1 1
ADDG A, #data Add immediate data to XAL A, #data Exclusive-OR
A with Carry flag 2 1 immediate data to A 2 1
SUBB A,Rn Subtract register from A XRL direct, A Exclusive-OR Accumu-
with Borrow 1 1 lator to direct byte 2 1
SUBB A, direct Subtract direct byte XRL direct, #data Exclusive-ORim-
from A with Borrow 2 1 mediate data to direct 3 2
SUBB A, @Ri Subtract indiract RAM CLR A Clear Accumulator 1 1
{from A with Borrow 1 1 CPL A GComplement
SUBB A, #data Subtract immed data A 1 1
from A with Borrow 2 1 RL A Rotate Accumulator Left 1 1
NG A Increment Accumutator 1 1 RLC A Rotate A Left through
ING Rn Increment register 1 1 the Carry flag 1 1
ING  direct Increment ditect byte 2 1 RR A Rotate Accumulator ’
INGC @Ri Increment indirect RAM 1 1 Right 1 ]
ING DPTR Increment Data Pointer 1 2 RRC A Rotate A Right through
DEC A Decrement Accumulator 1 1 Carry flag 1 1
DEC BAn Decrement register 1 1 SWAP. A Swap nibbles within the
DEC direct Decrement direct byte 2 1 . : Accumulator 1 1
DEC @Ri Decrement indirect DATA TRANSFER :
RAM 1 1 Mnemonic Description Byte Cyc
MUL AB Multiply A& B 1 4 MOV A, Rn Move register to
DIV AB Divide Aby B 4 Accumulator 1 1
DA A Decimal Adjust MOV A, direct Move direct byte to
Accurnulator 1 1 Accumulator 2 1
LOGICAL OPERATIONS MOV A, @Ri Move indirect RAM to
Mnemonic Dascription Byte Cyc Accumulator 1 1
ANL A, Rn AND register to MOV A, #data Move immediate data to
Accumulator 1 1 Accumulator 2 1
ANL A, direct AND direct byte to MOV Rn,A Move Accumulator to
Accumulator 2 1 register 1 1
ANL A, @Ri AND indirect RAM to, MOV Rn, direct Move direct byte to
Accumutator 1 1 register 2 2
ANL A, #data AND immediate data to MOV Rn, #data  Move immediate data to
Accumulator 2 1 register 2 1
ANL  diract, A AND Accumulator to MOV direct, A Move Accumulator to
direct byte 2 1 direct byte 2 1
ANL  direct, #data AND immediate data to MOV direct, Rn Move register to direct
direct byte 3 2 byte 2 2
ORL A,Rn OR register to MOV direct, direct Move direct byte to
Accumulator 1 1 direct 3 2
ORL A, direct OR direct byte to MOV direct, @Ri  Move indirect RAM to
Accumulator 2 1 direct byte 2 2

10-10
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Table 1. MCS®-51 instruction Set Description (Continued)
ATA TRANSFER (Continued) ROGRAM AND MACHINE CONTROL - J
nemonic ) Description Byte Cy nemonlc Description ~~ 'ByteCy
V direct, #data  Move immediate data to IACALL addrit Absolute Subroutine
direct byte 3 2 Calt 2
MOV @Ri, A Move Accumulator to LCALL addri6 Long Subroutine Call 3 2
indirect RAM 1 1 RET Return from subroutine 1 2
MOV  @Ri, direct Move direct byte to RETI Return from interrupt 1 2
indirect RAM 2 2 IAJMP  addri1 Absolute Jump 2 2
MOV @Ri, #data Move immediate data to LJMP - addri6 Long Jump 3 2
indirect RAM 2 1 SIMP  rel Short Jump (relative
MOV DPTR, #data16 Load Data Pointer with addr) 2 2
a 16-bit constant 3 2 UMP @A+DPTR  Jump indirect relative to
MOVC A, @A+DPTR  Move Code byte relative ) the DPTR - 1 72
toDPTR10 A 1 2 2 rel Jump it Accumulator is
MOVC A, @A+PC  Move Cods byte relative Zero 2 2
toPCtoA 1 2 JINZ rel Jump if Accumulator is
MOVX A, @RI Move External RAM : Not Zero 2 2
(8-bitaddr) to A 1 2 JC rel Jump if Carry flagisset 2 2
MOVX A, @PTR  Move External RAM _ UNG el JumpiiNoGarryflag 2 2
(16-bitaddr) to A 1 2 B bit, rel Jump if direct Bit set 3 2
MOVX @Ri, A Move A to External RAM B bit, re! Jump if direct Bit Not
(8-bit addr) 1 2 ) set 3 2
MOVX @DPTR, A Movs A to External RAM UBC bit, rel Jump if direct Bit is set
(16-bit addr) 1 2 ] & Clear bit 3 2
PUSH direct Push direct byte onto CINE A, directrel  Compare directio A &
stack 2 2 Jump.if Not Equal ‘3 2
POP  direct Pop direct byte from CINE A, #data,rel Comp: immed, toA &
stack 2 2 Jump if Not Equal 3 2
XCH A, Bn Exchange register with IGINE  Rn, #data,rel Comp: immed, to reg &
Accumulator 11 Jump if Not Equal .8 2
XCH A, direct Exchange direct byte GINE @RI, #data, rel Comp: immed, toind, &
with Accumulator 2 1 Jump if Not Equal 8 2
XCH A, @Ri Exchange indirect RAM DJNZ Rn, rel ) Decrement reglster&
! . Jump if Not Zero 2 2
with A 1t 1 z i ] "
XCHD A, @Ri Exchange low-order DINZ - direct, rel ?f,,‘if.’?ﬁ';‘,?;?ﬁ‘ oL,
Digitind RAM with A 1 1 NOP No operation 11
NOTES ON DATA ADDRESSING MODES:
BOOLEAN VARIABLE MANIPULATION Rn — Working register RO-R7
Mnemonic Description Byte Cyc direct  — 128 internal RAM locations, any 1/0 port,
CLR G Clear Garry flag 1 control or status register
CLR  bit Clear direct bit 2 1 @RI — Indirect internal RAM location addressed by
SETB C Set Carry flag 11 register RO or R1
SETB bit Set direct Bit 2 1 #data — 8-bit constant included in instruction
CPL C Complement Carry #data16 — 16-bit constant included as bytes 2 & 3 of
) flag oo 1o instruction
CPL  bit Complementdirsctbit 2 1 it — 128 software flags, any 1/0 pin, control or
ANL  C, bit AND direct bitto Carry status bit
) flag 2 2 NOTES ON PROGRAM ADDRESSING MODES:
ANL G, /bit AND complement of jaddr16  — Destination address for LCALL & LJMP may be
direct bit to Carry 2 2 anywhere within the 64-K program memory
ORL  C/bit OR direct bit to Carry . address space
flag 2 2 {addri1 - Destination address for ACALL & AJMP will be
ORL  C/bit OR complement of within the same 2-K page of program memory
direct bit to Carry 2 2 as the first byte of the following instruction
MOV C, /bit Move direct bit to Carry rel — SJMP and all conditional jumps include an 8-bit
) flag 2 1 offset byte, Range is + 127128 bytes relative
MOV bit,C Move Carry flag to to first byte of the following instruction
direct bit 2 2 All mnemonics copyrighted® Intel Corporation 1979
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INTEL CORP (UP/PRPHLS) c0E D B 442L175 008L17L7 & W
lﬂlel M8051AH/M8031AH . rq9-19-01
. -:99-19-59
Table 2. Instruction Opcodes In Hexadeclmal Order
c':{’: :'ug’;:; Mnemr_mlc Operands é" :dx. :'u;'wb:: Mnemonlc Operands
00 | NOP 33 1 RLC - A
o 2 AJMP code addr 34 2 ADDC A,#data
02 3 LIMP code addr 35 2 ADDC A,data addr
03 1 RR A 36 1 ADDC A,@RO
04 1 ING A 37 1 ADDC A@RT
05 2 INC data addr 3s 1 ADDC A,RO
06 1 INC @Ro 39 1 ADDC AR1
07 1 INC @R1 9A 1 ADDC AR2
08 1 INC RO 3B 1 ADDC ~* AR3
09 1 ING R1 3C 1 ADDC AR4
0A 1 INC R2 3D 1 ADDC ‘AR5
0B 1 INC R3 3E 1 ADDC AR6
Qc 1 INC R4 3F 1 ADDC AR7
oD 1 INC R5 40 2 Jc code addr
0E 1 INC R6 41 2 AJMP code addr
oF 1 INC R7 42 2 ORL data addr,A
10 3 JBC bit addr, code addr -43 3 ORL data addr, # data
11 2 ACALL code addr 44 2 ORL A,#data
12 3 LCALL code addr 45 2 ORL A,data addr
13 1 RRC A 46 1 ORL A,@RO
14 1 DEC A 47 1 ORL A,@R1
15 2 DEC data addr 48 1 ORL ARO
16 1 DEC @R0O 49 1 ORL ARt |
17 1 DEC @R1 4A 1 ORL AR2
18 1 DEC RO 4B 1 ORL AR3
19 1 DEC R1 4C 1 ORL AR4
1A 1 DEC R2 4D 1 ORL AR5
18 1 DEC R3 4E 1 ORL AR6
1G 1 DEC R4 4F 1 ORL AR7
1D 1 DEC RS 850 2 JNC code addr
iE 1 DEC R6 . 51 2 ACALL code addr
iF 1 DEC R?7 62 2 ANL data addr,A
20 3 JB bit addr, code addr 53 3 ANL _ data addr, #data
21 2 AJMP code addr 54 2 ANL A, #data
22 1 RET 55 2 ANL A,data addr
23 1 RL A 56 1 ANL A,@RO
24 2 ADD A, #data 57 1 ANL A,@R1
25 2 ADD A,data addr 58 1 ANL A,RO-
26 1 ADD A,@RO 59 1 ANL AR1
27 1 ADD A,@R1 5A 1 ANL A,R2
28 1 ADD ARO 5B 1 ANL AR3
29 1 ADD AR1 5C 1 ANL AR4
2A 1 ADD AR2 5D 1 ANL AR5
28 1 ADD AR3 5E 1 ANL AR6
2C 1 ADD AR4 5F 1 ANL AR7
2D 1 ADD AR5 60 2 JzZ code addr
2E 1 ADD A,R6 61 2 ASMP code addr
2F 1 ADD AR7 62 2 XRL data addr,A
30 3 JNB bit addr, code addr 63 3 XRL data addr, #data
31 2 ACALL code addr 64 2 XAL A,#data
32 1 RETI 65 2 XAL A,data addr
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Tabie 2. Instruction Opcodes in Hexadecimal Order. (Continued)
Hex  Number - - . Hex  Number .
Code of Bytes Mnemonic . Opomds. Code™ of Bytes Mnemonic Operands
68 1 XAL A,@8R0 99 1 suBB AR1
67 1 XAL A,@R1 9A 1 suss AR2
68 1 XAL ARO 9B 1. susB AR3
69 1 XAL AR1 S sC 1 sues AR4
6A 1 XAL AR2 oD 1 suBB - AR5
68 1 XAL AR3 - 9E 1 SuBB ARS
6C 1 XRL AR4 . aF 1 susB AR7
6D 1 XRL ARS AQ 2 ORL C,/bit addr
6E 1 XRL AR6 Al 2 AJMP code addr
6F i XAL AR? A2 2 MOV Cpbitaddr
70 2 INZ code addr . A3 t INC DPTR
" 2 ACALL cade adde A4 1 - MUL AB
72 2 ORL C,bit addr A5 - reserved
73 1 JMP @A+DPTR A6 2 .. MoV @R0,data addr
- 74 2 MOV A,#data A7 2 MOV @R1,data addr
75 3 MOV data addr, #data. A8 2 MOV RO,data addr
76 2 MOV ARO, #data A9 2 MOV R1.data addr
77 2 MOV @R1,#data AA 2 MoV R2,data addr
78 2 MOV RO, #data AB 2 Mov A3,data addr
79 2 MOV R1,#data AC 2 MOV R4,data addr
7A 2 MOV R2,#data AD 2 MOV R5,data addr
78 2 MOV R3,#data AE -2 MOV Ré6,data addr -
7C 2 MOV R4, #data AF 2 MoV R7,data addr
70 2 MoV RS, #data BO 2 ANL C,/bit addr
7€ 2 MOV R6, #data B1 2 ACALL code addr
7F 2 MoV R7,#data B2 2 CPL bit addr
80"’ 2 SIMP code addr B3 1 CPL o]
8t 2 AJMP code addr B4 3 GINE A, #data,code addr
82 2 ANL C.bit addr BS 3 GJNE A,data addr,code addr
a3 1 MOVC ABA+PC . 86 3 CJINE @RO, #data,code addr
84 1 DIV AB B7 3 GJNE @R1, #data,code addr
85 3 MOV data addr, data addr B8 3 CINE RO, # data,code addr
86 2 MOV data addr,@R0 B9 3 CJNE R1, #data,code addr
87 2 MOV data addr,@R1 i BA 3 CGJINE R2, #data,code addr
88 2 MOV data addr,RO BB 3 CGJINE R3, #data,code addr
89 2 MOV data addr,R1 BC 3 GINE R4, # data,code addr
8A 2 MOV data addr,R2 BD 3 CINE RS, #data,code addr
8B 2 MoV data addr,R3 BE 3 CGINE R6,#data,code addr
8C 2 MOV data addr,R4 BF 3 CJNE R7,#data,code addr
aD 2 MOV data addr,R5 co 2 PUSH data addr
8E 2 MoV data addr,R6 C1 2 AJMP code addr
8F 2 MOV data addr,R7 c2 2 CLR bit addr
0 3 MOV DPTR, #data c3 1 CLR C
91 2 ACALL code addr Cc4 1 SWAP A
92 2 MoV bit addr,C cs 2 XCH A.data addr
93 1 MOVC A,8A+DPTR cs 1 XCH A,@R0
94 2 suBB A,#data c7 1 XCH A,@R1
95 2 SuBB A data addr C8, 1 XCH A,RO
96 1 susB A@RO c9 1 XCH AR1
97 1 suBB A,@R1 CA 1 XCH AR2
98 1 suBB ARO CB 1 XCH AR3
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Table 2. Instruction Opcodes in Hexadecimatl Order (Continued)
Hex  Number . - Hex . Number N
Cods of Byles Mnemonic Operands Code  ofBytes Mnermonic Operands
CcC 1 XCH AR4 E6 1 - MOV A,2R0
CD 1 XCH AR5 E7 | MOV - A,@Rt
CE 1 XCH AR6 : E8 t.- MOV ARO
CF 1 XCH AR7 E9 i+ MOV AR1
[».] 2 POP data addr EA 1= MOV - AR2
D1 2 ACALL code addr EB | MOV~ AR3
D2 2 SETB bit addr EC -1 MOV AR4
D3 1 SETB (o} ’ ED 1 MOV -~ AR5
D4 1 DA A EE 1. MOV . ARS8
D5 3 DJINZ data addr,code addr EF h MpV AR7
D6 1 XCHD A,@RO FO 1 MOVX @DPTRA
D7 1 XCHD A.EeR1 Fi 2 ACALL code addr
D8 2 DJINZ R0,code addr ‘ F2 1 MOVX @R0A
D9 2 DJINZ R1,code addr F3 1 MOVX @R1,A
DA 2 DJINZ R2,code addr . F4 1 CPL A
DB 2 DINZ A3,code addr | F& 2 MOV data addr,A
DC 2 DINZ R4,code addr Fe 1 MOV @R0,A
DD 2 DJNZ R5,code addr F7 i | MOV @Rt1,A
DE 2 DJNZ R6,code addr F8 1 MoV RO,A
DF 2 DJNZ R7,code addr F9 1 MOV - R1A
EQ 1 MOVX A@DPTR FA 1 MOV~ R2,A
Et 2 AJMP code addr FB 1 MOV R3,A
E2 1 MOVX A8R0 FC 1 MOV R4,A
E3 1 MOVX A,@R1 FD 1 MOV R5,A
E4 1 "CLR A FE 1 MOV - R6,A
ES 2 MOV A,data addr FF 1 MOV R7,A
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