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Features Block Diagram

« Compatible with MCS-51™ Products

= 4K Bytes of In-System Reprogrammable Flash Memory
— Endurance: 1,000 Write/Erase Cycles

* Fully Static Operation: 0 Hz te 24 MHz

&

+ Threa-Lewal Program Memory Lock .

= 128 x 8-Bit Internal RLAM H

+ 32 Programmable VO Lines GHn g

= Two 18-Bit Timen'Counters H
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escription .

Tha ATBSCS1 is a low-powar, high-parformancs CMOS B-bit microcomputar with 4K Wlth 4K Bytes

bytes of Flash Programmabla and Erasable Raad Only Memaory (PEROM). The 0

device is manufactured using Atmel's high density nonvolatile mamory tachnology F|ElSh i h 4

and is compatible with tha industry standard MCS-51™ instructicn zat and pincut. The i 5 - sTack ]

an-chip Flash allows the program memaory to ba reprogrammed in-systam or by a con- REGHETER - EESITER REQIETER

ventional nonvelatile memory programmer. By combining a verzatile 8-bit CPU with ATSQC 51

Flash on a monelithic chip, the Atmal ATBSCS1 is a powerful microcomputer which

pro_':idas a highly flexible and cost effective solution to many smbedded control appli-
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The ATBZCS1 providaes the following standard faatures: 4K
bytes of Flash, 128 bytes of RAM, 32 I'C linas, two 16-bit
timerfcounters, a fiva vactor two-level intermupt architecturs,
a full duplex serial port, cn-chip oscillater and clock cir-
cuitry. In addition, the ATE3C51 is designad with static logic
for opsration down to zero frequency and supporis two
software selactable power zaving modes. The Idla Mods
stops the CPU whils allowing the RAM, timer/counters,
2arial port and imtarrupt system to continua functioning. The
Power Down Moda savas the RAM contants but freszes
the oscillater disatbling all other chip functions until the next
hardwars resat.

Pin Description

Vee

Supply voltage.
GND

Ground.

Port 0

Port 0 iz an B-bit opan drain bidiractional 'O port. As an
output port each pin can sink gight TTL inputs. When 13
are writtan to port O pins, the pins can be used as high-
impadance inputs.

Port 0 may also be configured to be the multiplexed low-
order address/data bus during accessas to external pro-
gram and data mamary. In thiz mode PO has internal pul-
lups.

Port O alzo recaives the code bytes during Flash program-
ming, and outputs the cods bytas during program verifica-
tion. Extarnal pullups ars requirad during program verifica-
tion.

Port 1

Port 1 is an 8-bit bidiractional KO port with internal pullups.
The Port 1 output buffars can sink/scurca four TTL inputs.
‘When 1s are written to Port 1 pins they are pullad high by
the intarnal pullups and can ba used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (k) becausa of tha internal pullups.

Paort 1 also receivas the low-order address bytes during
Flash programming and verification.

Port 2

Port 2 is an 8-bit bidirectional KO port with internal pullups.
The Port 2 output buffars can sink/scures four TTL inputs.
‘When 1s are writtan to Port 2 pins they are pulled high by
the internal pullups and can ba used as inputs. As inputs,
Port 2 pins that are externally being pullad low will source
current (k) becausa of tha intarnal pullups.

Port 2 amits the high-order address byte during fatchas
from extarmal program mamaery and during accessas to
axternal data mamary that use 16-bit addresses (MOVX @
DPTR). In this application it uses sirong internal pullups

whan emitiing 1s. During accessas to extarnal data mam-
ory that use 8-bit addressaes (MOVX @ RI), Port 2 emits the
contants of the P2 Epecial Function Ragistar.

Port 2 also recaives the high-order addrass bits and some
control signals during Flash programming and verification.
Port 3

Port 3 is an 3-bit bidiractional )0 port with intarnal pullups.
The Pert 3 output buffars can sink/scures four TTL inputs.
‘Whean 13 are writtan ta Port 3 ping they are pullad high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (l, ) becauss of the pullups.

Port 3 alzo serves the functions of various special features
of the ATESCS1 as listed balow:

Port Pin Alternate Functions

B30 RXD (s=nal input port)

B3 TXD (serial output port)

B3z TRTD (starnsl intemupt 0)

B33 TRTT (extarnal intermupt 1)

B34 T (timer O external input)

B3s T1 (timer 1 extarnal input)

B3E TR (external data memary writs strobe)
P37 RO (ext=mal dats memary resd strobe)

Port 3 also receives soma control signals for Flash pro-
gramming and verification.

RST

Resat input. A high on this pin for two machina cycles whils
the oscillator is running resats the device.

ALEPROG

Address Latch Enable output pulsa for latching the low byte
of tha addrass during accessas to sxtamal memery. This
pin iz also the program pulss input (PROG) during Flash
programming.

In normal operation ALE is emitted at a constant rate of 1/6
the cecillator frequancy, and may be used for axtarnal tim-
ing or clocking purposes. Mote, however, that cne ALE
pulse iz skippad during each access to extamal Data Mam-
ary.

If desired, ALE cperation can be disabled by ssiting bit 0 of
SFR location BEH. With the bit sot, ALE is active only dur-
ing a MCVX or MCVC instruction. Otherwise, the pin is
waakly pulled high. Setting the ALE-disable bit has no
affiect if the microcentroller is in extarnal axacution moda.

PSEN
Program Stora Enable is the read strobe to extamal pro-
gram mamary.
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When the ATBSCS1 is executing code from extemnal pro-
gram mamory, FSEN is activatad twice each maching
cycle, excapt that two PEEN activations ara skipped during
aach access to external data mamory.

EANpe

Extarnal Access Enabla. EE must be strappad to GND in
order fo enable the devics to fetch cods from extemal pro-
gram mamary locaticns starting at 0000H up to FFFFH.
Mote, howaver, that if lock bit 1 is programmed, EA will be
internally latched on resst.

EA should be strapped to W for intemal program execu-
tions.

Thiz pin alsc raceives tha 12-volt programming enable walt-
age (Vo) during Flash programming, for partz that raquire
12-volt Vg,

XTAL1

Input to the invarting oscillator amplifier and input to the
internal clock operafing circuit.

ATAL2
Chtput from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTALZ are tha input and oufput, respactivaly,
of an invarting amplifier which can be configured for use as
an on-chip ozdillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be usad. To drive the
device from an external clock sourca, XTALZ should ba laft
unconnectad whils XTAL1 is drivan as shown in Figura 2.
Thara ars no raguiramants on tha duty cycle of the extamal
cleck signal, since the input fo the internal clocking circuitry
is through a divide-by-twe flip-flop, but mimimum and maxi-
mum vcltage high and low time specificaticns must be
obsarvad.

Idle Mode

In idle mode, the CPU puts itself to sleap whils all the on-
chip peripherals remain active. The mode iz invoked by
softwara. The content of the on-chip RAM and all the spe-
cial functions registers remain unchangad during thiz
mods. The idle mods can be terminated by any enabled
interrupt or by a hardwara resat.

It should be notad that when idle is terminated by a hard
wars rasst, the device normally resumes program execu-
tion, from wheare it left off, up to twe machine cycles before
the internal resst algorithm takes control. On-chip hardwarz
inhibits accass to internal RAM in this avent, but accass o
the port ping is not inhibited. To eliminats the peszibility of
an unaxpacted write to a port pin when Idie is terminatad by
resat, tha instructicn fallowing the oneg that invokes Idle
sheuld not be one that writes to a pert pin or to sxternal
memory.

Figure 1. Cscillator Connacticns

cz
¥t I KTALZ
]
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| I KTALA
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w

Mote: C1,CZ =30 pF z 10 pF for Crystals
=40 pF £ 10 pF for Ceramic Rescnators

Figure 2. External Clock Orive Configuration
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Status of External Pins During Idle and Power Down Modes

Mode Program Memory ALE | TEER PORTO PORT1 PORT2 PORT3

Idle Internal 1 1 Data Dats Datz Cata

Idle External 1 1 Float Data Addrass Data

Power Down Intarnal 4] 0 Dsta Dats Data Data

Fower Down Exisrnal 4] 0 Float Data Data Data
432 ATBICHT m——————
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Power Down Mode

In the power down mods the oscillator is stopped, and the
instruction that invokas powsr down is tha last instruction
axacuted. The on-chip RAM and Special Function Ragis-
ters ratain their values until the powser down mods is termi-
nated. The cnly exit from power down is a hardware resat.
Resat redefines the SFRs but does not changsa the on-chip
RAM. The razat should not be activated before Ve is
rastored to itz normal operating level and must ba hald
active long enough to allow tha oscillator to rastart and sta-
biliza.

Lock Bit Protection Modes

Program Memory Lock Bits

Oin the chip ars three lock bits which can be lsft unpre-
grammed (U} or can be programmad (P) to cbtain the addi-
tional featuras listad in the table balow:

When lock kit 1 is programmed, the logic level at the EA pin
is samplad and latched during raset. If the devics is pow-
ared up without a reset, the latch initializes to a random
wvalus, and holds that valus until rasst is activated. It is nec-
essary that the latched valus of EA be in agreement with
the currant logic kavel at that pin in arder far the devica to
function propsrty.

Flash is disabled

Program Lock Bits Protection Type
LB1 LBZ LB3
u u u Mo program lock festures.
2 = u u MCWC instructions sxecuted from external program memary are disal

bytes from internal memary, EA is sampled and latched on reset, and fu

3 P P u Same a5 mode 2, also verify is disabl=d.

4 =} =} =} Same =5 mode 3, also exterral exacution is dissbled.

Programming the Flash

Tha ATBICS1 iz normally shippad with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accopts either a high-voltage (12-volt) or a low-voltage
{Wzc) program anable signal. The low voltage program-
ming mods provides a convenient way to program the
ATBSCS1 ingida the user's system, while tha high-voltage
proegramming mode is compatible with conventional third
party Flazh or EPROM programmars.

The ATB3CSH1 is shipped with sither the high-veltage or
low-voltage programming mode enablad. The respactive
top-side marking and davice signature codas ars listed in
the follewing table.

Vpp =12V Vpp=5V
Top-Side Mark ATEACH1 ATBBCS1
K k-5
iy Ny
Signaturs (030H}=1EH [030H)=1EH
(031H=51H {031H=51H
(032H=FFH (032H)=05H

The ATBZC51 code memory array is programmed byte-by-
byte in aithar programming meds. To program amy non-
blank byte in the on-chip Flash Mamaory, the antie memory
must be erased using the Chip Erase Moda.

Programming Algerithm: Before programming the
ATBICE1, the addrass, data and conirol signals should be
=gt up acconding to the Flash programming mods table and

Figuras 3 and 4. Te program the ATB3CS1, taks the follow-

ing staps.

1. Input the desired memory bocation on the addross
lines.

2. Input the appropriata data byts on the data linss.

3. Activats the comact combination of control signals.

4. Raize EKNFP ta 12V for the high-voltage programming
mods.

5. Pulss ALEPROG once to program a byts in tha Flash
array or tha lock bitz. The byta-writs cycle is salf-imed
and typically takes nc more than 1.5 ms. Repeat steps
1 through 5, changing the address and data for the
antire amay or until tha end of the cbject fils is reached.

Data Polling: The ATBACS1 faatures Tata Pelling te indi-
cato the end of a write cycla. During a write cycla, an
attempted read of tha last byte written will result in the com-
plamant of the writtan datum on PO.7. Onca the writa cycle
has been complated, true data are valid on all cutputs, and
the naxt cycle may begin. Data Polling may bagin any time
after a write cycle has baon initiatad.

Ready/Busy: The progress of byt programming can also

be manitarad by the ROY/ESY output signal. P3.4 is pulled

low after ALE goas high during programming to indicate

BUSY. P3.4 iz pulled high again when programming iz

done to indicats READY .
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Program Verify: If lock bits LBE1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled

Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all “1"s. The chip erase operation must be executed
before the code memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H,

031H, and 032H, except that P3.6 and P3.7 must be pulled
to a logic low. The values returned are as follows.

(030H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51

(032H) = FFH indicates 12V programming
(032H) = 05H indicates 5V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

Flash Programming Modes

Mode RST | PSEN ALEPROG | EANpp | P26 | P27 | P35 | P3.7
Write Code Data H L HM2y L H H H
N
Read Code Data H L H H L L H
Write Lock Bit- 1 H L H12v H H H H
L
Bit- 2 H L HM2v H H L L
=
Bit- 3 H L H12v H L H L
L
Chip Erase H L ") HiM2v H L L L
=
Read Signature Byte H L H H L L L L
jote: 1. Chip Erase requires a 10-ms PROG pulse.
434 AT89C51



AT89C51

AINEL

Figure 3. Programming the Flash Figure 4. Verifying the Flash

Flash Programming and Verification Waveforms - High Voltage Mode (Vpp = 12V)

+5V +5v P10 - P17 PROGRAMMING VERIFICATION
ATB9C51 T ATB9CS1 T P20 - P23 ADDRESS j ADDRESS
aDDR. AL ATy gy Vee aoDR. AL ATy s Ve M— tavay
OOOOHIOFFFH ) PEM OOOCHIOFFFH PGM DATA
P20 - P23 PO DATA P20 - P23 PO —»(USE 10K PORT 0 DATA IN DATA OUT
A8 - Al AB - AT1 BULLUPS) R e
—m P26 — | P26 .
sec FLasH | —#{ P27 ALE [—— PROG SEE FLASH | — | P27 ALE |4 Ghax
PROGRAMMING PROGRAMMING ALE/PROG
MODES TABLE | —# F3.8 MODES TABLE | —® P38 by -
——» P37 —» P37 "
* XTAL2 EA [M— V. Vo . XTAL2 EA 4 —_ PP INLOGIC 1
] I EANp —_ 1LOGIC_0
. g —t
3-24 MHzlil 324 Ninil . EHSH e e~ Mtz
p— p— (ENABLE)
TonaL —*
P34
- XTAL1 RST M—— V. 3 XTAL1 RST —— Vi (RDY/BSY) BUSY READY
PSEN PSEN t
f GND PSEN 1 f GND PSEN 1 e
Flash Programming and Verification Characteristics Flash Programming and Verification Waveforms - Low Voltage Mode (Vpp = 5V)
Ty =0°Cto70°C. Voo =50+ 10% TR e PROGRAMMING VERIFICATION
Symbol Parameter Min Max Units P20 - P23 ADDRESS ADDRESS
j —
Vppt" Programming Enable Voltage 11.5 125 \Y tavay
1pp Pragramming Enable Current 1.0 mA PORT 0 DATA IN _DATA OUT ,
Moo Oscillator Frequency 3 24 MHz tanax
taveL Address Setup to PROG Low 48t oL ALE/PROG
toHax Address Hold After PROG 48te o)
tovaL Data Setup to PROG Low 48te oL — LOGIC 1
= EANVEs | _____wocicol _______ I
teHDX Data Hold After PROG 48t oL
t
tensn P2.7 (ENABLE) High to Vpp 48tg o P27 H| M lensH teay N M tenoz
tshaL Vop Setup to PROG Low 10 us (ENABLE) /|
T — toug —™
tors ™ Vpp Hold After PROG 10 us =
teLen PROG Width 1 110 us (RDY/BSY) BUSY READY
tavav Address to Data Valid 48te o twe
tequ ENABLE Low to Data Valid 48tc oL
tenaz Data Float After ENABLE 0 48ty
teHBL PROG High to BUSY Low 1.0 us
twe Byte Write Cycle Time 2.0 ms
Note: 1. Only used in 12-valt programming mede
436 AT89C51 m—————
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Absolute Maximum Ratings* AC Characteristics
Operating Temperalire - 55°C to 1125°C *NOTIGE:  Stresses beyond those listed under “Absalute (Under Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for all other
Maximum Ratings” may cause permanent dam- outputs = 80 pF)
Storage Temperature -...........ceesreveerenenn. -85°C to +150°C age to the device. This is a stress rating only and
Voltage on Any Pin fo“;gzr;ﬂd?l?cj::?:ygrléh;g:;Ki:r?d?cta?fdsienol;wzny External Program and Data Memory Characteristics
with Respectto Ground ... 1.0V t0 +7.0V operational sections of this specification is not Symbol Parameter 12 MHz Oscillator 16 to 24 MHz Oscillator Units
implied. Exposure to absolute maximum rating
Maximum Operating Voltage................. 6.6V conditions for extended periods may affect device Min Max Min Max
DC Output Current.........cccce e 15.0MA b Moo Oscillator Frequency g e M
tHL ALE Pulse Width 127 2tpy o 40 ns
DC Characteristics taviL Address Valid to ALE Low 43 tor o -13 ns
Tp =-40°C to 85°C, Vo = 5.0V + 20% (unless otherwise noted) tax Address Hold After ALE Low 48 toLe-20 ns
Symbol Parameter Condition Min Max Units ty ALE Low to Valid Instruction In 233 Atp o -65 ns
Vi Input Low Voltage (Except ER) 05 0.2 Vgg- 0.1 v tp ALE Low to PSEN Low 43 tore-13 ns
Vier Input Low Voltage (E} 08 02Vgg-03 v teLpH PSEN Pulse Width 205 3tg, o 20 ns
Vin Input High Voltage {Except XTAL1, RST) 02Vgc+09 Vg + 0.8 A teyy PSEN Low to Valid Instruction In 145 3t o145 ns
Vi Input High Voltage (XTAL1, RST) 0.7 Ve Vg + 0.8 A toxix Input Instruction Hold After PSEN 0 0 ns
Voo Output Low Voitage!" (Ports 1,2,3) loL = 1.6 mA 0.45 v trz Input Instruction Float After PSEN 50 toioi-10 s
Vour t%“;{ﬁ”;}:t‘éf%@;;" lo =3:2mA 046 v toxa PSEN to Address Valid 75 to B ns
Vou Output High Voltage lgw = -0 uA, Vg = 5V £ 10% 24 v taviv Address to Valid Instruction In 312 btg ol-55 ns
(Ports 1,2.3, ALE, PSEN) lon = 26 uA 0.75 Vg v toaz PSEN Low to Address Float 10 10 ns
low =-10 pA 0.9 Ve v trRH RD Pulse Width 400 Blgy g -100 ns
Vo Qutput High Voltage Igy = -800 pA, Voo = 8V £ 10% 24 v e WR Pulse Width 400 Bto gy -100 ns
{Port 0 in External Bus Mode) lom = -300 pA 0.75 Vg W e TD Low to Valid Data In 252 Sto o-90 ns
lon =-80 pA 0.9 Vee v tRHDx Data Hold After RD [} 0 ns
li Logical 0 Input Current {Poris 1,2,3) Vi = 045V -50 WA [ Data Float After RD a7 2tcLoL-28 ns
I \[_gugr\[cs"a;?zg)ﬂ- Transition Current Vin =2V, VCC =5V £ 10% -650 HA o ALE Low to Valid Data In 51T Btgy o160 ns
u Input Leakage Gurrent {Port 0, EA) | 0.45 <V < Ve £10 1A tavoy fidcess n\alid Diatalin bilb toroL 165 s
RRST Resel Pulldown Resisior 50 300 Ka oL ALE Low to RD or WR Low 200 300 3t 60 3tgLoy +60 ns
Cio Pin Capacitance Test Freq. = 1 MHz, Tp = 25°C 10 pF tava Address to RD or WR Low 203 Atpol75 ns
lee Power Supply Current Active Mode, 12 MHz 20 mA tavwx Data Valid to WR Transition 23 top o 20 ns
Idle Mode, 12 MHz 5 mA tavwH Data Valid to WR High 433 TtoLe-120 ns
Power Down ode® Ve = 6V 100 uA [ Data Hold After WR 33 to 20 ns
Veg =3V 40 A trLaz RD Low to Address Float 0 0 ns
MNotes: 1. nzit‘enrj:e:zi ;t;rti((ll:tu;—r:rinosﬁrx) conditions, | must be externally limited as follows: = RD or WR High te ALE High 43 123 torc1-20 torc+25 ns

Maximum lg, per 8-bit port:  Port 0: 26 mA
Ports 1, 2, 3: 16 mA
Maximum total Ig_for all output pins: 71 mA
If o exceeds the test condition, Vg may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test conditions.

2. Minimum Vgg for Power Down is 2V,

AIMNEL sl 438 AT89C51 T



External Program Memory Read Cycle

S —
ALE

AT89C51

torpy
tA\I'LL tLLN
—4 bip p—
PSEN feLy N
J—Te
- ._tPLAZ t
tLLAX PXIZ
toxax—w
PORT 0 >— AD - AT INSTRIN_} > ot >
1
tavy
PORT 2 AB - A15 X AB - A15

External Data Memory Read Cycle

f—
ALE

—-l

oy

f— T, —

J— tav—]

f—tax—u N—rr

TrLaz

trupz
trupx

PORT 0 __ _fAD - A7 FROM RI DR DPL 4 4

DATA IN

AD - A7 FROM PCL>— INSTR IN

T
IAVDV

PORT 2 A

P20 - P27 OR A8 - A15 FROM DPH

pd AB - A15 FROM PCH

AlMEL

External Data Memory W

i —
ALE

rite Cycle

ATNEL

PSEN
he— . —— by —
L fe—tiiax
Lav L —= Tavwx (e —% — byax
— lavive —»
PORT 0 AD - A7 FROM RI OR DPL DATA OUT 3 »¢AD - A7 FROM PCL>—INSTR IN
7

T

PORT 2 J(

P2.0 - P27 OR A8 - A1s FROM DPH

el A8 - Als FROM PCH

External Clock Drive Waveforms

Vg - 05V —

07 Vge
J/o 2 Vgs- 0.4V
0.45v

& oo "
External Clock Drive
Symbol Parameter Min Max Units
g o Oscillator Frequency 0 24 MHz
torel Clock Period 416 ns
toHex High Time 15 ns
torox Low Time 15 ns
torcH Rise Time 20 ns
toHoL Fall Time 20 ns
440 AT89C51 m——————————
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Serial Port Timing: Shift Register Mode Test Conditions
(Vg =5.0V + 20%: Load Capacitance = 80 pF)

ATNEL

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

B Serial Port Clock Cycle Time 1.0 12tc1 oL ps

tawxH Qutput Data Setup to Clock Rising Edge 700 10t o -133 ns

txHax Qutput Data Hold After Clock Rising Edge 50 2tp o -117 ns

txHDx Input Data Hold After Clock Rising Edge 0 0 ns

txHOV Clock Rising Edge to Input Data Valid 700 10tg g -133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION | o | 1 | 2 | 3 | 4 | 5 | & | 7 | 8 |
ALE
b
CLOCK

WRITE TO SBUF,

OUTPUT DATA SETTI ?

CLEAR RI

INPUT DATA SET RIT

AC Testing Input/Output Waveforms'"”  Float Waveforms'"

Vg~ 0.8V v 0V

0.2 Vg + 00V Loan” ¥

Vg, -0

Timing Reference
Points

TEST POINTS
0.2 Vo - 0.1V

Vigan

v 01 Vo o+ DAV

LoAD” oL

0.45V

MNote: 1. AC Inputs during testing are driven at Vg - 0.5V for  Note 1. For timing purposes, a port pin is no longer floating
a logic 1 and 0.45V for a legic 0. Timing measure- when a 100 mV change from load voltage occurs. A
ments are made at V,y min. for a logic 1 and V,_ port pin begins ta float when 100 mV change from
max. for a logic 0. the loaded Vo /Vig| level accurs.

AlMEL ]
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Ordering Information
Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 5V +20% ATBOC51-12AC A4A Commercial
ATB9C51-12JC 44) {0°C to 70°C)
ATBOC51-12PC 40P6
ATB9C51-12QC 440
ATB9CS51-12A1 447 Industrial
ATB9C51-12J1 44) (-40°C to 85°C)
ATB9C51-12PI 40P6
ATB9CSE1-12Q1 440
ATBOCE1-12AA 44A Automative
ATBOC51-12JA 44) (-40°C to 105°C)
ATBOC51-12PA 40P6
ATBOC51-12QA 44Q
16 5V £20% ATBOC51-16AC 44A Commercial
ATBOCE1-18JC 44) (0°C ta 70°C)
ATB9C51-16PC 40P6
ATB9C51-16QC 440
ATBOC51-16Al 444 Industrial
ATBICS51-16JI 44) (-40°C to 85°C)
ATBIC51-16PI 40P8
ATB9CS51-16Q1 440
ATBOC51-16AA 444 Automotive
ATBOC51-16JA 44) (-40°C to 105°C)
ATBOCE1-16PA 40P6
ATBOC51-16QA 44Q
20 5V £20% AT89C51-20AC 44A Commercial
ATBOC51-20JC 44) {0°C to 70°C)
ATBOC51-20PC 40P6
AT89C51-20QC 44Q
ATBOC51-20Al 44A Industrial
ATBOC51-20J1 44) {-40°C to 85°C)
ATBOC51-20PI 40P6
ATBOCSE1-20Q1 440
442 AT89C51 m——————————
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Ordering Inf ti Microcontroller Instruction Set
rdering Information For interrupt respense time information, refer to the hardware description chapter.
Speed Power
(MHz) Supply Ordering Code Package Operation Range Instructions that Affect Flag Settings'"
2 5V £ 20% ATBACE1-24AC 44A Commercial nstruction Flag Inemuction Flag
ATB9C51-24JC 44) {0°C to 70°C) c ov AC c ov AC
ATBIC51-24PC 44P8 0D X )( X CIRC )
ATB9CS51-240QC 44Q .
ATBOCE1-24A1 4 Industrial LIELE ks L S ICEEC = Instruction Set
ATBIC51-24J1 44y (-40°C to 85°C) SUBB X X X ANL C,bit X
AT89C51-24P1 44P8 MUL O X ANL C, /bit X
ATEOCS51-24Ql1 440 DIV o X ORL C,bit X
DA X CRL C /it X
RRC X MOV C,bit X
RLC X CJNE X
SETEC 1
Mote: 1. Operations on SFR byte address 208 or bit addresses 208-215 (thatis, the PSW or
bits in the PSW) also affect flag settings
The Instruction Set and Addressing Modes
R, Reagister R7-R0 of the currently selected Register Bank
direct 8-bit internal data location's address. This could be an Internal Data RAM
location (0-127) or a SFR [i.e., /O port, conirol register, status register, etc.
(128.255)]
@R; 8-bitinternal data RAM location {0-255) addressed indirectly through register
R1or RO.
#data 8-bit constant included in instruction
#data 16 18-bit constant included in instruction
addr 16 18-bit destination address. Used by LCALL and LIMP. A branch can be
anywhere within the 84K byte Program Memory address space
addr 11 11-bit destination address. Used by ACALL and AJMP. The branch will be
within the same 2K byle page of program memory as the first byte of the
following instruction.
rel Signed (twe's complement) B-bit offzet byte. Used by SIMP and all
conditional jumps. Range is -128 to +127 bytes relative to first byte of the
following instruction.
bit Direct Addressed bit in Internal Data RAM or Special Function Register
Package Type
44A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44] 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
40P6 40 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP) OSUEEE 2T

AIMEL 4-43 AIMEL 2-71



Instruction Set Summary

AlMEL

Instruction Set Summary (Continued)

s | NStruction Set

o 1 2 3 4 5 [ 7
NOP JBC JB JNB Jc JNC JZ JNZ
bit ral bit, ral bit, ral ral ral ral ral
[38. 2C] [3B. 24] [3B. 2C] [2B. 2C] [2B. 2C] [2B. 2C] [2B.2C]
AJMP ACALL AIMP ACALL AP ACALL AJMP ACALL
(PD) (FO) P1) (P1) (P2) {P2) (P3) (P3)
128, 2C] 128, 2C] [28, 2C] [28, 2C) [2B, 2C) 128, 2C] 128, 2C] 128, 2C]
LJMP LCALL RET RETI ORL ANL XRL ORL
addr1é addr1é [2C] [2C] dir, A dir. & dir, a C. bit
[3E 2C] [38,2C] [28] [2B] [28] [28, 2€)
RR RRC RL RLC ORL ANL XRL JMP
A A A A dir, #data dir, #data dir, #data @A+ DPTR
[3B, 2] [38, 2C] [38, 2C] [2]
INC DEC ADD ADDC ORL ANL XRL MOV
A A A, #data A, #data A, #data A, #data A, #data A #data
[2B] [2B] [28] [28] [2B] [28]
INC DEC ADD ADDC ORL ANL XRL MOV
dir dir A, dir A, dir A, dir A, dir A, dir dir, #data
[28] [28] [2B] 128)] [28] [28] 28] 138, 2C]
INC OEC ADD ADDC ORL ANL XRL MoV
@ro @ro A @R A @RO A @RO A @RD A @ROD @RO. @data
[28]
INC OEC ADD ADDC ORL ANL XRL MoV
@R @r1 A, @R1 A @R1 A, @R1 A @RI A @R1 @R1, #data
128]
INC OEC ADD ADDC ORL ANL XRL MoV
RO RO A, RO A RO A RO A RO A RD RO, #data
128]
INC DEC ADD ADDC ORL ANL XRL MOV
R1 R1 AR1 AR AR1 A R1 AR1 R1, #data
[28]
INC OEC ADD ADDC ORL ANL XRL MOV
R2 R2 A R2 A R2 A R2 A R2 A RZ R2, #data
[28]
INC OEC ADD ADDC ORL ANL XRL MOV
R3 R3 AR3 A R3 A R3 A R3 A R3 R3. #data
[28]
INC OEC ADD ADDC ORL ANL XRL MOV
R4 R4 A R4 A R4 A R4 A R4 A R4 R4, #data
[28]
ING DEC ADD ADDC ORL ANL X¥RL MOV
R5 Rs AR5 AR5 AR5 A Rs AR5 RS, #data
[28]
INC DEC ADD ADDC ORL ANL XRL MOV
RE RE A RE A RE A RB A RE A RE RE, #data
[28]
INC OEC ADD ADDC ORL ANL XRL MoV
R7 R7 A RT ART A R7 A.R7 A RT R7. #data
[28]

Note:

2.72

Key: [2B] = 2 Byte, [3B] = 3 Byte, [2C] = 2 Cycle, [4C] = 4 Cycle, Blank = 1 byte/1 cycle
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8 ] A B c o E F

SJMP MOV ORL AMNL PUSH POR MOVX A, MOVX

REL DFTR.2 C, fhit G, it dir dir @DPTR @DPTR, A
[28, 2C] data 18 [2B, 2C] [28, 2C] [28, 2¢) [28, 2C] 12c] [2c]

[38, 2C]

AJMP ACALL AJMP ACALL AJMP ACALL AJMP ACALL
(P4) (P4) Ps) (P5) (P6) (PE) (PT) {P7)
[28, 2C] [2B, 2C] [2B, 2C] [28. 2C] [28, 2C] [2B, 2C] [28, 2C] 128, 2]
ANL MOV Mov CPL CLR SETE MOWVX MOV
C, bit bit, C C, bit bit bit bit A, @RO wRO, A
[2B, 2C] [2B, 2C] [28] [28] [28] [2B] [2C] [2C]
MCOVC A, MOVT A, INC CPL CLR SETB MOVK MOVX
@A+ PC @A +DPTR OFTR c c c A @Rl @RI, A
[2C] [2C] [2C] [2C] [2C]
D SUEB MUL CINE A SWAP DA CLR CPL
AB A, #data AB #data, ral A A A A

[2E, 4C] [28] [4C] [3B, 2C]

Mo SUBB CJNE XCH DUNZ MOV MOV
dir, dir A, dir A, dir, ral A, dir dir, ral A, dir dir, &
[3B, 2C] [2B] [3B, 2C] [2B] [3B, 2C] [28] [28]

MoV SuUBEB MoV CJINE XCH XCHD MoV MOV
dir. @RD A @RO @RO. dir @R0. #data, ral A @RO A @RO A @RO @RO. A
128, 2C] [28, 2C] [38, 2¢]

MoV SUBR Mov CJINE XCH XCHD MOV MOV
drr, @R A @R1 @R1, dir @R, #data, ral A @R1 A @RI A @RI @R1,A
128, 2C] [2B, 2] [38, 2C]

Mo SUBB Moy CJNE XCH DUNZ MOV MOV
dir, RO A RO RO, dir RO, #data, ral A RO RO, ral A RO RO, A
[2B, 2C] [2B,2C] [3B. 2C] [2B, 2C]

MoV SUEB Mov CJNE XCH DIMZ MoV MOV
dir. R1 AR R1, dir R1, #data. ral AR1 R1, ral AR1 R1A
128, 2C] 128, 2C] [38, 2¢] 128, 2C]

MoV SUBR Mov CUNE XCH DUNZ MOV MOW
dir, RZ AR2 R2, dir R2, #data, rel A R2 R2, ral A R2 R2. A
[2B. 2C] [2B. 2C] [3B. 2C] [2B. 2C]

MoV SuBeB MoV CJNE XCH DUNZ MOV MOV
dir, R3 A R3 R3, dir R3, £data, ral A R3 R3 ral A R3 R3. A
[2, 2C] 128, 2C] [38, 2C) [28, 2]

Mo SUEB Mo CJNE XCH DUNZ MoV MOV
dir, R4 A R4 R4, dir R4, #data, ral A R4 R4, ral A R4 R4 A
128, 2C] [2B, 2C] [38, 2C] [28, 2C]

MoV SUBR Mo CJUNE XCH DUNZ MOV MOV
dir, RS A RS RS, dir RS, #data, rel A RS RS, ral A RS RS A
[2B, 2C] [2B, 2C] [3B, 2C] [2B, 2C]

MoV SuBeB MOV CJNE XCH DUNZ MOV MOV
dir, R& A RE RE, dir RE, Zdata, ral A RE RE, ral A RE RE A
128, 2C] [28, 2C] [38, 2¢] 128, 2C]

MoV SUEEB Mov CJNE XCH DINZ MOV MOV
dir, R7 A R7T R7, dir R7, #data, ral A R7 R7, ral ART R7.A
[28, 2C] [2B, 2C] [38, 2C] [28, 2C]

Note:

Key:

[2B] = 2 Byte, [3B] = 2 Byte, [2C] = 2 Cycle, [4C] = 4 Cycle, Blank = 1 byte/1 cycle

AIMEL
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Table 1. AT8Y Instruction Set Summary

{1)

AL

Mnemonic Description Byte | Oscillator Mnemonic Description Byte | Oscillator
Period Pariod
ARITHMETIC OPERATIONS LOGICAL OPERATIONS
ADD JAR. Add register io 1 12 ANL  |ARg AND Ragister io 1 12
Accumulator Accumulator
ADD | Adiract Add diract byte to 2 12 ANL | Adirect AND diract byta to 2 12
Accumulator Accumulator
ADD  |A@R Add indirect RAM to 1 12 ANL |A@R AND indiract RAM to 1 12
Accumulator Accumulator
ADD | AZdata Add immediate data to 2 12 ANL | A#data AND immadiate data to 2 12
Accumulator Accumulator
ADDC |AR, Add ragistar to 1 12 ANL diract A AND Accumulator to 2 12
Accumulator with Carry direct byte
ADDC | Adiract Add direct byte fo 2 12 ANL | direct #data AND immadiate data to 3 24
Accumulator with Carry direct byt
ADDC |A@R, Add indirect RAM to 1 12 ORL |AR, OR ragister to 1 12
Accumulator with Carry Accumulator
ADDC | A#data Add immediate data to 2 12 CRL | Adiract OR diract byta to 2 12
Acc with Carry Accumulator
SUBE AR, SBubtract Ragistar from 1 12 CRL |A@R OR indiract RAM fo 1 12
Acc with borrow A "
SUBE | A.diract Subtract diract byta from 2 12 CRL |Azdata OR immediata data to 2 12
Acc with bormow Accumulator
SUBB |A@R Subtract indiract RAM 1 12 ORL  |direct A ‘OR Accumulator to diract 2 12
from ACC with bormow byta
SUBE | AZdata Subtract immadiate data 2 12 ORL  |diract #data OR immadiate data to 3 24
from Acc with borrow direct byte
INC A Incrament Accumulator 1 12 XEL ARp Exclusive-CR ragistar fo 1 12
A
INC R Incrament ragister 1 12 a
) XRL A direct Exclusive-OR direct byte 2 12
INC diract Incrament diract byta 2 12 10 Accumulator
il L Incramant direct RAM ! 2 XRL |A@R, Exclusive-OR indiract 1 12
DEC |a Decrement Accumulator | 1 12 RAM to Accumulator
DEC |R. Dacremant Registar 1 12 XRL A #data Exclusive-OR immeadiate 2 12
data fo A r
DEC |direct Decramant direct byts 2 12
XRL  |direct A Exclusive-0R 2 12
DEC &R, Dacremant indirect RAM 1 12 Accumulator to dirsct
INC DPTR Incramant Data Pointar 1 24 byte
XRL  |diract #data Exclusive-OR immeadiata 3 24
MUL |2 Multiply A& B 1 48
Sl data fo diract byts
o a8 Ll Ll ! a8 CLR | Claar Accumulator 1 12
DA A Decimal Adjust 1 12
Accumulator CPL (ﬁ:omplemarﬁ 1 12
o
Mote: 1. All mnemenics copyrighted € Intel Corp., 1980, RL A Rotate Accumulator Left 1 12
RLC A Retats Accumulator Left 1 12
through the Carry
LOGICAL OPERATIONS (continued)
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Mnemonic Description Byte | Oscillator Mnemonic Description Byte | Oscillator
Period Period
RR A Rotate Accumulator 1 12 MOVX | A @DPTR Mova Exarnal RAM {16- 1 24
Right bit addr) to Acc
RRC |& Rotate Accumulator 1 12 MOVX | @R.A Mova Acc to Extarnal 1 24
Right through the Carry RAM (B-bit addr)
SWAP | A Swap nibbles within tha 1 12 MOVX | @DPTR.A Mova Acc to Extarnal 1 24
Accumulator RAM {16-bit addr)
DATA TRANSFER FUSH | diract Push direct byte cnic 2 24
stack
MoV | AR, Maova ragistar to 1 12 =
Accumulator POP | direct Pop diract byta from 2 24
MOV | A dirsct Move diract byt to 2 12 e
Accumulator XCH AR, Exchanga ragistar with 1 12
MoV |a@R, Mova indiract RAM fo 1 12 a
Accumulator KCH | Adirect Exchangs diract byt 2 12
MOV | A zdata Move immadiata datato | 2 12 wilh Accumulator
Accumulator KCH A@R, Exchangs indiract RAM 1 12
MOV [R,A Move Accumulator o 1 12 with Accumulator
registar XCHD (A@R Exchangs low-ordar 1 12
MOV |R.diect | Move dirsct bits to 2 24 Digt indirect RAM wit
registar
BOOLEAN VARIABLE MANIPULATION
MCV | Rp&data Mova immadiate data to 2 12
registar CLR c Claar Carry 1 12
MOV | direct A Move Accumulator to 2 12 CLR | bit Claar diract bit 2 12
diract byt SETE |C Sat Camy 1 12
MOV | directR, M ister to diract 2 24 _ N =
B it SETB | bit Sat diract bi 2 12
MOV |directdirect | Move dirsct byte to dirsct| 3 24 crL |c Complemant Cary 1 12
MOV |diect@R, | Move indirect RAM to 2 24 CPL bt Complemant dirsct bit 2 12
diract byta ANL | Chit AND diract bit to CARRY | 2 24
MOV | direct#data | Move immadiate data to 3 24 ANL | Cubit AND complament of 2 24
direct byta direct bit to Carry
MOV | @R.A Move Accumulator to 1 12 ORL | Chit OR diract bit to Carry 2 24
indiract RAM
ORL | C.Jbit ‘OR complament of diract 24
MOV | @R, diract Mova diract byta to 2 24 bit to Carmry
indiract RAM
MOV | Cbit Movea diract bit to Carry 2 12
MOV |@R #data  |Move immediate datato | 2 12 - ——
indiract RAM MOV | bit,C Mova Carry to direct bit 2 24
MOV | DPTR #datalé |Load Data Fointer witha | 3 24 4c rel Jump if Carry s set 2 24
18-kt constart NG [l Jump if Carry not set 2 24
MCOVC | A, @A+DFTR  |Move Cods byts relative 1 24 P P v
to DPTR to Acc JB bt ral Jump if diract Bit is sat 3 24
JNE bit,ral A if diract Bit is Mot 3 24
MovC [A@A+PC  |Mova Cods byts relative | 1 24 © R
fo PC to Acc
movx [A@r, Move External RAM (8- | 1 24 JBC | biret Jump it direct Bitis set & | 3 2
bit addr} to Acc
DATA TRANSFER (continued) ECOEHEM BHANCHINE
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AlNEL

Mnamonic Deascription Byte [ Oscillator
Period

ACALL | addrit Absoluts Subroufine Call 2 24

LCALL | addr1g Long Subroutine Call 3 24

RET Return from Subroutine 1 24

RETI Return fram 1 24
intarrupt

AJMP | addri1 Absoluta Jump 2 24

LIMP | addr16 Long Jump 3 24

SIMP | ral Short Jump (ralative 2 24
addr)

JMP | @A+DPTR Jump indiract relative to 1 24
the DFTR

JZ ral Jump if Accumulator is 2 24
Zaro

JNZ ral Jump if Accumulator is 2 24
Mot Zarg

CJNE | A diract,ral Compare dirsct byts to 3 24
Acc and Jump if Not
Equal

CJINE | A £data ral Compara immadiats to 3 24
Acc and Jump if Not
Equal

CJME | Ry #data,ral Compars immediats to 3 24
ragistar and Jump i Not
Equal

CJMNE | @R #datarel |Compare immediate to 3 24
indirect and Jump if Not
Equal

DJINZ | Ry ral Dacramant ragistar and 2 24
Jump if Mot Zero

DJME | dirsct,ral Decramant dirsct byta 3 24
and Jump if Not Zero

NOP Mo Operaticn 1 12

2.76
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Table 2. Instruction Opcodes in Hexadecimal Order

AIMEL

Hex Number | Mnemonic Operands Hex Number | Mnemonic Operands
Code of Bytes Code of Bytes

00 1 NOP 26 1 40D A@Ro0

01 2 AMP cods addr 27 1 ADD AER1

02 3 LiMP coda addr 28 1 ADD ARD

03 1 RR A 29 1 400 AR1

04 1 INC A 24 1 40D AR2

i 2 INC data addr 2B 1 ADD AR3

06 1 INC @RO 2¢ 1 400 AR4

o7 1 INC @1 20 1 400 ARS

08 1 INC RO 2E 1 40D ARE

0g 1 INC R1 2F 1 40D AR7

0A 1 INC Rz 30 3 JNB bit addr,code addr
0B 1 INC R3 31 2 ACALL coda addr
oc 1 INC R4 32 1 RETI

oD 1 INC RS 33 1 RLC A

0E 1 INC R8 34 2 ADOC A 2data

oF 1 INC R7 35 2 ADDC A data addr
10 3 JBC bit addr,coda addr 36 1 ADDC A@RD

11 2 ACALL coda addr 7 1 ADDC AER1

12 3 LCALL coda addr 38 1 ADDC ARD

13 1 RAC A 39 1 ADDC AR1

14 1 DEC A 3A 1 AD0C AR2

15 2 DEC data addr I8 1 ADDC AR

16 1 DEC @R0 3¢ 1 ADDC AR4

7 1 DEC @R1 30 1 ADDC ARS

18 1 DEC RO E 1 AD0C ARB

19 1 DEC R1 F 1 ADDC ART

1A 1 DEC R2 40 2 Jc cods addr
18 1 DEC R3 41 2 AJMP cods addr
1c 1 DEC R4 42 2 CRL data addr, A
10 1 DEC Rs 43 3 ORL data addr#data
1E 1 DEC RE 44 2 ORL A #data

1F 1 DEC RT 45 2 ORL A data addr
20 3 JB bit addr,cods addr 46 1 ORL A@DRD

21 2 AJMP codo addr 47 1 ORL A@R1

22 1 RET 48 1 CRL AR

23 1 RL A 49 1 ORL AR1

24 2 ADD Afdata 4A 1 CRL AR2

25 2 ADD A data addr

2-77



Hex Number | Mnemonic Operands Hex Number | Mnemonic Operands
Code of Bytes Code of Bytes
48 1 ORL AR3 71 2 ACALL cods addr
4C 1 ORL AR4 72 2 ORL G, bit addr
40 1 ORL ARS 73 JMP [@A+DPTR
4E 1 CRL ARE 74 2 MOV A #data
4F 1 ORL ART 75 3 MOV data addr#data
50 2 JNG coda addr 76 2 MOV ([@RO Edata
51 2 ACALL code addr 7 2 MOV [@R1 Edata
52 2 ANL data addr.A 78 2 MOV RO #data
53 3 ANL data addr.Zdata 79 2 MOV R1#data
54 2 ANL A Edata TA 2 MOV R2 #data
55 2 ANL A data addr 78 2 MOV R3#data
56 1 ANL A@RD 7C 2 MOV R4 #data
57 1 ANL AER1 70 2 MOV R5 #data
58 1 ANL ARD 7E 2 MOV RE #data
59 1 ANL AR1 TF 2 MOV R7 #data
A 1 ANL AR2 80 2 SIMP coda addr
5B 1 ANL AR3 8 2 AJMP cods addr
5C 1 ANL AR4 82 2 ANL G bit addr
s0 1 ANL ARS 83 1 MOVC A @DA+PC
5E 1 ANL ARE B4 1 o AB
5F 1 ANL ART 85 3 MOV data addr,data addr
&0 2 JZ coda addr 86 2 MOV data addr. @R0
&1 2 AJMP code addr 87 2 MOV data addr,@R1
62 2 XRL data addrA 83 2 MOV data addr, R0
83 3 XRL data addr.Zdata ] 2 MOV data addr,R1
64 2 XRL A Edata BA 2 MOV data addr,R2
65 2 XRL A data addr 8B 2 MOV data addrR3
&6 1 *XRL A@RD 8C 2 MOV data addr,R4
&7 1 XRL AER1 80 2 MOV data addr, RS
&8 1 XRL ARD BE 2 MOV data addr,RE
[ 1 XRL AR1 8F 2 MOV data addr,R7
BA 1 XRL AR2 a0 3 MOV DPTR #data
=} 1 XRL AR3 " 2 ACALL cods addr
6C 1 XRL AR4 a2 2 MOV bit addr,C
&0 1 ¥RL ARS @3 1 MOVC A@ADPTR
BE 1 XRL ARE a4 2 SUBB A #data
BF 1 XRL ART a5 2 SUEBE A data addr
70 2 JNE coda addr a6 1 SUEBE A@RO

2.78 Instruction Set - ———————
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Hex Number | Mnemonic Operands Hex Number | Mnemonic Operands

Code of Bytes Code of Bytes

ar 1 SUBB A@R1 BD 3 CJNE R5 #data,cods addr
a8 1 SUBB ARD BE 3 CJNE RE #data,cods addr
a3 1 suBEB AR1 BF 3 CJNE R7 #data,cods addr
GA 1 SUBB ARZ co 2 PUSH data addr

a8 1 SUBB AR3 c1 2 AJMP coda addr

ac 1 SUBB AR4 c2 2 CLR bit addr

a0 1 SUBB ARs c3 1 CLR C

g9E 1 SUBB ARBE c4 1 SWAP A

aF 1 SUBB ART Cs 2 XCH A data addr

Al 2 ORL C./bit addr C6 1 XCH A@RO

Al 2 AJMP coda addr cr 1 XCH AER1

AZ 2 MoV C it addr ca 1 XCH ARD

A3 1 INC DPTR cg 1 XCH AR1

A4 1 MUL AB CA 1 XCH AR2

A5 resarved CB 1 XCH AR3

AB 2 MoV ([@R0.data addr CC 1 XCH AR4

AT 2 MoV ([@R1.data addr cD 1 XCH ARS

AR 2 MoV RO, data addr CE 1 XCH ARB

AD 2 MoV R1.data addr CF 1 XCH ART

A4 2 MoV R2 data addr oo 2 POP data addr

AB 2 MoV R3 data addr o1 2 ACALL cods addr

AC 2 MoV R4 data addr D2 2 SETB bit addr

AD 2 MoV R5,data addr o3 1 SETB 4

AE 2 MoV R data addr D4 1 [al) A

AF 2 MoV R7 data addr Ds 3 DJNZ data addr.cods addr
B0 2 ANL C./bit addr D6 1 XCHD A @R

B1 2 ACALL code addr or 1 XCHD A@R1

BZ 2 CPL bit addr Da 2 DJNE RO.coda addr

B3 1 CPL c 0% 2 DJNE R1.cods addr

B4 3 CJNE A #data,code addr DA 2 DJNE RZ.cods addr

Bs 3 CJNE A data addr.cods addr DB 2 DJNE R3.coda addr

=] 3 CJNE ([@R0.#data,cods addr 1] 2 DJNE R4 cods addr

B7 3 CJNE [@R1.#data,code addr oD 2 DJNE RS.coda addr

Ba 3 CJNE RO #data.cods addr DE 2 DJNE RE.coda addr

B2 3 CJNE R1 #data.cods addr DF 2 DJNE R7.coda addr

BA 3 CJNE RZ2 #data.cods addr EQ 1 MOVX A@DPFTR

EB 3 CJNE R3 #data.cods addr E1l 2 AJMP coda addr

BC 3 CJNE R4 #data.cods addr E2 1 MOVX A@RD

AIMEL
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Hex Number | Mnemonic Operands Instructlon DEfInItID ns
Code i ACALL addr11
E3 1 MOV A@R1 N
Funection: Absolute Call
Description: ACALL unconditionally calls a subroutine located at the indicated address. The instruction increments the PC

£s e L .Gt e twice to obtain the address of the following instruction, then pushes the 16-bit result onto the stack (low-order
EB 1 MOV A @R0 byte first} and increments the Stack Pointer twice. The destination address is obtained by successively
= 1 oV Aar! concatenating the five high-order bits of the incremented PC, opcode bits 7 through 5, and the second byte of the

U @ instruction. The subroutine called must therefore start within the same 2 K block of the program memory as the
E& 1 MOV ARD first byte of the instruction following ACALL. No flags are affected
E9 1 MOV AR1 Example: Initially SP equals 07H. The Iabel SUBRTN is at program memory location 0345 H. After executing the following
EA 1 MoV ARZ instruction,
EE 1 Mo AR ACALL SUBRTN
EC 1 MoV AR4 at location 0123H, SP contains (8H, internal RAM locations 08H and (8H will contain 25H and 01H, respectively,

- and the PC contains 0345H.
ED 1 MOV ARS
Bytes: 2
EE 1 MOV ARE
EF 1 MoV ART S e
o 1 MOVX @DPTRA Encoding: | 210 2% =8 1 1] o o 1 | | al =6 a5 a4 | a3 32 a1l a0
Operation: ACALL
F1 2 ACALL coda addr (PC) <« (PC) +2
F2 1 MOVX @A0A (SP} < (SP) +1
3 1 MOVX @RIA ((3P)) & (PCrg)
(5P) « (SP) +1
F4 1 ceL A ((SP)) « {PCy5.8)
Fs 2 MOV data addr,A (PC4pgl + page address
Fé 1 MoV @ROA
F7 1 Mo @DR1A
F8 1 MoV ROA
F@ 1 MOV R1A
FA 1 MoV RZA
FB 1 MoV R3A
FC 1 MoV R4A
FD 1 Mo R5A
FE 1 MOV REA
FF 1 MoV R7TA
2.80 Instruction Set ‘ |||El 2-81
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ADD  A,<src-byte>

Function:

Description:

Example:

ADDAR,

Bytes:
Cycles:
Encoding:

Operation:

ADD A direct

Bytes:
Cycles:
Encoding:

Operation:

ADD A@R;

Bytes:
Cycles:
Encoding:

Add

ADD adds the byte variable indicated to the Accumulator, leaving the result in the Accumulator. The carry and
auxiliary-carry flags are set, respectively, if there is a carry-out from bit 7 or bit 3, and cleared otherwise. When

adding unsigned integers, the carry flag indicates an overflow occurred

OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but not bit 6; ctherwise, OV is
cleared. When adding signed integers, OV indicates a negative number preduced as the sum of two positive
operands, or a positive sum from two negative operands.

Four source operand addressing modes are allowed: register, direct, register-indirect, or immediate.
The Accumulator holds OC3H (11000011B}), and register 0 holds OAAH (10101010B). The following instruction,

ADD ARC

leaves 60H (01101101 B) in the Accumulater with the AC flag cleared and both the carry flag and OV set to 1

1
1

] 0 1

ADD
(A) & (A) +(Ro)

2
1

] 0 1

direct address

ADD
(M) & (A) + (direct)

Operation: ADD

ADD A #data

Bytes:
Cycles:
Encoding:

Operation:
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(A)  (A) + (R}

2
1

] 0 1

immediate data

ADD
(M) (A) + #dala

L | Instruction Set

ADDC A, <src-byte>

Funetion:

Description:

Example:

ADDC AR,

Bytes:
Cycles:
Encoding:

Operation:

ADDC A,direct

Bytes:
Cycles:
Enceding:

Operation:

ADDC A@R;

Bytes:
Cycles:
Enceding:

Operation:

ADDC A fidata

Bytes:
Cycles:
Encoding:
Operation:

Add with Carry

ADDC simultaneocusly adds the byte variable indicated, the carry flag and the Accumulator contents, leaving the
result in the Accumulator. The carry and auxiliary-carry flags are set respectively, if there is a carry-out from bit 7
or bit 3, and cleared otherwise. When adding unsigned integers, the cary flag indicates an overflow occurred.

O\ is eet if there i3 a carmy-out of bit & but not cut of bit 7, or a camy-out of bit 7 but nat out of bit 6; otherwise OV
is cleared. When adding signed integers, OV indicates a negative number produced as the sum of two positive
operands or a positive sum from two negative operands.

Four source operand addressing modes are allowed: register, direct, register-indirect, or immediate.
The Accumulater helds 0C3H (11000011B) and register O holds 0AAH {10101010B) with the carry flag set. The

following instruction,

ADDC ARD

leaves 6EH (011011108} in the Accumulator with AC cleared and both the Carry flag and OV =et to 1

ADDC
(A) () +{C) +(R;)

| direct address

ADDC
(A) « (A) +{C) + (direct)

ADDC
(A)  (A) +{C) + (R

| immediate data

ADDC
(A)  (A) +(C) + #data
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AJMP addr11

ANL

Function: Absoclute Jump

Description: AJMP transfers program execution to the indicated address, which is formed at run-time by concatenating the
high-arder five bits of the PC {after incrementing the PC twice}, opcode bits 7 through 5, and the second byte of
the instruction. The destination must therfore be within the same 2 K block of program memery as the first byte of
the instruction following AJMP

Example: The label JMPADR is at program memory location 0123H. The following instruction,

AIMP JMPADR
is at location 0345H and loads the PC with (123H.
Bytes: 2
Cycles: 2
Encoding:[a10 28 a8 0] 0 0 0 1| [a7 a8 a5 a4 a3 a2 al at

Operation: AJMP
(PC) « (PC)+2
(PC1g-g) « page address

<dest-hyte>,<src-byte>

ANL

2.84

Function: Logical-AMD for byte variables

Description: AML performs the bitwise logical-AMD operation between the vanables indicated and stores the results in the
destination variable. Mo flags are affected.

The two operands allow six addressing mode combinations. When the destination is the Accumulator, the source
can use register, direct, register-indirect, or immediate addressing; when the destination is a direct address, the
source can be the Accumulator or immediate data.

MNote: When this instruction is used to modify an output port, the value used as the original port data will be read
from the cutput data latch, nof the input pins.

Example: [If the Accumulater holds CC3H (110000118}, and register 0 holds 55H (010101018}, then the following
instruction,

ANL  ARO
leaves 41H (01000001B) in the Accumulator.

When the destination is a direcly addressed byte, this instruction clears combinatiens of bits in any RAM
location or hardware register. The mask byte determining the pattern of bits to be cleared would eitherbe a
constant contained in the instruction or a value computed in the Accumulator at run-time. The following
instruction,

ANL  P1#01110011B
clears bits 7, 3, and 2 of output port 1
ARn
Bytes: 1
Cycles: 1
Encoding: | 0 1 0 1 1 r r r

Operation: ANL
(M) (A) ACR)

Instruction Set —  ————————
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ANL A direct
Bytes: 2
Cycles: 1
Encoding:| 0 1 0 1]0 1 0 1] [ directadduss

Operation: AML
(A) « (A) A (direci)

ANL A @R;
Bytes:
Cycles:
Enceding:

=1
=
=]

Operation: AMNL
(A) « (A) A (RN

ANL  Adidata
Bytes: 2

Cycles: 1

Encoding:

o 1 0 1]o 1 0 o] | immedatdata

Operation: AMNL
(A) « (A) A #data

ANL direct,A
Bytes: 2
Cycles: 1
Encoding:/ © 1 0 1]o 0 1 0| [ drectaddess

Operation: AMNL
(direct) « {direct) A (A)

ANL direct #idata
Bytes: 3
Cycles: 2

Encoding:| 0 1 0 1 v} 0 1 1 | | direct address | | immediate data

Operation: ANL
(direct) « (direct) 4, #data
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ANL C,<src-bit>

Function:

Description: [f the Boolean value of the source bit is a logical 0, then ANL C clears the carry flag; otherwise, this instruction
leaves the carry flag in its current state. A slash {/ ) preceding the operand in the assembly language indicates
that the logical complement of the addressed bit is used as the source value, but the source bit itself is not
affecied. No other flags are affected.

Only direct addressing is allowed for the source operand.
Example: Set the carry flag if, and only if, P1.0=1 ACC.7=1,and OV =(:
MOV CP1.0 ;LOAD CARRY WITH INPUT PIN STATE
ANL CACCTY ;AND CARRY WITHACCUM. BIT 7
ANL CJovV ;AND WITH INVERSE OF OVERFLOW FLAG
ANL  C,bit
Bytes: 2
Cycles: 2
Encoding:| 1 0 0 o0]o o 1 o] | bit address
Operation: ANL
(C) + {C) A (bit)
ANL  C,/bit
Bytes: 2
Cycles: 2
Encoding:) 1 0 1 1[0 0 0o o] | bit address
Operation: ANL
(C) = {C) AT (Bit)
2.86 Instruction Set

Logical-AND for bit variables

L | Instruction Set

CJNE <dest-byte><src-byte>, rel

Funetion: Compare and Jump if Not Equal.

Description: CJNE compares the magnitudes of the first two operands and branches if their values are not equal. The branch
destination is computed by adding the signed relative-displacement in the last instruction byte to the PC, after
incrementing the PC to the start of the next instruction. The carry flag is set if the unsigned integer value of
<dest-byte> is less than the unsigned integer value of <src-byte>; otherwise, the carry is cleared. Neither
operand is affected.

The first two operands allow four addressing mode combinations: the Accumulator may be compared with any
directly addressed byte or immediate data, and any indirect RAM location or working register can be compared
with an immediate constant.

Example: The Accumulator contains 34H. Register 7 contains 56H. The first instruction in the sequence,

CJNE R7.#80H, NOT_EQ
: ;R7 = 60H.
NOT_EQ: JC REQ_LCW JIF R7 < 60H
;R7 > BOH.

sets the carry flag and branches to the instruction at label NOT_EQ. By testing the carry flag, this instruction
determines whether R7 is greater or less than 60H.

If the data being presented to Port 1 is also 34H, then the following instruction,
WAIT: CJNE A P1WAIT

clears the carry flag and continues with the next instruction in sequence, since the Accumulator does equal the
data read from P1. (If zome other value was being input on P1, the program loops at this point until the P1 data

changes to 34H.)
CJNE A direct,rel
Bytes: 3
Cycles: 2
Encoding:‘ 1 0 1 1 0 1 o 1 | | direct address ‘ | rel. address

Operation: (PC) «— (PC)+3
IF (A) < = (direcf)
THEN

(PC) « (PC) + relative offset
IF (&) = (direch)
THEN
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CLR A
CJNE A #data,rel Function: Clear Accumulator
Bytes: 3 Description: CLR A clears the Accumulator (all bits set to 0). No flags are affect=d
Cycles: 2 Example: The Accumulator contains SCH (01011100B). The following instruction, CLR Aleaves the Accumulator set to 00H
(D0000000B)
Encoding: | 1 0 1 1 0 1 0 0 | ‘ immediate data | | rel. address Byt :
es:
Operation: (PC)« (PC)+3
IF (&) < > dafa Cycles: 1
THEN ) Encoding:| 1 1 1 0|0 1 0 o0
(PC) « (PC) + relafive offset
IF {A) = data Operation: CLR
THEN (A) 0
(C) 1
ELSE CLR  bit
[C)«0 "
Function: Clear bit
CJNE Ry #data,rel L . . §
Description: CLR bit clears the indicated bit (rezet to 0). No other flags are sffected. CLR can operate on the carmry flag or any
Bytes: 3 directly addressable bit.
Cycles: 2 Example: Port 1 has previously been written with SDH {01011101B). The fellowing instruction CLR P1.2 leaves the port set
Encoding: | 1 0 1 1 1 r r r | ‘ immediate data | | rel. address o 59H (010110018).
Operation: (PC) — (PC)+3 ClR C
IF (R} <> data Bytes: 1
THEN
(PC) « (PC) + relafive offestf Cycles: 1
IF (R} < dafa Encoding: | 1 10 0|0 0 1 1
THEN .
[C) 1 Operation: CLR
ELSE Cle0
© 0 CLR  bit
CJNE @R;,data,rel Bytes: 2
Bytes: 3 Cycles: 1
Cycles: 2 Encoding:| 1 1 0 o]0 o0 1 o | bit address
Encoding: | 1 0 1 1 0 1 1 i | ‘ immediate data | | rel. address Operation: CLR
Operation: (PC) « (PC)+3 (bit) « O
IF ((R)) < > data
THEN
(PC) « (PC) + relative offset
IF {{R)) < data
THEN
(C) 1
ELSE
(C)«0
2.88 Instruction Set - ————————— ‘ IIIEI. 28
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CPL A
Function: Complement Accumulator
Description: CPLA logically complements each bit of the Accumulator {one’s complement). Bits which previously contained a
1 are changed to a 0 and vice-versa. No flags are affected
Example: The Accumulator contains SCH (01011100B). The following instruction,
CPL A
leaves the Accumulator set to GA3H (101000118).
Bytes: 1
Cycles: 1
Encoding: | 1 1 1 1 i} 1 0 o}
Operation: CPL
(A) =71 (A)
CPL  bit
Function: Complement bit
Deseription: CPL bit complements the bit variable specified. A bit that had been a 1 is changed to 0 and vice-versa. No other
flags are affected. CLR can operate on the carry or any directly addressable bit.
Note: When this instruction is used to modify an output pin, the value used as the original data is read from the
output data latch, nof the input pin.
Example: PFort 1 has previously been written with SBH (01011101B). The following instruction sequence,CPL P1.1CPL
P1.2 leaves the port set to 5BH (01011011B).
CPL C
Bytes: 1
Cycles: 1
Encoding: | 1 1] 1 1 1] 0 1 1
QOperation: CPL
(o R
CPL  bit
Bytes: 2
Cycles: 1
Encoding:| 1 © 1 1]0 0 1 0 | | bit address
Operation: CPL
(bit) 7] (bit)
2.00 Instruction Set
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DA A

Funetion: Decimal-adjust Accumulator for Addition

Description: DA A adjusts the eight-bit value in the Accumulator resulting from the earlier addition of two variables (each in
packed-BCD format), producing two four-bit digits. Any ADD or ADDC instruction may have been used to
perform the addition.

If Accumulator bits 3 through O are greater than nine (ool 01020001 111), or if the AC flag is one, six is added
to the Accumulator producing the proper BCD digit in the low-order nibble. This internal addition sets the carry
flag if a carry-out of the low-order four-bit field propagates through all high-order bits, but it does not clear the
carry flag otherwise.

If the carry flag is now set, or if the four high-order bits now exceed nine {101 Ciooo-1111o00x), these high-order
bits are incremented by six, producing the proper BCD digit in the high-order nibble. Again, this sets the carry
flag if there is a carry-out of the high-arder bits, but does not clear the carry. The carry flag thus indicates if the
sum of the original two BCD variables is greater than 100, allowing multiple precision decimal addition. OV is not
affected.

All of this occurs during the one instruction cycle. Essentially, this instruction performs the decimal conversion by
adding 00H, 08H, 80H, or 66H to the Accumulator, depending on initial Accumulator and PSWW conditions.

Mote: DA A cannof simply convert a hexadecimal number in the Accumulator to BCD notation, nor does DAA
apply to decimal subtraction.

Example: The Accumulsator holds the value 56H {01010110B), representing the packed BCD digits of the decimal number
56. Register 3 contains the value 67H {01100111B}, representing the packed BCD digits of the decimal number
67. The carry flag is set. The following instruction sequence

ADDC AR3
DA A

first performs a standard two’s-complement binary addition, resulting in the value OBEH (10111110) in the
Accumulator. The carry and auxiliary carry flags are cleared.

The Decimal Adjust instruction then alters the Accumulator to the value 24H {00100100B}, indicating the packed
BCD digits of the decimal number 24, the low-order two digits of the decimal sum of 56, 67, and the carry-in. The
carry flag is set by the Decimal Adjust instruction, indicating that a decimal overflow occurred. The frue sum of
56,67, and 1 is 124

BCD variables can be incremented or decremented by adding 01H or 99H. If the Accumulator initially holds 30H
(representing the digits of 30 decimal), then the following instruction sequence,

ADD A, #099H
DA A

leaves the carry set and 29H in the Accumulator, since 30 + 99 = 129. The low-order byte of the sum can be
interpreted to mean 30 - 1 =29,

Bytes: 1
Cycles: 1
Encoding: | 1 1 v] 1 0 1 o 0
Operation: DA
-contents of Accumulator are BCD
IF [[{Aggl > 9] V' [(AC) = 1]]
THEN {Az.g) + {Aag) + 6
AND
IF [[(A7.¢) = 8] V' [(C) = 1]]

THEN (A7) « (A7) + 6
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DEC  byte

Function: Decrement

Description: DEC byte decrements the vaniable indicated by 1. An original value of 00H underflows to 0FFH. No flags are
affected. Four operand addressing modes are allowed: accumulator, register, direct, or register-indirect.

Mote: When this instruction is used to modify an output port, the value used as the original port data will be read
from the cutput data latch, nof the input pins.

Example: Register 0 contains 7FH (01111111B). Internal RAM locaticns 7EH and 7FH contain 00H and 40H, respectively.
The following instruction sequence,

DEC @Ro
DEC RO
DEC @Ro
leaves register 0 set to 7TEH and internal RAM locations 7EH and 7FH set to O0FFH and 3FH.
DEC A
Bytes: 1
Cycles: 1

Encoding: | 0 o} 0 1 i} 1 0 o}

Operation: DEC
(A) « (A)-1

DEC R,
Bytes: 1
Cycles: 1
Encoding: | 0 o} 0 1 1 r r r
Operation: DEC

(Rn) (R} -1
DEC direct
Bytes: 2
Cycles: 1
Encoding:) 0 0 0 1|0 1 0 1] | diestaddess

Operation: DEC
(direct) « {direct} - 1

DEC @R
Bytes: 1
Cycles: 1
Encoding:) 0 0 0 1 ]0 1 1 i

Operation: DEC
(R (R} -1

2.92 Instruction Set —  ——————
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DIV AB

Funetion: Divide

Description: DIV AB divides the unsigned sight-bit integer in the Accumulator by the unsigned =ight-bit integer in register B.
The Accumulator receives the integer part of the quotient; register B receives the integer remainder. The carry
and OV flags are cleared
Excepfior if B had originally contained 00H, the values returned in the Accumulator and B-register are
undefined and the overflow flag are set. The carry flag is cleared in any case

Example: The Accumulator contains 251 (0FBH or 11111011E) and B contains 18 {12H or 00010010B). The following
instruction,

o AB

leaves 13 in the Accumulator (00OH or 000011018} and the value 17 (11H or 00010001B) in B, since
251 = {13 x 18) + 17. Camy and OV are both cleared.

Operation: DIV
(A)1s.g « (A)(B}
Blra
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DJNZ <byte>,<rel-addr>

Function: Decrement and Jump if Not Zero

Description: DJNZ decrements the location indicated by 1, and branches to the address indicated by the second operand if
the resulting value is not zero. An original value of 00H underflows to OFFH. No flags are affected. The branch
destination is computed by adding the signed relative-displacement value in the last instruction byte fo the PC,
after incrementing the PC to the first byte of the following instruction.

The location decremented may be a register or directly addressed byte.

Mote: When this instruction is used to modify an output port, the value used as the original port data will be read
from the cutput data latch, nof the input pins.

Example: Internal RAM locations 40H, 50H, and 80H contain the values 01H, 70H, and 15H, respectively. The following
instruction sequence,

DINZ 40H,LABEL _1
DINZ 50H,LABEL_2
DINZ G0H,LABEL_3

causes a jump to the instruction at label LABEL_2 with the values 00H, 8FH, and 15H in the three RAM
locations. The first jump was nof taken because the result was zero.

This instruction provides a simple way to execute a program loop a given number of times or for adding a
moderate time delay (from 2 to 512 machine cycles) with a single instruction. The following instruction sequence,

MOV R2 £8
TOGGLE: CPL P17
DINZ  R2TOGGLE

toggles P1.7 eight imes, causing four output pulses to appear at bit 7 of output Port 1. Each pulze lasts three
machine cycles; two for DJNZ and one to alter the pin

DJNZ Rp,rel
Bytes: 2
Cycles: 2

Encoding: | 1 1 0 1 1 r r r | ‘ rel. address

Operation: DJNZ
(PC) « (PC)+2
(Rp) & (Rq} -1
IF(R)>0or(R)=<0

(PC) « (PC) + rel
DJNZ direct,rel
Bytes: 3
Cycles: 2
Encoding: | 1 1 0 1 0 1 0 1 | ‘ direct address | | rel. address

Operation: DJNZ
(PC) « (PC) +2
(direct) « {(direct) - 1
IF (direct) > 0 or (direct) < 0
THEN
(PC) & (PC) + rel

294 Instruction Set —  ————————
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INC <byte>

Function: Increment

Description: IMC increments the indicated variable by 1. An original value of OFFH overlows to 00H. Mo flags are affected.
Three addressing modes are allowed: register, direct, or register-indirect.

Note: When this instruction is used to modify an output port, the value used as the criginal port data will be read
from the output data latch, nof the input pins

Example: Register O contains 7EH (011111110B). Internal RAM locstions 7EH and 7FH contain OFFH and 40H
respectively The following instruction sequence,

INC @RD
INC RO
INC @R0O
leaves register 0 set to 7FH and internal RAM locations TEH and 7FH haolding 00H and 4 1H, respectively.
INC A
Bytes: 1
Cycles: 1

Encoding: | 0 1] 0 0 1] 1 0 1]

Operation: INC
(A} (A +1

INC R,
Bytes: 1
Cycles:
Encoding: | 0 1] o 0 1 r r r
Operation: INC

(R} & (Ry) + 1
INC  direct
Bytes: 2
Cycles: 1
Encoding:| 0 0 0 0] 0 1 0 1| | directaddess

Operation: INC
(direct) « (direct) + 1

INC @R
Bytes: 1
Cycles: 1
Encoding:| 0 0 0 0[]0 1 1 i

Operation: INC
(RS & (R} +1
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Function:

Description:

Example:

Bytes:
Cycles:
Encoding:

Operation:

JB blt,rel

Increment Data Pointer

INC DPTR increments the 18-bit data pointer by 1. A 16-bit increment {module 2153 is performed, and an
overflow of the low-order byte of the data pointer {DPL} from 0FFH to 00H increments the high-order byte (DPH).
Mo flags are affected.

This is the only 16-bit register which can be incremented.

Registers DPH and DPL contain 12H and OFEH, respectively. The following instruction sequence,
INC DPTR

INC DPTR

INC DPTR

changes DPH and DPL to 13H and 01H.

1

2

1 0 1 0 0 0 1 1

=

(DPTR) « (DPTRY + 1

Function:

Description:

Example:
Bytes:
Cycles:

Encoding:

Operation:

296 Instruction Set —  ————————

Jump if Bit set

If the indicated bit is a one, JB jump to the address indicated; otherwise, it proceeds with the next instruction. The
branch destination is computed by adding the signed relative-displacement in the third instruction byte to the PC,
after incrementing the PC to the first byte of the next instruction. The bit tested is not modified. No flags are
affected

The data present at input port 1 is 11001010B. The Accumulator holds 56 {01010110B). The following instruction
sequence,

JB P1.2 LABEL1

JB ACC. 2 LABEL2

causes program execution to branch to the insiruction at label LABEL2.
3

2

0o 0o 1 ofo o o of | bit address | [ el address

JB
(PC) « (PC) +3
IF {pif) =1
THEN
(PC) « {PC) + rel

L | Instruction Set

JBC  bit,rel

Funetion:

Description:

Example:

Bytes:
Cycles:
Enceding:

Operation:

JC rel

Jump if Bit is set and Clear bit

If the indicated bit is one, JBC branches to the address indicated; otherwise, it proceeds with the next instruction
The bit will not be deared i it is already a zero. The branch destination is computed by adding the signed
relative-displacement in the third instruction byte to the PC, after incrementing the PC to the first byte of the next
instruction. Mo flags are affected.

MNote: When this instruction is used to test an output pin, the value used as the original data will be read from the
output data latch, not the input pin.

The Accumulater holds 56H {01010110B). The following instruction sequence,
JBC ACC.3,LABEL1
JBC ACC.2LABELZ

causes program execution to continue at the instruction identified by the label LABELZ, with the Accumulator
medified to 52H (01010010B)

3
2

o o 0o 1]o 0o o o] | bit address | rel. address

JBC
(PC) « (PC) + 3
IF (bit) = 1
THEN
(bit) « 0
(PC)  (PC) +rel

Funetion:

Description:

Example:

Bytes:
Cycles:
Encoding:

Operation:

Jump if Carry is set

If the carry flag is set, JC branches to the address indicated; otherwise, it proceeds with the next instruction. The
branch destination is computed by adding the signed relative-displacement in the second instruction byte to the
PC, after incrementing the PC twice. No flags are affected.

The carry flag is cleared. The following instruction seguence,

JC LABEL1

CPL C

JC LABEL 2

sets the carry and causes program execution o confinue at the instruction identified by the label LABEL2.
2

2

o 1 o o]Jo o o ol | rel. address

JC
(PC) « (PC) + 2
IF (C)=1
THEN
(PC) « (PC) + rel
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JMP  @A+DPTR
Function: Jump indirect
Description: JMP @A+DPTR adds the eight-bit unsigned conients of the Accumulator with the 16-bit data peinter and loads
the resulting sum to the program counter. This is the address for subsequent instruction fetches. Sixteen-bit
addition is performed {modulo 28): a carry-out from the low-arder eight bits propagates through the higher-order
bits. Neither the Accumulator nor the Data Pointer is altered. No flags are affected.
Example: Aneven number from O to 6 is in the Accumulator. The following sequence of instructions branches to one of four
AJMP instructions in a jump table starting at JMP_TBL.
MOV DPTR, # JMP_TBL
JMP @A +DPTR
JMP_TBL:  AJMP LABELO
AIMP LABEL1
AIMP LABEL2
AIMP LABEL3
If the Accumulater equals 04H when starting this sequence, execution jumps to label LABELZ. Because AJMP is
a 2-byte instruction, the jump instructions start at every other address.
Bytes: 1
Cycles: 2
0 1 1 1 0 0 1 1
Operation: JMP
(PC) « (A) + (DPTR)
2.98 Instruction Set
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JNB bit,rel
Funetion: Jump if Bit Not set
Description: [f the indicated bit is a 0, JNB branches to the indicated address; otherwise, it proceeds with the next instruction

The branch destination is computed by adding the signed relative-displacement in the third instruction byte to the
PC, after incrementing the PC to the first byte of the next instruction. The bit tesled is not modified. No flags are
affected.

Example: The data present atinput port 1 iz 11001010B. The Accumulator holds 56H (01010110B). The following
instruction sequence,
JNE P13 LABEL1
JNE ACC.3,LABELZ
causes program execution to continue at the instruction at label LABELZ.
3
2

0 o 1 1]o o 0o o] [ bitaddes rel. address
Operation: JNB
(PC)«— (PC)+ 2
IF (bity=0
THEN (PC) « (PC) +rel
JNC  rel
Function: Jump if Carry not set

Description:

Example:

Operation:

If the carry flag is a O, JNC branches to the address indicated; otherwise, it proceeds with the next instruction
The branch destination is computed by adding the signal relative-displacement in the second instruction byte to
the PC, after incrementing the PC twice to point to the next instruction. The carry flag is not modified

The carry flag is set. The following instruction sequence,

JNC LABEL1
CPL [
JNC LABELZ

clears the carry and causes program execution to continue at the instruction identified by the label LABELZ

2
0 1 0 1]o o 0o o] [ reladdes
NG

(PC)  (FC) +2

F (€)=0

THEN (PC) « (PC) + rel
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JNZ rel
Function: Jump if Accumulator Not Zero
Description: [f any bit of the Accumulator is a one, JNZ branches to the indicated address; otherwise, it proceeds with the next
instruction. The branch destination is computed by adding the signed relative-displacement in the second
instruction byte to the PC, after incrementing the PC twice. The Accumulator is not modified. Mo flags are
affected
Example: The Accumulator orniginally holds 00H. The following instruction sequence,
INZ LABEL1
INC A
JNZ LABEL2
sets the Accumulator to 01H and continues at label LABEL2
Bytes: 2
Cycles: 2
Encoding:| 0 1 1 1]0o 0 0 0] | reladdes
Operation: JNZ
(PC) « (PC)+2
IF (A)=0
THEN (PC) & (PC) + rel
JZ rel
Function: Jump if Accurnulator Zeno
Description: [f all bits of the Accumulator are 0, JZ branches to the address indicated; otherwise, it proceeds with the next
instruction. The branch destination is computed by adding the signed relative-displacement in the second
instruction byte to the PC, after incrementing the PC twice. The Accumulator is not modified. No flags are
affected
Example: The Accumulator originally contains 01H. The following instruction segquence,
JZ LABEL1
DEC A
JZ LABEL2
changes the Accumulator to 00H and causes program execution to continue at the instruction identified by the
label LABEL2
Bytes: 2
Cycles: 2
Encoding:) 0 1 1 0|0 0 0 0] | rel. address
Operation: JZ
(PC) « (PC)+2
IF (A)=0
THEN (PC) & (PC) + rel
2-100 Instruction Set
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LCALL addr16

LJMP

Funetion:

Description:

Example:

Bytes:
Cycles:
Enceding:

Operation:

addr16

Long call

LCALL calls a subroutine located at the indicated address. The instruction adds three to the program counter to
generate the address of the next instruction and then pushes the 18-bit result onto the stack (low byte first),
incrementing the Stack Pointer by two. The high-order and low-order bytes of the PC are then loaded,
respectively, with the second and third bytes of the LCALL instruction. Program execution continues with the
instruction at this address. The subroutine may therefore begin anywhere in the full 84K byte program memory
address space. No flags are affected

Initially the Stack Pointer equalz 07H. The label SUBRTN is assigned to program memory location 1234H. After
executing the instruction,

LCALL SUBRTN

at location $123H, the Stack Pointer will contain 09H, internal RAM locations 08H and 08H will contain 26H and
(1H. and the PC will contain 1234H

3
2

0 0 o 1]o o 1 o] | addisasdd | [ addrradd

LCALL
(PC) « {PC) + 3
(SP) « (SP) + 1
((SP)) « {(PCqg)
(SP) « (SP) + 1
((SP)) « (PCq5.0)
(PC) « addrys o

Function:

Description:

Example:

Operation:

Long Jump

LJMP causes an unconditional branch to the indicated address, by loading the high-order and low-order bytes of
the PC {respectively) with the second and third instruction bytes. The destination may therefore be anywhere in
the full 84K program memeory address space. Mo flags are affected.

The label JMPADR is assigned to the instruction at program memory location 1234H. The instruction,
LIMP JMPADR
at location 0123H will load the program counter with 1234H.

0 o 0 o0f]o o 1 o] [ adirisadds addr7-addr

LiMmP
(PC) « addriz.g
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MoV <dest-byte>, <src-byte>

Function: Move byte variable

Description: The byte variable indicated by the second operand is copied into the location specified by the first operand. The
source byte is not affected. No other register or flag is affected.

This is by far the most flexible operation. Fifteen combinations of source and destination addressing modes are
allowed.

Example: Internal RAM location 30H holds 40H. The value of RAM location 40H is 10H. The data present at input port 1is
110010108 (OCAH).

MOV RO#30H ;RO <=30H

MOV A @R0 A< =40H

MOV R1A ‘R1<=40H

MOV B.@R1 B<=10H

MOV @R1P ;RAM (40H) < = 0CAH
MOV P2pP1 ;P2 #0CAH

leaves the value 30H in register 0, 40H in both the Accumulator and register 1, 10H in register B, and 0CAH
(110010108) both in RAM location 40H and cutput on port 2.

MOV AR,
Bytes: 1
Cycles: 1
Encoding: | 1 1 1 0 1 r r r

Operation: MOV
(M) (R}

*MOV Adirect
Bytes: 2
Cycles: 1
Encoding:) 1 1 1 0|0 1 0 1| | drectaddess

Operation: MOV
(&) « (direct)

* MOV A,ACC is not a valid Instruction.
MOV A@R;

Bytes: 1

Cycles: 1

Encoding: | 1 1 1 0 0 1 1 i

Operation: MOV
(A) « (R
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Mov

MoV

Mov

Mov

MoV

Mov

Adidata

Bytes:
Cycles:
Enceding:

Operation:

RnA

Bytes:
Cycles:
Enceding:

Operation:

Ry direct

Bytes:
Cycles:
Encoding:

Operation:

R, #data

Bytes:
Cycles:
Encoding:

Operation:

direct, A

Bytes:
Cycles:
Encoding:

Operation:

direct.R;,

Bytes:
Cycles:
Enceding:

Operation:

immediate data

MOV
(A)  #data

1
1

1 1 1

MOV
(Rol & (&)

direct addr.

MOV
(R, « (direct)

2
1

0 1 1

immediate data

MOV
(R} « #data

2
4

1 1 1

direct address

MOV
(direct) « (A)

direct address

MOV
(direct) « (R.)

AImEL
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MOV  <dest-bit>,<src-bit>

MOV direct,direct Function: Move bit data
Bytes: 3 Description: MOV <dest-bit= <src-bit> copies the Boolean variable indicated by the second operand into the location
specified by the first operand. One of the operands must be the carry flag; the other may be any directly
Cycles: 2 addressable bit. Mo other register or flag is affected.
Enceding: | 1 0 0 0 1 | dir. addr. (scr) | | dir. addr._(dest) Example: The carry flag is originally set. The data present atinput Port 3is 11000101B. The data previously written to
Operation: MOV output Port 1 is 35H (001101018}
(direct) + {direct} Mow P13,C
MOV direct,@R; MOV CcP3a
Bytes: 2 MOV Pi2C
Cycles: 2 leaves the carry cleared and changes Port 1 to 39H (001 11001B).
Encoding: | 1 v} 0 1 i | direct addr. MOV  C,bit
Operation: MOV Bytes: 2
direct R
v 4 Ny (direct) « ((R)) Cycles: 1
irect #data . -
Encoding:| 1 0 1 0]o o0 1 o] [ bitaddes
Eviesyl Operation: MOV
Cycles: 2 (C) « (bit)
Encoding: | 0 1 1 0 1 | direct address | | immediate data MOV  bit,C
Operation: MOV Bytes: 2
(direct) + #data
oY 5A Cycles: 2
@R, Encoding:| 1 © o0 1|0 0 1 0 | | bit address
Bytes: 1 Operation: MOV
Cycles: 1 (bit) « (C)
Encoding:| 1 1 1 1 i
| MOV  DPTR,#data16
Operation: MOV
((R) e (A) Function: Load Data Pointer with a 16-bit constant
MOV @R direct Description: MOV DPTR, #datal6 loads the Data Pointer with the 16-bit constant indicated. The 16-bit constant is loaded into
the second and third bytes of the instruction. The second byte (DPH) is the high-order byte, while the third byte
Bytes: 2 (DPL) holds the lower-order byte. No flags are affected.
Cycles: 2 This is the only instruction which moves 16 bitz of data at onece.
Encoding: | 1 1] 1 1 i | direct addr Example: The instruction,
Operation: MOV MOV DPTR, # 1234H
((RY) « (direct) ) .
loads the value 1234H into the Data Pointer: DPH holds 12H, and OPL holds 34H.
MOV @R;#data
Bytes: 3
Evieah2 Cycles: 2
Cycles: 1 Encoding[ * 0 0 1]0 0 0 0] [ immeddamiss | immed. data7-0
Encoding: | o 1 1 1 i | immediate data Operation: MOV
Operation: MOV (DPTR) « #datas 5
((R;)) « #data DPH « DPL « #datag.g + #datagg
2104 Instruction Set AlMEL el
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MOVC A,@A#+ <base-reg> MOVX <dest-byte> <src-byte>
Function: Move Code byte Function: Move External
Description: The MOVC instructions load the Accumnulater with a code byte or constant from program memory. The address Description: The MOVX instructions fransfer data between the Accumulator and a byte of external data memary, which is why
of the byte fetched is the sum of the original unsigned 8-bit Accumulator contents and the contents of a 16-hit "X iz appended to MOV, There are twa types of instruclions, differing in whether they provide an 8-bit or 18-bit
base register, which may be either the Data Pointer or the PC. In the latter case, the PC is incremented to the indirect address fo the external data RAM.

address of the following instruction before being added with the Accumulator; otherwise the base register is not
:!t?red. E:‘te;?’b:\j ac:_ldltlon s p;::{"éw s0 a carry-out from the low-arder eight bits may propagate through data on PO. Eight bits are sufficient for external /0 expansion decoding or for a relatively small RAM array For
Igher-order tits. No flags are a = somewhat |arger arrays, any output port pins can be used to output higher-order address bits. These pins are
Example: A value between 0 and 3 is in the Accumulator. The following instructions will translate the value in the controlled by an output instruchion preceding the MOWX.
Accumulzstor to one of four values defined by the DB (define byte) directive.

In the first type, the contents of RO or R1 in the current register bank provide an B-bit address multiplexed with

In the second type of MOVX instruction, the Data Pointer generates a 16-bit address. P2 outputs the high-order

REL_PC: INC A eight address bits {the contents of DPH), while PO multiplexes the low-crder eight bits (DPL) with data. The P2

Special Function Register retains its previous contents, while the P2 cutput buffers emit the contents of DPH.

MOVC A @A+PC This form of MOVX is faster and more efficient when accessing very large data arrays (up to 84K bytes), since no

RET additional instructions are needed to set up the output ports.

DB B&H It is possible to use both MOWX types in some situations. A large RAM array with its high-order address lines
driven by P2 can be addressed via the Data Pointer, or with code to output high-order address bits to P2,

DB TTH followed by 3 MOVX instruction using R0 or R1

DB 88H Example: An external 258 byte RAM using multiplexed address/data lines is connected to the 8051 Port 0. Port 3 provides

DB goH control lines for the external RAM. Ports 1 and 2 are used for normal 110, Registers ( and 1 contain 12H and

34H. Location 34H of the external RAM holds the value 56H. The instruction sequence,
If the subroutine is called with the Accumulator equal to 01H, it returns with 77H in the Accumulator. The INC A

before the MOWC insfruction is needed to “get around” the RET instruction above the table. If several bytes of MOVX A@R1
code separate the MOVC from the table, the correspanding number is added to the Accumulator instead MOVX @ROA
MOVC A @A+DPTR copies the value 56H into both the Accumulator and external RAM location 12H.
Bytes: 1 MOVX A,@R;
Cycles: 2 Bytes: 1

Encoding:[ 1 0 0 1]0 0 1 1

Operation: MOVC
(A} « ((A) + (DPTR)}

Operation: MOWX

MOVC A @A+PC () — (R
Bytes: 1 MOVX A,@DPTR
Cycles: 2 Bytes: 1
Encoding:!| 1 0 0 0]0 0 1 1 Cydles: 2
Operation: MOVC Encodin, :‘ 1 1 1 0 0 o 0 1]

(PC) & (PC) +1

(A) — ((A) + (PC)) Operation: MOVX

(A) + ((DPTR))

2-106 Instruction Set ————————————
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NOP
MOVX @R; A Function: No Operation
Bytes: 1 Description: Execution continues at the following instruction. Other than the PC, no registers or flags are affected.
Cycles: 2 Example: Alow-going output pulse on bit 7 of Port 2 must last exactly 5 cycles. A simple SETB/CLR sequence generates a
) - one-cycle pulse, so four additional cycles must be inserted. This may be done (assuming no interrupts are
Encoding: | 1 1 1 1 0 0 1 1 enabled) with the following instruction sequence
Operation: MOVX CLR P27
R}« (A
(R« (A) s
MOVX @DPTR.A
NCP
Bytes: 1
b NCP
Cycles: 2
’ NOP
Encoding:{ 1 1 1 1]0 0 0 0 e .
Operation: MOVX 1
(DPTR) « (A) i
2 1
MUCEyAD [0 o o oo o o o
Function: Multiply Operation: NOP
Description: MUL AB multiplies the unsigned B-bit integers in the Accumulator and register B. The low-order byte of the 16-bit (PC) « (PC)+1
product is left in the Accumulator, and the high-order byte in B. If the product is greater than 255 (OFFH}, the
overflow flag is set; otherwise it is cleared. The carry flag is always cleared. ORL <dest-byte> <src-byte>
Example: Originally the Accumulator holds the value 80 (50H). Register B holds the value 160 (0AQH). The instruction, Funetion: Logical-OR for byte variables
MUL AB Description: ORL performs the bitwise logical-OR operation between the indicated variables, storing the results in the
will give the product 12,800 (3200H), so B is changed to 32H (00110010B) and the Accumulator is cleared. The destination byte. No flags are affected.
overflow flag is set, carry is cleared. The two operands allow six addressing mode combinations. When the destination is the Accumulatar, the source
Bytes: 1 can use register, direct, register-indirect, or immediate addressing; when the destination is a direct address, the
. source can be the Accumulator or immediate data.
Cydles]t Mote: When this instruction is used to modify an output port, the value used as the original port data is read from
Encoding: | 1 1] 1 0 0 1 0 1] the output data latch, nof the input pins
Operation: MUL Example: [f the Accumulator holds 0C3H (11000011B) and RO holds 55H (01010101B) then the following instruction,
Eg%:.:cec— (A X (B) ORL ARD
leaves the Accumulator holding the value 0D7H (11010111B) When the destination is a directly addressed byte,
the instruction can set combinations of bits in any RAM location or hardware register. The pattern of bits to be set
is determined by a mask byte, which may be either a constant data value in the instruction or a variable
computed in the Accumulator at run-time. The instruction,
ORL P1.#001100108
zets bits 5, 4, and 1 of output Port 1
ORL AR,
Bytes: 1
Cycles: 1
Encoding: | 0 1 0 o 1 r r r
Operation: CORL
)« (M V(R
2-108 Instruction Set ‘ II|El 2-109
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ORL  C,<src-bit>

ORL A, direct Function: Logical-CR for bit variables
Bytes: 2 Description: Set the carry flag if the Boolean value is a logical 1; leave the carry in its current state otherwise. A slash (/)
preceding the operand in the assembly language indicates that the logical complement of the addressed bit is
Cycles: 1 used as the source value, but the source bit itself is not affected. No other flags are affected.
Encodinc:| 0 1 0 0] 0 1 0 1 | | direct address Example: Setthe carry flagif andonly if P10=1 ACC 7=1,0r OV =0
Operation: CRL MOV CP10 [LOAD CARRY WITH INPUT PIN P10
(A) « (A) W (direct)
CRL CACCT ;OR CARRY WITH THE ACC.BIT7
ORL A@R;
CRL CIoV ;OR CARRY WITH THE INVERSE OF O\
Bytes: 1 .
ORL C.bit
Cycles: 1
Bytes: 2
Encoding:{ 0 1 0 oo 1 1 i
. Cyeles: 2
Operation: ORL R =
(A)  (A) VIR Encoding:) 0 1 1 1|0 o0 1 0| |  bitaddess
ORL Ajddat Operation: ORL
ata {C) « (C) V' (bit)
Bytes: 2
b ORL C./bit
Cycles: 1
Bytes: 2
Encoding:l 0 1 0 0o 1 0o 0] [ immedatdaa
Cycles: 2
(8] tion: ORL
REraian &) () V Adata Encoding:[ 1 ¢ 1 0] 0 0 0 0] [ bitaddess
. Operation: ORL
ORL direct,A (C) « {C) v (B
Bytes: 2
Cycles: 1 POP direct
Encoding:| 0 1 0 0|0 o 1 0 | | direct address Function: Pop from stack.
Operation: ORL Description: The contents of the internal RAM location addressed by the Stack Pointer is read, and the Stack Pointer is
(direct) « (direct) W (A) decremented by one. The value read is then transferred to the directly addressad byte indicated. No flags are
affected.

ORL direct#data
Example: The Stack Pointer originally contains the value 32H, and internal RAM locations 20H through 32H contain the

Bytes: 3 values 20H, 23H, and ("H, respectively. The following instruction seguence,
Cycles: 2 poP DPH
Encoding: | 0 1 0 0 0 0 1 1 | | direct addr. | | immediate data pOP DPL
Operation: ORL leaves the Stack Pointer equal to the value 30H and sets the Data Pointer to 0123H. At this point, the following
(direct) « (direct) Vv #data instruction,
POP SP

leaves the Stack Pointer set to 20H. In this special case, the Stack Pointer was decremented to 2FH before being
loaded with the value popped (20H).

Bytes: 2
Cycles: 2
Encading: 1 1 0 1|0 0 0 0| | directaddess

Operation: POP
(direct) « ((SP})
(SP) « (3P) -1

2-110 Instruction Set —  ——————
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Function:

Description:

Example:

Bytes:
Cycles:
Enceding:

Operation:

RET

Push onto stack

The Stack Pointer is incremented by one. The contents of the indicated variable is then copied into the internal
RAM location addressed by the Stack Pointer. Otherwise no flags are affected

Cn entering an inferrupt routine, the Stack Pointer contains 09H. The Data Pointer holds the value 0123H. The
following instruction sequence,

PUSH DPL
PUSH DPH

leaves the Stack Pointer set to 0BH and stores 23H and (H in internal RAM locations OAH and 0BH,

respectively.
2
2

1 1 0 0

oo |

direct address

PUSH
(SP) « (SP) +1
((SP)) « (direct)

Function:

Description:
Example:
Bytes:
Cycles:

Enceding:

Operation:

2-112 Instruction Set - ——————

Return from subroutine

RET pops the high- and low-order bytes of the PC successively from the stack, decrementing the Stack Pointer
by two. Program execution continues at the resulting address, generally the instruction immediately following an

ACALL or LCALL. No flags are affected.

The Stack Pointer originally contains the value 0BH. Internal RAM locatiens 0AH and 0BH centain the values

23H and 01H, respectively. The following instruction,

RET

leaves the Stack Pointer equal fo the value 09H. Program execution continues at location 0123H.

1
2

] 0 1 0

RET
(PC5g) « ({SP))
(SP)  (SP)- 1
(PCrg) « ({SP))
(SP) < (SP) - 1

L | Instruction Set

RETI
Funetion: Return from interrupt
Description: RETI pops the high- and low-order bytes of the PC successively from the stack and restores the interrupt logic to

accept additional interrupts at the same priority level as the one just processed. The Stack Pointer is left
decremented by two. Mo other registers are affected; the PSW is nof automatically restored to its pre-interrupt
status. Program execution continues at the resulting address, which is generally the instruction immediately after
the paint at which the interrupt request was detected. If a lower- or same-level interrupt was pending when the
RET! instruction is executed, that one instruction is executed before the pending interrupt is processed

Example: The Stack Pointer originally contains the value 0BH. An interrupt was detected during the instruction ending at
location 0122H. Internal RAM locations 0AH and 0BH contain the values 23H and 01H, respectively. The
following instruction,
RETI
|leaves the Stack Pointer equal to 09H and returns program execution io location 0123H.

Bytes: 1
Cycles: 2
Enceding: | 0 0 1 1 0 o 1 0
Operation: RETI
{PCusg) « (3P
(5P} « (SP)-1
(PCr.q) « ((SP))
(5P} « (3P} -1
RL A
Function: Rotate Accumulator Left

Description:

Example:

Operation:

The eight bitz in the Accumulator are rotated one bit to the left. Bit 7 iz rotated into the bit O position. Mo flags are
affected.

The Accumulater helds the value OCSH (11000101B). The following instruction,
RL A
leaves the Accumulator holding the value BBH (1000101 1B) with the carry unaffected.

RL
A+ 1) (A)n=0-6
(Ag) (A7)
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RLC A
Function: Rotate Accumulator Left through the Carry flag
Description: The eight bits in the Accumulator and the carry flag are together rotated one bit io the left. Bit 7 moves into the
carry flag; the original state of the carry flag moves into the bit 0 position. No other flags are affected.
Example: The Accumulator holds the value 0C5H{110001018B), and the carry is zerc. The following instruction,
RLC A
leaves the Accumulator holding the value BBH {10001010B} with the carry set.
Bytes: 1
Cycles: 1
Encoding:) 0 0 1 1|0 0 1 1
Operation: RLC
(Ag +1} = (A)n=0-86
(Agh (C)
(C} « (A7)
RR A
Funetion: Rotate Accumulator Right
Description: The eight bitz in the Accumulator are rotated one bit to the right. Bit 0 is rotated into the bit 7 position. No flags
are affected.
Example: The Accumulator holds the value 0CSH (11000101B). The following instruction,
RR A
leaves the Accumulator holding the value 0EZH (11100010B) with the carry unaffected.
Bytes: 1
Cycles: 1
Encoding: | 0 1] 0 0 0 0 1 1
Operation: RR
(A (A, +1n=0-8
(A7) (Ag)
RRC A
Function: Rotate Accumulator Right through Carry flag
Description: The eight bits in the Accumulator and the cary flag are together rotated ene bit to the right. Bit 0 moves into the
carry flag; the original value of the carry flag moves into the bit 7 position. No other flags are affected.
Example: The Accumulator holds the value O0C5H (11000101B), the carry is zero. The following instruction,
RRC A
leaves the Accumulator holding the value 82 (0110001 0B) with the carry set.
Bytes: 1
Cycles: 1
Encoding:| 0 o 0 1]o o 1 1
Operation: RRC
(M) (A, +1)n=0-8
(A7)« (C)
(C)  (Ag)
2114 Instruction Set
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SETB <bit>
Function: Set Bit
Description: SETB sets the indicated bit to one. SETE can operate on the camry flag or any directly addressable bit. No ather
flags are aflected.
Example: The carry flag is cleared. Output Port 1 has been written with the value 34H (00110100B). The following
instructions,
SETB [
SETB P10
sets the carry flag to 1 and changes the data output on Part 1 o 35H (001101018}
SETB C
Bytes: 1
Cycles: 1
Encoding: | 1 1 V] 1 1} V] 1 1
Operation: SETB
Che1
SETB bit
Bytes: 2
Cycles: 1
Encoding: | 1 1 ] 1 1] ] 1 1] bit address
Operation: SETB
(hit) &1
SJMP  rel
Function: Short Jump
Description: Program contrel branches unconditionally to the address indicated. The branch destination is computed by
adding the signed displacement in the second instruction byte to the PC, after incrementing the PC twice.
Therefore, the range of destinations allowed is from 128 bytes preceding this instruction 127 bytes following it.
Example: The label RELADR is assigned to an instruction at program memary location 0123H. The following instruction,
SIMP RELADR
assembles into location 0100H. After the instruction is executed, the PC contains the value 0123H.
Note: Under the above conditions the instruction following SIMP is at 102H. Therefore, the displacement byte of
the instruction is the relative offset (01123H-0102H) = 21H. Put ancther way, an SJMP with a displacement of
OFEH is a one-instruction infinite loop.
Bytes: 2
Cycles: 2
Encoding:| 1 © ©0 0|0 0 0 o0 | | rel address
Operation: SJMP

(PC) « {PC) + 2
(PC) « {PC) + rel
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SUBB A, <src-byte>
Function: Subtract with borrow

Description: SUBB subtracts the indicated variable and the carry flag together from the Accumulator, leaving the result in the
Accumulator. SUBB sets the carry {borrow) flag if a borrow is needed for bit 7 and clears C otherwise. (If C was
set before executing a SUBB instruction, this indicates that a borrow was needed for the previous stepin a
multiple-precision subtraction, so the carry is subtracted from the Accumulator along with the source cperand.)
AC is set if a borrow is needed for bit 3 and cleared otherwize. OV is set if a borrow is needed into bit 6, but nat
into bit 7, or into bit 7, but not bit €.

When subtracting signed integers, OV indicates a negative number produced when a negative value is
subtracted from a positive value, or a positive result when a positive number is subtracted from a negative
number.

The source operand allows four addressing modes: register, direct, register-indirect, or immediate.

Example: The Accumulator holds 0CS9H (11001 001B), register 2 holds 54H (01010100B), and the carry flag is set. The
instruction,

SUBB AR2
will leave the value 74H (011101008) in the accumulator, with the carry flag and AC cleared but OV set

Motice that 0C8H minus 54H is 75H. The difference between this and the above result is due to the camy
(borrow) flag being set before the operation. If the state of the carry is not known before starting a single or
multiple-precision subtraction, it should be explicitly cleared by CLR C instruction.

SUBB AR,
Bytes: 1
Cycles: 1
Encoding: | 1 1] 0 1 1 r r r

Operation: SUBB
(A) « (A) - (C) - (R}

SUBB A,direct
Bytes: 2
Cycles: 1
Encoding: 1 0 0 1] 0 1 0 1| [ directaddess

Operation: SUBB
(A) « (A) - (C) - (direct)

SUBB A@R;
Bytes: 1
Cycles: 1
Encoding:| 1 0 0 1[0 1 1 i

Operation: SUBB
(A} (A)-(C) - (Ra)

SUBB A #data
Bytes: 2
Cycles: 1
Encoding:| 1 0 0 1] 1 0 0] | immedatdata

Operation: SUBB
(A) « (A) - (C) - #data

2-116 Instruction Set —  ————————

L | Instruction Set

SWAP A
Funection: Swap nibbles within the Accumulator

Description: SWAP A interchanges the low- and high-order nibbles (four-bit fields) of the Accumulator (bits 3 through 0 and
bits 7 through 4). The operation can also be thought of as a 4-bit rotate instruction. No flags are affected.

Example: The Accumulstor holds the value 0C5H (110001018). The instruction,
SWap A
leaves the Accumulator holding the value 5CH (01011100B).

Operation: SWAP
(Ag.0) D (A7)

XCH A <byte>

Funetion: Exchange Accumulator with byte variable

Description: XCH loads the Accumulator with the contents of the indicated variable, at the same time wriing the criginal
Accumulator contents to the indicated variable. The scurce/destination operand can use register, direct, or
register-indirect addressing.

Example: R0 contains the address 20H. The Accumulator holds the value 3FH (00411111IB). Internal RAM location 20H
holds the value 75H (01110101B). The following instruction,

XCH A@R0
leaves RAM location 20H holding the values 3FH [(00111111B) and 75H (011101018} in the accumulator.
XCH AR,
Bytes: 1
Cycles: 1
Encoding: ‘ 1 1 o o 1 r r r

Operation: XCH
(A} D {(Ry}

XCH A.direct
Bytes: 2
Cycles: 1
Encoding:| 1 1 0 0] 0 1 0 1] [ directadduess

Operation: XCH
() D (direct)

XCH A@R;
Bytes: 1
Cycles: 1
Encoding: 1 1 0 0] 0 1 1 i

Operation: XCH
(A) D (R}
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XCHD A@R

Function: Exchange Digit

Description: XCHD exchanges the low-order nibble of the Accumulater (bits 3 through 0), generally representing a
hexadecimal or BCD digit, with that of the internal RAM location indirectly addressed by the specified register.
The high-crder nibbles (bits 7-4) of each register are not affected. Mo flags are affected.

Example: RO contains the address 20H. The Accumulator holds the value 36H (001101 10B). Internal RAM location 20H
holds the value 75H (01110101B). The following instruction,

XCHD A@Ro
leaves RAM location 20H holding the value 76H (01110110B) and 35H (00110101B) in the Accumulator.
Bytes: 1
Cycles: 1

Encoding:{ 1 1 0 1]0 1 1 |

Operation: XCHD
(Aqg.g) D ((Riggh)

XRL  <dest-byte><src-byte>

Funetion: Logical Exclusive-OR for byte variables

Description: XRL performs the bitwise logical Exclusive-OR operation between the indicated variables, storing the results in
the destination. No flags are affected.

The two operands sllow six addressing mode combinations. When the destination is the Accumulator, the source
can use register, direct, register-indirect, or immediate addressing; when the destination is a direct address, the
source can be the Accumulator or immediate data.

Mote: When this instrucfion is used to modify an output pert, the value used as the criginal port data is read from
the output data latch, nof the input pins.

Example: [If the Accumulater holds GC3H (1100001IB) and register 0 holds OAAH (1010101 0B) then the instruction,
XRL ARC
leaves the Accumulator heolding the value 69H (011010018).

When the destination is a directly addressed byte, this instruction can complement combinations of bits in any
RAM location or hardware register. The pattern of bits to be complemented is then determined by a mask byte,
either a constant contained in the instruction or a variable computed in the Accumulator at run-time. The
following instruction,

XRL P1,#00110001B
complements bits 5, 4, and 0 of output Port 1.
XRL AR,
Bytes: 1
Cycles: 1
Encoding: | 0 1 1 0 | 1 r r r

Operation: XRL
(A) « (A)¥(R)

2-118 Instruction Set —  ————————

————————————————————— | NStruction Set

XRL Adirect
Bytes: 2
Cycles: 1

Enceding:

0 1 1 oo 1 0 1] [ directaddmess

Operation: XRL
(A) — (A) M (direct)

XRL A@R;
Bytes:
Cycles:
Enceding:

=1
o
=]

Operation: XRL
(A) « (A) ¥ (R}

XRL A#data
Bytes: 2
Cycles: 1
Encoding:| 0 1 1 o]0 1 0 o] [ immedakcdaa

Operation: XRL
(A]  (A) % #data

XRL direct A
Bytes: 2
Cycles: 1
Encoding:| 0 1 1 0|0 @ 1 ﬂ| | direct address

Operation: XRL
{direct) « (direct) % (&)

XRL direct#data
Bytes: 3
Cycles: 2

Encoding:| 0 1 1 o 1] 0 1 1 | | direct address | | immediate data

Operation: XRL
(direct) « (direct) % #data

‘ mEl 2-119



DISCRETE SEMICONDUCTORS Philips Semiconductors Product specification

NPN general purpose transistors BC546; BC547; BC548
DATA SHEET
+ Low current (max. 100 mA) PIN DESCRIPTION
« Low voltage (max. 65 V) 1 emitter
2 base
APPLICATIONS 3 collector

« General purpose switching and amplification

DESCRIPTION |2 3
NPN transistor in a TO-92; SOT54 plastic package 3 = 2
PNP complements: BC556, BC557 and BC558. —

LA 1

Fig.1 Simplified outline (TO-92; SOT54)

and symbol
QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veao collector-base voltage open emitter
BCH4E = 80 v
BC547 - 50 \
BCH48 = 30 \i
Vcen collector-emitter voltage open base
BCbH48 - 65 v
BCH47 = 45 1
BCE48 = 30 v
lowm peak collector current - 200 mA
B C 546 - B C 547 - B C 548 Piat total power dissipation Temp £26°C = 500 mw
L H . hee DC current gain lc=2mA; Vee=5V
NPN general purpose transistors
BCB4T 1o 800
BCbh48 110 800
Product speciﬁcalion 1997 Mar 04 fr transition frequency lg=10mA; Vee =5V, f= 100 MHz 100 - MHz
Supersedes data of September 1994
File under Discrete Semiconductors, SC04
1997 Mar 04 2
Same PHILIPS
Semiconductors




Philips Semiconductors

Product specification

NPN general purpose transistors

BC546; BC547; BC548

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veag collector-base voltage open emitter
BCB46 = 80 W
BCH47 = 50 v
BCE48 = 30 L
collector-emitter voltage open base
BC546 = 65 W
BCE47 = 45 v
BC548 = 30 v
Vezo emitter-base voltage open collector
BC548 = [} v
BCH47 = 6 v
BC548 = 5 v
Ic collector current (DC) - 100 mA
paak collector current - 200 mA
peak base current - 200 mA
total power dissipation Tomp = 25 °C; note 1 = 500 mw
storage temperature -65 +150 °C
i Jjunction temperature - 150 °C
Tamb operating ambient temperature -65 +150 €T
Note
1. Transistor mounted on an FR4 printed-circuit board
THERMAL CHARACTERISTICS
| SYMBOL | PARAMETER | CONDITIONS | VALUE ‘ UNIT ‘
| Rinie |thenﬂa| resistance from junction to ambient | note 1 | 0.25 ‘ K/mw ‘
Note

1. Transistor mounted on an FR4 printed-circuit board.

1997 Mar 04 3

Philips Semiconductors

Product specification

NPN general purpose transistors

BC546; BC547; BC548

CHARACTERISTICS
Tj =25 “C unless othenwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. [ UNIT
lcao collector cut-off current 0V - - 15 nA
30V, Tj=150°C = . 5 UA
leo emitter cut-off current 5V - - 100 nA
heg DC current gain lc=10uA; Vg =5V,
BC546A; BC547A; BC548A seeFigs 2, 3and 4 - 90 -
BC5468; BC5478; BC548B - 150 -
BC547C; BC548C = 270 -
hee DC current gain
BC546A; BC547A; BC548A seeFigs 2, 3and 4 110|180 (220
BGC6468; BC547B; BC548B 200 290 450
BC547C; BC548C 420 520 800
BCH47; BCb48 110 — 800
BC548 110 - 450
VcEsst collector-emitter saturation voltage | I = 10 mA, Iz = 0.5 mA = Q0 250 mv
Iz =100 mA; 5 mA = 200 600 mv
VaEsst base-emitter saturation voltage Iz =10 mA; Iz = 0.5 mA; note 1 - 700 - my
Iz =100 m 5 mA; note 1 = 900 - mv
Vae base-emitter voltage Ilz=2mA; V, V, note 2 580 660 700 my
Ic= 6V = = 770 my
Ce collector capacitance lg= 10V, f=1MHz - 1.5 - pF
Ca emitter capacitance Ig= =05V, f=1MHz |- n - pF
fr transition frequency Ig=10mA; Vg =5 V; =100 MHz | 100 - - MHz
F noise figure Iz =200 uA; Ve =5 - 2 10 dB
Rg=2kQ;f=1kHz; B=200Hz
Notes

1. Vagey decreases by about 1.7 mV/K with increasing temperature.

2. Vag decreases by about 2 mV/K with increasing temperature.

1997 Mar 04




Philips Semiconductors

Product specification

NPN general purpose transistors

BC546; BC547; BC548

o warrm
200
Sre—
™4
150
100
=
102 10 1 10 102 o (mA) 108
BCE46A: BCS4TA; BOG43A
Fig.2 DC current gain; typical values
o s
hEz
200
100 \
= o 1 10 102  imA] 108
BCE468; BC547B; BCG43E.
Fig.3 DC current gain; fypical values

1997 Mar 04

Philips Semiconductors

Product specification

NPN general purpose transistors

BC546; BC547; BC548

€00

Bk

400

200

102 10

BCE47C; BCS48C

Fig.4 DC current gain; typical values
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Philips Semiconductors

Product specification

NPN general purpose transistors

BC546; BC547; BC548

PACKAGE QUTLINE

Plastic single-ended leaded (through hole) package; 3 leads

SOT54

i
T =

A L
0 25 5mm
scals
DIMENSIONS {mm are the original dimensions)
UNIT | A b by c D d E e ey Lo L
52 088 a8 [ 17 [ 42 o | 45| o
™" | s 058 ol S s i =
Note
1. Terminal dimensians within this zons ars uncantrofied to sllow for law of plastic and terminal imegularifiss
REFERENCES
OUTLINE EUROPEAN
VERSION EC [ aeoec | P, T PROJECTION ISLE DATE
SOT54 | To82 ‘ SC-43 | E—@ 97-02-28

1997 Mar 04 7

Philips Semiconductors Product specification
NPN general purpose transistors BC546; BC547; BC548

DEFINITIONS

Data Sheet Status

Objective specification This data sheet contains target or goal specifications for product development.

Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.

Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these produets for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
impraper use or sale

1997 Mar 04 8
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Product specification

NPN general purpose transistors

BC546; BC547; BC548

1997 Mar 04
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DISCRETE SEMICONDUCTORS Philips Semiconductors Product specification

PNP general purpose transistors BC559; BC560
DATA SHEET
+ Low current {max. 100 mA) PIN DESCRIPTION
« Low voltage (max. 45 V). 1 emitter
2 base
APPLICATIONS 3 collector

« General purpose switching and amplification.

DESCRIPTION 1 3

2
PNP transistor in a TO-82; SOT54 plastic package. 3 — 2
NPN complements: BC549 and BC550 pu—
1

apaz0r

Fig.1 Simplified outline (TO-92; SOT54)

and symbol.

QUICK REFERENCE DATA

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT

Veao collector-base voltage open emitter
BC559 - -30 i
BCBED ™ 50 v

Veoso collector-emitter voltage open base
BC559 - -30 v
BCEBD = —45 \i

Ich peak collector current - —-200 mA

Pint total power dissipation Temn £25°C e 500 mw

heg DC current gain lg=—2mA; Vge=-6V 125 800

B C559 ; B C 560 fr transition frequency g =—10mA; Vge =6V, f= 100 MHz 100 = MHz

PNP general purpose transistors

Product specification 1997 Jun 03
Supersedes data of 1997 Mar 14
File under Discrete Semiconductors, SC04

1997 Jun 03 2
Philips

Samiconductors

PHILIPS




Philips Semiconductors

Product specification

PNP general purpose transistors

BC559; BC560

LIMITING VALUES
In accordance with the Absclute Maximum Rating System (IEC 134).

Philips Semiconductors

Product specification

PNP general purpose transistors

BC559; BC560

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veac collector-base voltage open emitter
BCSE59 = -30 v
BCHE0 = -60 v
Vceo collector-emitter voltage open base
BCH59 = -30 v
BCS560 = —-45 W
Veso emitter-base voltage open collector - -5 v
Ig collector current (OC) - -100 mA
lcm peak collector current - —-200 mA
law peak base current - -200 mA
Pigt total power dissipation Tamb <25 °C - 500 mw
Taig storage temperature —65 +150 C
T Jjunction temperature - 150 C
Tamb operating ambient temperature —B65 +150 G
THERMAL CHARACTERISTICS
[srmsod | PARAMETER | CONDITIONS [ vace | unr
|F{;1 = |therma| resistance from junction to ambient | note 1 | 250 | KW
Note

1. Transistor mounted on an FR4 printed-circuit board

CHARACTERISTICS
TJ = 25 °C unless otherwise specified

SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
lcao collector cut-off current - -1 -15 nA
= =, —4 uA

leao emitter cut-off current - - —100 |nA
hee DC current gain 125 - 800
hee DC current gain lc=-2mA; Vce=-5V.

BC550A see Figs 2 3and 4 125 e 250

BCEH598; BCSE0E 220 |- 475

BC559C: BCS60C 420 |- 800

Vessat colleclor-emitter saturation voltage | Iz =-10 mA

Vageat base-emitter saturation voltage

B 5 80 |-300 [mV

Ic =-100 mA; = —180 |-650 |mVv
= 750 |- my

-5 mA; note 1 = -830 |- my

1997 Jun 03 3

SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Vae base-emitter voltage le=-2mA; Ve =-5V, note 2 -800 [-650 |-750 |mV
- —820 |mVv
Cy collector capacitance 4 - pF
fr transition frequency - - MHz
F noise figure lg =—200 pA; Voe =—-5V, Rg = 2 k();
BC553A; BCEB0A =30 Hz 0 15.7 kHz - - 10 |dB
BC5598; BC560B: - - 4 dB
BCEE9C; BCS60C
F noise figure lg =—200 pA; Vg = -5V, Rg = 2 ki),
BC559A; BC560A TSR B 200 He - - 10 |dB
BCEESB; BCSEOB =5 = 4 dB
BC559C; BC560C
Notes
1. Vages decreases by about —1.7 mV/K with increasing temperature.
2. Vgzg decreases by about -2 mV/K with increasing temperature.
T
300
hrE
200
T T T T | Vee=v
100
e 1% ] 10 102 - (mA) -10%
BCSS0A.
Fig.2 DC current gain; typical values.
1997 Jun 03 4




Philips Semiconductors

Product specification

Philips Semiconductors

Product specification

PNP general purpose transistors

BC559; BC560

PNP general purpose transistors

BC559; BC560

Fig.4 DC current gain; typical values.

wewrT
400 ‘
"FE T
C T — L Vpg=-5V
00 1
200
100
ZioE _it (e —10 ) o (i 108
BCE508; BCSA0E.
Fig.3 DC current gain; typical values
uarra
800 ‘ |
"rE ‘ |
i T voe=-5v
400
300
200
100
= ET=] i T BT e T
B559C; BCSG0C

1997 Jun 03 5

PACKAGE OUTLINE
Plastic single-ended leaded (through hole) package; 3 leads SOT54
T I —==—=F=-¢
A
‘ |
—L—=
] 25 5mm
cals
DIMENSIONS (mm are the original dimensions)
UNIT | A b by < D d E e 8y Lo| L4t
52 | s L8 42 o | 45| 5
mm | 32 S| & I= 2o aemy |2 28
Note
1. Terminl dimensians within this zone are unconirolisd o allow for flow of plastic and tsm
REFERENCES
OUTLINE EUROPEAN
VERSION IEC [ seoec ] Ela | PROJECTION L Ra
SoTh | 082 | SC-43 | E—@ gr-02-28
1997 Jun 03 5}



Philips Semiconductors Product specification

PNP general purpose transistors BC559; BC560
DEFINITIONS
Data sheet status
Objective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is adviscry and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
impraper use or sale

1997 Jun 03 7
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Perangkat Lunak C- 1

0001 0000 ;

0002 0000 ; PROGRAM PENGHITUNG TARIF KENDARAAN UMUM

0003 0000 ;

0004 0000 #INCLUDE "8051.H"

0001+ 0000 0 1]

0002+ 0000 i |

0003+ 0000 i |

0004+ 0000 il TASM 8051/8052 Equates header file |

0005+ 0000 i |

0006+ 0000 il |

0007+ 0000 i| August 1995 |

0008+ 0000 il [

0009+ 0000 #define ORG .ORG

0010+ 0000 #define END .end

0011+ 0000 #defineequ .equ

0012+ 0000 #define data .equ

0013+ 0000 #define bit  .equ

0014+ 0000

0015+ 0000 PO .equ 080H ;Port0 - Not present on the 89C2051

0016+ 0000 SP  .equ 081H ;Stack pointer

0017+ 0000 DPL .equ 082H ;Data pointer low, part of 16 bit reg with DPH
0018+ 0000 DPH .equ 083H

0019+ 0000 PCON .equ 087H ;Power control, not bit addressable,

0020+ 0000 TCON .equ 088H ;Timer/counter control register, see bit list below
0021+ 0000 TMOD .equ 089H ;Timer/counter mode control register
0022+ 0000 TLO .equ 08AH ;Timer 0 low

0023+ 0000 TL1 .equ 08BH ;Timer1low

0024+ 0000 THO .equ O08CH ;Timer O high - also reload val in 8bit auto RL mode
0025+ 0000 TH1 .equ O08DH ;Timer 1 high - also reload val in 8bit auto RL mode
0026+ 0000 P1  .equ 090H ;Portl

0027+ 0000 SCON .equ 098H ;Serial port control register, see bit list below
0028+ 0000 SBUF .equ 099H ;Serial buffer - read for Serial Rx, written to Tx
0029+ 0000 P2 .equ OAOQOH ;Port2 - Not present on 89C2051

0030+ 0000 IE  .equ OA8H ;Interrupt enable register, see bit list below
0031+ 0000 P3  .equ OBOH ;Port3

0032+ 0000 IP .equ OB8H ;Interrupt priority register, see bit list below
0033+ 0000 T2CON .equ 0C8H ;8052, 80154 only

0034+ 0000 RCAP2L .equ OCAH ;8052, 80154 only

0035+ 0000 RCAP2H .equ OCBH ;8052, 80154 only

0036+ 0000 TL2 .equ OCCH ;8052,80154 only

0037+ 0000 TH2 .equ OCDH ;8052, 80154 only

0038+ 0000 PSW .equ ODOH ;Program status word, see bit list below
0039+ 0000 ACC .equ OEOH ;Accumulator

0040+ 0000 B .equ OFOH ;Secondary Accumulator, used in Multiply and Divide
0041+ 0000 IOCON .equ OF8H ;80154 only

0042+ 0000

0043+ 0000 ;PORT 0 BITS

0044+ 0000 P0.0 .equ 080H ;PortO0 bit0

0045+ 0000 P0.1 .equ 081H ;PortO0 bit1

0046+ 0000 P0.2 .equ 082H ;Port0 bit2

0047+ 0000 P0.3 .equ 083H ;Port0 bit3

0048+ 0000 P0.4 .equ 084H ;PortO0 bit4

0049+ 0000 P0.5 .equ 085H ;Port0bit5

0050+ 0000 P0.6 .equ 086H ;PortO0 bit6

0051+ 0000 P0.7 .equ 087H ;Port0 bit7

0052+ 0000

0053+ 0000 ;PORT 1 BITS

0054+ 0000 P1.0 .equ 090H ;Port1bit0

0055+ 0000 P1.1 .equ 091H ;Portlbitl

0056+ 0000 P1.2 .equ 092H ;Port1bit2

0057+ 0000 P1.3 .equ 093H ;Port1bit3

0058+ 0000 P14 .equ 094H ;Portlbit4

0059+ 0000 P15 .equ 095H ;Port1bit5

0060+ 0000 P1.6 .equ 096H ;Port1 bit6

0061+ 0000 P1.7 .equ 097H ;Portlhbit7

0062+ 0000

0063+ 0000 ;PORT 2 BITS

0064+ 0000 P2.0 .equ OAQOH ;Port2bit0

0065+ 0000 P2.1 .equ OAIH ;Port2bitl



0066+
0067+
0068+
0069+
0070+
0071+
0072+
0073+
0074+
0075+
0076+
0077+
0078+
0079+
0080+
0081+
0082+
0083+
0084+
0085+
0086+
0087+
0088+
0089+
0090+
0091+
0092+
0093+
0094+
0095+
0096+
0097+
0098+
0099+
0100+
0101+
0102+
0103+
0104+
0105+
0106+
0107+
0108+
0109+
0110+
0111+
0112+
0113+
0114+
0115+
0116+
0117+
0118+
0119+
0120+
0121+
0122+
0123+
0124+
0125+
0126+
0127+
0128+
0129+
0130+
0131+
0132+
0133+
0134+

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

P22 .equ 0A2H ;Port2hit2
P2.3 .equ 0A3H ;Port2hit3
P24 .equ O0A4H ;Port2bit4
P25 .equ O0A5H ;Port2bhit5
P2.6 .equ O0AG6H ;Port2hit6
P2.7 .equ OA7H ;Port2bit7
;PORT 3 BITS

P3.0 .equ OBOH ;Port3bit0
P3.1 .equ OB1H ;Port3bitl
P3.2 .equ O0B2H ;Port3bit2
P3.3 .equ O0B3H ;Port3bhit3
P34 .equ OB4H ;Port3bit4
P3.5 .equ OB5H ;Port3bit5
P3.6 .equ 0B6H ;Port3bit6
P3.7 .equ OB7H ;Port3bit7
;ACCUMULATOR BITS

ACC.0 .equ OEOH ;Acchit0
ACC.1 .equ OEIH ;Acchitl
ACC.2 .equ OE2H ;Acchit2
ACC.3 .equ OE3H ;Acchit3
ACC.4 .equ OE4H ;Acchit4
ACC.5 .equ OE5H ;Acchit5
ACC.6 .equ OE6H ;Acchit6
ACC.7 .equ OE7H ;Acchit?
;B REGISTER BITS

B.0 .equ OFOH ;Breghit0
B.1 .equ OF1H ;Bregbitl
B.2 .equ OF2H ;Breg bit2
B.3 .equ OF3H ;Breghit3
B4 .equ OF4H ;Bregbit4
B.5 .equ OF5H ;Bregbit5
B.6 .equ OF6H ;Breg hit6
B.7 .equ OF7H ;Bregbit7
;PSW REGISTER BITS

P .equ ODOH ;Parity flag
F1 .equ OD1H ;Userflag1
OV  .equ OD2H ;Overflow flag
RSO .equ OD3H ;Register bank select 1
RS1 .equ OD4H ;Register bank select 0
FO .equ OD5H ;Userflag 0
AC .equ OD6H ;Auxiliary carry flag
CY .equ OD7H ;Carryflag

;TCON REGISTER BITS

ITO
IEO
IT1
IE1
TRO
TFO
TR1
TF1

.equ
.equ
.equ
.equ

.equ
£qu
equ
equ

088H
089H
08AH
08BH
08CH
08DH
08EH
08FH

;Intr O type control
;Intr O edge flag
;Intr 1 type control
;Intr 1 edge flag
;Timer O run
;Timer O overflow
;Timer 1 run
;Timer 1 overflow

;SCON REGISTER BITS
Rl .equ
TI  .equ 099H ;TX Intrflag

RB8
TB8
REN
SM2
SM1
SMO

;IE REGISTER BITS

EXO0

.equ
.equ
£qu
equ
equ
.equ

09AH
09BH
09CH
09DH
09EH
09FH

098H ;RX Intr flag

;RX 9th bit

;TX 9th bit
;Enable RX flag
;8/9 bit select flag
;Serial mode bit 1
;Serial mode bit 0

.equ O0A8H ;External intr O

Perangkat Lunak C - 2
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0135+ 0000 ETO .equ OA9H ;TimerOintr

0136+ 0000 EX1 .equ OAAH ;Externalintrl

0137+ 0000 ET1 .equ OABH ;Timer 1intr

0138+ 0000 ES .equ OACH ;Serial portintr

0139+ 0000 ET2 .equ OADH ;Timer 2 intr

0140+ 0000 ;Reserved OAEH Reserved

0141+ 0000 EA .equ OAFH ;Global intr enable

0142+ 0000

0143+ 0000 ;IP REGISTER BITS

0144+ 0000 PX0 .equ OB8H ;Priority level-External intr 0
0145+ 0000 PTO .equ OB9H ;Priority level-Timer O intr
0146+ 0000 PX1 .equ OBAH ;Priority level-External intr 1
0147+ 0000 PT1 .equ OBBH ;Priority level-Timer 1 intr
0148+ 0000 PS .equ OBCH ;Priority level-Serial port intr
0149+ 0000 PT2 .equ OBDH ;Priority level-Timer 2 intr
0150+ 0000 ;Reserved  OBEH Reserved

0151+ 0000 PCT .equ OBFH ;Global priority level

0152+ 0000

0153+ 0000 ;JOCON REGISTER BITS 80154 ONLY

0154+ 0000 ALF .equ OF8H ;Power down port condition
0155+ 0000 P1HZ .equ OF9H ;Port 1 control

0156+ 0000 P2HZ .equ OFAH ;Port 2 control

0157+ 0000 P3HZ .equ OFBH ;Port 3 control

0158+ 0000 1ZC .equ OFCH ;Pullup select

0159+ 0000 SERR .equ OFDH ;Serial reception error
0160+ 0000 T32 .equ OFEH ;32 hit timer config

0161+ 0000 WDT .equ OFFH ;Watchdog config

0162+ 0000

0163+ 0000 ;T2CON REGISTER BITS 8052/80154 ONLY
0164+ 0000 CP/RL2 .equ O0C8H ;Timer 2 capture/reload flag
0165+ 0000 C/T2 .equ OC9H ;Timer 2 timer/counter select
0166+ 0000 TR2 .equ OCAH ;Timer 2 start/stop

0167+ 0000 EXEN2 .equ OCBH ;Timer 2 external enable
0168+ 0000 TCLK .equ OCCH ;TXclock flag

0169+ 0000 RCLK .equ OCDH ;RX clock flag

0170+ 0000 EXF2 .equ OCEH ;Timer 2 external flag
0171+ 0000 TF2 .equ OCFH ;Timer 2 overflow

0172+ 0000

0005 0000

0006 0000 DATAKARTU .EQU P1 ;P1.0. P1.3 KARTU NAIK
0007 0000 ;P14 .. P1..6 KARTU TURUN
0008 0000 SENSORPIRING .EQU P3.2

0009 0000 DATAT7SEG .EQU PO

0010 0000 SLCT7SEG1  .EQU P2.0

0011 0000 SLCT7SEG2 .EQU P21

0012 0000 SLCT7SEG3  .EQU P22

0013 0000 SLCT7SEG4  EQU P23

0014 0000 SATUMETER  .EQU 2 ;1 METER= 2 PUTARAN PIRING
0015 0000 BSATUMETER1 .EQU 00H

0016 0000 BSATUMETER2 .EQU 08H ;1 METER = RP. 8
0017 0000

0018 0030 .ORG 30H

0019 0030 B_PENUMPANG1_1 .BLOCK 1

0020 0031 B_PENUMPANG1_2 .BLOCK 1

0021 0032 B_PENUMPANG2_1 .BLOCK 1

0022 0033 B_PENUMPANG2_2 .BLOCK 1

0023 0034 B_PENUMPANG3_1 .BLOCK 1

0024 0035 B_PENUMPANG3_2 .BLOCK 1

0025 0036 B_PENUMPANG4_1 .BLOCK 1

0026 0037 B_PENUMPANG4_2 .BLOCK 1

0027 0038

0028 0038 BUFSEG1 .BLOCK 1

0029 0039 BUFSEG2 .BLOCK 1

0030 003A BUFSEG3 .BLOCK 1

0031 003B BUFSEG4 .BLOCK 1

0032 003C JARAK1 .BLOCK 1

0033 003D JARAK2 .BLOCK 1

0034 003E BIAYA1L .BLOCK 1

0035 003F BIAYA2 .BLOCK 1



0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0101
0102
0103
0104
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0040 HITUNGPUTARAN .BLOCK 1 ;PENGHITUNG PUTARAN
0041 METER .BLOCK 1

0042 FLAGPENUMPANG1 .BLOCK 1 ;TANDA PENUMPANG 1 - 4
0043

0043

0043

0000 .ORG 00H

0000 02 01 00 LIMP START

0003

0100 .ORG 100H

0100758120 START: MOV  SP#20H

0103 75 D0 00 MOV  PSW,#0

0106 12 03 3D LCALL PROC_HAPUSSEMUABUFFER

0109 75 40 00 MOV  HITUNGPUTARAN,#0

010C 75 42 00 MOV  FLAGPENUMPANG1,#0

010F 75 80 FF MOV  DATAT7SEG #0FFH

0112 754100 MOV  METER,#0

0115

0115758120 LOOPING: MOV  SP#20H

011812 014D LCALL PROC_NAIK

011B 1201 E8
011E
011E 75 38 BF
0121 75 39 BF
012475 3A BF
0127 75 3B BF
012A 12 02 E6
012D 30 B2 E5
013020 B2 FD
0133 E5 40
0135 24 01
0137 D4

0138 F5 40
013A B4 02 D8
013D 754000
0140 E5 41
0142 24 01
0144 D4

0145 F541
01471202 79
014A 02 01 15
014D
014D

LLP:

LCALL PROC_TURUN
CEKPASS:

MOV
MOV

MOV

MoV

BUFSEG1,#0BFH
BUFSEG2,#0BFH
BUFSEG3,#0BFH
BUFSEG4,#0BFH

LCALL SCANNING
JNB  SENSORPIRING,LOOPING
SENSORPIRING,LLP
MOV  AHITUNGPUTARAN

JB

ADD

A#OL

DA A
MOV  HITUNGPUTARAN,A
CINE A#SATUMETER,LOOPING
MOV  HITUNGPUTARAN,#0

MOV
ADD

AMETER
A#0L

DA A

MOV

LCALL PROC_HITUNG

LIMP

METER,A

LOOPING

014D
014D

; PROCEDURE NAIK

014D

014D E5 90
014F 54 OF
0151 B4 00 01
0154 22

0155

0155120355 CEKKARTU_N:

0158 12 03 55
015B E5 90
015D 54 OF
015F B4 00 01
0162 22

0163

PROC_NAIK:
MOV A DATAKARTU

ANL

A#OFH

CINE A #00H,CEKKARTU_N

RET

LCALL DELAY

MOV A DATAKARTU

ANL

CINE A#00H,KARTU_N1

RET

0163 B4 01 1E KARTU_NI:

0166 75 30 00
0169 75 31 00
016C E5 42
016E 54 FE
01704401
0172 F5 42
0174 75 38 BF
0177 75 39 BF
017A 75 3A BF
017D 75 3B F9

ANL
ORL
MOV

MOV BUFSEG1,#0BFH

MOV BUFSEG2 #0BFH
MOV  BUFSEG3,#0BFH
MOV  BUFSEG4,#0F9H

A#OFH

LCALL DELAY

CINE A#01H,KARTU_N2
MOV B_PENUMPANGI1_1#0
MOV B_PENUMPANG1_2#0
MOV  AFLAGPENUMPANG1

AHOFEH
A#O01H

FLAGPENUMPANGLA



0105
0106
0107
0108
0109
0110
0111
0112
0113
0114
0115
0116
0117
0118
0119
0120
0121
0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
0147
0148
0149
0150
0151
0152
0153
0154
0155
0156
0157
0158
0159
0160
0161
0162
0163
0164
0165
0166
0167
0168
0169
0170
0171
0172
0173

0180 12 02 64 LCALL SCANTAMPILAN

0183 22 RET

0184 B4 02 1E KARTU_N2: CINE A#02HKARTU_N3
0187753200 MOV  B_PENUMPANG2_1,#0

018A 753300 MOV  B_PENUMPANG2_2#0
018D E5 42 MOV  AFLAGPENUMPANG1
018F 54 FD ANL A#FDH

0191 44 02 ORL A#02H

0193 F5 42 MOV FLAGPENUMPANG1A

019575 38 BF MOV  BUFSEG1,#0BFH

0198 75 39 BF
019B 75 3A BF

MOV  BUFSEG2#0BFH
MOV  BUFSEG3,#0BFH

019E 75 3B A4 MOV  BUFSEG4,#0A4H
01A11202 64 LCALL SCANTAMPILAN
01A4 22 RET

01A5B4 03 1E KARTU_N3: CINE A#03H KARTU_N4
01A8 7534 00 MOV  B_PENUMPANG3_1,#0
01AB 75 3500 MOV  B_PENUMPANG3_2#0
01AE E5 42 MOV  AFLAGPENUMPANG1
01B0 54 FB ANL A #0FBH

01B2 44 04 ORL A#04H

01B4 F5 42 MOV  FLAGPENUMPANGL1,A
01B6 75 38 BF MOV  BUFSEG1,#0BFH

01B9 75 39 BF MOV BUFSEG2,#0BFH

01BC 75 3A BF MOV  BUFSEG3#0BFH
01BF 75 3B B0 MOV  BUFSEGA4,#0B0H

01C2 12 02 64 LCALL SCANTAMPILAN
01C5 22 RET

01C6B404 1E KARTU_N4: CINE A#04H KARTU_NN
01C9 7536 00 MOV B_PENUMPANG4_1,#0
01CC 7537 00 MOV B_PENUMPANG4_2#0
01CF E5 42 MOV  AFLAGPENUMPANG1
01D154 F7 ANL  A#OF7H

01D3 44 08 ORL A#08H

01D5 F5 42 MOV FLAGPENUMPANGLA
01D7 75 38 BF MOV BUFSEG1,#0BFH

01DA 75 39 BF
01DD 75 3A BF
01E0 75 3B 99
01E3 12 02 64

MOV BUFSEG2,#0BFH

MOV  BUFSEG3#0BFH
MOV  BUFSEG4,#99H
LCALL SCANTAMPILAN

01E6 22 RET

01E7 KARTU_NN:

01E7 22 RET

01E8

01E8 ;

01E8 ; PROCEDURE TURUN

01E8 ;

01E8 PROC_TURUN:

01E8 E5 90 MOV A DATAKARTU
01EA C4 SWAP A

01EB 54 OF ANL A#OFH

01ED B4 00 01 CINE A#00H,CEKKARTU_T
01F0 22 RET

01F1

01F1120355 CEKKARTU_T: LCALL DELAY

01F412 0355 LCALL DELAY

01F7 E590 MOV A DATAKARTU

01F9 C4 SWAP A

01FA 54 OF ANL A#OFH

01FC B4 0001 CINE A#00H KARTU_T1

01FF 22 RET

0200

0200 B4010F KARTU_T1: CINE A#01HKARTU_T2
0203 85 30 3E MOV BIAYALB_PENUMPANG1_1
0206 85 31 3F MOV  BIAYA2,B_PENUMPANG1_2
0209 E5 42 MOV A FLAGPENUMPANG1

020B 54 FE ANL A#OFEH

020D F5 42 MOV  FLAGPENUMPANGLA

020F 02 02 48 LIMP TAMPILKANBIAYA
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0174
0175
0176
0177
0178
0179
0180
0181
0182
0183
0184
0185
0186
0187
0188
0189
0190
0191
0192
0193
0194
0195
0196
0197
0198
0199
0200
0201
0202
0203
0204
0205
0206
0207
0208
0209
0210
0211
0212
0213
0214
0215
0216
0217
0218
0219
0220
0221
0222
0223
0224
0225
0226
0227
0228
0229
0230
0231
0232
0233
0234
0235
0236
0237
0238
0239
0240
0241
0242

0212B4020F KARTU_T2: CINE A#02HKARTU_T3

021585 32 3E MOV BIAYAL1,B_PENUMPANG2_1
0218 85 33 3F MOV  BIAYA2,B_PENUMPANG2_2
021B E5 42 MOV  AFLAGPENUMPANG1

021D 54 FD ANL A#OFDH

021F F5 42 MOV FLAGPENUMPANG1A

0221 02 02 48 LIMP TAMPILKANBIAYA

0224 B4030F KARTU_T3: CINE A#03HKARTU_T4
0227 85 34 3E MOV BIAYAL1,B_PENUMPANG3_1
022A 85 35 3F MOV  BIAYA2,B_PENUMPANG3_2
022D E5 42 MOV  AFLAGPENUMPANG1

022F 54 FB ANL A#OFBH

0231 F5 42 MOV FLAGPENUMPANG1,A

0233 02 02 48 LIMP TAMPILKANBIAYA

0236 B40432 KARTU_T4: CINE A#04H KARTU_TN
0239 85 36 3E MOV BIAYAL1,B_PENUMPANGA4_1
023C 85 37 3F MOV  BIAYA2,B_PENUMPANG4_2
023F E5 42 MOV A, FLAGPENUMPANG1
024154 F7 ANL  A#OF7H

0243 F5 42 MOV FLAGPENUMPANG1,A

0245 02 02 48 LIMP TAMPILKANBIAYA

0248

0248 ES3E  TAMPILKANBIAYA: MOV  ABIAYAL

024A 1202 72 LCALL ANDFO

024D F5 38 MOV BUFSEGLA

024F E5 3E MOV  ABIAYAL

02511202 6C LCALL ANDOF

0254 F5 39 MOV BUFSEGZ2,A

0256 E5 3F MOV  ABIAYA2

0258 12 02 72 LCALL ANDFO

025B F5 3A MOV BUFSEGSA

025D E5 3F MOV  ABIAYA2

025F 12 02 6C LCALL ANDOF

0262 F5 3B MOV BUFSEG4,A

0264 SCANTAMPILAN:

0264 7B 8F MOV  R3#3$8F

0266 TAMPILTERUS:

0266 12 02 E6 LCALL SCANNING

0269 DB FB DINZ R3,TAMPILTERUS

026B

026B KARTU_TN:

026B 22 RET

026C ;

026C

026C 54 0F  ANDOF: ANL A#OFH

026E 12 03 2D LCALL CONV7SEG

027122 RET

027254 F0  ANDFO: ANL  A#OFOH

0274 C4 SWAP A

027512 03 2D LCALL CONV7SEG

0278 22 RET

0279

0279

0279

0279 E542 PROC_HITUNG: MOV A FLAGPENUMPANG1
027B 54 OF ANL A #$0F

027D B4 0001 CINE A#0,CEKFLAG1

0280 22 RET

0281 E542  CEKFLAGI: MOV A FLAGPENUMPANG1
0283 54 01 ANL  A#01H

0285 B4 01 03 CINE A#01H,CEKFLAG2

0288 12 02 AA LCALL HITUNG_P1

028BE542  CEKFLAG2: MOV A FLAGPENUMPANG1
028D 54 02 ANL  A#02H

028F B4 02 03 CINE A#02,CEKFLAG3

0292 12 02 B9 LCALL HITUNG_P2
0295E542  CEKFLAGS: MOV A FLAGPENUMPANG1
0297 54 04 ANL  A#04H

0299 B4 04 03 CINE A #04H,CEKFLAG4
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0243
0244
0245
0246
0247
0248
0249
0250
0251
0252
0253
0254
0255
0256
0257
0258
0259
0260
0261
0262
0263
0264
0265
0266
0267
0268
0269
0270
0271
0272
0273
0274
0275
0276
0277
0278
0279
0280
0281
0282
0283
0284
0285
0286
0287
0288
0289
0290
0291
0292
0293
0294
0295
0296
0297
0298
0299
0300
0301
0302
0303
0304
0305
0306
0307
0308
0309
0310
0311

029C 12 02 C8 LCALL HITUNG_P3

029F E542  CEKFLAG4: MOV A FLAGPENUMPANG1
02A1 54 08 ANL A#08H

02A3 B4 08 03 CINE A #08H,CEKFLAGERR

02A6 12 02 D7 LCALL HITUNG_P4

02A9 22 CEKFLAGERR: RET

02AA

02AA

02AA HITUNG_P1:

02AA ;----BIAYA

02AAE531 MOV  AB_PENUMPANGI1_2
02AC 24 08 ADD A#BSATUMETER2
02AE D4 DA A

02AF F5 31 MOV B_PENUMPANG1_2,A
02B1 E5 30 MOV A B_PENUMPANGI1_1
02B3 34 00 ADDC A#BSATUMETER1
02B5 D4 DA A

02B6 F5 30 MOV B_PENUMPANG1_1,A
02B8 22 RET

02B9

02B9 HITUNG_P2:

02B9 ;-—--BIAYA

02B9 E5 33 MOV A B_PENUMPANG2_2
02BB 24 08 ADD A#BSATUMETER2
02BD D4 DA A

02BE F5 33 MOV B_PENUMPANG2_2,A
02C0O E5 32 MOV A B_PENUMPANGZ2_1
02C2 3400 ADDC A #BSATUMETER1
02C4 D4 DA A

02C5 F5 32 MOV B_PENUMPANGZ2_1,A
02C7

02C7 22 RET

02C8 HITUNG_P3:

02C8 ;——--BIAYA

02C8 E5 35 MOV A B_PENUMPANG3_2
02CA 24 08 ADD A#BSATUMETER2
02CC D4 DA A

02CD F5 35 MOV B_PENUMPANG3_2,A
02CF E5 34 MOV  AB_PENUMPANG3_1
02D1 34 00 ADDC A #BSATUMETER1
02D3 D4 DA A

02D4 F5 34 MOV B_PENUMPANG3_1,A
02D6

02D6 22 RET

02D7 HITUNG_P4:

02D7 ;-—--BIAYA

02D7 E5 37 MOV A B_PENUMPANG4_2
02D9 24 08 ADD A#BSATUMETER2
02DB D4 DA A

02DC F5 37 MOV B_PENUMPANG4_2,A
02DE E5 36 MOV A B_PENUMPANG4_1
02E0 34 00 ADDC A#BSATUMETER1
02E2 D4 DA A

02E3 F5 36 MOV B_PENUMPANG4_1,A
02E5 22 RET

02E6

02E6

02E6 ;

02E6 SCANNING:

02E6 853880 SCANLI: MOV DATAT7SEG,BUFSEG1
02E9 C2 A0 CLR SLCT7SEG1

02EB D2 Al SETB SLCT7SEG2

02ED D2 A2 SETB SLCT7SEG3

02EF D2 A3 SETB SLCT7SEG4

02F112 03 1E LCALL CLEARKONTROL
02F4

02F4 853980 SCAN2: MOV DATAT7SEG,BUFSEG2
02F7 D2 A0 SETB SLCT7SEG1

02F9 C2 Al CLR SLCT7SEG2
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0312
0313
0314
0315
0316
0317
0318
0319
0320
0321
0322
0323
0324
0325
0326
0327
0328
0329
0330
0331
0332
0333
0334
0335
0336
0337
0338
0339
0340
0341
0342
0343
0344
0345
0346
0347
0348
0349
0350
0351
0352
0353
0354
0355
0356
0357
0358
0359
0360
0361
0362
0363
0364
0365
0366
0367
0368
0369
0370
0371
0372
0373
0374
0375
0376
0377
0378
0379
0380
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02FB D2 A2 SETB SLCT7SEG3

02FD D2 A3 SETB SLCT7SEG4

02FF 12 03 1E LCALL CLEARKONTROL

0302

0302 853A 80 SCANS: MOV DATAT7SEG,BUFSEG3
0305 D2 AO SETB SLCT7SEG1

0307 D2 Al SETB SLCT7SEG2

0309 C2 A2 CLR SLCT7SEG3

030B D2 A3 SETB SLCT7SEG4

030D 12 03 1E LCALL CLEARKONTROL

0310

0310853B80 SCAN4: MOV DATA7SEG,BUFSEG4
0313 D2 A0 SETB SLCT7SEG1

0315 D2 Al SETB SLCT7SEG2

0317 D2 A2 SETB SLCT7SEG3

0319 C2 A3 CLR SLCT7SEG4

031B 12 03 1E LCALL CLEARKONTROL

031E

031E

031E 120347 CLEARKONTROL: LCALL DELAYDISPON

0321 D2 AO SETB SLCT7SEG1

0323 D2 Al SETB SLCT7SEG2

0325 D2 A2 SETB SLCT7SEG3

0327 D2 A3 SETB SLCT7SEG4

0329 12 03 50 LCALL DELAYDISP
032C 22 RET

032D

032D

032D

032D

032D

032D ;-——--—- ROUTINE KONVERSI ANGKA KE DALAM FORMAT 7 SEGMENT ----
032D CONV7SEG:

032D

032D FE MOV R6,A

032E 90 03 5E MOV DPTR#SEG
0331 E4 CLR A

0332 BE 00 03 CINE RG6,#00,INCDPTR
033502 03 3B LIMP LOAD

0338 A3 INCDPTR: INC DPTR

0339 DE FD DINZ RG6,INCDPTR
033B 93 LOAD: MOVC A @A+DPTR
033C 22 RET

033D

033D PROC_HAPUSSEMUABUFFER

033D 78 30 MOV RO#B_PENUMPANGI1_1
033F 7C 38 MOV  R4#56

0341 HAPUSSEMUABUFFER:

0341 76 00 MOV  @RO0,#0

034308 INC RO

0344 DC FB DINZ R4,HAPUSSEMUABUFFER
0346 22 RET

0347

0347 DELAYDISPON:

0347 7E 08 MOV  R6#$08

0349 7FFF  DELAYOON: MOV  R7#$FF
034BDFFE  DELAY1ON: DINZ R7,DELAY10ON
034D DE FA DINZ R6,DELAYOON
034F 22 RET

0350

0350 DELAYDISP:

0350 ; MOV  R6,#$01

0350 7F 2F  DELAYO: MOV R7#$2F
0352 DF FE DELAY1: DINZ R7,DELAY1
0354 ; DINZ R6,DELAY0

0354 22 RET

0355

0355 DELAY:

0355 7E FF MOV  R6#$FF



0381 0357 7FFF  DELAYLO: MOV  R7#$FF
0382 0359 DFFE  DELAYLI: DINZ R7,DELAYL1

0383 035B DE FA DINZ R6,DELAYLO
0384 035D 22 RET

0385 035E ;

0386 035E ; LOOKUP TABLE

0387 035E ;

0388 035E COF9A4B09992SEG: BYTE

0COH,0F9H,0A4H,0B0H,99H,92H,82H,0F8H,80H,90H,0C0H,0BFH,0BFH
0388 0364 82F88090COBFBF

0389 036B

0390 036B .END

tasm: Number of errors = 0
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LAMPIRAN D

DATA KOMPONEN



SIDANG TUGAS AKHIR

Perancangan Tarif Biaya Angkot dengan
!'_ Mikrokontroler AT89C51

Nama . | Wayan Sunarto
NRP : 9622102
Pembimbing TA . Marvin Chandra Wijaya,ST.,MM.,MT




i atar Belakang

= Perselisihan sering terjadi antara penumpang dengan supir
angkot yang disebabkan oleh biaya.

= Beda penafsiran tarif biaya

|dentifikasi Masalah

Bagaimana merancang & merealisasikan suatu alat pencatat tarif
biaya angkot berdasarkan jarak tempuh?



i Tujuan

Maksud dan tujuan tugas akhir ini adalah merancang dan
merealisasikan suatu alat pencatat tarif biaya angkot berdasarkan
jarak tempubh.



i Pembatasan Masalah dan Spesifikasi Alat

Pembatasan Masalah

1. Input maksimal 15 penumpang

2. Tampilan output biaya maksimal 4 digit

3. Sensor kartu dan sensor jarak bekerja
baik

Spesifikasi Alat

1. Input 15 penumpang

2. Output 4 digit

3. Sensor optocoupler




i Blok Diagram

@h




Gambar 3 Tampilan saat kartu penumpang 1 dimasukkan ke rangkaian naik

Gambar 4 Tampilan saat kartu penumpang 2 dimasukkan ke rangkaian naik



Gambar 5 Tampilan saat kartu penumpang 3 dimasukkan ke rangkaian naik

Gambar 6 Tampilan saat kartu penumpang 4 dimasukkan ke rangkaian naik



Gambar 7 Tampilan saat kartu penumpang 1 dimasukkan ke rangkaian turun

dengan jarak tempuh 2 kedipan (1 meter)

Gambar 8 Tampilan saat kartu penumpang 2 dimasukkan ke rangkaian turun

dengan jarak tempuh 4 kedipan (2 meter)



Gambar 9 Tampilan saat kartu penumpang 3 dimasukkan ke rangkaian turun

dengan jarak tempuh 6 kedipan (3 meter)

Gambar 10 Tampilan saat kartu penumpang 4 dimasukkan ke rangkaian turun

dengan jarak tempuh 8 kedipan (4 meter)



i Rangkalan Mikrokontroler

i
I

IEE}I_"IIIIIII NN




Rangkailan Naik

Tempat
/‘ +5V
2

A 1K

10K

220

+5V

i
ek
1
1

+5Vv

% 1K

10K

220

+5v

A 1K
10K

220

P1.0
P1.1
—— P12

— P13




i Rangkalan Turun

I
ﬂa




i Rangkalan Scanning




i Rangkalan Seven Segment

11
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& =]

il
e




Hubungan Port 0 Dengan Seven Segment

Hubungan Port 0 dengan Seven Segment

Mikrokontroler seven Segment (Common Anoda)
P00 PIIV A
P01 PINE
P0.2 PN C
P03 PIN D
P04 FINE
P05 PINF
P06 PIN G
P07 PIN FT

A
I E—

F B
G 1
-

E C
*F* OPT

Seven Segment
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Daftar Heksa Tampilan Seven Segment

TAMPILAN
ANGHA

PO.¥7

Daftar Heksa Tampilan Seven Segment

P0.6

P05

PO.4

P0.3

P0.2

P01

PO.O

DP

HEKSA
DESIMAL

a

ol 2

ca

F4

= o ol o

Ad

o 3O —

B0

—= O] o O 4Ol O @

99

92

o O O O O 8

o 3O —

—

g2

—

—

Fa

[

=)

gl

o o - 3 M| | W] R —

O O —=| O] O 9l = = =] O m

—| O —=| O = —=| == O —=| O m

o O ol O Ol Ol O

o O &

ol o o o O —= o O —| O =

50
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i Denah Tempat Duduk

13



:L Kartu Penumpang dan Kartu Piringan

Logtka 1
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Konversi Bilangan Kartu Penumpang

EKonversi Bilangan Kartu Penumpang

Desimal | Helkcsadesimal Biner EKartu Penumpang
0 oo nooo 0000 0
1 01 0000 0001 | Eartu Penumpans 1
2 02 0000 0010 | Eartu Penumpans 2
3 03 0000 0011 | Eartu Penumpans 3
4 04 0000 0100 | Eartu Penumpang 4
5 05 0000 0101 | Eartu Penumpans 5
& 06 0000 0110 | Eartu Penumpans &
7 o7 0000 0111 | Eartu Penumpans 7
8 08 0000 1000 | Eartu Penumpans 8
g 03 0000 1001 | Eartu Penumpang &
10 D4 0000 1010 | Karty Penumpang 10
11 0B 0000 1011 | Kartu Penumpane 11
12 nc 0000 1100 | Kartu Penumpang 12
13 0D 0000 1101 | Kartu Penumpang 13
14 UE oooo 1110 | Earte Penumpane 14
15 0F oooo 1111 | Earte Penumpang 15
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i Diagram Alir Utama

16



i Diagram Alir Cek Kartu Naik

oL
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i Diagram Alir Cek Kartu Turun
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Diagram Alir Cek Kartu Piringan dan Tampilkan
Bilaya

+
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Diagram Alir Scanning Tampilan

Scanning
tampilan
Store BUFSEG1 ke
PO

SCAN 1
SLCT7SEG1=0,SLCT7SEG2=1,
SLCT7SEG3=1,SLCT7SEG4=1

Store BUFSEG2 ke
PO

SCAN 1
SLCT7SEG1=1,SLCT7SEG2=0,
SLCT7SEG3=1,SLCT7SEG4=1

Store BUFSEG3 ke
PO

SCAN 1
SLCT7SEG1=1,SLCT7SEG2=1,
SLCT7SEG3=0,SLCT7SEG4=1

Store BUFSEG4 ke
PO

SCAN 1
SLCT7SEG1=1,SLCT7SEG2=1,
SLCT7SEG3=1,SLCT7SEG4=0

Delay
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i Cara Kerja

Sensor naik dan turun berfungsi untuk mendeteksi kartu
penumpang

Sensor jarak berfungsi untuk menghitung jarak tempuh
penumpang

Rangkalan scanning berfungsi untuk menghidupkan seven
segment secara bergantian

Seven segment berfunsi sebagai penampil output
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Uji Coba Alat

Pengujian Rangkalan Naik, Jarak dan Turun

Pengujian kartu penumpang 1 sampai 4

[ Kartu Rangkaian Nak | Rangkaian Jarak | I
Ne | Bimer | Tomp 7 Sepement | Pularan Mekr Tamp. 7 Segement
1 pool i 2(2 kedip) 1 8
Z ool 2 4(4 Kedip) 2 [
3 0ol 3 (6 kedip) 3 4
- 0100 4 (8 kedip) 4 32

Ket 2 putaran = | meter
| meter =Rp8

Pengujian Terhadap Seven Segment

Tampilan Seven Segment

Sensor Seven Segment
sensor naik | Tampil flag perumpans
Sensor jaral | Tarmml Kedip
Sensor turun | Tampil biaya

Ket
learty naike di masuldean pada sensor naik
Setiap saty putaran

Untuls masime-masing karty




i Regulator

23



* Alat Pencatat Tarif Biaya Angkot

Y




Tampilan saat kartu penumpang 1 dimasukan ke rangkaian
naik

25



Tampilan saat kartu penumpang 2 dimasukan ke rangkaian
naik
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Tampilan saat kartu penumpang 3 dimasukan ke rangkaian
naik
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Tampilan saat kartu penumpang 4 dimasukan ke rangkaian
naik
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Tampilan saat kartu penumpang 1 dimasukan ke rangkaian
turun dengan jarak tempuh 2 kedipan (1meter)

+

V
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Tampilan saat kartu penumpang 2 dimasukan ke rangkaian
turun dengan jarak tempuh 4 kedipan (2Zmeter)

+

V
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Tampilan saat kartu penumpang 3 dimasukan ke rangkaian
turun dengan jarak tempuh 6 kedipan (3meter)

+

/
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Tampilan saat kartu penumpang 4 dimasukan ke rangkaian
turun dengan jarak tempuh 8 kedipan (4meter)

+

'
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i Kesimpulan dan Saran

Kesimpulan
= Hasil pengujian menunjukkan alat dapat digunakan sesuai
dengan yang diharapkan.

= Penggunaan optocoupler masih mengalami kesulitan dalam
mendeteksi kartu penumpang

Saran

= Untuk pengembangan lebih lanjut disarankan penggunaan
optocoupler diganti dengan jenis yang lebih khusus untuk
mempermudah dalam mendeteksi kartu

33



