LM124/LM224/LM324/LM2902
Low Power Quad Operational Amplifiers

General Description

The LM124 series consists of four independent,
high gain, internally frequency compensated
operational amplifiers which were designed
specifically to operate from a single power
supply over a wide range of voltages. Operation
from split power supplies is also possible and
the low power supply current drain is
independent of the magnitude of the power
supply voltage. Application areas include
transducer amplifiers, DC gain blocks and all
the conventional op amp circuits which now can
be more easily implemented in single power
supply systems. For example, the LM124 series
can be directly operated off of the standard +5V
power supply voltage which is used in digital
systems and will easily provide the required
interface electronics without requiring the
additional £15V power supplies.

Unlque Characteristics

In the linear mode the input common-mode
voltage

range includes ground and the output voltage
can also swing to ground, even though
operated from only a single power supply
voltage

The unity gain cross
temperature compensated
The input bias current is also temperature
compensated

frequency is

Connection Diagrams

Advantages

Eliminates need for dual supplies

Four internally compensated op amps in a
single package

Allows directly sensing near GND and Vour
also goes to GND

Compatible with all forms of logic

Power drain suitable for battery operation

Features
= Internally frequency compensated for unity
gain

= Large DC voltage gain 100 dB

= Wide bandwidth (unity gain) 1 MHz

(temperature compensated)

Wide power supply range: Single supply 3V
to 32V or dual supplies £1.5V to +16V

Very low supply current drain (700 pA)—
essentially independent of supply voltage
Low input biasing current 45 nA (temperature
compensated)

Low input offset voltage 2 mV and offset
current: 5 nA

Input common-mode voltage range includes
ground

Differential input voltage range equal to the
power supply voltage

Large output voltage swing 0V to V+ - 1.5V

Dual-In-Line Package
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Order Number LM124J, LM124AJ, LM124J/883 (Note 2), LM124AJ/883 (MNote 1),
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LM224AJ, LM324J, L3240, LM324MX, LM324AM, LM324AMX, LM2902M, LM2902MX, LM324N, LM324AN,
LM324MT, LM324MTX or LM2902N LM124AJRAML and LM124AJRAQMLV{MNote 3)
See NS Package Number J14A, M14A or N14A
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Connection Diagrams (continued)

QUTPUT 1 |:‘ . ”:]ompuu
IHPUT 1= :2 13:INPUL#-
INPUT 14+ |j I2:.I INPUT 4+
] LMI24W 0
INPUT 24 |_5 m_nNPur 3+
INPUT 2~ |:S !:.lmpur 3-
OUTPUT 2 IZ? a:' OUTPUT 3

00920033
Order Number LM124AW/883, LM124AWG/883, LM124W/883 or LM124WG/883
LM124AWRQML and LM124AWRQMLV(Mote 3)
See NS Package Number W14B
LM124AWGRQML and LM124AWGRQMLY (Mot 3)
See NS Package Number WG14A

Mote 1: LM1244 available per JM38510/11006
MNote 2: LM124 available per JM32510/11005
MNote 3: See STD Mil DWG 5982 Roes04 for Radiation Tolerant Device

Schematic Diagram {Each Amplifier)
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Absolute Maximum Ratings inote 12

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

LM124/LM224/LM324
LM124A/LM224A/LM324 A
Supply Vialtage, V* 32V
Differential Input Voltage 3z2v

Input Voltags
Input Current
(Vi = =0.3V) (Note 8)
Power Dissipation (Mote 4)
Malded DIF

0.3V to +32V

50 mA

1130 mW

Cavity DIP 1260 mW

Small Outline Package 200 mW
Output Short-Circuit to GND

(One Amplifier) (Mote 5)

V=15V and T, =25°C Continuous

Operating Temperature Range
LMa24/LM324A
LM224/LM224A
LMA24/LM124A

Storage Temperature Range

-25C to+85C
-55°C to +125°C
-65°C to +150°C

Lead Temperature (Scldering, 10 seconds) 260°C
Soldering Information
Dual-In-Line Package
Soldering (10 seconds) 260°C
Small Cutline Package
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C

D-3

Distributors for availability and specifications.

LM2g902

26V
26V
0.3V to +26Y

50 mA

1130 m\W

1260 mW
SO0 W

Continuous
-40°C to +85°C

260°C

215°C
220°C

See AN-450 “Surface Mounting Methads and Their Effect on Product Reliability” for other methods of soldering surface mount

devices.
ESD Tolerance (Mote 13) 250\ 250V
Electrical Characteristics
W+ = +5.0V, (Note 7), unless otherwise stated
Parameter Conditions Lif124A LM224A Li524A Units
Min Typ Max |[Min Typ Max |[Min Typ Max
Input Offzet Voltage (Mote 8) Ta =250 1 2 1 3 2 3 m\
flﬁ}ﬁll 3'?5 LR EIFT: ;”[\1—3 Ve =0V, 20 50 40 80 45 100 | na
Input Offzet Current lragry O Tragoy Ve = OV, 2 10 2 15 5 30 né
Ta=25C
Input Common-Mods V=230V, (LM2202, V't = 26V, 0 V5] 0 V151 0 Vt-15 Vv
Veltage Range (Mote Ta=25C
10}
Supply Current Ower Full Temperature Range
Ry === On All Op Amps ma
V=30V (LM2go2 W = 28Y) 156 3 1.5 3 1.5 3
vVt =5V 0.7 1.2 0.7 1.2 0.7 1.2
Large Signal V=15V, A= 2ka, 50 100 50 100 25 100 VimV
Vaoltage Gain Vo=1V1to 11V), Ta=250C
Common-Mode DT, Vg = OV to WV - 1.5V, 70O 85 70 85 65 85 dB
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Electrical Characteristics (Continued)
W = +5.0Y, (Mote 7), unless otherwise stated
Parameter Conditions - Lit124A . Lin224A . LM324A Units
Min Typ Max [Min Typ Max |Min Typ Max
Rejection Ratio Ta=25C
Power Supply W = BV to 30V
Rejection Ratio (LW2a0z, V* = 5V 1o 26V), 65 100 65 100 65 100 dB
Ta=25C
Armplifier-to-Amplifier f=1kHzto 20 kHz, T, =25C -120 -120 -120 dB
Coupling (Note 11) {Input Referred)
?::lr:::t Source | Viw™ = 1V, V™ = OV, 20 40 200 40 20 40
V=15V, Vg=2V, T,=25C mA
Sink [ V= 1V, Wt = oY, 10 20 10 20 10 20
V=15V, V=2V, T, =25C
Vi = 1V, Vi = OV, 12 50 12 50 12 50 A
V* =15V, Vg = 200 mV, T, =25C
Short Circuit to Ground | (Note 5) W =15V, T, = 25°C 40 60 40 60 40 60 | mA
Input Offset Voltage (Mote 8) 4 4 5 my
Vas Drift Rg =002 7 20 7 20 7 30 |pWic
Input Offset Current lingsy = limagy Ve = OV 30 a0 75 nA
| Drift Ry = 00 10 200 10 200 10 300 |pasC
Input Bias Current linagey O Ty 40 100 40100 40 200 | nA
Input Common-Maods V= 30V ] V-2 | 0 Wr-z| 0 vz v
Vaoltage Range (Mote (LM2302, '+ = 26V}
10}
Large Signal V= +15V (VgSwing = 1V to 11V)
Voltage Gain AL =2 ko 25 25 15 Wiy
Cutput Van V=30V Ry =2 ki 26 26 26 v
Vaoltage
Swing (LIM220z2, \V* = 26V) Ry =10 ko2 27 28 27 28 27 28
Var V+ =5V, A= 10 ko 5 20 5 20 5 20 | mv
?E:lr:::t S Y=+ g 1020 10 20
Jom = oV
tf: 15:\\{,' ma
Siirtk Vi =+1V, |10 15 5 8 5 8
\'rw" =0V,
V= 15y
Electrical Characteristics
W = 450V, (Mote 7), unless otherwise stated
» LMi24/LM224 LM324 LM2902 .
Parameter Conditions ~ - - Units
Min Typ Max |Min Typ Max |Min Typ Max
Input Offset Voltage (Mote 8) Ta =250 2 5 2 7 2 7 m\
r'[l:“t'te i':las Current !Ir:t;:- ;;'gu—a- Vo = 0V, 45 150 45 250 45 250 nA
Input Offset Current hinagsy OF Dy Vo = OV, 3 30 5 50 5 50 nA
Ta=25C
Input Common-Maode W+ =30V, (LM2902, V* = 26V), 0 V15| 0 V15| 0 W15 W
Voltage Range (Note Ta=25C
10)
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Electrical Characteristics (continued)

WV* = +5.0V, (Note 7), unless otherwise stated

Parameter Conditions !_h“ 20/L224 = Lits24 - L2902 Units
Min Typ Max [Min Typ Max |[Min Typ Max
Supply Current Over Full Temperature Range
R, == On All Op Amps mA
V= 30V (LM2302 W = 26V 1.5 3 1.5 3 1.6 3
V=5V 07 1.2 07 1.2 0y 1.2
Large Signal V=18V, B = 2k, 50 100 25 100 25 100 Vim\
Weltage Gain Vo =1Vio11V), T, =25C
Common-Made DG, Vom = 0V to VT - 1.5V, 70 85 65 85 50 70 dB
Rejection Ratio Ta=25C
Power Supply W= BV to 3oV
Rejection Ratio (LM280z, V* = 5\ to 28Y), 65 100 65 100 50 100 dB
Ta = 250G
Amplifier-to-Amplifier f=1kHzto 20 kHz, T, =25C -120 -120 -120 dBE
Coupling (Note 11) {Input Referred)
93:2:; Source | Vi =1V, Vin™ = OV, 20 40 20 40 20 40
V* =15V, Vo =2V, To=25C mA
Sink | V= 1V, V' = 0V 10 20 10 20 10 20
Vr =15V, V=2V, T4 =25C
Vi~ = 1V, Vgt = 0V 12 50 12 50 12 50 A
Vr =18V Vo =200 mV, Ta=25C
Short Circuit to Ground | (Note 5) W+ = 15V, T, = 25°C 40 60 40 60 40 &0 | mA
Input Offzet Voltage (MNote ) 7 9 10 my
Ve Dirift Rg =00 7 7 7 T
Input Offzet Current lingey = lingey Vi = OV 100 150 45 200 | nA
los Drift Rg =00 10 10 10 pASTC
Input Bias Current Irary OF lina—y 40 300 40 500 40 500 | nA
Input Common-Maode V* = +30V 0 V2| o V2| o V2| W
Voltage Range (Mote (LM2302, V' = 26V)
10)
Large Signal V= +15V (W gSwing = 1V to 11V)
Vaoltage Gain Rz2 ki 25 15 15 Wimy
Output Von Ve =30V R =2 ka 26 26 22 v
Voltage
Swing (LM2ao2, W =28V) | RL =10 ka 27 28 27 28 23 24
Vo V=5V, A =10k 5 20 5 20 5 100 | mV
?E:F.;:t S ek Vi =1V, 10 20 10 20 10 20
Vo~ =0V
\jt“'z 13‘: mA
Sink Vi = +1V, 5 8 E 5 8
Vi* =0V,
V=15V

Mote 4: For operating at high temparaturss, the LM324/LM324A/LM2902 must be derated bassd on a +125°C maximum junction temparaturs and a tharmal
resistance of B8"CAW which appliss for the device soldered in a printed circuit board, operating in a sfill air ambient. The LM224/LM2244 and LM124/LM124A can
be derated basad on a +150"C maximum junction temperature. The dissipation is the tofal of all four amplifiers —use external resistors, where possible, to allow the

amplifier to saturate of to reduce the power which is dissipated in the integrated circuit.

Mote 5: Short circuits from the output to W* can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output
current is approximately 40 mA independent of the magnitude of V*. At values of supply voltags in excess of +15V, continuous short-circuits can excesd the powar

dissipation ratings and causs eventual destruction. Destructive dissipation can result from simultaneous shorls on all amplifisrs.

Mote 6: This input current will only exist when the voltage at any of the input leads is driven negative. It is dus 1o the collactor-bass junction of tha input PMNP
fransistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPM parasitic transistor action




Typical Single-Supply Applications v+ = 5.0 vy.) (Continued)
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Typical Single-Supply Applications

(Wr=5.0 Vs (Continued)
Current Monitor
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Pulse Generator
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v
0002EAS
Squarewave Oscillator
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00929916
Pulse Generator
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Typical Single-Supply Applications (v+ = 5.0 V) (Continusd)
High Compliance Current Sink

I llu

Wi

la = 1 ampdvolt Wy
(Increase R for | small)

Low Dritt Peak Detector
Physical Dimensions

0740 -0.170

inches (millimeters) unless otherwise noted (Continued)
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Melded Dual-In-Line Package (N)
Order Number LM324N, LM324AN or LIM2902N
NS Package Mumber N14A
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0.080
- o f— 0,385 MAX —»
pests 0.050 £0.005 = ~=| [+ 0.005 uIN TYP
3 TrP |
TYP 14 il | B8
! | 0.370
i 0.250
s 0.260 wax |y 0.260
- GLASS 0.235
J, r J 0.012
| T 0.008
j DETAIL &
DETAIL A l/ 0.370
I 0.250
PIN #1 |
IDENT , [, l
0.006_| 0018 yp ]| - 0,045 MAX WidB (REV 1)
0.004 0.015 L
TYP

Ceramic Flatpak Package

Order Number JL124ABDA, JL124ABZA, JL124ASDA, JL124BDA, JL124BZA,
JL124SDA, LM124AW/883, LM124AWG/883, LM124W/883 or LM124WG/883
NS Package Number W14B
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Features
+ Compatible with MCS-51% Products
+ 8K Bytas of In-Systam Programmable (ISP) Flash Memory
— Endurancea: 1000 Write/Erase Cycles
+ 4.0V to 5.5V Operating Range
* Fully Static Operatien: 0 Hz to 33 MHz _@

Threa-lavel Program Memory Lock
256 x 8-bit Internal RAM

32 Programmable 170 Lines

Threa 16-bit Timer/Counters

.

.

-

+ Eight Interrupt Sources 8.b|t
* Full Duplex UART Serial Channel
+ Low-power ldle and Power-down Modes Microcontrol Ier

.

Interrupt Recovery from Power-dewn Mode

Watchdog Timer H
Dwal Data Pointer WIth 'BK Bytes
Powar-off Flag I

n-System
Description Programmable
The ATESSEZ is a low-power, high-performance CMOS 8-bit microcontraller with 8K FI a Sh
bytes of in-system programmable Flash memaory. The davice is manufactured using
Atmel's high-density nonvolatile memory technology and is compatible with the indus-
try-standard S0C51 instruction set and pincut, The on-chip Flash allows the program
memory to be reprogrammed in-systam or by a conventional nonvolatile memaory pro- AT89S52
grammer. By combining a versatile CPU with in-system programmakle Flash on
a monalithie chip, the Atmel AT29S55Z is a powerful microcontroller which provides a
highly-flexible and cost-effective solution to many embedded contral applications.
The AT22352 provides the following standard features: 2K bytes of Flash, 256 bytes
of RAM, 32 /O lines, Watchdog timer, two data pointers, thres 16-hittimer/counters, a
six-vector two-evel interrupt architecture, a full duplex serial port, on-chip oscillator,
and clock circuitry. In addition, the ATESS52 is designed with static logic for operation
down to zero frequency and supports two software selectable power saving modes,
The Idle Mode stops the CPL while allowing the RAM, timercounters, serial port, and
interrupt systemn to continue functioning. The Power-down mode saves the RAM con-
tents but freezes the oscillator, disabling all other chip functions until the next interrupt
or hardware reset.

Pin Configurations

.

.

.
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Block Diagram
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Pin Description

VGG

Supply voltags.

GHD

Ground.

Port i

Port 0 is an 2-bit open drain bidirectional IO port. Az an
oufput port, sach pin can sink =ight TTL inputs. When 18

are written to port 0 pins, the pins can be used as high-
impadance inputs.

Port 0 can also be configured fo be the multiplexed low-
order address/data bus during accessss to extarnal
program and data memery. In this mods, PO has intarnal
pullups.

Port 0 alzo receives the cods byles during Flash program-
rming and culputs the code bytes during program verifica-
tion. Extarnal pullups are required during program
verificatian.

Port 1

Port 1 is an 2-bit bidirectional 170 port with intam al pullups.
The Port 1 cutput buffers can sinkisoures four TTL inputs.
When 18 are written to Port 1 ping, they are pullsd high by
the internal pullups and can be used as inputs. As inputls,
Port 1 pins that are extemally being pulled low will sourcs
currant |, ) becauss of the intemal pullups.

In addition, P1.9 and P1.1 2an be configured to be the
timerfcountar 2 external count input (P1.0/T2) and the
timerfzountsr 2 frigger input (P1.1T2EX), respectively, as
shown in the following table.

Port 1 also recesives the low-order address byles during
Flash programming and verifieation.

Port Pin Altarnate Functicns

P10 T2 {endemal countinput b TimenCounter 2),
clock-oul

M. T2EX [TimenCounter 2 captursedosd irigger
ard direction conirol)

M5 MOE! used for In-Syskem Programiming)

P16 MIS0 {used for In-Syskem Programming)

PM.r SCK {used for In-Syskem Programming)

Port 2

Port 2 is an 2-bit bidirsctional 170 port with intem al pullups.
The Port 2 cutput buffers can sinkisource four TTL inputs.
Whan 1g are written to Port 2 ping, they ars pullsd high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are extemally being pulled low will sourcs
current I, ) becauss of the intemal pullups.

Port 2 emits the high-order address byte during fetches
from external program meamory and during accesses o

axternal data memary that use 16-bit addresses (MOVY @
DPTRY. In this application, Port 2 uses strong intemal pul
lups when emiting 1. During accesses to external data
mamory that use 8-bit addresses (MOVX @ RI), Port 2
arnits the contents of the P2 Special Function R egistar,

Port 2 also rezeives the high-ordar address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bidirectional 100 port with intem al pullups.
The Port 3 cutput buffers can sinkfsource four TTL inputs.
When 18 are wriltsn to Port 3 ping, they ars pullsd high by
tha internal pullups and can be used as inpuls. As inpuls,
Port 3 ping that are externally baing pulled low will source
current {| ) because of the pullups.

Port 3 aleo serves the funclions of various special features
of the ATRSSE2, as shown in the following table.

Port 2 also recsives some control signals for Flash pro-
gramming and verification.

Part Pin Alternats Functions

paa REL (m=rial inpul part)

P TED [zerial cutput port)

P32 THTT {external ntsmpt 0]

P3a THTT {external ntemupt 1)

Pad T {limer 0 externa npul)

Pas T (limer 1 exterre nput)

PaG TR (excternal data memory write sirobe)

paT R {eternal data memory read sirobe)
RST

Resstinput. A high onthis pin for two rachine cyclkes whils
tha cscillator is running ressts the devics. This pin drives
High far 96 cecillator pericds after the Watehdog times out.
The DISRTC bitin SFR AUXR {address BEH) can be used
to disable this feature. In the default state of bit DISRTO,
the RESET HIGH cut faaturs is snablad.

ALEFROG

Address Latch Enable {ALE) is an cutput pulse for latching
the low byte of the address during accesses to sxisrnal
memory. This pin is alsa the program pulse input (FROE)
during Flash prograrmming.

In normal operation, ALE is emitted at a constant rats of
176 the oscillator frequency and may be used for extemnal
timing or clocking purposas. Mobe, howevear, that one
ALE pulge is skipped during each acesss to external data
MmOy,

If desired, ALE operation can be disablad by seting bit 0 of
SFR lzeation BEH. With the bit set, ALE is active only dur-
ing a MOVE or MOV instruction. Otherwise, the pin is



weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in extemal execution mode.

FEEN

Program Store Enable (FSEM] is the read strobe to exter-
nal program memory.

When the ATB2352 is executing code from external pro-
gram memory, PSEM is activated twice each machine
cycle, except that two PSEM activations are skipped during
each access to external data memory.

EAVPP

External &ccess Enable. ER must be strapped to GMD in
order to enable the device to fetch code from external pro-
gram memaory locations starting at 0000H up to FFFFH.

Table 1. AT89552 SFR Map and Reset Values

D-13

Maote, however, that if lock bit 1 is programmead, EE will be
internally latched on reset.

EX should be strapped to V. for internal program execu-
fions.

This pin also receives the 12-volt programming enable volt-
age (V) during Flash programming.

KTALA
Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

KTALZ
Output from the inverting oscillator amplifier.

DFEH OFFH
DFOH c OFTH
D000 !
OESH DEFH
OEQH s DETH
OIC00a0 !
DCEH DDFH
PEW "
OOOH | o DOTH
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Special Function Registers

A map ofthe on-chip memory area called the Special Func-
fion Register (SFR) space is shown in Tabla 1.

Mote that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemeanted on the chip.
Read accesses to these addresses will in general retumn
random data, and write accesses will have an indetermi-
nate effact.

User software should not write 15 to these unlisted loca-
fions, since they may be used in future products to invoke

new features. In that case, the reset or inactive values of
the new bits will always be 0.

Timer 2 Registers: Control and status bits are containad in
registers T2COM (shown in Table 2) and T2MOD (shown in
Table 3) for Timer 2. The reqister pair (RCAP2H, RCAPZ2L)
are the Capture/Reload registers for Timer 2 in 16-bit cap-
ture mode or 16-bit auta-rakad mode.

Interrupt Registers: The individual interrupt enable bits
are inthe |E register. Two priorities can be sat for each of

the six interrupt sources in the IP register.

Table 2. T2COM — Timer/Counter 2 Confrol Register

T2CON Address = D2EH

Resst Valus = 0000 CO00B

Bit Addressable
Bit TF2 EXF2 RCLE TCLK EXEN2 TR2 cit? cRRCT
7 [ 5 4 3 2 1 1]

Symbol | Function

TF2 Timer 2 ovarflow flag set by a Timer 2 overflow and must be cleared by softwars. TF2 will not be set when sither RCLK = 1
or TCLE =1.

EXF2 Timer 2 exterral flag set when either a capture or reload is caused by a negalive transition on TZEX and EXENZ = 1.
When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CTPU bo veclor tothe Timer 2 interrupt routine. EXF2 must b=
cleared by softwars, EXF2 does not cause an intarrupt in upMdown countar mode (DCEM = 1),

RCLKE Recsive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in serial port
Modes 1 and 3. RCLK = 0 causes Timer 1 overflow to be used for the receive clodk.

TCLK Transmil dock enable. When s, causes the serid port to use Timer 2 overflow pulsss for its fransmit dock in serial por
Modes 1and 3. TCLK = 0 causss Timer 1 overflows to be used for the transmit dock.

EXEMZ | Timer 2 exiernal enable. When set, allows a capture or relcad to ooour as a result of a negative ransition on T2EX if Timer
2 iz not being used to clock the serial port. EXENZ = 0 causes Timer 2 to ignore events at T2EX.

TRZ StartStop conirad for Timer 2. TR2 =1 starts the timer.

Tz Timer or counter select far Timer 2. C/TZ = 0 far timer function. CT= =1 for external event counker (falling edge friggered).

CPRCE | Capture/Reload select. CRRLE = 1 causes captures to occur on negalive fransitions at T2EX if EXENZ = 1. CRRLZ =0
causss automatic reboad s to oocur when Timer 2 overflows or negative transilions coour at T2EX when EXEMNZ = 1. When
either RCLK or TCLK = 1, this bit is ignored and the timer is foreed to auto-reload on Timer 2 ovarflow.




Table 3a. ALUXRE: Auxiliary Registar

ALUXR Address = 8EH
Mot Bit Addressable

Resat Vdue = XC00CK0E

WDIDLE

DISRTO DISALE

Eit 7

4 a

DISALE

Riesarved for future expansion
Cizable/Enable ALE

DISALE
1]

1

Cperating Mode

ALE is active orly during a MOV or
DISRTC Cisable’Enable Resst out
DISRTD
1]

1 Resst pin is input anly
Cisable/Enable WDOT in IDLE mode
WOIDLE
1]

1

WDIDLE

WOT halts counting in IDLE mode

ALE is emitted al a constant mies of 176 the osdlator frequency

Resst pin is driven High after WOT times out

WOT continues to count in IOLE mode

MOV C instruction

Dual Data Pointer Registars: To facilitate accessing both
internal and extemal data memory, two banks of 16-bit
Data Pointer Reqgisters are provided: DPO at SFR address
locations 82H-83H and DP1 at 84H-85H. Bit DPS = 0
in 3FR AUXR1 selects OPO and DPS = 1 selects DP1.
The user should always initialize the DPS bit to the

Table 3b. AUXR1: Auxiliary Reqgister 1

appropriate value before accessing the respective Data
Pointer Reqister.

Powear Off Flag: The Power Off Flag (POF) is located at bit
4 (PCOM.4)in the PCOM SFR. POF is set o 17 during
poweer up. It can be set and rest under software control and
is not affected by reset.

AR Address = AZH Reset Value = XR000C0E
Mot Bit Addressable
- - - - - - - DPs
Eit T [ 5 4 3 2 1 a

- Riesarved for future expansion
OPs Diata Pointer Register Select

DPs

a Sslects DPTR Registers DPOL, DPOH

1

Selects DPTR Registers DP1L, DP1H




Programmable Clock Out

A 50% duty cycle clock can be programmed to come out on
P1.0, as shown in Figure 9. This pin, besides being a requ-
lar VO pin, has two alternate functions. It can ba pro-
grammed to input the external clock for TimerCountar 2 or
to output a 50% duty cycle clock ranging from 61 Hz to 4
MHz at a 16 MHz operating frequeancy.

To configure the TimerCounter 2 as a clock generator, bit
CITZ (TZCOM.1) must be cleared and bit T2OE (T2MOD0.1)
must be set. Bit TR2 (T2COM.2) starts and stops the timer.

The clock-out frequency depends on the oscillator fra-
quency and the reload value of Timer 2 captura registers
(RCAP2H, RCAFZL), as shown in the following equation.
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Table 5. Interrupt Enable (IE) Register

{MSE)

ILEB)

ENE

IETElES |ET1IEK1|ETD|ED§D|

Enabia Bil = 1 enables ha Infermupl.
Enabia Bit = 0 disables the niemupl.

Clock-Out Frequency

In the clock-out mode, Timer 2 roll-ovars will not generate
an interrupt. This behaviar is similar to when Timer 2 is
used as a baud-rate generator. It is possible to usa Timer 2
as a baud-rate generator and a clock generator simulta-
neously. Mote, however, that the baud-rate and clock-out
frequencies cannot be determined independently from one
another since thay bath use RCAP2ZH and RCAP2L.

Interrupts

The ATBASS2 has a total of six intarmupt vectors: two extar-
nal interrupts (TRTT0 and TRITT), three imer interrupts (Tim-
ars 0, 1, and 2), and the serial port interrupt. These
intermnupts are all shown in Figure 10,

Each of these intermupt sources can be individually enabled
or disabled by setting or clearing a bit in Special Function
Register IE. |E also contains a global disable bit, EA, which
disables all interrupts at onca.

MNote that Table 5 shows that bit position 1E.& is unimple-
mented. In the ATBOSS2, bit position IE.5 is also unimple-
mented. User software should not write 1s to these bit
positions, since they may be usad in future ATBS products.
Timer 2 interrupt is generated by the logical OR of bits TF2
and EXF2 in register T2COM. Meither of these flags is
cleared by hardware when the service routine is vectorad
to. In fact, the service routine may have to determine
whether it was TF2 or EXF2 that generated the intarmpt,
and that bit will have to be cleared in software.

The Timer 0 and Timer 1 flags, TFO and TF1, are set at
S5P2 of the cycle in which the timers overflow. The values
are then polled by the circuitry in the next cycle. Howevar,
the Timer 2 flag, TF2, is set at S2P2 and is polled in the
same cycle inwhich the timer ovarfiows.

Symbol Paosition Function

EA IE.T Dizables all intermupts. FEA = 0,
no inberruptis acknowledged. If
EA =1, sach intermupt sourcs is
individually enabled or disabled
by setting or dearing its enable

Oscillator Frequency it
4 x [B5536-(RCAP2ZH RCAFZL)] - IE.& Reserved.

ET2 IE.5 Tirmer 2 interrupt enable bit.

ES IE.4 Serial Port interrupt enable bit.

ET1 IE.2 Timer 1 interrupt enable bit.

EX1 IE.2 External interrupt 1 enable bit.

ETO IEA Timer 0 interrupt enable bit.

EXiD IE.O External interrupt 0 enable bit.

User softwars shoukd nevear write 15 to unimplemeanted bits,
bezauss they may be ussd in future ATAS produds.

Figure 10. Intarmupt Sourcas

N —
EXFz



Oscillator Characteristics

XTALT and XTALZ are the input and output, respectivaly,
of an inverting amplifier that can be configurad for use as
an on-chip oscillator, as shown in Figure 11, Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an extemal clock source, XTALZ should ba laft
unconnacted while XTAL1 is driven, as shown in Figure 12,
Thera ara no requiremeants on the duty cycle of the extemnal
clock signal, sinca the input to the intamal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
obsarved.

Idle Mode

Inidle mode, the CPU puts itself to sleep while all the on-
chip peripherals ramain active. The mode is invoked by
softwara. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
modea. The idle mode can be terminated by any enabled
interrupt or by a hardware resat.

MNote that when idle mode is terminatad by a hardware
resat, the device normally resumes program execution
from whera it left off, up to two machine cycles before the
internal reset algorithm takes control. On-chip hardware
inhibits access to intemal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpectad write to a port pin when idle mode is tarmi-
nated by a reset, the instruction following the one that
invokes idle mode should not write to a port pin or fo exter-
nal memaory.

Power-down Mode

In the Power-down mode, the oscillator is stopped, and the
instruction that invokes Power-down is the last instruction
executed. The on-chip RAM and Spacial Function Regis-
tars retain their values until the Power-down mode is termi-
nated. Exit from Power-down mode can be initiated either
by a hardware reset or by an enabled external interrupt.
Reset redefines the SFRs but does not change the on-chip
RAM. The reset should not be activated before V- is
restored to its nomal operating level and must be hald
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active long enough to allow the oscillator to restart
and stabilize.

Figure 11. Oscillator Connactions

2
—];—I— HTALZ
]

1
—l XTALY

GHD

]

Mabs: C1,C2 =30 pF £10 pF for Crystals
=40 pF +10 pF for Ceramic Resonators

Figure 12. External Clock Drive Configuration

NG ——— XTALZ
EXTERMNAL

OSCILLATOR ——  XTAL1
SIGMAL

GHD

-

Table 6. Status of External Pins During Idle and Power-down Modes

Mode

Pragram Memory

ALE

FSER

PORT

PORT2

PORT3

Idle

Interral

1

1 Data

Data

Diata

Data

Idle

External

1

1 Flaat

Data

Address

Data

Power-down

Interral

Data

Diata

Data

Power-down

External

]
]

4]
4]

Data

Diata

Data




Program Memeory Lock Bits

Tha ATS9S52 has three lock bits that can be left unpro-
grammad [} or can be programmed (P) to obtaln the addl-
tloral features lsted In the following table.

Table 7. Lock Bit Protection Modes

Program Lock Bits

LE1 LEZ LEZ | Protection Type

1 u u u No pregram leck features

2 P u u MOV G instructions sxecutad
from exttermnal program
marmory are disabled from
fetching code bytes from
internal memory, EX is
gampled and latched on resat,
and further programming of

the Flash memory is disabled

Same as mode 2, but verify is
also disabled

Same as mode 3, but external
exezulion i also disabled

Whan lock bit 1 Is programmad, the logle level at the EA pin
Is sampled and latched durng resat. If the device Is pow-
ared up without a reset, the lateh Inttializes to a random
value and holds that valua untll reset Is activated. Tha
latched value of EA must agrea with tha current loglz level
at that pin In order for the devies to function propery.

Proegramming the Flash — Parallel Mode
The ATE9S52 Is Shipped witn the on-chip Fiash memary
array ready to be programmed, The programming Intarace
neads a high-voltage ¢12-volt) program enable signal and
Iz compatiole with conventlonal third-party Flash or
EFPROCM programmers.
The AT20552 code memary aray 1$ programmed bybe-ty-
byte.
Programming Algorithm: Before programming the
ATE9S52, the aodress, data, and control signals should be
sat up acconding tothe Flash programming mode table and
Flgures 12 and 14. To program the ATE9S52, take the fal-
Iowing steps:
1. Input the daslired memory lozatlion on the addrass
lInas.
2. Inputthe appropriate data byte on the data |Ines.
3. Actiate the comect comblnation of control signals.
4. RalseBEREN o112y
5. Pulsa ALE/PROG once o program a byta In the
Flash array or the lock bits. The byta-write cycls |s
salt-timed and typleally takes no more than 50 ps.

Repeat steps 1 through &, changing the addrass

and data for the entire array or untll the end of the

cbject flle Is reached.
‘Tata Polling: The ATS2S52 features Data Palling to Indl-
cate the end of a byte wiite oyele. Dunng a wiite cyole, an
atternpted read of the 1ast byte written will rasult In the com-
plement of the writtan data on PO.T. Snece the wiite oycla
has bean completed, true data Is valld on all outputs, and
the next cycle may begin. Tata Polling may bealn any tme
after a wrte cycle has besn Initlated.
Ready/Busy: The progress of byte programming can also
b= monitored by the ROY/ES Y output slgnal. 3.0 1s pulled
low after ALE go2s high during programming to Indicate
BUSY. P3.0 Is pulled high again when programming Is
done to Indicate READY .
Program Verlfy: If lock bits LE1 and LEZ have not been
programmed, the programmed eode data can be read back
wlathe address and data lines tor verifieation. The status of
the Individual lock bits ean be verfled directly by reading
them back.
Reading the Slgnature Bytes: The signature bytes are
read oy the same procedure as a normal varnfleation of
locations 000H, 100H, and 200H, except that P3.6 and
P3.7 must b2 pulled to a loglc [ow. The values returned ars
o Tollows.

(000H) = 1EH Indicates manutactured by Atmel

{100H) = 52H Indicates 82552

{200H) = 06H
Chip Erase: In the parallel programming mode, a chip
erase operation 1s Iniblated by using the proper comblnation
of control slgnals and by pulsing ALE/PROG low for 2 dura-
tlon of 200 ns - 500 ns.
In thia serlal programming mode, a chip erase operatlon 15
Inttlated by Issulng the Chip Erasa Insfruction. In this moda,
chip erase |s self-imad and takes about 500 ms.

During chip erase, a saral read from any addrass location
willl return 00H at the data output.

Programming the Flash — Serial Mode

The Coda memory aray can ba programmed using the
seral 15F Interface while RST IS pulled to V... The serlal
Interface conslsts of pins SCK, MOSI! (Input) and MISO
(output). After RST Is set high, the Programming Enable
Instructlon needs to be executed first bafore other opera-
tlions can ba executed. Before a reprogramming segquence
can ocour, a Chip Erase operalion |15 requirad.

The Chu:l Erasa DDBFQHDI’I turns the content of Evary mem-
oy location In the Code array Into FFH.

Elthar an extamal systam clock 2an be supplled at pin
XKTAL1 or a crystal neads to be connactad across pins
XTAL1 and XTALZ. The maximum serlal clock (SCK)



frequency should be less than 1716 of the crystal fre-
quency. With a 33 MHz oscillator clock, the maximum SCK
frequency is 2 MHz.

Serial Programming Algorithm
To program and verify the ATB9552 in the sarial program-
ming mode, the following sequence is recommendead:
1. Power-up saquence:
Apply power between VCC and GND pins.
Set RST pin to “H".
If a crystal is not connected across pins XTALT and
XTALZ applya 3 MHz to 33 MHz clock to XTAL1 pin
and wait for at lzast 10 milliseconds.
2. Enable serial programming by sending the Pro-
gramming Enable sarial instruction to pin
MOSIP1.5. The frequency of the shift clock sup-
plied at pin SCKP1.7 neads to be less than the
CPU clock at XTAL1 divided by 16.
3. The Code array is programmed one byte at a time
by supplying the address and data together with the
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appropriate Write instruction. The write cycle is self-
fimed and typically takes less than 1 ms at 5V,

4. Any memory location can be verified by using the
Read instruction which returns the contant at the
saelected address at serial output MISO/P 1.6,

5. Af the end of a programming session, RST can be
sat low to commenca normal device operation.

Poweroff sequence (if needad):

Set XTALT to “L" (if a crystal is not used).

Set RST to “L".

Turn V- power off.
Data Palling: The Tata Polling feature is also available in
the serial mode. In this mode, during a write cycle an

attempted read of the last byte writtzn will result in the com-
plement of the M3EB of the serial output byte on MISO.

Serial Programming Instruction Set

The Instruction Set for Serial Programming follows a 4-byte
pratocol and is shown in Table 10.
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Characteristic symbol Kin Typ Max Unit
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Instruksi-instruksi Keluarga MCS51

A. Operasi Aritmatika

1. ADD
ADD A,Rn
Tambahkan Akumulator A dengan Rn di mana n = 0...7 dan simpan hasil
di Akumulator A
Contoh:
Add A,R7
Isi dari R7 akan ditambahkan dengan akumulator A dan hasilnya disimpan
di Akumulator A
ADD A.direct
Tambahkan Akumulator A dengan data di alamat memori tertentu secara
langsung.
Contoh:
Add A,00H
Isi dari Akumulator A akan ditambahkan dengan isi dari memori RAM
Internal di alamat 00H
ADD A,@Ri
Tambahkan Akumulator A dengan data yang berada di alamat Ri (ditunjuk
oleh Ri) dan hasilnya disimpan di Akumulator A. Ri adalah Register Index
di mana pada MCS51 adalah berupa RO atau R1
Contoh:
Add A,@RO
Isi dari Akumulator A akan ditambahkan dengan isi dari memori RAM
Internal yang ditunjuk oleh RO. Apabila RO berisi 05SH maka, isi dari
alamat O05H akan dijumlahkan dengan Akumulator A dan hasilnya
disimpan di Akumulator A
ADD A #data
Tambahkan Akumulator A dengan sebuah konstanta dan hasilnya

disimpan dalam akumulator A.
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Contoh:
Add A #05H
Isi Akumulator A ditambah dengan data O5H dan hasilnya disimpan dalam
Akumulator A

2. ADDC
ADDC A,Rn
Tambahkan Akumulator A dengan Rn di mana n = 0...7 dan simpan hasil
di Akumulator A
Contoh:
Addc A,R7
Isi dari R7 akan ditambahkan dengan akumulator A beserta carry flag dan
hasilnya disimpan di Akumulator A. Apabila carry flag set maka hasil
yang tersimpan di Akumulator A adalah A + R7 + 1.
ADDC A,direct
Tambahkan Akumulator A dan carry flag dengan data di alamat memori
tertentu secara langsung.
Contoh:
Addc A,00H
Isi dari Akumulator A akan ditambahkan dengan isi dari memori RAM
Internal di alamat OOH beserta carry flag dan hasilnya disimpan di
Akumulator A, Apabila carry flag set maka hasil yang tersimpan di
Akumulator A adalah A + isi alamat O0H + 1
ADDC A,@Ri
Tambahkan Akumulator A beserta carry flag dengan data yang berada di
alamat Ri (ditunjuk oleh Ri) dan hasilnya disimpan di Akumulator A. Ri
adalah Register Index di mana pada MCS51 adalah berupa RO atau R1
ADDC A #data
Tambahkan Akumulator A beserta carry flag dengan sebuah konstanta dan

hasilnya disimpan dalam akumulator A.
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Contoh:
Addc A#05H Isi Akumulator A beserta carry flag ditambah dengan data
O5H dan hasilnya disimpan dalam Akumulator A. Apabila carry flag set
maka hasil di Akumulator A adalah A + 5H+ 1.

3.SUBB
SUBB A,Rn
Lakukan pengurangan data di Akumulator A dengan Rn (n = 0...7) dan
simpan hasilnya di Akumulator A
Contoh:
Subb A,RO
Data di akumulator A beserta carry flagnya dikurangi dengan isi RO dan
hasilnya disimpan di Akumulator A
SUBB A.direct
Lakukan pengurangan data di Akumulator A dengan data di memori
tertentu yang ditunjuk secara langsung.
Contoh:
Subb A,00H
Data di Akumulator A beserta carry flagnya dikurangi dengan data
dialamat O0H dari RAM Internal dan hasilnya disimpan di Akumulator A
SUBB A,@Ri
Lakukan pengurangan data di Akumulator A beserta carry flag dengan
data yang ditunjuk oleh Ri (Register Index) di mana Ri dapat berupa RO
atau R1
Contoh:
SUBB A,@R0
Data di Akumulator A beserta carry flagnya dikurangi dengan data yang
ditunjuk oleh RO dan hasilnya disimpan di Akumulator A
SUBB A #data
Lakukan pengurangan data di Akumulator A beserta carry flag dengan
sebuah konstanta dan hasilnya disimpan di Akumulator A
Contoh:
SUBB A,#05H
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Data di Akumulator A beserta carry flag dikurangi dengan data O5H dan
hasilnya disimpan di Akumulator A

4. INC
INC A
Tambahkan nilai Akumulator A dengan 1 dan hasilnya disimpan di
Akumulator A
INC Rn
Tambahkan nilai Rn (n= 0...7) dengan 1 dan hasilnya disimpan di Rn
tersebut
INC direct
Tambahkan data yang di RAM Internal yang alamatnya ditunjuk secara
langsung dengan 1 dan hasilnya disimpan di alamat tersebut.
Contoh:
Inc OOH
Data di alamat O0H ditambah dengan 1 dan hasilnya disimpan di alamat
O0H.
INC @Ri
Tambahkan data yang alamatnya ditunjuk oleh Ri (Register Index) dengan
1 dan simpan hasilnya di alamat tersebut.
Contoh:
Inc @R 1
Data di alamat yang ditunjuk oleh R1 dan hasilnya disimpan di alamat
tersebut, apabila R1 berisi 10H maka data di alamat 10H ditambah dengan
1 dan simpan kembali di alamat 10H.
INC DPTR

5.DEC
DEC A
Lakukan pengurangan pada nilai Akumulator A dengan 1 dan hasilnya
disimpan di Akumulator A
DEC Rn
Lakukan pengurangan pada nilai Rn (n= 0...7) dengan 1 dan hasilnya
disimpan di Rn tersebut
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DEC direct
Lakukan pengurangan pada data yang di RAM Internal yang alamatnya
ditunjuk secara langsung dengan 1 dan hasilnya disimpan di alamat
tersebut.
Contoh:
Dec 00H
Data di alamat O0H dikurangi dengan 1 dan hasilnya disimpan di alamat
O0H.
DEC @Ri
Lakukan pengurangan pada data yang alamatnya ditunjuk oleh Ri
(Register Index) dengan 1 dan simpan hasilnya di alamat tersebut.
Contoh:
DEC @R1
Data di alamat yang ditunjuk oleh R1 dan hasilnya disimpan di alamat
tersebut, apabila R1 berisi 10H maka data di alamat 10H dikurangi dengan
1 dan simpan kembali di
alamat 10H.

B. Operasi Logika dan Manipulasi Bit

1. ANL
ANL A,Rn
Melakukan operasi AND antara akumulator A dan Rn (RO...R7) dan
hasilnya disimpan di akumulator A
ANL A,direct
Melakukan operasi AND antara akumulator A dan alamat langsung dan
hasilnya disimpan di akumulator A.
Contoh:
ANL A,05H
Akumulator A di AND dengan data di alamat O5H dan hasilnya disimpan
di akumulator A
ANL A,@Ri
Melakukan operasi AND antara akumulator A dan data yang ditunjuk oleh
Register Index (RO atau R1) serta hasilnya disimpan di akumulator A.
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Contoh:
ANL A,@RO
Akumulator A di AND dengan data yang ditunjuk oleh RO, misalkan RO
berisi S0H, maka akumulator A di AND dengan data yang tersimpan di
alamat S0H dan hasilnya disimpan di akumulator A.
ANL A #data
Melakukan operasi AND antara akumulator A dan immediate data serta
hasilnya disimpan di akumulator A
ANL direct,A
Melakukan operasi AND antara alamat langsung dengan akumulator A
serta hasilnya disimpan di alamat langsung tersebut.
Contoh:
ANL 07H,A
Data di alamat 07H di AND dengan akumulator A dan hasilnya kembali
disimpan di alamat 07H
ANL direct,#data
Melakukan operasi AND antara alamat langsung dengan immediate data
serta hasilnya disimpan di alamat langsung tersebut.

2. ORL
ORL A,Rn
Melakukan operasi OR antara akumulator A dan Rn (RO...R7) dan
hasilnya disimpan di akumulator A
ORL A,direct
Melakukan operasi OR antara akumulator A dan alamat langsung dan
hasilnya disimpan di akumulator A.
Contoh:
ORL A,05H
Akumulator A di OR dengan data di alamat 05H dan hasilnya disimpan di
akumulator A
ORL A,@Ri
Melakukan operasi OR antara akumulator A dan data yang ditunjuk oleh
Register Index (RO atau R1) serta hasilnya disimpan di akumulator A.
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Contoh:

ORL A,@R0O

Akumulator A di OR dengan data yang ditunjuk oleh RO, misalkan RO
berisi 50H, maka akumulator A di OR dengan data yang tersimpan di
alamat S0H dan hasilnya disimpan di akumulator A.

ORL A, #data

Melakukan operasi OR antara akumulator A dan immediate data serta
hasilnya disimpan di akumulator A

ORL direct,A

Melakukan operasi OR antara alamat langsung dengan akumulator A serta
hasilnya disimpan di alamat langsung tersebut.

Contoh:

ORL 07H,A

Data di alamat 07H di OR dengan akumulator A dan hasilnya kembali
disimpan di alamat 07H

ORL direct,#data

Melakukan operasi OR antara akumulator A dan immediate data serta

hasilnya disimpan di akumulator A

3.CLR

4. CPL

5. RL

CLR A
Memberikan nilai 0 pada 8 bit Akumulator A

CPL A

Melakukan komplemen pada setiap bit dalam akumulator A.

Contoh :

Bila nilai akumulator A adalah 55H atau 01010101b, maka setelah terjadi
proses komplemen nilai akumulator A berubah menjadi AAH atau

10101010b.

RL A

Melakukan pergeseran ke kiri 1 bit untuk setiap bit dalam akumulator A
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Contoh:

Nilai Akumulator A adalah O5H atau 00000101b, setelah dilakukan proses
pergeseran maka nilai Akumulator A akan berubah menjadi 00001010b
atau OAH.

RR A

Melakukan pergeseran ke kanan 1 bit untuk setiap bit dalam akumulator A
Contoh:

Nilai Akumulator A adalah 05H atau 00000101b, setelah dilakukan proses
pergeseran maka nilai Akumulator A akan berubah menjadi 10000010b
atau 0AH.

7. SWAP

SWAP A

Melakukan operasi penukaran nibble tinggi dan nibble rendah di
akumulator A

Contoh:

Isi akumulator A adalah 51H, setelah instruksi SWAP A dilakukan maka
data 5 di nibble tinggi akan ditukar dengan data 1 di nibble rendah menadi
15H

8. SETB

9.JC

SETB bit
Set bit atau mengubah bit-bit pada RAM Internal maupun register yang

dapat dialamat secara bit (bit addressable) menjadi 1

JCrel

Melakukan lompatan ke suatu alamat yang didefinisikan apabila carry flag
set. Apabila carry flag clear maka program akan menjalankan instruksi
selanjutnya.

Contoh:

Jc Alamatl

Mov A, #05H

Alamatl: Mov R1,#00H
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Apabila carry flag set, maka program akan lompat label alamat 1 dan
menjalankan instruksi Mov R1,#00H, namun bila carry flag clear maka
program akan menjalankan instruksi Mov A,#05H terlebih dahulu sebelum
menjalankan instruksi di label alamat 1.

10 JNC
JNC rel
Melakukan lompatan ke suatu alamat yang didefinisikan apabila carry flag
clear. Apabila carry flag set maka program akan menjalankan instruksi
selanjutnya.
Contoh:
Jnc Alamatl
Mov A #05H
Alamatl: Mov R1,#00H
Apabila carry flag clear, maka program akan lompat label alamat 1 dan
menjalankan instruksi Mov R1,#00H, namun bila carry flag set maka
program akan menjalankan instruksi Mov A,#05H terlebih dahulu sebelum

menjalankan instruksi di label alamat 1.

C. Transfer Data

1. MOV
MOV A,Rn
Melakukan pemindahan data dari Rn (RO...R7) menuju ke akumulator A
MOV A.direct
Melakukan pemindahan data dari alamat langsung ke akumulator A
Mov A,@Ri
Melakukan pemindahan data dari alamat yang ditunjuk oleh Register
Index (RO atau R1) menuju ke akumulator A
Mov A #data
Melakukan pemindahan data dari immediate menuju ke akumulator A
Contoh:
Data EQU 05H
Mov A,#Data
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Konstanta Data yang dideklarasikan sebagai 05H dipindah ke akumulator
A sehingga nilai akumulator A menjadi 05H

Mov Rn,A

Melakukan pemindahan data dari akumulator A menuju ke Rn (RO...R7)
Mov Rn,direct

Melakukan pemindahan data dari alamat langsung menuju ke Rn
(RO...R7)

Contoh:

Mov R7,10H

Data di alamat 10H dipindah ke dalam R7

Mov Rn #data

Melakukan pemindahan data dari immediate menuju ke Rn (RO...R7)
Contoh:

Mov R7,#05H

Data 05H dipindah ke dalam R7

Mov direct,A

Melakukan pemindahan data dari akumulator A menuju ke alamat
langsung

Contoh:

Mov 10H,A

Data di akumulator A dipindah ke alamat 10H

Mov direct,Rn

Melakukan pemindahan data dari Rn (RO...R7) menuju ke alamat
langsung

Mov direct,direct

Melakukan pemindahan data dari alamat langsung menuju ke alamat
langsung.

Mov direct,@Ri

Melakukan pemindahan data dari alamat yang ditunjuk oleh Register
Index (RO atau R1) ke alamat langsung

Contoh:

Mov 05H,@R0O
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Bila RO sebelumnya berisi 20H, maka nilai atau data yang tersimpan di
alamat 20H akan dipindah ke alamat 05H.

Mov direct,#data

Melakukan pemindahan data dari immediate ke alamat langsung.

Mov @Ri,A

Melakukan pemindahan data dari akumulator A menuju ke alamat yang
ditunjuk oleh Register Index (RO atau R1).

Mov @Ri,direct

Melakukan pemindahan data dari alamat langsung menuju ke alamat yang
ditunjuk oleh Register Index (RO atau R1)

Mov @Ri,#data

Melakukan pemindahan data immediate menuju ke alamat yang ditunjuk
oleh Register Index (RO atau R1)

Mov DPTR. #datal6

Melakukan pemindahan data immediate 16 bit menuju ke DPTR.

Contoh:

Mov DPTR,#2000H

Data 2000H dalam bentuk 16 bit dipindah ke alamat Register DPTR

Move A,@A+DPTR

Contoh:

Mov A#50H

Mov DPTR,#2000H

Movce A,@A+DPTR

Data yang terletak di komponen memori di luar AT89S51 dan terletak
pada alamat 2000H + 50H akan dibaca dan hasilnya disimpan di

akumulator A

D. Percabangan
1. ACALL
ACALL addr11
Melakukan lompatan ke suatu subroutine yang ditunjuk oleh alamat pada

addr11. Lompatan yang dapat dilakukan berada di area sebesar 2K byte.
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2.RET
RET
Instruksi ini digunakan pada saat kembali dari subroutine yang dipanggil
dengan instruksi ACALL atau LCALL.
RETI
Instruksi ini digunakan untuk melompat ke alamat tempat akhir instruksi
yang sedang dijalankan ketika.

3. JUMP
LJMP addr16
Long Jump, melompat dan menjalankan program yang berada di alamat
yang ditentukan oleh addr16.
Contoh:
LJMP Lompatan2
Mov A #05H
Lompatan2: Mov R0,#00H
Program akan melompat ke alamat lompatan 2 dan menjalankan instruksi
Mov RO,#00H, tanpa melalui instruksi MOV A ,#05H
JZ rel
Melakukan lompatan ke alamat yang ditentukan apabila akumulator A
adalah OOH dan langsung meneruskan instruksi dibawahnya bila
akumulator A tidak 00H.
Contoh:
JZ Lompatl
MOV A#07H
Lompatl: MOV B,#00H
Apabila nilai akumulator A tidak 00H maka program akan langsung
meneruskan instruksi dibawahnya yaitu MOV A,#07H dan program akan
menjalankan instruksi di alamat Lompat1 yaitu MOV B,#00H apabila nilai
akumulator A adalah 00H.
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JNZ rel
Melakukan lompatan ke alamat yang ditentukan apabila akumulator A
adalah bukan OOH dan langsung meneruskan instruksi dibawahnya bila
akumulator A adalah O0H.
Contoh:
JNZ Lompatl
MOV A#07H
Lompatl: MOV B,#00H
Apabila nilai akumulator A adalah O0H maka program akan langsung
meneruskan instruksi dibawahnya yaitu MOV A,#07H dan program akan
menjalankan instruksi di alamat Lompat] yaitu MOV B,#00H apabila nilai
akumulator A adalah bukan 00H.

4. CJNE
Instruksi ini melakukan perbandingan antara data tujuan dan data sumber
serta melakukan lompatan ke alamat yang ditentukan apabila hasil
perbandingan tidak sama.
CJNE A #data,rel
Melakukan perbandingan antara akumulator A dan data immediate serta
melakukan lompatan ke alamat yang ditentukan apabila hasil
perbandingan tidak sama.
Contoh:
CINE A,#00H,lompat1
Program akan menuju ke alamat lompat 1 apabila data akumulator A tidak
sama dengan data O0H..

5. DINZ
DJNZ Rn,rel
Melakukan pengurangan pada Rn (RO...R7) dengan 1 dan lompat ke
alamat yang ditentukan apabila hasilnya bukan 00.
Apabila hasilnya telah mencapai 00, maka program akan terus

menjalankan instruksi di bawahnya.
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Contoh:

Tunggu: DINZ R7,Tunggu

RET

Selalu melakukan lompatan ke alamat tunggu dan mengurangi R7 dengan

1 selama nilai R7 belum mencapai 00
6. NOP

NOP
Instruksi ini berfungsi untuk melakukan tundaan pada program sebesar 1

cycle tanpa mempengaruhi register-register maupun flag.



