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Features
. Compatlble wlth l|Cs€t'x products
. .lK Bytes of In€yctem Repogrammabls Flash Hemory

- Endurance: 1,000 Wrlte/Erese Cyc{es
. Fulty Static Operation: 0 Hz to 24 HHz
. Thre€.Level Program Homory Lock
. l28 r &Bit Intemal RAM
. 32 Programmeble UO Lines
. Two l&Bit Timer/Gounters
. Six Int€rrupt Sourc€s
. Progrtmmable Serial Channel
. Low Power ldb and Power Down Modas

Description
The AT89C51 is a low-power, high-performance CMOS &bit microcomputer with 4K
lVtes of Flash Programmable and 

-Erasable 
Read Only Memory (PEROM). The

device is manufactured using Atmel's high density nonvolatile memory technology
and is compatible with the industry standard MCS-51u instruction set ancl pinout. The
on-cfrip Flash allows the program memory to be reprogrammed irFs)ctem or by a con-
ventional nonvolatile memory programmer. By combining a versatile 8-bit cpu with

monolithic chip, the Atmel AT89C51 is a powerful microcomputer which
highly flexible and cost effec{ive solution to many embedded control appli-

Flash on a
provides a
cations.
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Pin Gonfigurations

PQFP/TOFP

I N O E X
C O R N

P 1 . O

P 1 . 2
P 1 _ 3

P 1 , 6

R S T
{ R X D )  P 3 _ O
( r x D )  P 3 _ 1

{ fFTd)  P3.2

{mTD p3.3
{ r o )  P 3 . 4
( T  1 )  P 3 . 5

(WF) P3.6
( E D  p 3 . 7

X T A L 2

G N O

v c c
P O . O  ( A O O )
P O . 1  { A O  1 )
P O . 2  { A O  2 )
P 0 . 3  ( A O  3 )
P O . r  { A D 4 )
P 0 . 5  ( A D  5 )
P O . 6  ( A O 6 )
P 0 . 7  ( A O  7 )
E ' ; IyPP
a L E/FFdd
FSEF
P 2 . 7  ( 4 1 5 )
P 2 . 6  ( A 1 4 )
P 2 _ 5  ( 4 1 3 )
P 2 . 4  { A  1 2 )
P ? . 3  ( A 1 1 )
P  2 . 2  { A r  0 )
P  2 . 1  { 4 9  )
P  ? . 0  ( A a  )

)t

! . 1  1 :  q  o  9 : . !  I
F - - F - ( ) O o 6 6 o

! . o - o - o , c z > o o . q o -

R S T
( R X D )  P 3 _ 0

t {c
{ r x o )  P 3 . 1

(itr'Tf) P 3.2
(mrD P 3.3

( T 0  )  P  3 . 4
( T 1 )  P 3 , 5

P 0 . : t  (AO:1)
P 0 . s  ( A o 5 )
P 0 . 8  ( A D 6 )
P  0 . 7  ( A O 7 )

N C
aLEtP-Roc
trSEIl
P 2  7  ( 4 1 5 )

P 2  5  ( A r  3 )

, l l 0  E X
C O R I ' / E R

q o N r c  o o - N 6
: - - - - o o o o o d
I  o .  c  I  c  z  > o  c  L  q

o t s N - o o o - o o -

rs335' r l r r r
& d  G g o - N
E_S 33333

.irs i366
tsE

6 , n N

( R X 0 )

( rxD  )
tnfiT)
(IFTO

( r0 )
{ r j )

P  1 . 5
P  1 . 6

R S T
P  3 . 0

N C
P 3 . 1

P 3 . a
P  3 . 5

P 0 . 4  { A D  4 )
P 0 . s  ( A D  s )
P 0 . 6  ( A 0 6 )
P  0 . 7  ( A D 7 )
E I / v P P
t{c
A L E /FFd6
FSEN
P  2 . 7  l A r 5 )
P  2 . 5  { A 1 a )
P 2 . 5  ( A  1 3 )

Microcontroller
with 4K Bytes
Flash

AT89C51

PDIP

dP+
q 2  3 e  Fq 3  3 8 F
q  a  3 7  F
q  s  3 6  F
q 6  3 5 p
q 7  3 " F
q  I  3 3  F
q  e  3 2  Fq  r 0  3 1  F
q  1 1  3 o F
q  1 2  2 e  Fq  1 3  2 d l ,
q r "  2 1  Pq  1 5  2 6 1 ,
q  1 6  z s  F
q  t 7  2 o E

q ' e  2 2 F

tt_____3if

1 0
1 l

1 2 ' ' 1 1  ' 1 e '  
" t 6  

- 2 0 '  ' 2 2

3 0
2 9
2 A
2 f
2 e
2 5
2 4

5  3  1  1 3 - a 1 3 - 9

1 0
r 1

1 3
1 l
1 S
1 6

3 6

3 4
3 3
3 2
3 l
3 0



I

Block Diagram

trSEF
ALE/PFCE

S l v p F
RST

PO.o - PO.7 P2.O - P2.7

TT-r-
E

+30 AT89C5r



AT89C51

The AT89C51 provides the following standard features: 4K
bles of Flash, 128 bytes of RAM, 32 UO lines, trvo 16-bit
limer/counters, a five vector two-level intenupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT89C51 is designed with static fogic
for operation down to zero frequency and supports two
software selectable power saving modes. The ldte Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and intemlpt system to continue functioning. The
Power Down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description
vcc
Supply voltage.

GND
Ground.

Port 0
Port 0 is an 8-bit open drain bidirectionai t/b port. As an
output port each pin can sink eight fiL inputs, When ls
are written to port 0 pins, the pins can be used as high-
impedance inputs.
Port 0 may also be configured to be the multiplexed low-
order address/data bus during access€s to external pro-
gram and data memory. ln this mode P0 has internal pul-
lups.
Port 0 also receives the code bytes during Flash program-
ming, and outputs the code bytes during program verifica-
tion. External pullups are required during program vertfrca-
tion.

Port 1
Port 1 is an &bit bidirectional l/O port with internal pullups.
The Port 1 output buffers can sinUsource four TTL inputs.
When 1s are wdtten to Port 1 pins they are pulled high by
the intemal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
cunent (l1s) because of the intemal pullups.
Port 1 also receives the low-order address bytes during
Flash programming and verifi cation.

Port 2
Port 2 is an &bit bidirectional l/O port with intemal pullups. ory.
The Port 2 output buffers can sinUsource four TTL inputs.
When 'ls are written to Port 2 pins they are putled high by
the intemal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
cunent (11;) because of the intemal pullups.
Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
extemal data memory that use 16-bit addresses (MOVX @
DPTR). In this application it uses strong internal pullups

when emitting ls. During accesses to external data mem-
ory that use &bit addresses (MO\D( @ Rt), port 2 emab the
contents of the P2 Special Function Register.
Port 2 also receives the high-order address bits and some
contrcl signals during Flash programming and verification.
Po.t 3
Port 3 is an &bit bidirectional l/O port with intemal puttups.
The Port 3 output buffers can sinUsource four TTL inputs.
When ls are wriften to Port 3 pins they are pulled high by
the intemal pullups and can be used as inputs. As inputs,
Port 3 pins that are extemally being pu ed low will source
cunent (111) because of the pullups.
Port 3 also serves the functions of various special features
of the AT89C51 as listed below:

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

RST
Reset input. A high on this pin for two machine cycles white
the oscillator is running resets the device.

ALE/FRG
Address Latc,h Enable output pulse for latching the low byte
of lhe address during accesses to external memory. This
pin is also the program pulse input (FRO-G) during Ftash
programming.
In normal operation ALE is emitted at a @nstant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to extemal Data Mem-

lf desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Othenivise, the pin is
rr/eakly pul led high. Sett ing the ALE-disable bit  has no
effect if the microcontroller is in extemal execution mode.
FStr
Program Store Enable is the read strobe to extemal pro-
gram memory.

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 iffi lexternal inteffupt 0)

P3.3 iffiT lexternat intenupt 1)

P3.4 T0 (timer 0 external input)

P3.5 T1 (timer l external input)

rJ.D WR (orternal data memory write strobe)

P3.7 RD (external data memory read strobe)



When the AT89C51 is executing @d€ from external pro-
gram memory, FSEN is activated twice each machine

cycle, except that two FSEN activalir:ns are skipped during
eadr access to extemal data memory.
-EA/Vpp

External Access Enable. S must be strapped to GND in
order to enable the device to fetctt code from extemal pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is prqrammed, EA will be
intemally latched on reset.
H should be strapped to V66 for intemal program execu-
tions.
This pin also receives the l2-vott prog'amming enable volt'
a9e (Vpp) during Flash programming, br parts that require
12-volt Vee.

XTALl
Input to the inverting oscillator amplifier and input to the
intemal clock operating circuit.

XTAL2
Output from the inverting oscillator amdifier.

Oscillator Gharacteristics
XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-cfrip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an extemal clock source, XTAL2 should be left
unconnected while XTALI is driven 6 shown in Figure 2.
There are no requirements on the duty cycle of the external
dock signal, since the input to the intemal cl@king circuitry
is through a divide-by-two flipflop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

ldle Mode
ln idle mode, the CPU puts itsetf to sleep while all the on'
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
intenupt or by a hardware reset.

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two macfiine cycles before
the intemal 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 unexpected write to a port pin when ldle is terminated by
reset, the instruction following the one that invokes ldle
should not be one that u/rites to a port pin or to external
memory.

Figure 1. Oscillator Connections

C1, C2 = 30 pF + 10 pF for Crystals
= 40 PF + 10 PF for Ce€mic Resonators

Figure 2. External Clock Drive Configuration

Status of External Pins During ldle and Power Down Modes

llode Program [emory ALE PS_EF' PORTO PORTI PORT2 PORT3

ldle Internal 1 Data Dala Dala Data

ldle External 1 1 Float Data Address Dala

Folver Down lnternal 0 0 Data Data Data Data

Power Down Eliternal 0 0 Float Data Data Data

+32 AT89C5{



AT89C51

Power Down Mode
ln 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 Special Funclion Regis-
ters retain their values until the power down mode is termi-
nated. The only exit from povver down is a hardware reset.
Reset redefines the SFRS but does not change the on-chip
RAM. The reset should not be activated before.Vss is
restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and sta-
bilize.

Lock Bit Protection Modes

Programming the Flash
The AT89C51 is normally shipped with the on-chip Flash
memory anay in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage ('t 2-volt) or a low-voltage
(Vs6) program enable signal. The low voltage program'
ming mode provides a convenient way to program the
AT89C51 inside the user's system, while the high-voltage
programming mode is compatible with conventional third
party Flash or EPROM Programmers.
The AT89C51 is shipped with either the high-voltage or'
low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

vPP = 12v vpp = 5v

TopSide Mark AT89C51
xxxx
yyww

AT89C5l
m<x-5

Signature (030H)=156
(031H)=5111
(032H)=FFx

(030H)=1EH
(031H)=51H
(032H)=05H

The AT89C51 code memory anay is programmed byte-by-
byte in either programming mode. Io program any non'
btank byte in the on4hip Flash Memory, the entire memoty
must be erased using the Chip Erase Mode.

Program Memory Lock Bits
On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the addi-
tional features listed in the table below:

When tock bit 1 is programmed, the logic level a, ,n" 
-EA 

pin
is sampled and latched during reset. lf the device is pow-
ered up without a reset, the latch initializes to a random
value. and holds that value until reset is activated. lt is neo
essary that the latched value of EA- be in agr€ement with
the cunent logic level at that pin in order for lhe device to
function properly.

Program Lod( Bits Protec{ion Type

LBl LB2 LB3

I U U U No pogram lock features.

2 P U U MC^/C instruclions executed from syternal program memory are disued from fetcfiirE code
bytes fiom internal memory ff is sampled and latctled on rcset, and furth€r programming of the
Flash is disabled.

P P U Same as mode 2, also verifo.is disabled.

4 P P P Same as mod€ 3. also e)dernal execution b disabled.

Programming Algorithm: Before programming the
AT89C51. the address, data and control signals should be
set up according to the Flash programming mode table and
Figures 3 and 4. To program the AT89C51' take the follow-
ing steps.
1 . Input the desired memory location on the address

lines.
2. tnput the appropriate data flde on the data lines.

3. Activate the conect combination of control signals.

4. Raise FA/1y'"p to 12V for the high-roltage programming
mode.

5. Pulse ALE/FRbG once to program a byte in the Flash
array or the lock bits' The $de-write cycle is self-timed
and typically takes no more than 1.5 ms. Repeat steps
1 through 5, changing the address and data fur the
entire anay or until the end of the objecl file is reached.

ffi Pollingl The AT89C51 features D_E Potling to indi-
cate the end of a write cycle. During a write cycle' an
attempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the wrile cycle

has been completed, true data are valid on all outputs, and
the next rycle may begin. DEta- Polling may begin any time
after a write cycle has been initiated.

Ready/Bu--f : The progress of byte programming can also
be monitored by the RDY/BT output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY.. P3.4 is pulled high again when programming is
done to indicate READY.



Programming Interface
Every code byte in the Flash array can be written and the
entire anay can be erased by using the appropriate comb,-
nation of control signals. The write operation cyde is self-
timed and once initiated, will automatically time itself to
comDletlon.
Nl mdlor prognmming vendors offer woddwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

Program Verify: lf lock bits LBl and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines ficr verification. The lock bits
cannot be verified direcfly. Verification of the lock bits is
achieved by observing that their features are enabled.
Chip Erase: The entire Flash anay is erased eleclrically
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 executeo
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 retumed are as follows.

(030H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51
(032H) = FFH indicates 12V prognmming
(032H) = 05H indicates 5V programming

Flash Programming Modes
Iode RST PS-EN ALE/FmG EM/PP P2.6 P2.7 P3.6 P3.7
Write Code Data H L Ht12V L H H H

Read Code Data H L H H L L H H

Write Lock B i t - 1 H L Ht12V H H H H

Bi t -2 H Htl2V H H L L

B i t - 3 H L Ht12V H L H L

Chip Erase H L -\--r'- (t) Ht12V H I L L

Read Signature Byte H I H H L L L

+u AT89C51
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Figure 3. Programming the Flash Figure 4, Verifying the Flash

AT89C51 AT89C51

ADDR. 
Ao 

r- 
A7

OOOOH/OFFFH

A8 -  A11

SEE FLASH
PROGRAMMING
MODES TABLE

Flash Programming and Verification Gharacteristics
Tr = 0'C to 70"C, Vcc = 5.0 I 10%

Note: 1. Only used in 12-volt programming node.

P2.O - t2.3 P0

P1 vcc

P2.0 - P2.3 P0

F'2-6

F2.7 ALE

P3.6

P3.7

XTN2 EA

PGM OATA
(usE loK
PULLUPS)

Symbol Param€ter Min Max Units

vPP(1) Programming Enable \,lcttrage 1 1 . 5 12.5

tPP(1) ProgrammirB EnaHe Cunent 1 .0 mA

rrrcLcL Oscillator Frequency 3 24 MHz

t*^sL Address Setup to FR66 to.r 48tcr-cu

tcrnx Address Hold After FRG 48tcr-cr-

tancl Data Setuo to PROG Lo,Y 48tcr_cr_

hxox Data Hold After FRG 4Stcucr_

tenss P2.7 (EFBLE) HQhtoVpp 48tcr_cr_

tsncl Vpp Sehrp to FRG Lorv 10 gs

hrs,-(t) Vpp Hold After FRG 1 0 ps

tclcn F-RbGwiotr 1 1 1 0 l.rs

tevev Address to Date Valid 48tcr-cl

telev Eil|AEIE to,v to Data Valid 48tclcr-

texoz Data Float AfrOT ENABLE 0 48blcr-

teHar FRGHigntoBFtor 1 . O ps

twc Byte Write Cycle Time 2.O ms



taa-|

^'|mEt-

F
P1.0  -  P1.7
P2.0 - P2.3

PORT O

ALE/PROG

EA /PP

P2.7
(ENABLE)

P3.4
(RD/BSY)

Flash Programming and verification waveforms - Low voltage Mode (vpp = 5v)
P1.0  -  P1.7
P2.0 - P2.3

PORT O

PROGRAMMING
ADDRESS

DATA IN
tc,,rct- hxox

ALE/PROG

EA/VPP

P2.7
(ENABLE)

P3.4
(RDY/BSY)

hxu
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AT89C51

Absolute Maximum Ratings*
Operating Temperature.................................. -SS"C to +125"C

StorageTemperature..................... -65"Cto+1So.C

Vott€ge on Any Pin
with Respe€t b Ground.....................................-1.0V to +7.0V

Maximum Operating Voltage ................. 6.6V

DC OuFut Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . .  1S.O mA

DG Gharacteristics

Stresses belr'ond those listed under "Absotute
Maximum Ratings" may cause permanent dam-
age to the dwice. This is a stress rating only and
functional operation of the da/ice at these or any
other conditions beyond tiose indicated in the
operat'onal seclions of this sp€cification b not
implied. Exposure to absolute maximum ratir8
conditions br extended periods may aftct device
reliability.

.NOTICE:

Tr = 40"C to 85'C, Vcc = 5.0V i 20olo (unless othenrise noted)

Symbol Peramotet Condition l l in llar lJnits

Vr Input Low \ cftage (Except EE) -0.5 0.2 vcc - 0.1

Vrlr Input Ldv \,bltage (A) -0.5 0.2 Vcc - 0.3
vrx Input Hagh Wiage (Except XTAL1. RST) 0.2 Vcc + 0.9 Vcc + 0'5

Vnr Input High Voltage (XTAL1, RST) 0.7 Vss vcc + 0.5
Vor- Output Lort/ \loltage(l) (ports 1,2,3) lol = 1.6 mA 0.45

Vot-t Output Low \bltage(1)
(Port 0, ALE, 

-PSEN) loL = 3.2 mA 0.45

voH output High \bttage
(Ports 1,2,3, ALE, 

-PSEN) lsH = {0 [A V6q = 5V 110%

loH = -25 tA 0.75 Vcc

lox = -10 Ul 0.9 Vgs

Vonr Output High \/b,tage
(Fort 0 in External Bus Mode)

loH = €00 pA, Vcc = 5V t 10oh 2.4

lor = -300 PA 0.75 Vcc

lox = -80 UA 0.9 vcc

Iu Logical 0 Input Curent (Forts 1,2,3) v N = o 4 5 v -cu llA

lrL Logic€l 1 to 0 Transition Cunent
(Porrs 1,2,3)

V,N = 2V, VCC = 5V + 10% -650 liA

Ir-r lnput Leakage Cunent (turt 0, EA-) 0 . 4 5 < V N < V C C 1 1 0 !A

RRST Reset Pulldown Resistor 50 300 KC)

C6 Pin Capacitance Test fteq. = 1 MHz, Ta = 25'C 1 0 pF

lcc Power Supdy Cunent Active Mode. 12 MHz 20 mA

ldle Mode. 12 MHz mA

Po'ver Down Mode(2) Vgs = 5V 100 pA

Vcc = 3V 40 ttA
Notes: 1. Under steady state (norFhansient) conditions, lol must be extemally limited as folbws:

Maximum lol per port pin: 10 mA
Maximum 161 per &bit port: Port 0: 26 mA

Forts 1, 2, 3: 15 mA
Maximum total lql br all output pins: 71 mA
lf loL exceeds the test conditbn, VoL may o(ceed ths retated specification. Pins are not guaranteed to sink current greater
than the flsted test oonditions.

2. Minimum Vcc for Fo,ver Do\.rn is 2V.



AG Characteristics
(UnderOperating Conditions; Load Capacitance for Port 0, ALE/FRbG, andEEN = 100 pF; Load Capacitance forall other
outputs = 80 pF)

External Program and Data Memory Characteristics

Symbol Parameter 12 Hz Oscillator 16 to 24 llHz Oscillator Units

l l in llax Min lrax

1ftclcr- Oscillator Frequency 0 24 MHz

tttLL ALE Pulse Width 127 ftsLs1-40 ns

trvr-r- Address Valid to ALE Lo$/ 43 blcr13 ns

tr-t-lx Address Hold After ALE Lo$/ 48 tcr-c120 ns

tl ltv ALE Low to Valid Instruc{ion In 233 4ts161€5 lts

ttLpL ALE Low to Eff Lor 43 br-cr13 ns

tPLpx FSeN'puse won 205 3t6s61-20 ns

tpuv FEffi Low to valid Instruction ln 145 3tgLs1.45 ns

tpxx lnput Instruction Hold After PS-EN ns

tpxz InDut Instruction Ftoat After PSEN 59 tCr-Cr10 ns

texrv FSEN to Address valid !crcr€ ns

trvrv Address to Valid lnstrudion In 312 5ts1gL.55 ns

letrz Effi Lo,v to Address Float 1 0 1 0 NS

tRunu RD' Pulse width 400 6t61s5100 NS

twrwH WR- Pulse Width 400 6tcLcL-100 ns

tnlor RD Low to Valid Data In 252 5t61sL-90 ns

tRnox Data Hold After RD ns

tnnoz oata Fbat After RD 97 2QysL'28 ns

tllrnr ALE Low to Valid Data In 5'17 816161-150 ns

tevw Address to Velid Data In Jd3 9t61gl-'165 ns

tlrwt- ALE Low to RD or WR- Low 200 300 3t616s-50 3t61s1+$Q ns

tlvwr- Address to R-6 or WR- Lo r 203 4tcLcL-75 ns

hwvx Data Valid to WR Transition 23 tcLcL-20 NS

hvwx Data Valid ro wR High 433 7t6s61-120 ns

twxex Data Hold After WR 33 16161-20 ns

Int az m Lo\fl to Address Float 0 0 ns

twuLx RD orWR nign o ALE High 43 1 2 5 tclcr_-20 tcLcL+25 NS

+n AT89C51
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External Program Memory Read GYcle

PORT O

PORT 2

External Data Memory Read GYcle

ALE

FSEN

m

PORT O

PORT 2

ALE

PSEtI

twHr-x

.- trw
Fr, i- \,r-wr- --1 

|---l-------,\ 
I

LRH ------t

<F-J

r
t|.Ax-

tnuz
tnr-w tnsoz

' tnsox
trvu

l.-
I

Z\l
:AO.  A7  FROM RI  OR OPL DATA It DXeo - A7 FRoM PcLl INSTR IN

- tnvw

P2.O - P2.7 OR A8 - A15 FROM OPH A8 . A.I5 FROM PCH

,IfiET
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External Data Memory Write Gycle

ALE

PSEN

W-n

PORT O

PORT 2

External Glock Drive Waveforms

tclcu *

AO. A7 FROM RI OR DPL

P?.O . P2.7 OR A8 - A15 FROM OPH

0.2 vcc - 0.1v

ExternalClock Drive
Symbol Parameter ilin ilax Units

1/tcr_cr- Oscillator Frequenry 24 MHz

tcr-cl Clock Period 4 1 . 6 ns

bxcx Hlgh Time 1 5 ns

blcx Lorv 
'l-ime '15 NS

tcr-cx Rise Time 20 ns

tcxcr Fall Time 20 ns

m AT89C51



AT89C51

Serial Port Timing: Shift Register Mode Test Gonditions
(Vcc = 5.0 V t 20o/o; Load Capacitance = 80 pF)

Shift Register Mode Timing Waveforms

INSTRUCTION
ALE

CLOCK

,wRtTE TO SBUFI

OUTPUT DATA

, CLEAR Rl I.---__T-
INPUT DATA

AG Testing InpuUOutput Waveforms(1) Float Waveforms(1)

2 l

tx-xr-

lt- txxox

"**,1

Note: 1. AC InPuts during testing are driven at Vgs - 0.5V for Note:
a logic 1 and 0.45V br a logic 0. Timing measure-
ments are made at VtH min. for a logic 1 and V11
max. br a logic 0.

1. For timing purposes, a port pin is no longer floating
when a 100 mV change from load vohage ocolrs. A
port pin begins to float when '100 mV change from
the loaded V6gN61 level occurs.

Symbol Paremeter 12 ItHz Osc Variable Oscillator Units

Min Max Hin lrax

txul Serial Port Clock Cyde Time '1.0 12tc1cr- ps

tovxH Output Oata Setup to Clock Rising Edge 700 lotcrcr- 133 ns

txrox Output Data Hold After Clock Rising Edge 2tcLcL-1 17 NS

txsDx Input Data Hold After Clock Rising Edge 0 0 ns

txxol Clock Rising Edge to Input Data Valid 700 1otcLcr133 ns
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Ordering lnformation

Speed
(llHz)

Poryer
Supply Ordering Code Package Operation Range

12 5V ! 20% AT8(rc51-12AC

AT89C51-12JC

AT8{1C51-12PC

AT89C51-12QC

444

44J

40P6

44Q

Commercial

(0"C to 70"C)

AT8SC51-12A1

AT89C51-12J1

AT89C51-12P1

AT8!|C5l-1201

44A

44J

40P6

44Q

Industrial

(-40"C to 8s"C)

AT89C51-l2AA

AT89C51-12JA

AT8{|C51-12PA

AT8c'C51-12QA

444

44J

40P6

44Q

Artomotiv,e

(-40'C to 105"C)

1 6 5V + 20% AT89C51-16AC

AT89C51-16JC

AT8gc51-16PC

AT89C51-16QC

444

44J

40P6

44Q

Commercial

(0'C to 70"C)

AT89C51-16A1

AT89C51-15J1

AT89C51-16P1

AT89C51-16Q1

444

44J

40P6

44Q

Industrial

(-40"C to 85"C)

AT89C51-16AA

AT89C51-16JA

AT89C51-16P4

AT89C51-16QA

444

MJ

40P6

44Q

Artomotive

(-40'C to 105'C)

20 5V r 20% AT89C51-20AC

AT89C51-20JC

AT89C51-20PC

AT89C51-20QC

44A

44J

40P6

440

Commercial

(0"c to 70'C)

AT89C51-2041

AT89C51-20J1

AT89C51-20P|

AT89C51-20Q1

444

44J

40P6

44Q

lndustrial

(40"C to 85"C)

AT89C5l



AT89C51

Ordering Information

Speed
(MHz)

Power
Supply Odering Code Package Operation Rango

24 5V + 20% AT89C51-24AC

AT89C51-24JC

AT89C51-24PC

AT89C51-24QC

44A

44J

44P6

MQ

Commercial

(0"C to 70'C)

AT89C51-24A1

AT89C51-24J1

AT89C51-24P1

AT89C51-24Q1

MA

44J

44P6

44Q

Industrial

(-40'C to 85'C)

Package Type

4A 44 Lead, Thin Plastic Gull WirE Quad Flatpack (TOFP)

4J 44 Lead. Plastic .lLeaded Chip Canier (PLCC)

r{lP6 40 Lead, 0.600" Wftle, Plastic Dual Inline Package (PDIP)

4Q 44 Lead, Plastic Gull wir€ Quad Flatpack (PQFP)
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LM 1 24l LM 224 I LM324/LM 2902
Low Power Quad Operational Amplifiers
General Description
The t-M12,1 seri€s cor\dsb ot four indop€id€nl |tgh g6tr\
trtqnatly lrsqienst compsEat€d opgraltonal tnPffi€.s
wt\ich tr'€fo d€sign€d spedfically to oP€aate tto.n a dtEl€
po$6r supply o\/er a ryido range of volta96. Op€rato.l fto.n
sdit poi e( crgpai€s b also posibls a.d tf|e b'r porBr t1q
dy cln€nt fAjn is ird€psdsrt ot tho rtagr*U.Kb ot the

Pow€r $rPPlY t/oltag€-

Apptcatioo arsas indude t'ansdrce. atnpliftdq OC gain
dod€ and all the corir'sntional op arnp circrtts wfi(n ,p{
c€n b6 .no.€ €asily implfiEnt€d h drEls pq|9. gJpply 8yg
tqt|s. For oxarnpto, the LM124 sdi€s can b€ &oc0y op€rat'
€d dt ot tr|o standatd +5V po.,Br srppty votao3 xtlich b
essd h dgital ststems afd will eaSly p(orido t€ .bqi.€d
ir*qt$ €l€ctro.ics wifiqn rgqirirg ths addtidrd r 15V
pc'i.ga g.rppli.rs.

Unique Characteristics
r h be lirFar mode UE imn co.n.no+mode rcltao€

range irdd€s gound ard the oulput voltagB can slso
st 4ng b goun4 s!g| though opsrabd tro.n ody E €i!
gl€ 9or€. s'+dy \.dtag€

r Tho unity gain ctcs f|€qrg|cy is tqnperatre
conlDersateo

r The input bias qrrsrt is also tgnpq'ahre
cono€nsated

Dscerr|b€r 1 99,t

Advantages
r Eiminal€s need lor drai sedies
r Fo(' btqnalty co.npsrEad op amps in a siule

pad€g€
r Alors diEcdy s€nstE near GND atd vourr also gpes

tO GND
r Co.npatiHe *ith dl tdms oa log.c
r Potvs &ain srritat € tq battdy @6ation

Features
r Intenatly fr€q6nct cqnp€nsat€d for urity gain

r Lrrge OC wltage grrn
r $/ide bend,vinh (urity gah)

(tenrperabre co.npersateo
r ffite go!.e{ 9updy ratEe:

fiingle srpdy
o. d€l qpdi.rs

r Ve.y lo, $?dy ortqt dain (700 FAF €ssendally i1.
&pe.rdent of $PPIY voltag€

I Lory irFjt baaC.tg cu,l€nt
(teriperatrB co.nporFatoo

r Lo{v hpd otfs€t t oltlg€
a d ofGet dJn€ni

r krpd commoGmod€ \.oltags rang€ i dt d€s ground

r Dltqgltbi hpd \otag€ rat{€ €qlal to ul€ pol'v€r suP

dy vdtag€
r Large ornp| vdtags sring 0vbv+ -  1 .5v

100 da
1 Mft!

3V ro 32V
+ 1.5V to t16V

45 nA

2 m V
5 n A

Du*Ltuna Pld.rg!

Connection Diagram

rvHltt?ll,-1

ToO YL{

Od.r Nunb.r LIl2+,,|,I121A,, L'I124Jld,3" '
L'Il2aAJtEf,ts' I t-vz+t, J-tx2a J,1-lg21J, L',3i2aI,
Ltr324AI, lJ200a|l, u32,lfl, LlrS2a^ll d Ltl nt

5.q XS Pacf4. &rn|b.r JiiaA Il4A or l| l4A

.ul124 .frrdr. pr JU3E510/1106
"tltlzrt availhL p.| Jal.3a5lo/! lG

1l/H/9?99-32

Oid.r flumb.r Ltat2a^g63 or LLt2'lEr0as
S.. xS P*rtga lumDar E20a

fr.. Num!.r L||l2aAlV/883 or LIl2aw/8&l
S.e IS Ptct gr Iutt$.r Wl48

o
{
!
o
€
o

ocs,
CL
o
T'
o
0t
=
o
f
9t

3p.

it'
o

=
N
$

=
N|u
5

=
A,)
N
5

=
N(0
C'
N

@ia6 xda s--hdd co.pqrbr
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Typical Performance Characteristics
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Typical Performance CharacteristiqB (LM2so2 o.ry)

t0 20

r-$JP?LI YAtAe[ (Yod

Application Hints
The Wl24 ssbs ar€ op arnpc wtidr oporab rith orly a
ring*e pom. sqpply ydtag6, ttarrs tuediff€rs id iputs,
and ren|ain in tl|6 lirlear modo rith an ingjt co.nmo.tnod€
wltage of 0 VDc, Th€o dttplif€G optrate or* a wite
range oa pqv€. st pply \.oltags fi1h littl€ dange in po.to.m-
ance ctrancts.isttc€. At 2'C anCifief opo.atdl b posgHe
down to a minhun supply vo{a€€ of 23 VOG

Tt€ driets o( tho packa€o hat€ b€fi dodgnod to sirplify
rc board lryotJts. In!r'qiirQ imrts are aqGnt !o oqlputs
fo. all of the 8mditirB and tF ojqtrJts have dso be€ri
daced at tho corn€.s of ths pacl€ge (dns 1, 7, 8, and 14).

PEcaltio.ts sfiould bo tak$ to angrs tral f|6 potg grpply
to( the integraled citrit aret,Bf boco.n6 tgtrers€d h pdatity
or tfiat tho urit is r|ot inad\€.E rdy iEtall€d backwat6 h a
t€st socket as an unlimit€d orrsfit srrg€ ttrqJqh tha r€sult-
inq fqward dode wihin hg |c cqid canso fudng of th€
intqnal conductoB and rg$ft in a desbof'gd urit

Large dtierenfal irput r,oltag6 can ba €a$ly acco.nfip-
dated an4 as hglt dtiars{ial lata€,E p.ot€dion dod€s are
mt ne€d€d, no largs irput cunErb r€sdt fro.n latgo ditfar-
e.ltial irput \.oltag€g. Ttr€ ditners*ia, ipnt Ypltago nay be
laeer than V+ withod dairaoi.€ ttro derb6- ftot€clio.l
shoid bs p.lirided to pr€\isrt ths iprlt volta€€s fro.n goi.rg
n€gative ,nora than -0.3 VOc (at 25--C). An input danp
diod€ with a r€sbto. to ths lC imut tsmhal can b€ ussd

To r€duc€ ths po{r€r $pply dain, t€ amplifbs ha\€ a
ctass A outsut slagE tq s.nall dgnal l€vgls wf$h co.t€rts
to dass B h a large sigr€l mode. This allo{.s rl€ arndifb.s
to both source ard Snk larq€ outpiJt crtrflrts. Thqgtore
both NPN and PNP extamal qr.rrt boost hansistors can
be used b €xt€.d the pori,€r ca@ility o{ tho basic amplifi-
6rs. Tho outsut voltag€ ne9ds to tarss apgpxirnatdy 1 di-
od€ drop above gro{nd to bbs r|e ondD wdjcal PNP
transistor fo. o!tsut ql,rs{ sir*t1g 8pplicatir.9.
For ac applicatix€, whor€ tt€ load b capacitiv€ly coudod
ro tfle outprt ot *|e amplifi€r, a Bsisto. $oid be us€d, trom
&€ ouput of ths arnplin€r to g.ouid !o irct€aso tfis dass A
tias q,rr€nt and provent caossor€a dsbrlxtt-

Volttee Gah

t=20ko

2.0 ko

t 0 m

f-$rPPLr Yolucf (Yr)

lVH/9?9a-1

wtss th€ lcd ir dr€c{y coupled, 8s h dc apdbatitE,
theG b lb ct6so\r€. dbto.torl

C€paolir€ lo€ds wtich are apdid drecdy to 0r€ ouqrn of
ars andifier tBdjco S€ loop slatilfty rt|argi.r va,ue ot
50 pF can be acco.rnodated t sim the wo.st€so rp.Hn-
w'6ng u.ity gain corhec'tiorl l-arg€ dosed loop gatns q

rBistn€ tsolalin should bo rJs€d if htg€. load capadbttc6
must bg divqt by the atnpffis.
Th€ tias .Etr.ork of th€ LM12/t €staHbhes a *ain qlngnt

wt*$ i3 ixbp€.d€.rt of th€ mag$tJde ot tho poaBr s.pply
\oltag€ o/€. tE rangs of trorn 3 Vp6 to 30 Vp6-

orngjt s*st drqjts ti0Er to grotrd q b tho po6r'ti.|re Fo|,-
€. grpply stloi.rld b€ of sho.t [me dJratiqr Urits can be
destsr|y€d. nct as a Gs.dt of 0B sho.t cirait cunont caLrsing
.iota, frFhg, btlt rath€r dJs to the larg€ inctsaso h |c cttp
dsdpefih wttch wilt causa s\,qtld lailu6 d€ b €rces'
gve lJrE'ti9.r tsrlps-atu,as funilg dr€ct short-cttorts (xl

rno€ than q|e amplifi€. at a time tYifl irsBase tho total lC
po*€. dssipattor| to d€stsrrcdvs l6Y€G, if not proP€dy prD
teted witr sxtar€l dsipation limitir€ t€sbto.s in 3€.i€3
wih t€ odput bads of the atndifi€€- Tho larg€r r€ltF of
oulput scurca ojrsrt wtridr i3 availaH€ at 2SC pro/ijes a
ldg€r cdpd o,rtsrn capabibty at €ls\.ated tdnp€rafir€s
(se b0bal p€.fFflanco cfisractqistics) than a standad lC
op arnp.
Tho ci aiits Fes€.1ted h the soctbn on t}?itS applhations
dnphagbs operatlon q| orly a si1gle porv€r st+dy \,oltag€-
tt co{ndsi$tary pows. $,lppli€s at€ a\'ailaHq all of ths
standard op arnp cjroits can b€ us€d- In g€nq8r, nrbodtE-
ing a pssJdc{rotjlrd (a bias vdtags t€t€r€.tce d V - /21*',ll
allow operatbn abot € and below Uft value in dnglo po'Ye.
sJpply slElsns. Marry aBbalion circdtg a€ sfiown which
take ad\antage ot the wido inAJt co.n.rDn-mod€ voltage
rang€ wt**r i.ldud€s grourd In moet casq ilgX bad.€ is
.pt reqd.6d ard irput drag@s wiich rat€€ to grgurd can
gasily b€ @nmodated.
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Typical Single-Supply Applicatlons ry+ = s.ovDc)
Nqtlnva.dng trc Gdn (OY Inpqt : 0V OuFur)

oC Summing ar?llltr.
(Vlx15 > 0 VsC a.rd YO > Yoc)

TL/H/aZXl-5

Yvhors: Vo - vt + v2 v3 v.
(vl + vt > (v. + vrbk.€pvo > ovoc

LEIt Drlvar

a

o - 5 0
Av = l0o (ao dg)

7
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Typical Single-Supply Applications gr : s.o vsc) lcqtinred)
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Typical Single-Supply Applications u+ : 5.0 vDc, (conriru€d)
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Typical Single€upply Applications w+ : 5.o vod (cont nred)
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Typical Single€upply Applications ryr : s.o voc) Go.,tiru€d)
Hlgh InFrt z AdlrdL4rh
DC Indrumanhcon &rpl|Lr

It
rI

"o- r r f rN"-" ,1
A3 !ho4n vo - lol (Vz - vt)
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I
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R
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Typical Single€upply Applications u+ : 5.o voc) (coonnre<r)
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PhySiCal DimenSiOnS i raro (mi im€t€rs) (co. iru€d)
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LIFE SI'PPORT POLICY

NATIONAL'S PAODIJCTS ARE NOT AUTI-IORIZED FOF USE AS CAITICAL @MPONENTS IN LIFE SUPPORT

D€VICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPBOVAL OF THE PRESIDENT OF NATIONAL

SEMI@NDUCTOR @FPOBATION. As ussd h€t€h:

.1. LiiE support der&:6 or systsns are devicos o. 2. A critical co.npoient is any co.npon€nt ot a liie

systerns wticfl (a) are int€rd€d lor surgk imptant srppo.l d€vice or systsm thc€ laiut€ to p€"o'm can

into the body, o. (b) support q $6tain liie, and wlEse be reasonably epect€d to caus€ tE faihre of tho lifg

tailure to perturm, whon p.opsly us€d in acco.datEe gjppo.t de4rice o. syst€rn, or to attect its satgty oi

f,rith insttuctions fo. use prct/id€d in the labdirE, can eft4'th,en€ss.
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to s|e user,
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LM35/LM35A/ LM35C,/LM35CA/LM35D
Precision Centigrade Temperature Sensors
General  Descr io t ion
The LM35 sg es afe precrsion integral€d{jrcurl l€mpora'

tJrs sensors, wiros€ output vollaqe is tin€ady Ftot'€rtio^allo
lhe Cslsius (C€l|t€rade) tomperaiu.c. Tha LM35 ttus has

an advaolaos ovor l'.r-';|. t'rnrt)a,/aluto sonsors calib'alod In'

l4olv ' f r .  {15 t l |c  usrr  r : .  In, l  r , i r 'nr .nt  lo t l t ) l tacl  a laruo con'

slanl vollago kor'1 r-s oulput to otlarn convorront Conli'

g.ade scaling. Tt|€ Ll,{35 do€s not roquir6 any crlotnal call'

bration or trirnnir4 lo provide typical accuraci€s ol 17.'C

at room temo.a.a:ure and : r/.'C cver a lull - 55 lo + l SqC

temperalure ri!10e. Low cost is assurcd by ttimming and

calibratio.r at tle warer level. The LM35's loYv 'rXp4,t trnpod-

ance. linear od,pu! and ptecise Inhe:onl calitahon mak€

inlqrtacing to rpidoL,t or control circuilry estocially oasy lt

can b€ used wilh gngle power sup2li6s. of vilh plus and

.ninus suDDlies. As h clraws only 60 FA kom its supply. il hag

vory low s€l lh€3l ing.  l€ss lhan 0.1 'C In strr l  a;r  Tho LM-15 is

ralod lo oporale orer a - 53' lo : 15arc igmporrtwe

range. whi le t l re LV35C is raled tor a -4O to ?r iUC

rang€ (- lO' win imp.oved acci,rac'/). The LM35 senes is

avaiablo packaged in lrsftnotrc TO-46 transisto. packages.

whil€ lho LM35C. LM3sCA. ond LM350 8ro elso available in

lh.)  g lsstc TO-92 transistor packago. The LM35O is al to

availablo in an 8.load surlsco mount gmall cullino f,ackago

.^d s Dlat lc TO-202 Pn,.kn1lr t

Features
r Calib.alod drroctly 1,1 ' Calsius (C€ntig.8d€)

I Linoar + 10.0 mV,"C scale lactor

r 0.5'C accuracy guaranleeablo (at + 25'C)

. Fat6J lor lull - 55' to + I 5OC range

. s|itabls lor rgmol€ apglcalbns
i t-ow cosl due lo walor.lgvol trin:mrng

r Ogo,atos lrorn 4 lo 30 volts

t L935 than 60 FA curr€at d.a'n
r L!'w sofi-heating. 0.08'C ih eljll ak
r Ncnlin€arity only : r'.'C typical
r Low impgdanco oulput.0.l  n {o: 1 mA load

Connect ion Diagrams
TC-.16

M e t a l C a n  P a c k a g c '

/-4:-\
\ .Y, \Y, \

I 
-\ ra, '|

\ /
\ " . : /

Frrgr y!€y 

il;d/5i:6_ I

'Cas€ is co.rt6d.a r. elawe 9. (;N9)

Order Numb€t LtJ35H, LM35AH,
LM35CH, Ll l3SCAH o. LU35OH
See NS Paclage Number H03H

TG202
Plastic Pa4kage

r-------t
lo l
LJr---n
l L r  l l

l " " l l
Tirm
i l i l | l
i l i l l i

rvt [..] LI lJ ct'c

orou, xu-uu. uu.l'Jltt'" "
See NS Package Number P03A

so-8
Smal l  Out l ln"  Molded Packa9e

r.c.
r.c.

G|l0

f .c.

N.C.

x.c.

t f / H . , 5 5 ! a . - ? r

order Number L 35cZ'
L 35CAz o. LM35OZ

s.€ NS Plckrge Numbar z03a

Typical Applications

ToP Vlew

NC - No Conoocl'o.

O.der Number LM35OM

See NS Packtge Number M08A

i L /H/55r5_ '

crEo.€ R! - -v5/50 ra

vour - i 1.5OO 6V.t + l5CrC

- - ?5O mV at + 25'C

- - 55O mv .t - 55'C

FIGURE 2. FutlRango Centlgr.d€
Tempe.iture Sensor .

tL /H/55r5- !

FTGURE L B|tlc Ccntlgndc
T.mpollturc

Ssn.o.{+?C to + 15VC)

{.v T0 tltl



Absolute Maximum Rat ings (Nore ro)
.-t  yi l i t lrylAaro8pacr lpaclf lcd d.vlc.r rrG ..qulrcd,

glcasa conlact lhc Natlon.t Scmlconducto. Srle!' 
itficrlOlgtrtbutorr lor lv.[eb ty rnd !p.clflcr on3.
Stply VoltaSo

CWrI Voltage

O./gr,i AJnenl

srd-"ge T6rr|p., To-46 Package.

TO.92 psckago.

SO-8 paclsgo,

TO-202 pactagE

+ 35V to -0.2V

+ 6V to - l .OV
10  mA

- 6€rC tc + l80.C
- 6CrC to + lsqc
-65'C lo + 15CC
- 65.C ro + ts{rC

SO Packag€ {Nol€ t2):
vapor Ph.so (60 seconds)
Infrs.r€d (1 5 s€co,rds)

ESD Suscaptib.tiry lNot€ t l)
Spocilied Ooerating Temporat,J.o
(Nor€ 2)

Ltt35, LM35A
w35C, LM3sCA
LM35D

215'C
22eC
2fiOV

R8.!q Tu.r to TM]N(

-55.C !o +1SrC
- . rcb +11rc

ofc to + 1oCC

r
=
CO
('l

r
=(.)
qt

t-
=
ct('t
o
f
=(/)
al
o

r
=(,)
(,r
o

L€d Ternp.:

fG6 Pac(ag€. (Sold€.ing. ,O s;onds)

TO92 Packag€, (Sold€dn€, t0 s€conds)

TOi$2 Packago, (Soldering, lO secondsl
j

i  Electr ical Characterist ics (Nore 1) (Nor! 6)

3occ
260C

+ 23CrC

Ll.|35A Llls5CA

Prramcter

^ttraaT

r',ot€ 7i

sttirE3r.i/

. Sercr Gain
{,r?aag€ Slope)

|,.!ad Fegrlation
Ao i€ . l J0e t r  1 r  mA

U.€ Aegula rion
fi:ie 3i

|',i:arol Curgnl
fb{e r)

i tra'.la ot
i Oiestenl Curent
i Ar€ 3t

] l . ,npaatwe
i Cratfrornt ot
-9*6c€nt Curront

L'rrtu n Temporelur€

!F'.c o""-""y
' 
L"r r; sr"b,r,y

fi
* '
r :

Unlt.
(Mu.)

'c
'c

mV/'C

p.A/'C

FA

'c

Condit lon!
fypicat

Tc.ted
LIrnlt

(Nor€ 1)

D€rl9n
Lrmlt

(No t .5 )
Typktt

TGcICd

Llr'|ll
(Hote a)

O}tgn
LJ.nlt

( xo r .5 )
T^=  t  25 'C
TA = - 10'C

: 0 . 2
:0 .3
: 0 . 4
. O  1

1 0 . 5

: 1 . 0
!  1 . 0

:0 .2
: 0 . 3
: 0 . 4

- ' 0 . 4

a  1 .o
:  l . D

:  : . 5

TylN:.  T1i  TL{ar : O . t B 1  0 .35 :  O . l 5 :  O,3

T y l p t T l : T y g + lo .o + 9 ,9 ,
+  i o . t

+ .t o.o = 9.9,
-  l o , ,

T^- + ?5'C
fMtN < f^ aTMAX

:0 .4
:  O .5 t  3 ,o

: 0 .1
: O.5 :3 .O

Te= '  zs 'c
4V<Vg<3CV

:0 .o i
:  O .O2

1c .05
: o . t

: 0 .01
:  O .O2

i. o.o5
:  O,l

vs= +5V.  +25 'C
V s -  + 5 v
vs-  +30v J25tc

I  O 5

t  o5 .5

67
t 3 l

1 3 3

56
9 1

0 1 . 5

67
I  t {

r  t 6
rV< vs <30V, + 25'C
4V <Vg < 30V o.5

1 . 0
2.O o.5

1 .0

2-O

+ cr.3 0 + o.5 + o,39 i. o-5

In circuit ,l
Fi2ua t, tr= P

+  1 .5 + 2,O r  1 . 5 + 2 0

Tj 'Tg1y, lot

I O00 hours

10 .06 10.08

t 1 3
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Electrical Characteristics rroc I )(Noto 8) (Continuo

l- L*5

d)

P!r!mclc.
Typlcrl

.M35C. LM3

l r r r t o d
I Lll'ltr
|  (Nolc 4)

50

I orrlgn

I Lhrr
I  lNol .  SI

(trt
{u.rl

Condlt lonc
Typlcd

T.. lad
Llmil

(No t .4 l

Darlgn
Umll

(xoli  5)

1M35, LM35C
(Note 7)

TA = + 25'C
lA= - lcrc

1 0 . 1

t 0.0
+ a r a

1  r . 0

1 t . 5

1 0 4

t c.5

10.8

r  t . 0

L2.O
ACCUiaCy
LM35O
(Nore 7)

f a= + 25'C 10 .6
10 .9
10 .9

12 .0
t 2.o

'c

mv^c

.-=-

NOnltn€afity

rNote 8)
TylN (T1{TM^X 10 .1 t o.5 xo.2 t  o.5

Sensor Gain
(Avera9e Slop€)

Ty11ST1<Tyaa

Te-  +  25 'C
Tylg l Ta I Tglx

+ t o.o

10 . {
: o.5

+  0 , 8 1

+ 1o.2

! 2 . O

1 5 , O

t .  t o .o

10 .4
1 0 . 5

r 2 . o

+ e . a ,
+ 1o.2

1  5 . O
(Not€ 3) o<lL < t .nA

Liile R6guration
(Nore 3)

T^ - + 25'C
aV <Vr < 30V

r 0.01
t o.o2

t  0 .1
:l O.2

t o.ot
'r o.o2

1 o . t

r o.2
O0isscent Cu.rgol
(Nclo 9)

Vs= +5v.  +25 'C

vs- r 30v. +25'C
vs= r 30v

t 0 5
56.2

!o5 .5

80
1 5 8

1 6 t

e t
56_2

0  t .5
a2

t 3 a

t { t
PA

;

1Change ol
Ouiosc€nt Cune.t
(Not6 3)

{V < V5 <30V. +25'C
4V tVS< 30V

0.2
o.3 3 .O o.5

2.0
3 .O F 

Tomporaiuro
Coolticiont ol
Ouiesc€nl Current

+  O.3g + o.7 + o.39 + o.7 Fl/c

Minimum T€niperaxng

fo, Rated Accuracv

In crrcuil ol
Fi)ute i , l -  A

+  1 . 5 +  t . 5 + 2.0

Long Term Slalilrry TJ = TMAX, tor
l OOO hou.s

r0.0E 10.08

uol' !: RoguLud't ' ttr'&'d rl cot tL'i i,rcld !.'r9..aiu., vr,{ Fr- t.!t 9 .nn r b. 6uty ctd.. cru^g.r n orq,r d!. !o h..li,tg .d.cL cj -cqi9.rr.d Dy r'rrtr9ayi! th. ri..h.r d3eo.rio., b, tr! n n t ,t.ar.nc..
Xot. a: Ierr€(t Lirtrs ara gu[nr..d rid rootr t..r.! 6 Fo.tdir1
xol. 5: o..rgn ttnl. .r. gq.rrnt4d (bJt @r t@\ Fo.r,Cri.).l t6t.d, oF rh. irnhcrt.d t.f;9n-.\r. an<, 3uprty vott 9. ,rag.3, Th... tiriG !,. rrrl .r.< I
c.lcd.r. o{rrgo'?! oalrt br.:!

llot. C: S!,.olc.to.6 n !o&r&. .p9t ov.. rh. tla ,.t.d t..rF...rrr. ,.ngd,
Ngl. 7: Accurct r cLa..d.. tr*ro. !.h.-^ tf. orrrpdvolr{. rnd lOfufC tin6 t d}E .r 

c.i. r6E[.rru.. rt rpf,ir.d co.xftir s ot vott !._ orttar^d ledpo€ru. {.'p ri.6d n "c).

xot' ': Noiftx$iv ' (5tEd rt th. d&r's ol ttt ostFn../o1u0.....r,.-r9rrY)e.r!r. drv. t dn Itt b.,!l.fit trltht trd. ov.r rfa davic.. , tal.d r.lf(e1 .rrn9a.

Nof. t: Ai.r€rr drr-l . 4t1td n rtr tatr ot agra t.
Not. lG Ab!.lut. u.,iisn R.!.€3 ,itixt. t nilr b.ro6r r dr d.ruo. !o or dn j. |'r.y .'cor, oc onat Ac al.cft.l ap.rcitcalirtr do iot $g, - ,
oP...lt !9 lh. daya. D.toi6 na .at.d otai.lr\g coid,to.r. saa Nota t. , : 

-

Xot. r r: Hqn ^ bod! m.a.t. tOO pF d.ictrrrlod [.o,rarh . t.! r{t ,..bb..
rol' 12: s" aN{lo -stE 

uountnc n.urodr .ta rr.i €thci dl ttrodrJq n1{bary' d t t cl,o.r lr.a .'srl1acr you.f. tould tn I clrr-t M:.r.
S.dicoridrrcld l,rt d O.q 8@l td orrB &rrrodr ot rc<b6.rC sn.c. ilrJnt da,rc...
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Oul.rc.a! Csr..nt
vt_. Tcrrtpcr!tur.
(ln Cltcutt ot Flgu.c 2.)

rt -l' 6 15 ll!
turfirru|l fcl

a ro tQ |to tto @
!i vftodn lf|rl

lll:tlftum Supply
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Applications
The LM35 ca^ oe applied €asily in the same way as olhgr
inlegraled{irqit l€mp9.atut€ sensors. ll can b0 9lu0d or
cement€d lo a surlac€ and its leftosraluto v,ill b€ within
about 0.01'C ot th€ ssrlace lemporatui6.

This gagsutno5 thal lhe rmbient ait lgmporstu{o ls llmost
thg samg as ttra Surlac€ temp€.ature; il th€ ti' temp€(alu.e
wor€ much higlror or lower than the surlace tempa.llur6,
lh€ actual tgnporatuig ol the LM35 dig would bo at 8n inle''
mgdiats t€rnoetature betweon tho su.lac€ temporalure and

lhe 8ir ternpo..tut€. This is sxpecially ttu€ lo( th€ TG92
plastic package. whsre th€ copper leads 4.6 th€ p.incipsl

lh9rmal path io carry heal into ths dovic€. so it! tomp€ra'

tu.€ might be cbser to the air tenp€raturo than to lha sl'r-

lac€ lempg(atr/6.

To minimiz€ fis problem, bo sure that th€ wi.ing to tho

LM35. as il bar95 th€ d€vica. is h€ld 8t ll|€ samo t€mF€.a'

lur€ as th€ grtace ol inle.est. Th€ €asiesl way lo do this is

to cover up thos€ wies wrth a boad ol €poxy whbh will

insuro that tl|e LaJs and wi.es ate all at the lam€ tem9o.a'

ture as the sulace. 8ni th3l lhe LM35 die's lcilperature will

not bo atlecled by th€ a l9mpsraluro.

Ths T0-{6 metal package can slso b€ soldered te 3 6*,
glrtaco or pipe without damage. Ol courso. in that q3se nr.
V- lorminal ol ths circuil will bo gtounded to lhal .n€.at
AttsrBtively. the LM35 can be rnq'rl€d inslJg a s€ated-€.d
rnetrl tub€, snd can lhen bo dippod hto 8 bath or s-.re..€d
anio ! ttr€sded ho:o in 8 talrk As with any lC, lt|o LM35 at
aSco.npanyiog wiling and circuits musl b€ kopt insljta1.6d
ard dry, to ovdd leakags sM co.rosion. This is €sp€cjaly
t^,3 i th€ circuat may opo.ats at cold t€.np€ratures whe.;
coaaonssbn ca|l occur. Printed-cicuit coatings ard vr'-
rish93 such 8s Hurnis€al a^d epory painis o. dips a.e ohsl
us€d to insure that moislura canrtot co.tod€ the LM35 d b
coarroctions.

Thgss dovices ar€ somatimos soldgred to a small Eis
w(*rhl hoat fin. lo dEcreass thd lho.mal hms constaot a't
spo€d up lho t€Sponse in slowly-rnoving ai.. On the otlg'
l|a E. s s.flall thermal rnass may b€ addgd lo lhe sensq. b
fiw th€ sl€adiost t€ading despitg slnall devialions in the ei
lem9or8luro.

Tcmpc.aturG Fisc ot LM35 Du. To Sclt+Gttlng ffherfnal Rc6lstanc')

TO-a6, Tc!a6.
no h..l r.nl tmrllh.:l lin'

.oqc^\ to€rc/w
r@'clw aectw
r@C/W .CCtw
s{rcnv 3crc/w

12.'ClW

TO92. ' .TO92. SO-l
no haat llnk t|tlall h.at tlr" no h..t .lnl

rcfc/w - l.ec,'w 22cct\t
ecfotw To.Cn''l tos'C/w
gcrc/w Tvcntt
49C/W lVCrVa

so-a

l lecl\,Y

TGm2 TO202 . . .

no h.rl aln& r.n I h..16
85'C/W qC,.W

25'ClW 4a'C,1^,"Still !i

Sldlcil
Srrr6d oil
(Cl.,rpad lo noLl

Intinit€ hc.l ainl)
(ss'c/w)

'wat.t |dltg|2ol.cr l' dr. ol0 02o' 3h..1t.ra. Eld.'cq b c.:a. o' lmr"

" TO.9? .d SOr t Cr.i.t gruod .^d l,o.o3 lol(|.tod !o !' tet,.i' ot %i pml'€ 
"''!tl 

!o"i sln 2 o: loll o' !'nr|.

Typical Applications (continueo)

ra! c!'tqft tora. lli,||t. tlc.
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i1,
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l0l f ro(arftq|ca o€ rr I rvrgr J-

tlr,rrl T\

TlJX/ ! ! r6 - r t

FTGURE 3. Lu35 wlth DccoupllnE trom Capaclt lve Load

CAPACITIVE LOAOS

LikE most mitogowc, circurls. lh€ LM35 has 8 limited ability

lo d.iv€ hoavy c.pacitio loads Th€ LM35 by itsell is sble lo

drive 50 pl wi[riJl st'ocial proaautions. ll h63vi€' loads aro

Bnticipslgd. it E easy lo isolsto or dgcouplg tho load wlth !

resistor; seo F!p/a 3- Or you can irnprove lho tolgranc€ ot

capacilanc€ wih a ssrios R'C dampgr kom output lo

gtou^d, soo Filluta I

when lhe LM35 is appled with I 2o0n bad .€sislo. as

shown io Fillt'ae 5,6 or 8, il is reloliv€ly ammull€ to wltrng

FIGURE ,1. LM35 wlth R€ OrmPer

capaqtsncg becauso the capacitanco lorms a bypass tdr

grou.d to inpul, llot on the oulpul Howevgr. as wrti tt

inear circ..rit connsclsd lo wirgs in a hostil€ onvko1mdt l'

pedo.rDanco can bo al{octod advorsqly by inlsnse r*€(so

rnagnotic sourcos sJch as toleys. radio t'Snsmillets' lioqt

*d arcing brush€s. SCR transioots. otc. as its w'riE-d

acl as a riceMng antenna and its inls'nal iunctions can a'

as reclil'ro{s. For 6sst rosulls irl sLrctl casos, s bypas @a-'

^* ir"a v,r to lrorna ano 8 sori6 Fl'C damp€r s,Ei t

zin in 
"",i1" 

w;i'r o.z o, I FF |to.n outpul to gard.tt

ohen us€fuf. The96 sro snown in Fdtules 13 11' atp '4

5 -16



Typical Applications (continuer)
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Typical Applications (conrinucd)

FIGUBE t t- Ccntlgrrd! Tbrrmomct.r {AnrloC grtcr)

IE A.

tuu-iclr:

FlcuRE t2. Erp..1d.d s.otc Thcrmomjl:: '3! '(- ' t
{5O lo 60, Frht.nholt. ,o. Er.mph Shown}

ttocr

trrttt

0t!

FIGURE 13. Tc.np..rturc To Olgltr l  Ccnv!rt€r (SGAt Output) ( i  t2O.C FuI Sc.lc]



Typical Applications (conrinued)
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LM136.2.5/LM2g6.2.5/Lt*336.2.5VRefere l lceDiode

General DescriPtion
Tl* LMl3S2.5/LM23&2.5 snd LM336'2 5 int€g'at€d ci''

-;o-a,e o,ecisrc.t 2.5V Shunl regulato' diod€s Th€s€

IL ttt iC 
"ot'g" 

tol€rencss op€rale as a low'ternperr'

oi"ao.rfO*f z Sv .€ner wth o 2n dynamic imftedsnco' A

ili 
"r.i""f 

on the LM13s2'5 sllows th€ relo'enco volt'

lf- ano temperaturo coetlici€nt lo bo trimmod easly'

fL Wtsoe.S *;"a is usetul as a ptocision 2 5V tcw volt-

..r. ,aerence lor digitat votltnelers. powcr suppl€s cr ofl

ll. nrcuiw. Ths 2 5V mako it conv€ni€nl lo cDlarn a sl6'
""i"-'"t"a^a" kom 5V log;c suogliss Fudh€( s'nce the

fi,. ft-il o*."a" 
"s 

a slunt roqulatrl' it ca^ t'e us€d is

ete. a positive oa nsgativa voltage t€ldt€nco'

Th€ LM13;2.5 is .atod lor operatlon ov6' -55'C to

.lzs:C *t*"'ttt" 1M236-2 5 is raled ovet 8 -2tc lo

-95'C t€moqtrlu.o ranQ€

r
=
g)
qr
i)
(tl

r
=|\)(.)
CD

l\)
('l

t-
=
o)
qJ

I
P
(rl

Tho LM336-2.5 is rated 10. opo'atbn q'o( r OC to + rurC

ten|pg{atlre tan96. Sg€ th€ conr€ction diaJ(ams lof avail'

8bl€ packagos.

Featu res
r Lo.{ tofiigdaturg co€tficient

.r Wd€ ororati.rg cunent o' 4oo FA to l0 tllA

r 0.2O dynamic ,nPedancl

r t 1.4 i.iiiat tol"ra.rce availabl€

r Guaranta.rj temooaatu.€ slsbditY

. Easily t.imm€d lo' minimum lempe'ahr'e ditt

r ;ast tum-o;r
r Ttrg€ lead tt3ngslo. Fckag€

Connect ion Diagt 'ams
TO-92

Pl.ttlc Pack.9o

Tl / / " t l ! - '

Ectiorn Vl'*

O.d.r Numbcr Lta2362'2 5'

LM236AZ'2-5, LM336Z'2'5 or

Llt335BZ-2.5
S.! NS P.ck.gc Numb'r z03A

Typicat APPlications

2.5V Rtl.r!ncc

TO-r6
H.lal Cln Prck3g.

Ordcr Numb.r LM136H'2.5'
LM I 36H'2.5/883, L[|236H'2'5'

L r36AH-2.5, LMt36AH'2.5/683
or LU236AH'2.5

S€. NS P!ckago Numbcr Hc3H

2.5V Rot.rcnct wlth Ulnlmum

T.ntPtttlurc Coalll€lGol

NC llc |rc
lLJNt5'|rt-tz

ToP vl.w

Ordc. Nu.:tb.( Lll236M-2'5'
LM236AM.25, LX336M-2'5

or LU3368M'2.5
S+. Ns Paci.9. Numb., M08A

\{ld. InPut Rmga Rcl."ncc

I
l ' '

rv: ' |  |  t

'A.Y .r]ao. r4n r 04:o

t ! / f i /5 r r5 -  |  |
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Absolute Maxinrlrm Ratings {ruoto t)
l l  Mll lrr y/ A.r o.P.c c specll l€d d.viccs .r. rcqsl.cd,

Plc.3c contrcl the National semiconducto' s! lc!

Ofl lcc, 'Olrir ibutoc to. !vallsblt l ty !nd !p?cll lcl l lon..

Slorage TomPera',te - 6gC lo + 15OC

Opg(olt'}q lo.neealv.e Rango lNolc 2)

So,deriog Jntormation
TO-92 lsckaqe  (10  5cc . )
TO-46 Package (10 sec.l
SO Packsge

Vapcr Phaso (60 soc.)
In l rarod (15 s€c. l  aeC

Soo  N-a5C Surl6co MoLrnting lrolhods and Tll€i Etle,
on Produ:{ nandbrlty' (ApporKrlr O} lot olhot ,ttottrc{r,

soldonng surlac€ mount dovicos.

Rsvorse C{rrenl

Forward Currant

LM:36
1M236
1M336

15  mA
10 mA

- 55'C to 1 lf ,oc
- 25'C to + 8S'C

orc to + 70'C

Electr icat Characterist ics (Nots l)

Paatmetel Coodlt lonr

Reverse Baeakdown Voltag9

R€verse Br€akdown Chan96
Wth Cu.renl

Roveasc

Tomporaluro Stab*ty
(Notr 1)

Fgv€.s€ Breatclowr Cl rang€
with Current

Rovsa5o laniFdance

Long Tsrm Sta5iltty

xot t: Ab6orrr Mrrirn Frt,,E, ^rcrL t,Il1r-/o.a:r!ci da,'[9. !o ItF 6.'{. rn|t occq. ELcvE t tpoc'r.rtJotB (b tEl tidt *itn ol'i'!'9:r !q

b.ro.r, |tt rP.d4d 4v.|,r0 .oddlns

Nor. ?: Fr €:evdca itrp€..n . @...l^tr' lr r.t 6

t Satc
r?5'C
rooc

Thf,tn rfi.ti<:s I rO-,2 'H so{

r" O*rr,o.' o r',orO | llcca?v (0 .' !..3)

I  l rgcN rc.125'  t  .a)
l05cnv

," rr.r.t..' 'o c.*' I -. l :c /w

- 125'C, 116 LM2]62.5 ko.n '25'CtI^a _ !5'C rd lht u\t'''+::7t

t.u?35
lM315

xot. l: u. s3 c?j.F... !p+?t d r. Lvr't? a . <s4t6j ko'n '55'C t 

" 

't

Ij,j.,llilj. ,.-rr, rd ei Lr.r336 ... LMzr6 r.,'y h !!r.r.r..d o", d.rl o.'e^ r.nrr '. su&..r..d {!d .!or r.or r.oax6.br'd's'' F

irxt t.d Irrpr.n t -i .{roay \,€irg. ,r^9.r tr** rrhr .r. .ro{ ''.d vr cacrr:ro o,irco'c qorLtr rirt. st d/tlY.t ott'bd 
" 

tr nrt*n'n d_'!..r .: r'

tro.i 25'C ro Tr {trt !.1^ (ftEr)

Typical Performance Characteristics
FcYerlG Voltrgc Chlfigt

L
\ .nJ r { / ,

.//
K,:.,,.,

I

'4

7

! t a

: u
! t
t i

:  r r

i r r

LM 136A.2.5/LM?364-2.5
LM r36-2.5/LM236-2.5

TA= 25'C. lR = I mA
1M136, LM236, LM336
LM135A. LM236A. LM336B

400 rrA'j  lF < 10 mA

T^ - 25'C. lR '  I  mA,l = 1C0 Hz

vF Adiusred ro 2.490v
lA-1t A (FWr.2t
cc < T^J TCrc (LM336)
- 25'C: r^< '  85'C

(1M235H. LM2362)
-25'C sIl g + 8S'C {LM236M)
- 55'C:Tr < - 125'C (LMl

4@ p.A: 16 s l0 rnA

Ta- 25'C :0 1'C. lR = 1 nt\
t = | Cr00 hrs

Zcocl  Nol ta vol l t l l l Dynlmlc lmPcd.nqc
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Typica! Perf ormance Characteristics (conrinu€d)
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Application Hints
Tt€ r-\i135 s€ai6s lpltago fgl€ronc€s aro mucn eag€r to
us€ ilan ordinary tg.ro. drodos. Thgi low impedanc€ ind
;Je oF.ating cuosrt ranlE sitnplify ttasirE in afriost rrry
cilril Flfiher. eithq th€ b.€akdown voltrgo or th€ (9mpe..
$re caeittcient can be adir,sl€d to optimizq cirqJit perlcr.n-
y&e.

&re I slrows an Uit136 with a 1Ok potentio,r,qter to. ad.
i-!il! tig r€v€.s€ lroskdorvn vgltag€. Wrrh the'sddrlbn of
Fl ttE o.eakd.Jwn voltage can b€ adjusl€d wlthoiil atigcling
ta'4rnpernture co€tficiont ol the dgvic€. Th€ adiuslrng:rt
.a!e is uslally suffid€nl lO adiusl for bolh th6 initiat doYice
b€.aace and inaccuracies in bufJor circurtry.

tvH/5tr5-a

It m:nirnum t6m9€(.tur9 co€rlrciont is d€si ed. hro diodes
can b€ add€d in sg.ias with th€ adiusttnont lrotenliomot€t
as shown h FgLre ?. Wh€n tha d€ryae b aoi6ted (o 2.490V
th€ t€mpe,atw€ cogfficbil is minimized. Alrno3t any 3ilicon
signal dbC6 can b€ used t.x UG trJ.pos€ suctl es a lNgi4,
1N4140 o. a 1N457. Fo. p{Of19r lemp€rature C6rnponsation
the diodss :,tpold be h th€ sarne th€rria- o(tvifo.l.ngot as
lht LM136, lt is u€ualty sufficjent to rnornt f|9 diod€E noar
ths LMl36 cn tf€ p.int€d ci.aJit Sovd- Th€ ab$otuto r€sist.
anco ol Rl is ool crilcal arrd any value kgm 2k to 20k will

*" '
I

t--l''"'+L'-*ll
r--=

FIGUR€ l. LMl3e Wlth Pot lor Adlustm.nt
ol E,.al idown Voltag!

(f r lm R!i!o = I 120 mV lyplc| l)

I t rF - ,5?r5_a

FIGURE Z Tempc..turo Cgell iclcnt Adju.tm!nt
Crdm Rang! = :70 mV typlc.t,

f lcvcrte Charact!r lgt lcs

r t l
ri. - ||.a \-  l . r l ' c  r
l | '

r i . l r l l  - Jv1

Forward Cha.. i t . . l t t lc t

TcniDrrrturc Drl l t
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Typical A ppl icat ions (contrnueo;

Low Cosi 2 Amp Swllchlng Regula(ot '

Pr?ctdon Pow.l  Bcgul . lot  tv l th Low Tcmper! lurG Cocff ic l6nt

5V C.owba:

| , Tl/lt,/5trl-t3

iiimmed 2.5V Rcfaaanc! v.lth Teanperalrta

Co.r l f  ic len!  Indca.ndcnt o,  BrGakdown vott tg '

cAUaRArt

'Oo.r rpr .tlact t..rp..rtu.. ccrtliionl

j

t:r9at ! r

'! ! @ tl,rB , l6 ri. on ArioE Co.. A.?5,.168.?

' drrl ,a.3.75V .cre.r Rl



lypical Applicat;ons (conr,nued)
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Adjustablc Shunt Regutator
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Typical Applications (continued)

Op Amp wllh Output Clamped Bipolrr O,-rtput R.lercnco

lv

2.5V Sq:.ar. Wtv. C.l lb.. lor
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f ::::g:, j{.?,908*01, ADc08o3, ADG0B04,
ADC08058-tsit pP Compatibte AlD Convlrters
General Description
The^-AOCO80t,. AOCO8oZ, AOCOgo3. AtlCOsO4 ondAOC00O5 a.e CMOS O{it suctessive app.ori"oti_ ,tfOco.rerleF 

.th"! yI . d;tfo.onti8t potentjdnotnc t6ddor_
s n ar to lFo 256R F;oducts. Thos€ c('we.1o.s lre C,o.signed.to attow opc,r€rion with th6 llSCgOO urd ftrSSlSOA
dorivative. control bus $.ith 'fRl-STATEo 

o,fptrf Ufcf,es- ai.
f:llJ 

ddving rhe data bus. Th€se A/Os app€a, raks m€'I..o.ylocations or l/O ports to lhe microp(ocs\so{ arr6 no int6,.faing lo?ic is needel.
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V6 '.5 V5 0.m5 I l.Aoc
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V1y - 0 V1s -0.005 pAoc
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CLK lN (P:n 4) Hlrte.esis
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Lo(i:a| "0" CLK R Ourpur
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OATA OI'TPUTS AHD IIITF-

bUT - 1 .6 mA, VOc - 4.75 Voc
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Sfto.l lo Vco T^ - 25rC

Supp:y C{fi oni (tnctuJos
Lsdder OJ.-r€'rt)

ADCO8o r /02 /03 /0,{ LqJ/05
AO@80,.lCN/LCv/LCWM

lqx - 6,O kH:, .
VR€F12 - NC, T^- z5.C
and 6- 5V
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?.0 FUNCTKIUL DeSCRtPTtOtl

Th€ AOC0801 !orl93 oontaiF ! clr.;uit oqulvatent ol the
256R ntt'.ro& AnalcC tdtcf|€! ore $qusncod by slcces-
d!€ epp'rdoulio.r logNc L. :r.r:ci the analoo ditf6r6nco in-
pUt roluge IVN(+) - V (-)l lo r concapording tap on
Xr. A notuqf( Th€ mosl rlgn icant blt b te3t6d li'st rnd
rtt . t co{|prrttoru (64 dock q/clos) ! drghat 8.bI blnary
cod. (tltl tlll - fiJl-scrlo) b trrnglorred to m outDut
htch rtd thon m Inionlpt lr ecasrtod (INTFI make3 e htgh-
tebw ttln f$). A coovrrsbn ln Otoca$ crn bo htenuot-
cd bf ilstlno ! $cond rtlrt co.nn[nd. Thg dolrics mey be
op.rrtcd h th. lroo{uring mod3 by connecdng INTH to
thc WH hput w|:h (5-0. To ons/re strrt.ep und€: afl ,os-
rbh coodltior|3, m .xta.nrt WF Frt|. b raqulrGd durtn! thr
fh powat {rP c)d..

On th! trglriol(ltr L.a.|sitbn of th€ WF Input tt€ lrie.nal
SAR lrlcfiG a.td the lhitt regirt€r ltlges !r9 t€s6l As lc^g
13 tn. B irpul erld lm npo remalti tow. iho A/O witi ro-
nrin fn a io!€t 3t!t6. Calrwaion wi stad lrom I to I ctock
f,c.ifs tfta; tl lgesl d.a ol those ioFals makas a iow-to-
hi?h lrtnsi(a,,

A lLnc0onal diegrarn ol the A/D corr|rc.lo. is sfrorvn in fp-
u.6 2. Ail dl th€ paciaga pinouts t.€ slF^/rn and th€ r:ieioi
llric c-oltrol Palhs 610 draw:r in h3svE w€iaht ti.|€3.
ih€ convader ls start€d by havir€ 6 end WFi imutte.
nEolsly lon. This sdts thd start ltitrfico (F/F) 6rd tl|e iesutt.
i,rg "1" lev€l rgsets th€ 8.bit shilt (o{rigo.. (ee€L3 ttr€ Int6r-
rupt (lNfR) F/F and inputs 6 "1" to tha O flop, F/Ff. whldr
b !l th€ Input end ot ths 8-bit shitt rlginor. hrqnal ctock
sign{ls th€n transl€( tNs " 1" to ih6 O oqtpur 6l F/F1. Th€
AND gate, Gl, conrbin€s this " t' odFrr with e doc* signal
to piovido I fos€t 6ign8l to tho start F/F. tf th€ s€t Conal ly
no long€( p(sssnt (s(her WF or ijS is r' r'1 tfrc stan if f 6
.es6l qnd the B-bit shitt rsgistor ttF,t can have th€ ..1"

cloclod In. which 3tart8 the oonvg.3ltt p.oc€33. ll ti€ lot
rhoel wera to 3till b€ gras€nt lt,lr r!.i tr lro rrodd hrv!
no €tl€cl (both ouputs of the stad F/F wourd mornontadv
bs !t | "i" lovel) snd the 8.bit shift feiisier worrld continu€
to b€ h€rd in lh€ (eset mod€. l his loO€ tt'€fqlo.s ellor.! lol
wido CS and WFI 3ignal3 and th€ conver':rr witf shrt !fter et
l€?st one ol th€so signals l€turns l|!n ard the int6.nal
clocks again provid€ a r€s€t signal lor i€ staft F/F.

a'. (rrr td.lt ita{trti
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Alter tlr6 'l is c:o.k€d through ih€ 8-ort sntft .ggist€.
(wh,.h cc:nplotes th€ SAR s€arch) h ap2€a.i tF lhe Inpul tc
th€ O.t-vpe lalch, LATCfI 1. Ai soon as this "t'r is output
lrom :hq sNlt registe'. the /.l.lo gatr. G2. caus6s th€ new
dlgitsl wo.d lo transle. te thr TFi.SrlTE oslaut latohes.
When LATCH I is subsequently onabloC, th€ O Outpst
m6kss ! hign-iGlow b8nsiiion v.tbh c8u3os th€ INTR F/F
to set. An inv€.tiog Uft6r then suppli€s rha INTH lnput sig-
r.al.

NotE lhst this SEf contro!ot the |NTR F/F rcrnains low lor
I of the oxl€mal clock p€riods (as tb€ intornal clocks run at
% ol lhe lrequenc'' ol th€ onernal clock). lf the Cata output
b cpntinuously enabled (d5 8nd Fd both h€ld tow), $€
lNm outprn $/itl still ignal the eild of conveGion (bv ! high.
to-low trsnsition). becsus€ th€ SET input can control th€ O
ouipul ol lho INTR F/F €ven lhorrglr tho RESET i;put is
constantl/ at a "1' lelet io this qpe(atiog modo, This i$i.TF
output wiil thereiore s:av low tof th€ du.ation of lh€ SET
signal. which is 8 penods of th€ exls.nal clock lrequsn?
{assur,ring thB A/D is not stan€J durirg this ilterval).

When op€rating in the trgo-running or continuous convs.-
sion mod€ (-ltlfF pin tj€d to WFI .nd E wired low-see
also 3ection 2.8), lhe START F/F is SET by the high-to-low
trsnsition of tho lNm signal. Thie resers the SHIFT REGIS-
TER which caus€s the input tq ttre O-typo tatch, LATCIt 1.
to 99 low. As tho lslcn dnable:np!t is still presen.. the d
output will 9o high, which th€n ellows th€ INTFI F/F to b€
RESET. This iedirces ihe {,ilith oi thq .Esulting iFTF outpur
pulse to ooly e few progagatoo dalays (app.rximatety 300
ns).

Wh€n data is to be reaC, the combination ol both CS lnd
FID b€i[g iow witl caus€ the lflTR F/F to be r6set and ih€
TRI-STATE outout latches lyilt b€ enabi€d 10 orovids th€ 8-
bit digital outputs.

2,1 Olgltrl Conirol hputs

Th6 digital controlinputs (dS, F-6, and WFi) me€t stsndE d
T2L logic vcltagg lovols. Thes6 signals hav€ b€an ,gnam€d
yrtron eonpar€d !o rho standard A/O Sun rnd Odput En-
rbla bbgb. In addition. thosa inouts aro actve low lo lllow
an o8s! intsr{a(b to mkroproc€Sso. @ntrol buss€s. For
non-rnicroc.ocossoi b3sed anpl'rcrlior,s, the G ir':put tpin 1)
can b€ ground€d and th€ st3rldard A/O Starl function is
oblainod by ar activo low pulse applied at th€ W-fi input (pin
3) and the Cutput Enrbl€ lunclion is cJus€d by sn activo
low pulso 6t th€ A-D inM (pin 2).

2.2 Anllog Dil l .r.nthl Volt lgc inputi !nd
Common.ltodr Ral.ctlon

This A/O ha3 sddilioncl applbatbns ltexibility du€ to ths
an8log ditf6.€ntia! voltage input. The V;r.r(-) input (pin 7)
can bq used to automatically subtract a fit€d vglta0€ vaiu€
hom the input rsading (ta.o corroction). This b ulso us€lul in
,1 mA-20 mA cur.ont loop conversion. In addition. comdon.
mcds nois€ can bo reducad hy u3€ ol lh€ difi€rentiai inpul.
Th€ tim€ iniervalb€twoen sampling VtN( + ) and VtN(-) is,l-
y, clock o€ticds. Th€ marimum €ror vottagg drr€ to this

slaghi timg ditfe.enco bgtereen rho Input vollag€ 3an|pl'!| It
given q/:

/  { . 5  \
AV.(MAX) - (Vp) (zrfc,:J i ;*- ;,\ Ict( ,/

whct!:

iil

AV. h iho oror vohlge du€ to sampling d€lay
Vp h the poak vslue of th€ iomnron-rnode voltaca
fcnr ls lh€ co.nrnoi-nrode freqcrencl

Ai qn oxsrnplo. to koep this oro( to % LSB (- 5 mV) w?rq
oFr8tlng t ith I 60 Hz co$rnon'rnoJ€ lr€qu{)ncf, lrn, lnd
using s 640 kHz A"/O clock, lct(, wculd allow a p€lk vall|€
ot ttr€ comrnon-mode voltago. Vp, wt ch b given b,\.

y" - !4Y:ruru&r.dl' (2'lorJ ('{.5)

. ,  (5  x  to-3) (640x ro3)
' (6.28) (04) (1.s)

ryi|(,tr giv€s
vP r 1.9v.

Th€ Ellow6d f!.n6 ol anrlog inp{,t voltrges wuslly pllcea
qrore severe restriclions on lnoul ccmmoo-modo rxrso lev-
gls,

An snJca input rroliage with s .educ€d spsn arr, I roLwov
larEo ze(o ofisst can be hsndlqd gasl9 ot makinC us€ ol rhe
ditlorential ioprJt (so€ s€cibn 2.4 Rol€renco Voltrga).

e3 An lo! Inputr

2J.l Inpul Clrr.nt

Nonnrl Hoda

Drro io tro ht3rnll switchiog sction, disy'acemenl aJ.rgntr
*ll tlov/ at lho ^mbe inpuis, THs is du€ to ondrip 3t!y
capadtanco 10 gro.rM as sho*n h Frr.f,e 3.

TVH/5att-ia

ro. .o lSW r i .dSW2 i  5Kr
r -ro.i Csrp^y . 5 kn x !2 PF - lO n

FIGURE 3. Anlloe lnprrt lmp.drncr
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Tho voltago on lhb.apacit8nce is switchod a.d wirlrosldt h
cri..el'tts anteting :!t Vrx{-t ) i,rprl pin arr, lorvin? !€
VN( -) input y,trrctr Nitt dcfor|d on the erelog dl{eror'tial
hpd \oltaga l€\/eF. Th€so cu.renl lranslentJ cccJr rt th€
l€ediig 6d96 ot ths httml ckrt!. Thq t4*t/ docey mq
do Nt Crute nfnt 7t lhe ,ro.chlp clmparalor ir Lobcd at
tho and ol tha dod( F..lod.

Ftult Modc

tl lho vottago lortts appliod to the VtN(+) o( VN(-) pin
orceods ths ello*od optating range ol VCC+ 50 mV, la.go
lnpt,l arrrents cao llor lhroiuh a pafaar'tlc ilicde to th€ V@

fin. lf th€se dryon|j3 can excsgd lhe 1 n|A n€r 8llowed
6pqc. an exle.nal dodo (1N914) should b€ addad to bt?ass

.this qr.rsnt to t|o VCC tn (with th€ curent qpcsseri filh
this dicdo. tho wliago at the V11(+) pin c€n orce€d lhe
V(, volage by li|6 tqwad voltage ol this diqk).

2.3.2 Inpui 8yp.3t Clprclio.s
g)pass capac,lo.r at d|€ in2uls wil! 8verag€ ttEse charges
lnd ceuse a OC crrr€ot io tlow through th€ oJtFJ: r€sisl
ances of tho anabg silnal sourc€s. This chatge pufndog
action is worse lq cor,tinuo'r,3 convs6ions with lh€ Vx{( + )
inpui voltags at ftJl-scal€. F.J conlinuous conv€rsbns with
r 510 kHz clock t eqqency rvith iho Vtx(+ ) iop'rt 81 5V. this
DC curent is al a nBri.rum of app(oximai€ly 5 FA Th€.9-
lie, Wass c,,cicAo6 slrouu oot be ueed tt tl?€ 8'dlo9
Wts o. tha VnEy'z ltia lor. hllh resistarc€ scrcas ( > I
kn). lf input bypass clpocitors ar€ nscassary 16 ndso lilte.-
ing rno high sorrE€ rGittanc€ b d$krbl€ lo .ri^inize ca-
Fdcitor slz€, tt|o dolrirrrnirl efi€cts ol th6 .roltaEe d.op
lcfoss thb inFI r6iliancs. $4rich is duo lo ttE !v€(rg€
valu€ of tho inpui orrBrll can be eliminsied with . lull.scal€
adiustment whilo tte fiv€n sorrca rGistor snd ilFx bt?sss
caprcito. are both h dac6. Ttis b possiu€ irocai,s€ the
lvgraO€ vrlut cti fE iptrt orreflt ts a precis€ li'relr iurrc-
tbn ol tl|€ ditt€.onttd llrn voltlgo.

2,3.3 Inpul So!.rca Rcrl3tlocc

Llrgo vllues of lo({ca rs6btanco whgrc an inpirt b,/pass
clpadtor b not u!ed, *fl nol ct.Ee eno.s as th3 hput clrf.
ront! totdo od Drirl io tf|o cofliplnlon tlnrs. tl I lov, plss
liiter i3 fnouiGd *: lhc syslsm, .J3e s low v3l:Bd se.kg resis-
tor ( < 1 k(ll fo( r gassirs RC secrbn o, add rn op a.n2 RC
aciivg lory pa3s ffls. Fo( kw sorrrcs resistancr epplica-
tbns. (< I kO). ! 0.1 tf b'pass capacitor at tre i.gns will
pr8^/srd nobo pickrrp d|c to Sades l€ad indrctance rt 8 long
wire. A | 0OO sorb3 r€sistor can be ussd lo isolale this ca-
pacitq--{oth tho R a.d C are placed outside th€ leedback
boHrom th€ oqlpd ol an op ernp, lf us€d.

2.3.,4 Nolre
lho l€ad3 (o llr€ .nalog Lp(n3 Gn 6 !.rd 7, rhoqu b. t€pt
!s 3ho.t a! posslrlc !o n*in*?q inpul rKts6 cotpliE. Soth
rr*o lnd undslri€d dgital ctoct clupling to lher. i.ptns
c6n caus€ gystem g.aro6. The Sourcg rgsistancg lo, th€r€
hputt sho,rld, h Opn€rd, bo klpi bolow 5 tn. !d!,cr vllu€s
o! lo{rco tgslstarEo crn caus€ undesjtgd syst6.n n<ise
frckup. Inpd btDGs qrcnor5, pbcod |rom th€ a.€log in-
prds to g.oqid, iril slini-rale ststom .xisd trtar.p bjt can
c.eato lmlog scalc odo.s as (hcso capacilors v ll !ve.a?e
ths transient infli sailcti.rg clnents ol th€ A/O (se€ sec-
don 2.3. 1.1. This sc{l€ onor doosrds on both a L.o6 source

rosistance 6nd the use cf 8jr input bypass capacito(. This
oro. can )o €li:ninat od by doing a luil-s€al€ adiustftrnt ol
tt.e A, O (sdiust VFEF 12lot a p.ow tull-scala.€ading-se€
s&'tbn 2.5.2 on Full-Scal€ Adj,Jst'nsnt) wi:h tlto svutce .o.
dgtlhce lnd Input byplst crpecttor ln plac..

2.,a nefcrcnca Voltlgc

2.4.1 SpNn Adlusl

Fo( maximum applications floxibility, th3s€ A/Ds have be€n
desig;16d to accommodale 8 5 VDO 2.5 Voc o. an adiuslsd
voilagc r€lsrena€. ihis has besn achieved h lhe design ol
ahe lC 6s st'pwa in Figu.e 4.

FIGURE ,1. Thc Vsgpgpp[qs Dcrlgn oa ttF lC

Notic€ that th€.6fer€nce voltagc lo. lha lC b €ith€r % of
lh€ vollage applied to the VCc sUcp:y tin. c. is €q(rl t, tha
volbCe that is €klornally lorced nt the VR€F/2 dn. This el-
lovrs lo. a .aligm€tric vol{age r€lefe.rcB usirE tlle VCC sutr
ply. a 5 Vp4 rgrerenco voltage aan be usd lo( the Vcc
supply or a voltage less than 2.5 VOC can be apglied to the
VREF, 2 inpu! lor incrcased applicatioo tlerjblity. Th€ ;ntgr-
nal gain to tla VqEF/2 input is 2, making lh€ fill-scale difleF
ontja! inp!.t voltage lwice the voilage al pln 9.
Ao examplo ol lho us€ ol an ad;ust6d .sfererce voltage ls to
accrmhodate a rgd,Jced span-or dlnan€ voltage a3args
ol lhe a^alog input voltag€. It the analog ipd vollag€ were
to rsngq lrom 0.5 Vgc to 3.5 VDc, Instead ol0V to 5 VDc"
the span would be 3V as st,own in F/lure 5. With 0.5 Voc
appiisd t., lh€ vtN( -) pin to abao.b lh€ ollsot ths rslorenc€
voltage can b€ made oqual to % ol th€ 3V span o. 1.5 V9c.
Ths A/O now will oncode th€ VrN(+ ) signal fro.n 0.5V lo 3.5
V wirh tho 0.5V inpul correspooding lo zero and Orc 3,5 Vgc
ingut co.r4spondin3 lo lull-scalo Ths lull 8 bits ol fosolution
aro l\ere{c.e 6ppliod ovor lhis rsdlc€d analog input voltage
ta!10e
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fIGURE 5, Adapting thc A/O Analog Input Volt lge3 to Match .n Arbltrary Inpst Slgnal Rang.
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2.{: RGler€ncc Acc,r.rcy Requlrc.neni.

Thg coivertea can bg op€tal€d itt 1 tatiom€ttic rnod€ or an
absolut€ mods. In ri{tiom€tric corw€rter agpli{5tions, ths
magnitudg ol th€ rele.ence voltago is I leclo( in both thg
outplrt ol the soercs transduca. snd lh€ oiiput of tllo A/D
conv9rter and the.9fo.e cancals out in th€ linal digital orrtpd
codE. The AD@805 is spocifi€d particr,lart lcr use in ratiG
motdc applications vrith no adiustrn€nts r€qeir€d. In absG
luto @.wordon agplicatioos, both th€ l.itial vslL€ 8nd $!o
temporature stebility of tha r€f9rqrta voatag€ aro import8nl
factoB In th€ accuracy of th€ A/O converter. Fu Vqgp/2
voltagss ol 2.4 Voc nom:nal valu3, initiai €nors of tlo
mvoc will cause convgrsion orrors ol t I LSB du€ to th€
gain ol2 ol th€ VREF/2 input. In redtrced span applications.
thc ioitial valu€ and lh€ stability ol lhe VREF/z ir.put vottaee
becorn€ €vgn morc i'',ponat\1. Fq oxamplq if the span is
r€ducod to :.5V, th€ analog input LSB voltsgo value is cor-
respondinoly roducsd frcm 20 mV (5v span) to 10 n,v ano
'| LSB at the Vpg6/2 Input becornss 5 mV. As can be 3oon,
rhis rsduc€s th€ allowed initial tolerarlc€ ol th€ ral€ror|ca
voltsos end requkos ccn€spondingly loss absolute cl|engo
with temp€raturo variat'rons. Nole that spans smallor lhan
2.5V plac€ ov€n tighror r€quiremsnts on tho inrual accuract
and stability ol th€ r€lsrsncc sourca.

In ggng(al, th€ magnitud€ of th€ r€fors.lc€ voltage will ro-
qui(s an initial adjustrngnL Errors du€ to rn imp(op€r valua
ol releronco voltag€ appoar as lull-scal€ ano{s in ths A/O
tiansler iunction. lC voltage .€gulato(s may b€ us€d lor tef-
orencas i{ the ambi€nt temperatu.s changcs a,€ not otces-
sivg. Th€ LM336B 2.5V lC rolersnc€ diodg (kom Natbnal
Somiconduclo{) has a Iomp€raiur€ stahility cf 1.8 mV typ
(6 nV rnar) ov€r cC<Ta<+70tC. Other tomgg.alu.€
.at€€ parts a.9 also svailablG.

Tt/H/i571-t6

2.5 Errofr .nd R.l.rcncr Voltlte Adlu.lnr.nta

2.5,1 Zc(g e.Jgr

l:ro z€ro ol ths A/O doos not requito adluatm.nl ll th.
minimum m3log lnput voftage.raluo, V|1ig1xy, is mt lrowd.
a :e.o ottsgl can be dotp. Tho convedet can be nads to

. outplt 0O0O C00O digital codo lor this midmum input volteg€
by ttasing the A/O Vtrtl(-) lop(,t Et this VtN(MtNl vlluo (s€o
Apptications section), This utilizes tho diller€ntial rnod€ oP
e.atbn of th€ A/O.

Th6 rs.o e.To, o( th€ A/O coov€rtsr rolates to tho k'c{tion
ol the lirst ris6. ol the ttansf{ I'nction and can bs niga-
surad by grourding th€ V|N (-) in?ut End spplying a salali
magnitude positive voltago to lh€ V|N (+) ingJl Zero €oq
is the ditleranca betwe€n tho actual OC input voltag€ rhat is
nec€ssary to j,Jsl cause 8n oulput digital codo lranglion
kom 0OOO 0OOO to OOOO OOOI and lh€ ijsal % LSa !al,l€
(% LSB - 9.8 mv lor VREF/2=2.500 VDd.

2.5.2 l jul l-Sc!lo

Tt|€ lull-scal€ adiustrn€nt can b€ m8d€ by sffM.ro a ditle(-
Ential ioput voltage that is 1% LSB l€ss ttlan tt|o dssitad
analcJ full-sa3l€ voltage ,ange ond th€n adi?stin0 tho mae
nitude of the Vs66/3 inFut (pin I or tho Vcc stpply il pin I is
not us€d) lo. 8 digital output codr tt'at is iust chat€ing Ito.n
l l t l  1 1 1 0  t o  . | 1 1 1  1 ' l 1 1 .
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2.5J ,tdrut.lng tor !n.,tdttrrry Anllog ,ftr,st Voltrg:
Rtngt

ll th€ rnatog:qo voltag€ ol t}|e A/D is shtfted avray lrcm
lrx'nd (tor et|rrg6, to accoi.-r'|oJate an ai€tog hp;t !ig-
nrl th{t Coo6 mt 9o to g.ound) this nor? zsro rafgronc;
ttrorJro Do p.otg,ty tdjusted fi.sl A VIN(+) vollrga Ihgt
:g€j fiis d9iig zllo rsle.encs ptus y. Lse 1*n-"r" u,i
LSU ! Carcerlt d rof tne dc*€d lnetog !prn, 1 LSB- ,rna-
W 'pt||rz'('l a a,ptiad to pirn 6 rnd th€ z€ro rsr€r€nco
l,oltag.. et Fn t stpu:d th€o bs adjusted to lust cbtain th€
oOHEX to Ol ilEx cod€ translbon_
Th€ lufl.scale ldiGirn€nt sfrould th€n be mad€ (with the
prop€r. Vlrd - ) lo|lago sppe€d] by to.cing a voltago to th€
V&(+) tnAn r'nit is givea br4

v,N tr- i  ts aoi - vMay- r-5 [ 
Nue"'r - Wrr') l-- 

t  2s6 I '
where:

VMAX:The l*!h end Ol ttre analog inpur raqge
md

-_V911=tlrc 
lcr end (the otfset za.o) ol th€ analoE raig€.

(goth !.e{ groq|d ,ef€ferc€d.)
Th€ VR€F/z (o. Vec) votlag€ is then adjusted t? p.ov;d€ a
cgdo cl"lngc hD,ri FEgEx to FFHEX This comp€trs th€ ed-
lusrtrsnl p.OcodU.o.

2.6 Cloc*lng Ogtton
Th€ cloct t(' tfi€ A/O can b€ dofived liom the CpU ctocl. or
1l.gf:lyt 

R9 cen be adde: ro p.ovide s€[-ctocking. Th6
CLK lN-tlin 4l rnakos us€ of a Schrnitt t.igger as sho-wn in
Ft9ut6 6.

r,., ". --1-- - '  l . r  R C
R- lO  kJ l

FtcugE 6.grf<locktng thc A/o 
rtt ' t*7t-t '

H€lvy aapaqtive o. OC loadin! ol th€ ctock Ft pin shoutd b€
fvo9oo rs orrs rtu disiurb nohat convoae. op€.atton.
Lord. loss thln 50 pF, ruci r! d.iving up rc I Ato convod-tl 

-crocr( 
mfxjts trcn ! 3ingle ctock R pin ol I conv€do., 610

!ff;Fd 
tepllioct tin€ badmg. a CMOS o, tow pc,w€r

:,.. "{. 
o, PNP iir'vt logic Ehoutd b€ us6d to rninimizo

l:.|oaolng on ttro d.Jc* R t*1 (do 6ot u3e a shndBrd f TLtirl6rl

l? Rc.tld Ourtng I Conva.taon

1tlr-l/? 
6 rosr!rrod (6 aru WF 9o tow an6 rctuln high)qxng ! co.wcrsion. th€ co.ndtgr is reset aod a new c;n-vo.l|on rs ltlded. Tho o0lpijt datA latch is nor uidated if the

cot|e€ion ;a |'oo.egs is aqt gllolr€d to be complot€d, thero-
lore rhg dgta of ti€ prgvio,Js conv3Gion r6m3ins In this
lstctr. Tho INTH output simpt', i€rnsin! at rhe..l,,tevot.
2, Cooilnuour {:onvGrllcns

lg 9?:r!don tn th€ tree+unning mod€ an initia;izing pirtje

:Yy_ T,Td,.f: gwing pow€..up, ro ensur€ cirqr op€ra.
Hl. .tn thp lppflcqtion, the 6 Input ts groufldod lnd rhe
lvR Inpur b rjed ro rh€ nfH output Tiis WH ;; lN-i;
.po€ snorrtd b€ mom€ntarily torced to togic 1o,,,, lollcwing apow€r-up Clrcle tO guaranle€ op€ratioh

2.9 Uvtng tjre Drta Bur
This MCS A/O. tik€ IJCS micfop.ocessoJ anO me_o,;es.
|tfl reqq.o r bL€ driv€. whsn ths total cipachance of thedata bus 961s hr!€. Other circuitry. which is tied tc the data
4".'jll-:1 to th€ total capacit/s :oading, ev€n in 'rFt-
o'^l.E (l9r frrp€dancl mode). Backptan€ bussing atsog(€aUy adds to th€ stray capacitance ot the data bus.

lh€/-e rfl soms atte.natives avaitsbt€ to ths d€sign€, toil.rdle this.probtem. Basica y, the capacitive toading ot the
-":9.9i:.."b*" 

down rho rasponss rime. €ven tho;gh DC
spooJcatroll3 ar€_ still met. ior syslems operatrng w;th a
rolaw€ry srow CPU clock frequency, more ti.re is available
|rr ltrrah lo establish p.op€. togic tsvets on thc bus aadll€relore hlgh€r capacitiv€ lolds Can b€ d.iven (se€ typica,
characi€fistics curves).
Al hilher C-I,U c{ock froquorrc€s trile can b€ extended ,or
::e::o:,1s-,!andlot.writes) bv ins€i1ing wait st3tes (8080) orusrng C:cck enending crL.trilg (690C).
Fioafiy. il li.ng is short and capacitive toading rs high, e\ter-r|ar ous drwers anusl b€ used. Th€se can be TFI-STATE
b/ters (torv polrsr Srchotdv such as the OMZqLSZ4O se.ies
6,1::orr.m:nded) o. so€cial higher drivo cu.r€nt Frod,rctswnk:n are d€sbnod as hus dri.,/ers. High curr€nt bipola. bus
d,ivors with pNp inputs 816 rocommo;d6d.

2. l0 Powcr Srlppltcr
Ndse sdk$ on the VCC supply lin€ can caus€ conv€rsion
6no.s as tt€ cornpar8tor will .6s{Dnd to tlris nois€. A lgw
nor.rcla.Ea taotalum filte. capacitor shoutd be ussd close toirrq Cei:v€ilcr VCC pin ar.i valueg ol ,l 

FF- or giaalgr rrro,ocomm€od€d. ll an rrnrogulated voltage is a,/aitabi€ in th€
sys-'em! a separare LM340LAz-5.0. To-92, 5V vottag€ regu.

l"^Y:1_,1.-T*9nu. 
(and orher Er,atc€ crrcuirryt wi grea y

r9o!c€ drgitat nciso on rh€ VCC suppty.
2tl Wi. lng lnd Hook-Up prcc.u on!
Sta.'d-ard digital wirs wrap sockots aro not satjstactoo,, tor
b'eadboa.ding this A/D convgrter. Sockgts on pC boirds
can U€ us€d 6nd s :Jgic signat wiros and teads shoutd be
y.Y^ _tf !"Pl 

as.far oway as rrossible from t,"€ snatogggnai badg. Erposed tFads to th€ anatog inputs Ca^ causs
urtesi.ed digital nois€ snd hum pickup. therotore shiotdod
r€tds,nay b€ a,€ce9sary |n many dppltcallotts.
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A sjngle p"iot 8nalog ground that is soparst€ kom the logic VaFF/2 - 2.5ti0v) can bc dotor.nin6d. Fo. €xample, lor arl
gioun.l noint3.shor,kl bJ used. Th€ pcwe/ srpply bypqss o{tgJt tED display o. 1011 0110 o: 86 (in hox) th€ voltagF
capscito( and the -selt-clocling capacii( (if us€d) should valuos frqn ih€ tabla a.€ 3.520 + 0.120 or 3.6a0 Voc.
both bE roturn€d to digiht ground. Any VRFF/2 bypass ca- Thos€ vollago valueJ roprosenl lh€ csntot-valu3s ol a p€r.
pdcito's, analog i.lput filtdr capacito.!. or Input sion8l 3hi€id- focl A/O co'rvgrtg(. I ho 3ffocts oiqr€n:ization enor havo to
ing sho(rld be rolurnod to lho analoS ground Foint. A tost f,r be lccountod ior in tho ihle.p.otation ol tho l6st lesults.
prop€r grounding is lo measuro th€ z€ro ono. of tho A/O
cdwedo(. Zs(g Grro(s in olcoss o( % LS3 Can u3u8$y b€
tratgd lo impropur boord layoul 8nd wiriog (soe sbction
2.5..| lot fheasu.ing lh€ zcro ofro.).

3.0 TESTING THE A./D CONVERTER
lhoro 6ao many d.4ir'os ol cornplotity a$ocislud wllh lo:rl.
Ing an A/O cgnvortor. Onn ol lho rrmpl€sl losls ts to apply a
krpvrn analog inpul vollags lo ih€ (rnvert6. 8nd use LEOS
to displav th€ reseltrog digitat output code as shown in F4?-

Fo. ease ol tosting, lho vReF/2 lpi^ 9) should be suppliod
with 2.560 VoC a'rd a VaC supply \.oltag€ oi 5.12 VOC
sholld b€ used. This p.ovidss an LSB valus of 20 mV.
lf a full-scale adi,Jstmert is tc be made. an adalog input
voltag€ or 5.030 VoC (5.120- 1% LSA) should b€ appl:ed to
lhe VIN(+) pin ./ith thc VrN(-) pin grounded. The valu€ ol
the VREF/2 input vcllag€ should th€n be adjusted until th€
digital output code is jusi chaoging .ro.n 1 I 1 1 I 1'10 to 1 1 1 1
1'l l l. This valus of VREF/? sho,Jld lhen b€ usod for all th€
t95ts.

The o:igital ou{put t.eo display can b€ dr€oded by dMdir€
tho I bits into 2 ho)r characters, lh€ 4 rpst Eit)nilicsnt (MS)
lnd tho il lolsl signilicaoi (LS). Tiibio lshows iho lractional
binary equivalgnt ol th€sc tvro zl-tit g(d,lps. 8y rddkrg tho
voltsges obtainod from lho "VMS" and 'VLS" colurnns in
T8blo l, th€ nominal varu€ ol th6 digilal disp:ay M,on

For o a ghor speod ts3l systom, or to obtrin plottd d8ta, r
dgital-tGinalog conve.t6. is nocdod lo. th€ tosl s€l-up. Ao
acorato lo-bit OAC can s€rvo as th€ procision voltago
s(rrce lor th€ A/O. Erro.s ol ihe A/D u.Kl€r l€st can b€
orF9ss9d as €ilher an.log voltag4s or diflorsnces in 2 digi-
tal wo.dr.

A b!5lc A/D tosto. thal usos a DAC and provdss tho orror
as an analog output vollagg is shown in F/l7ula 8. The 2 op
am?s can bs €limirraled il a lab DVM with a numerical !,uU
t.acliro f€afuro is alailable lc aead th€ dilterence voltag€,
"A-C", diroctly. Th€ 3nalog input voltage can bo supplied
oy a bw lrequency famp generalor and ai X-Y plotlor c6n
b€ usod to p.o..ide analog €rro. {Y atis) vers{rs analgg input
(X arb). TI|6 construalion Cetails o! a leslg. of lhis type a.e
Forrit€d in lhs NSC application note AN-I79. 'Anal€-to.

Oigilal con,/o.ts. TeslirE".
Foa oD€ration irith a hicropaoc€ssoa oa a cgmputgr-bas€d
t€st 6ystgm, it ;s moro conveni€il to pres€n! thg e(ors digi-
t8[y. T]is can be dona with th€ ci'cuil ol Fira.a 9, whor€ ihe
o.Jtut code bansitions can b€ det?dod ss tha 1 o.bit DAc i5
iErsnonted. This pro..idos % LSg st€ps fo. th€ S.bit A/D
uodc.lo3l lt lh€ rss'rlts ol this test a.€ automatically plotlod
with lha anrlog Input on lhe X aris 8rd ll|. enx (in LSB'S)
ts the Y uE. a uso{ul transler lu,rction ol lho A/O uodef
togl rosults. For acc€Flarrc€ teslirlo. tho f'bt is not n€ags.
lary md thg testin€ sprt€d can b€ increasod by €stablrshing
hl€.r€l limits on lh€ allowdd s.ro. loi each cod6.

a.0 t|lcAoPRoccsscR rNTEaf actNG

To dicuss the interlacs with 80e0A 3nd 6800 mkrop.oces-
3orq ! comrToo Sampl€ sub.outine st lJcturo is used. Tho
tnarop.ocasso. stans ihc A/O, ,o3ds and sto{€s the rssllls
ol 16 sarc€ess;v€ convgisions, lhen ,oturns lo th€ wor's
p.ogram. The '16 data bytes a.e slo.od h 16 Succ€ssivo
n|6.rrqy loc€tions. All Data and Addiossgs will b€ giv€n in
f,a:aCocrf,al lorm. Scftwara and hari.jwar. d€tails are prc.
vij€d s€paratot fJ €ach typ€ of microp.ocessor.

ia.'l lotartrclng 8OE0 Mlcrop.ocereor Dcflvatlvc! (a048,
8{t05}

This corivo4er has been ciesigned to dirsctly intorlace $ilh
d€dvativos ot the 8080 nlic.oprocessor. The A/D can be
m8{p€d into m€mory s2ace (u5in9 sta.dard memo.y ad-
dr6e decoding fo. CS and the MEMR- and FiEIiW strobes)
()r it cr b€ cont.olled as an l/O dsvice 5y using th6 iTdR
arrl i/dW strobes and d€coding ths addr€ss Uts A0 ---r

A7 (o. ldd.ess bits A8 --) 415 as th€y will contain U|o
Sanrr S-tit add.sss inl(..mation) to oblain the dS inpul Us-
iK O|o !/O spac€ provid€s 256 ad,litic.,al aCCresses ar!
n1ay Albw a simple. 8-bit addr€ss docoder but rho d3ta cJn
o. y b€ inpd lo fhs accllmulato.. To mako use ol th€ addi.
tixEl lr|gnrory r€forence instruclion_s, th€ A/D stpuld bo

lippod ir o In€mory s[,acs. An €xamtl€ ot sn AIO n llo
spaca b shom in F/ita€ t0.

rL-/H/5{tr-rr
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FIGURE E. A/D T.3t!r *ttr Analog Error Outpui
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FIGUi€ t. 8.t lc'Dil i t l" A/O T.3ttt

TABLE I. O€COOING TH: OIGITAL OIN PUT LEOE

FRACTIONAL AIXAB! YALUE FOF

OUTPUT VOLTAGE
CEI{TER VAI-J€S

WITH
vRqE42:2:910 voc

MS GROU? LS GROUP VMS GRO'JP' VLS GROUP'

E
1 1 t l
1 ' t  1 0
r 1 0 r
r 1 0 0

r5 / r€
7 t 8

1 3 / r 6
3 1 1

15/256
7  t ' t 28

13/ 256
3/U

,1.800

4 480
4 .160
3.840

0.300
. 0.280

0.260
o.240

I

0
t

1 C 1 1
r 0 r 0
1 o 0 t
1 0 0 0

l l / 1 6

5ta
3, i  16

1 t 2

1 I /256
5 t12_A

9t255
1i32

3.520
3.200
2t880
2t5@

0.220
0.200
0. t80
0.160

7 0 1 1 1
0 1 1 0
0 1 0 1
0 1 0 0

7 t . t6
3/8

5 / r 6

7 !256
3t 128

2t255
/64

2.240
1.920
r,600
1/280

0.140
0.120
0. t00
0.080

0.060
0.040
c.020

0
I

0 0 t t
0 3 1 0
0 0 0 1
0 0 0 0

3 t 1 e
l /8

t / 1 6

3/255
1 t  1 2 8

1 /256

0.960
0.640
o.320

0

'O.ol.t o|nFi-vt|S (;.q4 + vLS GI(UP
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a a :  o f

IL/H/ttt-iro

:  t { !  Da t .  r l l , 1  no l ! t  t .

;  da t , r  r t o16Sr  l cca ! loos

;  tn l t l a l l zo  s ta :k  Po tn to r  (Fo tc  l )

:  f cs t  I  o f  by t6s  6Dtc rod

:  I t  f=16 .  J l t l  t o

i uscr ProSra.a
; slart A/D

; Etrabla lnto ! 'rup!

i lJoog untlL ond oi

i  corvciSlot!

t -

^or: otl

tolr tt '9t\ .rxib..i to. tho oPE2zc ttrbm cd$olta. oi||lr $a {Nsaarull

)toi. 2; Ph 23 ol rh. lNS6220 tu.t b. t d to + lzv ,Yurgh . ! to ,..dd !o !.rs.|. tl RST t

hrtnrl.o. wi.rn .o hl€nuol b acbroaLdoad aa talvlcd ? Ua .ocorfr|,.,rtfE s'nar' Fogtv

FIGURE io. ADCdeol' INS!080A CPU Inl.rl|co

SAMPLE PROGPAM FOR I:rcUNE IO AOCO8O'I -tNS8O8OA CPU INTERFACE I
0058

S l A R I :

REIURI:

c 3 0 0 0 3  R s r ? t

21 00 02

! !  0o  04
' D

cn  l3  o !
D5 EO

oo
c5 0r 01

JIIP !D DAIA

LII  H O2OOH

LII  SP O{OOH

IOV A. IJ

cPr 0! lt
JZ COI{T
our Eo H
F T

NOP

Jr{P I,OOP

0100

0105
0106
o 107
0rc9
c10c

oros
ot  t0

I,OGP t

c 0 N 1 :

{  U s o  r  p r o  8 1 6 o  !  o

p r o c o s S  d a l a )

o50o
0502
0Jo3
c30,{

D8 EO
77
2 t
cs  05  0 l

IJD DATA i I T E O H

llov X, A

I N X  H

J'IP RETUR}I

:  t ,oad data lnto accutulElor

i  S t o r o  d a l , a

:  I a c r a D c D t  s !  o r 6 8 a  P o l o t o r

xot. l: Th. ^cr pr.!l.. ntrl b. orfl.t|on o o'c.u" ' FSI ? kttt'rdidr iu*t.t ttr PC onto tt 't'd'

||ot e Al a.ld.33 u!., t3. a.b.lr|'ilv cho-n



FunCtiAnal oescription (c4!1rinr€rl
flr€ sundard c.|nttol bu3 s;g^als ol ths 8080 6, l{D and
WF) off bo dktrtb'wi-ad lo tho dighai c(\.lrrot hpi(s oi the

A/O lnd rh9 bt,s tn{ng .equken:oots ars inot lo allon both

s|!.iir|c tho conyode. ard odgu$ng th€ dstr onto thg data

bus. A bur ddwr 3hodd bo osed lo( lcrg€. n*tolrocossd

aFtomr whorc the dat! bJ3 l€aveS tho PC board lndlo.
nirrt Oive capacfi€ tosds l8r9o. th{n 100 PF.

It is imp0rt6nt to not6 that in syste:ns !'rherg rr€ A/o con-
vorrer is i -ol-S or less l/C .r'6tp€d devices, tb address
decodhq ci cdby is necessary. Each ol ths 8 ldl.ess bits
(Ao to A?, can bo di.6cay ussd 6s CS inp'Jts---o.|4 lt. €ach
l/O d€vic€.

c)
o
q,
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ct
o
e(0
o
t9

o
c)
o
ct
o(r)

g -
o€)oo

c'
o
o
C'

r,,t.l $ndc SO!oA CPU lntGrt.clng Clrcullry lnd
Profrtm

rha loloviioe ttr|pls Fogrsm rnd rsloclslod hadwar€
'f.,.ltr li F6re tO .'lal ba us€d lo lttpul drla lrom tho
convortof to lho lNs8oSoA cPU chip set (conpfised of the
NS8O80A mic.op.oc63or, ihe lNS8228 syslgm cofltroll€r
rrd the rNS822{ ct<rc* g€nerator). For simpliciv, th€ A/O is

@ntrolled a! !n l/O dovic€, sped'ticslly an g-t'il !i direcron-
d rsrl locatsd et !:r aftttrsrlly chcs€n pod addre!6, E0. i h€
TB|-STATE oriput clpability ol ths A/0 elirninates fie nesd
lo, ! pgriphe.al iotsrlace devic€, how€ver addr€ss decoding
b sti,t requked to gGns.ato the sppropriate dS ,or th€ con-
wrl0r.

it-1, lNsao4! lntertlcc

The |NS8O46 intertsco lschtl,qu€ wilh lhe AOCO801 s€ries
(eo Ftgu@ tD is simpl€r than th€.80B0A CPU interlace.
Th€(o aro 2,{ l/O linos a:rd th.e€ test iirDut rines in th€ 0048.
wilh these €xt! l,'O lines avdilabl€. ofi, ol lhe l/O lines (bit
0 ot po.t t) is usod as lh€ chip sslsct signal ro the A/D, thus
ekrrinating the uso ol an snernal address g€coder. Bus
co.ltrol signab FD, Wn and iNJ cl the 8c48 sre tjed dkectly
to t|o A/O. Th3 16 conve.led data words are sto<ed at on-
cfit) RAv localio.E lrom 20 to 2F (Hex\ The FD ano WR
sifals s'€ g€ns.atod by ieadrng frcn: and wriing into a
durrrny address, .6spectively. A sample int€r{ace program
is showfi belorr.

0a l0

01 50

81,

89  0 t
E8 20
89  ! r
EA l0
25 rt
99  tE
o l

96  2 l
E/' lt
0o
oo

8 l
lo
!,8
8 9  0 t
27
9 J

stlxl:

/to^I!| r

L00P r

MAI  I

lcH
3u
50H
l0H
Pl ,  t o lEH
l .  €R1

P l .  r i
RO, t?ori
Rr. foFrH
R2. t loH
.{. foF?B
Pl, iorur
eF.!, r.
I
t  00P
R2. lClrra

50ti
r. €Irt
cBo. A
PC
P: . ,  / t
A

F'CURE l l. lNSEo4E Int!.laco
SAMPL€ PROGFAM FOE flGURE 

" 
|,NSAO4E ITTERFACE

J 
"l?0Rc

JI{P
0Rc
ANL
IOVX

0R!
r0v
r0!
r0v
ta0v
ANt
r0vx
Ell
Jf lZ
D-'!lz
NOP
l{0P
0Rc
I0vx
xcv
I N C
0R!
CI,R
RETF

:  P r o S r d r o  r t a r ! 3  s ' .  c C l r  1 . . '

:  l n t o r F u p t  J u E p  v o c t c r

;  16l  l l  proS; 'aa

;  C h t  p  s o L o c r

:  R o a o  1 u  t h o  : 5 t  d a ' ! a
. l ^ . . s . r i h . { n r r

;  56 t  to r t  p l : r  h lSh
:  Da ts  addr . ss
; Duloy addrcss
i  Coun to r  f c r  16  by !os
i  Sc t  l lCC lo r  l n t r  1o  op
;  ScDd CS (  b1 t  0  o t  P l )
; SerLl l{R or-rt
i  Eoab1c latar.ruDt
: tralr. for lntarrupt
;  I t  16  b f : ca . ro  r -oad
;  go  t  o  u36  r '  s  p roSrac

i  I n p u t  d e : a ,  C s  s t ! I 1 1 c .
;  S to ro  l n  oe ioo ry
;  I nca !&a ! !  s !o ra8c  coua t r :
;  Reso t  CS s lSoa l
;  C16ar  ICC t  o  80  t  ou t  c  t
i  t ho  ln t c r rup t  I  oup

E
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{.2 IntGrtaclng lhc Z'90

Ths 3-80 cort(ol bus ls stightly dil{er€nt :tom thst ^l lhg

ao8o. Gone.at FD and WF sttobts are provid3d srd s€pa'
rats momvry requ€st. MFFC, qnd l/i reques! lo-Fci sig-
nals aro us€d which hav€ to b€ combined v/ith tha ggne(al'
ized slrcb€s to provide thc aquivalent 8080 signats. An 8d'
vantage ol op€rating th€ n/D in l/O space *ittt tho Z€0 is

lhat tlio CPU will aut,omatically insort one wsit stats (tlE FID

lod WH strobos ar6 extended one clock period) to rllow
mo.€ tim€ lor the l/O devicos lo tospord. Looic lo map th€

A/O In l/O sflsco ls show[ in F&uto t't

'!m;!gJ \_/ |t t
rnH |  . , "  I

l.-< l--\ .,1 I | |
I  lF -<4  |

*^ ,-"'---<4-t' I I
TL /X/ t6 : r -43

f IGURE 13. Mapplng the A/O !s an l/O Ocvlce
lor use wirh the z-80 cPu

Additional l/O advantages exist as scitware Dl'1A toutinos

are availabl€ and use can be made ot lhe oulpvt da'.a rans-

16r which €xists on the upo€f I address lin3s (Ag lo A15)

during l/O input inst.uctions. For example. MUX channel

s€l€ction lq lhe A/D can be accomplished with this op€iat-
ing mode-

{.3 htGrtrelng 6800 l,llcroprocers.r Oc.lvatlvet

{6502, clc.)

Th€ ccntrol bus for tho 6800 mic.oproc€ssor dgrivawes

doos not use lho FID and WF sttobe signals lnsload il €n-
ploys I single R/W tin€ snd additional timing. il n€eded. can

Dg deiivod lom lhe 02 clock. All l/O deviaes ato me'nory

maoged in the 6800 systom. lnd ! 6p€cill $igrrtl, VMA'

indbat€s that the curtg|.l address is valtd. Fgtrra tl alEws

rn Intonaco sch€rnatic whoto (he A/Ois matnory maqpod in

th€ 58OO syst€m. For simplicity. tho CS decodir€ is shown

using )/, OM3092. Note that in many 6800 oystams. an ar-

|!oi. !i !ohb..6 in or..tMi.s rolr to MC€8q? CPU Fn od-

||ot. a aaun!.r o. bn .a in b.rcr.ls r.,t b tutt rrd M6aoo tvt:.h co{'rto' bs' cod''

FIGURE r4. AOOotOt- c6800 cPU Inl.rhc.

pin i1. This cJrr b€ tisd diroctiy to lrr€ CS p'o o{ the A/O'
p.'nidd that n. olhor devicos aro sll.ltossel !l HX ADOR:
ZIXXX or sXXX.

Th€ lollowing subruutine l€ilorns €ssenlislly ths sarn

tJnclion 8J in tho caso ol ths CC8CA nie.{ace ard it can be
called irom anYwhorg in ihe usgr's p(ogrcm.

tn F&/!ro t5 the ADCOSO I seties is interlacod to tto M6800

mhroproc€sso( tl[ough (the srtit.a.ily chosen) FJ.l B ol the

MC662O o. MC682t P€riphs.al tnte.lsce Ad89tet, (PlA).

Hero tho dS pin ol tho A/O is g.oundod sin6 tho PIA i!

alrordy mornory mappod lo tho M6s0O eyslem rnd no CS
doccdh€ ls noces3ary. Also notlco that tho A/D cqtput dslr

linos aro conogctgd to th€ micr@.ocessor b{is lrnd€i [ro-
g.am cootrol th.ough tho PIA and tho.eto.e lhe A/O F0 lir|
c€n bo g.runded.
A rnnlt l .r rtrtortn(rt l ,r(,Urn.rr.qr{vdllr ' l  t tr l l  o l ' (r '4ous or'€

|s lhown l{rlow F/gni'o ,5 Tho PIA Oata and Conttol Rogis'

to.s of Porl B ar€ l(itated at HEX addr€sses 8006 and E007.

r0s9€ctivoly.

5.0 GEN€NAL APPLICATIOI{S

Th€ lollawing applications shcw so'n€ inter€strr-g us€s {c.

th€ A/O. Ths tEct that ooe paliicular mic.oprccesS.rs usod

is not m€8nt lo b3 rsst'ictivo' Each of thes€ appl€a'Jon ci'-
clJits would hav€ its counterpart using any iiicr*''0cssso'
ihst is dosired.

5.1 Uulllplc AOCoSoi S.rlct to MC63o0 CPU lnl.rttc.

To traGrlgr enslog data lrom i€veral ch8^nsls io I sirEl€
mktopfoc€ssoa sYstgm, a multiple convener 5ct1€rn9 qte-

s€nts s€veral advSntlges over lhs convontional .illtiplaxgr

singl€€onvertot spptoach. Wilh ihc AOC0801 s€des, th€
ditlGrgntial inouts sllow individ'Jal 3pan Sdiustrnont lg( clch

ChSnngl, Furthermoro, All lnllog InPul Chsr|n9ls lvo l9n39d

dmult4n€oJrly, $rh€h osggntlhlly divid€s lho mrctoproces

so('s toUrl syit€m E€Mcing timo by til3 numbst ot ciannols.

sirE€ dl convqrsions occur siniultan€ously. Tlis 54l|o.n€ 6

stlown in F&utg t6.

0 c r o  t ' r l  t l t  I

fn  r l /H?!5 t r  -1 .

3-3e



FuircticnaiDesc;iption (coorir,ued)

SAMPLE PROGRA;T FOA FTGURE I1 AOCOSOI{IC68OO CPU tNT€RFACE

qr
o
o
e
o

IJ
o
oqr
o
N

o
o
co
a(,)

o()
o
@

o
o
co
o
(r'l

I I I lRPT

0010

o0l5
00  r8
oo lS
00  rc
00 lD
00 lF
oo22
0024
oc27
0028
oo2A
002c
oo2E
0031
0033
003{

00J6
0038
0038
oo3D
003F

D! 36
ct 0c 2c
Ft rF 18
E? 50 00
OE
5E '
DE 54
8C 02 0F
27 L4
8? 50 00
o8
DF 34
20 FC
Df  3 {
a6 50 ('0
A? 00
5B
0? oo

00 00
cE 02 00
DF 54
Dt 56

DAlAII'

c0r{vRt

tEf,PI

tE !P2

STtr
IJDX

srx
5r^^

l tA:

I,DI

cPx
BEQ
S?M
INX
sTx
BM
LDX

I,DM

sl^l'

R l I

rDB

FDI
LDX
slx
lDx

tEu72
floo2c
lrFFS
t5000

lEl(. I
t f l02OF
EIIDP

15000

rEXPI
cctrvRl
igtt? I
55000

E0200

loooo
#30200
rETPI
tE,TP'Z

: Sava cont€ots ot '  X
: Upon 

-lRC 
icr CPU

; I ueps to 0o2c
:  S ta r t  ADCoSOL

;  Wat  t  f o r  l n to r ! -up t

:  I s  t t na l  da ta  s to red t

;  Ros t&r t s  ADC0801

;  R e a d  d o t 6

:  S t o r e  l l ,  a t  X

i  Start toS edd.ess t 'or

;  data sto rage

;  R e l n l t l a l t  z e  T E X P I

:  Re!urn f roo s\rbaoq! laa

; 1 o  u s a r  I  s  p r o 8 r a . E
Noi. t: In o.dd lq '|a ir*roartt6.d I,o tr:c tuo.o(r!\r. e,!d ii1r.rruplt. rf. thct ,roi.nnr ftr.t b6 dn6s{..d n !1o c!.r,t p.o9.en,

u
I tv!.rl-z'

fIOURE 15. AEICOEOl -tIC6!20 ptA Inbrhco
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Functicnal Description (conr^uod)

SAMPI.E PROGRAH FOII FI,JUAE '5 ADCOSOl-MC5820 PIA INTERFACE

-- 

-'

001o
00r3
0016
o0 I9
OOIA
00 lD
0020
002 l
0021
0025
0028
oo2  8
002  c
00?f,

E6 90 06
{ F
8?  AO 07
87 80 ori

cs  54
86  5D
77  80  07
87  80  0?
3 E
L]E {O
8 C  0 2  C F

08
Dr  40
20 ED
DE / IO

i r6 80 06
47  0C
5 8
02  00

cE 02 00
Dr  40
3 9

DATAIN

c0!rvRl

tD I
slr
t D  l
CLnr
stM
slll

I.DA3
!Dll'

slAB
slAl
Plt
I,DI
cPx
BEq
INX

BRA

. IJDAA

srAl
p l t

f lqogs
frtFs
PIAORB

PiACPB
PIAORE

*13{
tlsD
PIACRE
rlr 'cRE

IEIPT

fl020P
EI{DF

IEIP!
c0l{vRT
TE}PI
FtA0R8

1o200

tlo200
TEXPI

f8006
18007

; UFcn i-RQ lcY cPU
i  JuDp!  to  00JB
;  C los r  po  s61b lc  im  t l ag r

i  So t  Por t  I  es  l n lu t

:  S ta r t s  ADC08Ct

i  Wa l  t  t o r  l n t6 r rup t

:  I s  f  t n a l  d a t a  s t o r o d :

:  R o a d  d a i d  1 r ,

:  S l , o r €  L t  a t  X

i  S t ! r t l n 8  a d a l r r s s  t o .

;  data storage

:  R . t | t l t l a l l z o  ? E [ p l

:  Ratuan troE subrout 1oc

;  T o  u s c r r  s  p r o g r a o

{'1
i

, i

00JL
00  33
0034
c036
0038
0034
003D
003F
oo40

oo42
o045
oo17

INlRPl

E.IDP

9rrofi8
Ptl'cRS

tDx
slI
Rts
EQU
EQU

lT lolb*.g. ":n."Tarac 
and sampto s{,brcurino (OATA tN)

I:l::^"::g jo_,."r".tace (up ro) I AD()sol,s diroc{y tc o;Mvoouu eFU. I n|s scheme can sasity b€ ancndod to allowrn€ tdtertac€ of more conre46rs. ln rhis configurNtion th€
:onv:..1ej a.o iarbikarity) iocated at rtEX sddre$ SOOO in
th€ MC,6800 memty spac6. To savs compcnen6, the
clock signal is derived trom just on6 RC pair on $e firsi
converler. This output drivgs tho oth€r A/Ds.

CPU. drns lll tho converterE Simulttnqously rnd wt tr lq
Ul€ ht€nupt rignat. Upon rscatving rho Intrrrupt, if ,eiCit[
co.rvo.to.a (kom HEX add.essss sCOO th.ough SOOT) |nJ
slc.es t\o dalS Evccessival./ sl (d.bilfarily cr,os€n) HEX ld(fessas 0200 to C207, bsfofs returning tc th€ us€..s Fio
orarn. All CPU .Egisters th3n ,€cover ttre originat Oata t-{
had boro.e se.vicing OATA tN.

5J Auto-Zaroad Dltfe:'cofl al Trrnsduccr Arr,Dlifl o.
r.!d A/O Convori€r

Tho difierantial inputs ol re AOCOAOI s€.i€s etimtulate t a
ne€d lo p€rfo.m 8 difiorEnti3t to si^gte onceo convsfsioo lg
I ihler6ntE! Irat6duc6r. fhus. on€ op amp can b€ etiminsl.
od,6inc4-th€ diflorediel to singt€ ended conversion is pfc.
vitod by lh€ d;lte(ontiat Input ot lho ADCOBOJ sorios, In g,ol}
e.61, !. kmsducor preamp 13 ,oquircd to tsk€ gdvan:cg;.,l
ttlo lull A./D clnvgri€r inpui dynamlc ranqs.

All the converterg are sta.i6d sinrulsnoously with a S-tOREinstruction ar HEX dddf€ss 5OOO. Not€ tl|at any oth€. HEX
addre5s ot the torm 5X)(X v'ilt b€ decod€d by tho cirqJi!pulling alt thd CS rnputs tov,. This can easity bs avoiO€; Oiustng a more delrnitive address d€codjng sct|om6. A[ fheinte(upls ar6 ORed togethe. to ansur€ trrst 6I A.,Os hovecornpl€teC thoir convorsioo b€for€ the microp(ocos$or ls lo..lor.uplod.

Th! sutroutirrc, OATA :N. may be ca ed tforn 6n) ̂ .h€ra inIns uscas p.ogram. Or,Ce ca €d thrs.outjns init ial izes th6
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'lol. l: Ndrbo.r h pddi.t ..3.ds b r,!C6r@ CPU A. od
ld. a truy!6e.! ot t i!.n h b..ctrt rot.i to .Lrarj.o M6ooo 3r(€rn co.tu \on bus cad€

F^ t

FtcURE t6. tntc.l .cing Mutl lpte A/Or to rn MC6BOO SystrmsA.rpl€ pRocRA Foa ncuRE ,6tirEnrircrxc uur_iiplil-r-o" ,n o,r ,rceroo srsrr*aooR€ss t{€xcooE AtNEt4oNtcs cofr[,tENTs0010 D?,t4 Dltlur StX tELp i Sav. Coo!6o!e o! Xoolz cE oo 2A
ootb !r !! p8 

LDx tloo2^ : upon iFC t ow cPu
ooIB s? SO Oo 

StX lPfPg i .ruap3 to OO2A
oor !  oE : :y  

lsoco :  s tar ts  aL l  ̂ /D ' |3
001e 3E ; ; :

tL /H/ !5 ,  |  -26

oOtD CE 50  OO ; .1 ;  ;  wa l t  t a .  l n t c r rup t
LDX ,!5ooo0020 DP 4C

9oz2 cE oz oo 
srx l l lDlixr : Pesot bolh INDEtr

ff;i liii- iii iiffil ,ioT"uu?.'uo,"u""'"
oo2e is :i: 

iEY?

99rl DE {o rNr.pr ;l,i r}iDEzr ; li;ill 
t:'r.'o""".t,"

0o2c AS OO

,jj: ;:; iii : :l:::"",'"'i'f,?:ti,""'
t oJ l  DE4z  

r ^L l x r  ; x  - -+  rNDEx l
LDX INDEX2 :  INDEI2  +  Y



l i i

l l t '
I
I

I
li
fl
t:
I,
lr

srlJ|
cPr
8EQ
I l{x
stx

a

c
o
@
o
C)
o

c)
o
@
o
C)
o

GI
o
@
o
C)
o
< l\ \ |
5 i
o l
o l
o l
< l

:"o"tt:i:5::* 
FoR FtcuFi.!!-t1'!'.l^F^crNG uuLrtFLs A/Ds tir Ari Mc680o sYsrs*ADD'IESS HEI CODE raltErtoNtcs

ot53
00rt5
0038
0o3a
0038
OOJD
003F
c04c
co42
0o(4

A7  00
8C 02 0?
27 05

D7 42
20  EB

50  0o
02 0a
od oo

COMMEN] S
.X I Sto.o.latd at f
*30207 ; ttavc aIl A,/D. s boa! ,6ad?
R.EIURI{ ; yes ! branch to REIURI|

:  No :  , .Dc .oEon l ,  X  by  ono
INDEI2 iX -r 11pg;2
MtRPf ; SroDch to OO?l8Rl

RT1Unll RrI
IXDIII ID!
IIIDEX2 8DD
IEXP FDE

95000 i Sta.! 1rg add.cs s tot, l lD
10200 ; Starl l ,ng addross tor data storage
10000

raol. l: l. o.do. lor the hicr(rroc6so. to r..vb€ slb.odir.s &!d hto.rupB, tF .t ck Fcinr4 dJst b. d,n€nsion€d ,. th€ urei.3 Fogrm.

. 
Fo, a-pli!i"at',rn ol DC iiFut si3na,s. a malor system errot is
rne infx.rt Orts€t voltago O/ ih€ dn,ptifie.s used tor thg
?::1!e. .?gu.e .tz 

rs a ga,n ot loo difl€rontiar pf€a.np
rvhosg ottset vollaga errors wilt be cancell€d ty a zoroing
sub.ortine wl ch is perlo.medby tho tNSgogOl'nriqoprocl
esso. system. Thg total altowabta i,|put ofls€t votttg€ gno{
tor th|s p.eamp is onty 50 rrv lo, % LSB error. Ttrri woutd
obviously rcquiie very prccise ampliiids. Th€ gxp.esdoa (or
ihe ditlerenti3l outpui vollag,l of thc preaorp ;s:

vo = [vr\(. !  )_v'.r(_)] [ ,  -  #] _
\_--____J \___-/

,  SIGNAL GAIN

(Vosz Voor * v6s" : tyRl) (t - 3l\ Rl ./

DC ERBOR TERM GAIN
whcre lx is the r,L.r€nt th.ough,esisto. Fx. All ot th€ ofis€t
€Jror l€rms. can bo cance od by meking t lxRr - VOS! +
"L.OhS3 

- vOS2. l:']ls rS th€ principl€ ol this Suto.ze.oing

Tho lNS808Ol irsos tha a1 t..O pods of sn |NS825S pro-
g.amable Peript€.al Intsrtaco (PPl) to control ih€ auto zero.
firg andinpuf dafa irom ths AOCo8Ot 6sshowr|tF Fplno tg.
The PPI is p.ograrrmect fcr basic t/O op€rarion (;rcd€ O)
with Po.t A b€ing a|| input port and ports B and C boing
ourput ports. Two bits gl port C are usod lo alternarely c,pen
or close the 2 switches at lhe input ol lhe prea,ro. Switch

SW1 is closed lo forc€ th€ preamp's ditterontiat input to bazero duiing.the .oroiog subroutio€ anO therr operoO'-!il
SW2 is then ctcsed for convqrsion of th€ actuat difteie6liJ
input signal. Ushg 2 switches in this mannor eliminatos c;cern_ to. tho ON r€sjstance ol the swilches as tfrey fl.;1conducl only ths roput bias cufr.nl ol lho inpur amptirf3-.-
Output Porl a ts usod as 3 sirccessiw approxunalDn ,e.t,c
t€. by th€ 808C and u& bir,ary scated,egstors in series irtir
€ach Oulpul bil qeale A OlA Conv€rlgr. Ou.ing the re.orrx,
subioutine. the y9r6gg ai VJ Increascs o{ dgcr""r, 

", 
,Jqurreo to make lh€ ditfqrontiat output voltage equat to ueri.

fhis is accomptishod by €nsudng that the vottage rl ii
cutput of Al it approxirnatety 2.5V so fhat a tog:J,,r., 1j\/1
on any rulput ol po.l B will sgurca c{nrent into noOa Vx flru;
raising rhs vottaEe at vx and makirg the ougut CifieientiJ
more.negatve, Convorsgly. a logic .,O" (0V? wil pr,/l/ a!,,rgnt
oul.ol nod€ Vx ard d€cr€as€ rhg votage. causing th€ difi*.
€nrar ourpul to b€com€ mcrg pcsitive. Fo. th€ .esisto. vrl.
ues shown. vx can nove 112 mv with I resolution ol 50
uV. which will nu[ the of{set 6r,0. ta.m lo % LSB ot lull
scrlo.lor tho AD@801. lt as impo.trnt tirat lro vottage tevclr
lhat drive lho suto,:o(o aesisto.r be (rn5tlnt, Also,'lor ryIf|-m:t y, 

1 !9! 8win0 of 0V to SV is coovonient. To acNoc
lhir. ! CMOS bufier ls usod for ih. togic output .tgn8h ot
t-an a aiu this CMOS packaga is powgrod w.h a sraDte SV
sou.co. 3ufl9{ amp:dig. Al is necessa.y so tnal ca
sourc€ or sink th€ D/A output curr€hl.
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futtctional u€scrlPtlon (continlr€d)
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FIGURE 17. G.ln ol lo0 o!tl!..nt|!l Tran.ducer P.r.mp

FIcURE ll. Ml.i.oprococlor Inicdacc Cl.cuhry lor Olllarcntlal Prcrmp
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! l  ic.r..rJ6 wt,on i i  cor,vyi$ a ,,"s",,;" a"pri i , / ," i_"i :Vrr{.i )i Also, 8 tcqic In,.,orsid{r oxisr; es a ol lhe l/O pcrts
6rc (,i]flored witt Invorting lales.
tspsicait/, it th€ dstr rEad is zorc, th€ dill€rsntial ouiput v.{t-89c i5 nogativo. so a tit in Port B is {:toerod t,r puff Vy.,rc.ei1€9_6lave v/hich will mako the oltpul more lrcative lo. lh{ne\l convorsion. lf lho daia r€ad is nol :eao. thg oulFul voit-ag€ is posiliv€ sc a b in pod g is sot lo mako Vx nroi.opos l|?o and tho output moro rrogalrvc. Thas conlinu;s to, Bapprorrmatrols and (he d,{(orential ourpur €vontuafly co:]-verg9s tO vfllhio 5 mV Jl zgro.
The actuaf program is givor ii Figurg ?A All addiessas
oseo ara cornpatible v/ith the gLC gO/10 microcomputor
system. In parlicular:

Pod A and r€ ADCOSO1 aro at pon adct.oss E4
Pcrt B is 6t po.t address E5
ood C is at pod address E6
PPI cor'ltol wcd pon is at pgtl addrcss F_7
Program Caunt€r auomaticalti go€s to ADOR:3C3O uoon
acknowledgeftent ol an inter.upt t.o,-n th€ ADCOSOl

5.3 Multlpr€ A/O Convcrtcr3 In , Z-gO lntlrrupt
0dv€c Modr

I. data acquisilon syslgms wfi€,.e mo.g than ona A/D @!r-vsne. (or olher po,ipherat dEvic€) witt b€ intenuplinf p.(F

!1"j,:l::"'::: gt e. micrcprocassor, rher€ is obviorsty ar:0€6_ tor the CFU (o dotefming whrch dovice,oquiros se.vb-
itp..Fgurc 2t end ths accompanFng sonware is c m€thod
or oerernrni^g which ol 7 AOCOSO I convo.ters has cc.n-
ll-€led a :onv€6ion llMIFi asseneCl and is ioguesting aninler.upt. This circuit alows start;ng th€ A/O converto;s jn
any s€qu€nce, but v/ili input and sto.€ v6lid data l.om tho
conv€rlers \d(h a priorily soeuoic€ ot A,/O 1 b€ino rssd fisL
/./L/ / saccnq. alc.. lhrough A/D 7 whic;l  r,,ould have 69rowast p4ority lor data being r€Jd Only ths converlqs
wnos€ tNT is ass€rted wil l  b€ rosd.
Th€ k€y lo decoding circuitr/ 6 the DM74LS373, O-bit Oryp4 l,'p.llop. Whon the Z-BO acknowledges the inrsrnT,!
lne program rs vector€d to a data input Z-g0 subroutirq.
I nr: subroutrns will rqad a ponph€.ai gtatus word ,rom ihg
OM74L5373 ..vhich conGjns ths b€;. s.€te 

"r 
$, illTF *r-plts al all l116 converiors. Each conven€r whrch ;nitiales anInlerrupl will ptace a logic ..0 . in a uniqu€ bil posit|on in tll€

slarJl worc ar,J lhg subrortin€ wr determino th€ dentity otlne convertor and €xecul€ a data .€ad_ An identjli€i wqd
(v/hich indicatqs wh;ch A/D lh€ data came lrom; is storEd h
th€ noyt goq.lsnlial mgmory locaiion abov6 th€ tocation ol
lne data so the p.o€ram can koop track ot th€ id€ntjty ol th€
dav onbted

aaa a l0 ct tAr
!T tt t!at a

l a^0 t

lL/t{ gtl-t
FIGURE 19. Flow Chtrt for AuteZcro Ro{ttr.



. " : : :  
l i : l  cu !  con ! ro r  ro r . !

v ' i  r  t ,  ^  l

3DO? OJf,€ OUI C
1 !C9  0€80  rv l  I 80
iD.ia JE?8 rvi A ?F
5D0D {F  8ov  C .^
St oE D5E5 out I
JDIO ITAASD LXI SP SDrr
5D l3  D3E4 ou l  A
5D l5  ta  ta
JD16 00 trop
5D1? CS16:D Jr{p !ooD
3D1,( 7i rov A.D
3D1B c600 ,{DI Oo
SDID CA2DJD JZ Sot C
5D20 78 IOV A.B
3D2I F600 oRI OO

.5D25 lF Rr.R
JD24 iE00 cPt co
JD20 CIJ?JD JZ Don€
JD29  47  IO?  B .A
3D2A CJ33JD ;rp ti, c
3)2D 79 xov A, c
JD2E 80 oR{ r
JDz i  {P  yOV C. l
JDJo C3203D JrP Shlft I
3D33 a9 l]tl c
5D3{ C30t3D JyF Roturl
3DJ7  17  rov  8 ,1
JDJS ?C rOV l, l{ .
JD39 EEO3 IRI 03
3D38 D5E6 ouT c

:
p.ogro-o f  or  proc6ssrnS
p r o p . F  d a t a  v a l q . s

5 C J D  D B E {  I N  l
SCJF EEFF XRt PF

r u: o.-Zc r-c Sribioutlno

8ct u.ll

Sta!t

l oop

lu to -Zo t  o

sh l f t  B

l lcr  C

D o D !

llo rEe 1

R . a d  A / D  S u b . o q t l o 6

;  9!_ogr3E lp.r

;  CI os.  Sl{ l  oFcs Sr2
;  I n l t l e l t r r  s A - R  b t i .  p o l n t c r
;  r : 1 i t t e I 1 r a  s A R  c o d 6

: Port  B = SAR codc
;  D 1 6 0 n s 1 o n  s t l c l  p o l n t a t .
;  S r  a r !  A / D

: Loop unt t  l  in=T asso t  t .d

I

;  T o  s t  l / D  o u : D u l .  o a t a  f o i  z 6 r c

;  Cl  gsr car"ry
:  S h i - f t  ' ) , -  l r )  I  r l 8 h t  o n .  p l R c .
:  t s  !  z e r o 9 I l y c s  l a s !
;  eppi 'oxt loat loo las be en o6i l9

;  Se! b1t 1r l  C thal .  ls  lq saao
;  p o s l ! 1 o i  a s  . 1 .  1 . 8

; C l 6 6 r b 1 t t n C t h a t  t s  l n
;  5 3 e o  p o s l t l o t a s . I r  1 o g
;  t  h e n  o u t p u t  n 3 r  S A R  c o d o .
;  O p 3 i  S F t ,  c i o s .  S n 2  t h o o
;  p r o c e o d  r l t h  p r o g r a o .  p . g g l l D
:  1 s  n o w  z e r o e d -

;  ReaC A , /D  da ta
: Invcr. i  da!a

:  I5  I  RoB =  Ot  t?  oo t  s tay
;  l n  3u :  c  ze ro  su t r ru t  l n6

J C { l  5 7
sc{a 7A

rov D,A
Iov I ,  t

Je{3 }:6FF ANt tr
!C45 C2!r3D JIZ luto_Z.ro

*,.: ff l".$.i:? ... if .l*if, .*,,"-,,.
FIGUR€ 20. Softw!.! fo. Alto-Zlro€a Dttle..n al A/O

"r 1:l,l:1?-":1""n"." In_ z-oc-c. fntc..upt o.ivrnUod! (Conilauad)

Tr. to otrirE ,tolo! apdla
ll I r3-6ssu.icd that thd CpU auto.hatic!fl/ perro.ms a RST/ mslructixr whe. q valil interrupt i9 6ctrrrwtsdg€d (CpUb m mto.'rrp{ rnod€ :). Heoc€, lho sub,outjne startiog ad-o.oss of X0O38-
?t Trri-a-OCr63 6aJ3 1.grn tt€ Z.gO dnd lho da:e bu3 lo ths Z-ou rto a$lrn€d to bo hvortq, l)y bur oovorr,
l) A7,O_date !.l(' d€nt'rYing f,ords wrft b€ srofod m soquen.t|.r m€nbry-bcatioos starting al tho arovanty ctps6n ac,.o.€ss x 3€c0
,,]l:_r::"L 

ryI"j l(,st t€ dirn€nsionso In tho main F'.G
::T:. ln" F|ST r ;nstrucrion submancs y pushss lh€ru.onlo tho stack and th€ s,ubroutinc usas an addrtlonalo sleck addaoss€s

5) The ponpf,€aals ol concorn aro rnapF€,o Into l/O spa(6*1ln lh€ tollowrng pod aSs€nmon€:

PERIPHERAL
MM74Ca74 B-bit flipjtop
,^ /D 1
A /C  2
A /O 3
A/O 1
A/O 5
A/D  6
A lO 7

ff#f,;1'"tt "'to 
sorres as lh€ A/D dontifving v/ofd i'l

I , IEX PORT AOORESS
o0
o t
o2
03
04
05
06
o i



Ilg

rttl
IlT

i,nra^"r", ,a"",",ro ,r!'"oo'allil' 
Muittr)l! A'/t't Y'tth z'80 rvpo rllcroprocltor

fl/t it*,fr-:,l|

rLOC O8J COO€
00.18 E5
9059 C5
0054 F5
D05B 21 00 tE
003 !  0E  0 t
:olo .bsoo
t342 DB00
lo{4 47
,c45  79
1046 Pr 03
1048 cl 60 0o
o48 78
o{c t r
0{D 47
94E DA SsOu
b51  oc
oaz  C5  4500
J55 ED ?8
)57 EE TR
)59  77
l5A 2C
I5B 7L
rsc 2c
' 5D c3 51 0o
€o Pl

a2 Et
83 c9

SOURCE
STATEITgNT

PUSH HL
II'SH tC
IUSH IP
!t (HrJ) , i5EOO
LD C,  XOI
our x00, l
lN  A ,  X00
I.D B. A
L D A . C
c?, x08
JPZ,  DONE
L ! A . 8
R8a
IJD 8, A
JPC. LOTD
INC C

I N  A ,  { C )
XOR PT
rJD (Hr , ) . r
I xc  !
I ,D  (HL)  ,  c

JP,l lEXl'
POP AT
POP EC
POP dI,

COMITIENT
:  S a v o  c o n t € n t s  c l  a ) . I  a a g l s t o r g  6 l r o c t o d  b y
;  t n r s  s u b r o u l l o o .
;  l s s u D o d  I I f  E c d o  l 6 a r l l a a 9 a t .

:  1: t^-- t  i^^t  "  
t  

i " . i " . " t  } 'otrr to r ,ha 16 dR!a,1I1 bo stor6d.:  
_ -  

r c S l  s t o  r . F 1 l 1  b 6  D c  r t  A S D R  o !  A . / D  
" o n * , " . t " . " . -  

-  -  - - '

i  r , o a o  p o r l p h c r n ) ,  s t a t u s  r o F d  t n ! o  g _ b t t  t 6 t c h .
;  r , o a o  s t a ! u S  r o r d  l D t o  a c c u D U l A t o I . .
:  1 6 v c  t h 6  s t A t u s  r o r d  -
;  f c  s t  t  o  s 6 c  1 t  t b e  s t a t u s  o  f  a l . I  t / D ,  s  h a v s
i  D O o n  c h 6 C k o d .  I f  s o ,  e : ( 1 !  s u b r o u t l n 6

:  l o - s . ! -  6  s  l n g l  o  b l !  I n  s t g t u s  r o r i l  b y  l o o k l r t R  f o r
:  :  

' : .  ! :  
i "  r o t a ! o d  t D t o  t h a  C L R R y  l c I  r r }  

'

:  r s  l o a d o d  a s  a  . 1 .  )  .  I  I  c A R R y  l s  s e t  t h o o  l o s d t
;  

: :1. ."_11."  or  t , /D at  porr  ADDR ir .  C 16s1stcr.
i  I t '  C l _ R R y  t s  n o t  s . t ,  t D c r 6 E o o t  C  r r j l s t e r  t o  p o l n t
;  . . o  n r x t  A / D ,  t h r D  t o s t  n o x t  b 1 t  1 D  s t a t u s  r o r i l .
:  R o a d . d { . t a  t r o E  l D t o r r u p t l n g A / D a u d  l b v o r t
;  t h a  d a l e .
;  S t o r €  t h 6  d a t a

:  S ! o r o  l / D  l , l o n t l t t o r  ( l / D  p o i t  I D D R )  .

i  l a s t  t l € x !  b l t  t h  s t a t u s  v o r d -
:  R c  - c  a  t 6 b L  s h  a I I  r ' G g l s t r ! s  a s  ! n o y  r a r o
:  D 6 r o | . a  t h a  t h t a r r u p t .

:  R o ! u r n  t o  o r 1 4 1 n a l  p r o g r a &

3-46



TEMP RANGE cc To 7(rc ec io ?cc 0'c To 70'c i . .{rc To + 85'c

()

o

(,
c)
o
@
c)
AJ

('
o

o
(,t

o
o
o
e
a)

o
o
c:t
@

r%s r r
.'( justod

r % B i t
Unadiust€d
t y2 B:n
Adiusted
r ' t&t

PACKAGEOIJTLINE M20B---small Ou{ine

Connection Diagrams

AOC080X
Dr.l-lr}Un rnd Smrll O'rtllnc (SO) PrckagcE

vcc (oR Yffr)

CtX R

tlr

ffi

Y . )

(rs8)

vn(-

Y$/z

0ao

AECOsO2LCV

ADC0803LCV

ADCoSC4LCV ADCO80{ LCN

, t)coool LCN

N20A--.1'{r-d OIP

1  4 ' - -  " 2  E

AD@8O2LCWV

AOCOS03LCWM

AO@S04LCWM

TEIIP RANG€ -{0C TO + es'C - ss'c lo 1 125'c

ERROR

t % Bit Adi.Jsled
- i !/t Bit Unaliustsd

t % Bil Adiusiad
f I Bit Unadjusted

ADCOOOI LCJ
ADCOSO2LCJ
ADCOsO3LCJ
ADCO8O4LCJ

,{,DCO801 LJ
ADCo302U

9ACKAGE OUTLINE J2oA---a,avig DIP J20A--&vity DIP

2o
t 9
l 8

t 7

l 6

t 1

r l  1 7  1 6  i 3  1 .
1 9  ' :

2 0  1 1

|  , : '

. 5 5 7 E
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Cons t  ant  s

T rmer_S tatus

Sec_T ick
X_Heade r
J_Header
heade r
Mode

EQU 31h
EQU 32Ll
EQU 33h

EQU 32h

EQU 30h  i  s ta tus  u t k  t ime r  0
;  0 -> dipakai  untuk delay geser pada heacter
;  1 -> untuk menghitung lebar pulsa data infrared
;  va r i abe l  u t k  coun te r  t ime r
,  var iabel-  utk posis i  pergeseran tu] . isan pada header
;  va r i abe l  yg  be r i s l  banyaknya  ka rak te r  pada  tu i i san

var iabel  yg menunjukkan mode yg di tampi lkan pada LCD
mode  1=  nenanp i l " kan  n i l a i  Sp  c ian  pV
mode 2 :  menampi lkan status kran
mode  3  =  i npu t  n i l a i  Sp  da r i  keypad
mode  4 :  Ve r i f i kasJ .  pembukaan  k ran  i s i
mode  5  =  Ve r i f i kas i  penu tupan  k ran  i s i
mode 6 :  Ver i f ikasi  pembukaan kran buang
mode 7 = Ver l f ikasi  penutupan kran buang
mode  8  =  pesan  e r ro r  b i l a  Sp  yg  d inasukkan  >  100
mode 9 = nenampi lkan levef air  dan status heater
mode 1O= pesan error apabi la membuka kran is i  padahaf

air  sudah penuh
Eou 33h va r , i abe l  koo rd ina t  X  pos i s i kursor saat menginputkan

ni la i  PV (suhu sekarang)
se t  po in t

X_Enter_SP
S P
Presen t_Va-l ue
Se t_Po in t  EQU

R r l  f f a r  q D

34h , '  var iabel  utk menyimpan
i var label  utk menyimpan ni la i

3.6  t  p in  ou tpu t  un tuk
3 . ' l  ;  p in  ou tpu t  enab le

EQU
3 5 h

d ik i r l n  ke  kon t ro le r  1
C t r l  S ta tus  EQU 3Bh
Count er F j . T '

dar i  kon t ro le r  1
Set_Ctr I_St EQU 3Dh
d lk i r imkan  ke  kon t ro le r

;  - - - - - - - - - -

;  B i t  Add ressab le
;  - - - - - - - - - -

Tank_Status EQU
p enuh
Da ta  Coun te r

LCD_RS
LCD-CS
Scan_Key_1 BIT
Scan_Key_2 BIT
Scan_Key_3 BIT
Scan_Key_4 BIT
I R  T X  B I T

EQU 36h
3 7 h
3 8 h

3 9 h

EQU

;  va r i abe l  un tuk  menampung  3  d ig i t  n i l a  j -
;  desimal-  dar i  Sp paCa saat di inputkan

;  S t a t u s  l e v e ]  a i r  :  0  - >  k o s o n q ,  1  - >  t e r i s i ,  2  - >

3Ah ;  var iabel  courr ter  jumlah pulsa data yg akan

; var iabel  yg menampung ni la i  kontrol  status
3Ch , '  var iabei  counter jumlah pulsa data yq di ter ina

var iabef penampung ni la i  kontrof  status yg akan

B I T
B I T
p 2  . 6

p 2  . 4
p 2  . 3
p 3  . 4

reg i s te r  se lec t
LCD

pin output pembacaan rcatr ix keypad

p in  ou tpu t  t r an . sm i t t e r  IR

LCD



IR RX

;  - - - - - - - - - -

;  E lag  /  I nd i ca to r
;  - - - - - - - - - -

Bu t ton_F  B IT  00h
Header_F  B IT  01h
Show_Header_E BIT
d l t amp i f kan
Upper_Valve BIT 03h
Loh/er_VaLve BIT 04h
Upper_Valve_C BIT
Lower_Vafve_C BIT
Hea te r  B IT
Update_Mode_P BIT
Data*Type_F BIT 09h
Send  Da ta  F  B IT  OAh

No_Dat a_F B I T  O B h

P  r . i . r  r  2 m  P a < 6 t -

oRG 0000h
T , , T M P  q i . i r t .

oRG 0003h
LJMP Int  0

oRG 0008h
LJMP Timer

oRG 0018h
L,ll"IP T rmer

ROM Database

B I T  p 3 . 2 .  n i n  i - ^ ' . r
r  l / r - r  f  l r y u  L rece l ve r  rR

1 ->  l akukan  pembacaan  tombo l
1 -> refresh tampi lan header pada LCD
header tdk dj- tampi lkan, I  -> header

c lose ,  1  - )  open
c . L o s e ,  1 - >  o p e n

0  - >  c J - o s e ,  1 - >  o p e n
0  ->  c l ose ,  1  ->  open
0  ->  s top ,  1  ->  ac t i ve
0  ->  i d l e ,  l -  ->  re f resh  tamp i l an

data PV, 1 -> data kontro]  status
yq  akan  d i k i r i n  :  0  ->  da ta  Sp ,  1

mas ih  ada  da ta  yg  d i t e r ima ,  1  ->

se te l -ah  4  de t i k;

ka  rak te r - ka rakce r  yang  a  ka r r
mode

;  0  - >

;  0  - >

0 2 h  ;

;  0  - >

,' 0 ->

0 5 h  ;
0 6 h  ;
0 ? h  ;
O B h  ;
t  0  - >
.  , l - + -

i n t ^

i d I e ,
0  - >

p a o a  L C D

->  da ta  kon t ro f

t idak acia data

;  vec to r  add ress  un tuk  i n te r rup t  0

;  vector address untuk t imer 0

;  vec to r  add ress  un tuk  t ime r  1

in i  ada l -ah data
r r n l " r r k  f  i  : n - l .  i : n

d i tamp i l kan  pada  LCD

He ade r
DB
DB
DB
DB
DB

DB
C l o s e d

DB

7 4 9
ALAT PEMANTAU DAN

'IR TANPA KABEL BERBASIS uC89C51 -
I  -  N R P .  5 1 0 3 0 9 4 0 4 9  -  U n i k a  W I D y A
r r

' buka  '

'  t u tup  '

PENGENDAI I SUHU A'
Hartono Rahardj  o '

MANDALA Surabaya '



Y o r N
DB r  *=Y  #=Nr

Ac t i ve
n R  r : l r f  i f  I

S top
D B  ' s t o p  '

- 8 U l l

DB 'penuh  '

No t  Fu I l
D B  ' t e r i s i '

Empt y
D B  ' k o s o n g '

S  t  a tus_1_Tex t
D B  t P V  =  I

D B  ' S P  =  '

S ta tus_2_Tex t
D B  ' K r r r n  L : ; L  : '
D B  ' K r a n  b u a n g : '

S t a t u s  3  T e x t
o e -  , S p  ( , , O D F h , , c )  = ,

S t a t u s  4  T e x t
le-  'Buka kran i .s i  ? '

S t a t u s  5  T e x t
ne -  ' Tu tup  k ran  i s i  ? '

S ta tus  6  Tex t
i e -  'Buka  k ran  buang? '

S ta tus_7_Tex t
DB 'T tp  k ran  buang?  '

S ta tus  8  Tex t
D B  ' S P  >  1 O O  I I ! '
D B  ' T e k a n  # '

S ta tus_9_Tex t
D B  ' V o l  '  a i r :  '

D B  ' H e a t e r  : '

S ta tus  l -  0  Tex t
6e  

-  'A i r  sudah  penuh . '
D B  ' T e k a n  #  '

i  - - - - - - - - - - -

.  - n j - a - r | n f  s a r v i  c e  R o u t i n e

;  - - - - - - - - - - -

'  t n f 6 1 . r f n f  t - i m a r  0  d i n t t n a k a n  t t n f  t t k  :u u e  u  t r $ !  !

, '  1 .  m e n g h i t u n g  p e w a k t u a n  0 . 5  d e t i k ,  s e t i a p  0 . 5

be rgese r
, '  2 .  mengh i tung  pewak tuan  4  de t i k ,  ka lau  t i dak

t  ampi l  kan

d tk

- . t -

tanpi lan pada header

data yq dj , ter ima maka



t u l i s a n  - - - pada LCD

Trmer-0
PUSH
PUSH
MOV
MOV
INC
MOV
C.INE
MOV
CJNE
MOV
SE TB
AJI'IP

a
psw
t h o ,  # 0 3 C h
t l 0 ,  #OAFh
Sec_T ick
a ,  T imer_S ta tus
a , # 0 , T 0 _ J 2
a ,  S  ec_T  l  ck
a ,  # 1 0 ,  T 0 _ J 1
Sec_T  i  c  k ,  #0
Header  F
T O  J 1

JNC T O_J4
AJMP T O_J1

MOV a ,  Sec_T ick
CJNE a ,  #60 ,  T0_J3
MOV Sec_T ick ,  #0
MOV Presen t_Va lue ,#0FFh
SETB No_Data_F
SETB Update_Mode_F
C L R  t r o
C].R eto
POP psw
POP a
RETI

TO-J3

T O_J2

TO J4

TO J1

I Interrupt 0 diqrunakan untuk menerj_ma
;  y a n g  d i t e r i m a  d a r i  r e c e i v e r  I R

dan menghitungr

Int_0
CTR
CLR .
PUSH
PUSH
MOV
MOV
MOV
SE TB
JNB
CLR
MOV
C JNE
CLR
AJMP

IO_J2 CJNE
SE TB

I 0_J5 }{ov
MOV
CLR
SETB

- r v  u J  J t f

JB

e a
e t 0

psw
T l : f r  C n r r n i o r  * O

t ho ,  t 0
r r0 ,  #0
t r0
IR_RX, $
t r 0
a ,  tho
a,  # ' l  ,  ra  _J2
Data_T\rpe_F
I O_J5
a,  #9 ,  r0 -J I
Da t a_T ype_F
rh0,  #0E0h
r 1 0 ,  + 0
I I O

t r 0
r f 0 , I 0 _ J 4
I R  R X , I O  J 3

, - l - ! -



JNB
INC
AJMP

r 0*,14 DEc
MOV
CJNE

] O_,]8 SETB
AJMP

I O_,]7 CJNE
AJMP

r  0_J10
AJMP

I O_J9 CLR
CI.R
JB
MOV
AJMP

IO_J6  MOV

r 0_.11 1
MOV
MOV
MOV

r0 ,11

IR_RX, $
Data_Counter
1 U  J J

Dat a_Count e r
a,  Mode
a , # 1 , r 0 _ J 7
Updat e_Mode_F
I O  J 9

; ^  - ^  - -
A ,  f r . ,  T U  J . L U  ;  C C K

I  O_JB
CJNE a ,  #9 ,  I 0  J9

apakah data

,  ( -s  11 ,  c lPcr^c t t l

SETB e t0
SETB t rO
CLR ieO
POP psw
POP a
SETB ea
RET I

;  L imer 1 dig.unakan untuk mernirangki tkan

Timer_1
CPL  IR  TX
RET ]

f r ekuens i  40  k t l z  (  ca  r r i e r )

;  - - - - - - - - - - -

i  Procedures
;  - - - - - - - - - - -

;  d igunakan untuk menghasi lkan deJ.ay
;  penu f i san  da ta  pada  LCD)

Delay_50
PUSH 7
M O V  1 7 , # 5 0  ;  D e l a y  5 0  u s
DJNZ 11 ,  $
POP 'I

RET

; diqunakan untuk menghasi lkan delay kurang lebih 4 ms (digunakan untuk

]  O,JB

t f 0
t r 0
Data_Tlpe_E, I0_J6
Pre s ent_Va1ue, Data_Counter
r  0_J11

Ct r I_S ta tus ,  Da ta_Coun te r

CLR No Data F
t h 0 ,  # o 3 c h
t10 /  #OAFh
S e c  T i c k ,  # 0

yg masuk = PV ?

data yg masuk :  status kontrol-

kurang lebih 50 us (digunakan untuk



.  n a n i r ' l  i  < : n
t  y r r  ! q !  ! v e . r

DeIay _2
PUSH
PUS H
MOV

D  2  J 1
DJNZ
DJNZ
POP
POP

RET

i n s t r u k s i pada LCL))

1
6
1 1  , * a
MOV

r7 ,  D_2
6
1

r 5 ,  #  O E h

J 1

i  p rosedu r  penu l i san  i ns t ruks i  pada  LCD

LCD_Write_Inst
CLR LCD_RS
SETB LCD_CS
MOV P l ,  a
L l l (  . !U l ,  !  J

LCALL Del-aY-2
RET

;  p rosedu r  penu l i san  da ta  Pada  LCD

LCD*Wr i  te_Dat a
SETB LCD_RS
q ! 'TR T .an  aq

M O V  P i , ;
CLR LCD_CS
LCALL De laY-50
RET

;  p rosedu r  i n i s i a l i sas i  LCD

In i t i a l  i  ze_LCD
MOV 11 ,  #5

I  L J1 LCALL Delay_2
DJNZ r7 , I -L-JI
MOV a, # 03Fh
LCAI,L LCD_wri te_Inst
LCAIL LCD-Wri te- Inst
LCALL LCD_Nri te_Inst
MOV a, # OEh
LCALL LCD-!Ti tE_INSt
MOV a ,  #06h
LCALL LCD_Wri  te- Inst
MOV a ,  #O l -h
LCALL LCD_WIi tE-INSt
MOV a, #OCh
LCALL LCD-Wri te- Inst
RET

;  I n i  ada lah  p rosedu r

In i t i a l i  ze_Da t  a
MOV tmod ,  #2 lh

untuk set t ing t  imer, interrupt- ,  dan ni la i  av,a} var j -abel

;  t i m e r  0  - >  t i m e r  1 6  b i c ,  t i m e r  1 - >  t i m e r  a u t o  r e l o a d



l.lOV
MOV

MOV
kHz )

MOV

l - i r0, l i03Clt
t r0 ,  #OAFh

t h 1 ,  # 0  F 4 h

r l 1 ,  # 0 F 4 h

i e ,  # B 2 h

Header  F /  H_J1
He a de r_E
a ,  # 0 8 0 h
LCD_Wrl te_Ins t
A ^ f -  { H a . . t a  r
s y L ! ,  , , r ' v s e v !

dpt r
r 1  ,  # 1 6

0 digunakan utk pewa

1 digunakan utk pewa

'  . l z l -  i  f  l . i n  i n j -  j - i m F r
MOV

CLR BUtION_F
SETB HeadCI -F
SETB Show_Header_F
SETB No_Data_F
MOV X_Header '  #0
M O V  S e c  T i c k ,  # 0
MOV Timer_Status,  #0
MOV Set_Po int ,  #OFFh
MoV Presen t_Va lue ,#OFFh
MOV Buffer_SP, #0
MoV Bu f fe r_SP+1 ,  #0
MOV Bu f  f e r_SP+2 ,  #0
CLR Upper_Valve
CLR Lower_Vafve
CLR Hea te r
SETB IR  TX
MOV ' t 'a i r  k-S ta tus,  } }0

MOV dpt r ,  #Header
CLR a
MOVC a, Ga+dptr
MOV J_Header,  a
SETB t r0
RET

;  p r o s e d t r t  u r t t , u k  m e r i ; l n i p i l k a n  t u I - l s a r r  h e a d e r  p ' l d a  L C D

Show_Header
JNB
CLR
MOV
LCAIL
MOV
INC
MOV

MOV a, X_Header
MOVC a, Ga+dptr
LCALI LCD-WIi IE_DAtA
INC dptr
DJNZ r7 ,H_J2
INC X Header
Mov alx-Header
CJNE a, J_Header,  H-J1
MOV X_Header,  #0

n r i  L  l1 .L .L

ktuan 5 0 . 0 0 0

ktuan (per iode dari



;  p r o s e d u r  d e l a y  u n t u k  m e n g h i l a n g k a n  b o u n c i n g

Remove_Bounc i ng
MOV r4 ,  #0EEh

RB_J I  MOV 13 ,  #0EFh
DJNZ 13 ,  I
DJNZ 14, RB_.I1
RET

;  p rosedu r  pengecekan  tonbo l

Check_Bu t ton
MOV L'7 , #I
CLR Scan_Key_l
SETB Scan_Key 2
SETB Scan  Key -3
SETB Scan_Key_4
MOV a, p2
ANL  a ,  #7h
CJNE a ,#7h ,CB J2
MOV r7 ,  #4
SETB Scan_Key_1
CLR Scan_Key_2
SETB Scan_Key_3
SETB Scan_Key_4
MOV a ,p2
ANL a,  #7h
CJNE a ,  #7h ,CB J2
MOV 11 ,  #1
SETB Scan_Key_1
SETB Scan_Key_2
CLR Scan_Key_3
SETB Scan*Key_4
MOV a ,p2
ANL  a ,  #7h
CJNE a, # '7hr,  CB _J2
M O V  r i  ,  # I A
SETB Scan_Key_1
SETB Scan_Key_2
SETB Scan_Key_3
CLR Scan_Key_4
MOV a, p2
ANL a,  #7h
C JNE a, #-lj:l I CB_J2
r-LK uul ] ton t

CB .]1 RET

CB_,12 JB Button_F, CB_JI
SETB Button_F
LCAIL Remove_Bouncing
JNB Show_Header_F,CB_J3
M O V  i e ,  # 0 8 9 h
SETB i tO
MOV Mode, #1
SETB Update_Mode F
CLR Show Header  I
CLR t r0

tombo I d i t ekan



MOV T j -ner_S Latus,
a T  P  H o :  r i e  r  F '

RET
CJNE a ,  #3 ,  CB_J4
MOV a ,  #0
AJMP CB-J6
CJNE a, #5, CB_J5
MOV a t  # I
AJMP CB J6

# 1

CB J3

CB J4

LIJ

CB

_J5 CJNE a, #6, CB_J1
MOV a, #2

_J6  MOV b ,  11
- \ ^

, '  But ton 1

CJNE
MOV
C JNE
MOV
CJNE
RET

Btn1_J2
ADD
MOV
MOV
MOV
LCA],L
]NC

Btn l  J l

;  Bu t ton  2

CB-J7 CJNE
MOV
C JNE
MOV
C JNE
RET

Btn2 _J2
ADD
MOV
MOV
MOV
LCALL
INC

Btn2  J1

Bu t ton  3

CB-JB CJNE
MOV
CJNE
MOV
CJNE
RET

B L N s  J I

a, #L ,  CB_J]
a ,  Mode
a ,  #3 ,  B tn l_J1
a, X_Enter_SP
a ,  #3 ,  B tn l_J2

MOV r0 ,  #Bu  f  f e r
a /  r 0
r 0 ,  a
G r 0 ,  # 1
a ,  # 3 1 h
LCD_Write_Data
X_Ent e r_S P
RET

a, #2 ,  CB_JB
a ,  Mode
a ,  #3  ,  B tn2_J1
a, X_Enter_SP
a , +3 , Btr.12 _J2

MOV r0 ,  #Bu f fe r
a ,  r 0

@ r 0  ,  # 2
a ,  #32h
LCD_Wrrte_Data
X_Ent e r_SP
RET

a ,  #3 ,  CB_Jg
a ,  Mode
a ,  #3 ,  B tn3_J1
a, X_Enter*SP
a ,  #3 ,  B tn3_J2

MOV r0 ,  #Bu f fe r

S P

S P

S P



ADD
MOV
MOV
MOV
LCALL
T l\la

Btn3_J1

,  Bu t ton  4

CB J9 CJNE
MOV
C JNE
MOV
CJNE
RET

Btn4_J2
ADD
MOV
MOV

.MOV
I,CAI,I,
INC

Btn4  J l

a ,  r 0
r 0 ,  a
G  r 0 ,  # 3
a ,  # 3 3 h
LCD_Wri te_Dat a
X_En t er_S P
RET

a , # 4 , c B _ J 1 0
a, Mode
a ,  #3 ,  B tn4_J l -
a,  X_Enter_SP
a ,  #3 ,  B tn4_J2

MOV r0 ,  #Bu f fe r_SP
a ,  t A
r 0 ,  a
@  r 0 ,  # 4
a ,  # 3 4 h
LCD Wr i  t e  Da ta
x-eht e r_SF
RET

B u t t o n  5

C B - J 1 O
MOV
C JNE
MOV
CJNE
RET

B t n 5 _ J 2

ADD
MOV
MOV
MOV
LCALL
INC

Btn5_J1

* . .

CB-JL 1
MOV
C JNE
MOV
CJNE
RET

BL\6 _J2
ADD

. MOV
MOV
MOV
LCALL
INC

C JNE a, #5, CB_{1I
a,  Mode
a ,  #3 ,  B tn5_J1
a, X_Enter_SP
a ,  #3 ,  B tn5_J2

MOV r0 ,  #Bu f fe r_SP
a ,  r 0
r 0 ,  a
0 r 0 ,  # S
a ,  # 3 5 h
LCD_Wri te_Data
X_Ent er_SP
RET

CJNE a ,  #6 ,C8_J I2
a /  Mode
a , # 3 ' B t n 6 _ J 1
a I  X_Enter_SP
a ,  #3 ,  B tn6_J2

MOV r0,  #Buffer_SP
a ,  T a

e r0 ,  #6
a ,  # 3  6 h
LCD_Wri te_Data
X  En te r  SP



Btn6_J1

.  P r r l - f  ^ h  ?

CB-J!2
MOV
CJNE

MOV
CJNE
RET

BL^1 _J2
ADD
MOV
MOV
MOV
LCALL
INC

I J I N  /  J 1

But ton  I

CB-J13
MOV
C JNE
MOV
C JNE
RET

BtnS_J2
ADD
MOV
MOV
MOV
LCALL
INC

BtnS_J1

;  Bu t ton  9

CB_J14
MOV
CJNE
MOV
CJNE
RET

Btn9_J2
ADD
MOV
MOV
MOV
LCAIL
INC

I J f n v  ! l I

cB-J19

;  Bu t ton  10

RET

CJNE a, #7 , CB_JL3
a ,  Mode
a ,  #3 ,  B tnT_JL
a, X_Enter_SP
a, #3 ,  BtnT -J2

MOV r0,  #Bu f  fer_S P
a /  r 0

@ r 0 ,  # 7
a ,  # 3 7 h
LCD_Wr 1te_Data
X_Ent e r_S P
RET

CJNE a ,  #8 ,  CB_J14
a, Mode
a ,  f i J ,  b t n u  J 1

a ,X_En te r  SP
a ,  #3 ,  B tnS_J2

MOV r0,  #Buffer_SP
a ,  r 0
r 0 ,  a
@ r 0 ,  S 8
a ,  # 3 8 h
LCD_Wr i  te_Data
X_Ent e r_S P
RET

CJNE a ,  #9 ,  CB_J15
a ,  Mode
a /  F J ,  b t n y  J 1

a ,  X_En te r  SP
a ,  #3 ,  B tn9_J2

MOV r0,  #Buffer_SP

G r O ,  # 9
a ,  #3  th
t  { -D  wr ] - ce  Da ta
x_Snt er*SF
RET

LJMP



CR J15-,
MOV
C JNE
MOV
SE TB
RET

Bt 1 0_J1
MOV
SETB
RET

Bt 1 0_J2
MOV
C.TNE
RET

Br10_J4
T  ' - 7 \ T  T

MOV
LCALL
MOV
LCALL
DEC
RET

I J T I U  J J

MOV
C.]NE
MOV
SETB
11I, 1

C J N E  . r , l + . 1 . 0 ,  C B  J l 9
a  /  Mode
a ,  f  l ,  B t  l 0_J  1
Mode ,  #2
Updat e_Mode_F

CJNE a ,  #2 ,8 t10_J2
Mode ,  #9
Update_Mode_F

CJNE a ,  #3 ,  B t  1  0__J3
a/ X_Enter_SP
a ,  # 0 ,  B t 1 0 _ J 4

MOV a ,  #1Oh
LCD_Wr i te_ Ins t
a ,  # 2  0 h
LCD_Wr i  te_Data
a ,  # 1 0 h
LCD_Wr i  te_Inst
X_Ent e I-S P

CJNE a ,  #4 ,  B t10_J5
a r  l o r r ^  o L d t - u >

a,  #3 ,  B i0_J10
M o d e ,  # 1 0
Update_Mode_F

B 1 0 _ J 1 0

LCAIL
SETB
LCALL

MOV
SETB
RBT

Br 1 0_J5
CLR

SETB Upper-.Valve_

r  q !  1 r  u P P s !  v a l v E

S end-Da t a_F
S end_Da ta

Mode ,  #2
Upda t e_Mo de*F

CJNE a ,  #5 ,  B t l 0_J6
Uppe r_Va I ve_C

r  u ! !  v y y c !  v a f v v

S end-Dat a_F
S end_Dat a

Mode ,  #2
Upda t e_Mode_F

CJNE a ,  #6 ,  B t10_J7
Lower_Va L ve_C

Turn_Lowe r_Va Ive
S end_Da t a_F
Send  Da ta

LCALL
SE TB
LCAIL

MOV
SETB
RET

B t 1 0 _ J 6
SETB

LCAI,T
SE TB
LCALL

MOV Mode ,  #2



SETB
RET

Bt  10_J7
CLR

LCALL
SE TB
LCA],L

MOV
SETB

.RET
B t 1 0 _ J 8

MOV
SETB
RET

Bt10_J9
RET

; Button l "  1

cB_J16
MOV
C JNE
MOV

'CJNE
RET

ADD
MOV
MOV
MOV
, LCALL
tNc
RET

t J t t l  J 1

.]NB
RET

I J T  1 . 1  J J

,  S E T B
JNB
MOV

B t 1 1 _ J 4

B t 1 1 _ J 3
RET

MOV
C JNE
JNB
RET

E L z  J t o

SETB
RET

Upda t e_Mode_!'

C  JNE a /  #7 ,  B t10_J8
Lowe r_Va I ve_C

Turn_Lowe r_Va Ive
S end_Data_F
S end_Dat a

Mode ,  #2
Updat e_Mode_F

CJNE a ,  #9 ,  B t  1O_J9
Mode ,  #1
Update Mode F

C J N E  a , # 1 1 , C B _ J 1 7
a, Mode
a ,  f J ,  i J t l  l  J 1

a ,X_En te r  SP
a t  # 3 , B t I 1 - q 2

MOV r0,  #Buffer_SP
a ,  r 0
r 0, ,  a
@ r 0 ,  # 0
a .  # 3 0 h
LCD_Write_Data
X_Enter_SP

CJNE a ,  #2 ,  B t  11_J3
No_Data_F, Bt 11_J5

MOV Mode, #4
Upda t e_Mode_F
Upper_Va1ve, Bt 11_J4
Mode ,  #  5
RET

C, INE  a ,  # I2 ,  CB_J1B
a ,  Mode
a ,  # 1 ,  B t  1 2 _ J  1
No_Data_F, 8L2 _J76

MOV Mode, #3
Update Mode F



:

B t12_J1
LCALL
MOV

'LCALL

MOV
C.'NE
AJMP

6 1 1 2  J J

C JNE
AJMP

} J | - L Z  J  /

SETB
RET

BII2 -J 4

CLR
LCALL

B t I 2 - J 6
SETB
RET

BTT2_J2
AJMP

I J T I Z  J : ]

JNB
RET

SETB
JNB
MOV

Bt  12_J9

B t  12_J8
872  - J I4

SETB
RET

AJMP
872  - J I I'AJMP

AJMP
B 1 2  J 1 3

AJ}.4P
Bl-  2_.115

RET

CJNE a, #3,BLI2_J2
Ca fcu la te_SP
a ,  # 0 C h
LCD_Wr i te_ Ins t
a t  1 6

a ,  # 1 0 0 ,  B t  1 2 _ J 3
BTI2 -J 4
JC  B I I2 . JA
a, #0FFh, BLI2__J1
BLI2 J6
MoV }4od.e, #8
update_Mode F

MOV S  e t_Po  i n t ,  16 '

S end_Dat a_F
q o n d  n : 1 -  a

MOV Mode, #1
Updat e_Mode_F

CJNE a ,  #8 /  B t12_J5
BL I2 -J6

CJNE a ,  #2 ,8 tL2  _JB
No_Data_F, B\2_JL]

MOV Mode, #6
Updat e_Mode_F
Lower Valve ,BLI2 J9
Mode ,  #7
RET

C J N E  a ,  # 4  t B I 2 _
MOV Mode, #2
upda t e_Mode_F

CJNE a ,  #5 ,8L2_

J 1 0

C , I N E  a , # 6 , 8 L 2 _ -
B I2  J1 .4
CJNE a, # ' t  ,BI2-
B I 2  J I 4
CJNE a ,  +10 ,B1 -2
B I2  J1 .4

J 1 1

J 1 2

J 1 3

J I f ,

CB_J18 RET

i prosedur untuk menghj ' tung SP dafam hexadesimaf

;  yang .  d i i npu tkan  me la lu i  keypad

C a l c u l a t e _ S P
M O V  1 6 ,  # 0

d a r i n i l a i



MOV 17 '  X_Enter-SP
MOV r0,  #Buffer-SP
MOV a, r7
CJIIE a,  #0,  CSP-J3
M O V  1 6 ,  S e f  P o i  n t



MOV
ADD
LCALL

CHD-J2
LCALL
MOV

MOV
LCALL
RET

a ,  b
a ,  # 3 0 h
LCD_Wri te_Data
MOV a ,  #020h
LCD_Wr ite_Data
a ,  #ODFh
LCD_Wr i t e_Data
a ,  # 0 4 3 h
LCD Wr i t e  Da ta

Mode 4 to l-  
Mov r t  , .#16

Md47 Jl  CLR a
MOVC a, Ga+dptr
LCALL LCD_Wri te-Data
INC dPtr
DJNZ r'1 ,14d4-l -JI
MoV dptr, *Y_or-N
MOV a, #0C0h
LCALL LCD_wri te_Inst
MOV r1 , ll1

Md47  J2  CLR A
MOVC a, Ga+dptr
LCALL LCD_blr i te-Data
INC dPtr
DJNZ r'l ,l4d4l _J2
RET

; prosedur untuk menampifkan tul isan

Upda t e_Mode
JB Update-Mode-F, W-J1
R6T

U\.{_JI CLR UPdate_}4ode-F
MOV a ,  #1
LCALL LCD_Wri te_Inst
MOV a, Mode

; Mode 1

'CJNE

MOV
MOV

Md1 J1
MOVC
LCALL
INC
DJNZ'MOV

LCALL
MOV
LCALL
MOV

Md 1_J2
MOVC
LCALL

a, +1/ lll 'I_J2
dp t r ,  #s ta tus_ l_Tex t
1 1  , # 5
CLR A
a ,  Ga+dp t r
LCD_Wri  te_Data
. l h f  r

r7 ,  Md1_JL
a ,  P resen t_Va lue
Ca f cuf at e_Hex_2_De c
a ,  # 0 c 0 h
LCD Wr i t e_ Ins t
1 1  , # 5
CLR a
a ,  Ga+dp t r
LCD Wr i t e  Da ta

untuk setJ-ap mode pada LCD



INc dpt r
DJNZ 17 ,  Md1_J2
MOV a, Set_Po1nt
LCALL Cal cul  at  e_Hex-2-Dec
RET

; Mode 2

lJ1'{_J2 CJNE
LCALL
MOV
MOV

Md2_J 1
MOVC
LCAI,L
INC
DJNZ
PUSH
PUSH
JNB
MOV
LCALL
MOV
LCALL
MOV
T , ^ ' \ T  T

MOV
LCALL
AJMP

Md2 _J7
JNB
MOV

Md2_J3
Md2 _J 4

MOVC
!\-.tt! lr

INC
DJNZ

a, #2, UM_J3
Check_Ctr I_Status
dp t  r ,  #S  ta tus_2_Tex t
r 1  ,  # I I
CLR a
a /  @a+dp t r
l ,CD_Wri  te_Data
dpt r
11 , NId2 _J I
dpl
dph
No_Data_F, Md2_J7
a ,  # 0 2  0 h
LCD_Wr i te_Dat a
a ,  # 0 2 D h
LCD_Write-Data
a ,  # 0 2 D h
LCD_wri te_Data
a, #02Dh
LCD_Wri te_Data
Md2_J8

MOV dp t r ,  #C  l  osed
Upper_Valve, Mcl2_J3
dptr ,  #Opened
MOV r7 ,  #5
CLR a
a , 0 a + d p t r
LCD_wr i. t e_Dat a
dp t r
11 , NId2 _J 4

Md2_J8 PoP dPh
POP dPl
MOV a ,  #0C0h
LCALL LCD-wri te- Inst
MoV r7 '  #\ \

I"td2 J2 CLR a
MoVC a, Ba+dPtr
LCALL LCD_!!rite-Data
INC dptr
DJNZ t7 ,1fLd2 -J2
JNB No*Dat a-F, Md2-J 9
MOV a, #020h
LCALL LCD_Wri te-Data
MOV a ,  *02Dh
LCALL LCD_lir i t e-Data
MOV a ,  #02Dh
LCALL  LCD Wr l t e  Da ta



MOV a ,  #02Dh
LCALL LCD_Wrl te_Data
RET

Md2_J9
JNB
MOV

Md2_J5
Md2  J6

MOVC
LCALL
INC
DJNZ
RET

MOV dp t r ,  #C losed
Lower_VaIve, Md2_J5
dptr ,  +Opened
MOV r7 ,  #5

a ,  Ga+dp t r
LCD_Wr i  te_Data
dpt r
r'l ,I{.d2 J 6

T'M_J3 CJNE
MOV
MOV

Md3_Jl
MOVC
LCALL
T l \ Y / .

D JNZ
MOV
LCALL
MOV
RET

a ,  #3 , l lM_J4
dptr ,  #Status_3_Text
r ?  ,  # 1 0
CIR a
a ,  Ga+dp t r
LCD_Wri te_Data
dptr
r? ,  Md3*J1
a /  # O E h
LCD_Wr i te_ Ins t
x  E n t e r  s P ,  # 0

l ] } 4 J 4

; Mode 4

C JNE a'  #4,111' l_J5
MOV dptr ,  #S t  atus_4_Text
LCALL Mode_ 4 _to _1
RET

; Mode 5

lJl,I_Js CJNE a/ #5/ UM-J 6
MOV dP t r , #S ta tus -s - -Tex t
LCALL Mode_ 4 _!o -'7
RET

; Mode 6

UM_J6 CJNE a' #6 'lJ}{-J7
MOV dP t r , #S ta tus -6 -Tex t
LCALL Mode_4_to-7
RET

Mode 7

l lM_J7 CJNE a, # 7 , IIM_J8
MOV dP t r , #S ta tus -7 -Tex t
LCALL Mode_4-to-l
RET



;  Mode I

W_J8 CJNE
MOV
MOV

Md8_J1

MOVC
LCAIL
INC
DJNZ

MOV
LCAIL
MOV

Md8_J2
MOVC
LCALL
INC
DJNZ

RET

IIM_Jg CJNE
LCAIL
MOV
MOV

Md9_J1
MOVC
LCALL
INC
D.]NZ
PUSH
PUSH
JNB
MOV
LCALL
MOV
LCALL
MOV

LCALL
AJMP

Md9_J 8
MOV
C JNE
MOV
AJMP

Md9_J3
MOV

Md9_J4
M d 9 _ J 5

MOVC
LCALL
INC
DJNZ

Md9_J9
POP

a / # 8 / U M _ J 9
r 7  ,  # I 2
/ l n 1 - r  S c l - r r l r <  q , r 6 w +

CLR a
a /  o a + d p t r
LCD_Wri  te_Dat a
dpt r
r7 ,  Md8_J1
a ,  # 0 c 0 h
LUIJ  t ' { r . L te  l ns t

r ' l  ,  # l
CLR a
a , 0 a + d p t r
LCD_Wri te_Data
dptr
11 ,l4d9 *J2

a ,  #9 ,  UM_J10
Check_Ctr l_St atus
r ' 7  ,  # L 0
dptr ,  #Status_9_Text

a ,  Ga+dp t r
LCD_Wri t e_Data
dpt r
r7 ,  Md9_J1
dpl
dph
No_Data_F, Md9_J8
a, #02Dh
LCD_Wr i  te_Dat a
a, #O2Dh
LCD_tr^1ri te_Data
a ,  # 0 2 D h
LCD_Wri te_Data
Md9_J9

MOV dptr ,  #Ful f
a,  Tank_Status
a ,  #0 ,  Md9_J3
dptr ,  #Empty
Md9_J4
CJNE a, #1, Md9_J4
dptr ,  #Not_Ful1
MOV r'7 , #6
CLR a
a ,  ga+dp t r
LCD_Wr i  te_Dat a
dp t r
r7 ,  Md9_J5

PoP dph
dpr



MOV
LCALL
MOV

Md9_J2
MOVC

I N C
DJNZ

JNB
MOV

MOV
LCALL
MOV
LCALI,
I {ET

M d 9 _ J 1 0
JB
MOV

M d 9 _ J 6
Md9_J7

MOVC
LCALL
I N C
DJNZ
RET

MOV
MOV

Md10_J1
MOVC
LCALL
INC
DJN Z
MOV
LCALL
MOV

Md10_J2
MOVC
LCALL
INC
DJNZ
RET

UI4-J 1 1
RET

J 1 0UM

a ,  # 0 c 0 h
LCD_Wri te_I  nst
r - l  ,  # Io
CLR A
a ,  @a+dp t r
LCD_Wri  te_Data
dpt r
r'1 ,Md9 _J2
No_Data_F, Md9_J1 0

a ,  #  0 2 D h
LCD_Wri te_Data
a ,  # 0 2 D h
LCD_Wr i  te_Data
a ,  # 0 2 D h
LCD _i"i r i t e_Da ta

MOV dptr ,  #Ac t  ive
I l ea r  L t : r .  Mc l9_J  6
dp t  r ,  #S top
M O V  r 7  ' # 5
CLR a
a /  @a+dp t r
LCD_l,irite_Data
dpt r
r'7 ,I'4d9 _J7

CJNE a7 # 10, UM-JI1
r / , f r , t o
dp t r ,  #S  ta tus_10_Tex t
CLR a
a /  @ a + d p t r
LCD_Wri  t  e_Data
dpt r
r7 ,  Md l -  0_J1
a /  # 0 c 0 h
LCD_Wr i te_ Ins t
r7 ,  # '7

a /  @a+dp t r
LCD_Wri  te_Data
dpt r
r7 ,Md70 _J2

; prosedur untuk mengir j -mkan data pada kontroler

Send  Da ta
CLR exO
ClR  e tO
q I ' T R  a  l  1

MOV r'/ , #2

S D  J 4  J B  S e n d  D a t a  F ,  S D  J 1

.  l t l



MOV Counter,  Set_Point
MOV th0 ,  #0Esh
M O V  t I 0 ,  # 0 4 1 h
SETB t r0
SETB t r1
T\tp I  fn (

CLR I r1
SETB ]R-TX
LJMP SD J2

SD J1 MOV Coun te r ,  Se t_C t r l
MOV tho ,  #0F3h
M O V  t ] 0 ,  # 0 7 F h
SETB t r0
S E T B  t r l
J N B  t f o , 9
CLR t r1
SETB IR-TX

CLR t ro
CLR t f o
INC Coun te r
MOV tho ,  #OFDh
MOV t  I 0 .  #0A7h
SETB t r0
JNB t fO ,  $
CLR t f  O
MOV tho, #OFDh
MOV t l 0 ,  #0A7h
S E T B  t r 1
JNB t f 0 ,  $
Cl,R tro
CLR t r1
cLR t f  0
DJNZ Counter,  SD_J3
MOV th0 /  #0C0h
M O V  t 1 0 ,  # 0 0 0 h
SETB t ro
JNB t f o ,  $
CLR t ro
cLR t f  0
DJNZ r'7 , SD_JA

CLR e t1
CLR 1e0
SETB ex0
RET

J L

SD J3

.  I t l

;  prosedur untuk meng update ni la i  kontroL status
;  (membuka  /  menurup  k ran  i s i )

T r r r n  T T n h A r  \ / .  1 t r a

MOV S e t - .Ctr  1*S t  /  Ctr f_Status
ANL  Se t_C t r I _S t ,  #3
JB Upper_Valve_C / TLry_Jl
ANL S e t_Ctr l_S t ,  #0EEh
RET

di ki ri-mkan



TW_JI ORL Set
t(li I

;  prosedur untuk meng

; (menbuka / menutuP

TLV_J1
RET

_Ct r l _S t ,  #1

update ni l ,a i  kontrol
kran buang)

status Ygr akan dik i r imkan

Lower Valve
MoV Se t -C t r t -S t ,C t r l - s ta tus
ANL Set_Ctr I_St,  #3
JB Lower_Va]ve_C/ TLV-JI

ANL Set-Ctr l -St ,  #0FDh
RET

O R L  S e t  C t r ]  S t '  # 2

, '  p rosedu r  un tuk  Pemlcacaan  n i l a i

, '  k o n r r o l e r  1 ,  u n t u k  d i t a m P i l k a n
da ta  kon t ro l  s ta tus  yang  d i t e r ima  da r i

pada LCD

Check_Ct r l*S tatus
MOV a ,  C t r l -S ta tus
ANL  A ,  #1
CLR UPPer-Va1ve
CJNE a /  #1 ,  CCS-J I
SETB UPPer-Valve

CCS J1  MOV a /  C t r f  S ta tus
ANL  a ,  #2
CLR Lower-Valve
CJNE a, *2,  CCS-J2
SETB Lower-Vafve

CCS J2  MOV a ,C t r l  S ta tus
ANL a,  #0Ch
R R a
R R  
MOV Tank_Status,  a
CJNE a ,  #0 ,  CCS J4
Mov  seL -Po in f .  #0FEh

CCS J4 MOV a, Ctr f  Status
ANL  a ,  #1Oh
CLR Hea te r
MOV Se t -Po in t ,  #OFFh
CJNE a ,  #10h ,  CCS J3
q F T P  I - I a , a  I  a  r

CCS_J3
RET

;  Ma in  P rog ram
;  - - - - - ' - - - - - - -

S ta r t
^ *  1 1 ?

I ' l \ J  v  JYt  l t  /

LCALL Ini t i .aJ" ize-LCD
LCALL  In i t i a l - i ze  Da ta

LCALL Show_Header

I -CALL Check Br t  ton



T  / - ' \ T  T  r r - ! ^ !le ru !  uP l rdLg t . ruL lc

LJMP Loop



.  / - ^ i l < i - r r , l - . r

.  M 6 h ^ r \ /  A l  l ^ - r 1 - i ^ h

Num_Lo
Num_Hl
Div_O EQU
D1v_1 EQU
Div_2 EQU
Div_3 EQU
Tmp - 0 EQU
'[ ' t r r1. ,  I  l iQU
']'mI) 2 IIQII
TJnp 3 IQIJ

Presen t_Va lue
Sec__T ick  EoU

Ct r l _S ta tus  EQU

EQU
EQU
32h
3 3 h
3 4 h
3 5 h
3 6 h
j  l l t
'J8r\

J 9 h

tr/ .)TT

3Bh

3Ch

3Dh

3Eh

3 0 h
J l n

;  Nut t r_ i ,o  . . j /d  ' - t ' In l )_J  . rc la l . r f r  v . r r ia f , 'e l
, '  r r n t , r r k  p r : r h i  t u n c ; a n  . r r  i  L m a L i  k a

3Ah  ;  va r i abe l  u t k  meny impan  n i l a i  PV  ( suhu  seka ranq )
;  va r i abe l  u t k  coun te r  t ime r

Tiner_Reg EQU
akan  d i k i r im
Tank_Status EQU
penuh
Dununy EQU
Set_Po ln t  EQU
2
Data_Coun te r  EQU 41h  ;  va r i abe l  coun te r  u t k  mengh i tung  jm f  pu l sa  da ta
yang di terula dar. i  kontrofer 2
Dummy_2 EQU 42h ; variabe.I penampung' sementara/ serba guna

;  B i t  Add ressab fe

S O C p j n  p e n g c n t r o l  A D C  s r a r t  k o n v e r s i :

p i n  l I ag l i nd i ka rc r  c i a r  i  ADC oahwa
s e ] e s a i ,  0  - >  s u d a h  s e l e s a i

p i n  l n p u t  d a r i  r e c c i v e r  j n f r a r e d :

3Fh ;  var iabel  penampung sementara/  serba guna
40h  ;  va r i abe . I  u t k  m .eny impan  n i l a i  se t  po in t  da r i  kon t ro le r

, . 0 0 0 0  0 0 0 0 b
.  3  3 3 3  

\

;  '  rU '  Uppe r ra l ve :
;  '  '  Lower  Va l ve  ;

;  Hea te r  s ta tus  :  0

;  va r i abe l  coun te r  u t k

;  S t a t u s  l e v e l -  a i r : 0

:  l )  - . ,  c l ose ,  I  ->  cpen
0  - >  c l o s e ,  1  - >  o p e n

->  kosonq ,  01  ->  ] : e r i s j , ,  11  ->

->  s top ,  1  ->  ak r - i  f

m e n r r h  i F r r n . J  i m l  n r r ' l c >  . l -
r r u J  r o  \ r c < L a  y d r r 9

- >  k o s o n g ,  I  - >  t e r i s i ,  2  - >

0  - >  r e s e t ,  1  - >

ADC te fah  se  l esa  i

0  - >  a d a  d a t a ,  1  - >

R T T  n ?  1

s ta r t  konve  r s  i .
E O C  B I T  p 3 . 2
n e - o k o r v o r . ' :  I  - '  h e l u m
I R _ R X  B I T  p 3 . 3
no  da ta
I R , T X  B I T  p 2 . 4
o f f
H e a t e r  B I T

U_Va lve_1  B IT  p2  .A
U_Va lve_2  B IT  p2 .1

p rn  ou tpu t  un tuk  t r ansm i t t e r  i n f ra red :  0  - )  on ,  1  ->

p 2 . 5  t  p i n  o u t p u t  r e l a y  h e a c e r :  0  - >  o f f ,  I  - >  o n

;  p l n  o u t p u t  d r j - v e r  m o t o r  u t k  k ; : a n  i s i  ( # 1 )
;  p i n  o u t p u t  d r i v e r  m c t o r  U L k  k r a n  i s i  ( # 2 )



p 3 . 4

p 3 . 5

#1  =  1 ,  #2  =  I  :  s top  mo to r :
#1  =  C '  42  =  1 .  :  mo to r  Pu ta r  ke
u l  -  1  + + )  -  i  .  m ^ t - ^ r  n r r t - . a r  k a
I t L  

-  L t  1 r L ' w  } J s g s !  
r r v

k i r i

b u a n g  ( # 1 )
buanq  (#2  )

L  V  I V C

L  V A  L V E

U  L e v e l-:
a o a  a f  r ,

L  L e V e  1

td i<  ada

1
2

B I T
B I T

p 2 . 2
p 2 . 3

kr an
kran

:  r -  i  n  o r r l - r r r r t  d r i  v e r  m o t o r  u t k
.  n i n  n ' r r n r r f  d r i v e r  m o t o r  u t k

/  P r r r  v 4  e } ? s

;  # I  =  ) ,  # 2  =  1  :  s L o p  m o t o r

;  # 1  =  A ,  # 2  =  1  :  m o t o r  P u t a r
;  f r I  =  I ,  # 2  =  J  :  m o t c r  p u t a r

B I T
1  - >  a d a  a i r

B ] T
a i r ,  I  - >  a d a

p in  i npu t  da r i  senso r

pin input dal : i  s  ensor:

ke  k i  r i
ke kanan

I e v e l  a i r  ( a t a s )  :  0  ' >  t d k

leveJ  a i r  ( bawah)  :  0  ->

F I a g  /  I n d i - c a t o r

Senr l  Data_F BIT

K E A O  A U L  I  r f l j

upp e;_vafve BrT
Lower_Valve BIT
Hea te r_S ta tus
Hea te r_F  B IT
Data_Type_F BIT
C h e c k  C t r l  F

'  D r ^ ^ r . r n  P a q a i -

0 0 h
0 1 h
03h
0 4 h
B l T
0 6 h
0 7 h
B I T

;  0  - >

;  0  - >

;  0  - >

;  0  - >

0 5 h
;  0  - >

;  0  - >

0 8 h

i C l e ,  1  - >

i d l e '  I  - >

c l o s e ,  1  - >

c f o s e ,  1  - >

0  ->  s top ,
i d l . e ,  I  - >

dat-a SP, I  ->

0  - >  i d ] e ,

k i r im  da ta
baca ADC
open
open

1 -> act  l "ve
kon t ro le r  hea te r  ak t i f
data status kontrol

1  ->  ce i<  kon t ro f

T ime r_0
PUSH A

PUSH PSw
MOV tho ,  #o3ch

;  vec to r  add ress  un tuk  t i r ne r  0

,  \ , a - f  ^ r  _ e , . J , . l r a q q  ) r n f  , r L  i  h f  ^ r F r r ' 1 1 -  ll r t L s ! ! u y e  r

:  \ / c - f  r . l r  a r l r l r e s s  r r n t u k  t i m e r  l

o R G  0 0 0 0 h
LJ], IP Start

oRG 0008h
LJ}4P Timer_0

oRG 0  013h
LJI4P Int_1

oRG 0  01Bh
LJMP T inLe r 1

In te r rup t  Se rv l ce  Rou t i ne

T imer  O  d igunakan  un tuk  menghr tu r rg  0 .5  de t i k .

T i a p  0 . 5  d e t i k  k o n t r o l e r  m e n g i r i m  d a t a  P V ,  0 . 5  d e t i k  b e r i k u t n y a

Lcn t ro le r  menq i r fm  da ta  s ta tus  l i on t ro l  { hea te r , ra te r  l eve l ,  s ta tus  k l  an )

0 .5  de t i k  kemud ian  meng i r im  da ta  PV  l ag i ,  dan  se te r l l snya '

;  n i la i -  thO dan tLO ini  akan menghasiLkan



M O V  r 1 0 ,  # 0 A F h

SETB Read_ADC_F

_ L  l \ L  S e C  l  t c l {

MOV a ,  Sec_T ick
CJNE a /  #  10 ,  T0_J1

SETB Hea te r  F

;  p e n q h  i L t r n g a r r  w a k t r i  r r t k  5 0 . 0 0 0  u s

pengkonve rs lan  /  pe r ,bacaan  ADC d iak t i f kan
sc t .  i  a ; r  50 .  00 '0  r r s

;  c o u n t e r  u n t u k  5 0 . 0 C 0  u s

;  apakah  sudah  te r j ad i  pengh i t ungan  wak tu
;  s e b a n y a k  1 0  x  5 0 . 0 C 0  u s  =  5 C O . 0 O 0  u s  =
;  5 0 0  m s  =  0 . 5  d t k  ?

;  l akukan  pengecekan  /  pe r i gon t ro fan  hea te r

C L R

MOV
CLR

CPL
JB

MOV
MOV
MOV

e x 1

S e c _ T i c k ,  # 0
e t 0

Send_Data_F
Send_Da ta_F ,TO_J2

T  j  n e r  P e g ,  P r  e s e n t  V a  1 u e
r h  0 ,  f 0 F 9 h
r t 0 ,  #  O B D h

;  t i m e r  0  d i q u n a k a n
;  p e w a k t u a n  1 1 0  0  u s
i  t ime r  1  d iak t i f kan

u tk  mengha .s  i  I  kan
(heade r  da ta  PV)

JNB
( i  I . , l t

t f  0 ,  $
L r l

T O  J 2

SETB ]R  TX
AJI'{P TO J3

MOV
MOV
MOV

T i n e r  R e g ,  C 1 - r  1 _
L h  0 ,  # 0 F 7 h
t I 0 /  # 0 6 7 h

S t - a  t u s
;  t ime r  0  d igunakan
;  pewak tuan  1650  us
;  t rmer  1  d lak t i  f kan

utk menghas-r  l  kan
( h e a d e r  d a t a  s t a t u s  k c n t r o f  )

T O.-J3

T O  J 4

t r 1

t r 0
r f 0
Timer,Reg
th0 /  #0FDh
t t 0 ,  # 0 A 7 h

S E T B  t r 1
JNB
CLR

SETB IR  TX
CLR
CLR
INC
MOV
MOV

;  tamer 0 digunakan
;  pewak tuan  600  us

utk menghasi l -kan
{ j eda i r  u t k  t i ap  da ta  )S E T B  t r 0

JNB
C L R
MOV
MCV
S E T B  t 1 1

r f 0 ,  s
t f 0
tho ,  #0FDh
t l 0 ,  # 0 A 7 h

, '  t imer 0 digunakan
;  pewak tuan  600  us

utk rnenghas i  I  kan
( I e b a r  1 p u l s a  d a t a  )

JNB
CLR
CLR
C L R
DJNZ l  ime r  _Reg ,  T0_J4
MOV th0 ,  #03ch
MOV t  l0,  # OAFh
S E T B  t r 0
S E T B  e t 0

r f 0 ,  s
t r 0
t r 1
r f 0



SE TB ex. I
RET I

;  i n t e r r u p t  1  d i g u n a k a n  u n L u k  m e n e r l m a  i n p u l -  d a t a  d a n  m e n g h i t u n g  d a t a

;  y a n g  m a s u k  d z r r i  r e c e  L v e r  i n f  r a l : e d

I n t  l

T0_J1

I I - J2

I 1 _ i 5

I 1  J 3

I I  J 4

l _ t  J o

I 1  J 1

POP psw
POP a

C L R

SETB Check_Ctr l -_F
MOV Dummy 2, Data_Counter

CLR ie l
POP tho
P O P  t 1 0

CLR e; i
PUSH a
PUSH psw
PUSH T IO
PUSH IhO
MOV Data_Counter/  #0
M O V  t h 0 ,  { 0
M O V  t l 0 ,  # 0
q F T P  1 . r n

JNB IR_RX,9
CLR t ro
MoV a/ tho
CJNE a /  #08h ,  I 1_J2
CLR Data_Type_F
AJMP ] 1-J5
CJNE a ,  #ODh/  I 1_J1

SETB Data_Type_F
MOV Lh0 ,  #0E0h
M O V  r  1 0 ,  # 0
cLR t f o
< E  ' | A  I r n

J B  I f O , I I - J 4
JB IR_RX,I1-J3
JNB IR_RX,9
INC Data_Counter
AJMP I1-J5

DEC Data_Counter
CLR t f o
CLR t rO

JB Data_TYPe*F, I1_J6
MOV 5 et_Point ,  Data_Counter
SETB Hea te r_S ta tus
5 L l u  , i e a t e r  r
AJMP ]1 J l

_  r . _ L  r ^ ! -  . , -  m a s U k  =  S p  ?/  U c A  a Y a l r o r L  \ r a L a  Y Y

;  cek  apakah  da ta  yg  masuk  =  s ta tus  kon t ro l



POP psw
POP A
SETB ea
SET 'B  L . r  ( )
RET  I

;  L imcr 1 r i igr-rrraf : . . r r r  r t r rLui :  meftLbangkir-kan

T  ime  r -  L
, ' P L  I I J _ I X
R E T  I

t  - - - - - - - * - - *

;  Proc ec iur , -s
;  - - - - - - - - - * -

f  r ekuens i  4 ( t  k I I z  ( ca r r - i e r  )

u n t u k  s e t t i n q  t  i m e  r , i n te r rup t ,  dan  n i l a i  awa f  va r i abe l;  I n i  ada lah  p rosedu r

I n i t i a l i z e _ D a t a
MOV tmod, #21h

MOV ie ,  #  8Eh

q t r .np  i  i  1

MOV ip,  # OCtr

MOV th  0 ,  #03ch  ;
MOV L IO ,  #OAEh  ;

MOV th1 ,  #0F4h  ;
k H z )

M O V  t I 1 ,  # 0 F 4 h  ;

MOV S e t_Po int ,  #O
CLR Hea te r
CLR Hea te r  S ta tus
CLR Upper_Valve ;
CLR Lower Valve ;

SETB t rO  ;
SETB IR_TX ;
SETB Read_ADC_F ;
MOV C t r l _S ta tus ,  #0
RET

L- imer  0  - )  t ime r  16  b i t ,  t ime r

, '  ak t i f  kan  i n te r rup t  1 ,  i r r t

-> t imer autcr

t  ime r  0 ,  : - n  t  .

r e l oad

t i ne r  1

;  r n te r rup t  1  ak t i f  1ow  edge

;  p r i o r i t aska r - r  i i - r t e r rup t  1  dan  i n t .  t i r ne r

t i ne r  0  d igunakan  u t k  pewak tuan  50 .000  us

t imer  1  d igunakan  u t k pewak tuan  25  us  (pe r i ode  da r i  40

, '  n i l a i  se t  po in t  semen ta ra  d i i s i  0
;  ma t i kan  hea te r
;  hea te r  s taEus  :  na t i  /  o f f

s ta tus  k ran  i s i  =  t u tup
status kran buang :  tutup

nya lakan  t imer  0
ma t i kan  t ransm i t t e r
pe r i n tahkan  p rosedu r

i  S ta tus  kon t ro f
utk membaca ADC

d i i s i  n i l a i  0

I R
Read_ADC
s ement  a  ra

;  D1v_ l6  :  Rou t i ne  un tuk
;  3 2  b i t  :  1 6  b i t  - >  3 2

,  MSB
.' Penrbag'i - > Num Hi

pem])agt  a l t
b i t

L S B
Num l,o

;  B i l angan  ->  D i v_3  D iv  2  D i v  1  D i v  O
;  l l as i l  ->  D - i v  3  D tv -2  D i v  I  D i v  0
; - - - - - - - - - -  - - : - - - - - - - - * - - - - : - -

D i v  1 6 :



, ' T h i  s  b e g  L n s  : h e  I o o p
D iv_ loop :

ACALL Shi f t  D

, 'Th i s  d i v i des  the  32  b i t  Op
MOV
MOV
MOV
MOV
MOV
MOV
l"lLr v

MOV
MOV

MOV
RLC
MOV
MOV
RLC

A  D A

A

A, R7
A

MOV R7, A
JC can_sub

; n o w  t e s t  t o  s e e

reg i s te r  by  t he  va lue  supp l i ed

;  zero out part ia l  remainder

;  l oad  d rv i  so r

;  l oop  coun t

; sh i f t  t he  d i v i dend  and  re tu rn  MSB in  C
;sh i f t  ca r : r y  i n to  LSB o f  pa r t ra l -  r ema inde r

; A = R 6 - R 0

, A = R 7 - R L - B o r r o w

r  sh i f t  a  1  i n to  t he  quo t i en t

R 7 ,  # o
R 6 ,  # O
Tmp_O , # 0
Tmp_l , # 0
Tmp_2 , # 0
Tmp_3, #C
Rl , Nun_H i.
R0, Num-Lo
R s ,  # 3 2

C],R
MOV
SUBB
JC

;  a t  t h i s
JNZ

, i f  R 7  :

CLF'
MOV
SIIBB
JC

Can_sub :
;  suoc racc

CLR
MOV
SUBB
MOV
MOV
SUBB
MOV
SETB
AJMP

Can t  sub :

, '  Rev i s i  t qL  2A  ok t  1998

i f  R 7 : R 6  > =  R I - : R O

; sr . rbtract  R1 f  rom R7 to see i  f  Rl  < R7
;  A = R ?  -  R 1  ,  c a r r y  s e t  i f  R T  <  R 1

C ant_s ub

po ln t  R7>R1  o r  R7=R1
Can  sub  ;  j unp  i f  R7>R1

R 1 ,  t e s t  f o r  R 6 > : R 0
C
A ,  R 6
A , R O  ;  A  =  R 6  -  R 0 ,  c a r : r y  s e t  i f  R 6  <  R 0
Cant_sub

the div isor f rom the part ia l  remainder
C
A,  R6
A ,  RO
R 6 / A
A,  R7
A, R1
R 7 ,  A
C

Quo t

i n to  t he  quo t  i en t
C

ca r r y  b i t  i n to  t he  quo t i en t
q h i  f  I  n

compet_ron
R5 ,  D i v *1oop

C
A, R7
A ,  R1

, ' s h i f  t  a  0
CLR

;  sh i f t  t he
ACALL

;  Tes t  f o r
D JNZ



s h i f t  D :
;  s h i f t  t h e

CLR
MOV
RLC
MOV
MOV
RLC
MOV
MOV
RLC
MOV
MOV
RLC
MOV

RET

;  s h l f l  t h e
MOV
RLC
MOV
MOV
RLC
MOV
MOV
RLC
MOV
MOV
RLC
MOV
RET

div idend one
C
A, Div_0
A
D lv_O,  A
A/ Di  v_1
A
Div_1 , A
A, Div*2
A
Div_2 , A
A, Dl v_3
A
D j v  3 , A

quo ten l  one
A, Tmp_O
A
Tmp_0, A
A, Tmp_1
A
Tmp_l,  A
A, Tmp_2
A
Tnp_2 / A
A, Tmp_3
A
T m p  3 , A

N o w  w e  a r e
MOV
MOV

MOV
MOV
R E T

a l l  done ,  move
Lr iv_0, Tnrp_(t
Dlv_l /  Tmp_l
Div_2 ,  Tmp_2
Di v_3, Tmp_3

the TMP

; ka. l -au Read
pem-bacaan ADC

s ta r t  konve rs i

v a l u e s  b a c k  i n t o  O P

b i t  t o  t he le f t  and  re tu rn  t he  MSB in  C

b i t  t o the  l e f t  and  sh i f t  t he  C  i n to  ISB

.  ^ r ^ ^ ^ 1 . . -
/  I r !  v r c ' . r u !

Re ad_ADC
JNB

un tuk  s  t a r t konvers i dan membaca hasi l konversi  ADC

Read-ADC_F, RADC

Re ad_ADC_F
S O C
r ' 7  ,  # 5 0

soc

_ADC_F :  0,  jangan l -akukanJ 1

C L R
CLR
MOV
D JNZ
S E T B

C L R  e a
l r f  t u L r  l

SETB ea

MOV a ,  p1

mat i kan  semua  i nLe r rup t
tunggu  sampa i  se lesa i  konve rs  i
n r r : l  a l r a n  i  n t - o r n r n l -

b a c a  d a t  a  A n f -  d , a r  i  n o r L  ' l



M O V  b ,  # 1 0 0
i

i

MUL ab
MOV Di-v_O ' a
MOV Div_1, b
MoV Div_2, #0
MOV Div_3, #0
MOV Num_Lo, #2 55
MOV Num_Hi, #0
LCALL DiV_1 6
MoV Present_Value /  Div-0

RADC J1 RET

,  da ta  ADC ada lah  O  s /d  255 ,

untuk mengubahnYa menj adi suhu
digunakan persamaan :'  

(Da ta  ADC x  100 )
suhu  =  - - - - - : - - - - - - - - - -

z a )

. .  prosedur untuk rnengis i  n i la i  var iabel  kontro. I  status yg akan dik i r imkan

;  ke  kon t ro le r  2  dengan  me lakukan  penqecekan  senso r  l eve f  a i r  dan  b i t - b i t

;  i n d i c a L o r

Check_Ct r l _
MOV
MOV
JNB
MOV
MOV
,fNB
MOV
MOV

CCS-J5
JB
ANL
AJMP

CCS_J1
L U -  U  J

ANL
AJMP

CCS-J2
/ -ae  - l  A

ANL
AJMP

l-l-) Ll A

CCS J7
MOV
RET

Sta tus
Duruny, #0
Tank_S ta tus ,  #0
L_Leve1, CCS_J5
Dunrny, # 4
Tank_S ta tus ,  #1
U_Leve I , CcS_J5
Dummy, #12
Tank_S ta tus  '  #2

Upper_Valve, CCS_J1
Dummy, # 0 FEh
CC S-J3
ORL Dummy, #1
JB Lower*Valve , CCS_J2
Dumny, +OFDh
CCS_J4
ORL Dtxuny, * 2
JB Heater-Status,  CCS-J6
Du:nny, #0EFh
CCS J7
ORL DummY, # 1Oh

a F r ' l  C f  . f r r c  n r r r n m \ t

'  n r n c a A r r r  r r n l - t r k
,  l / ! v v v v e r  

e r r e g J r kontrol  heater secara otornat i  s

Che ck_He ater
JB
RET

CH_J1 CLR
JB
RET

CH_J2 MOV
MOV

Heater_F, CH_J1

Heater_F
Hea te r_S ta tus ,  CH

a, Present_Va1ue
b ,  S e t  P o i n t

;  aPakah

_J2 t  apakah
;  ka fau  ak t  i  f ,

boleh melakukan kontro} heater ?

/  e k t i f  ?5  L c t  ( - U )  r r c d L s l '  J L v y  , /

l akukan  pengecekan  suhu



CH-J4

CH J3

c JNE a, b,  CH_J3

CLR Hea  t  e r
RET
JNC CH J4

SETB Hea  te r
RET

i prosedur untuk membuka

Op en_Uppe r_Va 1ve
CLR ea
CLR trO
SETB U_Valve_1,
CLR U_Valve_2

MOV r1 ,  #200
J2  MOV 16 ,  #250
J1  MOV 15 ,  #20

DJNZ 15 ,  $
DJNZ 16, OUV_J1
DJNZ 17,a: j - /*J2

SETB U_Valve_1
SETB U  Va l ve  2
U l K  . I E . L

SETB t rO
SETB ea
RET

apakah suhu

;  k a l a u

k a L a u . I e b - i h

;  ka lau

s e k   r a r r r r  =  q a ' | -  h ^ i  h l .  ' )
v v L  

l J v r r r L  t

n o lL ra  ,  rLLc l  L  - t  Ac t t l

besa.r ,  mat ikan

leb ih  kec i l . ,  nya lakan

k ran  i s i

ow_
OW

;  nyalakan motor

i

;  I n i
,  i ^ ^ - ^ , , r  ^ -,  ! E r P u L a . !

;

i  matikan motor'

rnat i- kan motor

ada lah  de lay  l ama  mo to r

adalah delay lama motor

;  p rosedur

CLR
CIR
CLR
SE TB

MOV
ClJi_J2
cw_Jt

DJNZ
DJNZ
DJNZ

SETB
) t r t u
CLR
SETB
SETB
ltl t

untuk menutup kran is j -

_Va Ive

t r 0
U_Val-ve_1 ; nyalakan motor
U  Va l ve  2  ;

r '7  ,  #2oo
M O V  1 6 , # 2 5 0
MOV 15 ,  #20

r 6 , CUV_JI-
-'7 l-l t'\ I -t2

U_Va I ve_1
U Va lve  2

t r 0

, '  prosedur untuk

Open_Lowe r_Va l ve
\-! t( ea

membuka kran buang



CLR t rO
SETB L_VAIVE
CLR L_Vafve

MOV r7 ,  #200

-  - . , ^  l  - l - ^ 6  n ^ { . ^ r

i  r r y a r - a ^ a r r  r ( v  L v r

.  T h  i

_1
2

aLv _J2
OLV_J1

DJNZ
DJNZ
DJNZ

SE TB
SETB
CLR
SETB
SETB
RET

'  n r n c o r i r t r
,  I r ' !  v v v e e !

Close_Lower
CLR
CLR
u!! t

SETB

MOV
cLv_J2
CLV-JI

DJNZ
DJNZ
DJNZ

S ETB
SETB
CLR
SE TB
J ! - . L I )

RET

MOV
C.INE
L ! K

LLr(

JNB
U!11

r  a t \ T  I

VC J2 JB
SETB
LCAII,

M n  \ 7  r A  * )  q n

MOV r5 ,  #20

f  b r  U I J V  . J  I

r'7 , OLV- J2

L*Va lve_1
L  V  I V E  Z
i ; 1
t r 0
e a

untuk menutup kran

V  I V C

e a
t r 0
L  V A T V E  ]

L  V  ] V C  Z

r '7 ,  #200
Mrl\ I  rA t r tca| '

MOV 15 ,  #20

r 6 , CLV_JI
r7 , CLV _J2

L_Va Ive_1
] ,  VA-LVC Z

i e 1
t r 0
e a

adalah delaY lama notor

;  na t i kan  mo to r

ouang

; nyafakan motor

'  l - \ 6 ? h r r l -  . r
,  v ! !  y e  e s !

.  m r f  i  k . a n  m / 1 j .  . ] r

adafah delaY lama motor

/  pengontrol  penbukaan / penutupan kran secara otoroat is, '  p rosedu r  pengecekan

Va lve  C t r I
a,  Tank_Status
a ,  #0 ,vc *J1
Heater_Status
Hea te r
Lower_Va1ve ,VC_J2
Lower_Va L ve
C Io s e_Lowe r_Va I ve
Upper_Valve, VC_J3
Upper_VaLve
n  ^ a h  I T ^ h 6  r  \ / i  I  1 / a
v y u r r _ v H l / v  !  

_  
r  e 4  '  e

VC_J3 RET

VC_JI CJNE a, #2, 'JC_J3
JNB Upper_VaIve ' VC-J3

; kalau air  kosong, lakukan :

;  1 .  ma t i kan  hea te r
, '  2.  tutup kran buang (kalau masih terbuka)

;  3 .  buka  k ran  i s i  ( ka lau  te r tu tuP)



CLR Upper_VaIve
LCALL C 1o se _ UPPer- Val  ve

RET

; prosedur pengecekan /
;  yang dikontrol  rnanua]

Check_VaIve_Ct r l -
JB Check-Ct rl--

pengontrol-  pembukaan /  penutupan kran

da r i  kon t ro le r  2

t', CVC-JI- t apakah ada pengontrolan manual

;  ( ada  da ta  kon t ro l  s ta tus  Yg  masuk )

CVC J1
MOV
ANL
C JNE
JB
SETB
LCALL
A.]MP

cvc_J2
JNB
CLR
LCAI1,

ANL
C JNE
JB
SETB
LCALL
AJMP

CLR Check_Ctr l_F
a, Dummy_2

a, #I  I  CVC_J2
Upper_VaIve, CVC_J3
Upper_Vafve
Ope n_Uppe r_Va f ve
CVC J3
CJNE a, #0, CVC-J3
uppe r  va  r ve  I  LVL_uJ
Uppe r_Va I ve
Cfose_Upper_Vaive

MOV a, DumrnY_2

a ,  *2 ,  CVC_J4
Lower_va1ve, CVC_J5
Lower Valve
open_iower_Va lve
CVC J5
^ -,; ^ ./r n /ir t.' 'r c.
t U l \ l i  d . t  1 t v  I  w v w _ u  J

Lower_Valve, CVC_J5
Lower Vafve
close Lower VaLve

Re ad_ADC
Check_Ct r l_Status
Check  Hea te r
Va l ve  C t r l
Che c k_Va I ve_Ctr f
Loop

.  t - ' r r  l u  r  l r r : n  i  s i

k r a n  i s 1

CVC J4

, buka kran buang

kran buang

.  M :  i  n  P r . \ . Y r a m

r  i  ^ 1  i  - ^  n - F -
L L . t t L L  _ L I t _ L L - l d L L L C  u a  L a

JNB

u.!r\

LCALL
CVC_J5

RET

Loop
LCALL
LCALL
LCALL
LCALL
LCA],L
AJMP



LAMPIRAN C



A N . N U .  l t  J . - '  I  t s

Irstruct ion Outl ine

Table 5 List of irlsrructions

Func t i on
lnstru at l  on

Cl?ar t  a l l  d i sp lay  and  re tu 'n t  cu r to r  to

home 9o ! i t i on  (addre t l  . u l

( l )  O i :P laY  c lea r

Returnr  <utso(  to  home Posi t ion '  sh i t - ted

J i rp t "y  , " ,u tn t  to  home.  pot i t ion and oo

RAM cont€nt l  do no i  ch lnge '(2)  Cursor  Home

5e t5  d i .ed ion  o f  cu rso r  movement  ano

*h" tn " t  a i tp foy  w i l l  be  sh i l t ed  when  da ta

i t  t / r i t ten or  read(3) Entry Mode Set

furns oNrOF? tc ie l  C i iP lay {D)  and cur tor

ic - i ' "J  - " t " t  cur ro t  Pot i t ion co lumn r tar t

b i ink ing  (8 )

N lov€ t  cu . to r  and  sh i f t s  d i sp lay  w i thou t

6hang ing  OO RA in  con ten tJ

(5)  CursorDisPlaY Shih

5 e $  i n t e t { a c e  d a i e  l e n g t h  ( O L )

S e t !  C 6  R A M  a d d r e : l  r o  ! t n r t  t ' n n ! m i t t i n g

or  rece iv i r rg  CG aAM dJ t '

S e u  O O  R A l \ l  a d o r e J t  t o  t t a d  t f a n ' m i t r i o g

or  rece iv ing  OO RAM dDt '

R e a d !  6 F  i n d i c a t i o g  m o d v l e  i n  i n t e t n a l

opera t ion  and  AC con lc l t r  (u !ed  lo '  bo th

CG RAM and  OO RAM)

w . i t e i  d a r a  i n t o  O D  R A M  o '  ' 6  R A M

wr i te  Or t !

(9) 8F/Addre:r P'ea d

( lO)  D! t !  wr i ta  to  CG

RAM o. OO RAM

Reads  da : i  l r om DO RAM or  CG RAM

Reid  Oa  ta
(1  t )  oata  Reed { rom

CG RAM or Oo

RAM

. :  t n v a l i d  b i t

A<c : CG RAM lddtett

Aoo :  OO RAM .dd re t t

l / D - I : I n c r e m e n t

t O - O : D e c r e m e n t

5 - 1  :  D i : P l a Y  r h i f t

5 - 0  :  N o  d i s p l a Y  s h i t l

O - l  :  D i s P l t Y  O l l

o - 0 : D i : P l a Y o F F

C = 1  :  C u ( s o r  O N

C . 0  :  C u r t c t  ' C F F

3 - l  :  B l i n k  O N

9 * 0  : 8 l i n k  O F F

S,( - 1 : OilPlaY

rhift

S / ! - 0 : C u r t o r
m o v e m e n t

& ( - 1 : R i g h t s h i t t

R / r i o : L € f t 3 h i f t

O L . 1  : 8  b i t :

O L - O : 4 b i t r

:  I n te rna l  oPera t ion

in  p rog .e33

:  Ins ! .uc t i on  can  be

. c c e p t e 6



Table 3 CorresponJence between chatacter codes artd character p g.tterns

P E "r ? !! 1\ T ,\ I.

.,!,.1 r:l:.\ i -r.oiri \{idvr

S U R A B A Y

. :
i.r.tillglrt i

a^t

A N . N o . 1 6 3 2 - 7 1 1 E

-\Jpper 
bi t

f,X)\ 0000 c01 0 0 0 1  1 0 1  0 0 0 1 0 1 01 r0 0 1  1 1 10 r0 1 0 1  1 ' 1  100 1  1 0 1 1 1 1 0 i l l l

x  x x x0000
RAM

( l )

x  x  x  x0001
(2)

x  x  x  x  0 0 1 0
(3)

x x x x 0 0 l l
(4)

x  x  x  x 0 1 0 0
(s) I

x  x  x  x o l o l
(5)

x  x  x  x 0 l  l 0
(7)

x  x  x  x 0 l l l
(81

x x x x 1 0 0 0
( t )

x x x x l 0 0 l
(2)

x  x  x  x  1 0 1 0
(J '

x  x  x  x  l 0 l  I
( 4 )

x x x x l l 0 0
(5)

x  x  x  x  I  l 0 l
(6)

x  x  x  x  1 1 1 0
(7)

I
: : l

.:'l
x x x x l l l l

(8) ;',1 I I
I

I

I
. . .1

' : ,L

. l
. ' l

" t

i
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BIODATA

Nama

Nrp

Nirm

Alamat

: HARTONORAIIARDJO

5103094049

: 94.7.003.3 1073.0605 I

: KALIJUDANINDAHP-7

SURABAYA

Tempat i Tanggal lahir : LUMAIANG, 18 MEI1976

Agama : KATOLIK

Riwayat Pendidikan:

Lulus SD Kristen Aletheiq Lumajang tahun 1988.

Lulus SMP Katolik Bhara Widya, Lumajang tahun 1991.

Lulus SMA Katolik Mgr Soegijapranat4 Lumajang tahun 1994.

Mahasiswa Universitas Katolik Widya Mandala Fakultas Teknik Jurusan Teknik

Elektro, Surabaya" Angkatan 1994.


