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LISTING PROGRAM

mov  p0,#0ffh ;inisialisasi PORT 0 dengan 00h sebagai output
mov  pl.#0ffh inisialisasi PORT 1 dengan FFh sebagai input digit pertama ;pH
meter
mov  p2,#0ffh ;inisialisasi PORT 2 dengan FFh
mov  p3,#0ffh ;inisialisasi PORT 3dengan FFh sebagai input digit kedua pH ;meter
isi_air;
setb p0.0 ;mematikan LED hijau
setb  p0.1 :mematikan LED merah
setb  p0.2 ;mematikan LED kuning
clr p0.3 ;:menyalakan solenoid valve 1 (pengisian air)
setb p0.4 :mematikan solenoid valve 2
clr p0.5 ;menyalakan pompa air
clr p0.6 ;mematikan pH meter
ljmp timerl0s ;menunggu 10s
cek pH:
setb  p0.3 :mematikan solenoid valve 1
setb  p0.5 ;mematikan pompa air
setb  p0.6 ;menyalakan pH meter
ljmp timerl3s
nol:
mov ap3 ;data pada PORT 1 dipindahkan ke ACCUMULATOR (a)
orl a,#80h ;data pada A di OR dengan 80h
cjne  a,#0cOh,satu ;pengecekan data A (PORT 1) sama atau tidak dengan cOh
jmp  error
satu:
cjne  a,#0fMh,dua ;pengecekan data A (PORT 1) sama atau tidak dengan f9h
jmp  error
dua:
cjne  a#0adh,tiga ;pengecekan data A (PORT |) sama atau tidak dengan a4h
jmp  error
tiga:
cine  a,#0bOh,empat ;pengecekan data A (PORT 1) sama atau tidak dengan bOh
jmp  error
empat:
cjne  a,#9%,lima ;pengecekan data A (PORT 1)sama atau tidak dengan 99h
jmp  error
lima:
cine  a,#92h,enam ;pengecekan data A (PORT 1) sama atau tidak dengan 92h



jmp  error

enam:
cine  a#82htujuh ;pengecekan data A (PORT 1) sama atau tidak dengan 82h
jmp  enam_nol

enam_nol:
mov apl ;data pada PORT 3 dipindahkan ke A
orl a,#8Ch ;data pada A di OR dengan 80h

cjne a#81h,enam satu ;pengecekan data A (PORT 3) sama atau tidak dengan 81h
jmp  error

enam_satu:
cjne  a#0cthenam_dua ;pengecekan data A (PORT 3) sama atau tidak dengan Ocfh
jmp  asam

enam_dua:
cjne  a,#92h.enam tiga ;pengecekan data A (PORT 3) sama atau tidak dengan 92h
jmp  asam

enam_tiga:
cjne  a,#86h.enam empat ;pengecekan data A (PORT 3) sama atau tidak dengan 86h
jmp  asam

enam_empat:
cine  a#0cch,enam lima ;pengecekan data A (PORT 3) sama atau tidak dengan Occh
jmp  asam

enam_lima:
cjne  a#0adh,enam_enam pengecekan data A (PORT 3) sama atau tidak dengan Oa4h
jmp  asam

enam_enam:
cjne  a#0a0h,enam_tujuh ;pengecekan data A (PORT 3) sama atau tidak dengan 0aOh
jmp  normal

enam_tujuh:
cjne  a#8fh,enam_delapan ;pengecekan data A (PORT 3) sama atau tidak dengan 8fth
jmp  normal

enam_delapan:
cjne  a#80h,enam sembilan ;pengecekan data A (PORT 3) sama atau tidak dengan 80h
jmp  normal



enam_sembilan:
cjine  a.#84h,enam nol :pengecekan data A (PORT 3) sama atau tidak dengan 84h
jmp  normal

tujuh:
cjine  a#0f8h.delapan ;pengecekan data A (PORT 3) sama atau tidak dengan {8h
jmp  normal

delapan:
cjne  a,#80h,sembilan ;pengecekan data A (PORT 1) sama atau tidak dengan 80h
jmp  delapan nol

delapan_nol:
mov  a,pl ;data pada PORT 3 dipindahkan ke A
orl a,#80h ;data pada A di OR dengan 80h

cjine  a#81h,delapan satu ;pengecekan data A (PORT 3) sama atau tidak dengan 81h
jmp  normal

delapan satu:
cjne a#Octh,delapan_dua ;pengecekan data A (PORT 3) sama atau tidak dengan Ocfh
jmp  normal

delapan_dua:
cjne  a,#92h.delapan tiga :pengecckan data A (PORT 3) sama atau tidak dengan 92h
jmp  normal

delapan_tiga:
cine  a/#86h.delapan_empat;pengecekan data A (PORT 3) sama atau tidak dengan 86h
jmp  normal

delapan_empat:
¢jne  a#0cch.delapan_lima ;pengecekan data A (PORT 3) sama atau tidak dengan Occh
jmp  normal

delapan_lima:
cjne  a,#0adh,delapan_enam ;pengecekan data A (PORT 3) sama atau tidak dengan Oa4h
jmp  basa

delapan_enam:
cjne  a#0a0h.delapan tujuh ;pengecekan data A (PORT 3) sama atau tidak dengan 0a0Oh
jmp  basa

delapan_tujuh:
cjne  a,#8th,delapan_delapan ;pengecekan data A (PORT 3) sama atau tidak dengan 8th
jmp  basa



delapan delapan:
¢cjne  a#80h.delapan_sembilan ;pengecekan data A (PORT 3) sama atau tidak dengan 80h
jmp  basa

delapan_sembilan:
cjne a,#84hdelapan nol ;pengecekan data A (PORT 3) sama atau tidak dengan 84h
jmp  basa

sembilan:
cjne  a,#90hcek lagi  ;pengecekan data A (PORT 1) sama atau tidak dengan 84h
jmp  error

cek lagi:

jmp  nol ;pengecekkan ulang nilai pH
timer10s:

mov 1/, #204 :10detik
acall delaylOs

jmp cek ph

timerl5s:

mov 16,4210 ;15detik
acall delayl5s

jmp  nol

timer30s:

mov  15,#210 ; 15detik x 2
mov 4. #210 : = 30detik

acall delay30sl
jmp  isi_air

delay10s:

mov tmod#01h

mov  tl0#65h ‘membuat timer
mov  th0.#4fh ; 50ms

setb  tr0

jnb  tf0.$

clr tr0

clr tf0

dinz r7.delayl0s
ret



delayl5s:

mov  tmod,#01h

mov  tl10.#0bth :membuat timer
mov th0,#01h ; 72ms

setb  tr0

inb  tf0.$

clr trQ

clr tf0

dinz r6.delaylSs

ret

delay30s1:

mov  tmod,#01h

mov  tl0.#0bth :membuat timer
mov  thQ,#01h : 72ms

setb  tr0

inb  tf0.$

clr tr0

clr tf0

djnz  r5,delay30s1

delay30s2:

mov tmod,#01h

mov  tl0,#0bfh :membuat timer
mov thQ#01h : 72ms

setb  tr0

jnb  tf0.$

clr tr0

clr tfo

djnz  r4,delay30s2

ret

error: ;menunjukkan 6 < pH dan pH > §
clr p0.6 ;mematikan pH meter

clr p0.0  ;menyalakan LED hijau
clr p0.1  ;menyalakan LED merah
clr p0.2 ;menyalakan LED kuning
setb p0.3 ;mematikan solenoid 1
setb p0.4 ;mematikan solenoid 2
setb  p0.5 ;mematikan pompa air
acall timer30s :menunggu selama 30s



normal: ;menunjukkan 6.5 <pH < 8.5

clr p0.6  ;mematikan pH meter

clr p0.0  ;menyalakan LED hijau (normal)

setb p0.1 ;mematikan LED merah (asam)

setb p0.2 :mematikan LED kuning (basa)

clr p0.3  ;menyalakan solenoid valve 1 (normal)
setb p0.4 :mematikan solenoid valve 2 (tdk normal)
clr p0.5 ;menyalakan pompa air

acall timer30s ;menunggu selama 30s

asam: ;menunjukkan 6.1 <=pH <=6.5

clr p0.6 ;mematikan pH meter

setb  p0.0 ;mematikan LED hijau (normal)

clr p0.1  ;menyalakan LED merah (asam)

setb p0.2 ;mematikan LED kuning (basa)

setb p0.3 ;mematikan solenoid valve 1 (normal)

clr p0.4 ;menyalakan solenoid valve 2 (tdk normal)
clr p0.5 ;menyalakan pompa air

acall timer30s ;menunggu selama 30s

basa: :menunjukkan 8.5 <=pH <= 8.9

clr p0.6  :mematikan pH meter

setb p0.0 ;mematikan LED hijau (normal)

setb p0.1 ;mematikan LED merah (asam)

clr  p0.2 ;menyalakan LED kuning (basa)

setb p0.3 ;mematikan solenoid valve 1 (normal)

clr p0.4 ;menyalakan solenoid valve 2 (tdk normal)
clr p0.5 :menyalakan pompa air

acall timer30s ;menuhggu selama 30s

end
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Low Power, 3% Digit A/D Converter

- _General Description

The Maxim ICL7126 is a monolithic analog to digital
converter with very high input impedance. On-board
active components include segment drivers, segment
decoders, voltage reference and a clock circuit. The
{CL7126 directly drives a non-multiplexed liquid crystal
(LCD) display, requiring no external display drive
circuitry. Significantly reduced power consumption
makes the ICL7126 a superior device, especially for
portable systemns,

Versatility and accuracy are inherent features of this
converter. The duai-slope conversion fechnique auto-
matically rejects interference signals commonin indus-
trat environments. The true differential input and
reference are particuiarly useful when making ratio-
metric measurements (ohms or bridge transducers),
and the zero-integrator phase in Maxim's ICL7126
gliminates overrange hangover and hysteresis effects.
The Zero Integrator phase also allows the use of larger
auto zero capacitors reducing noise further. Finally, this
device offers high accuracy by lowering rollover error
to less then one count and zero reading drift to less
than 1.°C.

__Applications

These devices can be used in a wide range of digital
panel meter applications. Most apptications, however,
involve the measurement and display of analog data:

Pressure Conductance
Volitage Current
Resistance Speed
Termperature Material Thickness

- —eiee  ___PinConfiguration

See ICL7108 for 44 Laad PLCC Pin Configuration

___ Featuros

& |improved 2nd Source! {See 3rd page for
“Maxim Advantage™).

& Power dissipation guaranteed less than 1mW-9V
battery lfe 3000 hours typicel

¢ Guaranieed first reading recovery from
overrange

& Zero Input Gives Zero Reading
4 Drives LCD Displays Directly

¢ Low Noise (15uV p-p) without hysteresis or over-
range hangover

4 True Differential Reference and Input
4+ Monofithic, Low Power CMOS

_ Ordering information
PART TEMP. RANGE PACKAGE
ICL7126CPL 0°Cto+70°C 40 Lead Plastic BiP
ICLT126CJL 0°Cto+70°C_ 40 Lead CERDIP
- o 44 ead Plastic
|ICL7126CQH  0°CTO+70°C s Carrier
[1cLnzsco 0°C1o+70°C  Dice N
o Yypical Operating Circuit
T
LCD !
Eusplay
: o) |
G i N O
Ut
t e |

i il
— ver § ]

FuLL 5CAL VREF
HNPUT

2.000 v 1000 v
0O,V 1000 mv |

{ Detafed Circut Diagrarm—Figure 1 & 2 )

The "Maxim Advantage™ " signifies an upgraded qualily level. At no additional cost we offar a second-source device thal is subject to the
following. guerantoed performance over temperaiure along with lignter tast spacifications on many kay parameters, and device

anhancamentis, when needed, that resyit in improved performance without changing the tunctionsality.

MAXIMNM

— . Mazim integrated Products  {

OZTELTOI



ICL7126

Low Power, 32 Digit A/D Converter

ABSOLUTE MAXIMUM RATINGS bower Dissipation (Note 2)

Cerdip Package ...... e rseaerr s 1000mW
Supply Voltage (V* toV~) ...................... ... 15V Ptastic Package ........... v 800mwW
Anaiog Input oltage (enhennput)(Note ... Vtiov - Operating Temperature Range ..., ..... 0°C to +70°C
ﬂeferenoe Input Voltage (eitharinput)........... V+tovV- Storage Temperature Range . ... .. .. -85°C te +160°C
Clockinput ... ... ..o iiiieiannn TESTtovV*+ Lead Temperature {Soldering, 60sec.} ........ +300°C

Mote 1 input voltages may exceed the supply voltages, provided the NPyt curTent is wmited to & 100pA
Note Z: Dissipation rating assumes device 1s mounied with all leads soldered {0 printed circuit board.
Stresses above those listed under "Absolute Maximum Ralings™ may cause permanent camagae to the devica. These are stress radngs only and tunctional

opersbioh of the device at ihese or any other conditions above those indicated in the operaticnal sections of the spacibcations is nat imphed. Exposure to absolute
maximum rating conditions for extended pericds may affect device rokabiitty.

ELECTRICAL CHARACTERISTICS wows. 7

PARAMETER CONDITIONS MiN TYP NEAX UNITS

Zero Input Reading iy =00V —000.0 +0000 +000.0 Digital Reading
full-Scale = 200.0mv

Ratiometsic Reading VN = Vrge. Ypgr = 100mV 999 999/1000 1000 Digital Reading
Roil-Over Efror {Ditference in -~V = 4 V= 200.0MY -1 +D2 +1 Counts
reading for equal positive and
negative reading near full-scale)
Linearity (Max. deviation from Full-Scale = 200mV -1 +0.02 +1 Counts
best straight line fit) or Fuil-Scale = 2,000V
Common-Mode Rejection Ratio Vem= £1V, V) =0V 50 aVIv
{Nole 4) Full-Scala = 200.0mv
Noise (Pk-Pk value not exceeded Vin =0V, Full-Scale = 200.0mV 15 v
95% of tims)
Leakage Current @ Input Viy=0V 1 10 pA
Zero Reading Drilt Vin =0V, 0°CcTac + 70°C 0.2 1 wI'C
Scale Factor Temparature Vin =199 Bmv, 0°Cc Ta< + 70°C 1 5 ppmi~C
Coefficiant (Ext. Ref. Qppmi°C)
Supply Current (Does not Vin = GV [Note 6) 50 10G wh
inslude COMMON current)
Anaiog COMMON Voltage (With 250x1 betwesn Common and 24 28 32 Y
respact 1o positive supply} Positive Supply
Temp. Coeft. of Analog COMMON 250x0 between Common and 80 ppmi*C
(With respect to positive suppiyl Positive Sunply
Pk-Pk Segment Drive Vollage vt VT =9V 4 5 § v
iNote 5
Px-Px Backplane Drive Voltage vitovT=av 4 5 6 v
iNote 5) .
Power Dissipation Capacitance vs Clock Frequency . 40 pF

Note 3: Unless otharwige noted, specihcations apply at Ta =25°C, i, ook = 16kkz and are lested in the Gircuit of Figure 1.
Note 4: Reler to "Differential Input” discussion.

Note 5: Backplane drive 13 in phase with segment drive for “off " segment, 180° out of phase for “on” sagment. Frequency is 20 rmes conversion rate. Average DG
componert is lasg than 5amv.

Nole 6: 48kHz oscillator, Figure 2, increasaes current by 204 A (typ).
Hote 7: Exira capacitance of CERDIP package changes oscillator resistor value to 470k{i or 150ki} (1 reading/sac or 3 readings/sec].

The eloctrical characterstics above are a reproduction of @ portion of Infersil's copyrighted (1983/1884) data book. THS infoimation does not constitute any
representabon by Maxim thal Intersi'’s Drocucts Wil perform /1 accorgance with thase . The "€ h Tavle ™ aipng with the
descriplive excenpi's from the orginal manufaclurer's date sheet have beon InChuded i this data sheat Soiely for COMDIIANIVE PIPOSEs

2 - MAXIMN




& Low Noise

& Key Parameters Guaranteed over Temperature
¢ Guarantesd Overload Recovery Time

V4 V/y . 4V44d
Low Power, 3% Digit A/D Converter

4 Negligible Hysteresis

+ Significantly Improved ESD Protection (Note 9)

ABSOLUTE MAXIMUM RAT'NGS: This device coniams (o the Absciule Maximum Ratings on adjacent page.

ELECTR'CAL CHARACTEH'ST'CS: Specihicabiors below salisty or axceed al “tested” paramaters on adjacant page

v 9V Ta = 25°C. ic_pck = 16kHZ: test crcuit - Figure 1: uriess noted)

4 increased Maximum Rating for Input Current (Note 10)
+ Maxim Quality and Reilability

-

CHARACTERISTICS [ CONDITIONS MIN TYP MAX |  UNITS
Zoro input Reading Viy = 0.0V, Full Scale = 200.0mV ;
Ta — 25°C (Note B) 000.0 +000.0 +000.0 | Digial
0" < Ty < +70°C{Note 12) —000.8 +000.0 +000.0 @ Reading
Ratiomeiric Reading ViN = YRer, VRer — 100mV :
! Ta = 25°C (Note 8} 3989 999/1000 1000 i Digital
0° < Ty < +70°C (Note 12) 998 99971000 100% | Reading
Rollover Error {Diffsrence in ~Viy = ~ VN 200.0mV 5
reading for equal positive and Ta — 25°C (Note 8) 1 .2 +1 Counts
negative reading near Full Scale) 0" £ Ta < +70°C (Note 12) +.2
Linearity (Max. deviation from Full Scale = 200.0mV —1 1.2 +1 | Counts
best straight line fit) or full scale = 2.000V g
Common Mode Rejection Ratio Vom = =1V, ¥y = OV 5 vV
Full Scale = 200.0mV g
Noise {Pk-Pk value not exceedod Vin = OV 10 v
| 95% of tims} Full Scale = 200.0mV i »
! Input Leakage Current ViN = i
Ta = 25°C (Note 8) 1 10 pA
< Tas +70°C 200 \
Zero Reading Drift ViN =0 !
0° < Tp < +70°C (Note 6) 02 1 A
Scate Faclor Temperature Vin = 199.0mV .
Coelficient 0°<Ta s +70°C 1 5 I ppmseC
(Ext. Ret. 0ppm/*C) (Note 8) |
v+ Supply Current VN =0 . I
Ta = 25°C i 60 100 uhA
0 < Fa < +70°C 120 |
Anaiog Common Voltaga (with 250k11 betwean Commaon & 28 28 3.2 . [']
respect io Pos. Supply) Pos. Supply | |
Temp, Coeff. of Analog Common | 250k() between Common & 75 ppm/°C
{with respect to Pos. Supply} Pos. Supply
Pk-Pk Segment Drive Voltage V¥ toV- =8V 4 5 6 v
Pk-Pk Backplans Drive Voltage
|_Test Pin Yoitage With respectto V ! 4 5 8 v
| Overload Recovery Time V nchanging from + 10V 0 1 “Mesasuement
| (Note 11) | toQV Cycles |

Note 8:  Teal condition is V)y applied between pins IN-H| and IN-LO through a 1MO series resistor &3 shown in Figure 1.

Note §: Al pins are designed to withstand electroslatic discharge (ESD) |evels in excess of 2000V. (Test cwouit per Mil Sid 883, Mathod 3015.1)

Nota 10: input voitages may exceed the supnly voltage provided the input current is imited to + tmA (This revises Note 1 on adjacent page).

Note 11 Number of measuramant cycles tor display {0 give accurate reading.
Note 12 1M12 resistor is removed from circuits in Figure 1.

MAXI/V

9CELTOI



ICL7126

Low Power, 3% Digit A/D Converter
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Figure 1. fAaximt ICLT126 Typical Operating Circurt
Clock Frequency 18kHz (1 raading/sec)

Analog Section

Figure 3 shows the Block Diagram of the Analog Section
for the ICL7126. Each measurement cycle is divided into
four phases:

1. Aute-Zero (A-Z)

2. Signal Intagrate (INT}

3. Reference De-Integrate (D)
4. Zero Integrator (Z1)

Auto-Zero Phase

Three events occur during auto-zeroc. The inputs, IN-H]
and IN-LO, ars disconnectad from the pins and internally
shorted to analog common. The reference capacitor is
charged to the reference voltage. And lastly, a feedback
Ioop is closed around the system to charga the auto-zero
capacitor CAZ 1o compensate for offset voltages in the
comparator, buffer amglifier and integrator. The inherent
noise of the system determines the A-Z accuracy.

Signail Integrate Phase

The internal input high (IN-Hi) and input fow {IN-LO) are
connected to the external pins, the internal short is re-
moved and the auto-zero loop is ocpened. The converter
then integrates the differential voltage between IN-HI
and IN-LO for a fixed time. This differential voltage can
be within a wide common-mode range (within one volt of
either supply). if, however, the input signal has no return
with respect 10 the converter power supply, IN-LO can be
tied to analog common to establish the correct common-
mode voltage. The polarity of the integrated signal is de-
termined at the end of this phase.

3.

uf'“"]::

CREF CRee

nEcwW Toui

T

foic, oscy o,

B cosc | ®
At M1 A4 I 4
wihe Fose 1 uu:;l
COMANACH
T80 A ki
FULL SCALE VRer
INPUT _
200 mv 1060 nv }
Figure 2. Maxim ICL7126 Typical Operating Circuit
Clock Frequancy 48kHz (3 readings.sec)
Reference De-integrate

IN-HI is connected across the previously charged refer-
ence capacitor and IN-LO is internally connected to ana-
log common. Circuitry within the chip ensures that the
capacitor will be connected with the correct polarity to
cause the integrator output to return to zero. The input
signal determines the time required for the oulput to re-
tum 1o zero. The digital reading displayed is:

ViN
1000 » ——
VREF

Zero integrator Phase

input low is shorted to analog COMMON and the refer-
ence capacitor is charged to the reference voltage. A
feedback loop is closed around the system to input high,
causing the integrator oulput 0 return to zero. This
phase normally lasts between 11 and 140 clock pulses
but is extended to 740 clock pulses after 2 "heavy' over
range conversion.

Differential Reference

The reference voltage can be generated anywhere within
the power supply voltage of the converter. The main
source of common-mode error is a roll-over voitage. This
is caused by the reference capacitor losing or gaining
charge 1o siray capacitance on its nodes. The reference
capacitor can gain charge (increase voltage) if there is a
large common-mode voltage. This is the result of a posi-
tive signal de-integration. In contrast, the reference ca-
pacitor will lose charge (docrease voltage} when de-inte-
grating a negative input signal. Rollover error is caused
by this difference in reference for positive or negative
input voltages. This error can be held to less than half a
count for the worst-case condition by selecting a refer-
ence capacitor that is large enough in comparison to the
stray capacitance. (See component valuve 5election.)

N AXIM




Low Power, 3% Digit A/D Converter
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Figure 3. Anafog Section ICL7126

Differential input

Differential voltages anywhere within the common-
mode range of the input amplifier can be accepted by
the input (specifically frcm 1V below the positive
supply to 1.5V above the negative supply). The
system has a CMRR of 86dB (typ) in this range. Care
must be exercised, howaver, to ensure that the
integrator output does not saturate, since the in-
tegrator follows the common-mode voltage. A large
positive common-maode voltage with a near full-scale
negative differential input voltage is a worst-case
condition. When mostof the integrator output swing
has been uged up by the positive common-mode
voltage, the negative input signal drives the inte-
grator more positive. Theintegrator swing can bare-
duced to less than the recommended 2V fuil-scaie
swingwith no loss of accuracy inthese critical appli-
cations. The integrator output can swing within 0.3V
of either supply without loss of linearity.

Analog Common

The prirary purpose of this pin is to set the common-
maode voltage for battary operation. This is useful for any
system whare the input signals are floating with respect
to the power supply. A voltage of approximatsly 2.8V less
than the positive supply is set by this pin. The Analog
Commen has some of the attributes of a reference volt-
age. If the total supply voitage is large enough 10 cause
the zener to regulate (> 7V}, the common voltage will
have a iow output impedance (approximately 1511), a
temparature coafficient of typically 80 ppm/°C and a low
voltage coefficient (.001%).

During auto-zero and reterence integrate the internal in-
put iow is connacted to Analog Common. If IN-LO is dif-
ferent from Analcg-Common, a common-mode voltage
exists in the system and is taken care of by the excelient
CMRR of the converer. In some applications, howaver,
IN-LO will be set at & fixed known voltage (e.9., power
supply common). Whenever possible Analog Common
should be ied to the same point, thus removing the com-
mor-mode voltage from the converter. The same holds
frue for the reference voltage. If convenient, the refer-
ance should be referenced 1o analog commoan as shown
in Figure 4B. This will remove the common-mode voitage
from the reference system.

Vi X/

Figure 4. Using an Extermnal Reference

Anaiog common is internally tied to an N-channet FET
that can sink 500 uA or more of current. This will hold the
analog common voltage 2.8V below the pasitive supply
(when a source is trying to pull the common line positive).
There is only 1 uA of source curren!, however, so com-
mon may easily be tied to a more negative voltage, thus
over-riding the internal refarence.

Test

Two functions are performed by the test pin. The first is
using this pin as the negative supply on the 7126. This is
usefut for extemnally generated segment drivers or any
ather annunciators the user may want to include on the
LCO. This pin is coupled to the internally penerated digi-
tal supply through a 5000 resistor. This application is
lustrated in Figures 5 & 6.

A lamp test is the second function. All sagments will be
turned on and the display should read - 1888, when
TEST is pulled high (V +).

Caution: In the lamp test mode, the segments have a
constant dc voitage (no square wave}. This can burn the
LCD (dispilay) if left in this mode for several minutes.
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Digital $ection

The digital section for the ICL7126 is illustrated in
Figure 7. In Figure 7 an internal digital ground is
generated from a 6V zener diode and a large Pchannel
source follower. This supply is made stiff in effort to
absorb the large capacitive currents when the back
plane (BP) voltage is switched. The BF frequency is
calculated by dividing the clock frequency by 800. For
example, with a clock frequency of dBkHz (3 readings
per second}, the backplane wili be a B0Hz square wave
with & nominal amplitude of 5V. The segments are
driven at the same frequency and ampiitude. Note that
these are out-of-phase whenthe BP is Onand in-phase
when OFF. Negligible dc voltage exists across the
segments in either case.

The polarity indication is “on” for negative analeg
inputs, for the ICL7128. If desired IN-HI and IN-LO can
be raversed giving a “on” for positive analog inputs.

System Timing

The clocking circuitry for the ICL7126 is illustrated in
Figure 7. Three approaches can be used:

1. A crystal between pins 39 and 40.
2. An extarnal oscillator connecied to pin 40.
3. An RC oscillator using all three pins.

The decade counters are griven by the clock frequency
which is divided by four. This frequency is then further
divided to form the four convert-cycle phases, namely:
signal integrate (1000 counts), reference de-integrate
(0 to 2000 counts), autc-zerc {260 to 2989 counts) and
zerg integrator {11 to 740).

The signal integration shouid be a multiple of 60Hz to
achieve a maximum rejection of 60Hz pickup. Os-
cillator frequencies of 331/3kHz. 40kHz, 48kHz, 80kHz,
80kh2, 120kHz, 240kHz, etc., should be selected. Simi-
larly, for 50Hz rejection, oscillator frequencies of 200k Hz,
100kHz, 662/3%Hz, S0kHz, 40kHz, etc . are appropriate.
Note that 40kHz (2.5 readings/second) wiil reject both
50 and 60Hz (also 400 and 440Hz).

Auto-zero receives the unused portion of reference
deintegrate for signals less than full-scale. A complete
measurement cycle is 4,000 counts (16,000} ciock
pulses), independent of input voltage. As an example,
an oscillator frequency of 16kHz would be used to
obtain one reading per second.

. AN




Low Power, 3% Digit A/D Converter

. __Component Value 8election

Auto-Zerc Capacitor

The noise of the system is influenced by the auto-zero
capacitor. Fora 2V scale, a D.1uF capacitor is adequate.
While the Maxim ICL7126 will operate with a 0.33:F
capacitor, a 0.47uF capacitor is recommended for the
200mV full scale where noise rejection is very impor-
tant. Due to the &I phase, noise can be reduced by
using a larger auto-zero capacitor without causing
hysteresis or overrange hangover problems.

Reference Capecitor

For most applications, a 0.1uF capacitor is acceptable.
However, a large value is needed to prevent roll over
error where a large common-mode voltage exists (i.e.,
the REF-LO pin is not at analog common) and a 200mV
scale is used. Generally, the rofl over error will be held
to half a count by using a 1.0uF capacitor.

Integrating Capaclior

To ensure that the integrator will not saturate {approxi-
matsly 0.3V from either supply), an appropriate integrat-
ing capacitor must be sefected. A nominal £2V full-
scale integrator swing is acceptable when the analog
commeon is used as a reference. The nominal value for
CINT is 0.16u4F at one reading per second. {16kHz
clock). This velue should be changed in inverse pro-
portion te maintain the same output swing if a different
oscillator frequency is used.

The integrating capacitor must have low dielectric ab-
sorption to minimize linearity errors. Polypropylene
capacitors are recommended for this application.

integrating Resfstor

The integrator and the buffer amplifier both have a
class A output stage with 6uA of quiescent current and
can supply TuA of drive current with negligible non-
linearity. The integrating resistor should be large
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REF HI 3__"___“—‘1 240kn
REF LO £ AbAr—— i v
CREF O~ o p [250ke

COMMON P—e——— g +
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1CL 7 L0 4
CL7126 W3 IBMolom'l [__”_I
BUFF § 2.01uF
N_ [ l QA7 ™

Jv TO DISPLAY

212

<
!

(utu}ny

8P e TO BACKPLANE
21

enough to keep the ampilifiers in the linear region over
the entire input voltage range. The resistor value,
however, should be low enough that undue leakage
requirements are not placed on the PC boards. For a
200mV scale, a 180k0) resistor is recommended; (2V
scale/1 BMEG).

Reference Vollage

An analog input voltage of ViN equal to 2 (Vrer) is
required to generate full scale output of 2000 counts.
Thus, for 2V and 200mV scales, Ve should equal 1V
and 100mV respectively. However, there will exist a
scaie factor other than the unity between the input
voltage and the digital reading in many applications
where the A/D is connected to a transducer.

As an example, the designer may like to have a full
scale reading in a weighing system when the voltage
trom the transducer is 0.682V. ‘\\:he designer should use
the input voltage directly and select Vger at 0.341V
instead of dividing the input down to 200mVY. A suitable
value of the integrating resistor would be 330k(), This
provides for a slightly quieter system and avoids a
divider network on the input. Ancther advantage of this
system occurs when the digital reading of zero is
desired for Vin # zero. Examples are temperature and
weighing systerns with variable tare. By connecting the
voltage transducer between VN positive and commen,
and the variable (or fixed) offset voitage between
common and Vin negative, the offset rating can be
conveniently generated.

Osclilator Components
A 50pF capacitor is recommendad for all ranges of
{requency and the resistor is selected from the equa-

tion t = 0.45/RC. For 48kHz clock {3 readings/second),
R = 180k {}, for 16kHz, B = 560k{}.

Typical Applications
TOPIN I
40
0s5C 1 E;% SET VREF
osc: B _102.0 v
"l B
A5Vt By /005 270
REF L0 Dy— AN S0 44 5
o REF :r——a.,o tuf 4 Ok D
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AAA NN w glN

’ + Wy
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Frgure 8. Recommended Comporent Values for 2.000V Full-Scale, 3 Read-
ings/Sec. For 1 reading/sec, change CINT. AOSGC o vaies of Figure 1.

AXIN

Figure §. 7126 Operated from Single =5¥ Supply. An axiernal reference
must be used in this applicalion. since the voliage betwesn V* and V' is
ingutticrant tor correct Operanion of the intermal reterence.
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OCTAL BUS TRANSCEIVER

The SN54/741.5245 is an Octal Bus Transmitter/Receiver designed for
3-line asynchronous 2-way data communication between datz buses.
Jirection input (DR) controls transmission of Data from bus A to bus B or bus
3 10 bus A depending upon its logic level. The Enable input {E) can be used
o isolate the buses.

» Hysteresis Inputs to iImprove Neise Immunity
 2-Way Asynchronous Data Bus Communication
 input Diodes Limit High-Speed Termination Effects
» ESD > 3500 Voits

LOGIC AND CONNECTION DIAGRAMS DiP (TOP VIEW)

Voo E Bl B2 83 B4 B
16

5 B85 B7 B8
m@mmmm tallee][v2] [ ]

e} \IL,

D

L2 $Te Jla Fls [Te Lz JLe Il [Luo]

DIR A1 A2 A3 A4 A5 A6 A7 A8 OGND

TRUTH TABLE

INPUTS

OUTPUT
E | DIR

L L Bus B Data to Bus A
L H Bus ADatatoBusB
H X Isolation

1= HIGH Voltage Level
. = LOW Voltage Leve!
L= immaterial

SUARANTEED OPERATING RANGES

SN54/741.S245

OCTAL BUS TRANSCEIVER

LOW POWER SCHOTTKY

20

20

o

J

SUFFIX

CERAMIC
CASE 732-03

N

SUFFIX

PLASTIC
CASE 738-03

DW SUFFIX

S0IC

CASE 751D-03

ORDERING INFORMATION

SNS4LSXXXJ
SN74LSXXXN

Ceramic
Plastic

SN74LSXXXDW SOIC

Symbol Parameter Min Typ Max Unit

el Supply Voltage 54 4.5 5.0 55 v
74 475 5.0 525

TA Operating Ambient Temperature Range 54 -565 25 125 “C
74 0 25 70

IOH Qutput Current — High 54, 74 -3.0 mA
54 -12 mA
74 -15

1oL Output Current — Low 54 12 mA
74 24

FAST AND LS TTL DATA
5-1




SN54/74L.5245

> CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
H Input HIGH Volitage 20 v Al Inputs
54 07
. Input LOW Voltage v Guaranteed Input LOW Voltage for
74 0.8 All Inputs
T+—VT- | Hysteresis 0.2 0.4 \ Voo = MIN
K Input Clamp Diode Voitage -065 | -15 v Ve =MIN Iy =-18 mA
54,74 24 34 \ Voo = MIN, IoH =-3.0 mA
OH Cutput HIGH Voltage Q
54,74 2.0 v Voo = MIN, Ign = MAX
54, 74 0.25 04 \Y IoL =12 mA Vee =Voo MIN,
L Output LOW Voltage ViN = Vi or Viy
74 0.35 0.5 v 1oL =24 mA per Truth Table
ZH Cutput Off Current HIGH 20 uA Voo =MAX Vout =27V
ZL Output Off Current LOW —200 uA Voo =MAX, VoyT =04V
AorB,DRorkE 20 uA Voo =MAX, VIN=2TV
4 Input HIGH Current DRorE 0.1 mA  |Voo=MAX, Vin=T70V
AorB 0.1 mA Voo = MAX, Vi =55V
) Input LOW Current -0.2 mA  |Voo =MAX ViN=04V
S Cutput Short Circuit Current (Note 1) —40 -225 mA | Voo = MAX
Power Supply Current
Total, Qutput HIGH 70
k mA | Voo = MAX
C Total, Output LOW 90 ce
Total at HIGH Z 95
e 1: Not more than one output should be shorted at a time, nor for more than 1 second.
» CHARACTERISTICS (Tp = 25°C, Vo =50 V. TRise / TFALL <6.0 ns)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
LH Propagation Delay, Data to Qutput gg :g ns
HL ' C{ =45pF,
7ZH Cutput Enable Time to HIGH Level 25 40 ns R =667 Q
7L Output Enable Time to LOW Level 27 40 ns
Lz Qutput Disable Time from LOW Level 15 25 ns CL=50pF
HZ Output Disable Time from HIGH Level 15 25 ns RL =667

FAST AND LS TTL DATA
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June 1989

54L.514/DM74LS 14 Hex Inverters
with Schmitt Trigger Inputs

General Description

This device contains six independent gates vach of which
perferms the logic INVERT function. Each input has hyster-
esis which increases the noise immunity and transforms a
slowly changing input signal to a fast changing, jitter free
output.

Connection Diagram

Dual-In-Line Package
Veo AB A\ Aas Y5 LY ¥4

b Jo do o fo ]
N O O A G

Al Yi AZ Y2 Al Y3 GND

TL/E/E355-1
Order Number 54LS14DMQB, 54LS 14FMQB,
54L514LMQB, DM74L514M or DM74LS14N
See NS Package Number E204, J14A, M14A, N14A or W14B

Function Table

fnput ! Output
A Y

I

+ = gk Logic Level

L = Low Logic Level

L

200005 Navigeal Seminonducion Domooaton T.FI8%3 RROB30M - So/Primedinl. S A

sinduj 1866141 1IWYIS UM SI9MBAUL XBH Y ILSTIPZING/P LS TS



Absolute Maximum Ratings ot

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
™
'

Supply Voltage
Input Voltage

Operating Free Air Temperature Fange
5413
DM74LS

Storage Temperature Range

—565°C to +125°C
o*C to +70°C

—65*Cto + 150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
bayond which the safety of the device cannot be guaran-
teed. The device should not be gperated ai these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommendsd Operating Conditions ™ table will define
the conditions for actual device aperation.

Symbol Parameter SdLsu OM74LS14 Units
Min TNom Max Min E Nom l Max
Voo Supply Voltage 4.5 5 55 4.75 5 525 v
"T‘ Trashold Vorage (Note 1) i I L B B L
Vro Negative-Geing Input 06 08 11 05 08 4 Vv
Threshold Voitage (Note 1)

HYS Input Hysteresis (Note 1) 04 0.8 he 04 08 V
lon High Leve! Cutput Current [ -0.4 0.4 mA
oL Low Level Output Current 4 ' 8 mA
Ta Free Air Operating Temperature LjB | 125 1 o] i 70 *C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

I

Symbol Parameter Conditions Min Typ Max Units
(Note 2)

Vi tnput Clamp Voltage Veg = Min [ = —18mA 1.5 v

Vou High Level Qutput Vee — Min, lon = Max 54LS 25 3.4 v
Voltage Vi = Max

R DM74 27 3.4

Vor Low Level Output Voe = Min, oL = Max 5418 0.25 0.4

Voltage Viy = Min D74 035 05 v
Voo ™ Min gL = 4 mA DM74 0.25 0.4

! - .

T Ian.lthurrent at Voo = BV, V) = V7o DM74 014 mA
Positive-Going Threshold

| = - -

T input (Il‘urrent‘ at Voo = 5V, Vi~ Vi DM74 o8 mA
Negative-Going Threshold

| 5 = -

| input Surrent @ Max | Veo Max, V| = 7V | D74 01 mA
input Voitage Voo — Mex, Vg = 10.0V | 548

iy High Level Input Current Voo = Max, V| = 2.7V 20 LA

Iy Low Levet Input Current | Vec = Max, V= 04V - 04 mA

Ios Short Circuit Voo = Max 5418 -20 | - 100 A
Qutput Current {Note 3) DM74 20 100

lcoH Supply Current with Vee = Max

' 6 t A

Qutputs High 8 6 "

| Supply G t with Voo =

coL upply Curren cc = Max 12 29 mA
Outputs Low

Note {: Vi = 5.

Hote 2 All typicals are at Voo = 5V, Ty = 25°0,

Nate 3: Not more thar ore output should be shorted at e time, and the duratior stould rot exteed ore second.

2




Switching Characteristics at Voo = 5V and Ty — 25°C (See Section 1 for Test Wavetorms and Output Load)

T

T

R_ = 2k
Symbol Parameter CL = 15pF CL — 50pF Units
Min Max Min Max
4 . N
PLH Propagat.lon Delay Time 5 oo 8 25 ns
Low te High Level Qutput
1
PHL Propagation Delay Time 5 29 10 43 ns

High to Low Levet Qutput




PhySical Dimensions inches (milimeters)
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Cearamic Leadless Chip Carrier (E)
Order Number 54L514LMQB
N$ Package Number E204




541.514/DM74LS 14 Hex Inverters with Schmitt Trigger Inputs

! Physical Dimensions inches (mitimeters) (Continued)

LIFE SUPPORT POLICY

1. Life support devices

to the user.

AT MaX

14-Lead Ceramic Flat Package (W)
Order Number 54|_.S14FMQB
NS Package Number W14B

or systems are devices or

systems which, (a) ars intended for surgical impiant
into the body, or (b} support or sustain life, and whose
faiiure to perform, when properly used in accordance
with instructions for use provided in the labefing, can
be reasonably expected to result in a significant injury

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS N LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

2. A critical component is any component of a life

support device or system whoss failure to perform can
be reasonably expected to cause the failure of the life
support device or systern, or ¢ affect its safety or

effectiveness.

National Semiconductor
Corporation

1111 West 3ardin Road
Arlington, Tx 78017

Tel: 1{300) 272-0959
Fax 1(B00j T37-7018

o)

National Semiconductor
Eurcpe

{—29) 0-180-530 &5 88

Szl enwge T g2 nRe oo
Seutsctr Tel: {-+49) 0-180-330 85 85
English  Tel: {+43) G-180-532 7§ 32
“rancais Tel: {+49) 0-180-532 93 58
ltakano Tel: (- 49) 0-180-534 £6 BO

National Semiconductor
Hong Kong Ltd.

13th Floar. Straight Block.
Oceen Gentre, 5 Genton 3d.
Tarshatsul. Kowtoon

Hong Kong

(852 2737-1600

- {852) 2736-G960

National Semicenductor
Japan Ltd.

Tel: 81-023-296-2300
Fax 81-043-299-2408
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FAIRCHILD

SEMICONDUCTOR 1

BD135/137/139

Medium Power Linear and Switching
Applications

* Complement to BD136, BD138 and BD140 respectively

1 TO-126
1. Emitter 2 Collector 3.Base
NPN Epitaxial Silicon Transistor
Absolute Maximum Rafings 1.225:C unless otherwise noted
Symbol Parameter Value Units
Vero Collector-Base Voltage :BD135 45 v
- BD137 60 A
- BD139 80 A
Vceo Coilectar-Emitter Voltage . BD135 45 Vv
: BD137 80 WV
. BD13¢ 80 v
VEan Emitter-Base Voltage 5 vV
Ie Collector Current (DC) 15 A
lep Collector Current (Pulse) 3.0 A
Ig Base Current 05 A
Pe Collector Dissipation (T~=25°C} 125 w
Pe Collector Dissipation (T,=25°C) 1.25 w
Ty Junction Temperature 150 “C
Tsra Storage Temperature -55~150 °C
Electrical Characteristics T.-25:C unless otherwise noted
Symbol [ Parameter Test Condition Min. Typ- Max. | Units
Veeo(sus) Collector-Emitter Sustaining Voltage
:BD135 lo=30mA, Ig=0 45 v
- BD137 60 \Y
- BD139 80 \'
lcao Collector Cut-off Current Veg =30V, ie=0 0.1 pA
leBo Emitter Cut-off Current Veg=5V, I =0 10 HA
hegq DC Current Gain :ALL DEVICE Vo =2V, [ =5mA 25
hees :ALL DEVICE Veg =2V, I = 0.5A 25
hees :BD135 Vee =2V, Ig = 150mA 40 250
:BD137, BD139 40 160
Ve(sat) Collector-Emitter Saturation Voltage le=500mA, |p = 50mA 05 v
Vgelon) Base-Emitter ON Voltage Ve =2V I = 0.5A 1 V
hee Classification
Classification 6 10 16
hres 40 ~ 100 83~ 160 100 ~ 250

72000 Fairchild Semiconductor International

Rev. A, February 2000
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Typical Characteristics
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Package Demensions
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TRADEMARKS

not intended to be an exhaustive fist of all such trademarks.

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is

SuperSOT™-8

ACEx™ HiSeC™
Bottomiess ™ ISOPLANAR ™ SyncFET™
CoolFET™ MICROWIRE ™ TinyLogic™
CROSSVOLT™ POP ™ UHC™
E2CMOS ™ PowerTrench® VCXT™
FACT™ QFET™
FACT Quiet Series™ Q8™
FAST® Quiet Series™
FASTr™ SuperSOT™-3
GTO™ SupersQT™.5

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION CR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;

NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

INTERNATIONAL.

As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, or (¢} whose failure to perform
when properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to
result i significant injury to the user.

FAIRCHILE'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPRCVAL OF FAIRCHILD SEMICONDUCTOR

2. A critical component is any component of a life support
device or systemn whose failure to perform can be
reasonably expected to cause the failure of the life support
device or systemn, or to affect its safety or effectiveness.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet |dentification Product Status

Definition

Formative or In

Advance Information
Design

This datasheet contains the design specifications for
product development. Specifications may change in
any manner without notice.

Prefiminary First Production

This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve

design.

No Identification Needed Full Production

This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete

Not In Production

This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.
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